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ABSTRACT:  This final report/EIS presents the findings of a study to determine the
feasibility of restoring the northern 11 kilometers of Assateague Island.  It provides the
findings of economic, social, environmental, and engineering analyses that were used to
select a recommended plan of action.  The potential impacts, if any, to cultural and
environmental resources are evaluated herein in accordance with NEPA and Section 106
of the National Historic Preservation Act of 1966.
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EXECUTIVE SUMMARY

The watershed area of Ocean City, Assateague Island, and the Maryland coastal bays
offers many attractions that draw millions of seasonal visitors and part-time residents, as
well as growing numbers of new permanent residents.  The area offers a wide variety of
recreation activities, from sandy beaches and noisy nightclubs to tranquil nature trails.
The coastal bays are home to many birds and fish and provide a variety of recreational
opportunities, such as boating, fishing, sunbathing, birdwatching, water-skiing, and other
water sports.  In addition to tourism, the region benefits economically from a substantial
fishing industry based in Ocean City.

Adjacent to Ocean City is the Assateague Island National Seashore and State Park.
Assateague Island is a unique national treasure.  The importance of this natural resource
became apparent in 1965 when Congress designated the island a National Seashore and
placed it under the management of the National Park Service.   The Park Service has
maintained the island in close to its natural state while providing access to millions of
visitors attracted to the island’s natural setting.  Assateague Island offers the peaceful
pleasures of camping, canoeing, cycling, surf fishing, crabbing, clamming, birdwatching,
and enjoying the island wildlife, including wild  horses and deer.

The recent vigorous population growth and development in the area, along with the
Corps’ construction of the jetties, are jeopardizing the quality of water resources in the
coastal bay watershed.  Water resources problems include degrading water quality, loss of
wetlands, loss of nesting habitat for waterbirds, increasing sediment in the coastal bays,
excessive erosion of the Assateague Island National Seashore, navigation difficulties, and
increased storm damage. As part of this feasibility study, a comprehensive investigation of
the water resource problems is being performed, and solutions that will improve the
ecosystem as a whole are being developed.  The four components of the project being
investigated are (1) short-term restoration of Assateague Island, (2) long-term sand
placement, (3) navigation improvements, and (4) ecosystem restoration in the coastal
bays.

This document is the first of two being prepared as part of the Ocean City, Maryland, and
Vicinity Water Resources Study.  This interim report documents the recommendations for
the short-term restoration of Assateague Island and includes the documentation necessary
to meet the requirements of the National Environmental Policy Act (NEPA). The
recommendations and the NEPA documentation for the other three components will be
documented in the report to be completed in June 1998.  The other three project
components are not as far along in the development of solutions, and therefore, are
described only briefly in this report, as needed to demonstrate the interconnectedness
among the four components.

One of the causes of the water resources problems in the area is the disruption of the
longshore transport system caused by the jetties that stabilize the Ocean City Inlet.  The
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jetties were constructed by the Corps of Engineers in 1934, after the inlet formed during a
major storm in 1933.  Since it formed over 60 years ago, the inlet has functioned as a
thoroughfare for boating traffic between the ocean and the coastal bays.  In addition to
providing access to the coastal bays, the jetties have disrupted the sediment supply
between Ocean City and Assateague Island.  Prior to the formation and stabilization of the
inlet, the sand generally traveled from Ocean City south to Assateague Island.  Since
construction, the inlet and jetties have prevented a large portion of sand, which would
otherwise have reached Assateague, from reaching the island.  Consequently, the northern
11 km (6.8 miles) of the island shoreline have been seriously affected.   The disruption in
the natural longshore transport of sediment between Ocean City and Assateague Island
has resulted in adverse physical, biological, and economic impacts to the area.  The result
is an island that is not being maintained in a natural condition and that lacks the geologic
integrity of a healthy barrier island.  A substantial portion of Assateague Island, which has
always been known for its natural beauty, has also suffered significant aesthetic impacts.
The island overwashes frequently, and the shoreline has eroded back towards the mainland
at an accelerated rate.  This erosion has caused a loss of salt marshes, an infilling and
reduction in size of Sinepuxent Bay, and a decrease of habitat diversity on the island. It
has also created navigation difficulties near the inlet and through the back bays, and has
increased the vulnerability of mainland communities to storm damage.

Due to the lack of an adequate sediment supply, it is expected that northern Assateague
Island will continue to be degraded, and a breach will most likely occur on Assateague
Island, which could cause additional inlets to form.  This could occur during the next
substantial coastal storm.  An additional inlet would change the dynamics of the area and
would create more environmental and economic problems.  Most importantly, the
Assateague Island National Seashore, a national treasure, would suffer significant loss.  In
addition, it is expected that considerable losses to wetlands would result, as well as losses
to recreational opportunities, damage to property, and hazards to navigation.

Under Section 111 of the River and Harbor Act of 1968, as amended, the Corps of
Engineers is authorized to mitigate for shore damage attributable to a Federal navigation
project.  Through Section 534 of the Water Resources Development Act of 1996,
Congress authorized the Secretary to

“... expedite the Assateague Island restoration feature of the Ocean City,
Maryland, and Vicinity study, and, if the Secretary determines that the
federal navigation project has contributed to the degradation of the
shoreline, the secretary shall carry out the shoreline restoration feature.”

During this interim study, numerous alternative solutions were evaluated and a plan was
identified that would partially mitigate for the impacts caused by the construction of the
jetties.  The plan involves  two parts: (1) a short-term restoration and (2) a long-term
restoration.  The short-term restoration plan, which would  partially mitigate for impacts
to Assateague Island during the last 63 years, includes placing approximately 1.4 million
m3  (1.8 million cubic yards)  of sand on Assateague Island. The borrow area to be used



iii

for the project is Great Gull Bank, an offshore shoal, and possibly a small portion of the
ebb shoal. The area of Assateague to be renourished is between 2.5 km (1.6 miles) and
11.3 km (7 miles) south of the inlet.  The distance across the beach in that area will be
increased to varying widths based on the erosion rates that affect each part of the beach.
A low storm berm will be constructed to an elevation of 3.3 m (10.8 feet) NGVD
(averaging 0.8 m in height) in the portion of the beach between 2.5 km  and 10 km (1.6
miles and 6.2 miles) south of the inlet.  The placement will be configured to restore the
integrity of the island, and yet to remain sensitive to the Piping Plovers, a threatened and
endangered bird found on the island.    Positive impacts to the region’s environmental,
economic, cultural, recreational, or social resources are expected as a result of the
implementation of the recommended plan.

Because the jetties and inlet will continue to disrupt the longshore transport, a long-term
sand placement plan for the island must also be implemented.  The long-term plan is still
being developed, and a recommended plan will not be selected until the final report.  One
potential plan that is being evaluated involves a system of transporting the material from
the southern tip of Ocean City, where the beach is widest, across the inlet to Assateague
Island, replacing the process that would occur naturally, were the jetties not present.  A
monitoring and action plan has also been developed to observe and protect the project
area against possible negative impacts for a period of at least 5 years after the short-term
plan is implemented or until the long-term plan is in place.

The estimated cost for the short-term restoration project, including 5 years of monitoring,
is $17.2 million.  The long-term plan has not yet been developed.  It may involve the
construction of a fixed plant that would have a significant first cost, and a relatively low
annual maintenance cost, or it could include contracting dredges annually, which would
involve no first cost but would have a high annual cost.  The estimated first cost for the
long-term restoration is between $0 and $10 million; and the estimated annual operation
and maintenance cost is between $400,000 and $2 million.  Section 534 of the Water
Resources Development Act of 1996 states that the Secretary shall allocate costs for the
project pursuant to Section 111 of the River and Harbor Act of 1968. It states that the
Secretary shall coordinate with affected Federal and State agencies and shall enter into an
agreement with the Federal property owner to determine the allocation of project costs.
This interim report will provide a basis for that coordination.  There are four ways this
project could potentially be funded: (1) 100 percent by the National Park Service under
the Support for Others program; (2) 100 percent by the Corps of Engineers using Section
111 authority; (3) 65 percent by the Corps and 35 percent  by the National Park Service
under the ecosystem restoration authority; or (4) some alternative cost-sharing method.
The National Park Service, which administers the Assateague Island National Seashore,
has agreed to enter into a Memorandum of Agreement with the Corps and to provide
lands, easements, and rights-of-way, as needed.  The State of Maryland has agreed to
provide easements for construction in the State Park.  However, additional coordination is
necessary to fully define project implementation responsibilities.
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[As of June 1998, the Ocean City, Maryland, and Vicinity Water Resources Integrated
Feasibility report and Environmental Impact Statement was  finalized, as were both
the short- and long-term components of the restoration of Assateague Island.  The
recommended long-term plan is for the “mobile bypassing” of sand via a shallow
mobile hopper dredge to remove sand that has been redirected to a number of sites,
and then bypassing it to Assateague Island.  This dredging will take place each year to
more closely mimic natural processes.  Sand will be bypassed from the updrift fillet,
ebb shoal, the navigation channels and flood shoals.  In order to avoid the creation of
new problems by taking too much sand from any one source or too frequently from the
same source (thus further disturbing the balance of the area), the project will be
monitored annually.  A team of decision makers led by the Corps, consisting at a
minimum of all the project sponsors (the NPS, the State of Maryland, Worcester
County, and the Town of Ocean City), will determine each year how much material
can be taken from each of the available sources.  Their decision will be based on the
monitoring results, which will indicate the rate at which the sources are being
naturally replenished after dredging.

The authority to implement the Assateague Island components of the project, both
short-term and long-term sand management, were provided by Section 534 of the
Water Resources Development Act of 1996.  This Act directed the Corps to implement
the restoration of Assateague Island pursuant to Section 111 of the River and Harbor
Act of 1968.  In addition, the Act authorized the expenditure of $35 million dollars for
both the short- and long-term restoration of Assateague Island.  The short-term
restoration project is estimated at $17.2 million.  At an annual cost of more than $1.1
million for long-term sand management, the project as authorized will carry the
project through to fiscal year 2011, assuming the project is fully federally funded.  For
the 25 year project duration, the estimated long-term sand management cost is
$25,243,000, or $43,773,000 fully funded.  Therefore, Congressional project
reauthorization of the project is recommended.  It stated that the Secretary shall
coordinate with affected Federal and State agencies and shall enter into an agreement
with the Federal property owner to determine the allocation of the project costs.  The
Corps is currently coordinating with NPS, the State of Maryland, Worcester County,
and the Town of Ocean City to define project implementation responsibilities for both
the short-term restoration of Assateague Island and the long-term sand management.
All of the project sponsors support the recommended project.  The NPS, who
administers the Assateague Island National Seashore, has agreed to enter into a
Memorandum of Agreement with the Department of the Army.

The schedule for these two components of the Assateague Island restoration has also
been finalized.  This schedule allows 2 years for the construction of the short-term
sand management plan, with construction of the long-term plan to begin the year
following completion of the short-term plan.  The short-term sand management plan is
scheduled to begin construction in July 1999; the long-term plan, in summer 2001.]
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Ocean City, Maryland, and Vicinity
Water Resources Study

DRAFT Integrated Interim Report
and Environmental Impact Statement

Restoration of Assateague Island

Section 1

INTRODUCTION

This document is the first of two being prepared as part of the Ocean City, Maryland, and
Vicinity Water Resources Feasibility Study.  The study was initiated in July 1995,
following the completion of the first phase of the study, the reconnaissance phase.  The
reconnaissance report, dated May 1994, documented the results of a comprehensive
investigation of the water resources problems in the Ocean City area.  The report included
preliminary evaluations of various plans related to environmental restoration, navigation,
storm protection, and water resources infrastructure for the study area.  Four project
components were specifically identified to be investigated further during the second phase.
These components are (1) the short-term restoration of the northern end of Assateague
Island; (2) long-term sand placement along Ocean City and Assateague Island; (3)
navigation improvements; and (4) ecosystem restoration in the coastal bays.

These four components are being investigated together as one project. We realize the
importance of investigating the problems in the region as a whole and looking for long-
term solutions; however, due to the vulnerability of Assateague Island and the imminent
threat of it breaching (which would create an additional inlet), this portion of the project is
being accelerated.  This first interim report focuses on finding a short-term plan to restore
Assateague Island in order to prevent any adverse impacts associated with a breach.  The
second report will include a long-term plan to ensure that Assateague Island does not
continue to degrade.  Initial work efforts for the remaining three components during this
study have been oriented towards establishing existing conditions, data collection, and
preliminary formulation of plans. Therefore, the four components are at different points in
the study process.

This report documents the recommendations for the short-term restoration of Assateague
Island and includes the documentation necessary to meet the requirements of the National
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Environmental Policy Act (NEPA).  This report is considered an integrated Environmental
Impact Statement (EIS) because the information required for the EIS is included
throughout the report.  This EIS was prepared to address general impacts of the overall
project and specific impacts of the Assateague Island restoration.  A separate
supplemental EIS addressing the remaining project components, long-term sand
placement, navigation improvements, and ecosystem restoration of the coastal bays, will
be prepared as part of the second study.  The second final report and EIS is scheduled to
be completed in June 1998.  Since the other three project components are not as far along
in the development of solutions, they are described only briefly in this report, as such
descriptions are needed to demonstrate the interconnectedness among the four
components.

1.1 STUDY PURPOSE

Due to the changing coastal dynamics and the dense population and development, the
Town of Ocean City, Assateague Island, and the adjacent mainland areas and bays are
experiencing a variety of water resource problems. The coastal environment has been
degraded by inlet and shoreline stabilization, intense development, tourism, agriculture,
and other man-made factors.

The Corps of Engineers has constructed projects that have impacted the coastal bay area.
One of the  most significant projects is the stabilization of the inlet in 1934/1935 by the
construction of the jetties.  From  1933 through 1935, in the aftermath of the hurricane of
1933, the Corps of Engineers constructed the existing  jetty system at the Ocean City
Inlet.  Designed and built to provide safe and effective navigation through the inlet
between the coastal bays and the Atlantic Ocean, the jetty system has also disrupted the
natural movement of sand along the Atlantic coast.  In effect, the system has acted as a
sand-trap, interrupting the flow of sand to Assateague Island for more than 60 years.  The
primary effect of the jetty-induced interruption of sand to Assateague is that the island has
been deprived of a volume of sand in the magnitude of  6.6 million m 3 (8.6 million cubic
yards).  Because of its diminished volume, the island no longer functions as an effective
barrier island, and is likely only one substantial coastal storm event removed from
breaching along its northern section.  In addition, sand deprivation has induced problems
throughout the surrounding ecosystem.   Not only does sand deprivation diminish the
functionality of  the barrier island, it  also adversely impacts the  coastal bays and the
mainland west of the island.

The purpose of this study is to identify, measure, and evaluate the impacts to the entire
coastal bay region of the problems caused by the continuing sand deprivation of
Assateague Island and to investigate the feasibililty of near-term solutions to  these
problems.  Because of the imminent likelihood of a breach of Assateague Island, the
uncertainty of the effects that breaching of the island would induce, and the high level of
political interest in preserving the integrity of  the island, the current investigation has been
prioritized relative to the three other project purposes.  As such, the focus of  the majority
of the technical analyses documented in this report was to identify a feasible,
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short-term, implementable solution to the acute threat to the integrity of the Assateague
Island National Seashore induced by the Corps of Engineers jetty system.

The designation of Assateague Island as a National Seashore in 1965 established its
identity as a heritage of the American people.  It was the intent of Congress in establishing
Assateague Island National Seashore that the park provide a protected enclave for the
complex plant and animal communities, both terrestrial and aquatic, that characterize the
Mid-Atlantic Coast, and that the park fully illustrate the natural processes of change that
shape the coastal environment.  Congress’ action preserved the island from development
and placed it under the managerial auspices of the National Park Service.  The Park
Service has maintained the island in close to its natural state, while providing vehicular
access for the many visitors attracted to the island’s pristine beach and natural setting. The
mission of Assateague Island National Seashore is (1) to preserve these unique coastal
resources and the natural ecosystem conditions and processes upon which they depend,
(2) to provide appropriate resource-based recreational opportunities compatible with
resource protection, and (3) to educate the public as to the values and significance of the
area.  Since 1965, more than 65 million people have visited Assateague.

The Assateague Island National Seashore holds great significance and value for wildlife
and for man.  The island provides suitable habitat for a wide variety of listed species, as
well as resting and foraging habitat for a variety of migratory species.  As the only natural
barrier island habitat in Maryland, Assateague also plays an important role in local and
regional environmental education.  The island is renowned worldwide for its population of
feral horses, which provide opportunities for research, and are a major tourist attraction.

Unfortunately, the excessive erosion has negatively impacted this valuable resource.  The
study area is now significantly less biologically diverse than the rest of the park:  open
sand constitutes approximately 56 percent of the study area versus approximately 12
percent parkwide, and the study area supports 9 vegetation alliances versus the 22
supported by the park as a whole.  Two back-country primitive camping areas, the only
public areas of their kind on an Atlantic Coast barrier island, were closed in 1992 when
degradation of the north end reached a level where unpredictable overwash threatened
campers’ safety.

In addition, the Federal investment made to acquire the island is being lost through
continued degradation. The Congress of the United States has recognized the significance
of Assateague for the American people and, through the Water Resources Development
Act of 1996, has authorized the Corps of Engineers to mitigate for damage done to the
island by construction of the jetty  system

The purposes of this interim report are to recommend a short-term solution of how to
restore Assateague Island, and to document the investigation thus far on the other three
project components: long-term sand placement along Ocean City and Assateague Island;
navigation improvements; and ecosystem restoration in the coastal bays.  These four
components are interrelated and are being evaluated comprehensively. The overall project
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goal is to restore the coastal bay ecosystem by restoring coastal functions and wildlife
habitat, while protecting and improving the economic resources.

The project partners pursuing this goal with the Corps of Engineers are the National Park
Service, the Maryland Department of Natural Resources (MD DNR), Worcester County,
and the Town of Ocean City, with MD DNR being the official sponsor of the study.

1.2 STUDY AND PROJECT AUTHORITY

This study was authorized by a resolution of the Committee on Environment and Public
Works of the United States Senate, adopted 15 May 1991, which states the following:

“RESOLVED BY THE COMMITTEE ON ENVIRONMENT AND PUBLIC
WORKS OF THE UNITED STATES SENATE, that the Secretary of the Army is hereby
requested to review existing reports of the Chief of Engineers for the Atlantic Coast of
Maryland with a view to study, in cooperation with other Federal agencies, the State of
Maryland, its political subdivisions and agencies and instrumentalities thereof, the
changing coastal environment of the barrier islands, the Ocean City Inlet, and
Chincoteague, Sinepuxent, Assawoman, and Isle of Wight Bays and adjacent mainland
areas.  Included in this study will be the development of physical, environmental, and
engineering data on coastal changes and processes to evaluate needed water resources
improvements to navigation, flood control, hurricane protection, erosion control,
wetlands protection, water supply, and other allied purposes to preserve and enhance the
water resources infrastructure which is being severely taxed and degraded by growth,
development and other factors.”

The project to restore Assateague Island was authorized by the Water Resources
Development Act of 1996, adopted September 25, 1996, which states in part:

“PROJECT TO MITIGATE SHORE DAMAGE.-The Secretary shall
expedite the Assateague Island restoration feature of the Ocean City, Maryland, and
vicinity study and, if the secretary determines that the Federal navigation project has
contributed to degradation of the shoreline, the Secretary shall carry out the shoreline
restoration feature.  The Secretary shall allocate costs for the project feature pursuant to
section 111 of the River and Harbor Act of 1968 (33 U.S.C. 426I; 82 Stat. 735).”

1.3 STUDY AREA

The study area, which encompasses approximately 780 km 2 (300 square miles), includes
the Town of Ocean City and adjacent areas of Worcester County, including the Ocean
City Inlet, Assateague Island, and Assawoman, Little Assawoman, Isle of Wight,
Sinepuxent, and Chincoteague Bays.  The Maryland portion of the watersheds of the
aforementioned bays, which includes the eastern portion of Worcester County, was
investigated.  Also included were the shoals within 17.7 km (11 miles) offshore of
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Assateague Island.  Figure 1-1 shows a map of the study area.  Figure 1-2 shows a map of
the offshore shoals.

1.4 STUDY PROCESS

The Corps of Engineers uses a study process having two phases:  the reconnaissance
phase and the feasibility phase.  The reconnaissance phase entails completion of the
reconnaissance report, preparation of a project study plan (PSP), and negotiation of a
feasibility cost-sharing agreement (FCSA) if a feasibility study is warranted. The
reconnaissance phase is a preliminary phase during which problems are identified and
potential solutions are determined.  If feasible solutions exist and non-Federal sponsors are
interested in cost-sharing more detailed investigations, then the study proceeds into the
feasibility phase.  The feasibility study is cost-shared 50/50 with at least one non-Federal
sponsor.  Non-Federal sponsors can include state, county, or local governments.  The PSP
describes the tasks required during the feasibility study and the corresponding costs for
those tasks, and is the tool by which the FCSA is negotiated with the non-Federal
sponsor(s).  During the feasibility phase, new data can be collected through methods such
as surveys, soil borings, and hydraulic modeling.  More detailed designs and cost estimates
are prepared, and the most economically justified (benefits>costs) and environmentally
acceptable solutions are recommended.

If Corps of Engineers projects are justified, the pre-construction engineering and design
(PED) phase follows, when final engineering and design are performed and construction
plans and specifications are completed.  Construction follows the PED phase.  For
traditional Corps- implementable projects, the cost of the PED and construction phases is
shared between the non-Federal sponsor and the Federal Government.  The cost-sharing
varies according to project purpose.

1.5 OTHER FEDERAL AND LOCAL ACTIONS

1.5.1  Corps of Engineers Projects

In 1927 Congress authorized the Corps to construct an inlet, protected by jetties, between
the Atlantic Ocean and Sinepuxent Bay at a point about 5 miles south of Ocean City, and
to construct navigation channels.  However, no inlet was constructed because a 1933
storm created a natural inlet at the southern tip of the present Ocean City.  Following
inspection of the breakthrough, the District Engineer proposed that the inlet be stabilized,
and the Public Works Administration alloted funds for the immediate construction of the
north jetty, which was completed in October 1934.  Construction of the south jetty was
begun in October 1934 and completed in May 1935 under the Emergency Relief Program
of 1935.  A House of Representatives resolution, dated 3 June 1935, authorized the Corps
to review navigation in the area.  As a result, the Corps constructed an inlet channel, 10
feet deep and 200 feet wide between the Atlantic Ocean and Sinepuxent Bay; a channel 10
feet deep, 100 to 150 feet wide and 3,000 feet long from the inlet channel to form a harbor
with  two  turning  basins  of the  same  depth; and   branch  channels  6  feet  deep  into
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Sinepuxent Bay and Isle of Wight Bay.  The resolution also allowed for the raising of the
north jetty to an elevation of 9 feet above mean low water; these improvements were
completed in 1936.  At various times since the construction of the jetties, they have been
rehabilitated.  The jetties have been raised, sand-tightened, and an adjacent scour hole has
been filled in; these most recent rehabilitation projects took place in 1984 and 1985.

In the 1960’s, Congress authorized the Corps to study storm protection for the Atlantic
Coast of Maryland and Assateague Island.  This study led to the construction of the
Atlantic Coast Shoreline Protection Project in 1991.  The project was designed to provide
protection against wave and erosion damage associated with a 100-year storm on the
Atlantic Ocean.  The project involved the placement of sand on the beach, the
construction of vegetated dunes, and the construction of a flood wall.  Periodically the
beach is nourished, and dunes are maintained as needed.

To address the scouring and deterioration of a bulkhead on the bay side of Ocean City in
1989, the Corps constructed stone toe bulkhead protection and a tie-back system near
Chicago Avenue.

See Appendix A2 for a summary of other historical significant engineering and coastal
process events.

1.5.2  State and Local Actions

Currently, there are a number of ongoing studies and projects in the study area.  The
action that is most relevent to this Corps study is the acceptance of the Maryland coastal
bays into the U. S. Environmental Protection Agency’s  National Estuary Program (NEP)
in 1995.  Under the NEP, a Maryland Coastal Bays Program (MCBP) has been organized
by the Maryland Department of Natural Resources; this program is charged with
protecting and preserving the coastal bays to ensure ecological and economic prosperity in
the region.  Over a 3-year period, the MCBP will develop a Comprehesive Conservation
Management Plan.  The plan will be an in-depth examination of the problems besetting the
coastal bays and a set of agreed-upon solutions.  Participants in the MCBP include
numerous Federal, state, and local agencies; special interest groups; and private citizens.
Since the Corps of Engineers is conducting similar work in the area, and data is being
shared by both the Corps study and the MCBP, the Corps is an active participant in the
program.

Another state and local action worthy of mention is the dredging of non-Federal channels
throughout the coastal bays.  The state dredges its own channels in Isle of Wight Bay as
necessary; there are also numerous private channels to marinas and piers that individuals
are permitted to dredge periodically.  As this study addresses sediment movement through
the Ocean City Inlet into the back bays, it is necessary to consider that this sediment
transport affects not only Federal but also state and local channels.
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Section 2

EXISTING CONDITIONS and AFFECTED ENVIRONMENT

The study area includes the Atlantic Ocean waters and sea floor of the continental shelf along the
Maryland shoreline, the Maryland barrier islands, the coastal bays, and the mainland of the coastal
bays watershed (Figure 1-1).  The study area is bounded on the west by low hills that separate the
coastal bays watershed from the Pocomoke River watershed.  The seaward limit of the study area
is the eastern side of shoal “C”, an offshore shoal about 19 km (12 miles) east of Assateague
Island.  The northern and southern limits are the Maryland boundaries with Delaware and
Virginia, respectively.

On the sea floor lie several large sand shoals that are oriented southwest/northeast.  Some of these
shoals are being considered as the source of borrow material for beach replenishment at
Assateague Island.  The sea floor is otherwise largely flat, except in the vicinity of the Ocean City
Inlet, where there is an additional shoal known as the ebb shoal at the inlet entrance.  The inlet
connects the waters of the bays and the ocean and provides a pathway for the waters to mix.
Assateague and Fenwick Islands form the Maryland shoreline; although Assateague is an island,
Fenwick is actually a spit.  Assateague itself is undeveloped and is preserved as open space under
the administration of the National Park Service, Fish and Wildlife Service, and the State of
Maryland.  Fenwick, however, is fully developed as a tourist resort, and contains the town of
Ocean City.  The two “islands” serve to enclose and protect the coastal bays.  The bays are
shallow and are bordered on their margins by salt marshes and residential developments.  The
mainland of the study area has residential development in close proximity to Ocean City and the
coastal bays, but is otherwise largely rural, consisting of farms and forest.

An understanding of the natural and human environment of the study area is important to identify
and evaluate the problems affecting the area.  To that end, this section provides a general
overview of the entire study area but focuses in greater depth on the physical environment and
biological resources of Assateague Island and the offshore shoals.

This report was compiled using existing information, contacts with scientists and resource agency
personnel, and recent research of the Corps of Engineers Coastal Engineering Research Center
(CERC).  A list of the written references used can be found in Annex F.  The CERC reports and
some of the records of personal contacts can be found in Appendix A.

2.1 PHYSICAL ENVIRONMENT

2.1.1    Surficial Geology and Sedimentary Processes

Worcester County lies within the coastal plain physiographic province.  Unconsolidated sediments
consisting of gravel, silt, clay, sand, and shell fragments underlie the entire study area.
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This section includes descriptions of the sediment characterizing the study area, as well as how
that sediment is moved and how it came to be where it is.

2.1.1.a   Sea floor (Including Offshore Shoals Borrow Area)

The dominant sea floor sediment type on the continental shelf in the study area is fine to coarse,
well-sorted quartz sand.  This sediment type is less abundant in the subsurface.  The surface sand
overlies poorly sorted, very fine to fine sand and mud that is locally exposed at the sea floor
surface.  The surficial sands of the sea floor are reworked sediments that were originally deposited
in stream, bay, barrier island, and shoreface environments.  Sand contained in the offshore shoals
is generally well-sorted, medium sand.  Sediments underlying the offshore shoals are variable, but
are often mud and poorly sorted fine sand.  Aside from the offshore shoals, sand deposits on the
sea floor are generally too thin or of too fine a grain size to use for beach fill purposes.

New submarine shoals form over geologic time on the seaward side of the barrier islands and
become isolated as sea level rises and the island retreats.  Waves may scour the sea floor to a
maximum typical depth of about 9 m (30 feet); this area of the ocean bottom vulnerable to wave
scour is known as the shoreface.  Waves and currents continue to modify the shoals after their
formation.  As a result, the shoals are dynamic, and migrate at rates that range from 2 to 120 m
(6.5 to 400 feet) per year.  Ridges on the shoreface are the most active, and are more vulnerable
to wave and current action.

2.1.1.b   Inlet

Inlet bottom sediment patterns result from the complex interaction of inlet currents with bay and
ocean waves.  Sediments in the inlet generally consist of coarse-grained sand due to tides and
currents scouring away finer-grained sediments.  Sediment carried into the coastal bays by the
flood-tide accumulates in the back bays near the inlet in deposits known as flood-tidal shoals or
deltas.  The islands near the Route 50 bridge west of Ocean City formed by this process (Figure
2-1).  Sediment has also accumulated on the seaward side of the inlet; this is known as an ebb-
tidal delta or shoal.  Inlets typically form during storm events, as did the Ocean City Inlet in 1933.
Inlets can form either from the ocean or the bay side of an island.  Physical factors such as width
and height of the island, magnitude and duration of the storm, depth and size of the back bay, and
number of existing inlets determines vulnerability of a barrier island to breaching.  Once formed,
these inlets typically migrate in a southerly direction for a period of time, and eventually shoal in
and close.  Without intervention from man, inlets on Fenwick and Assateague Island would open
and close naturally in a cycle taking from several years to decades to complete.
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Figure 2-2:  Cross Section of a Typical Barrier Island

Figure 2-3:  Cross Section of Overwash Island

Overwash occurs when storm waves cross the island; it is the means by which sand is deposited
above the high tide line.  Overwash frequency depends on many factors, including storm
frequency and island elevation.  On barrier islands, the frequency of overwash at any point
typically decreases both with increasing distance from the beach face and with increasing
elevation.  In areas such as Assateague, where the tidal range is 1 m or less and storm frequency is
high, overwash would be a regular event even if inlet stabilization had not occurred.  However,
prior to inlet stabilization, the height of the island was somewhat greater, and overwash events
rarely reached across the island to the bayside.  On northern Assateague, from 3 to 10 km south
of the inlet, overwash now occurs as many as 20 or more times per year and frequently extends to
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the bayshore.  Overwash maintains the island’s width on the northern end within a relatively
constant range as the island retreats.

Prevailing waves produce a southerly current along the Maryland shoreline.  This current of water
transports sand in a southerly direction in what is known as the longshore transport system, which
formed Assateague and Fenwick Islands.  These barrier islands were formed by spit growth from
sand transported southward from coastal headlands located near Bethany Beach, Delaware, over
the last several thousand years.  Prior to inlet stabilization, a constant flow of sediment was
available to Assateague.  Construction of the Ocean City jetties in the 1930’s interrupted the
southerly flow of sediment and induced sediment starvation of Assateague.

Along the U.S. coast, barriers are migrating landward as sea-level rises.  Sea level is currently
rising at a rate in excess of 3 mm (0.12 inches) per year (0.3 m [1 foot] per 100 years) in
Maryland.  This rate of rise could increase substantially if predicted global warming occurs.
Barrier landward migration is achieved during storm conditions by inlet dynamics and overwash
events.  When a new inlet forms, large quantities of sand are carried into the back bays.  When
this inlet finally closes over time, new salt marshes form on the deposits.  Barriers can retreat as a
unit landward over the top of salt marsh and back bay deposits, and can retain a somewhat
constant sediment volume.  However, if the sediment supply is cut off, or if the rate of sea-level
rise increases too much, the systematic retreat of a barrier island unit can be jeopardized.
Northern Assateague was erosional and was losing sediment volume because of local physical
environment conditions and groins at Ocean City even prior to jetty construction; however, the
jetties greatly increased the rate of sediment loss (see Appendix A).

2.1.1.d   Coastal Bays

Bottom sediments in the coastal bays generally become coarser in an easterly direction across the
bays.  These sediments include, from most to least coarse, sand, sand/silt, silt, and clay.  Sand
occurs adjacent to Assateague and Fenwick Islands in inlet deltas, washover deposits, and tidal
channel point bars.  Deposits from the middle of the bay are silty, and a sand/silt mix occurs along
the western shore.  Clays occur in low energy areas of the tidal tributaries on the western shore.

The coastal bays are a depositional environment.  Sand is transported into the bays through the
inlet by tidal processes and from Fenwick and Assateague Islands by washover or wind.  Beach
nourishment at Ocean City has increased the supply of sand available for deposition in the coastal
bays.  Reworking and redeposition of sediments from geologic formations underlying the coastal
bays and from shoreline erosion also provide a major source of sediment for the coastal bays.
Streams draining from the mainland deposit sediment in the bays; however, the sediment yield is
low, and in Chincoteague Bay is only about one-tenth that derived from Assateague.
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2.1.1.e   Mainland

Sediments from modern and ancient barrier island and coastal bay environments comprise the
mainland of the study area.  These sediments were deposited at times of higher sea level over the
last several million years.  The ancient barriers are parallel to the modern shoreline and today
serve to create areas of steeper slope and sandy soils.  The town of Berlin lies on an ancient
barrier island as does the West Ocean City area.  Finer-grained silts and clays were deposited in
ancient back-bay environments.  Organic-rich swamp deposits occur in areas of extant and
historic wetlands south of Berlin and in the northwesternmost part of the study area.  These
deposits date back to only about the last 10,000 years.

2.1.2    Soils

Soils are classified into series according to their properties.  Soil series typically occur in distinct
patterns on the landscape known as associations.  The soil series and associations found in an area
are important because they influence what flora and fauna can utilize the area.  Five soil
associations occur in the coastal bays watershed:  Fallsington-Woodstown-Sassafras, Mattapex-
Matapeake-Othello, Othello-Fallsington-Portsmouth, Pocomoke-Rutlege-Plummer, and tidal
marsh-coastal.  All of Assateague Island, Fenwick Island, and portions of the mainland shoreline
along the bays consist of the tidal marsh-coastal beaches association.  These areas are
predominantly level or nearly level and are subject to intermittent flooding by tidal water. Coastal
beach soils consist largely of sand and typically have poor nutrient content and water-holding
capacity.  Tidal marsh soils consist of plant remains and mineral sediment; where exposed they are
gray or black in color.  These soils are saline to brackish.  The Fallsington-Woodstown-Sassafras
soil association is located west of the mainland tidal marsh-coastal beach soil association.  This
association is found on the level to steep fields and wooded areas throughout the eastern portion
of mainland Worcester County, totaling 40 percent of the county.  The soils are primarily sand
and fine sand, containing moderate amounts of clay and silt.  The surface layer in these areas is
generally sandy loam.  Soils of the Mattapex-Matapeake-Othello Association include deep well-
drained soils that have a high capacity to hold plant nutrients and moisture.  They occur over
limited areas in the vicinity of Berlin and South Point.  Several soil types within the Matapeake,
Mattapex, Sassafras, and Woodstown Series are classified as prime farmland in recognition of
their importance to agriculture (see Appendix A for list of prime farmland soils).

Hydric soils are soils that are saturated, flooded, or ponded for long enough during the growing
season to develop anaerobic conditions in the upper part.  Hydric soils are soils that in undrained
conditions can support wetlands vegetation.  All the soil associations of the study area contain
potential hydric soil series.  Potential hydric soil series of the study area include Elkton,
Fallsington,  Othello, Plummer,  Pocomoke, Portsmouth, Rutlege, and tidal marsh.
Approximately 60 percent of the coastal bays watershed within Worcester County possesses
potentially hydric soils.  Information on drainage of wetlands will be included in subsequent



2-7

reports.  The actual acreage of soils recognized as hydric is much lower, however, as a substantial
proportion of the watershed has been drained for agriculture.

2.1.3    Physiography and Topography

2.1.3.a   Assateague Island

The ocean shoreline of Fenwick and Assateague Islands is gently curving, while the bayside
shoreline is scalloped and lobate, with ocean waves and currents maintaining the smooth ocean
shoreline.  Islands and lobes on the bayside of the barriers mark the location of relict tidal inlets
and past washover events.  Assateague Island is naturally much narrower at its northern end than
at its southern end.  Over the island’s 61-km (38 miles) length it ranges in width from about 270
m (900 feet) at the northern end to about 1.6 km (1 miles) near the Virginia border.  This
configuration appears to occur as a result of systematic distribution of offshore steepness and
curvature, and resultant distribution of wave energy.  Berm elevations on the island are controlled
by tides and waves, and range from 2.3 to 2.8 m (8 feet to 9 feet) above the 1929 National
Geodetic Vertical Datum (NGVD)1; maximum elevations on northern Assateague occur on
dredged material deposited by the Corps prior to the 1970’s.  Historically, the ocean side of
Assateague and Fenwick Islands was fringed by a series of low and comparatively stable dunes.
Historic photos suggest that dune relief may have exceeded 1.5 m (5 feet), and therefore,
maximum dune elevation may have been about 4 to 4.5 m (13 feet to 15 feet) (NGVD).  Since
that time, Assateague’s topography has been impacted both by accelerated retreat and by dune-
building.  Beginning in the 1930’s, extensive artificial dunes were built and later planted along
much of the U.S. Atlantic Coast, possibly including portions of Assateague Island.  The Corps of
Engineers erected sand fence to build dunes on northern Assateague in 1962.  The National Park
Service built dunes on Assateague in the late 1960’s and possibly into the 1970’s.  However,
dunes have not been maintained since that time, and sediment starvation has almost completely
decimated both constructed and natural dunes from 3 km to 10 km south of the inlet on northern
Assateague Island.  See Appendix A2 for a chronology of engineering efforts on Assateague
Island.

2.1.3.b   Coastal Bays Mainland

The Worcester County mainland is characterized by low relief, and the gradient is typically only
0.9 to 1.9  m per km (5 to 10 feet per miles).  The low relief landscape promotes waterlogging of
the soil in a large proportion of the landscape.  The county contains terraces, stream channels,
drowned valleys, basin-like depressions, remnant dunes, swamps, and marshes.  The highest
elevation in the study area is about 18 m (45 feet) above sea level in the vicinity of Berlin.

                                               
1 The National Geodetic Vertical Datum was developed in 1929 by estimating mean sea level at
29 sites along the North American coast for the preceeding two decades.  Zero elevation equals
mean sea level at those sites in 1929.  Sea level has risen by approximately 0.2 m (8 inches) along
the Maryland coastline since that time.  Thus, a site with an elevation of 0.2 m NGVD is at about
today’s mean sea level.
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2.1.4    Bathymetry

2.1.4.a   Seafloor and Offshore Shoals Borrow Area

Within the study area, water depths reach a maximum of about 23 m (75 feet) in the Atlantic
Ocean, and shallow proceeding landward.  The major bathymetric features of the seafloor on the
Maryland inner continental shelf are a pervasive topography of swales and oblong-shaped ridges
(offshore shoals) (Figure 1-2).  These occur on the seafloor both within and outside of the study
area boundaries.  While each shoal is somewhat unique they share many common features.  Within
study area waters, the offshore shoals crest at 4.5 to 11 m (15 feet to 35 feet) in height above the
adjacent seafloor.  The offshore shoals in the study area range in length from 3.2 to 8 km (2 miles
to 5 miles), and in width from 1.6 to 2.5 km (1 miles to 2 miles).  Side slopes are gentle and range
from about 0.2° to 7.0°.  The seaward flank is steeper than the landward flank.  The offshore
shoals have a predominant northeast orientation.  For this study, Shoal B, Shoal C, Little Gull
Bank, and Great Gull Bank were investigated as sand sources for the restoration of Assateague
Island (see Appendix B for additional information).  Of these shoals, Great Gull Bank is of
particular interest to the study.  Water depths at Great Gull Bank range from 5.8 m (19 feet) on
the crest to 9.2 m (30 feet) in adjacent waters.

2.1.4.b   Inlet and Coastal Bays

In the inlet throat, a large portion of the channel floor is deeply scoured by the large volume of
water transferred during the short duration of the semi-diurnal tides; water depths within the inlet
throat locally exceed 7 m (23 feet).  The inlet connects to a series of maintained navigation
channels in the coastal bays (Figure 2-4), and a portion of the inlet is maintained by dredging for
navigation purposes.  The navigation channels are discussed in Section 2.8.3.  Deeper water also
occurs locally in the coastal bays in areas dredged to provide sediment for emergency beach
replenishment of Fenwick and Assateague Islands in 1962.  Residual holes from that operation are
still as deep as 5 to 10 m (16 to 33 feet).  Otherwise, water depths in the coastal bays are
generally very shallow, with the majority of the bays ranging from 0 to 2 m (0 feet to 7 feet) in
depth with average depths of 0.7 to 1.2 m (2.3 to 4 feet).

2.1.5    Hydrology

In this section, a characterization of the salinity, temperature, and movements of the waters of the
ocean and bay waters of the study area is provided.  The ocean and bay waters of the study area
have a semidiurnal tide, which means two high and two low waters occur each day.

2.1.5.a  Atlantic Ocean and Offshore Shoals Borrow Area

The mean astronomical tidal range in the ocean waters of the study area is approximately 1 m (3.3
feet).  The salinity ranges from about 30 to 33 parts per thousand (ppt).  In areas of greater water
depth, there may often be a slightly higher salinity on the bottom compared to the surface.  Ocean
water temperatures generally reach a minimum of about 3° to 5°C (37° to 41°F) in late
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February or early March.  Homogeneous temperatures characterize the entire water column at
that time of year.  Continental shelf waters undergo progressive thermal stratification from spring
through summer, when the thermocline reaches a depth of 9 (30 feet) to 12 m (39 feet).  At
coastal locations within the 20 m (66 feet) contour, the stratification is somewhat less intense as
the shallower depths permit some turbulent mixing through the water column.  Surface water
temperatures in the ocean reach a maximum during August and early September of about 21°C
(70° F), and rarely exceed 23°C (73° F).  Bottom waters below the thermocline are somewhat
cooler at this time by up to approximately 10°C (18° F).  In autumn, the water column becomes
increasingly equalized from the surface downward as it cools.  The water circulation in this region
of the inner continental shelf is characterized by a general southward movement of the surface and
bottom water throughout the year.  However, from April to September, the surface water
movement may periodically reverse and move northward in association with low spring runoff and
the prevalence of south winds.

Waves incident from the west have limited impact on the study area, whereas waves incident from
the east are capable of moving sand both alongshore and offshore, influencing both the shape of
the shoreline and the beach profile.  Waves occur much more frequently from the southeast
quadrant than they do from the northeast; however, the waves from the northeast tend to be
higher.  The predominate southerly littoral drift along this segment of coast is a result of waves
from the northeast and east quadrant.  The average measured wave height off Ocean City is 0.7 m
(2.3 feet).  Average wave heights vary seasonally:  the lowest monthly average wave occurs in
July and August; the maximum monthly average wave height occurs in December, January, and
February.  The largest measured wave was 4.4 m (14 feet); this occurred during the January 1992
storm.  Although not directly measured, hindcasts have determined that wave heights reached 7.5
m (19 feet) during the March 1962 northeaster.  See Appendix A of this report for additional
information.

2.1.5.b  Coastal Bays

The Maryland coastal bays include five bays:  Assawoman, Isle of Wight, Sinepuxent,
Chincoteague, and Newport.  The drainage area for the coastal bays is 45,246 ha (111,801 acres);
the majority of this lies in Worcester County, but portions of the watershed also lie in
southeastern Delaware and northeastern Virginia.  Compared to other estuarine systems such as
Chesapeake Bay, the drainage basin for the coastal bays is relatively small compared with the area
of open water; the drainage area is only 2.2 times as large as the bay surface area.  Freshwater is
delivered to the coastal bays by precipitation and tributary streams.  The larger streams within the
Maryland portion of the watershed are the St. Martin River, Turville Creek, Herring Creek, and
Marshall Creek.  All tributaries originate in the eastern portion of Worcester County and flow
predominantly in an easterly direction.

The tidal range within the coastal bays in the study area is dependent on proximity to the Ocean
City Inlet.  The mean neap and spring tide range is 1.1 m (3.6 feet) and 1.3 m (4.3 feet),
respectively, at the Ocean City fishing pier.  The tide attenuates along the coastal bays behind
Fenwick and Assateague Islands proceeding away from the inlet.  The mean neap and spring tide
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range at Isle of Wight Bay is 0.7 m (2.3 feet) and 0.8 m (2.6 feet), respectively.  At the northern
end of Assawoman Bay, the mean tide range is about 0.3 m (1 feet).  The mean tide range reaches
a minimum of 0.1 m (0.3 feet) in Chincoteague Bay at Public Landing.  Due to the low tidal range
the coastal bays possess a relatively constant water surface area at the full range of tide.  Along
the western margins of the bays wind conditions have a greater effect on water levels than do the
astronomical tides.

Ocean City Inlet and Chincoteague Inlet are the primary sources of saltwater within the coastal
bays, although limited input from overwash also occurs.  High salinities of 25 to 32 ppt prevail
throughout much of the coastal bays.  Salinity generally decreases with distance from the inlets.
However, hypersaline conditions may exist during late summer and early autumn due to low
freshwater flows and evaporation.  Prior to the opening and stabilizing of the Ocean City Inlet,
low salinity conditions prevailed in the coastal bays.  Shreve and others (1910) noted that “the
water of the great lagoon of Worcester County is brackish only in its lower half, becoming fresh
on passing north of Ricks Point into Newport, Sinepuxent, Isle of Wight, and Assawoman Bays.”

Water temperatures in Chincoteague Bay range from about 0°C (32°F) to 29°C (84°F) during the
year, with an average annual water temperature of about 13°C (56° F).  Temperature averages for
the upper bays are similar, except that temperatures in the tidal tributaries in summer can exceed
32°C (90° F).

Circulation patterns and currents within the coastal bays are dependent on proximity to the Ocean
City Inlet and wind conditions.  Approximately 85 percent of the tidal prism entering Ocean City
Inlet goes north into Isle of Wight and Assawoman Bays, while the remaining 15 percent enters
Sinepuxent and Chincoteague Bays.  Near the inlet, currents are produced by movement of tidal
waters.  Currents in excess of 5.8 mph (9.3 km/hr or 5 knots) occur near the inlet, but drop off
rapidly moving away form the inlet. Shallow water depths through most of the coastal bays
promote thorough vertical mixing of the water column.

2.1.6    Climate

Worcester County has a humid continental climate modified by its nearness to the Atlantic Ocean
and Chesapeake Bay.  The general atmospheric flow is from west to east.  However, alternating
pressure systems create variability in weather patterns.  Average annual precipitation at Ocean
City is 124 cm (49 inches), with about 25 cm (10 inches) of snow occurring annually.  Heavy
precipitation occurs mostly in the warmer portion of the year from thunderstorm activity.
Droughts can occur throughout the year, but are most likely during the summer months.  The
prevailing winds are from the west to northwest, except during the summer months, when they
are southerly.  Winds from the northeast, east, and southeast quadrants occur one-fifth of the
time.  Direct onshore winds can elevate nearshore waves and coastal water levels during storm
events, increasing storm damages.  Winds from the east and northeast tend to be of the highest
magnitude.  The average annual temperature at Ocean City is 14°C (57°F).  Air temperatures over
the coastal ocean typically run 1° to 3°C (5° to 10° F) cooler than temperatures on the coast.
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Most coastal storms causing erosion and other damage in the study area are northeasters.  These
storms can produce damaging storm waves for a duration of up to several days; they occur most
frequently between December and April.  Hurricanes and tropical storms also impact the study
area, although less frequently.  Ocean City has been hit by a number of these major storms this
century, including hurricanes in 1902 and 1933, the Ash Wednesday 1962 northeaster, the
Halloween 1991 northeaster, the January 4, 1992 Northeaster, and the December 1992
northeaster.  The winds and waves during the 1933 hurricane were estimated at 160 km/hr (100
mph) and 6 m (20 feet), respectively.  The 1962 northeaster caused the greatest storm damage to
Ocean City: water covered Fenwick Island for two days at depths of up to 2.4 m (8 feet).

2.2 AIR QUALITY

Maryland is divided into six air quality control areas.  The coastal bays and Worcester County are
contained in the Eastern Shore area.  Ambient air quality is determined by measuring the ambient
pollutant concentrations of particulate matter, carbon monoxide, sulfur dioxide, nitrogen dioxide,
lead, and ozone, and comparing the concentration to the corresponding standards as determined
by the U.S. Environmental Protection Agency.  Analysis of the 1994 data from the monitoring
station nearest to the coastal bays in Salisbury, Wicomico County, determined that the area is
within the level of acceptable ambient air pollution and, therefore, does not have an air quality
concern.

2.3 WATER QUALITY

2.3.1    Surface Water

2.3.1.a   Atlantic Ocean and Offshore Shoals Borrow Area

No significant water quality problems have been reported from the study area’s ocean waters.
The State of Maryland has designated all of its coastal waters (i.e., to the 3-mile limit) as Use II,
shellfish harvesting waters.  No water quality impacts that would threaten this designation have
been reported.  However, there is an area off 64th Street in Ocean City where shellfish harvesting
is prohibited as a precautionary measure due to the discharge of the city’s wastewater treatment
plant.  The restricted area encompasses the oceanside waters between 55th Street and 73rd Street,
and extends offshore for 1.5 miles.

2.3.1.b  Coastal Bays

Overall water quality in the open water areas of the coastal bays is reasonably good.  Water
quality problems do occur, however, in a number of the tidal tributaries and in the artificial
lagoons.  St. Martins River, Newport Bay, Taylorsville Creek, Turrville Creek, Trappe Creek,
and Herring Creek are degraded by non-point source pollutants originating primarily from
agriculture.  These pollutants enter as surface water runoff and groundwater seepage.  Concerns
about the level of fecal coliform prohibit shellfishing in St. Martins River, Turrville Creek, and
Herring Creek.  Water quality in manmade canals and lagoons is degraded because of poor
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circulation.  The coastal bays have low flushing rate.  This increases the susceptibility of the
coastal bays to pollution; shallow depths and strong vertical mixing moderate pollution impacts.

2.3.2  Groundwater

A mutli-layered aquifer system capable of providing large groundwater supplies underlies the
study area coast.  Overpumping at Ocean City may be inducing saltwater intrusion from the
freshwater/salt water mixing zone and from saline water in the deeper parts of the aquifers.  The
surficial aquifer in the watersheds of the northern coastal bays is probably polluted by agricultural
input.

2.4 BIOLOGICAL RESOURCES

The study area is a composite of ecosystems -- marine, estuarine, terrestrial, and, to a minor
extent, freshwater aquatic.  Although distinct, the ecologies of these ecosystems are interlinked,
and changes in the physical environment or biota of one ecosystem can have a profound impact on
the other ecosystems of the study area.  They support a diverse assemblage of biological
resources.

2.4.1    Plant Communities

The plant communities within the watershed of the coastal bays vary from the lush beds of
submerged aquatic vegetation in Chincoteague Bay, to sparse vegetation found on the beaches
and dunes of Assateague Island, to the grassland salt marshes on the bay shoreline, to upland and
wetland forests on the mainland.  Agriculture, forestry, and settlement have substantially impacted
wetland and upland vegetation throughout the entire area, however, about half of the watershed is
in natural vegetative cover (see Section 2.8.1 for additional information).  Important factors
controlling the distribution of natural vegetation include land-use history, water availability, and
soils.  The study area is notable as an area in which many southern upland and wetland plant
species occur at or near the northern limit of their ranges.  Of particular interest to this report is
vegetation found on Assateague Island.

2.4.1.a   Submerged Aquatic Vegetation (SAV)

The coastal bays region is the only coastal lagoon system in the mid-Atlantic from Barnegat Bay,
New Jersey, to the Albemarle-Pamlico Sound, North Carolina, to have extensive beds of SAV.
Two species of SAV have been observed in the coastal bays:  eelgrass (Zostera marina), which
predominates in the deeper subtidal areas greater than 0.6 m (2 feet); and widgeon grass (Ruppia
maritima), which predominates in shallower subtidal areas to mean low water (MLW).  SAV
provides a critical food source and nursery ground within the aquatic community for many
estuarine organisms.  SAV is abundant in Chincoteague Bay, particularly along the western shore
of Assateague Island (Figure 2-5).  Only limited areas of SAV are noted to occur in the northern
coastal bays along the lee of Fenwick Island.  Water quality presumably limits the occurrence of
SAV in the northern coastal bays.
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2.4.1.b  Wetlands

Tidal and non-tidal wetlands occur in the coastal bays watershed.  Approximately 16,600 acres of
salt marsh occur on the shoreline of the coastal bays.  The majority of this is concentrated along
the Chincoteague Bay shoreline, including the bayside of Assateague Island.  Approximately
2,500 acres of the total salt marsh acreage occurs in the northern coastal bays.  Approximately
5,300 acres of forested wetlands occur on the mainland.  Prior to extensive development in the
region, approximately 4,500 acres of salt marsh historically occurred in the northern bays. Prior to
extensive ditching for agriculture, approximately 56,300 acres of forested wetlands may have
historically occurred in the watershed of the coastal bays.  Additional information on historical
wetlands and wetlands losses will be included in a subsequent report.

An important factor controlling the distribution of tidal wetlands vegetation is salinity.  The
majority of the tidal waters of the coastal bays are brackish.  Tidal wetlands that occur where
salinities are brackish (0.5 to 30 ppt) include salt and brackish marshes and scrub-shrub wetlands.
Tidal marshes perform numerous beneficial functions; these include storm protection and erosion-
control for the mainland, nurseries for commercial fisheries species, wildlife habitat, food chain
support, nutrient source/sink, and water quality maintenance.  The magnitude of the beneficial
functions performed by these ecosystems is in large part dependent upon their spatial coverage.

Nontidal wetlands in the study area are predominantly in forest and shrub cover.  Non-tidal
wetlands possess many important functions, including the ability to sequester and transform
pollutants, ameliorate agricultural runoff, provide plant and wildlife habitat, and regulate nutrient
exchange between terrestrial and aquatic ecosystems.

Assateague Island

Large salt marshes occur on the bayside of Assateague and on bay islands in areas that breached
and healed in the past from the state park south.  Prior to the formation and stabilization of the
Ocean City Inlet, salt and fresh tidal marsh occurred on the bayside along much of the length of
Assateague and Fenwick Islands.  Since the jetties were constructed, accelerated retreat and
overwash has destroyed the majority of the salt marsh that formerly occurred on the northern end,
and only limited areas of salt marsh occur in that area today.  Within the northern end of the island
from 3 to 10 km south of the inlet occur a number of non-vegetated or sparsely vegetated
wetlands on the flats of the bayside and island interior.  These areas provide habitat for
invertebrate species which in turn provide food for shorebirds and waterbirds.  From the state
park southward the island also possesses fresh marsh and woodland wetlands in interior areas of
the island, in swales between dunes, and in association with ponds.  For additional information on
the flora of Assateague see Annex A, Part 3.

Coastal Bays Mainland

Salt and brackish marshes occur on the mainland shoreline, on bay islands, and along tidal
tributaries.  Minor areas of tidal forested wetlands occur along the lower reaches of tributary
streams.  Tidal forest can occur when salinity is less than about 1 or 2 ppt.  Nontidal wetlands
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occur on the mainland above the influence of the tides in broad flat areas and depressions between
streams, along streams and valleys, and associated with mill and farm ponds (see Figure 2-6).
Non-tidal wetlands in the study area are dominated by temporarily flooded and seasonally-
saturated forested wetlands in various successional stages.  Existing wetland forest vegetation in
the coastal bays watershed is dominated by two major associations:  swamp chestnut oak -
loblolly pine; and willow oak - loblolly pine.  The latter association also occurs on upland habitats.
Small areas of wetland forests of the river birch - sycamore, and bald cypress associations occur
along streams within the watershed.  Non-tidal wetlands possessing vegetation dominated by
herbaceous plants and shrubs also occur.  These latter wetlands occur along constructed ponds,
recently distrubed forested wetland areas, landward of salt marshes, and rarely in one particularly
significant natural setting:  on the margins of the coastal bays where groundwater seeps out from
adjacent higher terrestrial areas.  These latter communities are known as coastal fens, and possess
notable concentrations of state-rare plant species.  Additional information on mainland flora can
be found in Annex A, Part 3.

2.4.1.c  Upland Habitats

Assateague Island

Factors controlling distribution of barrier island vegetation include soil moisture and quality,
climate, salt spray, sand movement by wind, and changes in barrier island geomorphology
resulting from overwash and erosion.  Of particular importance to this study is overwash.
Overwash is a natural process, and barrier island vegetation, in general, accommodates this
process.  However, overwash can also disturb such vegetation, especially during major storm
events. The process can move substantial amounts of sand and can deposit up to several
centimeters of sand on plants; this can kill or injure plants, and can bury seeds to a depth
from which they can’t germinate.  Saltwater inundation resulting from overwash is also a
cause of plant mortality, particularly for woody plants.

Three general zones of upland vegetation occur on Assateague Island:  dune grassland, shrubs,
and woodland.  Additional information on the vegetative zones of Assateague is included in
Annex A, Part 3.  Much of the northern end of Assateague from 3 km to 10 km south of the inlet
is unvegetated due to the high frequency of overwash events; however, the dune grassland zone is
sporadically represented in the area.  Shrub zone vegetation occurs in the northernmost 2.5 km of
the island and south of 10 km.  The northern end of Assateague was historically dominated by
dune grassland vegetation, and possessed minimal woodland areas.  Assateague Island’s
vegetation was substantially impacted by grazing of domestic animals from the 1800’s through
perhaps as late as the 1940’s.  Feral animals derived from domestic stock also have had a
substantial impact on island vegetation, including the island’s famous ponies which continue to be
a major factor influencing vegetation.
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Coastal Bays Mainland

Old fields and thickets are common on abandoned farmland, and on road sides and forest edges.
Existing upland forests are dominated by successional forests of the willow oak - loblolly pine
association.  Minor areas of the chestnut oak - post oak - blackjack oak forest association also
occur.  Additional information on mainland flora can be found in Annex A, Part 3.

2.4.2    Animals

2.4.2.a   Benthos

Benthos are bottom-dwelling organisms of aquatic ecosystems.  Plants also dwell on the bottom;
however, since plants are discussed previously in Section 2.4 they will not be included herein.
Benthic macrofauna in marine and estuarine environments are an important food source for many
fish species.

Offshore Shoal Borrow Area and Adjacent Seafloor

The sandy seafloor of the offshore shoals and intershoal flats and troughs of the study area ocean
waters typically possesses a benthic community with similar numerical abundance, diversity,
biomass, and community structure in water depths greater than 8 m (26 feet).  Areas with water
depths less than 8 m typically have lower benthic species richness than deeper waters.

The offshore shoals tend to possess lower numbers of benthic organisms, species, and biomass in
relatively shallow areas (5.8 to 7.6 m) (19 to 25 feet) than in adjacent deeper intershoal areas (7.0
to 9.4 m) (23 to 31 feet).  Swales adjacent to the shoals typically contain higher macroinvertebrate
abundance, species richness, and biomass than do shoal ridges or flanks.  The richer benthic fauna
in the swales correlates with the presence of finer sediments and higher organic carbon content.
The most common species of the offshore shoals in terms of frequency of occurrence are
haustorid amphipods, isopods, bivalves, and polychaete worms (see the Planning Aid Report in
Annex A for additional information).  Benthic megafauna species occurring on the offshore shoals
and adjacent seafloor include lobed moon snails (Polinices duplicatus), whelks (Busycon spp.),
starfish, and various crabs and shrimp.  Important commercial species include surf clam (Spisula
solidissima), whelks/conchs, and horseshoe crabs (Limulus polyphemus).

Assateague Island Nearshore

Mollusc species likely to be found in the subtidal zone of the outer beach on Assateague Island
include whelks and surf clam.  Crabs likely to be found in the subtidal zone of the outer beach
include lady crab (Ovaliped ocellatus) and horseshoe crab.

The nearshore benthic communities of Assateague Island are dominated by crustaceans such as
mole crab (Emerita talpoida) and bay possum shrimp (Neomysis americana).  Mole crab is also
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common in the intertidal zone.  Common species of the upper beach include ghost crab (Ocypode
albicans) and beach fleas (Talorchestria spp.)  Additional information on the benthos of the
nearshore on Assateague can be found in Annex A, Part 3.

Coastal Bays

Over 100 species of epibenthos and infauna have been identified in the coastal bays.
Chincoteague Bay possesses a particularly diverse benthic assemblage.  The St. Martins River and
artificial canals possess significantly lower species richness than other areas of the bays.  The
coastal bays provide almost optimal hard-shell clam (Mercenaria mercenaria) habitat.  In
Chincoteague Bay, ribbed mussel (Geukensia demissa) dominates the intertidal zones.  Mollusc
abundance is highest in areas with salt marsh detritus derived from salt marsh and SAV.  The
coastal bays formerly supported large oyster beds; these beds fell victim to changes in the ecology
of the bays accompanying increased salinity conditions resulting from stabilization of the Ocean
City Inlet.

Hard-shell clamming yields are high and reliable for both commercial and recreational activities.
Small and sporadic yields of soft-shell clam (Mya arenaria) also occur in the bays. Blue crab are
caught commercially in the coastal bays, but harvests have declined since the 1950’s.

Inlet

Benthic organism density, biomass, and species number are generally low in the vicinity of the
inlet.  The relatively low benthos development in the vicinity of the inlet appears to be due to the
presence of a shifting sand bottom substrate associated with high current velocity conditions.  In
contrast, stable attachment substrate such as rocks, pilings, and other submerged structures are
extensively colonized by epifaunal forms.

2.4.2.b   Nekton

Nekton are organisms that possess the ability to swim.  Nekton include finfish that are caught by
commercial and recreational fishermen.  Many of these species are important top to mid-level
carnivores.

Offshore Shoals  Borrow Area and Atlantic Ocean Waters

A wide variety of finfish are present in the ocean waters of the study area, but most of the fishes
in the coastal area are seasonal migrants (see Annex A, Planning Aid Report for additional
information).  Winter is a time of low abundance, as most species leave the area for warmer
waters offshore and southward.  Spring brings a progressive influx of species that reach a peak in
the fall.  Spawning often takes place over relatively wide geographical areas.  The production of
pelagic eggs and larvae by most species further enhances the dispersal of the reproductive effort.
As a consequence, the larvae of many species may occur in the vicinity of the borrow sites at
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different times of the year, but no species appears to concentrate a significant part of its spawning
effort here.

There is substantial commercial fishing activity in the waters of the Atlantic Ocean.  Important
species caught include summer flounder (Paralichthys dentatus), dogfish, weakfish (Cynoscion
regalis),  and black sea bass (Centropristis striata).  Substantial recreational fishing also takes
place in the vicinity of the shoals and fish havens.  Commonly caught recreational species include
sea bass, tautog (Tautoga onitis), and triggerfish (Balistes capriscus).  It appears that some fish
species are attracted to the elevated bottom profile and edges of the shoals.  The fish havens
benefit and attract structure-oriented species.  Additional information on finfish of the offshore
shoals is included in the Planning Aid Report in Annex A.

Assateague Island Nearshore Waters

Fish species caught by commercial vessels working off Maryland’s Atlantic coast include
clearnose skate (Raja eglanteria), smooth dogfish (Mustelus canis), weakfish, summer flounder,
windowpane flounder (Scopthalmus aquosus), butterfish (Peprilus triacanthus), northern kingfish
(Menticirrhus saxatilis), Atlantic croaker (Micropogonias undulatus), and striped searobin
(Prionotus evolans).

Nekton of the nearshore must be able to tolerate the currents and turbidity associated with the
surf.  Bony fish likely to be found in the nearshore of Assateague Island include  weakfish,
bluefish (Pomatomus saltatrix), striped bass (Morone saxatilis), northern puffer (Sphaeroides
maculatus), porcupine fish (Diodon hystrix), striped burrfish (Chilomycterus schoepfi), and
common trunkfish (Lactophrys trigonis).  Cartilaginous fishes likely to be found in nearshore
include  spiny dogfish (Squalus acanthias), little skate (Raja erinancea), barndoor skate (Raja
laevis), and bluntnose stingray (Dasyatis sayi).

Coastal Bays

The coastal bays support both inshore and offshore fisheries.  Many fishes use the bays as
spawning areas, nursery areas for young, and feeding areas.  Some estuarine fish spawn in the
ocean waters, while other ocean species spawn in the estuarine habitats or migrate through the
coastal bays to freshwater habitats.  The coastal bays have historically supported large populations
of juvenile finfish.  Juvenile stages of more than 115 species of freshwater, estuarine-resident,
estuarine-dependent, and marine fishes have been collected in the coastal bays.  The most
abundant finfish species include bay anchovy (Anchoa mitchilli), Atlantic silverside (Menidia
menidia), spot (Leiostomus xanthurus), Atlantic menhaden (Brevoortia tyrannus), Atlantic
herring (Clupea harengus), mullet, silver perch (Bairdiella chrysura), striped killifish (Fundulus
majalas), mummichog (Fundulus heteroclitus), pipefish, smallmouth flounder (Etropus
microstomus), rainwater killifish (Lucania parva), naked goby (Gobiosoma bosci), and striped
anchovy (Anchoa hepsetus).  Adults of many recreationally and commercially important species
include Atlantic croaker, bluefish (Pomatomus saltatrix), spot, summer flounder, weakfish, and
shark.
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Some of the most significant habitat for finfish in the coastal bays occurs along the fringes of the
Spartina alterniflora (tall growth form) marshes.  These marshes provide excellent foraging and
nursery grounds for predominantly juvenile finfish, but sizable adults are found in the vicinity of
the marshes as well.  Juvenile finfish also occur in large numbers in shallow and well-protected
areas remote from development.  The main channels of the bays typically possess few juvenile
finfish.  Sinepuxent Bay in general possesses low finfish species richness and few juvenile finfish.
Ocean City and Chincoteague Inlets are of importance since they serve as the pathways between
the ocean and coastal bays for fish.

2.4.2.c   Plankton

Plankton are small, floating or weakly swimming plants or animals that are of particular
importance in marine and estuarine ecosystems.  Nutrients supplied from coastal runoff and
vertical mixing in the water column support a relatively high abundance of phytoplankton out to
about 20 m depth in the ocean.  Peaks in phytoplankton populations vary annually, with peak
abundances occurring in spring and late summer to late fall.  Zooplankton include those species
that spend their entire lives as plankton (holoplankton) as well as the eggs and larvae of many fish
and invertebrates (meroplankton).  Holoplankton abundance is highest in late spring, summer, and
fall.  Meroplankton are most numerous during late spring and summer.  For additional information
see the Planning Aid Report in Annex A.

2.4.2.d   Birds 

The study area includes important wintering, staging, and breeding habitats for more than 200
avian species.  Consideration of endangered, threatened, and rare species, including Piping Plover,
is included in Section 2.4.3.

Coastal Bays Mainland and Barrier Islands

The area is of notable importance for neotropical migratory bird species, which tend to
concentrate in a relatively narrow strip of land along the coastline during migration.  Migrants use
habitats on Assateague Island and along the shoreline of the coastal bays watershed as stopover
areas.  Because of the extreme stress imposed on migrants, survival during the period of migration
is critical to the maintenance of viable populations.  Thirty-two species of neotropical migrants are
considered to use the coastal bay areas as important stopover habitat during migration; twelve of
these are experiencing significant population decline.

Colonial waterbirds breed on Assateague Island and on natural and dredged material islands in the
coastal bays.  Additional discussion on colonial waterbirds is included in Section 2.4.3 “Rare,
Threatened, and Endangered Species.”

The brackish estuarine habitats on the bayside of Assateague Island and the brackish/freshwater
impoundments on Chincoteague National Wildlife Refuge are regionally important wintering areas
for waterfowl.  The open beaches of Assateague Island and intertidal habitats of the coastal bays
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provide important habitat for shorebirds.  Chincoteague National Wildlife Refuge ranked second
in diversity of shorebird species from among all 450 sites in the Western Hemisphere Shorebird
Reserve network and, in 1990, the barrier islands of Virginia and Maryland were dedicated as part
of the International Shorebird Preserve.

Offshore Shoals  Borrow Area and Atlantic Ocean Waters

A number of bird species may be found feeding and/or resting in the waters in the vicinity of the
offshore shoals.  These include shorebirds such as gulls, terns, scoters, Oldsquaw, and loons, as
well as more open ocean species such as Gannet, Black-leeged Kittiwake, storm petrel, and
shearwater.

2.4.2.e  Mammals

Consideration of endangered, threatened, and rare mammal species is included in Section 2.4.3.

Coastal Bays Mainland

The watershed of the coastal bays provides habitat for approximately 43 species of mammals
typical of the Delmarva peninsula.  A list of mammals occurring in the terrestrial, wetland, and
freshwater aquatic habitats of the coastal bays watershed is provided in Annex A, Part 3.

Assateague Island

Fifteen species of mammals occur within the terrestrial habitats on Assateague.  Mammal diversity
and density are limited on the northern end of Assateague Island because of the lack of food,
cover, and freshwater.  Perhaps most notable of these with regard to this study are domestic horse
(Equus caballus), red fox (Vulpes vulpes), and raccoon (Procyon lotor).  Horses have a
significant effect on the vegetation of the island, and may influence island character by eating
vegetation that might otherwise promote dune growth.  Red fox and raccoon are notable as
predators of birds that nest on the island.  Red fox and raccoon are more commonly encountered
in areas of the island possessing vegetation.

Offshore Shoals Borrow Area

Several species of marine mammals may occur in the vicinity of the offshore shoals, although the
bottlenose dolphin (Tursiops truncatus) is the only common one.  Several other species of
dolphin, porpoise, seal, and whale are infrequent visitors to the area.

2.4.2.f  Reptiles and Amphibians

Consideration of endangered, threatened, and rare reptile and amphibian species is included in
Section 2.4.3.

Coastal Bays Mainland
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The habitats of the coastal bays watershed support about 30 reptile and 23 amphibian species,
including snakes, lizards, salamanders, skinks, turtles, toads, and frogs.  A list of reptiles and
amphibians potentially occuring in the terrestrial, wetland, and freshwater aquatic habitats of the
coastal bays watershed is provided in Annex A, Part 3.

Assateague Island

Assateague Island supports 23 species of amphibians and reptiles (Annex A, Part 3).  Habitat
quality and quantity for terrestrial, wetland, and freshwater aquatic reptiles and amphibians on the
northern end of Assateague are limited because of the lack of vegetation and habitat diversity.

2.4.3    Rare, Threatened, and Endangered Species

2.4.3.a Plants

Within the study area, 74 species of state-rare plants are known to occur or have occurred (Annex
A, Part 3).  Many of these are maritime species occurring on Assateague Island, and are listed as
state-rare primarily because Assateague Island constitutes the only natural barrier island habitat in
the state.  Many of the maritime species are common elsewhere along the Atlantic coast of the
U.S., and of these only one species -- sea beach amaranth (Amaranthus pumilus) -- is Federally-
listed.  Assateague Island formerly provided habitat for sea beach amaranth, but it has not been
seen on the island since the 1960’s, and is thought to be extirpated from the state.  The state of
Maryland is currently investigating reintroducing this species to the island.  See the Biological
Assessment in Annex A.  A list of the rare plant species occurring on northern Assateague Island
is provided in Table 2-1.  Notable concentrations of rare plant species are known to occur on the
mainland shoreline of the coastal bays within coastal fen plant communities (see previous
discussion under wetlands).

2.4.3.b  Animals

Within the terrestrial, wetland, and freshwater aquatic habitats of the study area, 19 species of
state-rare animals are known to occur or have occurred (Annex A).  A majority of these are
shorebirds and colonial waterbirds that nest on the barrier islands or shorelines of the coastal bays.
Of these species, seven are federally-listed, but two of these are considered to be extirpated.  The
study area is notable in that it includes the only breeding sites in Maryland for the Royal Tern,
Gull-billed Tern, and Black Skimmer.  In addition, the northernmost breeding site for Brown
Pelican along the U.S. Atlantic coast is located on a dredged material island in Chincoteague Bay.

Northern Assateague Island is perhaps most significant from an ecological perspective because it
possesses a notable concentration of rare beach-nesting bird species (Table 2-1).  The frequent
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overwash is hostile to all but a few plant species, and even these grow only sparsely; much of the
island from 3 to 10 km (1.9 to 6.2 mi) south of the inlet lacks any vegetation.  These conditions
limit the suitability of the area for most species of animals, but provide nearly perfect habitat for
beach-nesting bird species.  Historically, sparsely vegetated and bare sand barrier island habitat
was abundant along the U.S. Atlantic coast, often in association with natural inlets.  Development
of the barrier islands as resorts, and shoreline and inlet stabilization, have caused a drastic
reduction in the availability of natural overwash-prone and bare sand habitat.  Among the rare
beach-nesting birds occurring in the area, Piping Plover is of particular relevance and importance
for this study.  Piping Plover is Federally-listed as a threatened species.  Assateague Island is of
regional significance as a breeding ground for this species; nests and foraging areas are
concentrated on the island’s northern end (Figure 2-7).  Between 14 and 61 breeding pairs nested
on northern Assateague annually between 1986 and 1996.  Additional information on the Piping
Plover can be found in the Biological Assessment in Annex A.  A nesting colony of up to several
hundred pairs of the state-threatened Least Tern is also located on the nothern end.  The northern
end of the island also supports populations of the state-endangered white tiger beetle (Cicindela
dorsalis media).  This species occurs on beaches in the northernmost 5 km (3 mi) of the island,
with a notable concentration of individuals from 1 to 2 km (0.6 to 1.2 mi) south of the inlet.  An
area of lesser concentration also occurs from 4 to 5 km (2.5 to 3.1 mi) south of the inlet.

The coastal Atlantic Ocean waters off Assateague Island are not noted for the regular presence of
rare animal species; however, transient and migrant whales and sea turtles are encountered in the
waters of the study area (Table 2-1).  A Biological Assessment focusing on threatened and
endangered sea turtles and mammals is being prepared by the Baltimore District.

2.5 RESERVES, PRESERVES, AND PARKS

A number of parks, recreational areas, and wildlife management areas are located within the study
area.  State-operated facilities include Isle of Wight Management Area, Sinepuxent Wildlife
Management Area, E. A. Vaughn Wildlife Management Area, and Assateague State Park.
Federally operated facilities include Assateague Island National Seashore and Chincoteague
National Wildlife Refuge.  These areas provide outdoor recreational and educational opportunities
as well as wildlife habitat.  Worcester County and Ocean City operate a number of neighborhood
parks.  Worcester County is also developing a nature-oriented park at Herring Creek.

Three artificial reefs have been established in the Atlantic Ocean waters of the study area.  These
include the 33rd Street reef established by Ocean City, and fish havens established by the state of
Maryland at the southwestern end of Little Gull Bank and on the northwestern portion of Great
Gull Bank.  Private recreational fishing vessels and commercial party boats frequent Great Gull
Bank.  Little Gull Bank is not often fished by commercial party boats but is popular with private
recreational boats, particularly in the late summer and fall, due to its proximity to Ocean City.
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2.6 CULTURAL RESOURCES

2.6.1.   Assateague Island

The Corps of Engineers is required by the National Historic Preservation Act, 36 CFR, Part 800,
to determine whether culturally significant historic properties will be affected by any given Federal
undertaking, and to minimize those effects through avoidance or mitigation.  In accordance with
this law and its implementing regulations, the Corps conducted a literature search and Phase I
cultural resources reconnaissance for the short-term restoration of Assateague Island.  The
affected areas that were investigated include the northern 11 km (17.6 miles) of Assateague
Island, an area 100 m (330 feet) offshore of the island, and the four offshore shoals that could
potentially be used for borrow material.

The northern 1.9 km (3 miles) of Assateague Island is a recent dune formation, and does not
contain any significant cultural resources, either on the island or within the 1933 boundaries of the
island. There is, however, a recorded shipwreck near the southern terminus of the project on
Assateague Island.  The Corps is conducting the required investigation to determine whether the
shipwreck is a significant cultural resource and to determine whether it will be impacted by the
short-term restoration project. Reconnaissance investigations did not identify any shipwrecks in
the offshore  shoals being evaluated for proposed borrow sites. The Corps is continuing to
coordinate with the State Historic Preservation Office.  (See Annex D for more detailed
information regarding the cultural resources investigation).

2.6.2   Other Study Components

Regarding the other study components, the area of Worcester County has been continously
occupied since the earliest prehistoric period (Paleolithic to the present).  Prehistoric resources
have been found most commonly at the well-drained soils inland from the bays, although
extraction of marine resources from the bays can be documented throughout prehistory.  During
the historic period, the well-drained soils away from the bays attracted farmers, but the bays
continued to provide fishing opportunities for the population.  Only with the 20th century
development of the county for recreational uses has there been extensive settlement and use of the
areas immediately adjacent to the bays and to the Ocean City vicinity.

2.7 HAZARDOUS, TOXIC, AND RADIOACTIVE WASTE

The region is lacking industries that typically produce substantial hazardous, toxic, or radioactive
contamination.  Thus, the study area lacks sites that would be regulated under the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA) or the Resource
Conservation and Recovery Act (RCRA).  No RCRA or CERCLA sites were found in a records
search for the project area.  The Baltimore District has determined that no further HTRW
investigations are needed.  Likely sources of toxic contamination in the region include pesticide
and herbicide use in agricultural and residential areas, and atmosheric deposition.

2.7.1    Offshore Shoals Borrow Area
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The offshore shoals are composed mostly of coarse-grained sands that are not likely to contain
hazardous or toxic contaminants.  The Maryland Department of the Environment, Environmental
Protection Agency, and Maryland Geological Survey have indicated that testing of these materials
for contaminants would not be needed for this project.

2.7.2    Coastal Bays and Harbor and Inlet

Surface sediment in Isle of Wight and Assawoman Bays was often enriched in zinc, copper,
nickel, and chromium relative to subsurface sediments.  This enrichment may occur because of
increased availability of metals from anthropogenic sources (e.g., boats, crab pots).
Concentrations of these metals are within the range of other coastal bays not subject to industry.

Because of its proximity to an urban area and heavy boat traffic, and because submerged
sediments are fine grained sand with high sulfur contents, the West Ocean City Harbor is a
potential source of contaminants.  Sediment testing has been recommended by MGS if the
channels are to be deepened.  Testing will be conducted in accordance with the Corps of
Engineers/ EPA Inland Testing Manual.  Substances that will be tested for are:  metals, priority
pollutants, oils and greases and organic compounds.  Dredged material is not considered HTRW
unless it is on a CERCLA or RCRA site, and as stated above, there are no RCRA or CERCLA
sites in the project area.

The sediments in Ocean City Inlet, Isle of Wight Bay, and Sinepuxent Bay are predominantly
sands and are not likely to be a significant source of contaminants; consequently no testing is
planned in theses area.

2.7.3    Assateague Island

The Corps of Engineers conducted an investigations of  potential ordnance and unexploded waste
(OEW) at the formerly used defense site (FUDS) on Assateague Island.  Investigation were
focused on all of Assateage Island because it was believed  the island was used as a rocket and
bombing range from 1944 through 1947 by the Army and Navy and as OEW burial trenches.
Since the island has shifted since the 1940’s it is expected that any  trenches are now underwater
but no underwater investigations were undetaken.  Ordnance has occaisionally washed on shore
and has been removed from areas outside of the proposed beach replenishment project. The
Baltimore District has determined  that conditions at the FUDS will not adversely affect the
performance of the proposed project and that no further  action action is necessary at the FUDS
site.

2.8 COMMUNITY SETTING
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2.8.1 Land Use

Land use differs in the region as a function of geographic proximity to heavily developed Ocean
City.  Rapid residential and commercial development occurred in the vicinity of Ocean City
beginning in the 1960’s.  Bayfront areas also attract residential development.  Since 1987,
approximately 15,900 acres of agricultural land has been converted from active farming to some
other use, such as residential; a loss of nearly 13 percent.  Sand and gravel mining are permitted in
certain agriculturally and industrially zoned areas.  Forestry and farming are the predominant land
uses in the mainland of Worcester County, and much of the mainland has an open, rural character.
Poultry products are Worcester County’s agricultural staples with most field crop production
geared to producing poultry feed. In contrast to heavily developed Fenwick Island, Assateague
Island is publicly maintained parkland, with three governmental agencies sharing management
jurisdiction over the island.  Land use in the project area is summarized in Tables 2-2 and 2-3.

2.8.1.a   Prime and Unique Farmland

Assateague and Fenwick Islands lack farm soils.  In contrast, most upland soils within the coastal
bays mainland watershed are categorized as prime or unique farmland areas.

2.8.1.b  Wild and Scenic Rivers

There are no federally designated wild or scenic rivers within the coastal bays watershed.  The
only state nominated river for the Maryland Scenic and Wild Rivers Act within Worcester County
is the portion of the Pocomoke River from one mile below Whitons Crossing to Snow Hill.
However, this river is outside of the coastal bay watershed.

2.8.2    Traffic and Transportation

The main road into the coastal bays region is U.S. Route 50, which connects Washington, D.C.,
Annapolis, and northern Maryland to Maryland’s Eastern Shore and Ocean City.  Other main
roads are U.S. Route 113, which parallels the shoreline beginning in Delaware and ending on U.S.
Route 13 near Pocomoke City; U.S. Route 13, which travels through the southwest corner of
Worcester County; and U.S. Route 12, which connects Salisbury, Maryland, to Snow Hill,
Maryland.  There are three bridges that cross the coastal bays:  U.S. Route 90 (connects to
Fenwick Island), U.S. Route 50 (connects to Fenwick Island), and U.S. Route 611 (connects to
Assateague Island).  The Ocean City Airport which was contructed in the 1960’s is utilized mainly
by operators of small commuter type  and private aircraft.



2-30

Table 2-2:  Summary Characterization of Land Use and Land Cover of the Maryland
Portions of the Coastal Bay Watershed (Boynton et al., 1993)

Landuse Acres % of Total

Residential 7,549.7 6.3
low density 4,483.6 3.7

medium density 752.1 0.6
high density 1,268.4 1.0

open urban land 1,012.6 0.8
forested large lot subdivision 33.0 0.02

Commercial 1,694.1 1.4
Industrial 76.2 0.06
Institutional 194.9 0.20
Extractive 86.2 0.07
Agricultural 41,571.4 34.7

cropland 39,286.3 32.8
row and garden crops 180.4 0.09

pasture 261.6 0.2
orchards 45.2 0.04

feeding operations 1,619.0 1.4
other agricultural 178.9 0.1

Forest 46,188.9 38.6
deciduous 2,607.0 2.2
evergreen 4,742.5 4.0

mixed forest 34,666.3 29.0
brush 4,173.1 3.5

Wetlands 20,124.7 16.8
Beaches/Bare Ground 1,394.2 1.2
Water 828.7 0.7
Total 119,709.0 100
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Table 2-3:  Land Use Surrounding the Upper and Lower Bays in Percent of Total Acres for
Each Subwatershed

Land Use
Subwatershed Agriculture

(%)
Forest
(%)

Marsh
(%)

Developed
(%)

Chincoteague Bay 25 40 31 1

Newport Bay 34 42 14 7

Isle of Wight Bay 40 37 4 15

St. Martin River 66 27 1 6

Assawoman Bay 26 23 25 24

Sinepuxent Bay 19 29 33 9

2.8.3    Navigation

The boating industry is vital to the coastal bay region.  There are numerous Federal, state, and
locally maintained navigation channels located in the Ocean City Inlet, Ocean City harbor,
Sinepuxent Bay, and Isle of Wight Bay.  Many of the commercial vessels dock at the Ocean City
harbor, whereas the recreational and charter vessels dock at numerous marinas throughout the
four coastal bays.

There are numerous Federal, state and locally maintained navigation channels.  There are four
main Federally maintained channels within the coastal bays:  the Ocean City Inlet (10 feet deep
and 200 feet wide from the Atlantic Ocean to Sinepuxent Bay); the harbor (150 feet wide from
the Sinepuxent Bay through the harbor); Sinepuxent Bay (6 feet deep and 150 feet wide from the
inlet to Green Point and thence 100 feet wide in Chincoteague Bay), and Isle of Wight Bay (6 feet
deep and 125 feet wide from the inlet channel to a point opposite North Eighth Street in Ocean
City, then 75 feet wide into the Isle of Wight).

The Maryland Department of Natural Resources is responsible for marking channels, dangerous
areas, shellfish beds, and speed zones.  They also service four channels all within Isle of Wight
Bay:  lower thorofare, George Island (Chincoteague Bay north of Purnell Point), and 87th Street
boat ramp.  The state and county jointly maintain the local Thorofare Channel (6 foot depth and
100 foot width).

Most of the major commercial navigation facilities are located near the inlet.  The average vessel
in the fishing fleet drafts 12 feet, is 70-80 feet in length with a beam of 20-30 feet.
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The maintained section of the Thorofare Channel serves the needs of local recreational and
commercial boaters.  The largest vessels using the channel are five commercial passenger vessels
which measure as much as 88 feet in length and use the channel most of the year.

Table 2-4:  State and Federal Dredging Activity

Channel Date Last Dredged Amount Dredged

Federal
Harbor 1980 20,000
Inlet 1990 82,450
Isle of Wight 1995 62,000
Sinepuxent 1972 6,000

State/Local
Lower Thorofare 1992 12,500
George Island (Chincoteague Bay north of
Purnell Point

1969 10,00

87 th Street Boat Ramp 1992 11,500

2.9 SOCIOECONOMIC CONDITIONS

2.9.1    Demographics

The strength and rapid growth of the recreation and tourism industry is a primary factor in the
recent and projected population growth of Worcester County, which encompasses the study area.
The 1995 total population of Worcester County , according to the Maryland Office of Planning,
was 37,700, an increase of  7.6 percent since the 1990 census. Approximately  62.2 percent of
that number are located within the coastal watershed (east of U.S. Route 113). Total county
population is projected to increase to 45,800 by 2015, a 21.5 percent increase over the 20-year
period from 1995 to 2015. However, the seasonal population grows to several hundred thousand
due to the receational nature of coastal Worcester county.    A large proportion of Worcester’s
newest population is coming from those over the age of 55 as the county becomes a retirement
locale for increasingly larger numbers of people.  The vast majority of these new citizens are
establishing residence in the coastal bay watershed.

To provide a framework for comparison with Worcester County over the 20-year period from
1995-2015 , the projected population increase for the entire Lower Eastern Shore of Maryland
(Somerset, Wicomico, and Worcester Counties), is projected at 16.8 percent.  For the State of
Maryland, the projected increase is 17.6 percent.  These data indicate that Worcester County
population growth is expected to run about 4 percent ahead of the state growth rate over the next
20 years.



2-33

Executive Order 12989, dated February 11, 1994 (Environmental Justice in Minority
Populations) requires that proponents of Federal projects assess potential impacts of proposed
projects on low income or minority populations. Information on minority and low income
populations in the project area follows. The  The 1994 working age population (16+) of
Worcester county was  31,321, of which 20 percent is classified as minority.  Unemployment was
7.4 percent for whites and  17.8  percent for minority populations. Approximately 11 percent of
the county population in 1994 was below the Federal poverty level.

2.9.2    Economics

The study area is of critical importance for the economy of the state of Maryland.  People
vacationing in Ocean City also frequently visit Assateague Island and the coastal bays.  More than
10 million people visit the Delmarva Peninsula annually, often for the recreational attractions:
boating, swimming, and fishing.

Tourism is also the linchpin  providing employment opportunities in the study area. Almost 63
percent of the employed labor force in 1993 worked in the retail trade (36.1 percent) or services
(26.5 percent) industries.  Both of these sectors are driven by the tourism industry. According to
data compiled by the Maryland Department of Economic and Employment Development, the total
civilian labor force in Worcester County in 1993 was 21,632.  The unemployment rate for the
same year was 11.4 percent. Because of the dyanmic influence of tourism on  the county
economy, unemployment rates vary by as much as 15 percent from summer to winter months.
The poultry processing industry is also a large provider of jobs in the study area. Two poultry
processers,  Hudson Foods, Inc. and Perdue Farms, Inc. employed 1350 workers between them in
1993, according to the Worcester County Department of Economic Development.

In comparison to the State of Maryland and the United States in totality, Worcester County
income levels are depressed.  According to data compiled by Market Statistics, 1994
Demographics USA---County Edition, 13.5 percent of Worcester County households had an
effective buying income under $10,000.  Effective buying income is defined as personal income
less personal tax and nontax payments.  In the state of Maryland in 1994, only 8.4 percent of
households were below $10,000.  In the U.S., 11.9 percent were below the $10,000 threshold.  A
similar pattern prevails in the median household, average household and per capita statistics for
1994.  Worcester County lags behind Maryland by an average of 25 percent and behind the U.S.
by an average of 15 percent in these income categories.

2.9.3    Public Health and Safety

The mainland communities, Assateague Island, and Ocean City are vulnerable to flooding and
other storm damage as they are located along the coast.
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2.9.4    Visual and Aesthetic Values

The aesthetic features of the study area are varied and contrasting and represent a major factor
attracting people to the area.  The principal aesthetic features of the region are the Atlantic
Ocean, the coastal bays, and their associated shorelines.  Assateague Island National Seashore
(AINS), because of the road access and its natural environment, is considered one of the best
beaches in the United States.  The land within the barrier islands is flat but by no means lacking in
scenic or aesthetic quality.  The physical presence of the ocean and its effect on landforms is
impressive.  The 37 mile long AINS provides an undeveloped ocean beach.  The extensive
shoreline wetlands of Chincoteague Bay create a sense of a variety independent of topographic
relief.  The proximity of the bays and wetlands to the ocean creates a contrast which has been
aesthetically pleasing to many residents and visitors to the area.

The aesthetic quality of the study area is influenced by the natural and developed environment.
The combination of the two effects are evident in an effective landscaping ordinance adopted in
1984, which has greatly enhanced the previous and recent development.  The use of bermed
planting areas along the Coastal Highway has improved its aesthetics greatly, as berms are
effective at disguising parking lots and other level hard surfaces.

2.9.5    Recreation

The coastal bays provide the water and land-related resources which support a diverse array of
recreational opportunities in the study area. These activities provide the basis for a robust
recreation-based tourism industry. Water-based recreational opportunities include swimming,
saltwater fishing, crabbing, power-boating, sailboarding, parasailing, jetskiing and water skiing.
Land-based recreational activities include wildlife viewing and photography, camping, hiking,
golf, and sun bathing. All of these activities are dependent on good water quality and the presence
of diverse living resources and adequate habitat quality.  Most of these activities are supported by
privately owned service and recreational facilities in the area.

A number of parks, recreational areas, and wildlife management areas border the coastal bays
within the study area.  The Isle of Wight Wildlife Management Area is located in Isle of Wight
Bay.  The Sinepuxent Bay Wildlife Management Area, the Assateague State Park, and the
Assateague Island National Seashore and Wildlife Refuge border Sinepuxent Bay.   The State
Park and the National Seashore are located adjacent to one another in the focus area of the
current study.  Many of the physical characteristics of these unique seashore parks carry the
imprint of the cumulative effect of the interruption of sand flow to Assateague Island for more
than 60 years.  Although they continue to provide  high-quality recreational venues, the realization
of the potential problems related to sand-starvation temper optimism about the ability to continue
to provide these opportunities in the near-term future.

The management of  its water and related land-based resources has been very important in the
development of the existing recreational opportunities in the study area.  Decisions regarding
management of these resources will also determine the future of the recreation-based tourism
industry in the study area.  Not only do the Assateague parks depend on water and sand
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management for their viability, the entire study area is dependent on management of the limited
volume of sand available.

2.10  FUTURE WITHOUT PROJECT CONDITIONS

2.10.1  Assateague Island

It is predicted that, if nothing is done to restore the sediment supply to Assateague Island, the
island will continue to be starved of sediment, the net loss of sediment will increase, and the
integrity of Assateague Island as a national treasure will deteriorate.  The sediment starved zone is
expected to continue to extend southward, and will likely reach to 13 km south of the inlet by the
year 2046.  The overwash zone area will continue to expand southward and increase in area.
These conditions virtually assure that the island will breach.  The northern 11 km of the island is
extremely vulnerable and any significant storm could breach the island.  A breach is imminent.
For purposes of this study, though, it was assumed that a breach will occur 7.0 to 7.5 km south of
the Ocean City Inlet within the next 10 years.  It is feared that if a breach should occur, either it
will be filled in quickly using emergency funds, which could adversely affect the environment, or it
will not be filled, which could significantly change the dynamics of the bays and inlet.

For evaluation purposes, it is assumed that the inlet will occur in a form similar to the breach that
formed in 1962 and will remain somewhat stable in its width.  The 1962 breach was 570 m (1870
feet) wide and was subsequently filled by the Corps of Engineers.  This event would cause the loss
of a portion of Assateague Island National Seashore.  Currently, pedestrians may access the entire
Assateague Island.  However, if a breach were to occur 7 kilometers south of the inlet, access to
approximately 920 acres of the island would be limited to boats.

If nothing is done to restore Assateague Island and a breach occurs, as expected, tens to hundreds
of acres of barrier island habitat in the vicinity of the new inlet(s) could be converted to marine
habitat.  Marine habitat exists in greater abundance than barrier island habitat.  Additional
significant vegetated habitat on the island will likely be converted to bare sand habitat.  Impacts of
a breach on Piping Plover and other rare species are unknown; rare species habitat quantity and
quality could increase or decrease depending on the height and configuration of the post-breach
island.

2.10.2  Coastal Bays and Inlet

The coastal bays will continue to gradually fill with sediment transported through the inlet and
transported from tributaries.  The shoaled areas, such as Skimmer’s Island, will continue to
expand.  The ebb shoal, although it bypasses some sand south to Assateague Island, will continue
to grow in size and will most likely block more of the entrance to the inlet.

It is predicted that if a breach occurred, Sinepuxent Bay would be constricted but would not close
completely; the tidal prism would most likely serve to maintain a minimal waterway between the
Ocean City Inlet and Chincoteague Bay.  However, navigation will be difficult without repeated
channel maintenance.  The presence of an additional inlet will probably reduce tidal flow from
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Sinepuxent Bay through the Ocean City Inlet.  Sedimentation rates in the vicinity of the harbor
and Ocean City Inlet may increase.

A breach will cause substantial changes to the coastal bays ecosystem. Portions of the bay
adjacent to the new inlet will be infilled by flood-tidal shoals and overwash deposits.  Sinepuxent
Bay would decrease in size by tens to hundreds of acres, and lose as much as 10 percent of its
area.  Hundreds of acres of shallow water habitat in Sinepuxent Bay would be converted to
marine or terrestrial habitat. There would be a loss of submerged aquatic vegetation in Sinepuxent
Bay, probably in the tens of acres.  There would be an increase in salinity of Sinepuxent Bay and
Chincoteague Bay, probably by up to a few parts per thousand for much of the year.  There would
also be an increase in the flushing rate of both of the bays.

If nothing is done to restore or create habitat for colonial waterbirds in the watershed, available
nesting habitat will continue to decrease.  Dredged material islands that have partially replaced
lost habitat on the barrier islands are eroding.  New island nesting habitat is not expected to
become available.  At the present rate of erosion, South Point Spoil, an old dredged material
island that provides habitat for an estimated 1,500 breeding pairs of colonial waterbirds, is
expected to erode away completely between 2005 and 2010.  With the erosion of this island and
many similar areas, habitat for colonial waterbirds will continue to decrease in eastern Maryland.

Continued sea level rise at current or accelerated rates is expected to result in the future loss of
salt marsh in the northern coastal bays.  Loss is predicted because suitable habitat on the mainland
shoreline upon which these ecosystems would naturally migrate as sea-level rises has been
developed.  Impacts of rising sea-level are of less concern in Chincoteague Bay because much of
the mainland is rural in character.  If nothing is done to restore saltmarsh habitat lost to
development prior to the early 1970’s in the northern coastal bays, then the northern coastal bays
ecosystem will continue to be impaired by the loss of the important functions and habitat formerly
provided by lost saltmarshes there.  If nothing is done to compensate for continuing losses due to
sea-level rise, then the quality and quantity of the habitat and functions that salt marshes currently
provide will diminish further.

If nothing is done to restore forested wetlands, then forested wetlands acreage will remain
somewhat constant.  Available land on which to restore drained forested wetlands will diminish in
supply as population growth and development consume additional farmland.  Limited forested
wetlands restoration projects, which concentrate largely on providing wildlife habitat, are being
conducted by other resource agencies.  However, without additional action by the Corps to
restore this wetland type, acreage restored or created through these programs will be nominal
relative to historic losses.  Unless additional avenues are found to restore this ecosystem type on a
large scale, the beneficial functions that forested wetlands perform will fail to accrue to the
watershed.
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2.10.3  Mainland

Currently, due to waves overwashing the island, high water elevations occur behind Assateague
Island during storm events.  As Assateague Island continues to erode, and specifically if the island
breaches, the storm surge over the island or through a breach will be higher.

This estimate of damages in the future without a project condition does not account for future
development which may occur on the mainland.  According to a 1992 report entitled Marylands’s
Coastal Bays, An Assessment of Aquatic Ecosystems, Pollutant Loadings, and Management
Options, future development within the Sinepuxent Bay watershed is projected at over 1,000
additonal hectares by 2005.  It is anticipated that most of this development will impact existing
forest land, as well as agricultural land.  Any future development on the mainland behind
Assateague Island should adhere closely to Flood Insurance Administration regulations regarding
coastal plain development.  Because the Assateague Point resort development adhered to these
regulations, flood damage to that community was minimal in the January 1992 storm.   

Besides possibly impacting mainland development, the effects of the future without project
condition would impact undeveloped lands as well.  If a breach occurred, tens of acres of salt
marsh could be destroyed along the mainland shoreline.  However, over time, new salt marshes
would most likely form in adjacent areas.

2.10.4  Offshore Shoals Borrow Area

The future without a project condition of the offshore shoals is expected to be similar to the
existing conditions.  Although dynamic, the shoals are relatively stable and persistent over time.
Additional fisheries enhancement structures will likely be placed at the Great Gull and Little Gull
fish havens.  Coastal shoals within the Maryland territorial limit may be largely consumed in the
future to satisfy the ongoing need for sand to replenish the Ocean City beach.

2.10.5  Ocean City

The Ocean City beaches will continue to be nourished as part of the Atlantic Coast of Maryland
Shoreline Protection Project, both routinely and on an emergency basis.  Federal, state and local
governments will continue to struggle to identify sources of sand to renourish certain areas of the
beach whenever an emergency arises.
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Section 3

PROBLEMS, NEEDS and OPPORTUNITIES

3.1 INTRODUCTION

During the reconnaissance and feasibility studies, the entire coastal bays watershed was
investigated for water resource problems.  Numerous environmental problems were
identified including the continuing sediment starvation of Assateague Island, loss of
wetlands, loss of nesting habitat for waterbirds, degraded water quality in tidal tributaries,
absence of subaquatic vegetation in the northern coastal bays, and navigation difficulties.
These problems were evaluated during the reconnaissance study, and it was decided that
the most important ecosystem problems that the Corps of Engineers could investigate
further during this feasibility study are the degradation of Assateague Island, navigation
difficulties, and the loss of fish and wildlife habitat.  Many local, state, and Federal
agencies are investigating other environmental problems that are outside the purview of
the Corps.

This study is investigating these problems comprehensively to develop multi-purpose
projects that are beneficial to the entire region.  The four study components (restoration of
Assateague Island, long-term sand placement, navigation improvements, and ecosystem
restoration  in the coastal bays) are interrelated.  We are investigating these problems and
determining solutions for each that work together to improve the ecosystem as a whole.
The latter three components of the study will be documented in more detail in the second
feasibility report, and supplemental NEPA documentation will be prepared as needed.
Below is a more extensive description of the Assateague Island erosion problem and a
short description of the other problems.

3.2 DEGRADATION OF ASSATEAGUE ISLAND AND NEED FOR SEDIMENT
SUPPLY

3.2.1  Problem Statements

The study team established the following problem statements.

1.  The jetties at the Ocean City Inlet have created and continue to create a disruption in
the longshore transport system, thus causing--

a) the sediment supply to Assateague Island to be greatly reduced.  This has
resulted in numerous physical and  biological  impacts to the area around Assateague
Island, including the degradation  of a functional barrier island.
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b) a substantial amount of sediment to be transported through the Ocean City
Inlet, resulting in shoaling of the inlet and back bays, and deposition in the ebb shoal.
This, in turn, causes navigation difficulties.

2.  Ocean City beaches will continue to require sand in the future to maintain the
shoreline protection project because of natural shoreline erosion, sea level rise, and
emergency needs.

Problem 1a: Since 1934, when the Army Corps of Engineers constructed the jetties, the
inlet has functioned as a thoroughfare for boating traffic; however, the jetties have
disrupted the sediment supply between Ocean City and Assateague Island.  Prior to the
formation of the inlet, the sand generally traveled from Ocean City to Assateague Island,
but the north jetty has greatly reduced the flow of sand to Assateague Island.
Consequently, the northern 11 km (6.8 miles) of the island has been eroding and retreating
at an accelerated rate.  Erosion rates along the northernmost 10 km (6.2 miles) of
Assateague Island escalated from a pre-inlet (1850-1929/33) rate averaging -1.5 + 1.7
m/years to -2.9+2.7 m/years in the post-inlet time period (1929/33-1996, see Figure 3-1
for shoreline change over time). The rapid erosion rate caused a loss of dunes and
rendered the island vulnerable to overwash. Based on the erosion rates, it has been
estimated that Assateague Island has been deprived of approximately 6.6 million m 3 (8.6
million cubic yards) of material since 1933. Erosion of the island has been caused by daily
wave action, storm events, and the lack of an adequate sediment supply.  The 6.6 million
m3 does not include the material that has naturally eroded over the 60 years; it only
includes material lost due to the jetties.  (See Appendix A for information regarding how
this figure was derived).  This disruption in the natural longshore transport of sand
between Ocean City and Assateague Island has resulted in numerous physical and
biological impacts to the area.

Immediately following stabilization of the inlet, inlet processes began forming the ebb and
flood shoals, at the expense of the adjacent beaches.  The ebb shoal has grown enormously
over the years.  On average, the volume of material in the ebb shoal has increased
approximately 160,000 m 3/year (208,000 cubic yards/year) since 1933.  The volume of the
shoal is currently near 10 million m 3 (13 million cubic yards).  See Figure 3-2.  The ebb
shoal significantly impacts the longshore sediment transport process.  It has acted as a sink
for over 60 years, depriving Assateague Island of the sediment supply it has needed to
sustain itself.

Due to the lack of sediment supply, the northern portion of the island has lost its integrity
as a barrier island and is highly susceptible to breaching (see Figures 3-3 and 3-4 for aerial
photographs of Assateague Island).  The northern portion of Assateague Island has a
much smaller volume and lower elevation because of this sediment starvation.  It
overwashes frequently.  The rapid erosion, retreat, and overwash have, in turn, destroyed
dunes, dune grassland and salt marshes on the island.  Bare sand devoid of vegetation now
characterizes much of the northern end.  As can be seen in the photographs, this
barrenness seriously impacts the aesthetics of the island, leaving this unique natural
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resource looking destroyed and desolate.  A substantial amount of sand has been washed
over the island into Sinepuxent Bay, making the bay shallower and reducing the bay’s size
by about 500 acres.  The communities along the shoreline of the mainland behind
Assateague Island experience more severe storm damages since the barrier island no
longer protects them to the degree it did previously.

Problem 1b:  Due to the presence of the jetties, the sand that is not reaching Assateague
Island is being transported either to the ebb shoal or through the inlet during flood tide
into the back bays (Isle of Wight, Assawoman, and Sinepuxent).  A substantial amount of
it is settling out and filling up these bays.  This is causing numerous navigation problems,
mostly for recreational boaters.  Nourishing the Ocean City beach adds sediment to the
system, and has accelerated shoal growth.  The ebb shoal has grown extensively and is a
hazard to navigation.  It is beginning to block off the entrance to the inlet.  Currently the
larger boats must travel east out of the inlet, then north out around the large ebb shoal to
eventually travel south.

Problem 2:  The Corps, along with the state, county, and town, maintains a shoreline
protection project along Ocean City that also has a continuous need for sand. The largest
problem with the Ocean City beaches is that, at times, an emergency supply of sand is
needed to rebuild isolated sections of the beach.  It is cost prohibitive to pump material
from offshore at these times.  Currently, when sand is needed after storms to fill in low
areas of the beach, the project managers must identify areas along the beach that have
excess sand available for transport.  Surveys must be conducted along the entire beach to
identify these excess areas, and many times the sand is scarce.  The excess sand usually
must be transported from a number of small reaches to the low points. The Corps is
investigating future sand needs for both Ocean City and Assateague Island and will
determine a long-term plan that will address the future needs of both.

3.2.2  Future Without-Project Problems

3.2.2.a  Assateague Island
During the past 60 years, the project area has experienced numerous storms; 18 of these
have been particularly significant.  The cumulative impact of these storms has been to
increase the susceptibility of Assateague to degradation as its physical integrity diminishes
at an accelerated rate.  Large overwash flats have expanded on the island, reducing the
diversity of habitat on the island. The physical battering absorbed by the island during
storms, along with the natural rate of erosion, and the deprivation of material caused by
the jetties, has made the island extremely susceptible to degradation.

As discussed in Section 2, if nothing is done to restore the sediment supply to Assateague
Island, the island will continue to be starved of sediment.  Storm events will continue to
impact the physical integrity of Assateague.  Additional breach events seem inevitable,
although unpredictable.  In the past, significant storms breached the island; however, as
the island continues to be starved of sediment, more likely smaller, more frequently
occurring storms will create minor or major breaches in the island.  In fact, a breach is
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expected to occur at any time, most likely between 3 km (1.9 miles) and 10 km (6.2 miles)
south of the inlet.  Within this vulnerable area, the reach from 7.0 to 7.5 km (4.3 to 4.6
miles) is considered to be at greatest risk.  It is feared that if a breach should occur, it
could be filled in quickly using emergency funds.  This could adversely affect the
environment through destruction of salt marshes and SAV, the expansion of overwash
areas, temporary loss of access to the island, increased storm damage to both the island
and the mainland, and temporary navigation difficulties.  The other possibility is that it
would not be filled, in which case the dynamics of the bays could be significantly altered.
The most likely future condition is that the breach will not be filled.

A breach would result in the loss of a substantial portion of Assateague Island National
Seashore.  The seashore is of national significance because it is readily accessible to
millions of Americans by automobile.  A breach would impact the unique recreational
opportunities for relatively isolated shorebird viewing and nature hiking provided on the
northern section of the Assateague National Seashore Island.  Currently, pedestrians may
access the entire island.  However, if a breach were to occur 7 kilometers south of the
inlet, access to approximately 920 acres of the national treasure would be limited to boats.
In the northern region, the island’s function as a healthy barrier island would be further
compromised, if not entirely lost.  The loss of these opportunities would result in a loss of
7,500 visitor-days on an annual basis.  The monetized loss of this opportunity would be
$34,000 on an annual basis.  (See Annex B for more information on how this value was
determined).

The breach would convert tens to hundreds of acres of natural terrestrial barrier island
habitat to marine habitat.  Natural terrestrial barrier island habitat is of relative scarcity
since development has occurred along so much of the U.S. coastline.  In contrast, the
nearshore marine habitat that would replace it is of far greater abundance, and is available
even along developed shorelines.  Impacts of a breach on Piping Plover and other rare
species habitat are unknown.

3.2.2.b  Coastal Bays and Inlet

It is predicted for this study that if a breach occurred, Sinepuxent Bay would be filled in
and constricted, but would not close completely; the tidal prism would most likely serve to
maintain some flow between the Ocean City Inlet and Chincoteague Bay. These changes
will cause substantial short term changes to the coastal bays ecosystem, including
disruptions to the food web that will result from short-term loss of SAV beds and
mainland salt marsh.

With or without a breach, the coastal bays will continue to fill with sediment being
transported through the Ocean City Inlet and over Assateague Island, and navigation
problems will only worsen. Most of the post-breach sand accumulation is expected to
occur in Sinepuxent Bay, although sand could reach as far north as the Ocean City Inlet.
Recreational boaters in Sinepuxent Bay would likely experience channel access difficulties
and potentially damaging, shoal-induced groundings.  The Federal and some of the state
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and local channels would have to be dredged immediately following the breach to maintain
navigability.  As long as the second inlet remained open, the flow through the Ocean City
Inlet and Isle of Wight Bay would be reduced and more sediment would settle out. The
Federal navigation channel through the inlet and harbor, and possibly Isle of Wight Bay,
would have to be dredged more frequently than they currently are.

The ebb shoal, although it bypasses some sand south to Assateague Island, will continue
to grow in size and could block more of the entrance to the inlet.   This will make it more
difficult for boaters to navigate through the inlet, could lead to damage to vessels, and
could cause users to wait for higher tides to navigate.

3.2.2.c  Mainland

A number of communities located along Highway 611, directly behind Assateague Island,
are susceptible to inundation from the effects of storm surge.  Four mainland communities
landward of Sinepuxent Bay incurred $3.2 million in damages from the January 1992
storm.  The damage is caused by storm surge overwashing Assateague Island and through
the Ocean City Inlet.  If a breach were to occur, it would allow free communication
between the ocean and Sinepuxent Bay, and would permit the exchange of water and
sediment for a longer interval than the duration of the storm.  Overwash only lasts for the
duration of a storm, and does not occur under typical astronomical tide conditions.  A
breach could significantly affect both the water level and the flow rate in the bay if the
water volume transport through the breakthrough throat is comparable to the normal flow
through the bay.  Breaches generate the largest peak water elevations locally near the
breakthrough. Water levels would most likely increase 1.5 to 2.5 m (4.9 to 8.2 feet)
directly behind the breach during a storm.  The same communities that incurred $3.2
million in damages are expected to incur at least an additional $700,000 in damages from a
breach of the northern section of Assateague Island during a storm similar to the January
1992 storm.  (See Appendix A, Hydrodynamic Model, for information on how the water
surface elevations were derived for a future breach.  See Annex B for information about
how the damages were assessed based on the water surface elevations).

3.2.2.d  Ocean City

The Ocean City beaches will continue to be nourished in the future.  If a more flexible
method of renourishing the Ocean City beaches is not implemented, the Federal, state and
local governments will continue to struggle to identify sources of sand to renourish the
low areas of the beach whenever a storm occurs, in order to keep the design level of
protection.
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3.2.3  Needs

There is a need to solve both short-term and long-term problems related to  Assateague
Island and the disruption in longshore transport.  A short-term project needs to be
implemented as soon as possible to mitigate for the past erosion on Assateague, to restore
the integrity of the island, and to help prevent a breach from occurring in the next few
years.  A long-term project is needed to prevent similar problems in the future.   Even if
material is placed on Assateague Island for a short-term solution, the jetties will continue
to disrupt the longshore transport, and Assateague will continue to erode at an accelerated
rate.  If a plan is not implemented to move the material from Ocean City across to
Assateague Island, as it should move naturally, the material will continue to enter the inlet
and will continue to shoal in the back bays and accumulate at the ebb shoal.  This
sedimentation and shoaling will continue to change the hydrodynamics of the coastal bays
and will cause damage to boats.  Assateague Island will continue to be deprived of the
sand supply it needs to function as a healthy barrier island.

There is also a need to look at the regional setting and to incorporate both the needs of
Ocean City and those of Assateague Island when developing a long-term sand placement
plan.  The nourishing of the Ocean City beaches is adding to the growth of the ebb shoal
and the infilling of the coastal bays.  At the same time, Assateague Island is starved despite
the abundant sand system.  Again, this report is focusing on the short-term restoration of
Assateague Island.  The long-term plan will be developed and documented in the second
feasibility report.

3.3  NAVIGATION

3.3.1  Problem Statement

The study team established the following problem statement:

The commercial waterway users are damaging their boats due to hitting ground and are
losing time and revenue waiting for higher tides to navigate in the vicinity of the harbor,
inlet, and Shantytown Channel.

Many waterway users are experiencing problems navigating through the Ocean City Inlet,
Harbor, and Shantytown Channel (adjacent to the Ocean City Fishing Center).  Shoals
exist in the bays in the vicinity of the inlet that damage both commercial and recreational
vessels and that extend travel time for the vessels navigating the channels.  The inlet and
harbor include Federal channels that are currently maintained to a depth of 3 m (10 feet).
However, deeper draft vessels are attempting to navigate through the inlet and harbor.
Shantytown channel is not a Federal channel; the state and the marina owner occasionally
dredge the channel.

A number of sources contribute sediment to the shoals in the inlet and bays.  Aerial
photographs taken from 1933 to the present, and in particular from 1971 to 1993, show
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growth and migration of shoals in and around the coastal bays that are affecting
navigability of the waterways. The root of the problem is flood current transport of
material through the Ocean City Inlet, carried north and south into the adjacent back bays,
coupled with shoreline erosion along the oceanfront and in areas susceptible to scour in
the coastal bays.

It is likely that the beach replenishment for the Atlantic Coast of Maryland Shoreline
Protection Project is contributing to the shoaling problems in the coastal bays.  The net
longshore sediment transport at the Ocean City Inlet is believed to be approximately
110,000 m3 (140,000 cubic yards) per year to the south. Abundant sediment is available to
shoal the channels and other navigable areas both north and south within the coastal bays.

The ebb shoal (just oceanward of the south jetty) is growing in size, prohibiting vessels
from taking the direct approach into the inlet.  Boaters will have an even more difficult
time navigating in the future if the ebb shoal is allowed to extend around the inlet and thus
block the approach into the inlet.

In the recent past, maintenance dredging of Shantytown Channel has occurred on a
seasonal basis when required, and the work has been performed as a joint venture between
the state, county, and the cooperating marina owners utilizing the channel.  The channel
continues to shoal in regularly, and boat owners are forced to navigate with the tides in
order to minimize damage to their vessels while traversing the channel.

3.3.2  Future Without-Project Problems

If improvements are not made to the navigation channels through the inlet, harbor, and
Shantytown channel, the commercial boaters will continue to lose revenue due to
groundings, having to light-load their vessels, and having to  wait for high tides to
navigate.

3.4  ENVIRONMENTAL RESOURCES

3.4.1  Problem Statement

The study team established the following problem statement:

The Maryland coastal bays watershed has lost many thousands of acres of fish and
wildlife habitat to agriculture, development, and erosion.  Ecosystem functions that
maintain environmental quality have also been lost.  Some of the losses can be directly or
indirectly tied to past Corps projects.

Coordination with natural resource agency representatives, coastal bay experts, and local
residents was an integral part of the reconnaissance study and this feasibility study.
Problems identified included the loss of tidal and non-tidal wetlands, the loss of waterbird
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nesting habitat, the deterioration of water quality in tidal tributaries, and the near absence
of submerged aquatic vegetation in the northern coastal bays.  A number of these
problems are directly or indirectly related to Corps projects.

In excess of 2,000 acres of salt marsh within the coastal bays have been destroyed by
development and filling prior to the early 1970’s and by the accelerated retreat of
Assateague Island following jetty construction.  Losses were concentrated in the northern
coastal bays, where about 40 percent of salt marshes that formerly occurred there have
been destroyed.

Tidal marshes perform numerous beneficial functions, including storm protection and
erosion control for the mainland, nurseries for commercial fisheries species, wildlife
habitat, food chain support, nutrient source/sink, and water quality maintenance.  The
magnitude of the beneficial functions performed by these ecosystems is largely dependent
upon their spatial coverage.  The degree to which salt marsh destruction has impaired
water quality and affected fish and wildlife populations is not known.  However, since tidal
marsh acreage in the northern bays has been greatly reduced, it is expected that the
magnitude of services performed by these ecosystems has also been greatly reduced.

Approximately 21,000 acres of forested wetlands in the coastal bays watershed has been
drained for agriculture.  An additional 3,700 acres has been drained for development.
These combined losses represent a 44 percent loss of the forested wetlands that once
occurred in the study area.  Most of the remaining 31,600 acres of land within the
watershed that could still potentially be forested wetland have been modified by historic
drainage and can be considered partially or completely degraded.  In summary, in excess
of 90 percent of the forested wetlands in the coastal bays watershed have been destroyed.

Important functions of forested wetlands that have been negatively impacted include their
ability to sequester and transform pollutants, ameliorate agricultural runoff, provide plant
and wildlife habitat, and regulate nutrient exchange between terrestrial and aquatic
ecosystems.  For the most part, the functions of forested wetlands are either severely
impaired or completely lost when they are drained.

The conversion of Assateague and Fenwick Islands from sparsely inhabited, infrequently
visited sites to focal points of human recreation and development has negatively impacted
populations of waterbird populations dependent upon remote and barren sand beach
nesting habitat.  Development and recreational use of the barrier islands has caused a
substantial reduction in this habitat type both in the study area and along the U.S. Atlantic
coast.

3.4.2  Future Without-Project Problems

If nothing is done to restore or create dredged material island habitat for colonial
waterbirds in the coastal bays, available nesting habitat will continue to decrease due to
erosion, and populations of a number of rare species may decrease or will at best fail to
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recover.  Continuing loss of nesting habitat to development and shoreline stabilization
elsewhere along the U.S. coastline may cause further cumulative detrimental impacts to
these bird species, and increases the relative importance and value of nesting habitat that
remains in the coastal bays watershed.  These species are important elements of the coastal
bays ecosystem and are priceless components of America’s natural heritage.

If nothing is done to restore saltmarsh habitat in the northern coastal bays, then saltmarsh
acreage will continue to decrease.  Unless additional avenues are found to restore forested
wetlands on a large scale, then only minimal restoration of this ecosystem type will be
undertaken by other agencies.  The northern coastal bays ecosystem will continue to be
impaired by the loss of the important functions formerly provided by the extensive
saltmarshes and forested wetlands that once existed there.  A number of the functions
performed by salt marshes and forested wetlands are critical to maintenance of
environmental quality.  Good environmental quality, in turn, is critical to maintaining the
character of the area as a desirable tourist destination.  Salt marsh habitat is also of critical
value to the commercial and recreational fishery of Maryland.
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Section 4

OBJECTIVES and FORMULATION

4.1 INTRODUCTION

During the reconnaissance phase, planning efforts were directed toward formulating plans
to improve water resource problems relating to environmental quality, navigation, storm
damages, and water resource infrastructure.  It was determined that there was Federal
interest in investigating the projects related to ecosystem restoration and navigation.
During this study, the Corps is further investigating projects relating to these issues to
determine a plan that is feasible from an engineering standpoint and, is environmentally
and economically justified.

4.2  FEDERAL OBJECTIVE

The Federal objective of water and related land resource project planning is to contribute
to the national economic development (NED) consistent with protecting the nation's
environment, pursuant to national environmental statutes, applicable executive orders, and
other Federal planning requirements.  This objective was established by the U. S. Water
Resources Council's Economic and Environmental Principles and Guidelines for Water
and Related Land Resources Implementation Studies on 10 March 1983.

Water and related land resource project plans are to be formulated to alleviate problems
and to take advantage of opportunities in ways that contribute to this objective.
Contributions to NED increase the net value of the national output of goods and services,
expressed in monetary units (i.e., benefits exceed costs).  Contributions to NED are the
direct net benefits that accrue in the study area and the rest of the nation.  Contributions to
NED include increases in the net value of goods and services that are marketed (vendible)
and also of those that may not be marketed.  Generally, several alternative plans are
formulated to address a particular set of water resource problems.  These plans are
evaluated on four criteria:  completeness, effectiveness, efficiency, and acceptability.

In a statement dated 25 June 1990, the Assistant Secretary of the Army for Civil Works
directed the Corps to use new approaches to implement the President's goal of maintaining
and restoring the health of the environment.  One of the suggested ways to do this is to
use Federal funds to restore environmental values where a Federal project has contributed
to their degradation.

4.3  PLANNING OBJECTIVES, CONSTRAINTS, and FORMULATION

Planning objectives are expressions of public and professional concerns about the use of
water and related land resources in a particular study area.  These planning objectives
result from the analyses of existing and future conditions within the context of the
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physical, environmental, economic, and social characteristics of the study area.  They are
used to guide the formulation of alternative plans and to evaluate the effectiveness of
those plans.

4.3.1 Short-Term Restoration of Assateague Island

Due to the imminent threat of a breach occurring on Assateague Island, the problems of
Assateague Island degradation and the need for sediment supply were separated into two
components: short-term restoration of Assateague Island and long-term sand placement.
The short-term restoration is being completed on an accelerated schedule and will address
problem 1a described in Section 3.2: The jetties at the Ocean City inlet have created a
disruption in the longshore transport system, thus causing the sediment supply to
Assateague Island to be greatly reduced.  This has resulted in numerous physical,
biological, and economic impacts to the area around Assateague Island, including the
loss of a functional barrier island.  The long-term sand placement project will address
problems 1b and 2 listed in Section 3.2.   As mentioned previously, this report is focusing
on the short-term restoration project.  The other three problem areas are being
investigated further and will be documented in greater detail in the second feasibility
report.  The following goals and objectives were established for the short-term restoration
of Assateague Island.

Goal:   Restore Assateague Island to mitigate for adverse impacts caused by past Corps
projects.

Objectives and Constraints:

1.  Restore the northern end of Assateague Island with a volume of sediment that would
adequately mitigate for the impacts caused by the Corps’ project - This objective seeks a
means to restore a volume of sediment that would have been within the subaerial and
subaqueous portions (to depth of closure, approximately -6.6m, or 21.6 feet) of the island
had the longshore transport process not been interrupted by the jetties.  It is not possible
to include restoration of the longshore transport process in the short-term fix; thus, the
objective focuses on placement of a sufficient volume of sand to maintain the island until a
long-term solution can be implemented.”

2.  Reduce the likelihood of a breach that would result in the formation of additional
inlets - Barrier islands do breach naturally during severe storms; however, Assateague
Island is extremely vulnerable to breaching even during a mild storm due to the loss of
sediment volume.  This objective seeks to reduce the chances of the island breaching
during a typical storm.

3.  Promote natural habitat diversity - The existing habitat on Assateague Island is typical
of barrier islands and is not diverse due to the frequent overwash and low elevations.  This
objective intends that, as much as possible, natural forces will be allowed to shape the
character of the island and its biota, and that the project does not intend to preferentially



4-3

favor or maintain a particular habitat condition over time.  Natural habitats are defined as
those habitats indigenous to the study area that arise as a result of natural coastal
processes.  This objective is linked to restoring a volume of sediment.  Ultimately, it is
dependent upon establishing an artificial sand transport mechanism that is analogous to the
natural system disrupted by the jetties, and which will provide Assateague Island with a
sediment budget approximating pre-inlet conditions.

4.  Minimize impacts to the Piping Plovers - Piping Plover has received the most attention
of all the rare species occurring in the project area, and because it is protected under the
Endangered Species Act, is likely to be of great interest to agencies and the public. The
habitat needs of Piping Plover likely encompass the habitat needs of seabeach amaranth,
tiger beetle, and other rare species that occur on the overwash flat habitat of northern
Assateague.

5.  Reduce the probability of storm damage/increased erosion in the vicinity of
Assateague Island - The mainland communities behind Assateague Island are more
susceptible to damage during storms due to waves overwashing the island.  This objective
seeks to reduce this damage.

6.  Protect navigation interests - Because of shoaling, boaters already experience
problems navigating the coastal bays; however, if Assateague Island were to breach, the
situation would  worsen.  This objective seeks to protect navigation by reducing the
probability of a breach.

7.  Protect and enhance recreational and economic resources - Recreation on Assateague
Island, in the back bays, and on the mainland is vital to the economy, and therefore, the
health of the back bays and the watershed is vital to the economy.  This objective seeks to
protect and improve these resources.

Formulation of Alternatives

Step 1
The first step that the study team took after identifying the problem and objectives was
determining an array of eight alternative solutions.  These included--

1. No action.
2. No immediate action; repair breach in future.
3. Extend width of shoreline along Assateague Island.
4. Raise profile of Assateague Island.
5. Construct storm berm along Assateague Island.
6. Construct breakwaters offshore of Assateague Island.
7. Remove jetties.
8. Implement no immediate restoration, but implement a long-term sediment supply
process.
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The Corps, along with multiple agencies, evaluated these eight plans during a second
screening.  They were evaluated for completeness, effectiveness, efficiency, and
acceptability.  Alternative #2 was eliminated because it was ineffective in alleviating the
problem.  It does not meet the objectives of mitigating the damages caused by the Corps
jetties or reducing the probability of a breach.  Alternative #4 was eliminated because it
was unacceptable with respect to the environment.  It would directly impact the threatened
and endangered species that inhabit the island, and would destroy valuable habitat across
the entire island.  Alternative #6 was eliminated because the plan is not efficient or
effective.  Breakwaters would have to be constructed in deep water offshore and would be
too costly, and they also would not mitigate for the lost sand.  In addition, the plan was
unacceptable to the National Park Service.  Finally, alternative #7 was eliminated because
it would be unacceptable to the state and local entities.  The jetties protect navigation and
provide direct access to the commercial harbor.  Commercial and recreational boating is
vital to the local and regional economy.  After the initial screening, the following four
plans remained:

Step 2
1.  No action.
3.  Extend width of shoreline along Assateague Island.
5.  Construct storm berm along Assateague Island.
8. Implement no immediate restoration, but implement a long-term sediment supply
process.

Through coordination with the Coastal Engineering Research Center, it was then
determined that plan #3 would be ineffective on its own. For a given volume of sand, the
most cost-effective use of that sand for the purpose of reducing the potential for overwash
and breach formation is to use it to create added elevation.  Therefore, plan #3 was
combined with constructing the storm berm, plan #5, to become #3/5.  This left  only three
options:

Step 3
1.  No action.
3/5.  Construct storm berm and extend width of shoreline along Assateague Island.
8. Implement no immediate restoration, but implement a long-term sediment supply
process.

Step 4
Constructing a storm berm and extending the width of the shoreline offered a number of
possible height/width variations that needed to be evaluated and compared.  It was
determined that true mitigation for the effects of the jetties would involve restoring the
volume of material that the island has been deprived of since the jetties were constructed
in 1934, minus the volume that naturally would have eroded.  Plans #3/5a and #3/5b
below are variations of this scenario.  Since the National Park Service is a project sponsor
and the owner of the northern 10 kilometers of Assateague Island, another reasonable time
of reference for mitigation purposes is 1965, when Assateague Island was placed under
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the ownership of the National Park Service, and was established as a National Seashore.
Plan #3/5c involves restoring the volume of material lost since 1965, minus the volume
that naturally would have eroded.  At the time of this analysis, these quantities were
estimated to be 5.6 million m 3 (7.3 million cubic yards) and 2.8 million m 3 (3.6 million
cubic yards), respectively.  However, as additional work was performed on the sediment
budget, these figures were adjusted.  A discussion of how the volume of material that
Assateague Island has been deprived of since 1965 and 1934 was determined is included in
Appendix A2. To identify less costly and less intrusive mitigation alternatives for
comparison, Plans #3/5d, 3/5e, and 8 were developed as well.  Plan #3/5d involves placing
a volume of material less than that which the island has been deprived of since 1965, based
on environmental considerations.  This was originally estimated to be 1.4 million m 3.  Plan
#3/5e involves replacing only enough material to construct a storm berm.  At the time of
the evaluation, the length and size of the storm berm had not yet been determined, and so
it was estimated to need 173,000 m3 of material.  Later in the study, it was determined that
the amount would actually be 285,000 m 3.  When these variations were added to the list,
the array of alternative plans included the following--

1.  No action.
3/5a.  Restore the island to “without jetty conditions” (restore 1934 position of island
minus natural erosion), and implement a long-term sediment process.
3/5b.  Replace the volume of material that the island has been deprived of since 1934 (5.6
million m 3/7.3 million yd 3), and implement a long-term sediment supply process.
3/5c.  Replace the volume of material that the island has been deprived of since 1965 (2.8
million m 3/3.6 million yd 3), when the National Seashore was authorized, and implement a
long-term sediment supply process.
3/5d.  Replace a volume of material less than the amount the island has been deprived of
since 1965 based on environmental considerations, and implement a long-term sediment
supply process.
3/5e.  Replace only enough material to construct a storm berm (173,000 m 3/225,000 yd3),
and implement a long-term sediment supply process.
8.  Implement no immediate restoration, but implement a long-term sediment supply
process.

Note that plans #3/5a through #3/5e and #8 all include a long-term sediment supply
component.  The purpose of this report is to recommend a short-term plan, but a long-
term plan is critical to the success of Assateague Island.  This is discussed further in the
following section.

After the initial screening process was completed, these seven alternative plans remained.
Figure 4-1 shows the plan formulation process up to this point.   A discussion of how
these seven alternatives were evaluated and compared is found in Section 5.
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4.3.2  Long-Term Sand Management

Sand is a limited resource in the coastal area, and it is vital to the integrity of barrier
islands.  Since the jetties disrupt the longshore transport between Fenwick and Assateague
Islands, the availability of sand in the area is being investigated and long-term plans that
could be implemented for the wise use of this resource are being determined.  The
following goals and objectives were established for this component of the project:

Goal:  To restore a sediment transport system that supplies an amount of material to
Assateague Island that would naturally be transported to the island if the jetties did not
exist.  By preventing the movement of sediment through the inlet, the plan should help
reduce the shoaling problems in the coastal bays and on the ebb shoal.  The plan should
also consider the sediment supply needs of the Ocean City beach.

Objectives:

1.  Mitigate for future impacts that the jetties will have on Assateague Island, determine a
long-term program for restoring and maintaining the flow of sediment to the island.
2.  If possible, determine a more efficient or flexible method of renourishing the Ocean
City beach, either as a routine measure or under emergency conditions.
3.  Reduce shoaling in the back bays and the ebb shoal to improve navigation.

Formulation of Alternatives

This component of the study involves investigating the sediment budget and pathways
throughout the entire study area.  The study team is evaluating various problems
concurrently and is working to determine multi-purpose solutions.  When determining a
solution for the long-term restoration of Assateague Island, we will consider the sediment
needs of Ocean City and the shoaling problems near the inlet and in the back bays.  The
following is a list of the initial alternative plans identified for the long-term plan:

1. No action.

2. Remove the jetties and fill in the inlet.

3. Construct a fixed plant at the southern tip of Ocean City to transport material to
Assateague Island.
3a. Construct booster pumps on Assateague Island
3b. Construct booster pumps on the bay side of the island
3c. Pump the material across the ebb shoal
3d. Pump the material across the inlet and truck it along Assateague
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4. Use a punaise to dredge material and place it on Assateague Island.
4a. Purchase a punaise
4b. Rent a punaise
* Must decide where to take material from

5. Use a mobile dredge to dredge material and place it on Assateague Island.
5a. Purchase a hopper dredge
5b. Purchase a clam shell dredge
5c. Use the Corps (Wilmington District) dredge
5d. Contract a dredge routinely
* Must decide where to take material from

Alternatives #3, 4 and 5 involve several types of bypassing and or back-passing scenarios.
The systems under consideration include a fixed or semi-fixed bypass plant, a mobile
dredge, and a system developed in the Netherlands called a Punaise. These plans are
currently being screened for completeness, efficiency, effectiveness and acceptability.
Basically, the purpose of most of these systems would be to take material from the
southern tip of Ocean City, before it is transported into the back bays or to the ebb shoal,
and pass it across the inlet to Assateague Island.  Other options include taking the material
directly from the ebb shoal or from the back bays and transporting it further south on
Assateague Island.  Because the ebb shoal traps southerly flowing sand, booster pumps
would likely be needed to pump the material far enough south to where it will naturally
travel to the south as part of the longshore transport process.  Back-passing the material
from the southern tip of Ocean City north to the Ocean City beaches is also an option and
can be combined with the bypassing plans.   Having a back-passing capability could benefit
Ocean City in emergency situations, when reaches of the beach have excessively eroded
after storms. These alternative plans are currently being evaluated and compared. The
costs of the alternative projects will be compared to the benefits or cost savings.  Figure 4-
2 shows a conceptual sketch of where material could be bypassed or back-passed.

[As of June 1998, the Ocean City, Maryland, and Vicinity Water Resources Integrated
Feasibility Report and Environmental Impact Statement was finalized, as were both
the short- and long-term components of the restoration of Assateague Island.  The
recommended long-term plan is for the “mobile bypassing” of sand via a shallow
mobile hopper dredge to remove sand that has been redirected to a number of sites,
and then bypassing it to Assateague Island.  This dredging will take place each year to
more closely mimic natural processes.  Sand will be bypassed from the updrift fillet,
ebb shoal, the navigation channels and flood shoals.  In order to avoid the creation of
new problems by taking too much sand from any one source or too frequently from the
same source (thus further disturbing the balance of the area), the project will be
monitored annually.  A team of decision makers led by the Corps, consisting at a
minimum of all the project sponsors (the NPS, the State of Maryland, Worcester
County, and the Town of Ocean City), will determine each year how much material
can be taken from each of the available sources.  Their decision will be based on the
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monitoring results, which will indicate the rate at which the sources are being
naturally replenished after dredging.

The authority to implement the Assateague Island components of the project, both
short-term and long-term sand management, were provided by Section 534 of the
Water Resources Development Act of 1996.  This Act directed the Corps to implement
the restoration of Assateague Island pursuant to Section 111 of the River and Harbor
Act of 1968.  In addition, the Act authorized the expenditure of $35 million dollars for
both the short- and long-term restoration of Assateague Island.  The short-term
restoration project is estimated at $17.2 million.  At an annual cost of more than $1.1
million for long-term sand management, the project as authorized will carry the
project through to fiscal year 2011, assuming the project is fully federally funded.  For
the 25 year project duration, the estimated long-term sand management cost is
$25,243,000, or $43,773,000 fully funded.  Therefore, Congressional project
reauthorization of the project is recommended.  It stated that the Secretary shall
coordinate with affected Federal and State agencies and shall enter into an agreement
with the Federal property owner to determine the allocation of the project costs.  The
Corps is currently coordinating with NPS, the State of Maryland, Worcester County,
and the Town of Ocean City to define project implementation responsibilities for both
the short-term restoration of Assateague Island and the long-term sand management.
All of the project sponsors support the recommended project.  The NPS, who
administers the Assateague Island National Seashore, has agreed to enter into a
Memorandum of Agreement with the Department of the Army.

The schedule for these two components of the Assateague Island restoration has also
been finalized.  This schedule allows 2 years for the construction of the short-term
sand management plan, with construction of the long-term plan to begin the year
following completion of the short-term plan.  The short-term sand management plan is
scheduled to begin construction in July 1999; the long-term plan, in summer 2001.]

4.3.3  Navigation Improvements

Because commercial waterway users have been experiencing difficulties navigating the
Ocean City Inlet, harbor, and Shantytown channel, these problems are also being
investigated as part of this study.  The following goals and objectives were developed:

Goal:  Improve navigation through the inlet, harbor, and Shantytown Channel.

Objectives:  The objectives that the study team identified included the following--

1.  Establish a safe navigation channel through the inlet, harbor, and Shantytown Channel.
2.  Reduce or eliminate the damage being incurred by commercial vessels.
3.  Reduce or eliminate the waiting time for vessels to navigate.
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Formulation of Alternatives

The Corps is still coordinating with the waterway users to determine what the drafts and
widths of their vessels are, what the damages are, and how much waiting time the users
are experiencing.  Once this coordination is completed, designs of various widths and
depths of channels will be evaluated.  The costs of these potential projects will be
compared to the benefits to determine the NED plan.

4.3.4  Ecosystem Restoration

Due to the degradation and loss of fish and wildlife habitat, and the impairment and loss of
the ecosystem functions in the watershed, the following  goals and objectives for this
component of the project have been identified:

Goal:  Restore fish and wildlife habitat and ecosystem functions in the coastal bay
watershed.

Problems:

First, environmental restoration problems and opportunities identified in the
reconnaissance study (see Section 3.4) were revisited.  An interagency meeting was held
to discuss the following problems:

1. Assateague Island is eroding at an accelerated rate and is being degraded.
2. Water quality is declining.
3. Fish and wildlife habitat and ecosystem functions are being lost.
4. Nesting habitat for colonial waterbirds is being lost.
5. Submerged aquatic vegetation beds are scarce.
6. The number of oyster beds are declining.

These problems were analyzed to determine which ones should be pursued.  Problem 1,
erosion of Assateague Island, is already being pursued through this study.  It was
determined that problems 5 and 6 should not be pursued since environmental conditions
that cannot be controlled will likely induce failure of these initiatives. It was determined
that problem 2 could be combined with 3.  This left problem 3 and 4 to be pursued as part
of this project.  The following objectives were then identified to solve these problems.

Objectives:

1.  Replace lost fish and wildlife habitat and ecosystem functions.
2.  Provide nesting habitat for colonial waterbirds.
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Formulation of Alternatives

After determining that environmental problems dealing with the loss of wetlands and
waterbird habitat should be the focus of Corps efforts, an array of alternative solutions
was proposed.  These included the following:

1. No action.
2. Create/restore/enhance salt marsh along the mainland shoreline.
3. Create salt marsh on newly built dredged material islands.
4. Restore/enhance forested wetlands.
5. Restore/maintain waterbird nesting habitat by restoring/protecting dredged material

islands, which are eroding.
6. Create waterbird nesting habitat by building new dredged material islands

At this time, these six plans are being investigated.   The Corps is developing plans that
could benefit the other project components, such as beneficially using material dredged
from navigation channels to create island and wetland habitat.  This would benefit both
boaters and the ecosystem.  The Corps is also considering the restoration of Assateague
Island when determining and evaluating these plans, and will avoid any plans that are not
compatible with the restoration effort.
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Section 5

EVALUATION and COMPARISON OF ALTERNATIVES

Up to this point, the report has focused on the restoration of Assateague Island and has briefly
discussed long-term sand placement, navigation improvements, and ecosystem restoration in the
back bays.  Since the formulation of the latter three components has not been completed, the
alternative plans cannot yet be evaluated and compared.  This analysis will be documented in the
second feasibility report.

5.1  SHORT-TERM RESTORATION OF ASSATEAGUE ISLAND

The restoration of Assateague Island has been investigated primarily because of environmental
reasons, and incidentally for economic reasons.  Since the project is not economically driven, an
NED analysis was not performed, although NED benefits were quantified for certain categories
(inundation reduction, recreation, navigation).  However, both incremental and cost effectiveness
analyses were performed to determine the best plan for restoring the island.

In addition to the project partners--the National Park Service, Maryland Department of Natural
Resources, Worcester County, and the Town of Ocean City--the U.S. Fish and Wildlife Service
and the Coastal Engineering Research Center played large roles in the development of alternative
plans and in the decision-making process.

5.1.1  Evaluation and Comparison of Alternative Plans

As discussed in Section 4, the alternative plans for restoring Assateague Island were formulated,
evaluated, and screened, and the remaining plans to be evaluated were--

1.  No action.
3/5a.  Restore the island to “without jetty conditions” (restore position of the island in 1934
minus natural erosion), and implement a long-term sediment process.
3/5b.  Replace the volume of material that the island has been deprived of since 1934 (5.6 million
m3/7.3 million cubic yards), and implement a long-term sediment supply process.
3/5c.  Replace the volume of material that the island has been deprived of since 1965 (2.8 million
m3/3.6 million cubic yards), when the National Seashore was authorized, and implement a long-
term sediment supply process.
3/5d.  Replace a volume of material less than the amount the island has been deprived of since
1965 based on environmental considerations, and implement a long-term sediment supply process.
3/5e.  Replace only enough material to construct a low storm berm (173,000 m3/225,000 cubic
yards), and implement a long-term sediment supply process.
8.  No immediate restoration, but implement a long-term sediment supply process.
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All of the alternative solutions include a long-term restoration component that will be determined
as part of the long-term sand placement portion of the study.

The physical, ecological, and economic benefits; impacts; and rough costs for each of the seven
alternative plans was determined.  Tables 5-1 through 5-7 display the results.   Plan #1 is the no-
action plan and has the same impacts as the future-without-a-project condition, as described in
Section 2 and Section 3 of this report.   It includes the occurrence of a breach, followed by
degradation of part of the National Seashore, loss of recreation, increased storm damages,
navigation difficulties, and loss of SAV beds, to name a few.

Alternatives #3/5a through #3/5e all have similar impacts and provide similar benefits but to
varying degrees and with different levels of risk. These restoration alternatives will have both
monetary and non-monetary positive impacts, or benefits. Plan #3/5a will restore the northern
island in its entirety, whereas Plans #3/5b through #3/5e will restore the island to lesser degrees.
Assateague Island is crucial to the coastal bay ecosystem, and without a restoration project, the
island will likely breach and impact the area as described in Plan #1.

The benefits of Plans #3/5a through Plan #3/5e include restoring a unique national seashore, a
true national treasure, to a more natural condition so that it may be enjoyed for many years to
come.   These plans would improve habitat diversity on Assateague Island.  They would also
reduce the amount of overwash and, in turn, reduce shoaling in Sinepuxent Bay and potentially
promote SAV bed development.  Reducing the probability of a breach from occurring could
prevent the adverse impacts associated with the no-action plan.  Tens to hundreds of acres of
barrier island habitat would not be converted to marine habitat, and tens of acres of salt marshes
and submerged aquatic vegetation would not be lost.  Part of the National Seashore would not be
destroyed, and easy access to approximately 900 acres of the park would not be lost. The project
would prevent the loss of about 7,500 visitor days each year to the northern end of the park.   The
project would also help to maintain a navigable waterway through Sinepuxent Bay by preventing
it from shoaling in. In addition, typical storm damage to the mainland communities behind
Assateague Island would not worsen.  It is estimated that at least $700,000 in additional damages
would be incurred by the communities if a storm similar to the January 1992 storm occurred.
With any of these plans, these damages could be prevented.  Because the benefits are both
monetary and non-monetary, a benefit-to-cost ratio cannot be accurately calculated.  Table 5-8 is
a summary of the alternative plans and displays the level of risk.

The physical, ecological, and economic impacts of each of the alternatives were used to determine
whether the plan met the project objectives.  The objective of mitigating for the lost volume,
which will reduce the likelihood of a breach, had to be met while minimizing the impacts to the
Piping Plover, a bird species considered under Federal guidelines to be threatened and under state
guidelines to be endangered.  Piping Plovers typically nest and breed on sandy beaches where
there are minimal dunes and minimal vegetation.  On Assateague Island, greater nesting success
occurs when birds have  unrestricted access to foraging areas on the bay side and in the island
interior. Basically, they prefer low-lying areas that overwash.  An island that is less likely to
breach, however, needs higher elevations to reduce the frequency and magnitude of overwash and
to keep it intact. The objectives of reducing storm damages, protecting navigation, and protecting
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Assateague Island Restoration
Summary of Alternatives

Alternative Requirements Cost Notes Risk
1 No Action None $0 

3/5a Restore to "without jetty conditions" (restore 1934 
island minus natural erosion) and implement long-
term sediment supply process

Excavate 2.8 million m3 (3.6 million cy) 
of material off the bay side of the 
island and place on the ocean side

$95 million first cost; plus 
cost for long-term sand 

placement1

Using 2 dredges, it will take 5 to 7 

years to construct2

Replace 5.6 million m3 (7.3 million cy) 
of material in surf zone

Will prove controversial due to 
severe short-term (few years) 
environmental impacts

Reconfigure south jetty and potentially 
remove one or more breakwaters

Replace 50 acres of saltmarsh

3/5b Replace volume of material that the island has 
been deprived of since 1934 and implement long-
term sediment supply process

Replace 5.6 million m3 (7.3 million cy) 
of material on the ocean side

$67 million first cost; plus 
cost for long-term sand 

placement1

Using 2 dredges, it will take 5 to 7 

years to construct2

Island width increases approximately 
150 to 200 feet on average assuming 
material is placed uniformly; low 
dune/berm constructed

Will be controversial due to 
environmental impacts; might have 
to mitigate for impacts to piping 
plovers and other overwash habitat 
species

3/5c Replace volume of material that the island has 
been deprived of since 1965 and implement long-
term sediment supply process

Replace 2.7 million m3 (3.5 million cy) 
of material on the ocean side

$32 million first cost; plus 
cost for long-term sand 

placement1

Using 2 dredges, it will take 2 to 3 

years to construct2

Island width increases approximately 
70 to 90 feet on average, assuming 
material is placed uniformly ; low 
dune/berm constructed 

3/5d Replace a volume of material less than the 
amount the island has been deprived of since 
1965 based on environmental considerations, and 
implement long-term sediment supply process

Replace 1.4 million m3 (1.8 million cy) 
of material on the ocean side

$16 million first cost; plus 
cost for long-term sand 

placement1

Using 2 dredges, it will take 1 to 2 

years to construct2

 Average  Island width increases  to 
approximately 30 to 40 feet assuming 
material; low storm  berm constructed

3/5e Replace only enough material to reduce the 
likelihood of a breach by constructing a low dune, 
and implement long-term sediment supply process

Replace 175,000 m3 (225,000 cy) of 
material on the ocean side

$2.2 million first cost; plus 
cost for long-term sand 

placement1

Using 1 dredge, it will take 1 year 

to construct2

Island width does not change; low 
dune/berm constructed

8 No immediate restoration, but implement a long-
term sediment supply process

No initial placement of sand No first cost; only cost for 

long-term sand placement1

NOTES:

1. Long-term sand placement is still to be 
determined; could be by-passing plant

2.  Due to endangered species, 
construction should only occur 
between Sep. and Oct.  Time of 
construction assumes 2 to 3 months 
each year; this is conservative and will 
be further investigated.
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recreation and economic resources also rely on an island that does not breach.

The risk of restoring Assateague Island to an elevation that is too high for the Piping Plovers to
remain, had to be weighed against restoring it to an elevation that is too low, and will not
adequately reduce the likelihood of a breach.  This risk was considered when evaluating the seven
plans and determining the amount of material with which to restore the island. Basically, as more
material is placed on the island, the risk of a breach is reduced, and the chance of providing the
benefits is greater. The reduction in breach probability with the increase of volume is not
quantifiable because of the many unmeasured, unquantified hydrologic and meteorological factors
involved in a storm event capable of breaching the island.  In order to postulate breach risk
reduction in a quantifiable sense, these factors would need to be assessed. However, as more
material is placed on the island, there is also more of a chance for impacting the Piping Plovers.
Even if the material is placed at a low elevation, a very large amount of material that widens the
island significantly could reduce the overwash frequency and promote vegetation and dune
growth, and could also adversely impact the plovers.  It was critical that the the two objectives be
balanced.  Because there is no definitive amount of sand that would neither be too much nor too
little, the experience and best professional judgement of the study team members and resource
agencies was used.

We then determined which alternatives were meeting which objectives.     The most important
objective is restoring a volume of sediment to adequately mitigate for the impacts caused by the
jetty.  However, this objective has to be met within the constraint of  minimizing the impacts to
the Piping Plover.  The table below shows whether or not the objective and the constraint were
met for the seven alternatives, along with the approximate first cost.  It was decided to set aside
some issues in the plan formulation process until one of the seven plans was selected.  These
issues include what the source of material would be and what the best configuration of the island
would be.

Table 5-9  Alternative Plans vs. Objectives and Constraints

Alternative
Plan

Meets Mitigation
Objective

Within Plover
Constraint

Cost

1 No Yes $0
3/5a Yes No $95 million
3/5b Yes No $67 million
3/5c Yes No $32 million
3/5d Yes Yes $17 million
3/5e No Yes $2.2 million

8 No Yes $0

The Corps and the sponsors all felt strongly that a plan needed to be selected that met both the
mitigation objective and the Piping Plover constraint.  Besides the fact that Plans #3/5a and #3/5b
did not minimize the impacts to the Piping Plovers, they were extremely costly, roughly $95
million and $67 million for first costs, respectively.  Although they would fully mitigate for the
impacts caused by the jetties since 1934, the team felt that placing more than 5 million m3 of
material on Assateague Island was unrealistic, since the project would take about 7 years to
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construct.  Also, similar benefits could be obtained with Plans #3/5c and #3/5d for a much lower
cost.  Therefore, Plans #3/5a and #3/5b were eliminated from further evaluation.

Plan #8 would not meet the mitigation objective, would not reduce the likelihood of a breach, and
would not provide the desired benefits.  Therefore, it was also eliminated. Plan #3/5e would not
meet the mitigation objective, but would reduce the probability of a breach if the storm berm
could be constructed further back on Assateague Island.  This would be necessary for it to be
protected from erosion.  However, this would adversely affect the Piping Plover habitat.  Since it
would not meet the mitigation objective and it would adversely affect a threatened species, plan
#3/5e was eliminated.  This left Plan #1 (the no-action plan), Plan #3/5c, and Plan#3/5d.  Plan
#3/5c involves placing 2.7 million cubic meters of material on Assateague to mitigate for the sand
the island has been deprived of since 1965, the year when the National Seashore was established.
The study team and the Steering Committee, comprised of executives from each of the sponsors
including the National Park Service, believed that Plan #3/5c would provide an appropriate level
of mitigation for the impacts of the jetties.  However, it was thought that there was too great  a
risk of adversely impacting the environment and the Piping Plovers.  In addition, it would take
about 3 years to construct the project, which we are trying to accelerate, and the cost is roughly
$32 million.  The team eliminated Plan #3/5c and decided that Plan #3/5d, which involves placing
an amount of material less than the amount the island has been deprived of since 1965, based on
environmental considerations, should be the selected plan. We agreed that we needed to place just
enough material that the risk of a breach was low and the impacts to the Piping Plovers were
minimal.

We then needed to determine an exact volume of material for Plan #3/5d. As stated previously,
there is no precisely known volume that would guarantee no adverse impacts to Piping Plover yet
would guarantee the maximum protection against a breach.  The Corps coordinated with resource
agencies and experts in various fields to use best professional judgements to determine the amount
of sand that would meet our needs.  As a starting point, we selected half of the volume that the
island has been deprived of since 1965 for Plan #3/5d, 1.4 million m3 of material. Our next step
was to optimize the selected plan.  In order to reduce the gap between the recommended plan
(#3/5d) and the next larger and smaller plans (#3/5c and #3/5e), we considered three “options” for
different volumes for the recommended plan (#3/5d).  The first option, Option 1,  involved
placing 840,000 m3  of sand.  The second option, Option 2, involved placing 1.4 million m3 of sand
(the amount originally selected).  The third option, Option 3, involved placing 2.0 million m3 of
material.

Each of the three options described above includes the construction of a storm berm with a 25-m
buffer to protect it.  The 25-m buffer was determined using the SBEACH model, which was
applied using data from numerous storms to determine beach recession.  Results showed that a
range of 20 to 30 m of beach recession can be expected for storms with a frequency of occurrence
of once every year or two.  Therefore, the 25-m buffer must be combined with the storm berm in
order for the berm to produce the desired benefits.  Although simply widening the island will add
integrity to it, the storm berm is the feature that will provide the most protection against a breach
or destruction of the island.  With the berm intact, a myriad of benefits will be realized:  the island
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will be less susceptible to destruction from storms, the unique National Seashore will be
preserved, habitat diversity will be promoted, and salt marshes will be protected, for example.

The engineers recommended placing 5 years of erosion protection in front of the storm berm.
However, the environmental resource agencies feared that so much protection would make the
beach too wide and would not provide the overwash necessary for the Piping Plovers to survive.
We agreed to compromise on a maximum of 2 years of erosion protection in front of the storm
berm and buffer.  Therefore, in order to provide all the benefits of a project, the long-term plan
will have to begin within 2 years after the short-term plan is implemented.

Table 5-10 shows the volume, cost, and construction time for each of the three options for the
recommended plan, #3/5d.  For all three options, the long-term plan will be initiated in Year 3.
For Option 1, when this component is initiated, there will be an additional 1 year of erosion
volume remaining in the system.  This means that 840,000 m3  is equivalent to the amount of
material eroded from the project area in a 3-year period.  After 2 years, when the long-term
placement is initiated, one year’s worth of erosion volume will still remain.  Option 2  would have
3 years’ worth, and Option 3  would have 5 years’ worth.

Table 5-10
Construction Times and Costs for Optional Plans

OPTION  TOTAL COST YEAR 1 YEAR 2 YEAR 3

Option 1
840,000 m3

1,080,000 cy

$11,500,000 Complete
Constructio
n

No
Constructio
n

Initiate long-term plan
1 year of erosion volume
remains

Option 2
1,400,000 m3

1,800,000 cy

$17,100,000 Constructio
n

Complete
Constructio
n

Initiate long-term plan
3 years of erosion volume
remains

Option3
2,000,000 m3

2,570,000 cy

$20,300,000 Constructio
n

Complete
Constructio
n

Initiate long-term plan
5 years of erosion volume
remains

Table 5-11 displays the benefits and costs of each of the options.  Option 1 includes construction
of the storm berm and the 25-m buffer.  However, since this option has less volume, either the
storm berm must be placed farther back on the island to provide the 2-years’ worth of erosion
protection, or the protection in front of the storm berm must be reduced.  In the first case, low,
moist areas that are prime Piping Plover habitat will be disrupted by the construction of the storm
berm.  In the second case, the storm berm will not be adequately protected and the potential for a
breach is high.  Options 2 and 3 are similar in that they provide greater mitigation, reduce



OPTION 1
Volume - 840,000 m3 (1.08 mil cy)
Cost - $11.5 million

BENEFITS

-Mitigates small portion of volume lost due
to jetties (13% since 1933; 26% since
1965); when the long-term plan is initiated,
there will be an additional one year worth
of volume in the system
-Beach habitat widened 0-11 meters (0-30
feet) initially
-Small potential  for increase in habitat
diversity
-72 environmental units (EU) -
$159,700/EU

COSTS

-Possibly 75% chance of disrupting unique
overwash  habitat (plover habitat) by
having to fill in low moist areas by
construction of storm berm

OR

-Little protection in front of storm berm,
making the island more vulnerable to a
breach, causing:

- emergency repairs
- temporary disruption of habitat -

island, salt marshes, SAV
- temporary loss of access to

approx. 900 acres of island for recreation
- mainland experiences higher

storm damages during storm and until low
or breached areas are filled in

OPTION 2

Volume - 1.4 million m3 (1.8 million
cy)
Cost - $17.1 million

BENEFITS

-Mitigates for a portion of volume lost due
to jetties (21% since 1933; 42% since
1965); when the long-term plan is initiated,
there will be an additional three years
worth of volume in the system
-Beach habitat widened 0-29 meters (0-87
feet) initially
-Higher potential for increase in habitat
diversity
-Reduces downdrift erosion
-Promotes potential for development of
about 100 acres of salt marshes
-Prevents loss of SAV beds
-Allows continued recreation in unique
setting
-Provides some protection to mainland
-114 environmental units (EU) -
$150,000/EU

COSTS

-Possibly 10% chance of disrupting unique
overwash  habitat (plover habitat)

__________________________________
__

Table 5-11
Short-Term Restoration

of Assateague Island

Benefit and Cost
Analysis

______________________________
___
OPTION 3
Volume - 2.0 million m3 (2.6 million
cy)
Cost - $20.3 million

BENEFITS

-Mitigates for a portion of volume lost due
to jetties (30% since 1933; 60% since 1965
); when the long-term plan is initiated,
there will be an additional five years worth
of volume in the system
-Beach habitat widened 0-36 meters (0-
138 feet) initially
-Highest potential for increase in habitat
diversity
-Reduces downdrift erosion
-Promotes potential for development of
about 100 acres of salt marshes
-Prevents loss of SAV beds
- Allows continued recreation in unique
setting
- Provides some protection to mainland
-115 environmental units (EU) -
$176,500/EU

COSTS

-Possibly 20% chance of disrupting unique
overwash habitat (plover habitat)

*USFWS did not find this plan acceptable
due to risk to endangered species
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downdrift erosion, lower the potential for a breach, widen the beach habitat, promote the
development of salt marshes, and so on.  Option 3 is the best solution, purely from a mitigation
perspective.  However, the USFWS does not find this plan acceptable due to the risk of disrupting
the unique overwash habitat.

The team evaluated the three options based on the desired components of this barrier island (see
Table 5-12).  Values were assigned to the components based on their importance, and then each
option was rated from “1” to “5,” based on how well it met the objective.  Next, the values were
summed to derive a total environmental unit.  The total cost of the short-term plan was divided by
the total environmental unit to determine the cost per environmental unit.  As shown in Table 5-
12, Option 2 is the most cost-effective plan at $150,000 per unit.

The Baltimore District and the study sponsors feel that a short-term project to restore Assateague
Island is justified, at an initial cost of $17,100,000, given the significance of the island and the
benefits that will be gained.  These benefits include the following:

-Restoring a unique barrier island of national significance to a more natural state.
-Adding integrity to Assateague Island prior to restoring long-term sediment supply.
-Providing 114 environmental units at a cost of $150,000 per unit.
-Reducing likelihood of a minor breach.
-Promoting habitat diversity.
-Reducing future downdrift erosion and preventing overwash areas from expanding, which would
otherwise cause the loss of hundreds of acres of other habitat types.
-Increasing beach width varying degrees (maximum increase:  95 feet).
-Promoting potential for development of about 100 acres of salt marshes on the back side of the
island.
-Reducing the infilling of Sinepuxent Bay.
-Protecting navigation through Sinepuxent Bay.
-Protecting existing estuarine habitat in Sinepuxent Bay (from tens to hundreds of acres).
-Preventing loss of SAV beds (tens of acres).
-Decreasing or maintaining existing erosion rate of mainland.
-Allowing continued recreation in a unique, natural barrier island setting (preventing loss of 7,500
visitor days, equivalent to $34,000 per year).
-Providing some protection to mainland communities (preventing approximately $700,000 in
damage from a storm of the same magnitude as the January 1992 storm).

Therefore, for the short-term restoration of Assateague Island, Alternative #3/5d, Option 2, which
will be referred to in the remainder of this report as simply “Alternative #3/5d” or “the
recommended plan,” has been selected as the best alternative of those investigated.

 After selecting the recommended plan, we discussed what plan we would have recommended had
we not been constrained by the needs of the Piping Plovers.  It was agreed that the same or a
similar volume of material probably would have been selected, based primarily on cost and
construction time.  However,  there would have been one difference:  the design of the island
cross section.



Table 5-12:  Assateague Island Restoration
Evaluation of Options for Plan #3/5d

Components of Barrier Island

Option Sediment
supply

Maintain
overwash
frequency

Low
breach

potential
Habitat
diversity

Low storm
damages

Accessible
Navigation

Recreational
access

Total
Environ-
mental
Units

FIRST
COST

Cost per
Environ-
mental

Unit
Relative Value of Component 8 8 5 5 3 3 3

1 Replace 840,000 m3 16 32 5 10 3 3 3 72 $11.5
million

$159,700

2 Replace 1.4 million m3 24 28 20 15 9 9 9 114 $17.1
million

$150,000

3 Replace 2.0 million m3 32 16 20 20 9 9 9 115 $20.3
million

$176,500

Notes:
The components are rated on a scale from 1 to 5 for each alternative.  This rating is then
multiplied by the relative value of the component.



5-17

Once it was determined that Plan #3/5d was the most environmentally acceptable and cost-
effective plan to meet the objectives, the plan needed to be optimized once again, this time to
determine the most cost-effective source of material, placement configuration, and island cross-
section.   How the borrow source was determined is documented below.  The design of the island
configuration and cross-section are discussed in Section 6.

5.1.2  Determination of  Borrow Source

Once we had determined how much material would be needed to restore Assateague Island, it
was necessary to determine where to get suitable material.  A geotechnical analysis was
performed to arrive at the most appropriate source of beachfill material for the restoration of
Assateague Island.  The study included an assessment of the physical properties of the native
beach sand and potential borrow areas.  Economic, environmental, and other appropriate criteria
were taken into consideration in the selection process.  A general summary of the geotechnical
analysis is presented below.   Details of the analysis are contained in Appendix B.

The determination of a “composite” gradation to represent the native beach material on
Assateague Island was based on gradation data obtained from grab samples taken in November
1995.  The beach samples consisted of separate samples for 13 profiles taken at 8 points along
each profile.  A composite gradation representing samples from the mean high water, midtide, and
mean low water locations was selected to represent the “native beach” material for determining
the suitability of borrow sources.

Only offshore sources were considered, since the expense of trucking material from a land-based
borrow and the potential disruption of the environmentally sensitive island by truck haul
operations would leave offshore dredging as the only viable alternative.  Many local residents
questioned why material could not be taken from the back bays, which are shoaling in.  As we
explained in numerous public meetings, an extremely large amount of material is needed to restore
Assateague Island, and that volume of compatible material cannot be found in the bays. A small
amount could possibly be taken from the bays to supplement the offshore borrow source, but it
would not be cost effective, since a separate, smaller dredge would be needed to dredge from the
shallow bays.  Therefore, only offshore shoals were considered. Based on the work done by the
Maryland Geologic Survey (Conkwright and Gast 1994 and 1995; Kerhin, 1989; Wells, 1994),
four shoal areas were selected for initial consideration because of their proximity to the project.
The selected areas included Little Gull Bank and Great Gull Bank shoals, which are relatively
close to shore, and shoals designated as B & C, which are further offshore.  The location of the
shoals is presented on Figure 1-2.

Some existing data on the shoals was available; however, additional information on the sand
quality and quantity was needed.  Vibracore drilling in the four proposed borrow areas was
performed during October and November 1995 by the Corps of Engineers.  Thirty-five holes were
drilled at spacings of approximately 914 m (3000 feet).  The hole locations are shown in
Appendix B. The purpose of the drilling was to determine the general characteristics of the
proposed borrow areas, and to determine their suitability for use as a beachfill material source.
Gradation tests were performed on selected samples obtained from the vibracoring operation.
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The proposed borrow areas were divided into subareas for analysis based on general mean grain
size differences.   Additional adjustments in the areas were subsequently made to eliminate from
consideration areas defined as “fish havens.”  These areas have been selected as areas where
future artificial fishing reefs may be created.  Composite gradations representing each subarea
were calculated for various elevations, both cumulatively from the surface and for individual
vertical increments.   Results of the analysis are presented in Appendix B.

Sand material suitable for restoring the beach on Assateague Island can be obtained from portions
of Shoal B, Great Gull Bank, and Little Gull Bank.  A significant quantity of material from each of
these areas has a grain size suitable for use as beachfill.  Material from Shoal C has been
determined to be too fine for consideration as beachfill.

The initial restoration contract will require placement of approximately 1,400,000 m3 (1,830,000
cubic yards) of sand.  Since this material is available from either Little Gull Bank or Great Gull
Bank, these areas were recommended as the initial source of material.  Shoal B is significantly
farther from shore, would be less cost effective to use, and is considered to be of greater
environmental and commercial value to the surf clammers.

Since either Little Gull Bank or Great Gull Bank could be used as a borrow source, a
determination had to be made regarding which shoal would have less of an impact on the
environment and the fishermen.  On three occasions, we  met with the local commercial and
recreational fishermen to hear their ideas and comments regarding the two shoals.  The
commercial fishermen rarely fish off the shoals; however, the shoals are extremely important to
the recreational fishermen.  The smaller boats fish off Little Gull Bank since it is closer to shore,
whereas the larger boats mainly fish off Great Gull Bank. The fishermen agreed that because it is a
small percentage of the shoal that we will be dredging , there would be minimal impacts to them
and their livelihood.  They did agree that the crest should be maintained and they requested that
instead of taking a single slice off the side the shoal, that the contractor possibly leave some
deeper holes for fish habitat.

Great Gull Bank (Sub area I) has been selected for use for a number of reasons.  First, the
material from a portion of this shoal more closely matches the gradation of the native material
than does that from Little Gull Bank.  Second, Great Gull Bank is slightly further offshore than
Little Gull Bank, and its mining would have minimal influence on shore erosion.  An evaluation of
the effects of removing material from Great Gull Bank was made, and it showed that a small
change in the sediment transport trends of the shoreline would be expected.  The small changes
may have a beneficial effect by reducing the shoal-induced gradients in the nearshore wave
climate, resulting in a less erosive shoreline in the area shoreward of Great Gull Bank.  (See
Appendix A for this analysis.)  In contrast, mining Little Gull Bank would pose a slightly greater
risk to the shoreline.  Finally, the fishermen agreed that if Great Gull Bank were used, both the
small and large boats could fish off Little Gull Bank during construction.  As stated earlier, the
smaller boats prefer Little Gull; they would be less likely to travel further offshore to Great Gull if
Little Gull Bank were being used for construction.  The cost difference of pumping material from
either of the two shoals was considered, and the difference was insignificant.  The average
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distance from the two shoals to the furthest points they would need to pump on Assateague Island
is within a tenth of a mile.  Therefore, cost was not considered a deciding factor.  Final design
level drilling (vibracoring) will be accomplished in this area of Great Gull Bank during the plans
and specifications stage with hole spacings at approximately 300-m (1000-foot) intervals.

The ebb shoal is also under consideration as a sand source.  As shown in Figure 3-2, the ebb shoal
has grown greatly in the past few years and has begun to close off the oceanside entrance to the
inlet to adversely impact navigation.  Boaters now must navigate east out of the inlet, then north
around the ebb shoal, before heading south.  It may be possible to take between 100,000 and
500,000 m3 (130,000 and 650,000 cubic yards) of material from the ebb shoal to improve
navigation.  Because we have not completed the sediment pathways work, we are hesitant to say
where exactly the material could be taken from.  By the time the second feasibility report is
completed, however, we will have finished the sediment budget and pathways work and will have
enough information to make a decision regarding the source(s). Figure 5-1 shows the entire plan
formulation process.
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Section 6

DESCRIPTION OF RECOMMENDED PLAN

6.1  PHYSICAL DESCRIPTION OF PLAN

After deciding that 1.4 million cubic meters of  material should be placed on Assateague Island,
the plan had to be optimized by selecting the best cross-section for the island, the best location to
place the material on the island, and the best borrow source.

6.1.1  Developing the Island Cross-Section

The first critical design parameter that had to be considered was the elevation to be created during
the process of placing sand on the island.  The main reason for increasing the elevation of the
island is to reduce the frequency and magnitude of overwash, and therefore, reduce the potential
for breaching along the island’s severely eroded north end.  At present, much of north Assateague
Island is void of any relief above the existing average berm height [average 2.5 m (8.2 feet)], and
the island is overwashed as much as 20 times per year.  There are several areas that are
particularly low in elevation and possess well-defined overwash channels.  The low relief and the
presence of these channels make the island susceptible to breaching, as has happened in the past.
The most cost-effective means for reducing the potential for breaching is to provide additional
elevation to the island, in the form of a storm berm feature.

However, environmental factors and desires of the local cost-sharing partners pose constraints on
the design, and must be considered.  The restoration must be done in such a way as to avoid any
significant adverse impact on threatened and endangered species, such as the Piping Plover, that
presently exist on the north end of the island.  Design of the elevation feature required a
resolution between two conflicting goals: the need to increase the elevation of the island to reduce
the likelihood of a breach and the need to minimize the increase in elevation to avoid alterations to
the existing plover habitat.  Therefore, designed the cross-sectional shape of the project had to be
achieved in a way that balances the engineering and environmental concerns.

Given the constraint of minimizing impacts to threatened and endangered species, the study team
determined that the short-term restoration must maintain an overwash frequency that, at a
minimum, is sufficient to preclude the growth of woody vegetation.  More preferable still for
Piping Plover would be to maintain an overwash frequency sufficient to maintain only sparse
vegetative cover by herbaceous plants.  A number of wildlife biologists, plant ecologists, and
coastal geomorphologists were contacted for information concerning the frequency of overwash
likely to promote these two conditions,.  None of the individuals contacted had knowledge of the
existence of any data that directly compared overwash frequency to vegetative distribution along
the mid-Atlantic coast, although data on vegetative distribution versus an index of frequency of
sand-burial by overwash is available.  Instead, best professional judgment of these individuals
provides a means by which to establish an acceptable frequency of overwash to (a) preclude the
growth of woody plants or (b) maintain sparse herbaceous vegetation.  To preclude the growth of
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woody  vegetation, an overwash frequency of one event per every two years is probably
sufficient.  To maintain sparse herbaceous vegetative conditions, a greater frequency of overwash
is probably required.  It was decided to raise the elevation of the island in the critical areas to limit
overwash to a minimum frequency of one event per year and to inherently provide a limited
degree of breach protection.

The primary tool used in the design process was the Storm-induced BEAch CHange Model
(SBEACH).  The model was applied to compute wave run-up, overwash, and storm-induced
beach erosion for without- and with-project conditions.  The design procedure is summarized in
the following paragraphs and described in detail in Appendix A.

Profile data, aerial photography, and sediment samples were collected in September 1995.  Using
these data, existing beach conditions along the northern end of Assateague Island were
characterized in terms of vegetation cover, beach profile shape, maximum profile elevations, and
risk of breaching.  Profile line AI-6 [approximately 2.5 km (1.6 miles) south of the inlet] was
chosen to be representative of nearly all the profiles in the critical overwash region.  The critical
overwash region was determined to be the area 3 to 10 km (1.9 to 6.2 miles) south of the inlet.

Next, the degree of current run-up and overwash conditions were determined based on
observations from National Park Service (NPS) personnel.  Their observations indicate that much
of the northern portion of the island overwashes frequently.  Nearly all spring tide conditions
produce some overwash, and many storms produce substantial overwash.   An analysis was then
done using the SBEACH model to assess  the typical tide and storm conditions that now produce
the frequent overwash, including a qualitative validation of the model.

Input to the SBEACH model is the initial profile shape, information to characterize the wave and
water level conditions (time series of wave height period, and water level), and the median
diameter of the sand.  The time series of synoptic wave and water level data extracted from the
Ocean City wave and water level database were used as hydrodynamic input.  Profile AI-6 was
used as the input beach profile.  Based on an analysis of sediment samples taken during the beach
surveying in September 1995, a median diameter, D50, of 0.30 mm (0.01 inches) was chosen to
represent the size characteristics of the foreshore sediments.

Five mean tide events that were considered to represent typical mean tide and wave conditions
were simulated.  Wave periods were fairly short except for one 12-second case.  The maximum
run-up values computed using root-mean-squared (Hrms ) heights were less than or equal to 2.1 m
(6.9 feet) for four of the cases, and 2.4 m (7.9 feet) for the 12-second wave case.  Hrms  values can
be thought of as more of an average wave height.  Run-up results using the average of the highest
10 percent of the waves (H1/10) showed run-up exceeding 2.5 m (8.2 feet) only for the 12-second
wave period case.  Recalling that the existing average berm height is about 2.5 m, these
calculations are consistent with NPS observations that the berm rarely overwashes during typical
tide conditions.

Five spring tide events were also simulated.  The wave heights were generally higher than for the
mean tide events, about 1.1 m (3.6 feet) on average.  One spring tide event is also characterized
by long wave periods, 13 seconds.  The run-up elevations computed using the Hrms model reach
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2.6 m (8.5 feet) for two of the cases.  Results using the H1/10 model show that three events reach
an elevation of 2.8 to 3.0 m (9.2 to 19 feet) and the other two reach an elevation of 2.5 m (8.2
feet).   This indicates that for berms with maximum elevations of 2.5 to 2.6 m (8.2 to 8.5 feet) or
less, overwash will occur for many spring tide conditions.  This predicted response is also
consistent with observations by the NPS staff.

In addition to the mean and spring tide simulations, 19 storm events were simulated from the
period January 1991 through January 1996. These events included both tropical and extratropical
storms, or "northeasters."  The Halloween storm of October 1991 and the January 1992 storm are
included in this set.  Run-up results using Hrms values indicated that more than half of these events
[those producing run-up elevations exceeding 2.6 m (8.5 feet) NGVD] would produce substantial
overwash along most of the north Assateague Island shoreline. This is also consistent with
observations made by the NPS staff.  Appendix A includes a more detailed discussion of predicted
beach response to the Halloween storm and the January 1992 storm.

At this point, the accuracy of the SBEACH model to calculate run-up and overwash for the
different wave and tide conditions was deemed adequate, if only in a qualitative sense.  The next
step was to determine the degree of elevation needed that would still allow overwash to occur for
a 1- to 2-year event.  Considering both wave and water level conditions at the height of the storm,
the March 1994 and September 1992 storms seem to best represent events that can be expected
on average once each year.

Analysis of the run-up elevations for these storms, as well as the Halloween storm, led to the
selection of a design elevation of 3.3 m (10.8 feet) NGVD.  The engineered feature would have a
top crest width of 5 m (16.4 feet) and side slopes of 1:20.  The cross-shore footprint of this
feature is approximately 45 m (147.6 feet).  The feature will be referred to here as a “storm berm”
rather than a “dune” because of its low relief.   This storm berm would not be very visible on the
natural beach because of its gentle slope and low relief.

Constructing this feature as described above is estimated to limit substantial overwash to a
frequency of at least once every year.  An unusually severe northeaster, such as the January 1992
storm or a tropical storm, has a chance of occurring at any time and can produce significant
overwash.  This feature will provide some breach protection, although at a reduced level, while at
the same time minimizing impacts to the plover habitat.

Once the storm berm cross-section was determined, the location of the feature had to be
considered.  The goal is to have the storm berm survive  and provide a lasting degree of breach
protection without adversely impacting the existing habitat.  The chance of survival will be
increased when a more natural supply of sand can be restored to Assateague Island through long-
term management strategies.  In the interim, the storm berm must be designed to survive on its
own under the present erosional pressures that characterize north Assateague. Long-term erosion
rates and the occurrence of storms had to be considered in locating the exact position of the storm
berm on the existing profile.
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To account for the erosive nature of frequent as well as infrequent storms, some additional beach
width should initially be added to act as a buffer and to protect the storm berm.  A rigorous
analysis was conducted (see Appendix A3) using the SBEACH model to simulate both frequent
and infrequent historical storms to evaluate the desired width for a protective buffer.  It was
determined that a minimum 25 m (82 feet) natural berm at elevation 2.5 m (1.6 feet) NGVD
should be included to act as a storm erosion buffer.  At this point, the design cross section
considers the elevation needed to reduce the frequency of overwash to approximately a  1-year
frequency, with the need to protect the storm berm from frequent storms, while providing a
limited degree of breach protection.

The next step in the design process was to consider the background, or long-term erosion trends
associated with longshore sand transport processes.  The same wave forces and limitations in sand
supply that are presently producing high erosion rates along certain portions of north Assateague
Island will immediately begin to work on the constructed storm berm and buffer.  During the lag
in time between construction of the storm berm and restoration of a continuous supply of sand to
the island, the losses associated with longshore processes must be factored into the design.  An
additional buffer was recommended, with the added width to be determined based on the rate of
shoreline recession presently being experienced locally.  The actual position of the constructed
berm on the existing beach profile will depend on the amount of fill to be placed locally to
construct the storm berm and erosion buffer.

6.1.2  Where to Place the Material Along the Island

The first step in deciding where along Assateague Island the material should be placed was to
determine what area was adversely impacted by the construction of the jetties. An even/odd
analysis conducted as part of this study indicated that the downdrift effects of the jetty extend a
distance of approximately 10 to 12.5 km (6.2 to 7.8 miles) south of the inlet.  Refer to Appendix
A2 for a detailed discussion of the overall sediment budget.

The present day erosion rate along the ocean shoreline of Assateague Island reaches a maximum
of approximately -9 m (-29.5 feet) per year at approximately 7 km (4.3 miles) south of the inlet.
However, a strong erosional zone extends from approximately 3 to 12.5 km (1.9 to 7.8 miles)
from the inlet.  North of 3 km, the island currently appears to be accretional. Consequently, it was
decided to construct the widest buffer at approximately 7 km south of the inlet and taper into the
existing shoreline at approximately 3 and 11.3 km south of the inlet.  The northern boundary of
the beach fill (3 km south of the inlet) was chosen to mitigate the present-day “strong” erosional
zone.  The southern boundary of the beach fill (11.3 km south of the inlet) was chosen as the
average of the alongshore impact distance indicated by the  odd (10 km) and even (12.5 km)
analysis (See Appendix A2).  It is expected that the beach fill will be transported past 11.3 km by
the net southerly transport direction.

Next, the location and extent of the storm berm had to be determined. The elevations along the
northernmost  2 to 3 km (1.2 to 1.9 miles) of the island had recently been increasing and
vegetative succession had been occurring.  It was decided that since this area of the island is
building on its own, constructing the storm berm at elevation 3.3 m (10.8 feet) in this area was
not necessary nor, from a habitat perspective, desirable.  During a field visit in mid-September
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1996, the formation of small dunelet features in the interior of the island at elevation 2.7 to 3.4 m
(8.9 to 11.1 feet) NGVD was observed in the northern 3 km.   Shrubs and trees were present on
the back side of the island, and there was very little evidence of overwash.  In addition to these
recent field observations, studies of the sediment budget indicate this area of the island is currently
accretional.  For these reasons, it was decided to start the storm berm at a distance approximately
2.5 km south of the inlet and extend it to the existing dunes approximately 10 km south of the
inlet near the beginning of the State Park.  This area will continue to be monitored, and an exact
determination of the northern storm berm tie-out will be accomplished during the plans and
specification phase.

Originally, it was proposed to offset the storm berm a distance of 70 m (230 feet) from the natural
berm in the widest location and to taper to a minimum distance of 25 m (82 feet) at the terminus
of the fill on both sides.  The reasoning was to account for 5 years of erosion (5 years x 9 m/year
= 45 m) plus the 25 m storm erosion buffer until the long term sand placement strategies (i.e. sand
bypassing) could be implemented.  However, the NPS and environmental resource agencies were
concerned about the maximum buffer proposed to be placed in front of the storm berm.  Specific
concerns were that this configuration would limit overwash to the point that vegetation would
establish.  This of course would be detrimental to the Piping Plover.  At present, the SBEACH
model is not able to adequately assess the impact of added buffer width and foreshore profile
shape on run-up elevation, because of the limitations in the run-up algorithms used in the model.
Consequently, it was decided to allow for two years of background erosion and the minimum
width required to account for the frequent storms.  However, until the natural supply of sediments
can be restored, it was agreed to reestablish this elevation if erosive forces lowered it significantly
(see the proposed monitoring plan, Annex E).  The maximum width fronting the storm berm was
thus determined to be 43 m (9 m/year x 2 years plus 25 meters) tapering to a minimum of 25 m at
2.5 km and 10 km south of the inlet.  Plates 6-1 through 6-4 show a general plan and plan views
of the proposed island restoration.

Construction of the beach and storm berm will involve the placement of 1.4 million m3 (1.8
million cubic yards) of beachfill oceanward of a “construction baseline.”  This line will be
established to control the project alignment.  At present, control has been established at 26
locations along the northern 13 km of the island, which has been used for present estimates of
project placement.  However, for ease of construction,  this line may require adjustments to
remove irregularities.

The general beachfill construction template will be as shown on Plate 6-5 and will consist of a
horizontal berm at elevation +2.5 m (+8.2 feet) NGVD, a 1-vertical on 20-horizontal slope from
elevation 2.5 m to elevation -0.5 m (-1.6 feet) NGVD and a 1-vertical on 12-horizontal slope
from elevation -0.5 m NGVD to its intersection with the existing sand surface.  Through past
experience with beach replenishment projects at Ocean City, Maryland, this template should
closely conform to the natural configuration of pumped sand on a beach and will require a
minimum amount of mechanical grading.
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The horizontal berm component of the beachfill construction template will vary as necessary to
meet the specified fill requirements for each reach. Currently, the project is divided into 20 one-
half km reaches.  Plate 6-5 shows a typical restoration section as well as the construction berm
width for each reach.  The largest fill reaches will be in the area of maximum erosion (7 km south
of inlet) and will gradually taper into the existing shoreline at the project terminus on either side.
At the widest beachfill location, the constructed berm will increase 48.8 m (160 feet).  After the
constructed berm reaches equilibrium, the island will be 29.3 m (96 feet) wider than it is presently.
The beachfill material necessary to construct the project will be obtained from Great Gull shoal as
discussed in the next section.  The storm berm will be constructed by pumping the required
amount of sand in the approximate location of the berm and then mechanically grading the
material to its final configuration as required using conventional earth moving equipment.  Table
6-1 shows the quantities of sand required for each reach for the storm berm and beachfill.

Immediately after construction, the forces of the tide and waves will act to adjust the profile into
an equilibrium shape.  This is expected to occur during the first winter season.  Plate 6-5 also
shows the estimated seaward shift of the shoreline after the beachfill equilibrates, as well as the
storm berm setback distance for each reach.  It should be noted that it is the position of the
natural berm after profile equilibration from which the storm berm setback is measured.  Shoreline
erosion will continue in the placement area at the same rate (about 5 m/yr (16 feet/yr) as prior to
construction.  By the end of the third year following construction only, about half of the project
area shoreline will still lie seaward of the shoreline position at the time of construction.  On
average, the shoreline will have returned to its pre-construction position.  By the end of year 4 the
shoreline throughout the majority of the project area will have eroded to about 5 m (16 feet) west
of its position at the time of construction.  Following construction, longshore transport will move
the placed material southward at a rate of approximately 190,000 m3/yr (248,000 cubic yards/yr).
A percentage of the placed material carried downdrift will be available for deposition on the island
during overwash events, and may measurably increase island width south of the placement area
over a distance of up to 12 km (7.5 miles) over a period of several years.  After approximately 7
years it is expected that the fill material will have been effectively removed from the placement
area beach and nearshore if no long-term solution is implemented.  However, it is expected that a
long-term solution will be implemented after year 4.  It is expected that this solution will be
designed to slow both the erosion rate and rate of loss of material to the longshore transport
system to natural pre-jetty rates (3 m per year [10 feet per year] and 150,000 m

3
 per year

[196,000 cubic yards per year] respectively).  Material placed to form the constructed storm berm
on Assateague will be subject to deflation by prevailing winds from the west/northwest
immediately following construction.  Much of the sand will be transported in an offshore
direction.  However, it is expected that localized increase in storm berm height will occur and low
discontinuous dunes may form.
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6.2  MONITORING AND ACTION PLAN

Due to the uncertainty of how the island will respond to the placement of 1.4 million m3 of sand
on the beach, the USFWS thought it critical to develop a Monitoring and Action Plan. The
purpose of the plan is to document physical evolution of the project and related changes in key
physical and biological resources of northern Assateague Island in order to evaluate the project’s
overall performance in meeting stated objectives.  Data will be collected and analyzed and will be
used to determine whether follow-up corrective action is warranted.  For each of the  two key
issues--breach potential and Piping Plover impacts--multiple indicators of project performance
provide the basis for decision making.  We are recommending that the immediate restoration of
Assateague Island be monitored for at least 5 years, until a long-term project is implemented.  At
that point, a new monitoring plan will be established.  The draft monitoring and action plan is in
Annex E.   The total cost for the 5 years of monitoring  is estimated to be $1,627,500.  Currently,
the National Park Service budgets for and spends approximately $275,000 monitoring the Piping
Plovers each year.  In the spirit of interagency cooperation, the National Park Service plans to
continue this action and share the information with the Corps for the Monitoring and Action Plan.
Therefore, the remaining amount of the monitoring plan to be paid for by this project is
$1,352,500, without escalation.  Of this amount,  $725,000 is estimated for collecting wave and
tide data.  This same data is currently being collected for the Atlantic Coast of Maryland Shoreline
Protection Project.  Potentially, this information could be shared and used for the Monitoring and
Action Plan.  This option is currently being coordinated between the Corps and the State of
Maryland.

6.3  OPERATION AND MAINTENANCE

A significant purpose of the short-term restoration is to “buy time” and set the stage for the long-
term project.  Therefore, little operation and maintenance is required for the short-term
restoration of Assateague Island.  The purpose of this project is to restore the island to a more
natural state, not to create or maintain a specific cross-section or island configuration.  We are
constructing the low, wide storm berm to elevation 3.3 m (10.8 feet) NGVD to provide some
protection against storms. Almost immediately, the material will start shifting.  Some areas will
probably increase in elevation and some will decrease.

We do not anticipate the need for maintenance or corrective action; however, the team realizes
the risks being taken in constructing a project in a dynamic area.  The performance of the project
will be evaluated through the monitoring plan.  At this time, it is envisioned that if corrective
action does need to be taken, that it will most likely be undertaken as a one-time action after 2 or
3 years.  Not knowing what type of action would be required, it is difficult to determine how
much it would cost.  Assuming that the action would require construction equipment to move
sand around over a period of a few weeks, the cost of this one-time corrective action is estimated
to be $70,000.  Maintenance of the project will be performed by the project sponsor, National
Park Service.



6-19

6.4  CONSTRUCTION AND COST ESTIMATE

As stated previously, Great Gull Bank will be used as the borrow area for the beachfill. The
project would be constructed in two phases.  Project construction would start in the southern end
and work toward the northern end.  Construction in the National Seashore where the Piping
Plover nest will be limited to two months per year due to environmental and weather conditions.
The first phase of construction could start in July 1998, if funds are available, and continue
through October 1998.  During this phase, work would be limited to the area south of the Piping
Plover nesting area, including the State Park, until on or about September 1, 1998.  This date will
be adjusted based on when the Piping Plover nesting season is completed that year. The second
phase of construction could start on or about September 1, 1999 to be completed by October 31,
1999.

Two Island Class hopper dredges with pump-out capability will be used to dredge sand for the
restoration.  Work will be done over two fall work seasons during the period of late August
through mid October.  Each dredge is capable of producing 219,073 m3 (286,520 cubic yards) of
sand per month.  Sand will be dredged off the shoal and pumped into the vessel, which has an
effective hopper capacity of 1,444 m3 (1,888 cubic yards).  Each hopper dredge will transect the
borrow area until the hopper is full.  The hopper dredge will then travel to a pumpout point
located about 600 m (2000 feet) offshore of Assateague Island where a barge with a booster
pump will be waiting.  The barge-mounted booster pump will pump the sand in a slurry from the
hopper dredge to the beach through a steel pipeline.  The pipeline will lie on the seafloor oriented
perpendicularly to the shoreline and will be marked with buoys.  The hopper dredge will then
return to the borrow area and resume dredging.  Approximately 1,055 transits from the borrow
area to the pump-out point will be made between the two hopper dredges.  Bulldozers will then
be used to create areas to trap and shape sand as it exits the pipeline to form the berm and dune.
Bulldozers will access the project area from the state park.  Pumping of sand will be done for a
maximum distance of up to 1,220 m (4,000 feet) north or south of where the pipeline crosses up
onto the beach.  Beach nourishment will be completed in sections of 2,450 m (8,000 feet).  Once
a 2,450 m section of the project is built, the barge and booster pump would be moved to a new
pumpout point to continue the project.  A minimum of three pump out points will be established.
Using the two dredges simultaneously it will take a minimum of 3 months to complete the
dredging.

The estimate in Table 6-2 reflects the full funding cost for this short-term project at October 1,
1996 price levels.  The initial construction cost is estimated to be $15,383,000, including
contingency and escalation, for the preparation of plans and specifications, construction
management, and lands and damages.  Contingency amounts for construction cost items are based
on uncertainties within individual  project elements.  Monitoring is estimated to cost on average,
$282,000 per year, including escalation, for the 5-year plan.  The total project cost for the short-
term restoration is estimated to cost $17.2 million.  A detailed cost estimate is included in
Appendix C.
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Table 6-2: Total Project Costs

(including escalation and contingency)

Beach Replenishment $12,960,000
Lands and Damages      $295,000
Planning, Engineering, and Design      $547,000
Construction Management   $1,876,000
5-year Monitoring Plan   $1,410,000
Potential O&M        $70,000
Total Project Cost $17,158,000

Rounded $17,200,000

A number of plans for the long-term restoration of Assateague Island component of the project
are still being evaluated.  However, it is important to show some range of costs for the long-term
plan since it will accompany the short-term plan.  Some of the alternative plans being investigated
would have a large first cost and a smaller annual operation and maintenance cost, such as a fixed
bypass plant.  Other plans, such as contracting a mobile dredge, will have little to no first cost and
will have higher annual costs.  We still have a great deal of work to do on this component of the
project, but it is estimated that the long-term restoration project would have a first cost in the
range of $0 to $9 million, and an annual operation and maintenance cost of $400,000 to $2 million
per year.
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Section 7

IMPACTS to PROJECT AREA

This section includes a detailed consideration of impacts to the project area of the selected
alternative for the short-term restoration of Assateague Island.  Consideration of impacts to the
project area of the long-term sand placement; navigation; and coastal bays environmental
restoration components are provided at only a general level of detail.  Selected alternatives for
these other project components have not been determined at this time, and any impacts that will
result are somewhat speculative.  Detailed consideration of the impacts of the other project
components will be included in the second report and supplemental EIS.

7.1  SHORT-TERM RESTORATION IMPACTS

Impacts of the alternative plans under consideration for the short-term restoration of Assateague
Island to the physical environment, biological resources, society, and economy were evaluated to
select the preferred alternative.  Tables 5-1 through 5-7 provide a summary of these impacts.  This
section (7.1) focuses only on impacts of the selected alternative, which are summarized in Table
7-1.  Impacts  that are likely to be substantial and issues of particular concern to society are
addressed at length.  Those categories for which impacts are likely to be negligible or minimal are
only briefly addressed to reduce the length of this document.  Additional information is available
by contacting the Baltimore District, Corps of Engineers.

The discussion of environmental impacts of the short-term restoration is based on CERC
hydrodynamic and beach response modeling, and a sediment budget study (Appendix A);
consultation with environmental resource agency personnel, members of academia, and the
general public (Annex A, Part 7); and existing information.  It is assumed in this section that a
long-term restoration project will follow the immediate restoration component within 4 to 6 years.
Impacts of the long-term restoration are discussed in Section 7.2.

Direct, indirect, and cumulative impacts of the short-term restoration component have been
considered.  Direct impacts would occur at the project sites at the time of construction.  Dredging
sand from Great Gull Bank, transporting sand to Assateague Island, placing sand on the ocean
shoreline of Assateague Island to form the berm, and placing and shaping sand on Assateague to
construct the low storm berm will cause a number of direct environmental impacts.  Any
subsequent corrective actions taken under the monitoring and action plan will also cause direct
environmental impacts.  Indirect impacts would occur after the project is constructed and may be
removed in distance from the project location.  Indirect impacts would occur as natural processes
modify the dredged area of the offshore shoal and redistribute the sand that is placed on
Assateague Island.  Cumulative impacts result from the incremental impact of the action when
added to other past, present, and reasonably foreseeable future actions regardless of what agency
(Federal or non-Federal) or person undertakes such actions.  In general, beach nourishment is
considered a desirable method of erosion control because (1) nourishment is unlikely to
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adversely affect areas beyond the problem area, (2) if the design fails, the results of the
engineering are soon dissipated, and (3) placement of sand does not alter the suitability of the
system for recreation.

7.1.1  Physical Environment

7.1.1.a  Surficial Geology and Sedimentary Processes

Great Gull Bank
Direct Impacts
It is expected that dredging would remove approximately 3 percent of the volume of Great Gull
Bank.  This excavated volume will not be replaced in the foreseeable future by natural processes
and can be considered a permanent loss.  Sand underlying the material to be removed is similar in
grain size to the sand to be removed; so the post-project shoal surface sand is expected to be
similar in character to the pre-project surface.  A detailed dredging plan will be developed in
collaboration with the U.S. Fish and Wildlife Service (USFWS), National Marine Fisheries
Service (NMFS), and Mineral Management Service (MMS).  Minor slumping of material from
adjacent areas into the excavated areas may occur during dredging.

Indirect Impacts
The surface of the excavation will slope gradually into the existing surface, so no substantial post-
construction movement of material by slumping is expected.  However, currents and waves will
modify the excavated area after dredging, and over time, the depression is likely to be partially
filled in by material transported from adjacent shoal areas.

Assateague Island
Direct Impacts
Sand added to Assateague will be compatible with existing beach material.  Creation of the low
storm berm on northern Assateague will reduce overwash frequency from many events per year to
an average of one event per year.

Indirect Impacts
Immediately following placement on Assateague, sand comprising the constructed berm along the
shoreline will be eroded by waves and tides.  Movement of sand following beach nourishment is
difficult to predict with certainty.  However, it is possible to predict a number of probable general
trends.  Sand eroded from the constructed berm will be introduced into the longshore transport
system and will begin moving subtidally in the nearshore.  Sand will generally travel in a southerly
direction.  Downdrift accumulation of sand in the nearshore will occur for several years following
project construction.  An increase in the rate of sand transport over pre-project rates will
eventually extend 15 to 18 km (9.3 - 11.2 miles south) of the placement area.  The rate at which
material is transported southward will be within the range of historic transport rates, however.
Beyond 15 to 18 km south of the placement area, accumulation of sand in the nearshore from the
restoration will be negligible.  Some sediment from the constructed berm may be moved
northwards to the southern side of the south jetty during periods of the year when longshore
transport is northerly.  A minor proportion of this material will be deposited within the ebb shoal.



7-4

The majority of material transported via the longshore transport system will remain in the
nearshore zone.  However, some material will be added to the beach and will increase island
width.  This increase in width will not be detectable beyond 15 to 18 km south of the placement
area.  During storm events, overwash will move some of the sand that has been added to the
beach in the placement and downdrift impact area and will deposit it on the island interior.  In
addition, some of the material will be transported seaward from the placement area beyond the
depth of closure during storm events.  Shoreline erosion and longshore transport is expected to
occur at pre-project rates.  The placement area shoreline will retreat to its pre-project position
within about 4 years following project construction (Table 7-2).  Placed material will persist
within the subtidal portion of the project area for a somewhat greater period of time.  However, it
is expected that the placed volume of material will be effectively removed from the beach and
nearshore of the placement area within about 7 years.

The constructed low storm berm will evolve following construction.  Because construction will
occur in late summer and early fall and the dune will not be planted, the natural establishment of
dune-protecting vegetation in the months following construction would be discouraged by cooler
temperatures.  Prevailing winds from the west/northwest in the fall, winter, and spring months
after construction will deflate the unvegetated sand surface causing a net offshore transport of
sand from the low storm berm.  This loss of material will cause a reduction in height of the low
storm berm along most of its 8.5 km (5.3 miles) length.  Reduction in height of the storm berm
from the design height will serve to increase the frequency of overwash in most of the placement
area to an average of somewhat greater than the design frequency of one event per year.
However, the frequency of overwash is expected to remain less than the extreme frequency at
which it presently occurs.  If the project fails to perform according to expectations, post-
construction modifications as outlined in the monitoring and action plan will be undertaken.
Although a general trend of reduction in storm berm height is expected, localized discontinuous
dunes may form within the placement area to a height greater than 3.3 m (10.8 feet ) NGVD due
to the increased volume of material available for dune building.  Localized augmentation of
existing dunes and growth of new dunes downdrift of the placement area may occur for up to 15
to 18 km (9.3 - 11.2 miles) downdrift of the placement area.

7.1.1.b  Physiography and Topography

Assateague Island
Direct Impacts
Assateague Island will be widened from its existing dimensions as indicated in Plates 6-1 through
6-5.  (See table on Plate 6-5).  Construction will alter the topography of the ocean side of the
island to fit the construction template.  No direct impacts will occur to the interior or bay side of
the island.  Island height will be increased by a maximum of approximately 0.8 m (2.6 feet) from
the existing maximum elevation of 2.5 m (8.2 feet) on the natural berm to the 3.3 m (10.8 feet)
NGVD crest of the low storm berm.  Placement of sand will increase the beach width and cause
seaward translation of the beach intertidal zone.
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Following project construction, if the constructed storm berm elevation decreases below 2.6 m
(8.5 feet) elevation (see Monitoring and Action Plan in Annex E), it will be assumed that an
unacceptable risk of breaching may be present, and the need for corrective action will be
evaluated.  Actions taken under the plan to restore the height of the constructed low storm berm
at 2.6 m (8 .5 feet) NGVD elevation may require movement of sand from the beach and/or island
interior to reconfigure the storm berm.  There are currently no plans to repair any breaches that
may form.

Indirect Impacts
The island width and configuration of the project would evolve as material placed on the island is
moved by wind and wave action.  As the material is moved by wave and tide action, the maximum
width of the island would be reduced.  It is expected that the equilibrium width would be reached
within several months (Table on Plate 6-5).  The design width lies within the range of historic
widths recorded for the island and would not substantially change the characteristic configuration
of the barrier island.  Island width would not be controlled or maintained to any specifications
after the initial placement of sediment.  Shoreline erosion is expected to occur at pre-project rates,
and the placement area shoreline will retreat to its pre-project position within about 4 years
following project construction.

The low storm berm will evolve following construction; this is discussed in Section 7.1.1.b.
Where conditions permit along a minor portion of its length, the design elevation (3.3 m [10.8
feet] NGVD) is expected to persist after construction.  The majority of the low storm berm is
expected to persist at an elevation somewhat greater than the height of the natural shoreline berm
(about 2.6 m [8.5 feet]) but lower than the initial storm berm height at construction.  Localized
formation of discontinuous dunes, with crests at greater than 3.3 m NGVD, within the placement
area is expected.  Augmentation of existing dunes and growth of new dunes is expected up to 15
to 18 km (9.3 to 11.2 miles) south of the placement area.

7.1.1.c  Bathymetry

Great Gull Bank
Direct Impacts
During dredging, the 93 ha (230 acres) borrow area on Great Gull Bank will be lowered from
existing depths of 6 to 9 m (19.7 feet - 29.5 feet ) to an average 9 m (29.5 feet) depth.  Dredging
will thus result in a deepening of the borrow area by 3 m (10 feet).  A detailed dredging plan will
be developed in collaboration with the U.S. Fish and Wildlife Service, National Marine Fisheries
Service, and Minerals Management Service.  Material may be removed to enhance local
bathymetry by creating deeper areas, such as holes or trenches, that might serve to attract fish;
however, this has not yet been determined.  The sidewalls of the depression will be gradually
sloped, and slumping during dredging will be minimal.  The remainder of the shoal and the shoal
crest will be left at its existing height,  and the overall shape and gentle slopes of the shoal will be
maintained.
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Indirect Impacts
Over time, it is likely that some infilling of the borrow area will occur as natural processes
transport material from adjacent areas of the shoal to the borrow area.  The project will avoid
disturbing the existing crest directly during dredging; however, because crest height is partly a
function of volume, the reduction of volume of material in the shoal may result in some lowering
(less than 1 m [3.3 feet]) of the shoal crest over time.

Sinepuxent Bay
Direct Impacts
None are expected since no project activity will occur within the bay.

Indirect Impacts
Reduction in the rate of overwash deposition from Assateague Island will have a positive impact
on Sinepuxent Bay by reducing  the rate of infilling in the bay.  The total size of the bay will
remain approximately stable during the few years following project construction, rather than
diminishing in size as would be expected without a project.  Water depths within the bay will
remain more stable, rather than the bay becoming progressively more shallow over time.

7.1.1.d  Hydrodynamics

Direct Impacts
None are expected because ocean circulation and wave activity will not be affected.

Indirect Impacts
Dredging of the shoal would have a negligible impact on wave action both offshore and in the
nearshore (see Appendix A for additional information).  No impacts are expected to the shoreline
of Fenwick or Assateague Islands.

7.1.1.e  Surface Water Quality

Great Gull Bank
Direct Impacts
There will be short-term turbidity impacts to the area of the offshore shoal being dredged, but
little surface turbidity.  The coarse grain size of the sand being dredged would allow any sand
that is stirred up to rapidly resettle on the bottom.  All work will be performed in accordance with
the State of Maryland Water Quality Certificate to minimize detrimental impacts.

Indirect Impacts
No long-term impacts are expected since dredging will occur only during project construction.
No long-term increase in the rate of sediment resuspension from the offshore shoal surface is
expected.
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Assateague Island
Direct Impacts
It is expected that there would be increased short-term turbidity in the project area when material
is placed to construct the shoreline berm.  Strong wave action in the nearshore zone creates a
dynamic environment where bottom sediments are frequently stirred up naturally.  However,
material added during construction of the shoreline berm is similar in character to native beach
sand in the project area and would be expected to settle out of suspension very rapidly.  The
material to be placed from Great Gull Bank includes only a very small component (approximately
0.5 percent by weight) of fine-grained sediments (silts and clays finer in grain-size than 4 φ).  For
these reasons, the direct impacts of the short-term restoration to water quality are expected to be
minor.  All work will be performed in accordance with the State of Maryland Water Quality
Certificate to minimize detrimental impacts.

Indirect Impacts
No long-term impacts are expected since fine grained sediments will be rapidly winnowed away
within a short period of time following placement.  And sediment transported within the nearshore
will be within historic rates.

Sinepuxent Bay
Direct Impacts
None are expected since no project activity will occur within the bay.

Indirect Impacts
None are expected since the project will not induce hydrodynamic change within the bay.  During
storm events overwash into the bay will be reduced.  However, this is not expected to cause any
noticeable turbidity reduction.  Wave action within the bay itself during storm events will
resuspend bay bottom sediments, and obscure any reduction of suspended sediment delivered via
overwash.

7.1.1.f  Air Quality

Emissions during sand placement will be produced by dredges, bulldozers, trucks, small
construction vehicles, and workboats.  Coordination with the Maryland Department of the
Environment (MDE) has indicated that air quality impacts are expected to be localized,
temporary, and insignificant and within the Ozone and NO X limits for this non-attainment area.
The MDE has concurred with these findings and has indicated that the project is expected to be in
conformity with the State of Maryland implementation of the 1990 Clean Air Amendments (see
Annex A, Part 7).

7.1.1.g  Noise Impacts

Noise during construction will be produced by dredges, bulldozers, trucks, small construction
vehicles, and workboats.  Noise impacts are expected to be temporary and insignificant.
Construction will not occur during the times when the Piping Plover is most sensitive to
disturbance, and noise is not expected to significantly impact the ponies or other wildlife.
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Construction will not occur during the period when the project area is most frequented by
tourists.

7.1.2  Biological Resources

PLANT COMMUNITIES

7.1.2.a  Submerged Aquatic Vegetation

Direct Impacts
None are expected since no project activity will occur within the bay.

Indirect Impacts
Reduced overwash frequency will likely have a positive impact in SAV beds by promoting SAV
development in Sinepuxent Bay.  Tens of acres of SAV beds may develop as a result.  These beds
may persist as long as the reduction in overwash frequency is maintained following project
construction.

7.1.2.b  Wetlands

Direct Impacts
None are expected.  Construction of the low storm berm or shoreline berm will not fill any salt
marsh or moist interior flats, and equipment will be deployed along the oceanside of the island.

Indirect Impacts
It is anticipated that the reduced frequency of overwash would promote limited development of
up to several tens of acres of salt marsh on the bayside of Assateague.  Prevention of a future
breach would also protect tens of acres of salt marsh on the mainland shore from the increased
wave energy and erosive impacts of a breach.  However, prevention of a breach would also
prevent the formation of flood-tidal shoal deposits that could provide additional substrate for salt-
marsh development.  In the narrow part of the island where a breach is considered likely, there is a
potential that the formation of tens of acres of new salt marsh may be prevented.  As a
consequence of these trade-offs, the net long-term impact of the immediate restoration project to
salt marsh will be minimal.  The increased volume of sediment available for transport onto the
island during overwash events may cause a minor reduction in the area of moist interior flats.  If
this occurs to the extent that Piping Plover habitat is jeopardized (discussed in the monitoring and
action plan in Annex E), an interagency committee will decide whether mitigation measures
should be undertaken.  Mitigation may include altering the height of the constructed storm berm
in order to increase the frequency of overwash.

7.1.2.c  Upland Vegetation

Direct Impacts
The constructed storm berm will bury a swath of non-vegetated to sparsely vegetated beach 50 m
(150 feet) in width by 8.5 km (5.3 miles) in length where the storm berm is constructed.  The total
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area to be buried is 42.5 ha (105 acres).  The area will be buried to a maximum depth of about 1
meter (3.3 feet) near the center of the storm berm, with lesser depths extending east and west of
the line of maximum depth.  Since only minimal vegetation occurs in the placement area, adverse
impacts to island vegetation will be insignificant.

Indirect Impacts
In the months and years following sand placement, localized development of sparse dune
grassland vegetative cover is expected in association with reduced frequency of overwash and
development of discontinuous dunes.  Initial vegetation establishment will probably be slowed by
the lack of seeds and propagules in the upland habitat of the placement area and island interior.
Increased vegetative cover and habitat diversity on northern Assateague will be limited since an
overwash frequency sufficient to limit vegetation coverage will be maintained by the project
design and/or monitoring and mitigation plan (Annex E).

ANIMALS

7.1.2.d  Benthos

Great Gull Bank
Direct Impacts
Dredging will destroy relatively nonmotile benthic organisms.  Underlying sands lacking benthic
populations will be exposed and will become the new shoal surface.

Indirect Impacts
The substrate remaining at the shoal after dredging will consist of sediment of the same character
as the pre-project surface substrate.  Colonization of the borrow area by benthic organisms is
expected within several months to a year following dredging.  Because the existing benthic
community is thought to be low in species richness, faunal density, and biomass, the community
that recolonizes would be expected to achieve levels at least as great as pre-project conditions
(see Planning Aid Report in Annex A, Part 4).

Assateague Island
Direct Impacts
Deposition of sand to increase berm width will smother and destroy existing relatively nonmotile
benthic infauna in the beach and nearshore zone.  Construction of the storm berm and movement
of bulldozers between the beach and constructed storm berm will disturb and destroy fauna of the
upper beach over the entire placement area between the western edge of the constructed storm
berm and the shoreline.  These impacts are not expected to be significant to the regional foodweb.
Beach fauna are adapted to the dynamic environment of barrier island beaches and are expected to
colonize the new beach and constructed storm berm from adjacent areas to levels characterizing
the pre-project beach within a period of several months following project construction.
Nearshore fauna are expected to colonize the new seafloor within a period of several months to
several years following project construction.
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Indirect Impacts
Habitat zones of the beach and nearshore will initially shift seaward following project
construction, but will then retreat landward as shoreline erosion occurs.  Beach nourishment
impacts are most notable when the grain size of added material is different from the existing
material and when added material has substantial proportion of fine-grained sediments.  The sand
from Great Gull Bank to be placed on Assateague was selected because it contains minimal fine-
grained sediments and is compatible with existing beach sand.  As a consequence, only minimal
and temporary adverse impacts to benthos are expected.  Resident near-shore benthic
communities are well adapted to disturbance from shifting sediments.  Therefore, repopulation of
the beach and near shore of Assateague by benthos to pre-project levels is expected within several
months to several years following placement of the material as the material comes into equilibrium
with the physical environment.  This shoreline will return to its current position within about 4
years (Table 7-2).  Minor impacts will continue to occur for several years due to the restoration of
historic longshore transport rates in the nearshore and to the impacts of a large volume of shifting
sediments.

Material transported via the littoral transport system southward beyond the placement area on
Assateague will have minimal impacts to benthos since benthos of the near shore are adapted to
the shifting substrates of this high energy environment.  Nearshore bottom sediments are
predominantly sandy along the Assateague shoreline.  The sand that will be added to the system
contains minimal fine-grain sediments and is highly compatible with existing beach and nearshore
sand; therefore, impacts that could occur from alterations in sediment character are expected to be
minimal.  Although downdrift impacts to benthos are not expected to be significant, detectable
impacts may extend as far south as 15 to 18 km (10 to 11.2 miles) south of the project area..
Areas of finer grained bottom sediment do occur offshore and south of the placement area.  Minor
benthic impacts may occur if storm events transport placed sand into these areas.

7.1.2.e  Nekton

Great Gull Bank
Direct Impacts
Direct impacts to the offshore shoal include a short-term increase in turbidity during dredging and
a resulting disturbance of fish, some of which are expected to temporarily relocate.  In addition,
some entrainment and subsequent destruction of nekton is expected during dredging.  These
impacts are expected to be insignificant.

Indirect Impacts
The dredging plan would maintain the shoal crest and general shape of the shoal.  It is anticipated
that maintaining the general shape and crest height of the shoal would serve to minimize impacts
to fisheries and nekton (see Planning Aid Report in Annex A, Part 4).

Assateague Island
Direct Impacts
As island width increases in the placement area, there will be a conversion of marine habitat to
terrestrial habitat.  Impacts to nekton resulting from this habitat loss are expected to be minimal
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since nearshore marine habitat is regionally abundant.  In addition, a short-term increase in
turbidity during placement may cause nekton to relocate from the placement area.

Indirect Impacts
The seaward shift of nearshore habitats and introduction and transport of a large volume of
sediments in the littoral zone may cause minor impacts to the food web.  Impacts will be limited
because of the compatibility of the placed material with the existing material and similarity of
sediment transport rates with-project to historic conditions.

7.1.2.f  Birds

This section only includes birds not recognized to be endangered, threatened, or rare by the
Federal government or the State of Maryland.  Potential impacts to these special status species are
considered in 7.3.3 Rare and Endangered Species.

Assateague Island
Direct Impacts
Impacts to shorebirds will be minimal due to geographic and/or time of year restrictions that
protect habitat within the National Seashore during nesting season.  The birds are less vulnerable
to disturbance at other times of year.  During placement, gulls and other scavengers will
congregate around the pipeline exit.  Since placement in Year 1 will occur away from nesting
grounds during the breeding season, and after the nesting season is over in Year 2, minimal
impacts to nesting shorebirds are expected.  It is expected that migratory birds will temporarily
relocate to other parts of the island during construction.

Indirect Impacts
Increased elevation and reduced overwash frequency will likely increase the proportion of the
northern end of the island having sparse vegetative cover (as opposed to bare sand).  This change
will increase habitat diversity on the island and favor species preferring more cover.  These
changes may cause a minor detrimental impact to species preferring bare sand substrate for
nesting purposes.

7.1.2.g Terrestrial Mammals

Direct Impacts
Mammals may avoid the placement area during construction.  Habitat quality in the placement
area is low, and avoidance of the area will cause no detrimental impacts to mammals.

Indirect Impacts
The proposed beach replenishment will cause a minor increase in vegetative habitat diversity on
the northern end of the island.  This will cause a minor increase in the availability of food and
cover for mammals on the northern end.  Minor positive or nonsignificant impacts to mammal
populations, including the ponies, are expected.
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7.1.3    Rare, Threatened, and Endangered Species

7.1.3.a  Piping Plover and Rare Beach-Nesting Bird Species

Direct Impacts
It is assumed in this consideration of potential project impacts that Piping Plover habitat needs
encompass the habitat needs of other rare beach-nesting bird species.  Direct impacts to Piping
Plover and other rare beach-nesting bird species will be minimized through a time-of-year
restriction on construction.  Construction activities will be restricted in the National Seashore
where Piping Plover nest and forage during the period from mid-March until about the first of
September.  This restriction should preclude detrimental impacts to Piping Plover during
courtship, nesting, and brood-rearing seasons.  Extensive coordination with the U.S. Fish and
Wildlife Service and MD. Department of Natural Resources (MDDNR) has been undertaken (see
Annex A, Part 7) to ensure that the project design is well thought out and carefully constructed
with regard to Piping Plover.  If post-construction modifications are deemed necessary as per the
Monitoring and Action Plan (Annex E), then the interagency working group will ensure that
remedial actions are implemented in a manner that causes minimal direct impacts to Piping Plover.

Indirect Impacts
Indirect impacts to Piping Plover and other beach-nesting bird species that could occur as a result
of augmented dune growth, vegetative succession, and infilling of moist interior flats include
increased predation, obstruction of chick walkways, and loss of valuable foraging areas.  These
risks have been minimized both through project design and by including the Monitoring and
Action Plan (Annex E) as a component of the project.  The constructed storm berm elevation has
been designed to maintain an overwash frequency that will limit vegetation development.  It is
expected that the constructed storm berm will lose elevation over much of its length during the
several months following its construction in the fall.  This reduction in height of the storm berm
from the design height will serve to further increase the frequency of overwash.  This should
nearly ensure that vegetative succession on the storm berm and island interior are minimal, and
should maintain the character of the island such that impacts to Piping Plover are minimal.  If the
project fails to perform according to expectations, post-construction modifications as outlined in
the monitoring and action plan will be undertaken to improve habitat conditions on the island for
Piping Plover (Annex E).  The monitoring and action plan establishes a protocol for timely
intervention to maintain habitat suitability on northern Assateague for Piping Plover.  (See
Biological Assessment in Annex A for further discussion.)

7.1.3.b  Sea Beach Amaranth

Direct Impacts
Since sea beach amaranth is not known to occur on the island now, no direct impacts are
expected.  This issue is addressed in more detail in the Biological Assessment in Annex A.

Indirect Impacts
The project may improve conditions for the proposed reintroduction of this plant to the island.
Overwash conditions currently maintain much of the northern end in a non-vegetated condition.
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The reduction in overwash frequency with the project is expected to allow some growth of
vegetation; this may improve conditions for the reintroduction of sea beach amaranth.  This issue
is addressed in more detail in the Biological Assessment in Annex A.

7.1.3.c  Sea Turtles

Direct Impacts
Direct impacts to sea turtles could be avoided either by restricting dredging from the end of
March through November or by selective use of, or modifications to, dredging equipment.
Unfortunately, weather conditions (primarily northeasters) make it unsafe to dredge from October
through March; therefore, it is not possible to complete the project during the time of year when
turtles would be absent from the project area.  The need to protect Piping Plover (see discussion
in 7.1.3.a) restricts activity on Assateague Island from spring through mid-summer, so it is not
possible to dredge even during the time of year when ocean water temperatures are somewhat
cooler and fewer sea turtles would be present.  Project modifications to protect sea turtles, such
as modifications to equipment and dredging methods, are more practicable than modifications to
protect Piping Plovers.  As a result, the project would be constructed when sea turtles are present
with provisions undertaken to protect them.  It is expected that these provisions will include
modifications of the dredging gear to include a  Waterways Experiment Station (WES) designed
turtle deflector, as well as dredging practice modifications, crew training, and the use of NMFS
approved observers. As part of the consultation requirements under the Endangerred Species Act
the Baltimore District is preparing a Biological Assessment for submission to the NMFS.
Coordination with NMFS has indicated that properly used approved sea turtle deflectors are likely
to eliminate significant adverse impacts to sea turtles in the project area, and seasonal restrictions
to protect the turtles will not be necessary.

Indirect Impacts
None are expected since no significant long-term impacts to the physical environment or
biological resources of the offshore shoals borrow area or nearshore waters of Assateague are
expected.  The suitability of Assateague Island as a nesting ground will not be significantly
altered, and no impacts to migratory patterns will occur.

7.1.3.d  Whales

Direct Impacts
It is unlikely that any whales will be in the project area during dredging or placement of material.
The hopper dredges will make a combined total of approximately 1,055 transits between the
borrow area and the pump-out point.  In order to prevent whales from being struck by the hopper
dredge when it transits from the borrow area(s) to the pump-out point, a spotter will watch for
whales and direct the vessel’s course to avoid striking any.  This issue will be discussed further in
the Biological Assessment currently being prepared by the Baltimore District.  At this time it is
expected that impacts to whales are unlikely to be significant.
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Indirect Impacts
None are expected since no significant long-term impacts to the physical environment or
biological resources of the offshore shoals borrow area or nearshore waters of Assateague are
expected.  No impacts to migratory patterns will occur.

7.1.3.e  White Tiger Beetles

Direct Impacts

Construction traffic and related disturbance by heavy equipment to move and configure the storm
berm could cause mortality of a substantial portion of the white tiger beetle larvae within the
project area.  However, the greatest concentration of tiger beetles occurs north of the project area
and should not be directly impacted.  This undisturbed area will serve as a refugium from which
tiger beetles can recolonize the remainder of the island following construction.

Indirect Impacts

It is expected that the relatively flat beach with frequent overwash that was designed to meet
habitat requirements of the Piping Plover will also likely meet the habitat needs for the state-
endangered white tiger beetle.  Given that a recent survey of the island has not been completed
and that little is known about habitat requirement of the tiger beetles, designing the project for
Piping Plover was considered to be the best strategy to protect the tiger beetle.

7.1.4  Hazardous, Toxic, and Radioactive Wastes (HTRW)

There are no known HTRW sites in the study area; therefore, no HTRW impacts are expected.
The Baltimore District has determined that there will be no effects from the FUDS site on
Assateague Island.

7.1.5  Reserves, Preserves, And Parks

7.1.5.a  Great Gull Banks Artificial Reef

Direct Impacts
No dredging will occur in the fish haven on Great Gull Bank in order to minimize impacts.
Dredging will generate turbidity; however, sediments are expected to rapidly settle out of
suspension because of the coarse grain size of the material, and minimal impacts are expected to
the fish haven.  Construction equipment may cause disturbance to nekton and may cause them to
relocate from the project area during dredging.  Permanent loss of sand is expected to have
negligible impact on the offshore shoal.

Indirect Impacts
No long-term impacts are expected since dredging will occur only during project construction.
No substantial alterations to the character of the offshore shoal are expected; the surface and
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overall configuration of the shoal will only be slightly altered from pre-project conditions, and
hydrodynamic conditions will not be altered.

7.1.5.b  Assateague Island State Park

Direct Impacts
We have coordinated extensively with the Maryland Department of Natural Resources, and
impacts to the State Park have been considered throughout the planning process.  The project will
benefit the State Park by increasing its beach.  The additional material will also help to reduce
detrimental impacts to park facilities and to existing constructed dunes, which  are occurring as a
result of sediment starvation.

7.1.5.c  Assateague Island National Seashore (AINS)

This report extensively discusses Direct Impacts and Indirect Impacts to the AINS in other
sections.  The National Park Service is a project sponsor and has been thoroughly involved in
designing the project.  The project will serve to maintain the geological integrity of the island and
to reduce the probability of a breach until a long-term solution can be implemented.

7.1.6  Land Use And Traffic Impacts

The proposed restoration at Assateague Island would occur along the  beach and would not
change land use in the area during or after construction.  Project activities are not expected to
cause any significant increase in road uses or changes in traffic.  Therefore, no significant adverse
impacts are expected.

7.1.7  Socioeconomic Impacts And Environmental Justice

7.1.7.a  Socioeconomic Impacts

Implementation of the beach replenishment will not significantly impact key, macroeconomic
elements of the local or regional economy.  The project’s scope is such that it will not affect the
long-term population, employment, or income trends in the study area.  It is possible that
implementation of the proposed action will, by stabilizing the northern section of Assateague
Island, prevent negative impacts to property values on the mainland behind the island, and reduce
costs incurred by boaters from increased channel shoaling in Sinepuxent Bay.  The extent and
magnitude of such effects is not, however, expected to alter economic activity in the study area.

Population trends are not expected to be impacted by project implementation.  Physical changes
are localized and not likely to effect current population trends.  No relocations of existing
households are required.  No existing population centers will be affected.  It is not expected that
residents will be inclined to relocate because of the project.

The impact of the proposed project on local or regional employment distribution is not expected
to be significant.  The project will not, in and of itself, spur growth in the major industries in the
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study area, nor will it stimulate significant growth in other, less dominant industries.  Tourism and
agriculture will continue to thrive with or without the project.

The impact of the proposed project on income in the study area will not be significant.  The
project will not change the  median household income, which currently lags significantly behind
the state-wide figure.

The beach replenishment proposed for Assateague Island may produce a minor and  temporary
increase in employment during construction and perhaps a slight increase in use of temporary
lodging. Any lodging requirements are likely to be met by existing facilities because construction
will not occur during periods of peak lodging usage by tourists. The proposed dredging and
placement will be accomplished by a small construction crew operating dredges, bulldozers and
trucks. These workers, if they do not live locally, will likely spend money in the area for food and
lodging. Therefore, socioeconomic impacts are expected to be slightly positive.

7.1.7.b  Environmental Justice Impacts

No significant adverse impacts under Executive Order 12989, dated February 11, 1994
(Environmental Justice in Minority Populations) are expected because there are no minority or
low income communities living near the beach replenishment area.

7.1.8  Recreation Impacts

Implementation of the beach replenishment proposed for Assateague Island is expected to have a
positive impact on recreational opportunities and the quality of recreational experience in the
localized area of project impact.  The project is expected to reduce the incidence of shoaling and
sand migration in Sinepuxent Bay behind Assateague Island.  This will prevent the navigation
channel in the bay from more severe clogging and minimize or eliminate probable boat damages.
The project may also benefit users of the marinas at resort developments on Sinepuxent Bay.
These recreational boaters will not lose access to the channel that could occur with migration of
large volumes of sand with a breach of the island.  Also, the probability of shoal-induced
groundings of recreational boaters will be reduced.  Another positive impact will be that users
from channels north of Sinepuxent Bay are not likely to lose access to the channel with project
implementation.

7.1.9  Cultural  And Historical Impacts

Cultural Investigations by the Baltimore District have indicated that there are no significant
cultural resources  in the offshore shoal area or in most of the area on Assateague Island.
Therefore no significant impacts to cultural and historic resources are expected in these areas.
However, investigations have indicated that  historical site WO154 “Dune Wreck” is within the
southernmost project. The District  is  performing a Phase II cultural investigation at this site.
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7.1.10  Irretrievable Uses of Resources

During beach replenishment, some resources will either be expended in construction activities or
impacted by those activities.  The most significant resource in the project area that will be
expended is the sand from the offshore borrow areas.  Because of the north to south drift of the
longshore current, sand that erodes from the project area will drift in a southerly direction out of
the project area and will be retained within the coastal ecosystem as beach, ocean, or bay bottom
mostly outside of the project area.

7.1.11  Impacts to Prime and Unique Farmland

Most upland soils within the coastal bays mainland watershed are categorized as prime or unique
farmland areas.  However, the type of activities being proposed for the mainland will probably
impact wetland or filled wetland soils, and no significant adverse impacts to farmland are
expected.

7.1.12  Impacts to Wild and Scenic Rivers

There are no federally designated wild or scenic rivers within the project area.  Consequently, no
impacts are expected.

7.2  LONG-TERM RESTORATION OF ASSATEAGUE ISLAND

At this time the long-term project has not yet been determined; however, it is expected that some
type of by-passing/back-passing system will be the selected project.  A by-passing system is
considered to be the most likely solution since it will serve to correct the disruption in the
longshore transport system that is the root of both the problems at Assateague Island and
navigation problems in the harbor, inlet, and shoals.  It has not been determined yet whether the
plan will involve permanent or mobile structures and equipment.

The restoration of sediment flow at historic rates by the use of a by-pass system should restore the
geological integrity and biological character of Assateague Island.  Vegetative habitat diversity
will increase and some low dunes may form.  It is possible that these changes may cause minor
detrimental impacts to Piping Plover and other beach-nesting bird species.  However, it is
expected that a substantial portion of the northern end of the island will remain low and vulnerable
to overwash, allowing disturbance to restore unvegetated habitat periodically.  In spite of this
potential impact, this course of action is preferable to routine beach nourishment of the island,
which requires substantial interference with the island on a regular basis.  Construction, operation,
and maintenance will be coordinated with the U.S. Fish and Wildlife Service, National Marine
Fisheries Service, and National Park Service to minimize impacts to rare species.

Minor short-term detrimental noise, air, and water quality impacts resulting from construction of a
by-passing project will occur.  The system may require the presence of a pipeline and pumps on
the northern 3.2 km (2 miles) of Assateague for several to many years.  This presence may be
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required because of the severity and nature of disruption to the longshore transport system that
has occurred over the more than 60 years since jetty construction.

In addition to the possible requirement of a pipeline and pumps on this portion of Assateague, the
long-term project may require the presence of equipment in the vicinity of the south jetty at Ocean
City.  Detrimental impacts to the aesthetic quality of the area will be minimized through
coordination with the town of Ocean City and the National Park Service.

A by-passing system will provide a long-term benefit to navigation by reducing input of sediment
to the flood and ebb-tidal shoals, which will presumably shrink in size.  The expected shrinkage of
the flood-tidal  shoals in the vicinity of the Route 50 bridge will result in a reduction of nesting
habitat for shorebirds and colonial waterbirds, including a number of endangered and threatened
bird species.  This habitat loss could be offset by creation of new islands or restoration of existing
islands elsewhere in the study area using material dredged from the Federal, state, or private
navigation channels.

Impacts to the economy and recreational appeal of Ocean City will be minimized through careful
coordination with the town.  Means to minimize these impacts may include a combination of site
selection, system design, and time of year restrictions.

7.3  RESTORATION OF SALT MARSH AND FORESTED WETLANDS

Construction activities for tidal and non-tidal wetland restoration may include excavation,
transport, placement, and grading of fill; filling or alteration of existing drainage ditches; shoreline
stabilization using rubble or geotubes; removal of undesirable vegetation mechanically or with
herbicide; application of fertilizer; and planting of vegetation.  These actions may cause minor
short-term detrimental impacts to water quality because of increased turbidity, release of materials
stored in fill, or runoff of fertilizer and herbicide.  These impacts will be minimized by
construction sequencing and best management practices.  Construction activities may also
temporarily disturb fish and wildlife.  Fish and wildlife may temporarily relocate from the area to
adjacent habitats during construction, but are expected to return upon completion of the projects.
Impacts to rare, threatened, and endangered species will be avoided by careful site selection and
or other means as necessary, such as time-of-year restrictions.  Long-term impacts resulting from
the restoration of lost habitat and environmental quality functions will be highly favorable to the
coastal bays ecosystem.

Although specific sites for salt marsh restoration have not been selected at this time, it is expected
that any sites that are identified will be on the shoreline of the northern coastal bays.  If salt marsh
is restored on fill, then the restoration will cause the loss of upland that might otherwise be used
for other purposes.  Restored salt marsh may cause local increases in nuisance insect populations,
including mosquitoes and biting flies.

Although specific sites for forested wetlands restoration have not been selected at this time, it is
expected that any sites that are identified will be on farmland or on land marginal for development
within the watersheds of the St. Martins River, Manklin Creek, Turville Creek, Herring Creek, or
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Newport Bay.  If forested wetlands are restored on farmland, then the restoration will cause the
loss of farmland.  However, potential sites for restoration will be focused on farmland that is only
marginally productive with high water table levels, so impacts to agricultural productivity are
expected to be minor.  If other lands that are marginal for development are selected, then no
detrimental impacts to society are expected.  Engineering required to restore hydrology will take
into account the requirement to avoid detrimental impacts to the hydrologic conditions of adjacent
properties.  Restored forested wetlands may cause local increases in mosquito populations.

7.4  CREATION OF HABITAT ISLANDS

Construction activities for island creation may include excavation, transport, placement, and
grading of dredged material and fill; shoreline stabilization using rubble or geotubes; application
of fertilizer; and planting of vegetation.  Island creation will cause the permanent loss of benthic
and open water habitat that the island replaces.  This impact will be minimized through a site
selection process that identifies and avoids environmentally significant areas as sites for island
creation.  Islands will be placed where there will be the least detrimental impact on the aquatic
ecosystem and minimal disruption to the physical environment.  Siting of bird habitat islands will
also include considerations to minimize vulnerability to human disturbance and predators, but with
protection, colonial birds can nest in harmony with man and can serve as a tourist attraction.
Islands will be sited to avoid or minimize impacts to commercial and recreational uses of the
coastal bays.  The impact of the loss of benthic and open water habitat will be non-significant
because of the relative abundance of benthic and open water habitat in the coastal bays.
Construction may cause minor short-term detrimental impacts to water quality because of
increased turbidity, release of materials stored in fill, or runoff of fertilizer and herbicide.  These
impacts will be minimized by construction sequencing and best management practices.
Construction activities may also temporarily disturb fish and wildlife.  Fish and wildlife may
temporarily relocate from the area to adjacent habitats during construction, but are expected to
return upon completion of the area of the projects.  Impacts to rare, threatened, and endangered
species will be avoided by careful site selection and or other means as necessary, such as time-of-
year restrictions.  The islands will be designed to provide local habitat enhancement to
compensate for the loss of benthic and open water habitat.

Although specific sites for habitat island creation have not been selected at this time, initial
screening results indicate that Isle of Wight Bay is a likely area.  The relative proportion of island
area that will be devoted to waterbird habitat and salt marsh has also not yet been determined, but
it is expected that some or all of the created islands will include both.  The benefits to populations
of colonial waterbirds that are expected to result from creation of nesting habitat should exceed
any negative effects that construction of the island might have on the aquatic ecosystem.  Creation
of salt marsh will also provide a significant positive contribution to the ecosystem of the coastal
bays.
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7.5  RESTORATION OF WATERBIRD NESTING HABITAT ON EXISTING
DREDGED MATERIAL ISLANDS

At this time the South Point Spoils island (Figure 1-1) appears to be a promising candidate for
restoration because it is highly significant as a nesting site for a variety of colonial waterbirds.
The viability of the site as a nesting ground is threatened by erosion.  Restoration of this dredged
material island may prove somewhat controversial because the island is surrounded by SAV, and
SAV beds are considered to be of great ecological significance.  Although a specific project to
restore the island has not been selected at this time, two measures are most likely.  The restoration
project could either stabilize the shoreline of the island and maintain it at its current size, or
restore a previous island footprint.  If the island is stabilized, short-term localized impacts to the
environment would occur as discussed in section 7.4 above.  Additional impacts would result,
however, from the need to cross over and work within existing perennial SAV beds.  Any work
undertaken would need to be carefully coordinated with other resource agencies.  If the project
consists of restoring the island to a previous footprint, then long-term impacts will include the loss
of SAV beds.  If this latter option is pursued, it will be proposed only if it is determined that the
relative gain in waterbird nesting habitat that will accrue is of substantially greater ecological
significance than the relative loss of SAV.

7.6  NAVIGATION

Increasing channel depth and width may induce changes in the inlet dynamics and the
hydrodynamics of the coastal bays.  An enlarged channel may alter the flow and current regime of
the inlet, which may in turn affect local current patterns and erosion.  However, most of the
Ocean City Inlet is already wide and deep and there are only a few isolated shallow areas that
would need to be dredged to widen or deepen the channel. Therefore, the hydrodynamics in and
around the inlet would  most likely  change only slightly with a navigation project. On the ocean
side, impacts of modifying the inlet on the ebb-tidal shoal and northern Assateague Island are of
concern.  On the bay side,  alterations in the tidal regime, salinity, and flushing characteristics of
the bays could occur.  These impacts will be minimized through numerical hydrodynamic
modeling of the potential plans by CERC to exclude those that may cause significant detrimental
impacts.

Past maintenance and dredging operations of the inlet channel and harbor have utilized
Assateague Island and Ocean City beaches for dredged material placement.  An analysis of the
quality and amount of the material to be removed will be required to determine whether beach
nourishment is a viable option.  This will likely continue in the future and will positively impact
the restoration of Assateague Island.  Dredged material could also be utilized for the creation or
rehabilitation of islands in the coastal bays.

The deepening and widening of the inlet and channel could increase navigation in the coastal bays
causing subsequent indirect and cumulative detrimental impacts to water quality and benthic
habitat, and increase recreational fishing.
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7.7  CULTURAL AND HISTORICAL IMPACTS OF NAVIGATION AND
ENVIRONMENTAL RESTORATION PROJECTS

The remainder of the study area has a long history of use by humans from the Paleolithic Period to
the present, but most of the cultural activity has been restrained to well-drained, upland portions
of the county.  All future project areas will be reviewed against known and predicted site
locations, and cultural resource surveys will be conducted if necessary.  It is considered that, in
general, impacts to cultural resources in the remainder of the project will be limited.

7.8  CUMULATIVE IMPACTS

Cumulative impact assessment requires consideration of impacts beyond the site-specific direct
and indirect impacts evaluated previously in this section.  It should expand the geographic
boundaries to consider the effects over an ecological community which extends beyond the
immediate site of the proposed action.  It is in this context that this section is written.

The project will restore a measure of geological integrity to Assateague Island that will reduce the
potential for damage and breaching.  This will contribute to the continued maintenance of
Assateague as an undeveloped barrier island by the National Park Service; this is of particular
importance given the relative scarcity of undeveloped barriers along the Atlantic coast.  No
additional infrastructure such as roads and lodging will be required at Assateague as a result of
the proposed project.  The project is not expected to change the number of people using the
project area.  However, visitation at Assateague is likely to increase as the population of the
eastern United States increases and there are fewer undeveloped areas like Assateague to enjoy.

The most significant ecological change requiring consideration herein is perhaps that the acreage
of unvegetated beach suitable as nesting habitat for beach-nesting birds (i.e., Piping Plover, terns,
Black Skimmer, and other species) may decrease.  This change is important both within the
coastal bays and along the entire Atlantic coastline since development, inlet stabilization, and
heavy recreational use have caused a substantial loss of natural, open sand beach that beach-
nesting birds can utilize.  However, the risk of detrimental cumulative impacts that could occur by
additional loss of unvegetated beach nesting habitat has been minimized both by project design
and by incorporation of the Monitoring and Action Plan (Annex E) into the project.  This is
expected to maintain the availability of a significant area of this habitat type on northern
Assateague.

Cumulative impacts to the offshore shoals within the project area are expected to be negligible
because of the relatively small volume of material that will be taken for this project, and because
of the minimal impacts these shoals have incurred to date.  However, consideration of cumulative
impacts to the habitat value of offshore shoals off the Maryland coast, as well as to the
irretrievable consumption of the mineral resources they contain, will require greater scrutiny in the
near future in the state of Maryland.  Offshore shoals within Maryland waters north of the Ocean
City Inlet outside of the project area are being heavily utilized as sources of sand for the
nourishment of the Ocean City beach.  Sand resources within Maryland state waters available for
use by Ocean City could conceivably be depleted between the years 2010 and 2025.  The
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increasing use of offshore shoals along the Atlantic coastline as sand sources for beach
nourishment, as well as for sources of sand and gravel for construction, necessitates
comprehensive consideration of long-term management of these non-renewable features in the
near future.

Cumulative impacts relating to navigation and beneficial use projects such as island and wetlands
creation are expected to be mostly positive.  Activities under consideration are not expected to
greatly increase the human use of the project area, increase the need for infrastructure such as
roads or lodging, or increase congestion on land or on the water.  The bird habitat and salt marsh
island creation projects are expected to increase habitat for fish and wildlife and provide support
to the coastal bays ecosystem.

7.9  ENVIRONMENTAL COMPLIANCE

For an activity or site to be environmentally acceptable, the location, design, and operation must
be in compliance with a number of environmental protection statutes and executive orders.  Table
7-3 outlines the statutes and executive orders that are potentially applicable to the project,
including the level of compliance.  The multiple organizations involved in the project and the
ongoing and open communication surrounding decisions have helped ensure complete compliance
with potentially applicable statutes and regulations.

The proposed action complies with applicable cultural resources statutes, including the state
Archaeological and Historic Preservation Act and the National Historic Preservation Act.  The
assessment included evaluation of archaeological and historic resources, economic and social
impacts, and interaction with coastal planning regulations.  The Maryland State Historic
Preservation office has been consulted, and coordination is ongoing.  No significant impacts to
cultural resources are expected.

The technical impact assessment documented in this report demonstrates that the project complies
with applicable components of the Anadromous Fish Conservation Act; Clean Air Act; Coastal
Barrier Resources Act; Coastal Zone Management Act; Estuary Protection Act; National Fishing
Enhancement Act; Outer Continental Shelf Lands Act, Marine Protection, Research, and
Sanctuaries Act; and the Rivers and Harbors Act.  The proposed action will be in full compliance
with the Clean Water Act when the State of Maryland issues a water quality certificate or if
Congress authorizes  the project and the EIS. At the present time, the Corps intends to apply for a
water quality certificate. The project also complies with all components of NEPA.

No significant impacts are expected to any rare, threatened, or endangered species; the project
will comply with the Endangered Species Act and the Marine Mammal Protection Act. Through
the intensive coordination process, the project complies with the Fish and Wildlife Coordination
Act.  In compliance with the Endangered Species Act, a Biological Assessment for the Piping
Plover was prepared.  The USFWS completed a Biological Opinion dated May 23, 1997 on the
effects of the project on Piping Plover and sea beach amaranth and concluded that implementation
of the project, as currently proposed, is not likely to jeopardize the continued existence of these
species.  The USFWS opinion provided a list of nondiscretionary reasonable and prudent
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measures to minimize incidental take of Piping Plover which must be undertaken to ensure
compliance with the Endangered Species Act.  These are provided within the text of the
Biological Opinion which is contained in Annex A, Part 7 of this report.  A Biological Assessment
for sea turtles and whales was prepared by the Baltimore District.  The Baltimore District and
NMFS are engaged in the consultation process required under the Endangered Species Act.  A
Biological Opinion has not yet been issued by NMFS, however no significant impacts to listed
threatened or endangered sea turtles or whales are expected.

A number of executive orders are applicable to the project.  The impact evaluation process
demonstrates that the project complies with Executive Orders number 11593), Protection and
Enhancement of the Cultural Environment; number 11514, Protection and Enhancement of
Environmental Quality; and number 12088, Pollution Control Standard,  and the Prime and
Unique Farmlands CEQ Memorandum.

The nature and design of the project explicitly incorporate compliance with Executive Orders
number 11988, Floodplain Management, and number 11990, Protecting Wetlands.

This project will comply with Executive Order number 12898, Environmental Justice in Minority
Populations and Low-Income Populations.  A Public Notice was sent out as part of the 1994
Reconnaissance study prepared by the Baltimore District and  two newsletters have been
distributed during the preparation of this feasibility study. An additional newsletter will be
distributed at the end of the study to inform  citizens of the results and recommendations of the
study. The Public Notice stated that any person who has an interest may request a public hearing.
No significant impacts are expected to occur to any minority or low income communities in the
project area. Furthermore,  the Working Group has involved the residents of Worcester  County
in the decision-making process via a series of public meetings. The fishermen who use the shoals
that would provide borrow material met Corps representatives three times. As a result of these
exchanges of information, it was determined that there would be no significant negative impacts
to this group. Any impacts would be short term and minor.

Through coordination with the applicable state and Federal agencies, it was determined that no
National Point Discharge Elimination System permit or Federal wetlands permit will be required
for the project. The project will be in compliance with the Coastal Zone Consistency Act and the
Clean Air Act Amendments.
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Table 7-3:  Compliance of the Proposed Action With Environmental Protection Statutes and Other
Environmental Requirements.

Federal Statutes                                                                                  Level of compliance1

Anadromous Fish Conservation Act Full
Archeological and Historic Preservation Act Full
Clean Air Act Full
Clean Water Act Full2
Coastal Barrier Resources Act Full
Coastal Zone Management Act Full
Comprehensive Environmental Response, Compensation and Liability Act N/A
Endangered Species Act Partial
Estuary Protection Act Full
Federal Water Project Recreation Act     Full
Fish and Wildlife Coordination Act Full
Land and Water Conservation Fund Act N/A
Marine Mammal Protection Act Full
Marine Protection, Research, and Sanctuaries Act Full
National Historic Preservation Act Partial
National Environmental Policy Act Full
Outer Continental Shelf Lands Act (OCSLA) Full
Resource Conservation and Recovery Act N/A
Rivers and Harbors Act Full
Watershed Protection and Flood Prevention Act N/A
Wild and Scenic Rivers Act N/A

Executive Orders, Memoranda, etc.
Protection and Enhancement of Environmental Quality(E.O 11514,1977) Full
Environmental Justice (E.O. 12898) Full
Protection and Enhancement of Cultural Environment (E.O.  11593) Full
Floodplain Management (E.O.  11988) Full
Protection of Wetlands (E.O. 11990) Full
Prime and Unique Farmlands  (CEQ Memorandum, 11 Aug 80) N/A
40 CFR 122.26 (B)(14), 19 Nov 1990 N/A

1  Levels of Compliance
 a.  Full Compliance:  having met all requirements of the statute, E.O.  or other environmental requirements for the

current stage of planning.
 b.  Partial Compliance:  not having met some of the requirements that normally are met in the current stage of

planning.
 c.  Non-Compliance:  violatio n of a requirement of the Statute, E.O. or other environmental requirement.
 d.  Not-Applicable:  no requirements for the statute, E.O.  or other environmental requirement for the current stage

of planning.
2  Compliance will be complete after the State of Maryland issues water quality certificate.
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Section 8

PROJECT IMPLEMENTATION

In accordance with the Water Resources Development Act of 1996, the Corps of Engineers is
authorized to carry out the restoration of Assateague Island pursuant to Section 111 of the River
and Harbor Act of 1968, as amended.  The Corps shall coordinate with the affected Federal and
State agencies and shall enter into an agreement with the Federal property owner to determine the
allocation of the project costs.  The sharing of project responsibilities will be defined in a
Memorandum of Agreement (MOA) to be signed by the Assistant Secretary of the Army for Civil
Works and the National Park Service.

A Project Management Plan (PMP), which describes the tasks, funding, and schedule through the
preconstruction, engineering and design (PED), and construction phases, has been prepared.
Since detailed design was accomplished during this feasibility phase, the PED phase will only
consist of preparation of the plans and specifications, and a project report.  No Design
Memorandums are required.   Funding for the PED phase will be fully Federal.  Following the
PED phase, the project will proceed to construction.  Based on the availability of funding,
construction could begin in July 1998.

8.1 LOCAL COOPERATION

The National Park Service, the Federal property owner of most of the project area, has agreed to
enter into an MOA with the Corps prior to construction.  There are 17 other property owners
affected by the project.  There are 16 private properties, as well as a portion of the State Park.
The National Park Service has agreed to acquire the private properties prior to construction and
the State of Maryland has agreed to provide easements for construction on their State Park
property.  The National Park Service has agreed to operate and maintain the project as described
in Section 6-3.

The MOA that will be prepared with the National Park Service will include the following items of
local cooperation and participation:

1.  Provide all lands, easements, rights-of-way, and relocations, as determined by the Federal
government to be necessary for the construction of the project, including any necessary
monitoring and corrective actions.

2.   Assure maintenance and repair during the useful life of the project as required to serve the
project’s intended purpose.

3.  Ensure continued public ownership or continued public use of the shoreline upon which the
amount of Federal participation is based, and ensure its administration for public use during the
economic life of the project.
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4. Ensure that any water pollution that could endanger the health of bathers will not be permitted
where the beach is used for recreational purposes.

5.  Provide and maintain necessary roads, parking, and other public-use facilities open and
available to all on equal terms.
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Section 9

PUBLIC INVOLVEMENT and AGENCY COORDINATION

Public involvement and agency coordination for the Ocean City Water Resources Study was
designed to be an integral part of the planning process. The purposes of the public involvement
program included informing the public and decision makers as required by NEPA; gathering
useful information; coordinating with citizens, interest groups, and agencies; assessing support for
the project; providing a mechanism for citizen input to the planning process; and explaining the
use of tax dollars to the taxpaying public.  Public involvement participants included the project
partners; natural resource management, regulatory, and planning agencies; citizen and interest
groups; and the general public.  Project cost-sharing sponsors are the Town of Ocean City,
Maryland Department of Natural Resources (DNR), National Park Service (NPS), and Worcester
County.

The public involvement program developed for this study was a continuation of a comprehensive
program completed during the reconnaissance phase of the project.  During the reconnaissance
phase activities; a broad scoping process was used to identify potential water resource problems
and solutions.  The reconnaissance public involvement program included a series of public
meetings and workshops, as well as meetings with interest groups, focus groups, and agency
representatives.  The product of the scoping efforts was a list of approximately 30 problems
relating to water resources in the Ocean City area.  Potential corrective plans were developed and
evaluated for the problems identified, a determination was made about Federal interest in
correcting the problems, and a cost estimation for a feasibility level study was prepared.  Four of
the 30 water resource problems were characterized as being in the Federal interest and are
addressed in the feasibility study.  The problems selected as Federal-interest projects include the
short- and long-term restoration of Assateague Island, navigation improvements, and ecosystem
restoration in the coastal bays

Similar to the reconnaissance level public involvement program, feasibility level activities were
organized into several stages, corresponding with the stages and tasks of other study activities.
Each stage provided different opportunities for public participation and resulted in specific
products.  Both the study team and other participants were committed to an extensive public
involvement program that included formal and informal meetings, correspondence, and
conversations.

The stages of the public involvement program, including project initiation, development of
preliminary and detailed plans, and completion of the planning process, were modified during the
feasibility study to provide the flexibility needed in a project with four separate components.
Meetings and other public involvement activities often included both preliminary discussions on
issues involving the three normally scheduled projects and decision-making discussions on the
short-term restoration.  Because of the complexity of the project, a variety of communication
techniques were employed throughout the study.
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Public involvement activities at the initiation of this phase of study included a newsletter, a public
information workshop, and publication of the Notice of Intent in the Federal Register.  The
newsletter reviewed the reconnaissance study accomplishments and provided information on the
feasibility phase.  The public workshop on May 9, 1996, was attended by approximately 100
people and provided information on the status of each of the study components.  A second
newsletter was prepared to provide information on the status of the project as well as to address
concerns and specific questions raised at the meeting.  Issues and concerns identified by the
meeting attendees, especially sedimentation in the back bays, were subsequently incorporated into
the project planning process.

Since the first public workshop, efforts have concentrated on smaller, more focused group
activities.  In addition to the regular monthly study team meetings, which include representatives
from five Federal, state, and local agencies, focus group meetings have been convened as
necessary to discuss issues or questions identified, such as how to add material to the northern
end of Assateague Island without negatively impacting Piping Plover habitat, and whether
removing sedimentary material from offshore shoals would harm the area fishery or change the
wave action along the beach.

The Corps will continue to meet with many agencies, interest groups, and members of the public
during the development of recommended alternatives for the remaining three components of the
feasibility study.  Following development, review, and revision of preliminary plans incorporating
the participation of the smaller groups, public information meetings will be held to present those
plans for review and comment.  After addressing pertinent comments, a last public meeting will be
held to present the recommended plan and to invite final comments.  In addition to these public
meetings, newsletters presenting information on the preliminary and recommended plans will be
distributed, and copies of the draft and final study reports will be made available by mail and in
local libraries.

The intent of the public involvement program was (1) to identify the several publics with an
interest in the project or that might be impacted by the project, (2) to encourage constructive
interaction with the study team, (3) to elicit the ideas, issues, and concerns important to each
group; and (4) to incorporate those ideas, issues, and concerns into the planning process.  Strong
and consistent agency coordination was critical throughout the study, and included formal written
communication, spirited interaction at study team meetings, assistance with presentations, and
participation at public meetings and workshops.  Extensive informal communication among
agencies also took place as questions were raised and answered during phone conversations and
in impromptu discussions.  Each interaction, meeting, and conversation was important to the plan
formulation process.

A summary and a copy of the letters, comments, and records of other communications are
included in Annex A.
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9.1  COOPERATION/COORDINATION WITH MINERAL MANAGEMENT SERVICE

During the sand source identification phase, it was determined that the active participation of the
Mineral Management Service (MMS), an agency of the U. S. Department of Interior, would be
necessary.  When sand and gravel from the Outer Continental Shelf (OCS) are being considered
for use in association with any project, the MMS must be consulted early in the design process to
fulfill its stewardship responsibilities and ensure compliance with any legal requirements governing
removal of those minerals.  The MMS’s role in such projects relates to its delegated legal
responsibilities under the Outer Continental Shelf Lands Act (OCSLA), for management and
conservation of federally owned OCS mineral resources.

In the past, the law required that rights to OCS minerals, such as sand and gravel, be awarded to
the party offering the highest cash bid in a competitive lease sale.  However, MMS’s newly
expanded authority (Amendment to OCSLA - P.L. 103-426) provides that they may now work
directly with state and local governments to negotiate noncompetitive leases for use of sand,
gravel, and shell resources for shore protection or other qualifying public works projects.

In addition, the new law requires that any Federal agency proposing to utilize OCS resources
enter into a Memorandum of Agreement (MOA) with the MMS.  The purpose of the MOA is to
ensure timely cooperation and coordination, to address overlapping environmental requirements,
and to specify terms and conditions for removal of the identified resource.  For example, the
MMS is required to evaluate environmental effects associated with the issuance of a
noncompetitive lease for use of  federally owned OCS sand.

Several meetings between representatives of the Corps and MMS have been conducted to
facilitate this cooperation.  Ongoing activities will include draft report and EIS review and
consultation meetings to ensure that all the potential MMS concerns are addressed.
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Section 10

SUMMARY and CONCLUSIONS

The watershed area of Ocean City, Assateague Island, and the Maryland coastal bays
offers many attractions that draw millions of seasonal visitors and part-time residents, as
well as growing numbers of new permanent residents.  The area offers a wide variety of
recreation opportunities and activities, from sandy beaches and noisy nightclubs to tranquil
nature trails and fascinating interpretive programs.  The wide open bays are home to many
birds and fish and provide a variety of recreational opportunities, such as boating, fishing,
sunbathing, birdwatching, water-skiing, and other water sports.  In addition to tourism,
the area and the State of Maryland benefit economically from a substantial fishing industry
that is based in Ocean City.  Commercial fishermen catch clams, marlin, tuna, sea bass,
and flounder.  Local marinas also offer facilities for permanent, seasonal, and transient
recreational boaters.  Tourists can enjoy day-long charterboat outings or fish for part of a
day on a “headboat.”  Small rental boats are also available for navigating through the
coastal bays.  On land, visitors have fun on the boardwalk, on amusement rides, or by
enjoying the numerous restaurants and hotels.

In a more natural setting, quieter amusements are available at the National Seashore and
State Park on nearby Assateague Island.  Assateague Island is a unique national treasure.
The importance of this natural resource became apparent in 1965 when Congress
designated the island a National Seashore and placed it under the management of the
National Park Service.   The Park Service has maintained the island in close to its natural
state while providing access to millions of visitors attracted to the island’s natural setting.
Assateague Island offers the peaceful pleasures of camping, canoeing, cycling, surf fishing,
sunbathing, crabbing, clamming, birdwatching, and enjoying the island wildlife, including
wild horses and deer.

Unfortunately, extensive population, development, large-scale agricultural operations, and
other human-induced factors are jeopardizing the quality of water resources in the coastal
bay watershed.  Water resources problems include degrading water quality, loss of
wetlands, loss of nesting habitat for waterbirds, increasing sediment in the coastal bays,
excessive erosion of the Assateague Island National Seashore, navigation difficulties, and
increased storm damages. As part of this  study, a comprehensive investigation of the
water resource problems is being performed, and solutions that will improve the
ecosystem as a whole are being developed.  The four components of the project being
investigated are (1) short-term restoration of Assateague Island, (2) long-term sand
placement, (3) navigation improvements, and (4) ecosystem restoration in the coastal
bays.

One cause of some of the water resource problems is the disruption of sediment
movement caused by the jetties that stabilize the Ocean City Inlet.  The jetties were
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constructed by the Corps of Engineers in 1934, after the inlet formed during a major storm
in 1933.  Since its formation over 60 years ago, the inlet has functioned as a thoroughfare
for boating traffic between the ocean and the coastal bays.  In addition to providing access
to the coastal bays, the jetties have disrupted the sediment supply between Ocean City and
Assateague Island.  Prior to the formation and stabilization of the inlet, the sand generally
traveled from Ocean City south to Assateague Island.  Since their construction, the jetties
have  prevented a large portion of the sand that would have otherwise reached Assateague
from reaching the island.  Consequently, the northern 11 km (6.8 miles) of the island
shoreline have been seriously affected.  The disruption in the natural longshore transport
of sediment between Ocean City and Assateague Island has resulted in adverse physical,
biological, and economic impacts to the area.  The result is an island that is not being
maintained in a natural condition, and that lacks the geologic integrity of a healthy barrier
island.  The island overwashes frequently, and the shoreline has eroded back towards the
mainland at an accelerated rate.  This has caused the loss of salt marshes and subtidal
habitat on the bay side of the island, the infilling and reduction in size of Sinepuxent Bay,
and a decrease of habitat diversity on the island.  It has also created navigation difficulties
through the inlet and back bays and has increased the vulnerability of mainland
communities to storm damages.  Since the degradation of Assateague Island was
determined to be an urgent problem, this interim study was accelerated so that a project
could be implemented expeditiously.

Under Section 111 of the River and Harbor Act of 1968, as amended, the Corps of
Engineers is authorized to mitigate for shore damage attributable to a Federal navigation
project. Through Section 534 of the Water Resources Development Act of 1996,
Congress authorized the Secretary to

“... expedite the Assateague Island restoration feature of the Ocean City
Maryland, and vicinity study, and, if the Secretary determines that the Federal
navigation project has contributed to the degradation of the shoreline, the
Secretary shall carry out the shoreline restoration feature.”

The future without project condition scenario for Assateague Island was investigated, and
these future conditions were found to be unfavorable for many reasons.  Due to the lack of
an adequate sediment supply, it is expected that northern Assateague Island would
continue to be degraded, and a breach would most likely occur on Assateague Island,
which could cause additional inlets to form.  This could occur during any substantial
coastal storm.  An additional inlet would change the dynamics of the area and would
create more environmental and economic problems.  Most importantly, the Assateague
Island National Seashore, a national treasure, would suffer significant loss.  In addition, it
is expected that considerable losses to wetlands would result, as well as losses of
recreational opportunities, damage to property, and hazards to navigation would result.

Numerous alternative solutions were evaluated based on completeness, efficiency,
effectiveness, and acceptability.  A plan was developed that would partially mitigate for
the past impacts caused by the construction of the jetties. The study team and the sponsors
utilized the best environmental, economic, and institutional data and criteria available to
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determine and develop this short-term plan. The short-term restoration plan includes
dredging approximately 1.4 million cubic m(1.83 million cubic yards) of sediment from
Great Gull Bank and placing it on Assateague Island between 2.5 km (1.6 miles) and 11.3
km (7 miles) south of the south jetty.  The distance across the beach in this area will be
increased to varying widths based on the erosion rates that affect each part of the beach.
A low storm berm will be constructed to an elevation of 3.3 m (10.8 feet) NGVD
(averaging 0.8 m in height) in the portion of the beach between 3 km (1.86 miles) south of
the inlet and approximately 10 km (6.2 miles) south of the inlet.  The placement will be
configured to restore the integrity of the island, and yet still be sensitive to the Piping
Plover, a threatened and endangered bird found on the island.   Positive impacts to the
region’s economic, cultural, recreational, and social resources are expected as a result of
the implementation of the recommended plan.  A monitoring and action plan has also been
developed to observe and protect the project area against possible negative impacts for a
period of 5 years after the short-term plan is implemented and until a long-term plan is
established.  The National Park Service will be responsible for maintenance of the project,
which is expected to be minimal.

This initial phase of the project, the short-term restoration of Assateague Island, partially
mitigates for the impacts on Assateague Island during the last 63 years.  We are also
currently developing long-term plans for preventing the future impacts that the inlet and
jetties will continue to have on Assateague Island and the surrounding area.  Some of the
alternative plans being evaluated for the long-term restoration are (1) constructing a fixed
by-passing plant, (2) dredging in and around the inlet on a routine basis and placing the
material on Assateague Island, and (3) removing the jetties.  The evaluation of these plans
is currently underway, and the selected plan will be documented in a draft feasibility
report, scheduled for completion in September 1997. The primary goal of the long-term
sand placement component of the project is that it restore, as much as possible, the natural
longshore transport process.  All of the long-term Assateague Island restoration plans
(except no action) will require the short-term component to be constructed initially;
therefore, the short-term plan will not preclude the long-term plans.  The importance of a
long-term plan is recognized; however, the approval of this short-term plan does not
commit the Federal government to the implementation of a long-term plan.  The
practicality of constructing the short-term project is tied to the feasibility of the long-term
project.  The schedule allows adequate time for evaluation of the long-term plan prior to a
decision for construction of the short-term project.

The estimated cost for the short-term restoration project, including 5 years of monitoring,
is $17.2 million.  As mentioned previously, the long-term plan has not yet been developed.
It may involve the construction of a fixed plant that would have a significant first cost, and
a relatively low annual maintenance cost, or it could include contracting dredges annually,
which would involve no first cost but would have a higher annual cost.  The estimated first
cost for the long-term restoration is between $0 and $10 million; and the estimated annual
operation and maintenance cost is between $400,000 and $2 million. Section 534 of the
Water Resources Development Act of 1996 authorizes the Corps of Engineers to restore
Assateague Island pursuant to Section 111 of the River and Harbor Act of 1968.  It states
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that the Secretary shall coordinate with affected Federal and State agencies and shall enter
into an agreement with the Federal property owner to determine the allocation of the
project costs. This report will provide a basis for that coordination.  There are four ways
this project could potentially be funded: (1) 100 percent by the National Park Service
under the Support for Others program; (2) 100 percent by the Corps of Engineers using
Section 111 authority; (3) 65 percent by the Corps and 35 percent  by the National Park
Service under the ecosystem restoration authority; or (4) some alternative cost-sharing
method.  The National Park Service, who administers the Assateague Island National
Seashore, has agreed to enter into a Memorandum of Agreement with the Corps and
provide lands, easements, and rights-of-way, as needed.  The State of Maryland has
agreed to provide easements for construction in the State Park. However, additional
coordination is necessary to fully define project implementation responsibilities.

[As of June 1998, the Ocean City, Maryland, and Vicinity Water Resources Integrated
Feasibility Report and Environmental Impact Statement was finalized, as were both
the short- and long-term components of the restoration of Assateague Island.  The
recommended long-term plan is for the “mobile bypassing” of sand via a shallow
mobile hopper dredge to remove sand that has been redirected to a number of sites,
and then bypassing it to Assateague Island.  This dredging will take place each year to
more closely mimic natural processes.  Sand will be bypassed from the updrift fillet,
ebb shoal, the navigation channels and flood shoals.  In order to avoid the creation of
new problems by taking too much sand from any one source or too frequently from the
same source (thus further disturbing the balance of the area), the project will be
monitored annually.  A team of decision makers led by the Corps, consisting at a
minimum of all the project sponsors (the NPS, the State of Maryland, Worcester
County, and the Town of Ocean City), will determine each year how much material
can be taken from each of the available sources.  Their decision will be based on the
monitoring results, which will indicate the rate at which the sources are being
naturally replenished after dredging.

The authority to implement the Assateague Island components of the project, both
short-term and long-term sand management, were provided by Section 534 of the
Water Resources Development Act of 1996.  This Act directed the Corps to implement
the restoration of Assateague Island pursuant to Section 111 of the River and Harbor
Act of 1968.  In addition, the Act authorized the expenditure of $35 million dollars for
both the short- and long-term restoration of Assateague Island.  The short-term
restoration project is estimated at $17.2 million.  At an annual cost of more than $1.1
million for long-term sand management, the project as authorized will carry the
project through to fiscal year 2011, assuming the project is fully federally funded.  For
the 25 year project duration, the estimated long-term sand management cost is
$25,243,000, or $43,773,000 fully funded.  Therefore, Congressional project
reauthorization of the project is recommended.  It stated that the Secretary shall
coordinate with affected Federal and State agencies and shall enter into an agreement
with the Federal property owner to determine the allocation of the project costs.  The
Corps is currently coordinating with NPS, the State of Maryland, Worcester County,
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and the Town of Ocean City to define project implementation responsibilities for both
the short-term restoration of Assateague Island and the long-term sand management.
All of the project sponsors support the recommended project.  The NPS, who
administers the Assateague Island National Seashore, has agreed to enter into a
Memorandum of Agreement with the Department of the Army.

The schedule for these two components of the Assateague Island restoration has also
been finalized.  This schedule allows 2 years for the construction of the short-term
sand management plan, with construction of the long-term plan to begin the year
following completion of the short-term plan.  The short-term sand management plan is
scheduled to begin construction in July 1999; the long-term plan, in summer 2001.]
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Section 11

RECOMMENDATION

In conducting this interim study, I have investigated the possibility of restoring Assateague
Island to mitigate for the adverse impacts caused by the construction of the Ocean City
Inlet jetties by the Corps of Engineers in 1934.  This investigation has been conducted as
authorized by a resolution of the Committee on Environment and Public Works of the
United States Senate, adopted May 15, 1991.

As part of this study, I have given consideration to the relevant aspects of public interest,
including environmental, social, economic, and engineering concerns.  The northern 11 km
(6.8 miles) of Assateague Island have been sediment starved due to the disruption in the
longshore sediment transport caused by the existence of the jetties.  This starvation has
caused excessive erosion of Assateague Island, a loss of salt marshes, a loss of subtidal
habitat, increased storm damage, and navigation difficulties.  If no action is taken to
restore the island, it will most likely breach, creating an additional inlet.  This would cause
even more environmental and economic problems.  The proposed project represents a
cost-effective plan that restores the environment.  Positive impacts to the region’s
economic, cultural, recreational, and social resources are expected as a result of the
implementation of the recommended plan.

On the basis of these evaluations, and with the support of various resource agencies, State
and local government, and citizens, I recommend that the Corps of Engineers mitigate for
the impacts caused by the Corps navigation project.  Through the Water Resources
Development Act of 1996, Congress has authorized the Corps of Engineers to pursue this
project under the authority of Section 111 of the River and Harbor Act of 1968, as
amended.  I recommend that 1.4 million m3 (1.8 million cubic yards) of material be
dredged from Great Gull Bank and placed on Assateague Island in the area between 2.5
km and 11.5 km (1.6 and 7 miles) south of the Ocean City Inlet.  The beach will be
widened various distances based on the varying erosion rates.  A low storm berm will be
constructed to elevation 3.3 m (10.8 feet) NGVD (averaging 0.8 m in height) between 2.5
km (1.6 miles) south of the inlet and approximately 10 km (6.2 miles) south of the inlet.
The estimated cost for the short-term restoration project including monitoring for 5 years
is $17.2 million. Section 534 of the Water Resources Development Act of 1996 states that
the Secretary shall allocate costs for the project pursuant to Section 111 of the River and
Harbor Act.  It also states that the Secretary shall coordinate with affected Federal and
State agencies and shall enter into an agreement with the Federal property owner to
determine the allocation of the project costs.  The National Park Service, who administers
the Assateague Island National Seashore, has agreed to enter into a Memorandum of
Agreement with the Corps, maintain and repair the project as needed, and provide lands,
easements, and rights-of-way, as needed.  The State of Maryland has agreed to provide
easements for construction in the State Park.  Additional coordination between the Corps
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and the National Park Service will occur  to fully define the implementation
responsibilities.

The recommendations contained herein reflect the policies governing formulation of
individual projects and the information available at this time.  They do not necessarily
reflect program and budgeting priorities inherent in local and state programs, or the
formulation of a national Civil Works water resources program.  Consequently, the
recommendations may be modified at higher levels within the executive branch before they
are used to support funding.

RANDALL R. INOUYE, P.E.
Colonel, Corps of Engineers
Commander and District Engineer
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ANNEX A

CLEAN WATER ACT

SECTION 404(b)(1) EVALUATION

ASSATEAGUE ISLAND RESTORATION

WORCESTER COUNTY, MARYLAND

MAY 1997

I.  Project Description

a.  Location

The project area includes northern Assateague Island, Great Gull Bank, the ebb-shoal of the
Ocean City Inlet, and the waters of the Atlantic Ocean separating these features (Figures 1-1 and
1-2).  The area is shown on National Ocean Service Chart No. 12211, and on the U.S. Geological
Survey Ocean City, Berlin, and Tingles Island 7.5' quadrangle topographic maps.

b.  General Description

The proposed action is a beach nourishment of Assateague Island utilizing sand dredged from
Great Gull Bank.  Sand may also be dredged from the ebb-shoal of the Ocean City Inlet.
Approximately 1,400,000 m3 (1,800,000 yd3) of sand will be placed along northernmost
Assateague Island's ocean shoreline.  The majority of this sand will be placed on the beach
immediately seaward of the existing berm along a reach from 2.5 km to 11.3 km (1.6 to 7 miles)
south of the Ocean City Inlet (Plate 6-1 through 6-4).  This will increase island width.
Approximately 10% of the sand will be used to construct a low storm berm setback from the
berm along the reach from 3 km to 10 km (1.9 to 6.8 miles) south of the inlet.  The storm berm
will serve to increase island height.

c.  Purpose

The purpose of the project is to restore a volume of sediment that has been lost to Assateague
Island because of interruption of the longshore transport system at Ocean City by the Corps of
Engineers jetties.  This will serve to partially restore the geological integrity of the island and
reduce the likelihood of the island breaching.  The restoration design is constrained by the need
to minimize detrimental impacts to the rare species that occur on the northern end of the island.
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d.  General Description of Discharge Material

(1)  Characteristics of Fill Material - The material consists of sand.

(2)  Fill materials
1,400,000 m3 (1,800,000 yd3) of fine to coarse grain sand (average is medium sand with grain-
size of approximately 1.62 φ with a standard deviation of 0.80 φ) will be used for the restoration.
Approximately 1,225,000 m3 (1,600,000 yd3) of the sand will be used to construct the berm
which will increase island width; 285,000 m3 (370,000 yd3) of the sand will be used to construct
the low storm berm which will increase island height.

(3)  Source of Material - Sand for the immediate restoration of Assateague Island will be dredged
entirely or primarily from Great Gull Bank .  Great Gull Bank is an offshore shoal located about
8 km (5 mi) east of Assateague Island in the Atlantic Ocean.  The shoal is oblong in shape and is
oriented southwest/northeast.  The shoal covers an area of approximately 4,900 ha (1,980 acres).
Maximum length and width are about 6 km (20,000 feet) and 1.8 km (6,000 feet) respectively.
The shoal contains 42,800,000 m3 (56,000,000 yd3) of sand.  Of this total volume,
approximately 6,890,000 m3 (9,000,000 yd3) is suitable for beach nourishment purposes.  Sand
will be dredged from an oblong-shaped area along the eastern margin of the southwestern
quadrant of Great Gull Bank.  The borrow area on Great Gull Bank is approximately 93 ha (230
acres) in size, with maximum dimensions of 3,050 m (10,000 feet) and 500 m (1,500 feet)
respectively parallel to the long and short axes of the offshore shoal.  Approximately 3 m (10
feet) of sand will be dredged from the borrow area on Great Gull Bank.  It is also possible that
the ebb-tidal shoal of the Ocean City Inlet will be used as a borrow source.  If the ebb shoal is
utilized, sand that has accumulated over the last several years either at the northern tip of the
shoal or along the outer edged will be used.  A maximum of 500,000 m3 (650,000 yd3) of sand
may be dredged from the ebb shoal.

e.  Description of the Proposed Discharge Site

The discharge site is the ocean shoreline of northern Assateague Island, and extends from 2.5 to
11.3 km (1.6 to 7 miles) south of the Ocean City Inlet (Plate 6-1 through 6-4).  This area is
world-renowned for its sediment starved conditions.  Nearly level topography characterizes the
placement area from 3 km (1.9 mi) to 10 km (6.2 mi) south of the inlet and dunes are generally
lacking (Figures 3-3 and 3-4).  The area is frequently overwashed (as many as 20 times per year)
and is largely devoid of vegetation.  North of 3 km and south of 10 km the island possesses
dunes and vegetation.  The placement area is notable for its concentration of rare beach-nesting
bird species, including Piping Plover (Federally listed as Threatened), Least Tern (State Listed as
Threatened), and American Oystercatcher (State Listed as Rare/Watch List).
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f.  Description of Dredging and Placement Method

Two Island Class hopper dredges with pump-out capability will be used to dredge sand for the
restoration.  Work will be done over two fall work seasons during the period of late August
through mid October.  Each dredge is capable of producing 219,073 m3 (286,520 yd3) of sand
per month.  Sand will be dredged off the shoal and pumped into the vessel which has an effective
hopper capacity of 1,444 m3 (1,888 yd3).  Each hopper dredge will transect the borrow area until
the hopper is full.  The hopper dredge will then travel to a pump-out point located about 600 m
(2000 feet) offshore of Assateague Island where a barge with a booster pump will be waiting.
The barge mounted booster pump will pump the sand in a slurry from the hopper dredge to the
beach through a steel pipeline.  The pipeline will lie on the seafloor oriented perpendicularly to
the shoreline and be marked with buoys.  The hopper dredge will then return to the borrow area
and resume dredging.  Approximately 1,055 transits from the borrow area to the pump-out point
will be made between the two hopper dredges.  Bulldozers will then be used to create areas to
trap and shape sand as it exits the pipeline to form the berm and dune.  Bulldozers will access the
project area from the state park.  Pumping of sand will be done for a maximum distance of up to
1,220 m (4,000 feet) north or south of where the pipeline crosses up onto the beach.  Beach
nourishment will be completed in sections of 2,450 m (8000 feet).  Once a 2,450 m section of the
project is built, the barge and booster pump would be moved to a new pump out point to
continue the project.  A minimum of three pump out points will be established.  Using the two
dredges simultaneously it will take a minimum of 3 months to complete the dredging.  Due to
environmental time constraints, work will be done over two years.  Work will begin in Year 1
within the State Park in July and proceed northward.  Work will commence in Year 2 within the
National Seashore after about September 1st.  Work will cease by late-October in both years,
weather permitting.  Inclement weather or equipment problems may increase the amount of time
required.

II.  Factual Determinations

a.  Physical and Substrate Determinations

(1) Substrate elevation and slope - Water depths on Great Gull Bank range from 5.8 (19 ft) to
about 15 m (50 ft).  Water depths on the seafloor adjacent to the offshore shoal range from 11 m
(36 ft) to about 18 m (60 ft).  Water depths in the southwestern quadrant of Great Gull Bank
where dredging is proposed range from 6 to 9 m (20 ft to 30 ft).  Slopes on the shoals are very
gentle, and range from 0.5 % to 2 %.  During dredging the borrow area on Great Gull Bank will
be lowered to 9 m depth.  The shoal crest and overall shape of the shoal will be maintained.
Following dredging, over a period of several months to years, partial infilling of the borrow area
is expected by sand transported from adjacent areas of the shoal.  Elevations on Assateague
Island in the placement area range from 2.5 m (8.2 ft) NGVD on the existing berm crest to -3 m
(-9.8 ft) NGVD in the nearshore.  Construction will alter substrate elevations and slopes to
conform to the specifications of the restoration construction template (Plate 6-5).  The
constructed storm berm will crest at 3.3 m (10.8 ft) NGVD, and the berm crest will be extended
seaward.  After several months of wave and tidal action causing net seaward transport of material
placed in the berm, the design configuration of the berm will be obtained.  Over the same period
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of time, the constructed storm berm is expected to generally lose elevation due to deflation from
prevailing winds from the northwest/west.  Over a several year period, additional material will be
available for landward transport during overwash events in the placement area and downdrift of
the placement area.  Localized infilling of interior depressions and subsequent dune growth are
expected, however interior slopes and elevations on Assateague Island landward of the
constructed storm berm are not expected to change significantly on a landscape scale following
construction.

(2) Sediment Type - The existing sediment on Great Gull Bank possesses a grain-size of
approximately 1.62 φ (medium sand) with a standard deviation of 0.80 φ (one standard deviation
includes sand ranging from coarse to fine).  The project will remove 3% of the shoal.  Sand at the
placement area along northern Assateague ranges from an average grain-size of 1.76 φ (medium
sand) at the "dune" base, to 1.15 φ (medium sand) at mean low water, to 2.23 φ (fine sand) on the
nearshore sand bar crest.

(3) Dredged/Fill Material Movement - Sand placed on Assateague Island to form the berm
according to the construction template will be immediately attacked and moved by waves and
tides.  After a period of several months the constructed berm is expected to conform to the design
template (Plate 6-5).  Shoreline erosion will continue in the placement area at the same rate as
prior to construction, about 5 m/yr (16 ft/yr).  By the end of the third year following construction
only about half of the project area shoreline will still lie seaward of the shoreline position at the
time of construction.  On average, the shoreline will have returned to its pre-construction
position.  By the end of year 4 the shoreline throughout the majority of the project area will have
eroded to about 5 m (16 feet) west of its position at the time of construction.  Following
construction, longshore transport will move the placed material southward at a rate of
approximately 190,000 m3/yr (248,000 yd3/yr).  A percentage of the placed material carried
downdrift will be available for deposition on the island during overwash events, and may
measurably increase island width over a distance of up to 15 to 18 km (9.3 to 11.2 miles) south
of the inlet over a period of several years.  After approximately 7 yrs it is expected that the fill
material will have been effectively removed from the placement area beach and nearshore if no
long-term solution is implemented.  However, it is expected that a long-term solution will be
implemented after year 2.  It is expected that this solution will be designed to slow both the
erosion rate and rate of loss of material to the longshore transport system to natural pre-jetty rates
(3 m/yr (10 ft/yr) and 150,000 m3/yr (196,000 yd3/yr) respectively).  Material placed to form the
constructed storm berm on Assateague will be subject to deflation by prevailing winds from the
west/northwest immediately following construction.  Much of the sand will be transported in an
offshore direction.  However, it is expected that localized increase in storm berm height will
occur and low discontinuous dunes may form during periods of wind reversal.
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(4) Other Effects - 

(5) Actions Taken to Minimize Impacts - Dredging impacts to the physical character of the Great
Gull Bank will be minimized by delineation of the borrow area to avoid the shoal crest, and by
dredging a maximum of 3 m (10 feet) off the offshore shoal.  To minimize physical impacts
during the placement of sand on Assateague bulldozers will be used to trap and shape sand as it
exits the pipeline  All work will conform to the requirements of the State water quality
certificate.  Construction specifications provided to the contractor state that compliance is
mandatory for all applicable environmental protection regulations for pollution control and
abatement.

b.  Water Circulation, Fluctuation, and Salinity Determinations

(1) Water
 (a) Salinity - No change expected.
 (b) Chemistry - No change expected.
 (c) Clarity - Minor and temporary reduction expected during construction due to
turbidity.  No long-term impact expected.
 (d) Color - Minor and temporary change expected during construction due to minor
increase in turbidity.  No long-term impact expected.
 (e) Odor - No change expected.
 (f) Taste - Not applicable.
 (g) Dissolved Gas Levels - No change expected.
 (h) Nutrients - No change expected.
 (i) Eutrophication - Not expected to occur.
 (j) Temperature - No change expected.

(2) Current Patterns and Circulation
 (a) Current Patterns and Flow - Following placement of material on Assateague, the
shoreface will be steeper than in nature, causing wave energy to be concentrated on the seaward
side of the berm.  After several months, a profile will be achieved which is in equilibrium with
natural conditions, causing wave action and water circulation to achieve pre-project conditions.
The borrow area on the offshore shoal will have a slope comparable to the existing shoal bottom
and no significant alteration in current patterns are expected.
 (b) Velocity - Reduction in the height of the shoal will allow a minor and negligible
increase in velocity of the predominantly southerly currents.  These currents are very slow and
no negative environmental impacts are expected from this change.
 (c) Stratification - No change expected.
 (d) Hydrologic Regime - Minor and non-significant change expected concomitant with
minor changes in current patterns and velocity.

(3) Normal Water Level Fluctuations - No change expected.

(4) Salinity Gradients - No change expected.
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(5) Actions That Will Be Taken to Minimize Impacts - Not applicable.

c.  Suspended Particulate/Turbidity Determinations

(1) Expected Changes in Suspended Particulates and Turbidity Levels in Vicinity of Placement
Site - Minor, localized, and short-term impacts are expected to occur during both dredging and
placement.  Coarse grain-size of material will cause rapid settling of dredged and placed
material.  Turbidity levels are expected to rapidly return to background levels once dredging is
completed.

(2) Effects (degree and duration) on Chemical and Physical Properties of the Water Column
 (a) Light Penetration - Minor, temporary, and localized reduction in light penetration due
to turbidity may occur during dredging on Great Gull Bank and in nearshore of Assateague
during placement.  No change expected after construction.
 (b) Dissolved Oxygen - Minor, temporary, and localized reduction in dissolved oxygen
due to turbidity may occur during construction.  No change expected after construction.
 (c) Toxic Metals and Organics - No toxic metals or organics are expected to be released
into the water column.  No change expected after construction.
 (d) Pathogens - No pathogens are expected to be released into the water column.
 (e) Aesthetics - A temporary and minor reduction in aesthetic value within the area of
construction is expected to occur during construction activities.  No change expected after
construction.
 (f) Temperature - No change expected.

(3) Actions Taken to Minimize Impacts -  Construction methods are based on previous beach
nourishment projects at Ocean City in which measures taken to reduce environmental impacts
that would occur from loss of sand also generally reduce costs.  Best management practices will
minimize turbidity created by construction activities.

d.  Contaminant Determinations
Environmental coordination letters and historical research indicate that no contaminant sources
are located in the area  which will be affected by the construction.  Clean sand will be used for
the restoration; therefore, no significant levels of contaminants are anticipated to be released into
the water column.

e.  Aquatic Ecosystem and Organism Determinations

(1) Effects on Plankton - Impacts from entrainment into the dredge and because of potential
turbidity during construction are anticipated to be minor and temporary.  No detrimental long-
term impacts are expected.

(2)  Effects on Benthos - Dredging of Great Gull Bank will destroy relatively non-motile benthic
organisms that inhabit the site.  It is expected that benthos will recolonize the area and return to
pre-project levels within several months to a year following dredging.  Placement of fill material
on the beach and in the nearshore will destroy relatively non-motile benthic organisms that
inhabit the site.  It is expected that benthos will recolonize the area and return to pre-project
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levels within several months to a year following dredging.  The increased width of Assateague
Island will directly displace and cause the loss of a negligible amount of surf zone and nearshore
shallow water habitat.  As the island retreats this habitat will be restored within several years.
Negligible and temporary impacts may occur during construction as a result of increased
turbidity.

 (a)  Primary Production, Photosynthesis  -  Minor, temporary, and localized reduction in
photosynthesis and primary production due to turbidity may occur during construction.  No
change expected after construction.
 (b) Suspension/Filter Feeders - Dredging will destroy relatively non-motile
suspension/filter feeders that inhabit the Great Gull Bank site.  Placement of sand will smother
and destroy relatively non-motile suspension/filter feeders that inhabit the nearshore.  Minor,
temporary, and localized impacts to suspension and filter feeders in the dredging area and
placement zone may occur due to turbidity created by construction activities.  Suspension and
filter feeders are expected to recolonize the dredging and placement sites and recover to pre-
project levels within several months to a year following project construction.
 (c) Sight Feeders  -  Minor, temporary, and localized impacts due to turbidity may occur
during construction.  Non-significant change expected after construction.

(3) Effects on Nekton  -  The placement of fill material is anticipated to temporarily affect the
distribution of nektonic organisms during construction activities.  Nekton will return to borrow
and placement areas immediately following construction.

(4) Effects on Aquatic Food Web  -  The aquatic food web is anticipated to be temporarily
impacted to a minor degree by construction activities.  Initial loss of benthic and open water
habitat is expected to cause negligible detrimental impacts to the aquatic food web.  Probable
gain in tidal wetlands and SAV beds on lee of island is expected to produce a benefit to the
Sinepuxent Bay aquatic food web.

(5)  Effects on Special Aquatic Sites
 (a) Sanctuaries and Refuges  -  Beach nourishment will take place on Assateague Island
National Seashore and Assateague State Park.  Impacts to these parks and discussed extensively
in this document.  Dredging will take adjacent to an area designated by the state as a fish haven.
Impacts to the fish haven will be minimal since the fish haven was excluded from consideration
as an area to be dredged.
 (b) Wetlands  - The project will induce formation of tidal wetlands on lee side of
Assateague Island and serve to protect mainland tidal wetlands from loss to erosion that would
occur if inlet occurred.  However, the project will prevent formation of additional salt marsh that
would form on flood-tidal shoals that would form in a breach.
 (c) Tidal flats  -  The project will reduce overwash frequency which is forming tidal flats
on the lee side of Assateague.  This will cause a reduction in the rate of tidal flat formation.
Existing tidal flats will be more rapidly colonized by salt marsh vegetation.
 (d) Vegetated Shallows  -  Reduction in rate of overwash frequency may facilitate
formation of SAV beds in lee of Assateague.
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(6) Threatened and Endangered Species -  Threatened and endangered species known to occur in
the project area are listed in Table 2-1.  To prevent entrainment of sea turtles in the dredge, each
dredge will be equipped with a WES designed turtle excluder device and will utilize  observers
approved by the National Marine Fisheries Service for this purpose.  To prevent whale-strikes an
observer on the hopper dredge will scan for whales.  Coordination with the NMFS has indicated
that with the above safeguards, significant adverse impacts to sea turtles and mammals are
unlikely. Impacts to the rare species occurring on the island will be avoided by time of year
restrictions, construction sequencing, and project design.  In addition, for Piping Plover a long
term monitoring and mitigation plan has been established which will allow corrective action to
be taken should any detrimental impacts to plovers occur because of the project.

(7) Other Wildlife  -  Detrimental impacts to other wildlife are expected to be non-significant as
the placement area has limited habitat value.  After completion, the project will provide and
maintain overwash habitat on Assateague Island, but should also cause a minor increase in
habitat diversity which should benefit other barrier island species.

(8) Actions to Minimize Impact  -  Construction activities will be sequenced to avoid work during
the time of year when rare beach-nesting birds are in placement area.

f.  Proposed Disposal Site Determinations

(1) Mixing Zone Determination -  Coarse grained-sand will rapidly settle to the bottom both at
the dredging site and at the placement site.

(2) Determination of Compliance with Applicable Water Quality Standards  -  Construction
activities will be conducted in accordance with all applicable state water quality standards.

(3) Potential Effects on Human Use Characteristic
 (a) Municipal and Private Water Supply - Not applicable.
 (b) Recreational and Commercial Fisheries  -  Minor short-term negative impact to
commercial fishery anticipated during dredging and following loss of benthos.  Benthic fauna on
Great Gull Bank is expected to recover within several months to a year following dredging.  No
long-term impact to fisheries are expected from placement of material on Assateague.
 (c) Water Related Recreation  -  Positive impact expected, project will allow for
maintenance of access to Assateague Island for pedestrians by reducing likelihood of breach.
Reduced frequency of overwash will slow infilling of Sinepuxent Bay by sand, reducing the rate
of loss of navigable waters.
 (d)  Aesthetics -  A temporary and minor reduction in aesthetic value within the area of
construction is expected to occur during placement and shaping activities on Assateague Island.
The restored island will maintain the aesthetic conditions that make the area a tourist attraction.
 (e) Parks, National and Historical Monuments, National Seashores, Wilderness Areas,
Research Sites, and Similar Preserves - A fish haven is located on Great Gull Bank, but dredging
will occur several miles to the south of the area and no impacts are expected.  The project will
serve to maintain the integrity of Assateague Island National Seashore and State Park and has
been fully coordinated with the National Park Service and Md. DNR.
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g.  Determination of Cumulative Effects on the Aquatic Ecosystem - This project will contribute
to the maintenance of Assateague as an undeveloped barrier island by the National Park Service
by restoring a measure of the island’s geological integrity.  This is of particular importance given
the relative scarcity of undeveloped barriers along the Atlantic coast.  The project will contribute
incrementally to the loss of offshore shoals as fish habitat and sand resources.  Cumulative
environmental impacts of this loss are not known.

h.  Determinations of Secondary Effects on the Aquatic Ecosystem  -  Indirect effects resulting
from the project have been discussed previously in this analysis under each category.  No
significant detrimental secondary effects are anticipated.

III.  Finding of Compliance

a.  Adaptation of the Section 404(b)(1) Guidelines to This Evaluation - No adaptations of the
Guidelines were made relative to this Evaluation.

b.  Evaluation of Availability of Practicable Alternatives to the Proposed Discharge Site Which
Would Have Less Adverse Impact on the Aquatic Ecosystem. - The project is by its nature
water-dependent and will require activity within the aquatic realm.  The completed project will
restore the geologic integrity of Assateague Island National Seashore for an interim period of
time until a long-term solution can be implemented.

c.  Compliance With Applicable State Water Quality Standards. - The proposed placement of fill
material will be in compliance with Maryland state water quality standards.

d.  Compliance With Applicable Toxic Effluent Standard or Prohibition Under Section 307 of
the Clean Water Act. - The proposed fill material is not anticipated to violate the Toxic Effluent
Standard of Section 307 of the Clean Water Act.

e.  Compliance With Endangered Species Act of 1973 - The project will not significantly
detrimentally impact any endangered species or its critical habitat, and is therefore in compliance
with the Endangered Species Act of 1973.  To avoid detrimental impacts the needs of
endangered species were incorporated into the project design, construction sequencing, dredging
methodology, and monitoring and mitigation plan.

f.  Compliance With Specified Protection Measures for Marine Sanctuaries Designated by the
Marine Protection, Research, and Sanctuaries Act of 1972 - No Marine Sanctuaries, as
designated in the Marine Protection, Research, and Sanctuaries Act of 1972, are located within
the study area.

g.  Evaluation of Extent of Degradation of Waters of the United States - The proposed placement
of fill material will not result in significant adverse impacts on human health and
welfare, including municipal and private water supplies, recreation and commercial fishing,
plankton, fish and shellfish, wildlife, and special aquatic sites.  The life stages of aquatic life
and wildlife will not be significantly adversely affected.  Significant adverse impacts on aquatic
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ecosystem diversity, productivity and stability, and recreation, aesthetics and economic values
will not occur as a result of the project.

h.  Appropriate and Practicable Steps Taken to Minimize Potential Adverse Impacts of the
Discharge on the Aquatic Ecosystem - Appropriate steps will be taken to minimize potential
adverse impacts of placing the fill material in the aquatic system.  The project construction
sequence was designed to minimize adverse aquatic impacts, and best management practices will
be utilized during construction to minimize adverse environmental impacts.  Once completed, the
project is expected to mimic the natural condition of the barrier island.

i.  On the basis of the guidelines, the proposed discharge site for the material is specified as
complying with the inclusion of appropriate and practical conditions to minimize pollution
or adverse effects on the aquatic ecosystem.
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ANNEX A, PART 2

State Water Quality Certificate



The Water Quality Certificate will be applied for.
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ANNEX A, PART 3

Supplemental Biological Resources Information



Amphibians
A list of amphibians that are likely to occur within the terrestrial, wetland, and freshwater aquatic
habitats of the coastal bays watershed was prepared by consulting maps in Conant and Collins
(1991) and Harris (1975).  This potential list of species includes:

Common Name                                  Scientific Name
northern crickert frog (Acris crepitans)
marbled salamander (Ambystoma opacum)
eastern tiger salamander (Ambystoma tigrinum)
american toad (Bufo americanus)
fowler's toad (Bufo woodhousii)
dusky salamander (Desmognathus fuscus)
northern two-lined salamander (Eurycea bislineata)
eastern narrowmouth toad (Gastrophryne carolinensis)
four toed salamander (Hemidactylium scutatum)
green treefrog (Hyla cinerea)
gray treefrog (Hyla versicolor/chrysoscelis)
red-spotted newt (Notophthalmus viridescens)
redback salamander (Plethodon cinereus)
northern spring peeper (Pseudacris crucifer)
New Jersey chorus frogs (Pseudacris triseriata)
mud salamander (Pseudotriton montanus)
bullfrog (Rana catesbeiana)
green frog (Rana clamitans)
pickerel frog (Rana palustris)
wood frog (Rana sylvatica)
southern leopard frog (Rana utricularia)
carpenter frog (Rana virgatipes)
spadefoot (Scaphiopus holbrookii)

Sixteen species of amphibians are known to occur on Assateague Island (Mitchell et al., 1993).
Some of the most common are:

Fowlers toad Bufo woodhousii
bullfrog Rana catesbeiana
green frog Rana clamitans
southern leopard frog Rana sphenocehpla
green tree frog Hyla cinera
New Jersey chorus frog Pseudacris triseriatai



Benthos
Detailed information on nearshore benthos of Assateague Island will be available following
completion of a 3 year Benthic Invertebrate Divesity Study which began in 1994 (Counts and
Clements, 1995).  Sampling for benthos is being conducted during three sampling periods:  July,
October, and April.  Initial results are available at three stations:  OS-2; OS-7; and OS-12.
Sampling station OS -2 is located approximately 3 km south of the inlet and corresponds with
profile GPS-2.  OS-7 is located along profile GPS-7 approximately 10 km south of station OS-2.
Station OS 12 is located along profile GPS-12 approximately 20 km south of station OS-2.  The
table below presents the most numerous species collected in the summer and fall of 1994.

Table of benthos collected off Assateague Island in Summer and Fall 1994.

Station Species
OS-2 Neomysis americana, Psammonyx nobilis, Scolelpis squamata, Emerita talpoida, and

Parahaustorius holmesi
OS-7 Emerita talpoida, Neomysis americana, Scolelepis squamata, Psammonyx nobilis, and

Aschelminthes nematoda
OS-12 Neomysis americana, Scolelepsis squamata, Psammonyx nobilis, Emerita talpoida, and Eutima

mira

A species list of molluscs occurring in the waters surrounding the island is available in Counts and
Bashore (1991).







Birds
Several references are available that provide information on birds in the study area.  For
Assateague Island these include Kirkpatrick and others (1992) for waterfowl and Kumer (1996)
for shorebirds.  Regional information on colonial waterbirds can be found in Brinker and others
(1996).  Regional information on neo-tropical migrants can be found in Mabley and others (1993).
The geographic position of the Delmarva peninsula invites a wide variety of northern and southern
species to utilize the area.  Notable and common birds utilizing the coastal bays watershed are
likely to include the following species (Scott, 1991):

Species Species
American bittern brown thrasher
American black duck Canada goose
American coot canvasback
American goldfinch Cardinal
American kestrel Carolina chickadee
American oystercatcher Carolina wren
American redstart Caspian tern
American robin cattle egret
American widgeon cedar waxwing
bald eagle cerulean warbler
barn owl chipping sparrow
barred owl chuck-will’s widow
black and white warbler clapper rail
black-bellied plover common crow
black-billed cuckoo common gallinule
black-capped chickadee common merganser
black-crowned night heron common tern
black skimmer cooper’s hawk
black vulture downy woodpecker
black rail dunlin
black scoter eastern kingbird
blue-gray gnatcatcher eastern meadowlark
blue grosbeak eastern wood peewee
blue jay European starling
blue-winged teal evening grosbeak
boat-tailed grackle field sparrow
bobolink fish crow
brant Forster’s tern
broad-winged hawk gadwall
brown creeper glossy ibis
brown pelican golden crowned kinglet
brown-headed cowbird golden eagle
brown-headed nuthatch grasshopper sparrow



gray catbird pine siskin
great blue heron pintail
great-creasted flycatcher piping plover
great egret prairie warbler
great horned owl prothonotary warbler
greater black-backed gull purple finch
greater scaup purple gallinule
green-winged teal red-bellied woodpecker
green heron red-breasted merganser
hairy woodpecker red-breasted nuthatch
Henslow sparrow red-eyed vireo
herring gull red-headed woodpecker
hooded merganser red-shouldered hawk
hooded warbler red-tailed hawk
horned lark red-winged blackbird
house finch redhead
house sparrow red knot
house wren ring-billed gull
indigo bunting rough-legged hawk
Kentucky warbler royal tern
king rail ruddy duck
laughing gull ruddy turnstone
least bittern rufous-sided towhee
least sandpiper sanderling
least tern sandwich tern
lesser scaup Savannah sparrow
little blue heron saw-whet owl
long-eared owl scarlet tanager
Louisiana waterthrush screech owl
mallard seaside sparrow
marsh wren sedge wren
mourning dove semi-palmated plover
nighthawk semi-palmated sandpiper
northern bobwhite sharp-shinned hawk
northern flicker sharp-tailed sparrow
northern harrier short-eared owl
northern mockingbird short-billed dowitcher
northern oriole snow geese
northern shoveler snowy egret
oldsquaw snowy owl
osprey song sparrow
ovenbird sora
phoebe southern orchard oriole
pileated woodpecker summer tanager
pine warbler surf scoter



swamp sparrow
Swainson’s warbler
tri-colored heron
tufted titmouse
tundra swan
turkey vulture
Virginia rail
whimbrel
whippoorwill
white-eyed vireo
white flicker
white-rumped sandpiper
white-winged scoter
willet
Wilson’s plover
wood duck
woodcock
wood thrush
worm-eating warbler
yellow-billed cuckoo
yellow-breasted chat
yellow-crowned night heron
yellow-rumped warbler
yellow-throated vireo
yellow-throated warbler
yellow warbler











Mammals
A list of mammals that are likely to occur within the terrestrial, wetland, and freshwater aquatic
habitats of the coastal bays watershed was prepared by consulting maps in Burt and
Grossenheider (1976).  This potential list of species includes:

Common Name Scientific Name
short-tailed shrew (Blarina brevicauda)
coyote (Canis latrans)
beaver (Castor canadensis)
boreal redback vole (Clethrionomys gapperi)
star-nosed mole (Condylura cristata)
least shrew (Cryptotis parva)
opossum (Didelphia virginiana)
big brown bat (Eptesicus fuscus)
southern flying squirrel (Glaucomys volans)
silver-haired bat (Lasionycteris noctivagans)
red bat (Lasiurus borealis)
hoary bay (Lasiurus cinereus)
seminole bat (Lasiurus seminolus)
river otter (Lutra canadensis)
groundhog (Marmota monax)
skunk (Mephitis mephitis)
meadow vole (Microtus pennsylvanicus)
house mouse (Mus musculus)
long-tailed weasal (Mustela frenata)
mink (Mustela vison)
keen myotis bat (Myotis keenii)
little brown bat (Myotis lucifugus)
small-footed myotis bat (Myotis subulatus)
evening bat (Nycticeius humeralis)
white-tailed deer (Odocoileus virginianus)
muskrat (Ondatra zibethica)
rice rat (Oryzomys palustris)
white-footed mouse (Peromyscus leucopus)
eastern pipistrelle (Pipistrellus subflavus)
pine vole (Pitymys pinetorum)
raccoon (Procyon lotor)
house rat (Rattus norvegicus)
eastern mole (Scalopus aquaticus)
gray squirrel (Sciurus carolinensis)
fox squirrel (Sciurus niger)
masked shrew (Sorex cinereus)
eastern cottontail rabbit (Sylvilagus floridanus)
bog lemming (Synaptomys cooperi)
eastern chipmunk (Tamias striatus)



red squirrel (Tamiasciurus hudsonicus)
gray fox (Urocyon cinereoargenteus)
red fox (Vulpes fulva )
jumping mouse (Zapus hudsonius)

Terrestrial Mammals occurring on Assateague Island include (Paradiso, 1965):

Cottontail rabbit Sylvilagus flordanus
Rice rat Oryzonus palusris
White-footed mouse Peromyscus leucopus
Meadow vole Microtus pennsylvanicus
Muskrat Ondatra zibethicus
Norway rat Rattus norvegicus
House mouse Mus musculus
Meadow jumping mouse Zapus hudsonius
Least shrew Cryptosis parva
Red fox Vulpes vulpes
River otter Lutra canadensis
Sika deer Cervus nippon
Raccoon Procyon lotor
Domestic horse Equus caballus
Humans Homo sapiens

Marine Mammals potentially occurring in the study area include (Scott, 1991):

Harbor seal Phoca vitulina
Bottlenose dolphin Tursiops truncatus
Altlantic white-sided dolphin Lagenorhyncus acutus
Grampus dolphin Grampus griseus
Saddleback dolphin Delphinus delphis
Pilot whale Globicephala melaena
Short-finned pilot whale Globicephala macrorhyncha
Finback whale Balaenoptera physalus
Goosebeak whale Ziphius cavrostris



Assateague Island Flora
Information on the flora of Assateague is available in Higgins, Rappleye, and Brown (1971); Hill
(1984, and 1986); and Stalter and Lamont (1990).  Hill (1984) provides a comprehensive survey,
and includes a vegetation map that is considered the best source currently available to describe the
part of the island south of the project area not subject to overwash.  The National Park Service
has contracted the Nature Conservancy to prepare an in-depth plant community survey for
Assateague Island.  And aerial photographs of the island were taken in 1993 in order to prepare a
detailed vegetation map.  However, the map is currently available only in draft form and has not
yet been ground-truthed.  An interim map is available for approximately the northernmost 7,000 ft
of the island.  Sneddon and Berdine (1995) provide information on the classification scheme used
to delineate vegetation on this map.  It is anticipated that new aerial photographs will be taken in
1998 to compile a second vegetation map.  Recent qualitative mapping of the vegetation on
Assateague Island is available in the annual Piping Plover management and monitoring reports
(Brady et al., 1995).  Higgins and others (1971) and Hill (1984) classified the vegetation into four
vegetative zones:  dune herbaceous, shrub, woodland, and marsh herbaceous.  Each author
further sub-divides these zones, but they utilize different subgroupings.  The zone and community
descriptions below are from Hill (1986).  The species given for each community are a composite
from Higgins and others (1971) and Hill (1984).

I.  Dune Herbaceous Zone
The dune herbaceous zone is subdivided into two communities:  beach; and dunegrass.

A.  Beach Community:  narrow region extending from intertidal sands to the Dunegrass
Community.  It consists mostly of shifting coastal sands and beaches and has limited diversity of
mostly annual halophytes such as Cakile.  Plant species include:

Sea Rocket Cakile edentula
Russian thistle Salsola kali
Cocklebur Xanthium strumarium
Sea chickweed Arenia peploides
Seabeach Amaranth Amaranthus pumilus

B.  Dunegrass Community:  region of elevated dunes and shifting sands exposed to salt spray.
There is limited diversity of both annual and perennial salt-tolerant species such as Ammophila
breviligulata and Solidago sempervirens.  Species include:

American beachgrass Ammophila breviligulata
Saltmarsh hay Spartina patens
Seaside goldenrod Solidago sempervirens
Sand burr Cenchrus tribuloides
Rough buttonweed Diodia teres
Seaside spurge Euphorbia polygonifolia
Carpet-weed Mollugo verticullata
Seaside primrose Oenothera humifusa
Purple sand-grass Triplasis purpurea



Switch grass Panicum amarulum

Dunegrass/Shrub Transition Zone:  Andropogon  spp. replace Ammophila as dominant grass.

II. Shrub Zone
This zone is further divided into three communities:  shrub succession; Hudsonia dunes; and bog.

A.  Shrub succession community: bounded on the east by Dunegrass Community (including both
the Xeric Shrub Community and the Mesic Shrub Community of Higgins and others, 1971).  It is
a diverse community composed predominantly of deciduous trees, shrubs, and vines with limited
exposure to salt spray.  Plant species expected are:

Wax myrtle Myric cerifera
Wild black cherry Prunus serotina
Persimmon Diospyros virginia
Shad bush Amelanchier canadensis
Crabapple Pyrus angustifolia
Bayberry Myrica pensylvanica
Raspberry Rubus spp
Poison Ivy Rhus radican
Greenbrier Smilax spp
Red Cedar Juniperus virginiana
Chain-Fern Woodwardia spp
American holly Ilex opaca

B.  Hudsonia Dunes Community:  defined by dunes stabilized by Hudsonia tomentosa generally
out of reach of salt spray.  Annual and perennial species that are tolerant of xeric conditions and
sterile soils occur in limited diversity.  Plant species expected are:

Beardgrass Andropogon spp.
Pinweed  Lechea maitima
Seabeach Needlegrass Aristida tuberculosa
Smartweed Polygonella articulata
Old Field Toadflax Linaria canadensis
Field Sorrel Rumex acetosella
Little Bluestem Schizachyrium scoparium
Pricky Pear Opuntia humifusa

Lechea maitima, Aristida tuberculosa, Polygonella articulata, and  Linaria canadensis  do not
occur on the mainland and are considered rare for the state. (check on this).

C.  Bog Community:  a pioneering community that is found most frequently in low bulldozed
areas along old roadcuts where freshwater reaches the surface but no open water occurs.  This
community is free from salt spray influence.  Species include:



Bog Clubmoss  Lycopodium appressum
Zig-zag Bladderwort  Utricularia subulata
Spatulate-leaved Sundew  Drosera intermedia
Yellow-eyed grass Xris spp
Rush Juncus spp
Sedges Cyperaceae
Large cranberry Vaccinium macrocarpon

III.  Woodland Zone
This zone consists of pine woodland and pine-deciduous woodlands which can be considered a
single community.  This region occurs along the west island ridge of dunes.  It is composed
predominantly of perennial herbs, vines, shrubs, and trees.  This community is best developed on
the widest parts of the island.  Plant species expected are:

Loblolly Pine Pinus taeda
American Holly Ilex opaca
White Sassafras Sassafras albidum
Sweetgum Liquidbar styraciflua
Oak Quercus spp.
Greenbriar Smilax spp.
Grape Vitis spp.
Blueberry Vaccinium spp.
Poison Ivy Rhus radicans
Common Waxmyrtle Myrica cerifera
Choke Cherry Prunus virginiana

The woodlands are extremely significant because they have been the most stable part of the island
and harbor many of the rare plants on the island, such as :

Red Bay Persea palustris
Indian Pipe Monotropa uniflora
Orchid Habenaria cristata
Spotted wintergreen Chimaphila maculata
Patridge Berry Mitchella repens
Bedstraw Galium hispidulum

IV.  Marsh Herbaceous Zone
This zone is further subdivided into four communities:  fresh marsh; salt marsh; washes and salt
pan; and pone.

A.  Fresh Marsh Community:  this community is a very diverse community and can be further
subdivided into woodland fresh marsh, transitional fresh marsh, and flatland or level marsh.

1.  Woodland Marsh Community:  This community is characterized by a closed canopy and many
woody species.  Species include:



Red Maple Acer rubrum
Black Willow Salix nigra
Common Waxmyrtle Myrica cerifera
Royal Fern species Osmunda spp.
Blueberry Vaccinium spp.
Swamp Magnolia Magnolia virginiana
Lance-leaved Violet Viola lanceolata
St. John’s Wort species Hypericum virginicum
Chain-Fern Woodwardia spp.

2.  Transition Fresh Marsh Community:  this marsh borders the saltmarsh communities and is
somewhat brackish.  Species include:

Common Reed Phragmites australis
Groundsel Tree Baccharis halimifolia
Cattail  Typha spp.
Swamp Rose Rosa palustris
Green Fog-fruit Phyla lanceolata
Wax Myrtle Myrica cerifera
Common Elder Sambucus canadensis
Coinleaf Centella erecta

3.  Flatland or level marsh community:  This marsh is more salt tolerant, and has few woody
components.  Species expected area:

Saltmarsh Loosestrife Lythrum lineare
Marsh Hibiscus Hibiscus palustris
Needlerush Juncus roemerianus.
Umbrella Grass Fuirena spp.
Sedge  Fimbristylis spp.
Umbellate Water Pennywort  Hydrocotyle umbellata
Brookweed Samolus floribunda
Pursh Marsh-pink  Sabatia stellaris
Larger Buttonweed  Diodia virginiana
Ladies-tresses  Spiranthes spp.

These marshes are extremely rich in species and are an extremely valuable resource for wildlife at
Assateague.

B.  Salt Marsh Community:  this area is governed by daily tides mostly along the bay side of the
island.  It is characterized by halophytic perennials.  This marsh is dominated by Spartina
associations.  Species include:

Saltmarsh Cordgrass Spartina alterniflora



Saltmarsh Hay Spartina patens
Salt Grass Distichlis spicata
Saltwort Salicornia europaea
Sea Lavender Limonium nashii
Spearscale Orach Atriplex patula
Marsh Elder Iva frutescens

C.  Wash and Salt Pan Community: these communities occur on level ground on which salt water
stood and has evaporated.  It is dominated by predominantly halophytic annuals and perennials.
Species include:

Saltwort Salicornia bigelovii
Salt Grass Distichlis spicata
Seabeach Orach Atriplex arenaria
Sea Blite Suaeda linearis
 Bassia tomentosa
Sea-purslane   Sesuvium maritimum
Sand-Spurrey Spergularia spp.

D.  Pond community:  restricted to the few permanent ponds on the island.  Most are poorly
developed due to brackish waters.  This area is best developed in impoundments on the Virginia
portion.  Species expected are:  widgeon grass (Ruppia maritima) and duckweed (Lemna minor).



Coastal Bays Flora
Numerous schemes for the classification of vegetative communities exist.  McCormick and Somes
(1982) classified existing coastal wetlands by dominant flora in the study area watershed into the
following types:

Coastal wetland types in the Coastal Bays (McCormick and Somes, 1982).

Common Name Scientific Name

Red maple/ash Acer rubrum/Fraxinus species
Baldcypress Taxodium distichum
Loblolly pine Pinus taeda
Rosemallow Hibiscus species
Smartweed/rice cutgrass Polygonum species/ Leersia oryzoides
Cattail Typha species
Switchgrass Panicum virgatum
Threesquare Scirpus species
Common reed Phragmites communis
Marshelder/groundsel Iva frutescen/Baccaris halimifolia
Meadow cordgrass/spikegrass Spartina patens/Distichlis spicata
Smooth cordgrass Spartina alterniflora
Needlerush Juncus roemerianus

Brush and others (1980) classified existing forest vegetation in the coastal bays watershed into the
following associations:

Association Name Other Typical Woody Species
Bald cypress Green ash, Red maple, Sweet gum, Green briar, Sweet pepper

bush, Poison ivy, Virginia creeper, Black gum, Southern
arrowwood, American holly

River birch-sycamore Slippery elm, Green ash, Spice bush, Poison ivy, Red maple,
Virginia creeper, Green briar, Japanese honeysuckle, Southern
arrowwood, Tulip tree, Black gum

Chestnut oak-post oak-
blackjack oak

Eastern chinquapin, Sassafras, Scrub pine, Eastern red cedar,
Pitch pine, Blueberries, Huckleberries, Mountain laurel

Loblolly pine Wax myrtle
Swamp chestnut oak-Loblolly
pine

Willow oak, Red maple, Sweet gum, American holly, Black
gum, Green briar, White oak, Sweet pepper bush, Highbush
blueberry

Willow oak-Loblolly pine Red maple, Sweet gum, Black gum, American holly, Sassafras,
Green briar, Virginia creeper, Sweet pepper bush

Tulip tree Red maple, Flowering dogwood, Virginia creeper, Black gum,
White oak, Sassafras, Black cherry, Grape, Mockernut hickory,
Southern arrowwood, Japanese honeysuckle, Ironwood













Reptiles
A list of reptiles that are likely to occur within terrestrial, wetland, and freshwater aquatic habitats
of the coastal bays watershed was prepared by consulting maps in Conant and Collins (1991) and
Harris (1975).  This potential list of species includes:

Common Name                                  Scientific Name
copperhead (Agkistrodon contortrix)
eastern worm snake (Carphophis amoenus)
northern scarlet snake (Cemophora coccinea)
snapping turtle (Chelydra serpentina)
eastern painted turtle (Chrysemys picta)
spotted turtle (Clemmys guttata)
northern black racer (Coluber constrictor)
ringneck snake (Diadophis punctatus)
corn snake (Elaphe guttata)
black rat snake (Elaphe obsoleta)
five-lined skink (Eumeces fasciatus)
broadhead skink (Eumeces laticeps)
eastern hognose snake (Heterodon platirhinos)
mud turtle (Kinosternon subrubrum)
eastern kingsnake (Lampropeltis getula)
eastern milk snake (Lampropeltis triangulum)
diamondback terrapin (Malaclemys terrapin)
plainbelly water snake (Nerodia erythrogaster)
northern water snakes (Nerodia sipedon)
rough green snake (Opheodrys aestivus)
redbelly turtle (Pseudemys rubriventis)
northern fence lizard (Sceloporus undulatus)
ground skink (Scincella lateralis)
common musk turtle (Sternotherus odoratus)
northern brown snake (Storeria dekayi)
northern redbellied snake (Storeria occipiomaculata)
box turtle (Terrapene carolina)
eastern ribbon snake (Thamnophis sauritus)
eastern garter snake (Thamnophis sirtalis)
eastern smooth earth snake (Virginia valeriae)

Reptiles known to occur on Assateague Island, including marine sea turtles, include (Mitchell et
al., 1993):

Loggerhead sea  turtle Caretta caretta
Atlantic green turtle Chelonia mydas
Leatherback sea turtle Dermochelys coriacea
Common snapping turtle Chelydra serpentina
Eastern painted turtle Chrysemys picta



Spotted turtle Clemmys guttata
Northern diamondback turtle Malaclemys terrapin
Red-bellied turtle Pseudemys rubriventris
Eastern box turtle Terrapene carolina
Eastern mud  turtle Kinisternon subrubrum
Northern fence lizard Sceloporus unulatus
Northern black racer Coluber constrictor
Black rat Snake Elaphe obsoleta
Eastern hognose snake Heterodon platirhinos
Northern water snake Nerodia sipedon
Rough green snake Opeodrys aestivus
Northern brown snake Storeria dekayi
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Planning Aid Report
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ANNEX A, PART 5

Biological Assessment for Piping Plover and Seabeach Amaranth
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ANNEX A, PART 6

Biological Assessment for Sea Turtles and Whales



The Corps is currently preparing a biological assessment for Sea Turtles and Whales.  The
following summarizes the purpose of the assessment and the issues being dealt with:

The Baltimore District, U.S. Army Corps of Engineers, in cooperation with the National
Park Service; the Maryland Department of Natural Resources; the Town of Ocean City,
Maryland; and Worcester County, Maryland; are conducting a study to determine how to
restore sand  that Assateague Island has been deprived of due to the construction of the
jetties  at the Ocean City Inlet in 1934. The Corps is currently preparing a biological
assessment of impacts that the project may have on endangered and threatened species of
sea turtles and whales.

The proposed project raises two concerns: (1) the entrainment  of endangered and
threatened species of sea turtles by hopper dredge dragheads and  (2) vessel collisions
with endangered species of whales.  Sea turtles do not normally nest in the project  area
and are not as plentiful as in many other coastal areas. However, there are some data that
indicate that sea turtles, including the rare Kemps Ridley, may use the area for migrating
up and down the Atlantic Coast when the water temperature is 11 degrees centigrade (52
degrees F.)  or warmer. This condition could occur during the spring, summer, and fall
seasons in the project area.  Right whales are of particular concern because the Atlantic
coast population has been reduced to approximately 300 individuals, and collisions with
hopper dredges are possible. Previous dredging for the Ocean City Beach Replenishment
Project has not indicated any impacts to endangered or threatened sea turtles and whales.
The national Marine Fisheries Service  (NMFS) has  requested that the Atlantic Coast of
Maryland Hurricane Protection Project (which includes beach replenishment at Ocean
City) be included in this Biological Assessment  because both the Assateague and Ocean
City projects will occur in the same general area, are similar in design, and could
potentially  affect the same protected species.

For the Corps and other Federal agencies, the implementation of the Endangered Species
Act centers on the Section 7 consultation process. Section 7 requires the USACE to
consult with  NMFS or U.S. Fish and Wildlife Service, as appropriate, on all actions that
may affect threatened or endangered species. As a result of this consultation, the
Baltimore District,  in cooperation with the U.S. Department of the Interior Minerals
Management Service  (which has responsibility for Outer Continental Shelf resources), is
preparing  the  Biological Assessment of Potential Impact to Endangered and Threatened
Species of Sea Turtles and Whales That May Result from Dredging Offshore Shoals and
Placement of Material on Assateague Island  and Ocean City, Maryland. A biological
assessment is the evaluation of potential effects, both  direct and indirect, of the proposed
action on such species and  habitat.

Coordination with NMFS has indicated that after a Biological  Assessment is prepared, if
the Corps uses safeguards such as turtle deflectors, specially equipped hopper dredges,
NMFS-approved observers, adherence to NMFS protocols, and dredge  crew training,
then  significant adverse impacts to these species or their habitats is unlikely, and a non-
jeopardy biological opinion would likely be issued.
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ANNEX A, PART 7

PUBLIC INVOLVEMENT AND AGENCY COORDINATION

The following is a list of key correspondence, meetings, and other communications with a brief
description of the action or response to the topics addressed.  Several of the regular monthly team
meetings are also listed.  Team meetings were attended by representatives from the Corps and
project sponsors - Ocean City, NPS, DNR, and Worcester County, as well as by technical experts
presenting information and interest group representatives.  Topics addressed and actions taken at
the meetings listed are examples of the tasks accomplished at each team meeting.  Compliance
coordination activities, such as Federal Register notices, are highlighted in the list.  Copies of
compliance documents are included as part of this Annex.  Copies of other correspondence and
records included in the list, as well as comments made by citizens at public meetings, are not
included, but are available from the Baltimore District Corps of Engineers.

July 6, 1996 Signing ceremony for the Feasibility Cost Sharing Agreement, attended by 
project sponsors, Senator Sarbanes, and representatives of other 
Congressional staffs.
Action/response:  Following the ceremony, sponsors and other attendees 
discussed the importance of the project

July 17, 1995 Letter from the Minerals Management Service (MMS) of the U.S. 
Department of the Interior to the DNR Boating Administration requesting 
information on the study and providing information on the MMS’ 
responsibilities and work efforts in the Ocean City area.
Action/response:  Coordination between the project team and MMS 
continued in the form of a letter and information from the DNR, phone 
conversations between MMS and the project team, and a working meeting 
on October 8, 1996.

Aug 17, 1995 Letter from MDNR Boating Administration responding to the MMS letter 
and providing information on water resource problems in the Ocean City 
area.
Action/response:  A number of documents pertinent to the study were 
forwarded to the MMS.

Dec 1, 1995 E-mail message to Corps from Dr. James Fraser, Virginia Polytechnic 
Institute and State University regarding habitat requirements of the 
piping plover population.  Dr. Fraser explained that nesting and foraging 
habitat and a vegetation-free connection between the two areas is key to 
plover success.  He suggests that overwash events should be adequate to 
maintain those conditions.  He also recommended several publications as a 
source of additional information
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Action /response:  Suggestions and information provided by Dr. Fraser 
were considered in the design of the restoration project.

Dec 4, 1995 Study Team meeting to introduce team members, to review the status of 
tasks underway and CERC work efforts, and to discuss the goals, 
alternatives for the Assateague Island restoration.  Possible 
objectives/perspectives/considerations included short or long-term effects, 
restoration of sediment supply, restoration of barrier island function, and 
the target completion condition and date.
Action/response:  Team members were directed to begin developing 
objectives for Assateague Island restoration.

Dec 13, 1995 Letter to the Corps from the Oregon State University Department of 
Fisheries and Wildlife responding to a request for comments on restoration 
of Assateague Island.  The writer, who had done plover research for 
several years on Assateague, provided information on plover habitat and 
answers to specific questions pertaining to the plover population and 
project alternatives.
Action/response:  Information from a number of sources was considered 
and incorporated into the study process.

Jan 4, 1996 Phone conversation between Corps biologist and Mark Homer who 
manages the DNR Hatchery at Piney Point.  Mr. Homer provided 
information on shellfish populations in the Ocean City area as well as 
recommending other contacts for additional information.
Action/response:  It was agreed that the study team and Mr. Homer 
would maintain contact, especially concerning the siting of wildlife habitat 
islands in the coastal bays.

Jan 12, 1996 E-mail message from John P. Loegering, graduate student at Oregon State 
University.  Mr. Loegering formerly studied the Assateague Island plover 
population and was responding to a question about the effect of increased 
island width on plover chicks.
Action/response:  Mr. Loegering’s suggestions were considered during 
design of the Assateague Island restoration.

Jan 17 , 1996 Study Team meeting to review status of study tasks, to identify goals and 
objectives for Assateague restoration, determine alternative restoration 
solutions, and discuss publ ic involvement plan.
Action/response:  After reviewing and discussing lists of possible goals 
and objectives prepared by the four project sponsors, the team agreed on a 
goal and a draft list of objectives.  The goal: to restore Assateague Island 
to mitigate for ongoing adverse impacts caused by past Corps projects.
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Jan 24, 1996 COORDINATION LETTER announcing the initiation of the feasibility 
phase of the study was sent from Baltimore District to approximately 80 
agency representatives.
Action/response:  Agencies responded by providing information relevant 
to the study area and by identifying POCs for the project.

Jan 31, 1996 Phone conversation between Corps biologist and Andy Moser, FWS, 
regarding the inclusion of several species (roseate terns and seabeach 
amaranth) in the Biological Assessment.  Mr. Moser recommended contact 
with and provided the names of several scientists who are involved with 
both species.
Action/response:  Information noted.

Jan 31, 1996 Letter from Baywatch acknowledging their participation in the study.
Action/response:  Baywatch representatives were an important source of 
information and served as meeting participants and informal reviewers 
throughout the study.

Feb 5, 1996 E-mail message from Anne Hecht, FWS piping plover expert, to Corps 
biologist regarding maintenance of plover habitat on Assateague Island.  
Topics addressed in her message included the migration of the erosion-
prone area southward on the island and the frequency of overwash 
necessary to prevent vegetation from becoming established and disrupting 
plover habitat.
Action/response:  The study team did research to determine the likely 
future changes in the island without the project.

Feb 5, 1996 Meeting with Coastal Bays Focus Group, which included approximately 20
representatives of natural resource management agencies and the coastal 
bay interest group.  Purpose was to begin interaction between technical 
experts and citizen groups, review study status, identify problems and 
opportunities, determine information needs and availability, and 
recommend project actions.
Action/response:  Focus group representatives participated throughout the
study process.

Feb 7, 1996 Phone conversation between Corps biologist and Andy Moser, FWS.  Mr. 
Moser advised that the Biological Assessment should discuss the impacts 
on habitat of both seabeach amaranth and the roseate tern.  Because there 
is a proposed plan to reintroduce seabeach amaranth on the north end of 
Assateague Island, impacts on its recovery should be addressed.  He 
recommended Dave Brinker as a source of information on the roseate tern 
and stated that the only in-depth work required for the Biological 
Assessment would be on the piping plover.
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Action/response:  Mr. Moser’s recommendations were followed.  Mr. 
Brinker and Mr. Tindall were contacted and provided information on bird 
populations and the presence of seabeach amaranth on Assateague Island.

Feb 7, 1996 Phone conversation between Corps biologist and Mr. Dave Brinker, 
Maryland Heritage Program, regarding roseate tern population on 
Assateague Island.  Mr. Brinker explained that roseate terns found in the 
area are probably late migrants stopping to rest.  He indicated that the 
project should not have a negative impact on the terns because there are 
many other resting areas.
Action/response:  Information noted.

Feb 7, 1996 Phone conversation between Corps biologist and Andy Moser, FWS, 
reporting Dave Brinker’s view that roseate terns need not be included in 
the Biological Assessment, however, they should be included in the EIS.
Action/response:  Following recommendations, the Biological Assessment
under preparation by Corps biologists is focused on piping plover and 
seabeach amaranth.

Feb 8, 1996 COORDINATION LETTER announcing the initiation of the feasibility 
phase of the study was sent from Baltimore District to  Congressional 
representatives and other government office holders.
Action/response:  Congressional representatives have shown support for 
the project.  The study manager made a study presentation to Senator 
Mikulski during a visit to Assateague Island in May 1996.

Feb 8, 1996 Letter from Maryland Board of Public Works Wetland Administration 
regarding the availability of data useful to the study.
Action/response:  The study team received data from individuals and 
agencies identif ied by the Wetlands Administration.

Feb 9, 1996 Meeting with Corps managers to define problem statement for Assateague 
Island restoration, discuss long-term objectives, prioritize objectives, 
identify project baseline, identify alternatives, and begin alternatives 
evaluation.
Action/response:  The discussion resulted in a clearer definition of the 
draft objectives.

Feb 15, 1996 Study Team meeting to discuss study funding, and to review status of and 
future actions for plan formula tion, hydraulics, geotech, environmental, 
economics, and real estate tasks.
Action/response:  Discussion resulted in decisions regarding Assateague 
alternative plans, dune heights to be modeled by WES, and most promising
offshore shoals as material source.  The Assateague project component 
received additional emphasis to meet the accelerated schedule.
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Feb 20, 1996 COORDINATION LETTER announcing the initiation of the feasibility 
study mailed to Senators Mikulski and Sarbanes, Governor Glendening, 
and Representative Gilchrest.
Action/response:  Information on the study has been provided to state and
Federal legislators on a regular basis.

Feb 20, 1996 LETTER FROM MARYLAND HISTORICAL TRUST  in response to 
the Baltimore District’s initiation efforts on behalf of cultural resources in 
the study area.  The Trust provided guidance on necessary cultural 
resource actions and maps showing locations of inventoried historic 
properties and archaeological sites and surv eys in Worcester County.
Action/response:  Appropriate cultural resources surveys were completed 
by a qualified professional archaeologist.  Sonar investigations of the 
offshore shoals indicated no cultural resources.

Feb 23, 1996 Phone conversation between Corps biologist and Mr. Wayne Tindall, 
Maryland Natural Heritage regarding the proposed recovery plan for 
seabeach amaranth on Assateague Island.  The amaranth recovery project 
is being led by Ms. Nora Murdock, FWS, who is surveying the island for 
existing plants and working to determine which of several genetic 
populations to reintroduce.
Action/response:  Ms. Murdock provided a copy of the amaranth recovery
plan and the information was incorporated into the project design.

Feb 23, 1996 Letter from NMFS/NOAA commenting on the need for care in disturbing 
highly sensitive or ecologically productive sites and offering available data 
for the project area.
Action/response:  Communication with NMFS/NOAA, as well as with 
many other natural resource management agencies was on-going 
throughout the study.

Feb 24, 1996 Letter from Ocean City resident, Mrs. Edward T. Smith, regarding the 
negative impacts of dredging in the shallow coastal bays.  Mrs. Smith feels 
that sedimentation in the bays keeps large boats out and protects “this 
fragile area.”
Action/response:  Planning and coordination meetings have included much
discussion regarding the necessity, desirability, and practicality of dredging 
the back bays.  Boaters generally support this dredging; however, the 
Corps is not authorized to dredge non-channel areas.  As a result, 
environmental concerns have not been addressed in depth.

Feb 29, 1996 NOTICE OF INTENT (NOI) IN FEDERAL REGISTER .

Feb 1996 First Newsletter distributed.
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Action/response:  A number of comment cards were returned with 
requests for names to be placed on the mailing list.

Mar 5, 1996 E-mail memo to Study Manager from Corps biologist rega rding 
conversation with Mr. George Ruddy, FWS, about impact evaluation for 
offshore shoals.  Mr. Ruddy indicated that enough general information 
was available to evaluate the impacts of mining the shoals for material for 
the immediate restoration of Assateague Island.  In Mr. Ruddy’s opinion, 
more biological data might need to be collected if the shoals were to be 
periodically mined for long-term restoration.
Action/response:  In concurrence with Mr. Ruddy, a decision was made 
that additional data on the shoals was not needed for the immediate 
restoration.

Mar 8-9, 1996 Delmarva Coastal Bays Conference, sponsored by a number of businesses, 
agencies, and organizations, addressed preservation of the coastal bays 
watersheds. The conference was attended by approximately 300 individuals
and representatives of coastal interest groups, including six Corps members
of the OCWR study team.  Study manager presented OCWR as part of a 
group discussion.
Action/response:  Participation in the conference provided an opportunity 
for study team members to gather information and to discuss with many 
other interested individuals issues relating to the coastal bays.

Mar 14, 1996 Study Team meeting to review project status, results of CERC simulations,
and findings of cultural investigations on offshore shoals.
Action/response:  Future actions were identified as preparation for the 
first public workshop, determination of a final borrow site, and selection of 
habitat restoration sites in the coastal bays.

Mar 18, 1996 Letter from the Maryland Department of the Environment (MDE) 
regarding the Corps’ coordination letter to the Governor’s office, MDE’s 
continuing participation in the Ocean City Water Resources Study and 
MDE’s new status as a participant in the National Estuary Program,
Action/response:  Study team coordinated with MDE throughout the 
study.

Mar 22, 1996 CORRECTION TO NOI appears in Federal Register.  Correction 
explained the accelerated schedule of the Assateague Island project 
component and that programmatic EIS addressing general impacts of the 
overall project would be prepared first, followed by a separate 
supplemental EIS addressing the remaining project components.
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Mar 25, 1996 Letter from the Worcester Environmental Trust endorsing the request of 
Mrs. Edward T. Smith (in her letter of 24 February) and asking that her 
views are considered “when contemplating future work in the Coastal Ba ys
area.”
Action/response:  Large-scale dredging of coastal bays was not given 
strong consideration in the study for economic as well as environmental 
reasons.

April 9, 1996 Briefing on Assateague Island restoration for Worcester County 
Commissioners, by Study Manager and Project Manager.
Action/response:  The County supports the restoration project and 
requested that the short-term restoration be completed on an accelerated 
schedule.

April 12, 1996 Copy of letter from Worcester County to Senator Mikulski identifying the 
urgent need for restoration of the northern end of Assateague Island and 
requesting assistance in accelerating completion of the portion of the study 
addressing the short-term restoration of the island.
Action/response:  The OCWR study manager met with Senator Mikulski 
during the Senator’s visit to Assateague Island in late May 1996.

Apr 16, 1996 Letter (copy) to EPA from Mr. Ray Nornes, commercial dredging 
contractor, offering his assistance in studying problems in the coastal bay 
area caused by a combination of strong winds and low tide conditions.
Action/response:  Information noted.

April 17, 1996 Assateague Focus Group meeting in Annapolis, Maryland.  Meeting 
purpose was to compare and evaluate potential solutions for the immediate 
restoration of Assateague Island.  Emphasis was on determining the 
objectives of both the physical and environmental scientists and biologists 
and facilitating discussion betwee n the two groups.
Action/response:  After discussion by both groups, the physical/structural 
group identified a prioritized list of alternative solutions.  The 
environmental/biological group did not come to consensus; however, group
members were asked to review and rank potential alternatives on their own
and to send responses to Corps for incorporation into an evaluation.

April 22, 1996 Study Team meeting to review the draft list of potential “without project” 
future conditions on Assateague Island and to discuss the associated 
environmental and economic conditions.
Action/response:  Team selected the “without project” future scenario in 
which a breach would occur.

April 24, 1996 Meeting with representatives of various stakeholder groups to provide 
information on the project and to identify ideas, issues, and concerns 
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regarding the project. Individuals invited to attend the informal meeting 
included representatives of commercial and recreational fishing inter ests, 
tourism, neighborhood associations, state and county planning boards, state
and city engineers, environmentalists, and real estate developers.
Action/response:  Meeting participants identified a range of interests and 
concerns that reflected their perspectives.

May 9, 1996 First public information workshop held in Ocean City to provide 
information on the four project components and project status and to 
gather ideas on interests, issues, and concerns regarding the project.  Ma ny 
meeting participants appeared to focus on the lack of a plan to improve 
recreational boating conditions by dredging the coastal bays.
Action/response:  Although dredging the coastal bays was not a project 
component, questions asked by attendees were answered and their 
comments noted.  In addition, comments by the public encouraged the 
study team to revisit the problems of recreational boaters.  The newsletter 
that was prepared following this meeting responded to specific questi ons 
and statements made at the meeting.

May 13, 1996 Letter from Carolyn Cummins of the West Ocean City Association 
outlining the response of that organization to the May 9 public workshop.  
Priority issues were the sedimentation of the bays and channels, the loss of 
commercial fishing vessels in the area (because of navigation problems), 
and economic factors governing Corps policy.
Action/response:  Based on the comments of participants at the public 
workshop and in this lette r, a draft of the subsequent newsletter was routed
for review to Carolyn Cummins of the West Ocean City Association for 
review and comment. The purpose was to ensure that questions raised at 
the meeting were adequately addressed.  Ms. Cummins provided a number 
of  valuable suggestions that were incorporated into the revised newsletter.

May 15, 1996 Letter to the Corps from Maryland House of Delegates member Charles 
McClenahan requesting consideration in accelerating the short-term 
restoration of Assateague Island.
Action/response:  The Assateague Island short-term restoration portion of
the study is being completed on an accelerated schedule.

May 15, 1996 Letter to the Corps from the Oregon State University Department of 
Fisheries and Wildlife providing comments on alternatives developed by the
study team for material placement for the Assateague short-term 
restoration and information on maintenance of piping plover habitat.
Action/response: Information from a number of sources was considered 
and incorporated into the study process.
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May 20, 1996 Letter from Senator Mikulski to the Corps regarding the need to protect 
the north end of Assateague Island.
Action/response:  Response letter was sent stating that the Corps 
understands the need to protect Assateague Island and that they are fast-
tracking that portion of the project.

May 21, 1996 Phone conversation between  study manager and chief building official of 
Ocean City regarding the b enefits of using material dredged from private 
canals to construct bay islands for wildlife habitat.
Action/response:  The concept of using material dredged from various 
areas of  the coastal bays by state, county, city, and private entities to be 
placed in a common area that would be developed into wildlife habitat has 
strong support.  The site would be developed under the guidance of the 
Corps and other regulatory agencies and provide a win-win solution to a 
bay-wide problem.

May 21, 1996 E-mail memo from Corps biologist to study manager regarding phone 
conversations with Ms. Pat Schrawder of Baywatch and Mr. Phil Hager of 
Worcester County as well as other sources of information.  Ms. Schrawder 
offered to provide information on recreation areas, bathymetry of the 
coastal bays, and possible placement sites for dredged material islands.  Mr.
Hager was providing leads for information on the airport flyway.  Digitized
information on the NPS boundary was being ob tained and Corps structural 
and sediment specialists were providing opinions on the benefits of creating
dredged material placement islands in shallow areas of the coastal bays.
Action/response:  Ms. Schrawder provided useful information including 
aerial photos.

May 23, 1996 Letter from the West Ocean City Association to the Corps regarding the 
need to “repair the emergency situation” in the area of the Route 50 bridge 
and Ocean City Inlet.  The letter states that rocks placed around  the pilings 
of the bridge have narrowed the channel and caused increased water 
velocity and sedimentation.  The result is limited navigability for larger 
boats and unsafe conditions for small boats.
Action/response:  The problem identified in the letter was the subject of a 
limited investigation by the Corps and the State Highway Administration.  
The findings were that navigation through the bridge requires alert 
attention to the conditions but is not considered a hazard to navi gation.  
The current velocities are not unusual for a channel near an inlet.  The 
Corps is running a model of the currents in the area, however, and could 
make recommendations for improvements.

May 24, 1996 Letter from the community of Harbor Island regarding navigation problems
in the vicinity of the Route 50 bridge.
Action/response:  See response above.
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May 29, 1996 On-site briefing for Senator Mikulski by Study Manager.  Specific topic 
was the Assateague Island restoration.
Action/response:  Senator Mikulski strongly supports the project.

June 12, 1996 Briefing for the Assateague Coastal Trust on the Assateague Island 
restoration
Action/response:  The Assateague Coastal Trust appreciated learning 
about the project and being part of the public participation.

June 14, 1996 Steering Committee meeting, including representatives of the Corps, Ocean
City, NPS, DNR, and Worcester County, met to review study progress and
discuss the plan formulation process.
Action/response:  The Steering Committee identified the recommended 
level of mitigation for the Assateague Island short-term restoration.  It was 
decided that restoring the volume of material lost since 1965 would be 
appropriate mitigation, however, based on cost and benefit information 
outlined in the decision matrix tables (included as part of Section 5 of the 
main report), restoring a volume of material less than the 1965 amount, 
based on environmental considerations, would be ade quate mitigation.

June 21, 1996 Message from Corps to West Ocean City Association requesting review of 
draft information to be included in second newsletter.
Action/response:  Comments were provided and incorporated into the 
newsletter.

June 24, 1996 E-mail message from Corps biologist to Dr. Leatherman, University of 
Maryland, regarding the selected alternative for the Assateague Island 
restoration and requesting his comments.
Action/response: Message was part of the continuing information-sharing 
process among the study team and scientists/experts in fields related to the 
study.

June 24, 1996 E-mail message from Dr. James Fraser to Corps biologist suggesting that 
vegetation removal be addressed as part of the long-term management 
strategy for Assateague Island.
Action/response:  The following e-mail message on June 26 responded to 
Dr. Fraser’s suggestion.

June 26, 1996 E-mail message from Corps biologist to Dr. James Fraser, regarding the 
reluctance of the NPS to include vegetation management as part of the 
long-term restoration plan for Assateague Island .



11

Action/response:  The dialogue among the study team and outside 
scientists/experts concerning post-construction management of the site 
ultimately resulted in development of a monitoring and management plan 
for the Assateague Island restoration.

June 26, 1996 E-mail message from Corps biologist to Ms. Anne Hecht, FWS, regarding 
the varying heights of Assateague Island during t he past 30 years. Also 
excerpted was a message to Ms. Laurie McGiver (contractor preparing 
piping plover report) providing information on the effects of placing 
material to the proposed height of 3.3 m NGVD.
Action/response:  Message was part of the continuing information-sharing
process among the study team and scientists/experts in fields related to the 
study.

July 1, 1996 Memo regarding phone conversation between Corps economist and 
commercial  fishing interests on use of the  offshore shoals.
Action/response:  Conversation was a preliminary inquiry into the 
potential effects on commercial fishermen that would result from dredging 
the offshore shoals.  After further phone calls, meetings were set up by 
DNR staff to discuss impacts on the shoals and the preferences of 
fishermen.

July 2, 1996 E-mail message from Dr. Lenore Fahrig, Carleton University, Ottawa, 
Canada, to Corps biologist regarding the effects of barrier island overwash 
frequency on vegetation distribution.
Action/response:  Information provided by Dr. Fahrig was incorporated 
into the report.

July 8, 1996 Study team meeting to discuss Assateague Island restoration and review 
the plan formulation process for the short-term restoration, discuss the 
selection of the preferred plan, and get input on how dune elevation, 
placement, configuration, or construction times might be used to optimize 
the preferred plan.
Action/response:  Agreement was reached on critical dune height, 
maintenance, and monitoring details.

July 9, 1996 E-mail message from Dr. James Fraser to Corps biologist regarding the 
likelihood of managing the Assateague site to control vegetation and 
offering research assistance.
Action/response:  Information and offer of assistance considered.

July 10, 1996 Phone conversation between Corps biologist and Mr. John Foster, DNR 
artificial reef program coordinator, regarding meeting to be held with reef 
experts and Oceanside Fisheri es Advisory Committee (commercial 
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fishermen) to discuss mining sand from offshore shoals for Assateague 
Island restoration.
Action/response:  Meetings with commercial fishermen and DNR 
representatives were scheduled for September 11, 1996.

July 10, 1996 Phone conversation between Corps biologist and John Nichols, NMFS, 
regarding restrictions on the use of hopper dredges on the offshore shoals.  
Informal consultation and possibly a formal Section 7 Endangered Species 
consultation would be required if use of hopper dredges is proposed.  In 
addition, there is a May - November time of year restriction for hopper 
dredging.
Action/response:  The Corps study team began researching equipment 
needs for mining the offshore shoals.

July 25, 1996 Focus group meeting held in Annapolis to discuss offshore sand shoal 
sources for Assateague restoration.  Discussed DNR’s position on which 
shoal could be utilized.  DNR will determine preference.  Decided to 
exclude shoals B and C as sources because of value to commercial 
clammers.  Discussed, but came to no agreement on, potential mitigation 
measures for recreational fishery.  Discussed potential dredging schemes.  
NMFS noted that consultation will be required regarding potential sea 
turtle and whale impacts if hopper dredge is used.
Action/Response:  Decided to schedule meetings with commercial and 
recreational fishermen to discuss proposed project and consider need for 
mitigation.

July 29, 1996 Memo to Corps from NPS providing preliminary outline of monitoring and 
mitigation program for the Assateague short-term restoration project.
Action/response:  The NPS provided a draft program to be presented at a 
focus group meeting on September 12.

July 29, 1996 Plan Formulation Meeting held with Corps Division to review study status 
and Quality Control Plan and address critical issues.
Action/response:  Decision was made to pursue the restoration of 
Assateague Island under Section 111 of the River and Harbor Act of 1968, 
since it will most likely be authorized by the Water Resources Development
Act of 1996.

July 31, 1996 Phone conversation between Corps biologist and John Nichols, NMFS, 
who is to develop a list of pros and cons for offshore shoal site selection.  
Mr. Nichols will also consult with other NMFS personnel on sea turtles 
and whales in the Ocean City area.
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Action/response:  Message was part of the continuing information-sharing
process among the study team and scientists/experts in fields related to the 
study.

July 31, 1996 Phone conversation between Corps biologist and Mr. Bill McInturff, DNR,
manager of several Wildlife Management Areas (WMA) in the coastal bay 
area, regarding restoration plans for the WMAs.
Action/response:  A visit was scheduled for the Corps biologist to visit the
WMAs and review potential restoration sites.

Aug 5, 1996 E-mail message from F. Phillip Wirth, III, graduate student at University of
Maryland on the Eastern Shore, to Corps biologist, regarding the 
development of fish habitat and the development of dredged material 
islands for bird habitat.
Action/response:  Information noted.

Aug 7, 1996 Phone conversation between Corps biologist and John Nichols, NMFS, 
regarding his recommendation to prepare a Biological Assessment for use 
of the offshore shoals in order to provide some protection from litigation.  
The Assessment should include use of hopper dredges and any other 
vessels, and size, speed, and number of beach-to-shoal trips of vessels.  
Turtle species to discuss include Kemps-Ridleys, Leatherback, and 
Loggerhead.  Whale species to discuss include Right, Menke, and 
Humpback.  Concerns are alleviated if hydraulic dredging is used or if 
dredging occurs at other times of the year than April through November.
Action/response:  A Corps biologist was tasked with preparation of a 
Biological Assessment.

Aug 9, 1996 Phone conversation between Corps biologist and Mr. George Ruddy, 
FWS, regarding Ocean City area turtle populations and the use of hopper 
dredges; grain size of material used to create habitat islands; location of 
dredged material islands; and use of the offshore shoals by commercial 
fishermen.
Action/response:  Information noted.

August 1996 Approximately 500 copies of the second Newsletter distributed.
Action/response:  The newsletter received positive comments from the 
public.

Aug 20, 1996 Phone conversation between Corps biologist and John Nichols, NMFS, 
regarding Mr. Nichol’s comments on island and wetland creation.  Mr. 
Nichols will provide comments.
Action/response:  Message was part of the continuing information-sharing
process among the study team and scientists/experts in fields related to the 
study.
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Aug 20, 1996 Phone conversation between Corps biologist and Mr. Marcel M. Montane, 
Virginia Institute for Marine Science, regarding the design of dredged 
material placem ent island, the depths of shallow water for small fish, and 
the need to avoid impacts to SAV.
Action/response:  Message was part of the continuing information-sharing
process among the study team and scientists/experts in fields related to the 
study.

Aug 20, 1996 Phone conversation between Corps biologist and Ms. Laurie Silva, NMFS, 
regarding background information on use of dredging offshore shoals, 
potential impacts to nesting and migrating turtles, and possible actions to 
reduce liability and meet legal requirements.
Action/response:  Project information was provided to Ms. Silva.

Aug 21, 1996 Phone conversation between Corps biologist and Mr. Bill Lake, Ocean 
Pines Association, regarding potential parcels to be used for salt marsh 
restoration.
Action/response:  Information noted.

Aug 27, 1996 Study team meeting to discuss monitoring and mitigation plan for 
immediate restoration of Assateague.
Action/response:  Group discussion resulted in some changes to the draft 
plan and identification of matters that remained unresolved, such as 
monitoring of  vegetation, predation by foxes, and invertebrate 
populations.

Aug 22, 1996 Phone conversation between Corps biologist and Mr. Ed Ambrogio, EPA, 
who indicated his objection to the idea of filling healthy SAV beds to create
wildlife habitat islands.  Mr. Ambrogio felt that filling marginally healthy 
SAV bed might be acceptable if mitigation were done.
Action/response:  Information noted.

Aug 22, 1996 Phone conversation between Corps biologist and Mr. Bill McInturff, DNR,
regarding the extent and importance of recreation in Isle of Wight Bay.
Action/response:  Information noted.

Aug 22, 1996 Phone conversation between Corps biologist and Mr. Brooks Clayville, 
NCRS, regarding NEP interest in assisting habitat restoration component 
of project by locating forested wetland sites to restore.
Action/response:  Project information was provided to Mr. Clayville.

Aug 23, 1996 Phone conversation between Corps biologist and Mr. John Nichols, NMFS,
regarding request for site specific information for habitat island creation.  
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NMFS is concerned about loss of/disturbance to summer flounder and hard
clam habitat, as well as recreation impacts.
Action/response:  Information on the sampling program developed by Mr.
Philip Wirth, University of Maryland graduate student, was provided to 
Mr. Nichols.

Sept 5, 1996 Letter to Corps from Mr. Ray Nornes, commercial dredging contractor, 
regarding his endorsement for the use of geotubes on Assateague Island.
Action/response:  Information noted.

Sept 11, 1996 Two meetings with headboat captains and representatives of commercial 
fishing interests in Ocean City area held at the White Marlin Club in West 
Ocean City.  Meeting purpose was to present the project status and discuss
the impacts of using Little Gull and/or Great Gull shoals as a sediment 
source for the Assateague restoration.  Headboat captains expressed a 
preference for dredging the back bays and ebb shoal for restoration 
material rather than either offshore shoal.  They stated that smaller boats 
(including headboats) fish near Little Gull because it is closer to shore.  
After the meeting, several individuals stated that dredging on either shoal 
would have little effect on them, because they usually fish in between the 
shoal and the shore.  Commercial fishing representatives stated that 
dredging either shoal would have little impact on commercial fishing 
interests.
Action/response:  Based on input from many sources, including these 
meetings, the decision was made to remove material from Great Gull shoal 
for the short-term restoration of Assateague Island.

Sept 12, 1996 Focus group meeting with project sponsors and piping plover experts to 
determine details of sediment placement for the Assateague Island short-
term restoration; review a draft monitoring and mitigation program; and 
discuss options for sources of  borrow material.
Action/response:  Consensus was reached on placement amount, location, 
configuration, and construction times for restoration of the island; 
comments were provided on the draft monitoring and mitigation plan.  The 
groups had no objections to the use of Little Gull or Great Gull shoals as 
sources of borrow material.

Sept 18, 1996 E-mail message to Corps from Mr. Dave Brinker, DNR, providing 
recommendations for location, configuration, and materials to be used in 
construction of wildlife habitat island.
Action/response:  Information will be incorporated into the site selection 
process for dredged material island created for wildlife habitat.
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Sept 19, 1996 E-mail memo from Dena Dickerson at WES providing information on 
presence of turtles in Delaware Bay and the possibility that dredging after 
mid-September might be acceptable to NMFS.
Action/response:  Information noted.

Sept 24, 1996 Phone conversation between Corps biologist and Ms. Danielle Algazi, 
EPA, regarding process for steering documentation through EPA and 
Federal Register.  Five copies should be sent to EPA and EPA will place 
NOA in Register.
Action/response:  Information noted.  EPA specialist contacted for 
guidance in Federal Register process.

Sept 24, 1996 Letter to Corps from Mr. Lee W. Williams, director of Assateague Point 
Home Owners Association, endorsing further investigation of the use of 
geotubes for the Assateague Island restoration.
Action/response:  Information noted

Sept 25, 1996 E-mail memo with information from Mr. Carl Zimmerman, NPS, regarding 
his view that presence of sea turtles in Assateague area is not sufficient to 
interrupt project.  Mr. Zimmerman suggests contact with NMFS for 
specific numbers of turtle strandings/ mortalities.  He believes that 
strandings in area are primarily a  result of seasonal fishing intensity.
Action/response:  Information noted.

Sept 25, 1996 Informal  presentation at a meeting of the Mid-Atlantic Chapter of the 
Maryland Saltwater Sportfishing Association.  A member of the DNR 
Department of Fisheries coordinated and participated in the meeting.  
General information on the four project components was presented, with 
detailed information provided on the Assateague Island restoration and 
possible use of offshore shoals as a restoration sediment source.  Corps 
representatives also informed the group that, based on input from other 
fishing interests, the Corps was investigating the possibility of addressing 
sediment-related navigation problems in the back bays.  A question and 
answer period following the presentation provided an opportunity for a 
discussion.  No major objections were made to the use of either Little or 
Great Gull shoals.
Action/response:  This audience agreed that using Great Gull shoal as a 
source of  sand for the short-term restoration of Assateague Island was 
somewhat preferable to the use of Little Gull.

Sept 27, 1996 E-mail message to Corps biologist from Ms. Anne Hecht, FWS 
Endangered Species Biologist, regarding assessment of restoration project 
impacts on foraging ecology of Assateague Island piping plovers.  Ms. 
Hecht requested comments on the “very rough cut at a draft memo”.  The 
draft recommends that an evaluation of the impacts on plover foraging 
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ecology be completed as part of the Assateague Island restoration project 
in addition to the monitoring and mitigation plan under preparation by the 
NPS.  The suggestion was that a study to estimate critical factors in the 
process of plover brooding on the north end of the island be completed 
before and after implementation of the immediate restoration.  Factors to 
be estimated include the availability of various plover foraging habitats; 
plover brood habitat use, time budgets, and foraging rates in various 
habitats; and arthropod abundances.  Ms. Hecht suggested that two years 
of pre-project field data be collected and that post-project data collection 
begin 3 or 4 years after project construction.
Action/response:  Mr. Chris Spaur, Corps biologist, provided comments 
on Ms. Hecht’s draft memo, including suggestions that the memo 
emphasize the value of the study to Endangered Species Act compliance, 
and the importance of coordinating with other studies in order to minimize 
redundancy.  A monitoring plan for invertebrates will be developed by Ms. 
Hecht.

Sept 30, 1996 Memo to Corps from NPS providing a revised monitoring and mitigation 
plan for Assateague short-term restoration project.  The revised plan 
incorporates the comments of Focus Group members, and other reviewers 
at the September 12 meeting.
Action/response:  This document is an interim final plan providing 
information on tasks to be completed to maintain plover habitat 
and to repair any breaches in the dune.  Additional information regarding 
funding and responsibility for tasks are to be determined.

Oct 9, 1996 E-mail memo regarding an October 8 coordination meeting between Corps 
study team members and representatives of the Mineral Management 
Service (MMS), which manages resources such as oil, gas, and minerals, 
that occur on the Outer Continental Shelf.  The meeting was a step in the 
process of developing a Memorandum of Agreement in order for the Corps
to use sand from Great Gull Bank for the Assateague Island immediate 
restoration at no cost.
Action/response: Corps team members met with the Acting Program 
Director of the Office of International Activities and Marine Minerals and 3
members of his staff to discuss the status of the project and how the EIS 
would address use of and impacts to offshore shoals for the Assateague 
Island short-term restoration.   It was agreed that portions of the EIS would
be submitted to the MMS in draft form to insure that environmental and 
NEPA-related questions were adequately addressed and that questions 
from the MMS were answered.

October 17, 1996 E-mail from Dave Brinker of DNR Heritage and Biodiversity Conservation
Program regarding tiger beetles on northern Assateague.  Discussed desire 
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to limit beach disturbance north of 3 km south of inlet to provide refugium 
for tiger beetle.
Action/Response:  Information noted.

October 18, 1996 Information received from MMS regarding MMS standards for 
EISs.  These standards are used by MMS to support negotiated agreements
for offshore borrow areas.
Action/Response:  Corps biologist sent E-mail back indicating that MMS 
standards looked compatible with Draft EIS with the exception of MMS 
requirements for calculating air emissions.  Air emissions aren’t calculated 
because the project is expected to be exempt from such considerations 
because it is temporary in nature.

October 18, 1996 E-mail received from USFWS commenting on draft Monitoring and Action
Plan.  Comments focused on decision-making authority , performance 
indicator no. 3 for which an elevation has not yet been determined, and 
Piping Plover predator (i.e., fox) management.
Action/Response:  Information noted.

Nov 4, 1996 COORDINATION LETTER TO MARYLAND HISTORICAL 
TRUST, providing a copy of the Phase I archaeological report to partially 
fulfill requirements of the National Historic Preservation Act for the Ocean 
City Water Resources project.  The letter summarized the four project 
components and (1) concluded that no cultural resources would be affected
in the Assateague Island restoration project area; (2) provided a report on 
the results of a survey done on the offshore shoals which were considered 
as a source of dredged material for the Assateague short-term restoration; 
(3) restated the MHT’s conclusion that there was a low probability that the
inlet would contain cultural resources that could be affected by dredging or
sand by-passing actions; and (4) states that reconnaissance investigations 
will be conducted in the coastal bays during the site selection process for 
the environmental restoration portion of the project.
Action/response:  As described in the letter, further actions on the part of 
the Corps include the coastal bay investigations and completion of a Phase 
II investigation of a ship wreck on Assateague Island.

November 5, 1996 Letter from USFWS regarding need for monitoring of Piping Plover 
foraging ecology.  Letter included functions that monitoring would s erve 
and suggested research objectives.
Action/Response:  Information noted.

November 8, 1996 E-mail received from MMS regarding MMS comments on Draft EIS
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Action/Response:  Most of comments addressed in updated version of 
Draft EIS.  Several comments will require future discussion to resolve.

Nov 11, 1996 Copy of report on re-establishment of seabeach amaranth, prepared by Ms. 
Nora Murdock, provided to Corps.
Information in the seabeach amaranth report was incorporated into the 
EIS.

Nov 13, 1996 Phone conversation between John Nichols, NMFS, and Corps biologist 
regarding threatened and endangered sea turtles which migrate through the 
offshore shoal area.  Mr. Nichols stated that use of an approved turtle 
deflector and the presence of observers would be adequate protection for 
turtles during dredging for material to be used in the Assateague 
restoration.  He stated that there will be no seasonal restrictions on 
dredging if those conditions are met and that after completion of the 
Biological Assessment NMFS will prepare a Biological Opinion including 
an “incidental take” statement.
Action/response:  NMFS guidance will be followed.

Nov 18, 1996 FISH AND WILDLIFE COORDINATION ACT (FWCA) letter from 
FWS.
Action/response:  Project is in compliance with FWCA.

January 14, 1997 Phone conversation with John Nichols of NMFS regarding need for pre- 
and post-dredging assessment of Great Gull Bank, as well as mitigation for 
potential impa cts to recreational fishery.  NMFS believes that a controlled 
fishing study is needed to evaluate impacts of dredging Great Gull Bank.
Action/Response:  Information noted

January 17, 1997 Conference call with MMS and USFWS regarding need for pre- and post-
dredging assessment of Great Gull Bank, as well as mitigation for potential 
impacts to recreational fishery.  MMS and USFWS believe that sediment 
and bathymetric monitoring should be conducted post-project to evaluate 
impacts.
Action/Response:  Information noted
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MEMORANDUM FOR THE RECORD August 14, 1996

SUBJECT:  Minutes from 25 July 1996 Meeting held in Annapolis to Discuss Offshore
Shoal Sand Sources for Assateague Island Restoration.

FROM:  Christopher Spaur
Corps of Engineers, Baltimore District, Planning Division

TO: Carol Anderson-Austra Corps of Engineers
Jim Casey Maryland Department of Natural Resources
Kathleen Ellett Maryland Department of Natural Resources
John Foster Maryland Department of Natural Resources
Phil Hager Worcester County
Randy Kerhin Maryland Department of Natural Resources
Jordan Loran Maryland Department of Natural Resources
Stacey Marek Corps of Engineers
Terry McGean Ocean City
Greg Nielson Corps of Engineers
John Nichols National Marine Fisheries Service
George Ruddy U.S. Fish and Wildlife Service
Jarrell Smith Corps of Engineers, WES
Jim Snyder Corps of Engineers
Carl Zimmerman National Park Service

MEETING ATTENDEES:  See attached list

MINUTES:

1.  Stacey Marek stated that the purpose of the meeting was to discuss Little Gull and
Great Bull Banks as potential sand sources for the immediate restoration of Assateague
Island.  Stacey Marek provided an overview of the Ocean City Water Resources
Feasibility Study.

2.  Jim Snyder presented a brief overview of geotechnical work done on the offshore
shoals to date. Jim Snyder noted that the shoals are nearly flat; maximum slopes on the
existing shoals are 2 to 5%. Jim Snyder stated that from a sand quality perspective Great
Gull Banks is marginally better than Little Gull Banks, but that both are acceptable.  The
southerly landward side of both shoals has the best sand.

3.  Jim Casey and John Foster stated that the surface of both shoals is littered with the
remains of poorly planned artificial reef-building efforts.  Remains of the artificial reefs
include tires (some filled with concrete) and cable used to string the tires together.  They



also noted that the area is littered with boat wrecks.  Chris Spaur commented that a
magnetometer survey of Little Gull and Great Gull Banks completed earlier this year for
the study indicated that there are no cultural resources, including wrecks, within either
shoal.

4.  A discussion followed regarding DNR’s position on which shoal could/should be
selected as a sand-source for the project.  Kathy Ellett said that Howard King’s position is
that DNR will support selection of Little Gull.  Randy Kerhin said the decision was made
because of closeness of Little Gull, and because of lesser environmental impacts.  Jim
Casey and John Foster said that they were not involved in the decision-making process,
nor were fishermen consulted.  John Foster said that they had a meeting with fishermen in
April and had discussed the entire project.  Little time was spent discussing the shoals,
however.  Instead, fishermen’s concerns presented at the meeting focused on shoaling in
the back bays.  The DNR personnel attending said that the matter of DNR’s position
would be resolved internally, for now assume Little Gull Banks is preferred.

5.  The relative environmental values of the offshore shoals were discussed.  John Nichols
and George Ruddy noted that the shoals further off (B and C) are utilized by clammers,
but Little Gull and Great Gull are not currently being harvested for clams.  George Ruddy
said that the commercial fishery value of other offshore shoals previously used as sand
sources (i.e., for projects to maintain Ocean City beaches) has apparently declined.  John
Foster said that the hydrodynamics of the shoal areas attracts fish.  Chris Spaur asked
whether certain shoals could be set aside for preservation in perpetuity, whereas others
could be selected as future sand sources.

6.  A discussion of the possibility of dredging sand from the back bays to nourish
Assateague followed.  John Foster said that fishermen and boaters want the back bays
dredged.  George Ruddy suggested that some dredging could be done there to alleviate
public concerns over shoaling.  John Nichols and Jim Casey stated that the shallow water
habitat of the back bays is of great value as nursery habitat, however.  Corps personnel
noted that the quantity of utilizable sand in the back bays suitable for placement on the
ocean beach is limited.

7.  Discussion shifted to who owns/manages the mineral rights to the shoals.  Randy
Kerhin said that within 3 mi the state makes its own decision.  The location of the 3 mi
boundary may require some research - it may be drawn out from a historical shoreline.
Outside of this 3 mi limit the Minerals Management Service (MMS) has authority to lease
the sand.  For mining of sand from these sites for public works projects there is no cost.
The procedure is that MMS negotiates an agreement with the state, and then the Corps
would get an MOU with MMS.  The state hasn’t yet negotiated such an agreement.
Stacey Marek asked whether the process of dealing with MMS is difficult.  The group
agreed that the process should be started regardless of which shoal is selected and that
avoiding the process of dealing with MMS should not be a screening step.  John Foster
commented that MMS needs to be involved in any decisions to mitigate for impacts to
fisheries; construction of an artificial reef could serve as mitigation.



8.  Jim Casey and John Foster were concerned over how fishermen would react.  Jim
Casey said that the borrow proposal needs a good selling point, an example of this would
be a guarantee not to use the shoals again in the future.  Stacey Marek said that no such
guarantee could be given.  Randy Kerhin asked whether construction of fish habitat could
be done in a non-shoal area.  John Foster said that the existing stuctures of the shoals
attract fish, there’s no way to predict whether mitigation done at a non-shoal site would
create conditions that would attract fish.  John Nichols, John Foster, and Jim Casey were
very concerned over cumulative impacts that will occur as more shoals are lost.  Jim Casey
emphasized that sand cannot continue to be taken from the offshore shoals year after year
without risking incurring detrimental impacts to commercial and recreational fisheries, as
well as risking other ecological impacts.  Other sources of sand, perhaps from flat bottom
areas in deeper water, and other methods of beach preservation must be considered.
People need to be aware of the economic costs of maintaining an inherantly unstable
barrier island.  John Foster said that if the fishery declines after the project, the Corps will
be blamed, regardless of whether the project causes the problem.  Chris Spaur stated that
measures to avoid or minimize impacts should be considered prior to discussing
mitigation.  John Foster and Jim Casey emphasized proposing mitigation up front to sell
the project to people.  They said that receiving public approval to dredge the shoals
shouldn’t be treated as just a foregone conclusion.  Both agreed that there’s no way to
determine the appropriate amount of mitigation required, instead just propose something
that’s positive and significant.  They proposed that an artifical reef could be constructed in
the area of the 28th Street fishery.  With roughly $500,000 structures 3 ft high covering an
area of 50 acres could be constructed.  These structures would benefit reef-oriented fish,
plus pelagics; flounder will occur downstream.  The 28th Street site was proposed in part
because Little Gull Bank is too dynamic an area for enhancement to be done on.  John
Foster said that the mitigation can be paid for in a cost-sharing arrangement by the state,
city, and county.  The Corps did not necessarily think mitigation was needed for the initial
restoration of Assateague Island as the initial dredging would comprise only a minor
portion of the volume of sand in the shoal.  However, if the shoals are used for additional
borrow then mitigation would be more appropriate.

9.  John Nichols said that monitoring would be necessary to determine hydrodynamic and
sedimentation changes.  Jim Casey and John Foster noted that the state lacks the capability
to regularly study/monitor the shoals.  Jim Snyder noted that post-dredge surveys are
available for the Ocean City shoals, but that the sites have not been resurveyed.  Thus, no
long-term information is available as to how the area responds to mining of sand.  Jim
Casey said that that bottom topography might be dynamic - swales have developed
recently where there weren’t any.

10.  Jim Casey and John Foster said that the fishermen will have a strong voice on this
project, and will need to have their concerns mitigated.  Kathy Ellett said that navigation
improvements will benefit them.  John Foster and Jim Casey said that there’s no way to
determine which shoal is better from a fisheries perspective.  Sport fishermen will be
concerned about loss of Little Gull Banks more than Great Gull.  Stacey Marek said that



the next step is meeting with the fishermen.  John Foster said that sport fishermen won’t
buy minimization efforts.  Instead, compensation is needed.

11.  How to excavate material from the shoal was discussed.  For commercial fishermen
uniform lowering of the shoal might be best - removal of a thin layer from a wide area.
Jim Snyder said that for the dredger the contract will stipulate an area to be used.  Jim
Snyder said that the Coastal Engineering Research Center (CERC) has said that minimal
impacts to the shoreline will occur from mining either shoal with regard to waves.  Jim
Casey said that maintaining the basic shape of the shoal is probably best.  George Ruddy
noted that deeper areas adjacent to the shoals may have high biological value.  Jim Snyder
said that CERC indicated that making a trench across or perpendicular to the shoal crest
may have a greater effect on the shoreline than if the crest is left more or less intact.  John
Nichols noted that maintaining the crest is of importance.  Jim Snyder said that for now
we can generate a number of mining options, but that the final design will be selected later.
Further geotechnical work will be done next summer.  Jim Casey noted that every effort
should be made by the dredging contractor to avoid leaving behind or disposing of any
gear or debris on the shoals.  This has happened in dredging off Ocean City and has
engendered ill feelings from local fishermen who snag debris and gear in their lines.

12.  John Nichols said that if a hopper dredge is used that we’ll need to work with Laurie
Silva of the National Marine Fisheries Service (NMFS) Gloucester office.  Hopper
dredges move fast and may place endangered/threatened sea turtles at risk if dredging is
done from April through November when turtles are likely to be in the area.  John Nichols
asked if a cutter head could be used instead.  Jim Snyder noted that if excavation is
restricted to use of a cutter head dredge that this will greatly increase cost.  John Nichols
said that there’s also a risk of vessels striking marine mammals; however, the closer the
vessel is to shore the lower the risk.  Jordan Loran asked if the risk to marine fisheries
would be greater if the work was done all at once or if spread out over several seasons.
John Nichols said that the less time you’re out on the water the less risk to turtles.  Jim
Casey noted that the dredges attract fish, rather than repelling marine life.  Jordan Loran
said that the seas are too rough for dredging work from October onward until spring, and
noted that the time of year during which work can be done is already limited by
restrictions to protect Piping Plover.  John Nichols said that turtle excluders can be used,
but that NMFS is skeptical whether they work.  Instead, having an oberver on board might
be an option.  However, observers can not prevent the taking of turtles, but only note
mortalities.  If sea turtles are taken during the borrow operation, and the Corps has not
adequately consulted with NMFS on Endangered Species Act issues, nor has a take
statement been issued, then the Corps will be potentially liable for any subsequent turtle
mortalities linked to the dredging operation.  NMFS would recommend hydraulic pipeline
dredging, or an April through November time-of-year restriction on hopper dredging, to
alleviate Endangered Species Act concerns.  If hopper dredging is to be further pursued, it
may require that the Corps go through formal consultation with NMFS on Endangered
Species Act issues associated with this project.  Additional concerns exist over the project.
John Nichols said that according to the Mid-Atlantic Fisheries Council that juvenile
flounder use the shoals most in October.  With regard to surf zone impacts, it’s recognized



that organims there can recover from beach nourishment projects, however impacts to all
resources and habitats should be minimized to the greatest extent practicable.

13.  Meeting with fishermen was discussed.  John Foster said that an evening meeting with
commercial fishermen can easily be arranged.  Dave Martin is a good contact.  For sport
fishermen talk to the Maryland Saltwater Sportfishermen’s Association (MSSA).  Dale
Timmins (sp?) paper goes out to weekend and vacation sportfishermen.  Can also arrange
to meet with head-boat captains.  They don’t have a leader or spokesman.  If we wait until
September we can get more of them together.  They make their living by working 7 days a
week for about 100 days a year during the season.  Separate meetings should be held with
sport and commercial fishermen.  Jim Casey said that DNR could/should participate in
meetings with commercial people.  John Foster and Jim Casey suggested providing a one
page summary with options, plus a map.

If you have any questions, or would like to make additions or corrections please contact
me at (410) 962-6134.  Comments on a draft version of the minutes were received from
Jim Snyder, Stacey Marek, Jim Casey, Randy Kerhin, and John Nichols and were
incorporated into this final version.

Sincerely,

Christopher Spaur



November 4, 1996

Planning Division

Ms. Elizabeth J. Cole
Maryland Historical Trust
Division of Historical and Cultural Programs
100 Community Place
Crownsville, Maryland  21032-2023

Dear Ms. Cole:

The purpose of this letter is to provide your office with a copy of the report entitled
“Phase I Archeological Study, Ocean City Water Resources Study, Ocean City, Maryland.”
This report was prepared under the direction of the Baltimore District to partially fulfill the
requirements of the National Historic Preservation Act for the Ocean City Water Resources
project.

The potential Ocean City Water Resources project consists of four main components.
The first is the placement of sand on the Assateague shoreline, to restore the shore to a more
stable condition.  We have determined that the migration of the northern portion of Assateague
Island precludes the existence of cultural resources within the area of effect.  A detailed
description of the analysis we prepared to reach this conclusion is enclosed (enclosure 1).  We
identified the need to perform an underwater survey of the offshore shoals selected as possible
borrow sites for sand to be placed on Assateague Island.  The results of this survey are provided
in the enclosed report (enclosure 2).  The second project component, long term sand placement,
could consist of the construction of a device to move sand across the Ocean City Inlet to
Assateague Island and placement of sand on the beach at Ocean City.  The third project consists
of the widening and deepening of the Ocean City inlet channel to improve navigation.  Previous
correspondence with your office has indicated that the Ocean City inlet has a low probability of
containing cultural resources and we do not plan to do further cultural surveys in this area.  The
fourth project component will be the restoration of inland bay environments in Assawoman, Isle
of Wight, Sinepuxent, and Chincoteague Bays.  We will be conducting reconnaissance
investigations during the site selection process and will report to you the results of the surveys
for potential work in the bays.

Regarding the identification of the “Dune Wreck” located within the area of potential
effects for the Assateague Restoration project, we are preparing to conduct a Phase II
investigation of the site, to determine its extent and National Register status.  We will be
providing the report of this investigation as soon as possible.
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We request your concurrence that there are no historic properties within the borrow
areas surveyed and reported in the enclosed report.  If you have any questions regarding this
matter, please contact Mr. Kenneth Baumgardt, at (410) 962-2894.

                                Sincerely,

                                Dr. James F. Johnson
                                Chief, Planning Division

Enclosures
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Restoration of Assateague Island
Integrated Interim Report and

Environmental Impact Statement, May 1997
Response to Comments

Minerals Management Service

1 a.  Comment:  Page ix:  “The Draft EIS section entitled, “Coordination with the MMS”
should be re-titled “Coordination/Cooperation with the MMS.”

Response:  Concur.  Section has been modified.

1 b.  Comment:  Page 7-6, Section 7.1.1.c, Bathymetry:  The MMS’ policy is to structure the
lease for the borrow area such that deep pits or depressions will not be dug.  This generally
serves to ensure that no adverse changes to the local physical environment occur.  It also
precludes the deposition of fine-grained material into the dredged hole.

Response:  During dredging, the 93-ha (230-acre) borrow area on Great Gull Bank will be
lowered from the existing depths of 6 to 9m (19.7 to 29.5 feet) to an average 9-m (29.5-foot)
depth.  Dredging will thus deepen the borrow area by 3m (10 feet).  A detailed dredging plan
will be developed in collaboration with the U. S. Fish and Wildlife Service, National Marine
Fisheries Service, and the Minerals Management Service.  In keeping with current MMS policy,
the area will not be dredged to the extent that deep pits or depressions will form.  This will
ensure that no adverse impacts to the local physical environment will occur and will preclude the
deposition of fine-grained material into the dredged hole.

1 c.  Comment:  Page 7-7, Section 7.1.1.e, Surface Water Quality:  A general condition of
the lease for the dredging activity is that turbidity in the water column is not to exceed 29
NTUs to preclude any adverse or short-term impacts on the water column organisms.

Response:  Condition noted.  The Corps expects very little turbidity on the surface.  Turbidity
will be localized at the cutter head during dredging activity.  Further discussion between
representatives of the Corps of Engineers and the Minerals Management Service in March 1998
resolved this issue.

1 d.  Comment:  According to the MMS Headquarters archaeologist, the shipwreck survey
and analysis in the draft EIS is adequate.  However, even though the potential for offshore
prehistoric resources is mentioned in the background section, there are no data collected,
no analysis, and no conclusions regarding prehistoric resources for the offshore borrow
areas.  The MMS will review available shallow seismic data and/or core data for the
offshore borrow prior to issuance of a lease.
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Response:  Comment noted.  No action is required on the part of the Corps of Engineers
because Great Gull Bank is outside the territorial waters of the United States and was not
considered by the State Historical Preservation Officer to require cultural resource
investigations.

1 e.  Comment:  Annex A, Part 1, Page 9 states that the project will not significantly impact
in a detrimental manner any endangered species or its critical habitat, and therefore the
project is in compliance with the Endangered Species Act.  However, no biological opinion
has been issued yet from the Fish and Wildlife Service or National Marine Fisheries
Service.  The Corps will have to monitor Piping Plover nesting areas and food sources over
a period of time to determine whether there is an impact (1) on nesting due to loss of
suitable nesting habitat and (2) on survival of young due to loss of food.

Response:  The Biological Opinion was prepared by the USFWS and dated May 23, 1997.  This
Opinion notes that incorporation of the Monitoring and Action Plan into the proposed project
was critical to obtaining project acceptance by the USFWS and MD DNR.  The Monitoring and
Action Plan is critical because it is impossible to predict impacts of the project on Piping Plover;
project performance and impacts on plover will largely be a function of the frequency and
severity of storm events following project construction.  Since the Monitoring and Action Plan is
included, the USFWS concluded that implementation of the project is not likely to jeopardize the
continued existence of the Atlantic coast population of Piping Plover.  The time-of-year
restrictions on project construction will prevent direct impacts to plover.  Indirect impacts
following project construction are expected by USFWS to take six chicks per year.  As a
consequence, the USFWS stipulated several nondiscretionary reasonable and prudent measures
that must be undertaken by the Corps to ensure compliance with the Endangered Species Act:
the time-of-year restriction must be followed, the monitoring problem must be implemented, and
mitigative action must be taken if the indirect impacts of the project are significant and adverse
(as spelled out in the Monitoring and Action Plan).

The USFWS Biological Opinion stipulates that a March 15th to Sept. 1st Time of Year Restriction
must be honored.  The Monitoring Program evaluates project performance with regard to its
impact on overwash frequency.  This is to be accomplished by monitoring change in vegetative
cover and island elevation within the project area.  If overwash frequency is too high, then the
risk of breaching is also assumed to be high.  In that case mitigative actions could include work
to raise the elevation of the constructed berm.  If vegetative cover increases drastically, then
overwash frequency is assumed to be too low, and mitigative measures could include berm
elevation reduction or vegetative management.

1 f.  Comment:  Page 6-6, Description of Recommended Plan:  The DEIS states that after 7
years, the majority of placed material will have been effectively removed if no long-term
solution is implemented, which is expected to be implemented after year 2.  This is a
foreseeable action that should be covered in the cumulative impact analysis.  According to
the Council of Environmental Quality (CEQ) regulations, cumulative impacts are the



Section 1 Response to Comments Restoration of Assateague Island
June 1998 Integrated Interim Report and EIS, May 1997

Page 3

impacts of the environment that result from the incremental impact of the action when
added to other past, present, and foreseeable future actions regardless of which agency
(Federal or non-Federal) or person undertakes them.

Response:  A cumulative impact analysis will be provided in the EIS for the long-term sand
management portion of the study.  The short-term plan will not be constructed unless the long-
term sand management plan is approved.

Environmental Protection Agency

2 a.  Comment:  EPA has given the DEIS a rating of LO-1 (Lack of Objections - Adequate).
No further comments.

National Park Service

3 a.  Comment:  Section 5-1-2, Last Paragraph:  The National Seashore is opposed to the
use of the ebb shoal as a borrow source until a long-term sediment transport system is in
place to supply an amount of sand to Assateague as would be naturally transported if the
jetties did not exist.  Information developed as part of the Coastal Engineering Analysis
suggests that the ebb shoal is having significant influence on Assateague by modifying wave
climate and contributing some amount of sand through “bypassing.”   We do not believe it
appropriate to perturb the shoal and risk additional impacts to Assateague Island until a
long-term solution has been implemented.

Response: The Corps understands that the NPS has concerns over the use of the ebb shoal as a
borrow source for the short-term restoration.  Great Gull Bank is a viable borrow source, and
the plan is to use it as the primary source for the short-term project.  The ebb shoal, if used at all
for the short-term restoration, would only be used as a secondary source and most likely only as
the short-term solution is nearing its end and the long-term solution is about to be implemented.
It is also possible that the ebb-shoal will not be used at all for the short-term project.

3 b.  Comment:  Annex C, Proposed Estates:  If this section is intended to describe the
easements/right-of-ways needed by the Corps from the NPS to conduct the project, then it
is not at all clear why perpetual easements are the desired estate for the Assateague Island
beach restoration and storm berm lands (assuming that the proposed project is a one time
only action, without long-term maintenance requirements or obligations by the Corps).
Why would a temporary work area easement not suffice for the duration of construction
and the follow-up monitoring period?  The Corps and the NPS will need to discuss this
issue further.



Section 1 Response to Comments Restoration of Assateague Island
June 1998 Integrated Interim Report and EIS, May 1997

Page 4

Response:  The National Park Service will obtain a fee estate to the required parcels.  Once this
has been done and the PCA/MOU has been signed for the project, the NPS will only need to
issue the Corps a permit to go on its lands.

3 c.  Comment:  Section 1.1, Last Sentence of Fourth Paragraph:  Since the park was
established in 1965, more than 65 million people have visited Assateague Island National
Seashore.

Response:  Concur.  Correction has been made.

3 d.  Comment:  Section 2.4.1.c, fifth Sentence of Second Paragraph:  It is incorrect to state
that Assateague “possesses minimal woodland areas.”  This statement would, however, be a
correct assessment of Northern Assateague.

Response:  Concur, the sentence has been modified to:  “The northern end of Assateague has
historically been dominated by dune grassland zone vegetation, and possesses minimal
woodland areas.”

3 e.  Comment:  Section 2.4.2.b, Second to Last Sentence in Coastal Bays Section:
Incomplete sentence ending with “....few.”

Response:  Concur.  The sentence has been modified to read, “Sinepuxent Bay in general
possesses low finfish species richness and few juvenile finfish.”

3 f.  Comment:  Section 2.4.2.d, Last sentence of third paragraph under Coastal Bays
Mainland and Barrier Islands section:  The correct name of the organization is “The
Western Hemisphere Shorebird Reserve Network.”

Response:  Concur.  The sentence has been modified to read, “Chincoteague National Wildlife
Refuge ranked second in diversity of shorebird species from among all 450 sites in the Western
Hemisphere Shorebird Reserve Network and, in 1990, the barrier islands of Virginia and
Maryland were dedicated as part of the International Shorebird Preserve.”

3 g.  Comment:  Section 2.9.5, Third Sentence of Second Paragraph:  The correct name for
the state park is Assateague State Park.

Response:  Concur.  The sentence has been modified to read, “The Sinepuxent Bay Wildlife
Management Area, the Assateague State Park, and the Assateague Island National Seashore and
Wildlife Refuge border Sinepuxent Bay.”
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3 h.  Comment:  Tables 5-5 and 5-8:  In both tables, the description of Alternative #3/5d
includes the statement that beach width increases approximately 30-40 feet.  It would be
more meaningful to state this as the average increase in beach width, or else state the range
of widths within the project area - essentially 0-90 feet depending on location.

Response:  Concur.  The tables have been modified to read, “Average island width increases to
approximately 30 to 40 feet; low storm berm constructed.”

Worcester Environmental Trust

4 a.  Comment:  WET requests that all work be conditioned on the fact that there be a sand
by-pass system from south Ocean City to the north Assateague Island beach in order that a
steady supply of sand guarantees replacement of what the jetties capture or deflect onto the
shoals.

Response:  Concur.  Corps Headquarters has requested that an implicit linkage between the
short-term and long-term portions of the study be created.  The short-term solution will not be
constructed unless the long-term plan is approved.

4 b.  Comment:  WET would like to see an effective buffer easement along the Bayside of
the mainland to prevent storm damage and flooding and to ensure the landward migration
of wetlands.

Response:  Comment noted.  However, land-use controls are outside the authority of the U.S.
Army Corps of Engineers.  This is a local governmental function.

4 c.  Comment:  Page 2-12, Section 2.3.1.b:  Request the Corps include Trappe Creek along
with the other degraded coastal tributaries.  Trappe Creek has several point source
pollutant discharges coming from a chicken processing plant, a landfill, a municipal sewage
treatment plant and others, in addition to agriculture and residential non-point runoff.

Response:   Concur.  The sentence has been modified to include Trappe Creek.

4 d.  Comment:  Page 2-16, Section 2.4.1.c:  WET wishes to point out that barrier island
vegetation accommodates overwash, which is a natural process.

Response:  Concur.
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4 e.  Comment:  Page 2-36, Section 2.10.2: Habitat for birds and other species could be
guaranteed by acquisition of mainland bay frontage, which would allow wetlands and
habitat to migrate landward.  There are many acquisition programs available, some of
which are the Land and Water Conservation Fund, Program Open Space, and the Rural
Legacy Program, to name a few.

Response:  Comment noted.  However, land-use controls are outside the authority of the U. S.
Army Corps of Engineers.  This is a local governmental function.

4 f.  Comment  Page 2-37, Section 2.10.3:  Building the beach on north Assateague will give
a false sense of security to mainlanders.  When, not if, a major storm occurs, low mainland
areas will be severely impacted.  We feel it is better to see, deal with, and learn from
overwash, than to encourage mainland growth in hazardous areas, assuming that a static
barrier island will always be there.  Acquisition of Bayside buffers will ensure that new salt
marsh will flourish.

Response:  Comment noted. The Corps has repeatedly informed the public that the purpose of
the project is to restore the northern part of the island to a more natural condition, not to
provide storm protection to the mainland.  Healthy barrier islands inherently afford some
protection to coastal bays and the mainland, but the Corps has clearly stated that the project will
not prevent or significantly reduce damages on the mainland.  This project will allow normal
overwash and in no way will create a static barrier island.  Again, land-use controls are outside
the authority of the Corps of Engineers.  This is a local governmental function.

4 g.  Comment: Figure 3-1:  Shows that the mainland, particularly on South Point, has
already suffered upland loss due to wave energy and sea-level rise.

Response:  The figure is provided for illustrative purposes.  It is not meant to provide exact
quantitative information.  This disclaimer has been placed on Figure 3-1.

4 h.  Comment:  Page 3-10, Section 3.2.2.c:  Inundation of the mainland due to storm surge
should not justify this project.  Jeopardizing the safety of Bayside property owners is the
result of poor county land use decisions.  It would be far better to use some of the
multimillion dollar beach nourishment money to acquire bay front mainland properties
and move people out of danger.  In addition, this would slow marina construction and have
greater water quality and wildlife benefits.  This would be a sustainable way of
encouraging tourism by protecting what many visitors come to enjoy, as well as providing
additional access to the bay.



Section 1 Response to Comments Restoration of Assateague Island
June 1998 Integrated Interim Report and EIS, May 1997

Page 7

Response:  The short-term restoration of Assateague Island was authorized in order to mitigate
for environmental degradation that has resulted from the existing Corps jetties.  It was not
authorized for the purpose of protecting bayside property.  The limited storm-damage reduction
that the project will provide is an incidental benefit only.

4 i.  Comment:  Page 3-10, Section 3.2.2.d:  WET opposes the use of the shoal off the north
end of Assateague for Ocean City beach Nourishment.

Response:  At this time, the Town of Ocean City has no plans to use the Ebb Shoal.  They
currently utilize shoals offshore Ocean City for beach nourishment.

4 j.  Comment:  Page 3-11, Section 3.3.1:  Deepening the inlet to accommodate deeper draft
vessels would be a self-fulfilling action.  This could change the hydrodynamics of the area,
increasing flooding potential.

Response:  Comment noted.  Navigation improvements will be discussed in detail in the second
part of the Ocean City, Maryland and Vicinity Water Resources Feasibility Study, which
addresses the remaining components of the study.

4 k.  Comment:  Page 3-13, Section 3.4.1:  The fact that so many acres of wetlands have
been lost within the coastal bays may have been the result of poor decision on the part of
the Corps of Engineers.  Developing a “rolling easement” strategy along the mainland
could ensure survival of wetlands.

Response:  Comment noted.  However, land-use controls are outside the authority of the U. S.
Army Corps of Engineers.  This is a local governmental function.

4 l.  Comment:  Page 4.2, Section 4.3.1:  With the exception of number 5, we support the
goals listed.  Re number 5, reducing the impact of storm damage/erosion is the
responsibility of the county government.

Response:  There are several program authorities that allow the Corps of Engineers to provide
solutions in regards to reduction of storm damage and erosion.  These include Section 14 of the
Flood Control Act of 1946 (Emergency streambank and shoreline erosion protection), Section
103 of the River and Harbor Act of 1962 (Hurricane and Storm Damage Reduction), and Section
111 of the River and Harbor Act of 1968 (Mitigation of shoreline eorosion damage caused by
Federal navigation projects).

4 m.  Comment:  Page 5-1, Section 5.1.1:  WET supports 3/5d, 3/5e, or 8.  A long-term
sediment supply is the key to maintaining the northern beach of Assateague.  Without a
long-term plan which would include a sand by-pass system, the cost of maintaining the
north end of Assateague will be prohibitive.
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Response:  Concur.  Corps Headquarters has requested that an implicit linkage between the
short-term and long-term portions of the study be created.  The short-term solution will not be
constructed unless the long-term plan is approved.

4 n.  Comment:  Page 7-18, Section 7.2:  WET supports the attempt to improve the north
end of Assateague as habitat for the beach tiger beetle, sea beach amaranth, and Piping
Plover.  It is important to increase habitat areas along with the coast since manmade and
natural disasters, such as oil spills and storms, can quickly wipe out these species in certain
areas.

Response:  Concur.  The Corps agrees that increasing coastal habitat is extremely important to
address these concerns.

4 o.  Comment:  Page 7-19, Section 7.2:  WET supports the creation of mainland habitat for
submerged aquatic vegetation, wetlands, and colonial nesting birds.  WET also urges that
the Corps consider acquisition of a Bayside buffer to ensure the future of wetlands as they
respond to sea-level rise.  Again, WET urges the Corps to study the use of “rolling
easements” as a solution for preserving mainland wetlands.

Response:  Comment noted.  However, land-use controls are outside the authority of the Corps
of Engineers.  This is a local governmental function.

4 p.  Comment:  Page 7-20, Section 7.4:  WET suggests that in the next phase of this study,
the Corps give serious consideration to the creation of natural habitat adjacent to or near
the eroding sides of the Isle of Wight, a state-owned Natural Resources Management Area
in the Isle of Wight Bay.

Response:  Concur.  These areas are under consideration as part of the environmental
restoration effort in the second part of the Ocean City, Maryland, and Vicinity Water Resources
Study.

4 q.  Comment:  Will the timing of sand placement be done at a period of low potential
impact to the wildlife?

Response: The project area is of notable value to shorebirds, including several rare species, but
is not of notable value to other wildlife.  The time-of-year restriction therefore focuses on
avoiding disturbance to shorebirds during their nesting and brood rearing seasons.  The short-
term restoration project will avoid construction during March 15th to Sept. 1st to meet this need.
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4 r.  Comment:  Why is the dredged material from routine dredging not deposited on the
Assateague Island National Seashore when the sand is suitable.  And the “poor material,”
why not use it for back bay spoil island now?

Response: Poor quality (fine-grain size) material for beach nourishment poses special problems
if it is to be placed in aquatic ecosystems.  Because of requirements to protect water quality, it
can’t be placed without first having engineering measures in place to minimize turbidity impacts.
At this time there are no established containment sites for these materials, and if they were
placed in open water there could be substantial water quality impacts, and material would be
vulnerable to erosion and off-site transport.

During routine dredging conducted by the Corps of Engineers, representatives from the Town  of
Ocean City and Assateague Island National Seashore are consulted regarding their needs for
dredged material.  There are times when the material is provided to Ocean City; at other times,
it is provided to Assateague Island National Seashore.  The decision as to where the material is
sent is often made in consideration of such factors as the cost of transport.

4 s.  Comment:  Will snow fencing and beach grass plantings be employed in conjunction
with the sand pumping and dune formation?

Response: Snow fencing and beach grass plantings are not included as components of the Short-
term Restoration project because of the need to maintain sparsely-vegetated habitat for rare
shorebird species that nest and forage in areas with very little vegetation.  Snow fencing and
beach grass plantings could accelerate vegetative succession on the island, causing detrimental
impacts to the rare shorebirds.  Snow fencing would also interfere with natural wind sand
transport processes, and it is desired to allow the island to respond to natural forces
unencumbered to the degree possible.

4 t.  Comment:  Removing sand from Great Gull Bank will disturb fish habitat.  The sand
will not stay and this sounds like a waste of money.  Great Gull Bank helps to protect
Assateague.

Response:  The Corps of Engineers, supported by the Fish and Wildlife Service and other
agencies, concluded that impacts to finfish resulting from dredging on Great Gull Bank are
expected to be minimal provided that impacts to the shoal’s profile (height off the seafloor and
area covered) are minimal.  At this time, dredging proposed for the short-term restoration of
Assateague will have minimal impacts on the shoal’s profile.  If dredging is proposed on the
shoal in the future beyond that considered in the May 1997 Draft EIS, then additional analysis
would be warranted to ensure that impacts to finfish are minimized.  It is correct that the sand
will not “stay put,” but putting a monetary value on restoring the geological integrity of the
island is not possible.  However, the Draft EIS concluded that the short-term restoration project
would provide public benefits.  Impacts to the shoreline that could result from dredging Great
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Gull Bank were carefully considered, and a full study of this issue is included in Appendix A1,
Wave Transformation and Potential Longshore Sediment Transport Modeling.  This study
concluded that no adverse impacts to the shoreline would be expected by the removal of even
10,000,000m3 of sand (the short-term project will remove only 1,400,000 m3 of sand).

Department of the Interior.

5 a.  Comment:  The Department of the Interior requested an extension for comments until
mid-July 1997.  As of April 1998, no comments had been received for DOI.  However, we
did receive comments separately from  NPS, FWS, and MMS, which are addressed in this
document.

Assateague Coastal Trust (Judith Johnson)

6 a.  Comment: It is agreed that the Great Gull Bank is the best area from which to take
sand. The Ebb Tidal Shoal should not be used as a source of sand under any circumstances
because the shoal provides a measure of protection for the northern end of Assateague
Island.   Overwash of the northern end of the island has discouraged predation by foxes
and raccoons and has improved the area for Least Tern, Piping Plover, Oystercatcher,
Common Tern, and the beach tiger beetle.

Response: The ebb shoal was excluded as a major source of sand for the short-term restoration
because of unknown impacts that could result to Assateague Island.  The ebb shoal provides
some degree of wave protection to the northern end of the island.  Because of this, the National
Park Service strongly advocates that the ebb shoal not be dredged without a long-term
restoration program in place.  However, in the context of this study where the long-term project
must be approved prior to approval to implement the short-term project, any dredging of the ebb
shoal for the short-term restoration would be done only shortly before implementation of the
long-term project.

Maryland Office of Planning

7 a.  Comment:  The Maryland Department of Natural Resources (MD DNR) sought
further coordination with the applicant about this project.

Response:  The Corps will continue to coordinate with the MD-DNR as requested.

7 b.  Comment:  The Maryland Historical Trust expressed the need for further consultation
with the applicant concerning Phase I work on the Little Gull Bank, a Phase II
investigation of Site 18W0154, and habitat restoration activities in Sinepuxent Inlet.
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Response:  Additional survey of the Little Gull Bank is unnecessary because this site is no
longer being considered as a sand source, and therefore will not be disturbed by the project.
Site 18W0154 lies outside the project area, so it, too, will remain undisturbed by the project.
Therefore, no additional investigation of Site 18W0154 is required.  Since these comments were
received, further coordination with the Maryland Historical Trust has occurred, and a site tour
of the area, including Sinepuxent Inlet, has been planned to enable the SHPO to confirm the no-
effect determination before construction.

The impact area is restricted to that of previous dredged material deposits on the beach, which
have since eroded away.  No impacts outside that footprint are planned.  Although underwater
resources are apparently present off South Point, this project is limited to previously disturbed
areas and will have no effect on those resources.

U. S. Fish and Wildlife Service

8 a.  Comment:

Provided a biological opinion on several species:

a.  Piping Plover:  Service’s biological opinion that implementation of the project, as
currently proposed by the Corps, is not likely to jeopardize the continued existence of the
Atlantic coast population of the piping plover.

b.  Seabeach Amaranth: Service’s biological opinion that implementation of the
project, as currently proposed by the Corps, is not likely to jeopardize the continued
existence of the seabeach amaranth.

The USF&WS states that the following conditions must be adhered to:

a.  No construction, earth moving, or placement of materials or equipment will
occur on National Park between March 15 and September 1 of any year.

b.  No refueling on intertidal areas of the beach.

c.  Request a 5 year monitoring plan after construction (by Corps or  its
cooperators).

d.  An annual report on the monitoring program will be provided to FWS.

e.  Detrimental impacts to piping plovers will be corrected for based on performance
indicators on page E-5 of the Monitoring and Action Plan.
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f.  Increase in predator population will be monitored and dealt with by Corps or its
cooperators.

Response:  Comments a through e above are addressed in Annex E.  An increase in predator
population is not anticipated from the project, as the project is not designed to increase habitat
or other conditions to benefit predators.  The plan is to return the island to its historical
conditions, and to restore its former configuration.

As stated above, monitoring the predator population is not a Corps responsibility.  The wildlife
monitoring program currently conducted by the NPS will continue.
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ANNEX B

ECONOMICS EVALUATION

I. EXISTING CONDITIONS  EVALUATION

Navigational Infrastructure

Many of the current social and economic characteristics of the study area  have been
shaped or influenced by the construction of the jetty system at the Ocean City Inlet.
Constructed by the Corps of Engineers, the jetty system and the inlet channel provide
relatively safe and effective navigation for commercial and recreational boat traffic
between the coastal bays and the Atlantic Ocean.  Commercial watermen use the channel
as passage from moorings at the Fisherman’s Marina at West Ocean City to Atlantic
Ocean fishing waters.  For recreational boaters, the inlet channel is the major artery
feeding the coastal bay channels and the many marinas serving boating needs.

 Construction of the jetty system created a need for navigable channels through the inlet
and into the coastal bays. The Corps of Engineers built and maintains  the inlet channel to
an authorized depth of 3.06 m (10 feet) and a width of 61.2 m (200 feet).  The inlet
channel leads directly into the Fisherman’s Marina commercial harbor at West Ocean City.
The harbor is maintained to a depth of  3.06 m (10 feet) to provide adequate clearance for
commercial users.  Two other Corps-maintained projects provide navigation channels in
Sinepuxent Bay, behind Assateague Island, and in the Isle of Wight Bay, behind Fenwick
Island. These channels are maintained on an as-needed basis. The Sinepuxent navigation
channel, for example,  has not been dredged in over 20 years because of infrequent use by
commercial watermen.  These federally maintained channels, along with several non-
Federal ones, comprise the basic waterway transportation system in the study area.  As a
by-product of jetty construction, this system has influenced the social and economic
development patterns of the study area.

The provision of safe waterway passage for boaters between the Atlantic Ocean and the
coastal bays has attracted considerable investment in the infrastructure needed to house,
launch, and repair boats.  According to Volume 4 of the  1994 Boating Almanac, 23
marinas operate in the Maryland portion of the coastal bays, offering a menu of services to
both recreational and commercial users of the Ocean City Inlet and other navigation
channels.   There are 736 total boat slips available in the study area.  Of these,
approximately 15 percent are used  by commercial concerns.  The remainder are used
primarily by recreational boaters and sport fishermen.

Commercial fishing is one of the mainstay industries in the study area.  Most of the local
watermen moor their vessels at the federally maintained Fisherman’s Marina harbor in
West Ocean City. There are about 30 year-round watermen operating from the harbor.  In
addition, many transient watermen fish the surrounding waters and land their catch in the
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marina.  In support of the watermen, there are fueling and repair facilities in close
proximity to Fisherman’s Marina.  The Ocean City county boat launch is also located near
the harbor.

Another marina facility offering a similar array of services to commercial and recreational
boaters is the Ocean City Fishing Center.  Located north of the inlet on the mainland, the
Fishing Center is the largest single boating facility in the study area.  The center has a 220-
slip marina and also houses 4 headboats and 30 charter boats in its facilities. An average of
150 transient boaters used  Fishing Center facilities during the 1993 through 1995 time
period.  In addition, a  906.9 km (77-ton)  travel lift is located in the Fishing Center
harbor. In the first 7 months of 1996, the travel lift serviced more than 150 customers.

Mainland Development

As detailed above, the construction of the Ocean City Inlet jetty  system has been a major
impetus to development of  a commercially significant navigation industry in the study
area.  Because boating, both commercial and non-commercial, attracts year-round
residents and seasonal vacationers to the area, it seems reasonable to assume that the
jetties have indirectly induced residential and non-residential development on the mainland
westward of the coastal bays.

Many of the mainland residential communities located adjacent to the coastal bays
throughout the study area are susceptible to damage incurred during storm surge events.
When combined with the effects of tides and wave action, the resulting water levels can
cause significant damage to structures.  During the reconnaissance phase of the Ocean
City Water Resources study, all residential and commercial developments located on the
mainland behind the coastal bays were evaluated to determine  levels of flood damage and
to evaluate structural alternatives to address  flooding problems.  None of the solutions
investigated  resulted in a benefit-cost ratio greater than 1.0, the measuring criterion for
project viability.

Despite a lack of  benefit-cost ratio justification for a Federal flood control project in the
area, the impacts of flooding on local mainland communities are significant.  As recently as
January 1992, four of the mainland communities located along Highway 611 inland of
Sinepuxent Bay incurred substantial  storm-induced flood damage to their structures and
contents. This study of Assateague evaluated impacts from storm-induced flooding for the
most flood-susceptible residential and recreational communities located on the mainland
along Highway 611. These communities were identified as flood-prone communities
because of their location directly landward of the section of Assateague Island most likely
to be breached. Two of  the communities flooded in January 1992, Snug Harbor and
Porfin Drive, are year-round residential communities.  The others, Frontier Town and
Eagles Nest, are primarily communities organized around the needs of seasonal mobile
home and recreational vehicle users.
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Because of their location landward of the northern end of Assateague, the residential
communities of Mystic Harbor and Assateague Point, as well as  the Ocean City Airport,
were included in the feasibility flood damage investigation. These communities did not
incur significant damage during the January 1992 storm.  Mystic Harbor is a year-round,
200-home residential community.  Assateague Point is a seasonal resort community of
more than 500 structures.  The Ocean City Municipal Airport is a small plane facility.

Because it is a recent major flood and information about its characteristics is readily
available, the January 1992 storm event was used to define the probable impacts or storm-
induced flooding under existing conditions.  Although flooding characteristics in the study
area seem to be highly variable because of the vagaries of tides, waves, and wind, the
January 1992 storm event provided the best available information about flood damage and
the probable location of damage centers.  High water marks 2.45 m (8 feet) above the
1.53 m (5-foot ) NGVD ground elevation were observed at the Snug Harbor community
during the January 1992 event.  Depending on the first floor elevation and flood
susceptibility of the structure, this water level caused varying degrees of damage to 47
structures in the community.  Structures at Assateague Point, on the other hand, despite
its location adjacent to Snug Harbor, incurred only minor damage.  Because of adherence
to Flood Insurance Administration regulations regarding building codes and the
floodproofing of structures, structures at Assateague Point avoided serious damage.
Mystic Harbor, because of its location,  is buffered by marshland to the bay side, and
homes are generally elevated to a level of 3.98 m (13 feet)  NGVD or greater above the
level of the 1992 reference flood in that reach. Structures in the community did not incur
flood  damage in the 1992 event; however, both Eagles Nest and Frontier Town incurred
significant damage to mobile homes and recreational vehicles in the 1992 storm. In order
to minimize the likelihood of a recurrence of similar damage in the future, a policy to
relocate mobile homes and recreational vehicles in Eagles Nest and Frontier Town to the
west of  Highway 611 during winter months has been instituted. Table B-1 provides an
inventory of the existing development at five  flood-susceptible mainland communities.  It
also provides information from  the January 1992  flood damage assessment of those
communities.



B-4

Table B-1

Types and Number of Structures on Mainland/
Number of Structures Damaged in 1/92 Storm

COMMUNITY COMMUNITY NUMBER            NUMBER
NAME TYPE OF STRUCTURES DAMAGED 

IN 1/92 
STORM

Mystic Harbor Year-Round Residential 185 0
Snug Harbor Year-Round Residential 53 47
Assateague Point Residential Vacation 522 Minor Damage
Frontier Village Mobil Homes/Rec Vehicles 400 Sites 150 Trailers
Eagles Nest Mobil Homes/Rec Vehicles 100 30-40 Trailers

The gradual loss of  volume and elevation on the northern section of  Assateague Island
has diminished its capacity to function as a barrier island in relation to protection of
mainland development.  Although documented evidence does not exist, the perception of
many of the residents of these communities is that the island provides less protection
against flooding than in decades past.  Certainly, the effects of the 1992 flood event
indicate that flooding is an existing problem for the mainland communities.

To assess damage to the communities on the mainland, local officials and residents of the
communities were interviewed and a field survey was conducted to determine the
characteristics of  structures located in the communities.   Local officials provided
information regarding the effects of  the January 1992 flood.   Additional site-specific
information regarding flood potential was gleaned from the files of community managers.

After completion of the field work, data were organized by community, and each
individual structure subject to flood damage was categorized by type.  In addition,
elevations of ground and first floor were identified, and the effective age, condition, and
building material of the structure was assessed.  This information provided the basis for
assessment of existing damage to structures.

Flood Damage Assessment by Community

Snug Harbor

According to information collected from post-flood damage assessments and interviews
with residents, the average water surface level at Snug Harbor during the January 1992
storm was about 2.45 m (8 feet) above the ground elevation.  To evaluate the damages
incurred by these structures, the level of water in relation to the first-floor elevation was
assessed based on interviews with residents and high water marks on the structures.  For
32 of the 47 damaged structures, water levels reached the first-floor elevation.  For the 10
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structures incurring major flood damage, the storm surge reached 1.22 m (4 feet) above
the first floor.  For the 5 structures that were most severely damaged, the observed water
levels were 2.45 m (8 feet) above the first floor level.

These water levels were used in conjunction with standard Flood Insurance Administration
(FIA) depth to percent damage functions to determine the amount of damage at various
levels of flooding.  These curves were applied to the average structural value of $85,000,
an assessment of local real estate agents.  Damage to both structure and contents within
the structure were assessed. For contents, the standard Corps of Engineers allowance of
50 percent contents to structure value ratio was used. The total damages at Snug Harbor
for the January 1992 storm event amounted to $905,000. The results of this evaluation are
displayed in Table B-2.

Table B-2

Snug Harbor 1992 Storm Event
Damages in thousands of dollars

Degree of Damage # of Structures Structural Contents Total
                                    Flooded                      Damage          Damage          Damage

Minor 32 $190.4 $81.6 $272.0
Major 10 $238.0 $114.8 $352.8
Most Severe    5                                  $187.0             $93.5               $280.5

TOTALS 47 $615.4 $289.9 $905.3
.

Porfin Drive

According to information from post-storm damage assessments, there were 3 structures
on Porfin Drive that incurred major damage during the January 1992 storm event.  The
average value per structure on Porfin Drive according to local real estate agents is
estimated  at $250,000.  The observed high water marks were 1.22 meters (4 feet) above
the first floor elevation.  Standard FIA depth-damage curves were applied to determine
damage to structures and contents damage.  The following table displays the expected
structural, content, and total damage for the 3 damaged structures.  The contents-to-
structure ratio used was 50 percent. Total storm damages under existing conditions
amount to $311,000.
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Table B-3

Porfin Drive 1992 Storm Event
Damages in thousands of dollars

Degree of Damage # of Structures Structural Contents Total
                                    Flooded                      Damage          Damage          Damage

Major Damage    3 $210.0 $101.3 $311.3

Frontier Town

According to information from post-storm damage assessments, there were 75 mobile
homes (small trailers) that incurred major damage during the January 1992 storm event.
The average value per structure at Frontier Town, according to local real estate
assessments, is $15,000.  The observed high water marks were .61 m (2 feet) above the
first floor elevation.  Standard FIA depth-damage curves were applied to determine
damage to structures and contents.  The following table displays the expected structural,
content, and total damage for the 75 damaged structures.  The contents-to-structure ratio
used was 50 percent. Total storm damages under existing conditions amount to $988,000.

Table B-4

Frontier Town 1992 Storm Event
Damages in thousands of dollars

Degree of Damage # of Structures Structural Contents Total
                                    Flooded                      Damage          Damage          Damage
Major Damage    75 $712.1 $276.2 $988.3

Eagles Nest

According to information from post-storm damage assessments, there were 35 mobile
homes (small trailers) that incurred major damage during the January 1992 storm event.
The average value per structure at Frontier Town according to local real estate agents is
$25,000.  The observed high water marks were 1.07 m (3.5 feet) above the first-floor
elevation.  Standard FIA depth-damage curves for mobile homes were applied to
determine damage to structures and contents.  The following table displays the expected
structural, content, and total damage for the 35 damaged structures.  The contents-to-
structure ratio used was 50 percent. Total expected storm damages under existing
conditions amounts to $958,000.
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Table B-5

Eagles Nest 1992 Storm Event
Damages in thousands of dollars

Degree of Damage # of Structures Structural Contents Total
                                    Flooded                      Damage          Damage          Damage

Major Damage    35 $664.1 $294.0 $958.1

Summary of Existing Conditions Flood Damages

Table B-6 summarizes the  expected damage under existing conditions for a recurrence of
the January 1992 storm event by community, categorized as structural or content damage.

 Table B-6

Summary of Existing Conditions Damages
1992 Storm Event

Damages in thousands of dollars

Community  # of Structures Structural Contents Total
                                    Flooded                      Damage          Damage          Damage

Snug Harbor 47 $615.4 $289.9 $905.3
Porfin Drive  3 $210.0 $101.3 $311.3
Frontier Town 75 $712.1 $276.2 $988.3
Eagles Nest                 35                                $664.1             $294.0             $958.1
TOTALS 160 $2,201.6 $961.4 $3,163.0

Recreation  at  Assateague Island National Seashore

A large percentage of Assateague Island is operated by the National Park Service (NPS)
and is designated as a national seashore area.  According to the NPS, annual recreational
visitation days average 750,000. Most recreational activity takes place in the vicinity of the
NPS visitor complex and the adjacent beach area.  According to NPS visitation data,
about 1 percent, or 7,500  visitor-days of recreational activity, takes place on the northern
section of the island.  This area offers a unique beach experience because no vehicular
traffic is allowed and all visitation is by foot.  Most of the users of this  section of the
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national seashore value the natural beach experience and the unique shorebird viewing
opportunities.

II.  FUTURE WITHOUT-PROJECT ECONOMIC EVALUATION

The most probable future without-project condition is the northern section of Assateague
Island being breached by a storm event.  The effects of  a breach of the island on flood
damage, navigation in the channels, and recreation at the National Seashore were
evaluated.

A.  Impact of Breach on Navigation

A breach of Assateague Island is not expected to significantly impact the navigability of
most channels in the area.  It is expected that a breach would increase the volume of sand
in the Sinepuxent channel behind Assateague Island, and shoals could develop in
Sinepuxent Bay as sand migrated after the event. Shoaling would likely impact
recreational  boaters at marina developments located on the bay.  These users could
experience difficulty in both accessing and navigating the channel.  In addition, users from
marinas north of the Sinepuxent could be unable to access the channel from the north due
to channel shoaling. Because of the probability of increased shoaling in the bay,  the
likelihood of  recreational boats grounding when using Sinepuxent Bay would increase
with a breach.

B. Impact of Breach on Flood Damages

To evaluate the expected flood damage to the  mainland communities along Highway 611,
inland of Sinepuxent Bay,  water level response in the Sinepuxent Bay was measured by
application of breach assessment information obtained from a hydrodynamic model (see
Appendix A - Hydrodynamic Model).   The model  measured water surface elevations at
specified locations  on the mainland with occurrence of a breach of Assateague Island.
The location and dimensions of the breach were assumed to be similar to those of the
1962 breach event.  Table B-7 displays the impact of a potential breach on northern
Assateague Island.  The table shows the change in water surface elevation with the breach
compared to existing conditions and the expected damages from a recurrence of the
January 1992 flood event.  The expected increase in damages amounts to $700,000, a 22
percent increase over the damages under existing conditions.
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Table B-7

Future Conditions with Breach of Northern Assateague Island
Storm Damage Assessment

with Recurrence of January 1992 Storm

          Water Surface         Expected Storm Damages (Jan. 1992 Storm)
Community             Elevation Increase          Existing Conditions           With Breach

Snug Harbor +.41m (1.34 ft) $905,000    $1,249,000
Porfin Drive +.39m (1.27 ft) $311,000     $  368,000
Frontier Town +.42m (1.37 ft) $988,000    $1,214,000
Eagles Nest +.46m (1.50 ft) $958,000                        $1,031,000

Total Expected Damages January 1992 Storm $3,163,000    $3,862,000

C. Impact of Breach Event on Recreation

Recreation impacts due to a breach on the northern section of Assateague Island were
viewed in terms of quantifying the expected change in the number of visitation days at the
National Seashore and the consequential change in the value of the recreation experience.
A breach of the island would impact recreational usage by visitors who use the northern
section of the island for hiking and shorebird viewing.  As identified in the existing
conditions section, the estimated number of visitor days on the northern section is 7,500 (1
percent of  total) on an annual basis.  The economic impact of a breach of the island would
be limited to a reduction in visitation by  this set of users.

To quantify the value of such a loss of recreational opportunities, the unit-day value
methodology was used.  This decision was based on the small visitation population and the
nature of the recreational experience at the site.  The primary recreational activities on the
northern section of Assateague are shorebird viewing and nature hiking.  Although there
are comparable recreational experiences available in the region, particularly on
Chincoteague Island to the south,  the experience on Assateague is  enhanced by the
relative isolation of the northern section due to vehicular traffic prohibition.  This factor
suggests the possibility that the loss of the type of recreational experience offered on
northern Assateague is an NED loss, one that cannot be experienced in its totality at other
sites.



B-10

Table 6-29, “Guidelines for Assigning Points for General Recreation,” from Engineering
Regulation 1105-2-100, was used to develop point values for the recreational experience
on northern Assateague.  The general recreation experience of a visitor to the northern
section was defined in terms of five criteria, assigning point values based on judgment
fashioned from site visits and interviews with park personnel.  Table B-8 displays the five
criteria and the point values assigned to each.

Table B-8

Point Values For General Recreation
Northern Assateague Island National Seashore

Criteria Points

Recreation Experience  4
Availability of Opportunity     8
Carrying Capacity     9
Accessibility     8
Environmental Quality    11

Total Points    40

The evaluation process for the recreational experience on northern Assateague resulted in
a total point value of 40 points.  The monetary value correlated with this point value was
obtained from the fiscal year 1996 unit-day value for recreation guidance.  The amount
from the table to be applied in the evaluation is $4.52 per visitor-day.  On an annual basis,
the dollar amount associated with the loss of the 7,500 visitor-days lost with a breach of
the northern section is $34,000.  This is a measure of the economic impact to recreation in
the without-project condition.

III.  FUTURE WITH-PROJECT ECONOMIC  EVALUATION

A.  Impact of Project on Navigation

The project to restore a volume of sand to Assateague Island is not designed to benefit
navigation in the channels of the bays and the inlet.  One of the project objectives,
however, is to reduce the probability of breaching of the island on the northern section.
Provided it accomplishes this objective, the project will also reduce the incidence of
shoaling and sand migration expected to occur with a breach of the island.  Breach
prevention will especially  benefit users of the marinas at resort developments on the
Sinepuxent Bay, who will not lose access to the channel if a breach does not occur.  Also,
the probability of  shoal-induced groundings of recreational boaters will be reduced.
Another effect will be that users from channels north of  Sinepuxent will not lose access to
the channel if a breach does not occur.
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B.  Impact of Project on Flood Damages

The project to restore a volume of sand to Assateague Island is not designed as an
inundation reduction project.  The project design includes construction of a storm berm to
a height of 3.3 m NGVD, an increase over the existing average 2.6-m elevation.  This
feature was designed for purposes other than flood damage reduction.  The 3.3-m storm
berm elevation will not be maintained after the project is implemented; except, however, if
there is a high potential for breaching again in an isolated area, the storm berm may be
partially rebuilt as part of the monitoring and action plan.  Because the project is not being
designed for flood protection, no NED inundation reduction benefits can be claimed. One
of the project objectives, however, is to reduce the probability of breaching of the island
on the northern section.  Provided it accomplishes this objective, the project will reduce
the expected impact from flooding with a breach.  The difference between flood damages
under existing conditions and future without-project (the breach condition) for a
recurrence of the January 1992 reference storm event is $700,000, a reduction of 22
percent.  This reduction would occur as a result of breach prevention.

C.  Impact of Project on Recreation

The project to restore a volume of sand to Assateague Island is not designed to increase
or enhance recreational opportunities.  One of the project objectives, however, is to
reduce the probability of breaching of the island on the northern section.  Provided it
accomplishes this objective, the project will also prevent the loss of 7,500 visitor-days
expected to occur with a breach of the northern section of the island.  The monetized
amount of this loss of  visitor-days is $34,000 on an annual basis.

IV.  SUMMARY OF ECONOMIC IMPACTS

The existing economic development in the study area has been significantly influenced by
construction of the jetty system.  The jetties spawned a network of navigation channels
and an important commercial and recreational boating industry.  The opportunities for
boating, both as an occupation and as an avocation, induced demand for the development
of  year-round and seasonal mainland resort communities to serve the needs of boaters.

Some of the communities located along Highway 611 are susceptible to inundation from
the effects of storm surge.  The January 1992 storm resulted in damages of $3.2 million to
four mainland communities landward of Sinepuxent Bay.  An additional  $700,000 in
damages are expected to be incurred by these same communities with a breach of the
northern section of Assateague Island.  The effects of a breach on navigation are expected
to be minimal because there is very little commercial navigation in the Sinepuxent Bay,
where most of the post-breach sand accumulation is expected to occur. Recreational
boaters in Sinepuxent Bay will likely experience channel access difficulties and potentially
damaging shoal-induced groundings.  A breach will impact the unique recreational
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opportunities for relatively isolated shorebird viewing and nature hiking provided on the
northern section of the Assateague National Seashore Island.  The loss of these
opportunities will result in a loss of 7,500 visitor-days on an annual basis.  The monetized
loss of this opportunity is $34,000 on an annual basis.

The project purposes of  the future with-project condition do not specifically include
navigation, inundation reduction, or recreation.  The immediate restoration of a lost
volume of sand to Assateague Island will not provide navigation improvements, a project
design for flood protection, or enhancement of recreational facilities on the island.  The
project design does purport to reduce the probability of breaching of the northern section
of Assateague, which is the most significant project accomplishment from the perspective
of maintenance of existing economic resources in the study area.  As a by-product of
accomplishment of this objective, potential navigation and  storm inundation damages will
be avoided and the loss of recreational activities currently enjoyed by users of the northern
section will be prevented.
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ANNEX C

REAL ESTATE PLAN

1.1 GENERAL

This Real Estate Plan is for the Ocean City, Maryland, and Vicinity Water Resources
Study.  The major elements of this study consist of short-term restoration of Assateague Island,
navigation improvements, wetland and island creation/restoration, and long-term sand placement
along Assateague Island and Ocean City.

The study area, which encompasses approximately 780 km (300 square miles), includes
the Town of Ocean City and adjacent areas of Worcester County, including the Ocean City Inlet,
Assateague Island, and Assawoman, Little Assawoman, Isle of Wight, Sinepuxent, and
Chincoteague Bays.  The Maryland portion of the watersheds of the aforementioned bays, which
includes the eastern portion of Worcester County, was investigated.  Also included were the
shoals within 17.7 km (11 miles) offshore of Assateague Island.

This Real Estate Plan will cover only the short-term restoration of Assateague Island.
The other elements will be addressed in the second report.

1.2  REAL ESTATE REQUIREMENTS

1.2.1  General Requirements

1.2.1.1  Restoration  A short-term restoration is proposed for the northern portion
of Assateague Island.  For a distance of approximately 11.3 km (7 miles) south of the south jetty
located at the Ocean City Inlet, the island is to be restored by placing 1.4 million cubic meters
(1.8 million cubic yards) of material, constructing a storm berm to elevation 3.3 meters (10.8
feet) National Geodetic Vertical Datum, and widening the beach.  The distance across the beach
will be increased to varying widths based on the erosion rates.

Access to the site will be from the existing entrance road into the Assateague Island
National Seashore.

The material to be used for this project will be obtained from the Great Gull Bank
offshore shoal, which contains adequate material.

A standard estate, a Perpetual Beach Nourishment Easement, and a non-standard estate, a
Perpetual Storm Berm Easement, will be required for the beach nourishment and berm, totaling
61.93 acres (25.063 hectares) and 78.24 acres (31.664 hectares), respectively.  During
construction, a Temporary Work Area Easement (Estate No. 15) will be required for an
additional 3 meters (10 feet) outside the berm area totaling 90.10 acres (36.463 hectares).  The
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temporary work area easement will be required for a two year period.  No real estate interest will
be acquired for the borrow site since it is located in navigable waters.

  There was a development proposed, called Atlantic Estates, back in the early 1900's.  A
portion of Assateague Island was subdivided and private individuals purchased parcels, but the
area was never developed.  It is currently part of the Assateague Island National Seashore.  The
National Park Service (NPS) is the current owner of the area. There are 16 upland parcels that
the NPS has not been able to acquire which will be affected by the short-term restoration work.
Certain easements, as described in Section 1.8, will have to be acquired over these 16 parcels.
There are other parcels that are now submerged that are not affected by our project.  Our legal
research has concluded that once lands are submerged, title reverts to the State and the land
cannot be reclaimed by the former owner.  As discussed below, navigational servitude also
applies to these submerged parcels.

There is another parcel which will also be affected by the short-term restoration work.
This parcel is located on the northern portion of the State Park property and the NPS will have to
obtain an easement from the State of Maryland for work in this area.

1.2.2  Federally-owned land  A portion of the study is located on Federal lands controlled
by the NPS. Section 534(b) of WRDA 96 requires that the Secretary enter into an agreement
with the Federal property owner (NPS) to determine the allocation of project costs.  In this case,
the Federal property owner is the NPS.  It is on this basis that the Corps has identified the NPS as
its Federal partner in the Assateague Island project.

1.2.3  Navigational Servitude  This project is for mitigation of damages to Assateague
Island caused by the Ocean City Harbor and Inlet project.  Navigational Servitude is applicable
to this project since the original project was a full Federal navigation project. Property within the
navigational servitude (below the ordinary high water mark) was not included in the real estate
acreage calculations and cost estimate.

1.3 PUBLIC LAW 91-646 RELOCATIONS

It is anticipated that there are no project features that will require relocations under Public
Law 91-646, as amended.

1.4 SPONSOR'S ACQUISITION ABILITIES

The Federal partner for this project is the NPS. The NPS had attempted to finalize
purchase of the 16 upland parcels described above about 10-15 years ago; however, many of the
owners either were unwilling to sell their property or could not be located, so the NPS did not
pursue the matter any further.

The NPS has indicated they will request the Corps to acquire the parcels on their behalf.
The NPS does not have the authority to negotiate with the landowners above the fair market
value determined.  If the parcels have to be acquired through condemnation, the NPS
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condemnation process requires approval of the Director of the NPS.  The Corps may be able to
conduct the acquisitions in a more expedient manner.  The Corps and the NPS would enter into
an Memorandum of Agreement (MOA) for the real estate acquisition, and NPS would have to
provide all funds up-front.

An assessment of the sponsor’s acquisition capabilities is attached.

1.5 BASELINE COST ESTIMATE FOR REAL ESTATE

A detailed cost estimate for the restoration of Assateague Island, in MCACES format, is
included in the Cost Estimate, Appendix C.  The total project real estate cost estimate, with
contingencies, is $283,000.

1.6  REAL ESTATE MAPPING

Real Estate mapping showing the project area is attached.

1.7  MINERAL ACTIVITY

There is no known mineral activity in the vicinity of the project.

1.8 PROPOSED ESTATES

The proposed estates to be acquired for the project, as referenced in Section 1.2, are listed
below:

The recommended standard estate for the beach restoration is a Perpetual Beach
Nourishment Easement:  A perpetual and assignable easement and right-of-way in, on, over and
across the land described in Schedule A, Tract No.    , to construct, operate, maintain, patrol,
repair, renourish, and replace the beach berm and appurtenances thereto, including the right to
borrow and/or deposit fill, together with the right to trim, cut, fell and remove therefrom all trees,
underbrush, obstructions, and any other vegetation, structures, or obstacles within the limits of
the easement; reserving, however, to the grantor(s), (his) (her) (its) (their) (heirs,) successors and
assigns, all such rights and privileges as may be used without interfering with or abridging the
rights and easement hereby acquired; subject, however, to existing easements for public roads
and highways, public utilities, railroads and pipelines.

The recommended estate for the storm berm is a non-standard estate, a Perpetual Storm
Berm Easement:  A perpetual and assignable easement and right-of-way in, on, over and across
the land described in Schedule A, Tract No.     to construct, operate, maintain, repair, rehabilitate
and replace a storm berm and appurtenances thereto;  reserving, however, to the grantor(s), (his)
(her) (its) (their) (heirs,) successors and assigns, all other rights and privileges as may be used
without interfering with or abridging the rights and easements hereby acquired;  subject,
however, to existing easements for public roads and highways, public utilities, railroads and
pipelines.
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Temporary Work Area Easement (Estate No. 15):  A temporary easement and right-of-
way in, on, over and across the land described in Schedule A, Tract No.    , for a period not to
exceed two years, beginning with the date possession of the land is granted to the United States,
for use by the United States, its representatives, agents, and contractors as a work area, including
the right to move, store and remove equipment and supplies, and erect and remove temporary
structures on the land and to perform any other work necessary and incident to the construction
of the Ocean City Water Resources Project, together with the right to trim, cut, fell and remove
therefrom all trees, underbrush, obstructions, and any other vegetation, structures, or obstacles
within the limits of the right-of-way; reserving, however, to the landowners, their heirs and
assigns, all such rights and privileges as may be used without interfering with or abridging the
rights and easement hereby acquired; subject, however to existing easements for public roads and
highways, public utilities, railroads and pipelines.

1.9 ACQUISITION SCHEDULE

The Memorandum of Agreement between the Corps and the NPS for construction of the
project is scheduled to be executed by August 1997.  Current proposed project milestones show
advertisement will be in April 1998, with construction beginning in the summer of 1998, if
funding is available.   If condemnation is necessary, the advertisement may need to be postoned
to July 1998.  The NPS is proposing to request the Corps to do the acquisition on their behalf.
They are currently looking at various avenues for funding.  A detailed schedule of real estate
acquisition activities with milestones is as follows:

ACTIVITY                             INITIATE                               COMPLETE

Execution of MOA August 97 August 97
Obtain Title August 97 September 97
Obtain Tract Appraisals August 97 November 97
Conduct Negotiations December 97 December 97
Perform Closings January 98 January 98
Perform Condemnations January 98 June 98
Obtain Possession June 98

  The real estate milestones have been coordinated with the sponsor.

1.10 UTILITY AND FACILITY RELOCATIONS

There are no utility and facility relocations required in connection with this project.

1.11 ENVIRONMENTAL CONCERNS

Hazardous, toxic, and radioactive waste (HTRW) investigations have been performed at
the site.  There are no sites within or adjacent to the project area that have been identified as
known or potential HTRW sites.  The gross appraisal has been prepared considering project
lands as clean.
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1.12 ATTITUDE OF AFFECTED LANDOWNERS

The NPS and the State of Maryland are the landowners being directly affected by the
proposed short-term restoration of Assateague Island.  They are both very receptive to the
proposed project and have been working closely with the Corps throughout the study process.
The Town of Ocean City and Worcester County have been participating in the study process as
well.  Regarding the 16 upland parcel owners who are to be contacted by the NPS, it is unclear as
to how they will respond.
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ASSESSMENT OF SPONSOR’S
REAL ESTATE ACQUISITION CAPABILITY

OCEAN CITY,  MARYLAND and VICINITY WATER
RESOURCE STUDY

1. Legal Authority

a. Does the sponsor have legal authority to acquire and hold title to real property for project
purposes?

Yes.

b. Does the sponsor have the power of eminent domain for this project?

Yes.

c. Does the sponsor have “quick-take” authority for this project?

Yes.

d. Are there any lands/interests in land required for the project located outside the sponsor’s
political boundary?

No. .

e. Are any of the lands/interests in land required for the project owned by an entity whose
property the sponsor cannot condemn?

No.

2. Human Resource Requirements:

a. Will the sponsor’s in-house staff require training to become familiar with the real estate
requirements of Federal projects including P.L. 91-646, as amended?

No.

b. If the answer to 2a is yes, has a reasonable plan been developed to provide such training?

N/A
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c. Does the sponsor’s in-house staff have sufficient real estate acquisition experience to
meet its responsibilities for the project?

           Yes.

d.  Is the sponsor’s projected in-house staffing level sufficient considering its other workload, if
any, and the project schedule?

No.  If the sponsor is to do acquisition, they would have to detail other specialists from
field offices.

e. Can the sponsor obtain contractor support, if required, in a timely fashion?

Yes.

f. Will the sponsor likely request USACE assistance in acquiring real estate?

Yes.  Because of the sponsor’s other workload and limited regional authority for
condemnation, it may be more expedient for the Corps to conduct the acquisition actions.

3. Other Project Variables:

a. Will the sponsor’s staff be located within reasonable proximity to the project site?

Yes;  they are located in Philadelphia.

b. Has the sponsor approved the project/real estate schedule/milestones?

Yes.

4. Overall Assessment:

a. Has the sponsor performed satisfactorily on other USACE projects?

N/A.

b. With regard to this project, the sponsor is anticipated to be:  highly capable/fully
capable/moderately capable/marginally capable/insufficiently capable?

Fully capable (with Corps support) .

5
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. Coordination

a. Has this assessment been coordinated with the sponsor?

Yes.

b. Does the sponsor concur with this assessment?

Yes.

Prepared by:

____________________________________
Angie Blizzard
Realty Specialist

Reviewed and approved by:

____________________________________
Susan K. Lewis
Chief, Civil Projects Support Branch
 Real Estate Division
CENAB-RE-C
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ANNEX D

CULTURAL RESOURCES INVESTIGATION

1.0    RESEARCH METHODOLOGY 

1.1  Methodology

This report is the result of the collection and analysis of a wide range of information
relating to cultural resources.  Since most of the project actions will be conducted
underwater, physical reconnaissance of the project areas were not feasible in many cases.
For long-term planning purposes, information relating to the entire portion of Assateague
Island and the coastal bays were collected and analyzed.  Information collected for this
study included the following: historic maps; charts prepared by the COE, NOAA, USGS,
and others; the records of the State Historic Preservation Office; and secondary historical
works.

1.2  Federal Compliance Responsibilities

Federal and state legislation require that a Phase I cultural resource survey be conducted
prior to any project actions relating to the Ocean City Water Resources project.  This
Phase I survey was designed to identify both architectural and archeological resources that
could be affected by the proposed project.  The survey was specifically required under
terms of Section 106 of the  Historic Preservation Act of 1966 (P.L. 89-665; 80:915; 16
U.S.C. 470), as implemented under terms of Executive Order 11593, and codified under
terms of 36 CFR 800, Procedures for the Protection of Historic and Cultural properties,
1974.  The legislation described above requires Federal agencies, or project sponsors
seeking federal funding and/or permits to conduct cultural resources surveys to locate,
identify, and evaluate historic and prehistoric resources in advance of project approval.

1.3  Research Objectives

The objectives of this research are to identify the locations and nature of known and
predicted cultural resources within the survey area, and to provide this information early in
the planning process for the project to develop avoidance strategies for the project’s
implementation.  In cases where avoidance is not possible, or survey limitations are
present, recommendations are made within this report for further investigations.  The
Ocean City project involves potential impacts to Assateague Island and the offshore
environments and to the inland coastal bays.  Because these two areas are very different in
their history, environmental nature, and cultural resource issues, these two areas have been
treated separately within this report.
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2.0    ASSATEAGUE ISLAND

2.1   Overview History of Island

Until its recent use as a recreational area and wildlife sanctuary, the northern portion of
Assateague Island was unsettled and undeveloped, due to its poor suitability for
agricultural or extractive exploitation.  A sequence of maps was investigated, including the
1864 Richmond map and the 1901 U.S.G.S. map, Ocean City Quadrangle, which failed to
show any structures, roads, or docking facilities in the northern portion of Assateague.
However, they do show that during the 19th century, Assateague Island was in a state of
relative stasis.  Although Ocean City had been established by 1901, the areas to the south
of the city were uninhabited barrier dunes.  In 1933, a severe storm breached the island
immediately south of Ocean City, and the northern three miles of Assateague Island began
to shift rapidly to the west.  An aerial photograph, dated to 1934, shows the location of
northern Assateague at the onset of its migration.  In the same year, jetties were
constructed at the southern end of Ocean City to provide a protected waterway for
navigation.  By 1956, an aerial photograph illustrates that the northern portion of
Assateague has translocated completely, a distance of approximately  230 meters (750
feet).  Therefore, none of the present land comprising the northern 1.9 km (3 miles) of
Assateague is older than 50 years, and it is unlikely that any cultural remains predating the
1933 storm event remain.  Given the highly dynamic nature of the northern portion of
Assateague Island since 1933, it is unlikely that any cultural resources are present within
the restoration project boundaries.  Not only has Assateague Island been uninhabited for
most of its existence, but the northern portion of Assateague Island has been in its present
position for only a few decades.  Any  potential cultural resources predating the 1933
storm event would have naturally fallen into the ocean as the dune line migrated westward.

2.2    Potential for Shipwrecks

A similar situation precludes the existence of any historic shipwrecks within the
restoration project limits, whose boundaries are the pre-1933 beach line.  Assateague
Island has retreated more than 100 percent since the 1933 storm, so that the project limits
are contained in the area that was Assateague Island before 1933.  Any potential historic
shipwrecks are further to the east of the proposed project work limits.

Another potentially important historic resource to be considered during the present study
are shipwrecks.  During the 18th and 19th centuries, it was accepted practice to closely
follow coastlines when traveling along the Atlantic Coast.  When sudden storms arose, the
ships were often moved inland to be beached upon the shoreline or offshore shoals.
Throughout the pre-Civil War era, Assateague Island was uninhabited, and only known as
an obstruction to navigation.  Historians estimate that as many as 600 ships have wrecked
off the barrier islands of Maryland and Virginia.   Due to the constant threat of wrecks
along the coastal beaches, the U.S. government established the U.S. Life Saving Service in
1877, to provide immediate response to coastal wrecks.  USLSS District Number 6 was
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established between Cape Henlopen, Delaware, and Cape Charles, VA.  Between 1877
and 1912, 13 vessels were stranded off the Ocean City Life Saving Station.  As with the
historic land use of Assateague Island, the surf zone at Assateague is recent.  The entirety
of the present surf line was underneath  Assateague Island until 50 years ago.  Any
shipwrecks, then, would postdate the 1933 storm event.  It is likely that any wrecks in the
northern part of Assateague after 1933 could have been completely removed.  No records
of wrecks or obstructions were found in the NOAA list for the vicinity.

The lower 4 miles of the project area consist of active erosion/accretion zones that have
removed most evidence of cultural resources.  The Maryland Historic Trust records no
prehistoric sites within this portion of Assateague Island.  There are, however, two
historic shipwrecks near the southernmost portion of the project area, Site WO153
"Yankee,” a shipwreck of a ca. 1780 privateer, and WO154,  “Dune Wreck,” a shipwreck
of unknown type.  Site WO153 is outside of the project area and will not be affected.  Site
WO154 is within the project area and may be affected by the project.  The Corps is
conducting a Phase II archeological survey of this site to determine whether it is eligible
for listing on the National Register of Historic Places, and the level of effect by the
proposed activity.  If the site is historic, and will be affected, the Corps will mitigate the
effect on the project on this site.

The proposed locations for sand dredging offered the potential to contain historic
shipwrecks.  These four shoals, Little Gull Bank, Great Gull Bank, Shoal B, and Shoal C,
are located between 4,600 meters and 12,200 meters (15,000 and 40,000 feet) off  Ocean
City Inlet.  Only one shoal, the Little Gull Bank, is sufficiently shallow to have posed a
threat to navigation, and to have potentially caused historic shipwrecks.  The one recorded
wreck on the NOAA charts, the “Esther Ann” is noted just south of this shoal, but is
reported to have been removed.  Others are located on the NOAA charts to the south of
the shoal.  Great Gull Bank is also located in less than 15 feet of water, and as such, could
have also posed an obstruction to historic shipping.  Both shoals have the potential to have
significant historic resources in the vicinity.  Both Shoals B and C are in waters that vary
from 4.6 m to 7.6 m (15 to 25 feet) of water, and therefore, are not sufficiently shallow to
have posed a threat to historic shipping.  Therefore, the potential for historic shipwrecks in
the vicinity of these shoals is low.  Due to the possibility of shipwrecks being encountered
in Great Gull and Little Gull Banks, the Corps performed a Phase I reconnaissance of
these potential borrow sites, reported in “Phase I Archeological Study, Ocean City Water
Resources Study, Ocean City, Maryland.”  This report concluded that there were no
cultural resources located in the area of effect.  It was provided to the Maryland Historic
Trust for review by letter dated November 4, 1996.

It is therefore concluded that the northern portion of Assateague Island is a recent dune
formation, and does not contain any significant cultural resources, either on the island or
within the 1933 boundaries of the island. There is, however, a recorded shipwreck near
the southern terminus of the project on Assateague Island.  The Corps is conducting the
required investigation to determine whether the shipwreck is a significant cultural
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resource.  Reconnaissance investigations did not identify any shipwrecks in the proposed
borrow site locations.

3.0    REMAINDER OF STUDY AREA

Worcester County, Maryland, is on the eastern side of the peninsula that lies between the
Atlantic Ocean and the Chesapeake Bay (Figure 1-1).  It is the only county in Maryland on
the Atlantic seacoast and is in that part of Maryland called the Eastern Shore.  The county
is bounded on the east by the Atlantic Ocean; on the south by Accomack County, Virginia;
on the west by Somerset and Wicomico Counties, MD; and on the north by Sussex
County, DE.  The total land area is about 309,120 acres, or 483 square miles.  Assateague
and Fenwick Islands, barrier reefs between the Atlantic Ocean and the inland bays, are part
of Worcester County.  Snow Hill, the county seat, is near the center of the county (Hall
1973:1).

3.1  General Prehistoric and Historic Background

The prehistory and history of the occupation of Worcester County has left both
archeological and architectural remains scattered throughout the county, spanning a period
of ten to eleven thousand years.  The purpose of this Cultural Resource Management Plan
is to document the locations of the cultural sites throughout the county, and to predict the
locations of other, as yet undiscovered, significant sites to the county’s history.   A further
purpose of this plan is to develop implementable recommendations for the continued
identification of cultural sites and for their management by the county.

3.1.1  Paleolithic Period

The Middle Atlantic area, like that of the Northeast, has a prehistory which has been
subdivided into three periods:  Paleo-Indian, Archaic, and Woodland, with the historical
contact period following the Woodland period.  These periods have been primarily defined
from information based on cultural and environmental patterns.

Paleo-Indians had reached the eastern United States by 10,500 B.C. The current
understanding of the Paleoindian cultural groups typifies them as hunting big game on a
seasonal basis as the animals migrated along a north to south corridor.  Rivers are
generally easier to cross in the location of the Fall Line, and that area would have provided
Paleo-Indians a place to wait and search for migrating game.  It would have also been an
area to search for the raw materials to manufacture stone tools.  There are no Paleolithic
sites recorded within the study area, but studies in Delaware have documented that
Paleolithic coastal sites may have existed, but are now located off shore. While the
Pleistocene is conventionally held to have ended about 10,000 years ago, in the
Chesapeake Bay Region conditions actually approach modern conditions several thousand
of years later.  The drowning of the lower estuary of the Susquehanna, which formed the
Chesapeake Bay, took place during this period.  The Archaic period is often interpreted as
a settling into the landscape during this time.
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3.1.2  Archaic Period

The Archaic (9,500 B.P. to 3,200 B.P.) was marked by dramatic environmental change.
The pre-Boreal conditions that existed during the late Paleo-Indian Period were
transformed into a Boreal environment, producing vegetation similar to that surviving in
the region at present.  At this tire , prehistoric inhabitants of the area relied less on hunting
and made more extensive use of plant food sources.  While there is little evidence of
settlement or subsistence pattern changes, the Middle Archaic evidence suggests a
dramatic increase in population density.  During the Archaic, significant changes in
subsistence patterns and habitation site distribution occurred.  Populations of the peninsula
appear to have left the wetland environment associated with the headwaters and resettled
near the confluence of major rivers and streams (Davidson 1982:16-17).

The Archaic Period is generally subdivided into three phases:  Early, Middle, and Late
Archaic, each represented by different point types and environmental adaptations.
Subsistence strategies move from the hunting of large game to a more diversified hunting
and gathering strategy, including the utilization of shellfish, fish, small mammals, deer,
nuts, berries, and roots. Occupation sites or camps were inhabited for longer periods of
time to more fully exploit the surrounding environment, increasing the exploitation of the
floral environment.  Archaic Indian settlements tend to be located near environmentally
rich tidal streams and rivers, with increasing forays into inland areas for exploitation of the
floral environment .  A number of prehistoric sites within the Worcester County region are
dated to the Early Archaic Period, suggesting early utilization of the rich environmental
habitats by that period.  These settlements continued through the Archaic period.

3.1.3  Woodland Period

The Woodland Period (3,200 B.P. to 1720 A.D.) corresponds to the earliest appearance
of pottery on the Delmarva Peninsula.  During the Middle Woodland there is evidence of
an increase in contact with groups outside the Delmarva Peninsula.  During the Late
Woodland significant changes in both settlement and subsistence have been identified.
Hunting,, gathering and the exploitation of fish and shellfish were augmented by the
development of agricultural techniques and the production of corn.  Permanent substantial
house structures and palisaded village sites testify to a less transient existence (Davidson
1982:22).  However, association with Europeans introduced both social and economic
changes that continued to affect the Amerindian inhabitants until native culture was
essentially obliterated on the peninsula during the eighteenth century.  The Woodland
period represents yet another adaptation by man of his environment.  This is the time of
the introduction of pottery, elaborate burial rituals, including burial mounds and/or
ossuaries, and an increased emphasis on farming to establish a stable food resource.  This
period is also traditionally divided by archaeologists into three subperiods:  the Early,
Middle, and Late Woodland.

During the Early Woodland period, a shift to more settled occupation areas along riverain
habitats began with access to areas for the gathering of forest resources (nuts, berries, and
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roots) and plant domestication.  During the later Woodland periods (Middle and Late), the
Indian population increased and greater emphasis was placed on the domestication and
cultivation of plants.  More permanent villages emerged as well as more stratified social
organizations.  Pottery became denser, more durable and various decorative motifs were
employed.  In addition to a more settled lifestyle, the Indian population continued to
exploit the wild resources including: oysters and other shellfish, crabs, fish, waterfowl,
deer, and small mammals, and nuts, berries, and roots found in the forest.  Within the
present study area, a number of the prehistoric settlements established during the Archaic
Period continued and expanded during the Woodland Period.

3.1.4   Predictive Model of Aboriginal Settlement

The predictive model for Worcester County was developed utilizing a basic model of
settlement preferences.  This model directs that aboriginal peoples have utilized the land in
relationship to the developing boreal forest that was dominating the Middle Atlantic
region.  Generally, Pleistocene hunters and gathers were situated within the upland
regions, in a pursuit of both big game and readily available foodstuffs.  As the Archaic
Period developed, the movement towards sedentism resulted in a broader dispersion of
settlement, to capitalize upon a wide variety of food sources.  Archaic settlements are
found within the outer coastal plain, where easily gathered fish and shellfish offered the
most optimum balance between food collection and harvest time.  As the Woodland
Period developed, there was a general movement into the upper coastal plain, where the
rich, loamy soils could be utilized to support the increasing focus upon horticulture and
agriculture.

To develop a model of human behavior for the Worcester County region, a comprehensive
survey of the known site locations within the region was undertaken.  In total, there are
aboriginal sites recorded within the Maryland State Site files for the project area and the
immediate surrounding vicinity.  A total of 60% were located within well drained soils,
such as Sassafras, Fort Mott, Lakeland, and Matapeake.  Other environmental
characteristics were catalogued for this sites, specifically the elevation, and distance to the
back bay, primary streams, and secondary streams.  Of the sixty sites that could be
catalogued, 65% were more than two miles from the back bay, and only thirteen sites
were in close proximity to the bay.  However, although only 10% were found to be
directly associated with primary streams, more than 75% were found to be closely
associated with secondary streams.  The inference is that although the bay and the primary
streams may have offered the richest ecosystems for food procurement, their nature to be
surrounded by tidal wetlands was prohibitive to aboriginal movement.  The inland, well-
drained regions of the county, traversed by secondary streams, offered the most stable
landscape for settlement and procurement activities.  This region is clearly delineated to
the west of the back bays, along the corridor presently identified with U.S. Route 113.
Known sites locations suggest a aversion of moderately well drained soils, such as
Mattapex, Plummer, Fallsington, and Woodtown soils, were only 15% of the recorded
sites are located.  The remainder of the prehistoric sites (25%) are located within the
poorly drained soils of the area, such as the Elkton, Klej, Leon, Othello, Pocomoke,
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Portsmouth, Rutland, and St. John's soils.  The aboriginal sites located within the poorly
drained soils are exclusively located along the fringes of primary and secondary streams, at
their outfall into the back bay.  Their direct association with shell refuse piles suggest that
these sites were not utilized for habitation, but were shell shucking sites for aboriginal
harvesters.

Therefore, the evidence suggests that high priority locations for aboriginal use are limited
to well drained soils in proximity to secondary stream courses, the fringes of moderately
well drained soils, and inland waterways adjacent to poorly drained soils near the shell
beds able to be readily harvested.  However, it should be noted, that a majority of the site
locational information is derived from the sites recorded by a single surface collector, a
Mr. Hirst, who conducted unsystematic surveys of the region during the 1960s and 1970s.

3.1.5  History of the Region

A survey of secondary source materials confirms that Giovanni da Verrazano was the first
European to visit what is today the Maryland coast.  Verrazano landed on Assateague
Island in the vicinity of Worcester County in 1524.  Permanent settlements along the
eastern shore of Virginia appeared during the middle of the seventeenth century when
English colonists spread north from settlements along the James River.  By the second
decade of the eighteenth century other small settlements were established along the
Maryland Eastern Shore.  The inhabitants were engaged in raising horses and cattle,
manufacturing salt, fishing, and salvaging shipwrecks. During the mid-seventeenth
century, population pressures from both within (expanding coastal settlements) and
without (increasing migration from Europe) resulted in the opening of the first inland
regions of the Atlantic coast.   However, as late as 1794, much of Worcester County was
still undeveloped.  Roadways had been constructed along the Pocomoke, but the town of
Snow Hill was the only community large enough to be designated as a community on the
Griffith map of that year.  Otherwise, the county contained several meeting houses and
inns, but not much else.

The 1865 Map of the county illustrates that the county had become settled during the
previous sixty years.  Although Snow Hill continued to be the largest center of population,
other communities, such as Berlin, St. Martins, Newark, Sandy Hill, and Lindseyville had
come into existence.  The county had been interconnected by a rural road network, with
the main thorofares being the 18th century post roads.

By the end of the nineteenth century, the established farms had reached a stasis in
development, but the surrounding region was shifting towards industrial based economies.
The development of the railroad transportation network, and subsequently the idea of
recreation, led to the establishment of Ocean City as a site for vacations.  Within the
southern portion of the present community, the initial development of Ocean City was
founded during the 1860s.  Summer cottages, hotels, and boarding houses opened to
visitors in 1875.  A number of recorded historic structures survive within the southern
portion of present Ocean City, evidence of the early summer community.  Ocean City has
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witnessed virtually unrestrained growth during the 20th century.  Currently, the expanding
populations in the region has resulted in the development of summer residential
communities to the west of Ocean City, along the Route 50 corridor.

Agriculture plays a small but stable role in the economy of Worcester County.  About 9
percent of the work force is employed in this sector.  Farms in the county have decreased
in number but have increased in size.  In 1964 there were 824 farms, a decrease of about
30 percent since 1950, and of about 58 percent since 1900.  The size of the average farm,
however, increased from 121.5 acres in 1900 to 169.6 acres in 1961.  The production of
broilers is the main farm enterprise.  In 1964, the broilers sold amounted to 30,506,928,
and other chickens amounted to 99,600.  In addition turkeys were raised on a few farms.
Only a small part of the farm income came from other livestock: and from dairy products
in 1964.  In that year there were only 13 dairy farms and 11,750 hogs reported in the
county.  Corn and soybeans are the principal crops.  They are used chiefly as food for
broilers, though some of the grain is eaten in the field by hogs.  The acreage in corn
increased by about 9 percent between 1959 and 1964.  Yield per acre increased from 51
bushels in 1959 to 73 bushels in 1964.

3.2  Inland Bays Terrain

Worcester County lies in the physiographic province called the Atlantic Coastal Plain and
is about 110 miles east of the fall line that separates the plain from the Piedmont Plateau.
The soils of the county are underlain by sediment consisting chiefly of gravel, silt, clay,
sand, and shell fragments.  The sediment is relatively unconsolidated and generally is more
than 1 mile thick, though that under Ocean City is more than 8,500 feet thick.  Beneath
the sediment is crystalline rock that dips to the southeast at a rate of about 150 feet per
mile.  Similarly most of the overlying sediment dips to the southeast at a rate of 10 to 73
feet per mile.  The sediment was deposited mainly in a marine or shallow water
environment, and this accounts for its dominantly gray or white color.  The sediment most
likely originated in the Appalachian Mountains and the Piedmont Plateau.

The county is a low, eroded plain, where differences in relief are slight.  Although it
appears to be monotonously level, the county actually includes terraces, stream channels,
drowned valleys, basinlike depressions, remnant dunes, swamps, and marshes.  The
terraces were laid down by meltwater from the continental ice mass; they are evidence that
the level of the sect was higher in recent geologic time than it is today.

The three main physiographic divisions of the county are the mainland, the coastal
beaches, and the Tidal marshes.  All of the farmland is on the mainland, where the soils
generally are level to gently undulating, except for large level areas in the central and
northern parts of the county.  Many areas of the mainland are a few feet above the normal
level of the streams, and in places they are adjacent to marshland.  Many low swales
surrounded by ridges make some parts of the mainland appear hummocky.  In places the
swales contain basins that are known locally as “whale wallows” or “Maryland basins.”
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Most of the county is less than 40 feet above sea level, except for an area west of Whiton.
The highest elevation is 57 feet, and the average elevation is about 35 feet.  Dunes occur
at all elevations in the county.  All are capped by sand.  The material that makes up the
dunes, however, ranges from mostly sand to silt and clay.

All of the county is drained by streams that flow in a general southeasterly direction into
tidewater embayments and then into the Atlantic Ocean.  Most of the county is in the
Pocomoke River Basin.  This river crosses the county in a southerly and southwesterly
direction and flows into the Chesapeake Bay.  The Pocomoke River falls about 16 feet in
its course throughout the county, and its flow is sluggish.  Its tributaries have already
reached base level and are even more sluggish.

Drainage is impeded in almost 75 percent of the acreage of soils of the county.  About 6
percent of the soils in the county are Tidal marsh, about 4 percent are Muck, and nearly 2
percent are Coastal belches.  About 20 percent of the soils in the county can be farmed
without artificial drainage.

3.3  Soils

Soils are also crucial for the prediction of prehistoric cultural resources.  Generally, a
majority of prehistoric sites are located in areas of well-drained soils, with level terrain,
and within 2000’ (500’ appears to have been preferred) of a fresh-water source.
Reviewing the soil types located within Worcester County, the individual soil types can be
classed into poor, moderate, and good environments based upon the soil types.  These soil
types are described below.  They are grouped according to their ability for occupation,
farming, and faunal habitats, all of which would have been attractive selection factors for
the prehistoric inhabitants of the area.

Poor Environments:  Unable to support wildlife and permanent settlement, due to sand
soils, high water table, or poorly nourished soils. The environment was not used without
alteration  -  CbB, CbC, LlB, LmB, LoB, LoC, Ls, MkE, My, Mz, SaE, Tm.

Moderate Environments: Able to support specific types of wildlife, but high water table
or sandy soils makes permanent settlement difficult.  The environment may have been used
for foraging, but probably not for settlement - Ek, El, Em, Fa, Fg, FmC3, FmD, KsA,
KsB, LaD, LkD, LkE, MkC3, MkD, Ot, Pe, Pk, Pm,  Pr, Pt, Ru,  St, Su, WdA, WoA,
WdB, WoB.

Good Environments: Able to support one or more wildlife types, and also contains well
drained or moderately drained soils capable to support permanent settlement - FmA, FmB,
FmC, MdA, MeA, MdB, MdC, MeB, MeC, SaA, SmA, SaB2, SaC2, SmB2, SaC3, SaD.
Source: Hall 1973
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3.4  Recommendations

The other project actions have a limited potential to affect historic properties.   However,
all proposed actions will be reviewed and, if necessary, appropriate levels of
reconnaissance investigations will be performed.
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ANNEX E

ASSATEAGUE ISLAND SHORT-TERM RESTORATION

Monitoring and Action Plan

I.  Overview

The purpose of the monitoring program is to document physical evolution of the Short Term
Restoration Project and related changes in key physical and biological resources of northern
Assateague Island in order to evaluate the project’s overall performance in meeting stated
objectives.  Within this broad purpose, there is a need to develop information describing specific
aspects of performance which will be used to determine if follow-up mitigation is warranted.

The proposed monitoring program is graphically depicted in Figure 1.  The design targets a broad
range of parameters (described below) including both physical processes believed to be “driving”
the system as well as multiple measures of resource condition.  The relationship between
monitoring components and key ecosystem processes and conditions is depicted in Figure 2.  This
process oriented approach is expected to enhance the probability of correctly characterizing
project performance and may facilitate the identification of causative factors should performance
problems occur.

Figure 3 depicts a conceptual decision tree for evaluating the need for follow-up mitigation.  For
each of the two key issues - breach potential and piping plover impacts - multiple indicators of
project performance provide the basis for decision making.  In the case of breach potential, data
on overwash frequency and extent, berm and storm berm elevation, and overall island topography
describe different aspects of the island’s susceptibility to breaching.  Similarly, data on piping
plover distribution, abundance, and reproductive success coupled with trends in vegetation cover,
topography, and overwash frequency provide a multi-attribute basis for assessing impacts to
plovers.  In both cases, the determination that observed conditions are not acceptable results in a
modification of the project.

Overall management of the monitoring program will be accomplished through a working group
made up of representatives of the Ocean City, MD and Vicinity Water Resources Study partners
and the US Fish and Wildlife Service.  The group will meet on an annual basis to discuss study
progress, interim results, financial status, project modifications, impact assessment and the need
for mitigation, and all other matters relating to the conduct and completion of the monitoring
program.  Interim meetings will be scheduled on an as-needed basis.  In general, it will be the goal
of the working group to achieve consensus in all decisions regarding the monitoring program and
the need for follow-up mitigation.

The monitoring program will be initiated before construction of the restoration project in order to
accurately characterize pre-project conditions - the basis for evaluating project related change and
potential impacts.  The estimated duration of the program is 5 years or until the follow-up, long
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term restoration program has been initiated.  The need for additional monitoring will be evaluated
at that time.

II.  Monitoring Elements - Physical Environment

Project Evolution - Information describing change over time in the physical characteristics of the
project in order to document evolution of the storm berm, berm elevation, dispersal of beach fill
material within the nearshore system, rates of shoreline erosion, and cross-island movement of
sediment.

Monitoring activities - Biannual (late March/early April and September) cross-island beach profile
surveys along established transects (every 500 meters) extending from wading depth bayside to
point-of-closure oceanside; biannual GPS surveys of shoreline position; biannual surveys of mean
high water location.
Products - Annual report describing methodology and results; time series analysis of elevational
and volumetric changes in beach profile along transects; GIS theme depicting and analyzing
shoreline change over time.
Responsibility - COE (beach profile and MHW surveys) and NPS (GPS surveys)
Estimated 5 Year Cost - Beach and nearshore profile surveys - $300,000.; Mean high water
surveys - $30,000.; GPS shoreline surveys - $5,000.
Funding Status - Partially funded (GPS surveys)

Island Topography - Information describing change over time in the topographic relief of uplands
adjacent to project area to document elevational response (change in areal extent of low overwash
flats) to reduced overwash and potential cross-island movement of sediments from the beach fill.
Data will also contribute towards characterizing plover habitat through correlation with
vegetation and plover nest site and foraging habitat location data.

Monitoring activities - Annual LIDAR surveys of northern Assateague Island; winter/summer
cross-island beach profile surveys along established transects.
Products - Annual report describing methodology and results; GIS theme depicting and analyzing
topographic change over time.
Responsibility - NASA (LIDAR surveys),  COE (beach profile surveys),  NPS (LIDAR surveys)
Estimated 5 Year Cost - $75,000.  (beach profile costs included in Project Evolution component)
Funding Status - Unfunded

Physical Processes - Information describing the physical processes driving evolution of the project
to assist in the interpretation of physical characterization data and to identify and describe
unusual/extreme events with potential influence on vegetation community dynamics and piping
plover reproductive success.

Monitoring activities - Continuous sampling of nearshore wave climate, meteorology, and ocean
and bay water levels via automated data collection stations.
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Products - Annual report describing methodology and results; continuous digital data sets.
Responsibility - COE (wave climate and ocean water levels) and NPS (meteorology and bay
water levels)
Estimated 5 Year Cost - Wave climate - $425,000.;  Meteorology - $26,000;  Ocean Water Levels
- $300,000.; Bay Water Levels - $30,000.
Funding Status - Partially Funded (Meteorology and Bay Water)

Overwash - Information describing the areal extent, frequency, and magnitude of overwash in the
project area (and control sites) to evaluate the effectiveness of storm berm construction in limiting
overwash to approximately one significant event per year.  Data will also assist in the
interpretation of physical characterization and vegetation cover information.

Monitoring activities - Routine surveys to visually detect overwash events; GPS mapping of
overwash event location and areal extent of penetration beyond storm berm line.
Products - Annual report describing methodology and results; GIS theme depicting location and
areal extent of overwash events.
Responsibility - NPS
Estimated 5 Year Cost - $10,000.
Funding Status - Unfunded

III.  Monitoring Elements - Biological Resources

Piping Plover Reproductive Success - Information describing overall reproductive success and
nest failures/mortality in the population utilizing northern Assateague Island for comparison to
historic trends and to identify potential project-related changes.

Monitoring activities - Routine observational surveys (4-5 days/week April through August) to
document the breeding population and key measures of reproductive success and failure as per
existing monitoring protocols described in ASIS Piping Plover Management Plan, 1993.
Responsibility - NPS and MD DNR
Products - Annual report describing methodology, results, and comparisons to historic data.
Estimated 5 Year Cost - $400,00.
Funding Status - Partially Funded (NPS - $210,000.)

Piping Plover Distribution  - Information describing the distribution and abundance of plovers
along northern Assateague during the breeding season for comparison to historic data and to
identify potential project-related changes.  Data will also contribute towards characterizing plover
habitat through correlation with vegetation and topographic data.

Monitoring activities - Routine nesting site and brood location surveys as per existing monitoring
protocols described in ASIS Piping Plover Management Plan, 1993.
Products - Annual report describing methodology and results; GIS theme depicting locations of
nest sites and brood foraging areas.
Responsibility - NPS and MD DNR
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Estimated 5 Year Cost - Included in Piping Plover Reproductive Success monitoring component
Funding Status - Partially Funded

Vegetation Cover - Information describing landscape level changes in the distribution and
abundance of primary vegetation cover alliances in the uplands adjacent to the project area for
comparison to historic data and to identify potential project-related changes.  Data will also
contribute towards characterizing plover habitat through correlation with topographic and plover
nest site and foraging habitat data.

Monitoring activities - annual (late summer/early fall) ground-based sampling at an intensity to
support landscape level analysis of change in frequency of vegetation cover alliances (combined
random and stratified-random sampling of vegetation cover alliance type); Aerial photography to
support mapping of vegetation cover twice during life of project (Flown years 2 and 4)
Products - Annual report describing methodology and results; GIS theme depicting location of
monitoring plots; time series analysis of changes in frequency of vegetation cover alliances;
vegetation cover maps (years 3 and 5)
Responsibility - COE, NPS and MD DNR
Estimated 5 Year Cost - $250,000.
Funding Status - Unfunded

Fox Distribution - Information describing the number, location, and physical characteristics of fox
den sites within the project area to assess potential project-related changes in habitat suitability for
fox reproduction.

Monitoring activities - Biannual (late fall/early spring) surveys to locate active den sites
Products - Annual report describing methodology and results; GIS theme depicting den locations
Responsibility - NPS
Estimated 5 Year Cost - $4,000.
Funding Status - Funded

IV.  Performance Indicators

The following are proposed as indicators for use in evaluating the need for mitigation to correct
deficiencies in project performance relating to the protection of piping plovers and reduction in
breach potential.  The indicators are structured as threshold conditions, above which project
performance would be considered unacceptable, and which would signal the need for mitigation.
They are not, however, intended to be “written-in-stone” action criteria, but rather guidelines to
be utilized as part of an overall multi-disciplinary assessment of project performance.

Impacts to Piping Plovers - A detrimental impact will be considered to have occurred if a
significant change in either reproductive success 1 or  breeding population size 2 is documented that
cannot be explained by “natural” factors known to affect plovers on Assateague Island (e.g. losses
to storms and predation)  and  significant changes are documented in key habitat characteristics 3

known to influence plover success (e.g. sparse vegetation cover and presence of low elevation,
moist sand flats).
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1  A significant change in plover reproductive success is defined as two consecutive reproductive
seasons with fewer than 1.25 chicks fledged per breeding pair.

2  A significant change in plover breeding population size is defined as a cumulative decline of greater
than 25% of the population at the start of the project (subject to re-evaluation based upon pre-project
conditions and trends).

3 A significant change in key habitat characteristics is defined as a cumulative reduction of greater than
25% of the area on the north end less than  *  m NGVD elevation  or  a cumulative decrease of greater
than 25% of the area on the north end classified as unvegetated open sand habitat.

*  To be defined when LIDAR data is available in useable format

Risk of breaching  - An unacceptable risk of breaching will be considered to have occurred when
the elevation of the constructed storm berm decreases to an average of less than 2.6m NGVD (the
estimated average “natural” berm height) over a contiguous length of greater than .5km  and  the
frequency of significant overwash events 4 exceeds four per year as documented by monitoring.
Other situations may evolve which do not meet this criteria but which may also represent an
unacceptable risk.  These could include the formation of narrow, yet relatively deep overwash
channels and localized areas of persistent, high frequency overwash regardless of elevation.

4  A significant overwash event is defined as the overtopping of the constructed storm berm with
evidence of water flow penetrating to at least the midpoint of the island over a cumulative lateral
distance of greater than .5km  or  a contiguous lateral distance of .25km.

V.  Mitigation Strategy

The most important element influencing success of the project is performance of the constructed
storm berm in modifying the frequency and magnitude of overwash.  Too great a reduction in
overwash may alter existing habitat characteristics and thereby reduce the area’s suitability for
plovers.  Conversely, too little reduction in overwash frequency indicates an unacceptable risk of
island breaching.  The critical role of overwash in influencing both habitat characteristics and
breach susceptibility suggests that if performance problems occur, mitigation strategies should
focus on the manipulation of those parameters that influence overwash as opposed to actions
targeting specific conditions resulting from the process itself.

The principle, controllable factor influencing overwash frequency within the project area is the
constructed storm berm.  As such, should mitigation become necessary the preferred course of
action will be to modify configuration of the storm berm.  Mitigation for plover impacts (as
previously defined) would seek to stimulate habitat changes by decreasing the elevation of the
storm berm and promoting additional overwash.  Mitigating an unacceptable risk of breaching (as



E-6

previously defined) would focus on increasing the resistance of the storm berm to overwash.
Potential options under both scenarios include alterations to storm berm elevation, design, or
location and the manipulation of vegetative condition; all at a variety of scales ranging from small
localized manipulations to project-wide changes.
VI.  Funding Summary

Monitoring  Component Estimated 5 Year Cost Funded Amount Unfunded Amount

Physical Environment
     Project Evolution 335,000. 5,000. 330,000.
     Island Topography 75,000. 0. 75,000.
     Physical Processes  * 781,000. 56,000. 725,000.
     Overwash 10,000. 0. 10,000.

Biological Resources
     Plover Success 400,000. 210,000. 190,000.
     Plover Distribution ** 0. 0. 0.
     Vegetation 250,000. 0. 250,000.
     Fox Distribution 4,000. 4,000. 0.

TOTALS $ 1,855,000. $ 275,000. $ 1,580,000.

*  The estimated 5 Year Cost reflects the full cost of wave climate and ocean water level data
acquisition - there may be an opportunity to cost share with the Atlantic Coast of Maryland
Shoreline Protection Project.

**  5 Year Cost is included in the Plover Success component.
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Conceptual Model of Monitoring Program
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Figure 2

Conceptual Model of Key Relationships and Monitoring Opportunities
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Figure 3

Conceptual Model of Mitigation Decision Tree
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Appendix A
Coastal Engineering Analysis

INTRODUCTION

The following sections describe in detail the technical studies that were conducted in
support of the Ocean City Water Resources Study. These sections were prepared for the
Baltimore District by the Watenvays Experiment Station, Coastal Engineering Research
Center, The first section deals with wave transformation and potential longshore sediment
transport modeling. This work was conducted to support the sediment budget
formulation required for the study as well as assessing the effects of mining offshore
shoals on the shoreline.

The second section describes the Ocean City Inlet sediment budget. This work documents
the present day sediment budget and provides information that helped address island
restoration design issues. The next section documents the design of the restoration
project cross-sectio~ while the fourth section describes the numerical modeling of the
tidal hydraulics and storm surge analysis. This information was usefid in evaluating
problems associated with potential breaching of the northern end of Assateague Island.

This interim report provides information as it pertains to the short-term restoration of
Assateague Island. As other study components (i.e. long-term sand placement,
navigation, etc. ) progress, these sections will be updated for the second report, with the
exception of section A3 (Design of Restoration Project Cross-Section), which will be final
in the final interim report. Additional sections will also be added for the second report.
Namely, these sections will be Inlet Sand Management, Sediment Pathways, and Ebb
Shoal Evolution.

. ..
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Appendix Al
Wave Transformation and
Potential Longshore Sediment
Transport Modeling

Introduction

Ocean City Inlet is bounded to the south by Assateague Island and to the
north by FenWickIsland along the Atlantic coast of Maryland. The offshore bathy-
metry along this reach of shoreline is imegularwith the presence of numerous shoals
that a.tkct transformation of shore-approaching waves. The influence of the off-
shore shoals on the nearshore wave climate and (consequently longshore sediment
transport) requires wave transformation modeling to properly defie longshore
sediment transpoft trends. This chapter describes and documents methods used and
results obtained from the modeling of wave transformation and potential longshore
sediment transport for shorelines adjacent to Ocean City Inlet. Results from long-
shore sediment transport modeling are later used in developing the sediment budget.

Wave Modeling

The numerical wave model REF/DIF was chosen to model wave tram+
formation over the offshore bathynetrics near Ocean City hde~ MD. REF/DIF was
selected for its accurate wave propagation scheme and abiIity to simulate wave
transformation over complex bathymetry. Given off-shore wave conditions and the
offshore bathymetry, REF/DIF can be used to define the nearshore wave climate.

The numerical wave model, REFIDIF

The model REF/lXF is a combined refiactionldiffraction model based on
Booij’s (1981) parabolic approximation for Berkofl’s (1973) mild slope equatio~ in
which reflected waves are neglected. Booij’s model is valid for waves propagating
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within MO degrees of the input direction.
horizontal gradient operator, is given by

V*CC8VA +CJ2>=0

when:
C - wave celerity
C.,= group velocity
o - angular freqwncy
A - wave ampIitude

and the linear dispemion relationship is az

‘he mild slope equation, in terms of the

(Al-1)

=gktanhkh, WkC&?iSthe
gravitational constant, k is the wwe number, - h is h w= deptk my (1986)
expanded thevalid wavediredom *titit0*70° fromtheassumed
principal wave dhction by using a minimax * angle parabolic approximatim.

Themodelis based on St&es pertdWhexpansiaL Inordertohavea
model that is valid m shalbw water outside the Stoks range of validity, a
dispersion relationship which accounts for the ndineareffecls of amplitude is
provided. ‘M relationship, devebped by Hedges (1976), is

02 = gk tanh(kh(l +!Al/h)) (Al-2)

W~~fmkfi*tiS*~mbadwMrnshh
anddeepwatcr. TIEmodelcanbeoplWed inthIeediff'eceat modes l)linear
2) sm&w-Hed&Snonlinearmodeld 3) Stokesweaklyflmlkw.‘m model
Wasluedinthe hearmodefo rthisstudy.

bmdarkssuch as WaatMomand MaIMkalemodekdusingthethin
ftiappmachinwhicil thesurfiKepkming featurci8replacedby shoals wirhvefy
Shanowdeptb (kss thano.1 depth unit@. Appkatitms of REP/DIFntay be falnd
in Kirby and Dabymple (1986) and Dalrympk et aL (1984). Version 2.S of
W~Fwyd W_kl-4)mti rntitiytis-
modifiitions required to meet the study requimmems.

Grid Formulation

Torepresenteffects ofimgularoffshm ba@mttyonthenearskxe wave
climaetheoffshore bathymetrymustfimtbedetinedkta numerkalgrid.’rlle
numericaldomainto be modeledshmddbe selectedsuchthatfeaturesaffecting
transformationprocesses are included

Offkhore Bathymetrye The oiYslmc Ix@ne&y of the Femvickand
Asaateague Island study domain is coatpkx. Several huge offshore shoals and the
*bshlofOm City W*~ti~ofti-kww
Ch2MCby CreatingCOIW@’#ad M WWCPttms. hat Ofnorthan
Assatague Mad are two distinct fimures, Littk Gull ad Grtat GuMBanks

@peII&Al WueTrmnknmdonmd Fc$add LtqshamSedimmtTmofnxt MaldlnE
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(Figure Al-l). Each shoal is approximately 8 km in length and 1 kn in breadth
with water depths at the crest ranging ftom 4.5 to 5.0 m referenced to the National
Geodetic Vertical Datum (NGVD). Both shoals are oriented Mveen 40° and 45°
East of North (oriented approximately southwest to northeast).

The ofikhore bathynetry of southern Fenwick Island (Figure Al-1) is
similar in complexity to that of Assateague Island. several elongated shoals in the
nearshore bathpetry are evident and have been associated with areas of higher
erosion at Ocean Ci&, MD (Stauble et al. 1993). Further oflkhore are Isle of Wight
Shoal (6.0 m depth NGVD at crest) and Fenwick Shoal (4.5 m depth NGVD at
crest).

The large offshore features found in the study domain are capable of
causing converging and diverging wave patterns at the nearshore and therefore were
included in the numerical domain. The kegular nearshore wave climate resulting
born transformation over the shoals will likely produce gradients in longshore
sediment transport and result in regions of erosion and accretion along the coast.
Through the use of an appropriate numerical wave model, the influence of the
imegularoffkhorebathymetry on the nearshore wave climate and longshore sediment

-rt -be represented.

Selection of domain. Due to the large size of the combined Assateague
and Fenwick Island study do- two separate but overlapping modeling domains
were developed. Selection of the two wave modeling domains involved
consideration of many competing factors. The domains were required to be large
enough to include bathymetric influences affecting the nearshore wave climate and
to reduce lateral boundary effects in the areas of interest. The domains were also
required to be small enough to permit efficient processing of the modeled conditions
with available computing resources. The selection of the numerical domain was
madesuch that the Iongshoreorientation of the domain corresponded to the general
shoreline orientation of the study ~ 15.50 East of North.

The domain for northern Assateague Island was established as an area with
a longshore dimension of 18.45 km and across-shore dimension of 11.55 km
(extending ofkhore to include Little GuNand Great (3uI1Banks). This numerical
domain WSSdkretid as a uniform rectangular grid with horizontal resolution of
150 m and 75 m in the longshore and cross-shore directions, respectively. The
northern-most lateral boundary of the Assateague Island grid is located
approximately 3.6 km north-northeast of Ocean City Inlet.

The numerical domain of sbuthern FenWickIsland was established as an
area with a Iongshore dimension of 26.0 km and a cross-shore dimension of
15.05 km (extending offshore to include both Isle of Wight and Fenwick Shoals).
This domain was discretized with horizontal resolution of 100 m and 50 m in the
longshore and cross-shore directions, respectively. The bathymetric grid for the
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F~ure Al-1. Offshore bathymetryof OCVVRSwave modelingdomain (from NOS
chart 1221 1)
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Fenwick Island domain was more fmcly discretized than the Assateague Island
domain to better resolve the nearshore wave information deftig the hotspot
regions near ocean City. The southern-most lateral bounckuyof the FenWickIsland
domain is located approximately 5.8 km south-southwest of ocean City hde~
overlapping the northern-most portion of the Assateaguc Island modeling domain.
The size and position of both the Fenwick Island and Assateague Island numerical
wave modeling domains are presented in Figure AI-2.

Bathymetric dats. Bat@metnicdata used to develop the numerical
domain wemobtained fhmseveral datasoumes. ThC@31MUydilt41SOUK%W8Stk

NOS bathymetric database consisting of survey data flom the years 1976-1977.
Supplemental data covering the nearshore bathymeby and ebb shoal bathymcby
were provided by US Army Engineer DistricL Baltimore (CENAB). Bathymetric
data for the nearshore region were obtained horn 1993 beach profile surveys, and
the bathymetric data defining the ebb shoal were obtained horn 1995 boat surveys.

With-project bathymetry. Beach-fill sediments for the proposed
Assateague Island beach erosion and flood protection project may potentially be
removed from a borrow area located on and adjacent to Great Gull Bank. The
borrow area covers an estimated area of 4.8 kmz as represented in Figure A1-3. An
estimate of material required for the initial beach-fill construction is 1.4 million m3.
At the time potential transport computations were made, the estimated maximum
vohunetoberemovedikornth ebomowareawas 10millionm’. Since thattime, a
decision was made to only remove a volume of 1.4 million m3km the borrow area
at Great Gull Bank.

For the purpose of modeling the effect of the dredged bomow area on the
nearshore wave conditions and potential longshore sediment transpom the
bathpetric grid was modified using a basic set of assumptions. F* the
bathymetry outside of the borrow area is not allowed to adjust with removal of
matial fkomwithin the bomow areu. In additi~ a prescribed stable slope defines
the maximum slope allowed within the boxTowarea. The maximum stable slope for
the bcmow area at Great Gull Bank is estimated by determining the maximum slope
of the shoal (1.9 degrees or 1V:30H on the seaward edge of the shoal). Using the
borrow am doma@ the 1.9 degree stable slope, and the 10 million m’ of material
initially assumed to be removed iiom the borrow area, the bathymetry of the borrow
areawasmodified asindicated in Figure A1-4.

WE hindcast information

The ofihom wave climate directly influences nearshore wave conditions
and therefore must be characterized before the wave model is used to define the
nearshore wave conditions. Characterization of the offkhorewave climate requires
long-term measurements or estimates of wave height peri~ and direction. In the
absence of long-term measured wave data near the project locatio% hindcast
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F~ure Al-2. Assateague Island and Fenwick Island bathyrnetticgrids
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F~ure Al-3. Great Gull Bank borrowarea
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F~ure A14. G&slingand modiied bathyrn@y in protimityto the borrowarea

wave infibrmationobtainedfkcn theWave Information Study (WIS) database was
used ~&-~ b&&tio_mti@ hti~ti Atimtic
hindmst (Brooks and Brandm 1995) fmWIS Station 64 located at 38.25° N
latitude 75.00° W longitude. Station 64 is positioned just offshore of the
overlapping area of the two numerical domains (Figure A1-5) at a depth of 16 m.
The WIS updated hindcast includes wave information at the station for the period
1976-1993 and this information is used to define the oflkhore wave climate for the
project domain.

Before using the WIS Mndcast infbnnation with the wave model to define
the ncwshom wave cli, some initial data manipulation was performed The
following pmccdms transfm the Mndcast wave information to the bathymetric
rcfcrmcc *, provide a statistical ~tion of the oflkhorc wave climate,
and provide a suite of input wave conditions fbr the numerical wave model.

F* the WIS hindmst information was transformed to the offkhorc
boundary of the numerical grid To perform this ~ the WAVETRAN utility
(@VUE 1992) of the Shoreline Modcliig System (SMS) W= used. WAVETIUN
treats the hindcast waves in a spcctrd fdon and computes a Snell’s law
transfcmnation from the depth of the WIS station to an arbitrary depth (in this case,
the nominal depth of the oiEJmrc boundmy of the bathynct.ric grid). WAVETRAN

—-
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also converts the wave direction umvcntion fim meteorological (relative to true
north) to a convention relative to shoreline orientation.

To efficiently represent all 105ZOOwave events in the hindcast time series,
classification of wave events was necessary. The entire time series can be
represented by a much dcr number of wave cases by classi&ing wave events
into a smaller number of similar cases. From linear wave thcq, both wave
rcfhction and shoaling arc in&pm&t of wave hc@t. Thcrcfbrc, offshore waves
with similar wave direction and period transform similarly and can be classified into
a rcprcscntativc group. A procedure used to classi$ wave events into representative
grOUpSis outlined by (k%JIS, Kntus, and Hanson (1991). ~fhlitiOnS OfSn@cand
pcriodbands uscdbythis proccdurctochmctmz “ oflkhorc wave data at Station 64
arc presented in Table Al-1. The Shoreline Modeling System (SMS) utility
WHEREWAV (Gravcns 1992) was used to characterize the ofl%horcwave climate.
WHEREWAV COII@k Statisticsfm the hindcast period using the angle and period
bands dcflncd in Table Al-1. These statistics define angle and period combinations
occumingwithin the hindcast record. Results from WHEREWAV arc used to
generate a suite of wave modeling input conditions. Output from the WHEREWAV
utility is presented in Figure Al-6.

With the wave climate at the offkhorc boundary of the modeling domain
def3n@ preparation of the hindcast wave data for input to the numerical wave model
was concluded. Combinations of angle and period bands tiom Table Al -1 that arc
populated in the WIS hindcast time series were used as input conditions for the wave
model.

Table Al-1 II
Offshora Wave Climate Discmtization

AIIJdk Angleswithfespect pig wave Period
to shore nomnal(deg) WC)

1 90.oose<71.75 1 5<T

2 71.75 se*4es 2 5ST<7

3 49.25 s0<%.75 3 7sTc S 1

4 I2a.75se<4z 14 19s T<11 n

5 4ZSe*-18.25 5 lls T*13
I

7 40.75s 0<43.25 7 15s T<17

8 -a3.25g e c 4s.75 6 17s T<23 M

9 9 23s1 I
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Nearshore reference line
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The concept of using 50 discrete wave eases torepmsenttbccntire time
series is based on the hdependence of retraction and shoaling of linear waves to
wave height implied by linear wave theory. Considering linear wave theoxy,a unit
wave h@ht maybe applied to the ofklmre bamdary of the numerical model
allowing model-computed wave heights to be intupreted as wave height multipliers.
The nearshore wave height f- any oflkhore event within the bounds of the wave

period and direction definition for a given model simulation is given by the product
of the wave transformation multiplier at the specified nearshore location and the
offshore wave height fhn the transformed WIS hindcast time series. This
technique is valid only for events in which wave breaking does not occur seaward of
the point where the wave height multiplier is obtained.

To output wave transformation height multipliers at specified ncarshorc
locations, a nearshore ref~ line is established. The purpose of the nearshore
reference line is to act as a location where wave height multipliers and wave
directions representing the nearshorc wave conditions are output. The nearshore
refkrence line should be positioned close enough to shore to include the effects of
the offkhorebathymeby on the nearahore wave elite, but seaward of wave
breaking. To balance these two competing objectives, a trial and error prwedure
was used to locate the breaker line fix wave events with the largest wave heights
fiornthe WIShin&ast timeserics. TMsexercise ledtotheestablishment of the
nearshore refbrcncc line at a nominal depth of 6.0 m NGVD. By locating the
neamhom rcfkrencc line at this&p* 99.3 percent of wave events in the hindcast
time series did not break seaward of the ref-ce line.

Althoughthe nominaldepthof the nearshm reference line was establish~
one additional problem existed How to include the effects of the Ocean City Ebb
S~7 ~ ~b sh~ _ ~ some ~~ on the 1~ wave ~1~~
thereby influencing the shorelines adjacent to Ocean City Inlet. For extreme wave
events, breaking occurs over the outer lobe of the ebb shoal, and use of the wave
height multiplier shoreward of this location is not valid However, fbr calmer wave
events, waves do not break on the outer margins of the ebb shoal but are ref.kacted
by the shoal and break closer to shore. The problem of positioning the nearshore
mfm=bbtia~ofti ~bti-hd~ftig~o
neamhore ref~ lines: one that skirts the outer margin of the ebb shoal at a
nominal deptbof6m NGVD, andaaccondthat crosses the ebb shoal shorewad of
the outer lobe at a nominal depth of 4-5 mNGVD. ‘fhcsetworeference lines arc
later used independently to compute potential Iongshore sediment transport rates.

Production runs

Each of the 50 input uditions were applied to the oflkhore boundary of
the modeling domains for Assateaguc and Fenwick Islands. The without-project
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condition was modeled at both Fenwick and Assateague Islands and the with-project
cmdition was modeled using the dredged condition of Great Gull Bank. Wave
dlti@fmdew m@utd*oftimo~mf~&
and used to develop neamhore wave databases for existingconditionsat Assateague
and Fcnwick Islands and for the with-project condition at Assateague Island.

Existing nearahore wave climate

The resultsof the REF/DIF wave modeling illustrate the effixts of the
complex offshore bathpehy of Fenwick and Assateague Islands on the nearshore
wave climate. The wave model results along the nearshore ref~ line fm an
offshore incident wave angle of-7.4 deg relative to the cross-shore axis (azimuth of
105.50 relative to true north) of the numerical wave model grid and a wave period of
9.5 seconds (Angle Band 5, Period Band 4) for the Fenwick Island domain are
presented in Figure Al-7 (the thick line represents the wave height multiplier and
the thin lie represents the wave direction). This figure presents wave height
multipliers and wave directions (relative to the 105.50 azimuth) along the nearshore
reference line. The wave case presented in Figure Al-7 represents the most
mmmonly occuning wave condition in the transfmed WIS hindcast for Station

“ 64. ‘l’henearshore wave results presented in this figure do not indicate a smoothly
varying wave field alongshore due to the nature of the monochromatic model.
Neglecting the “noise” of the model, variability in the model results with length
scales of 0.5 km or icss, areas of wave amplification and attenuation are evident.
These areas of differing wan ~ “ tics arc caused by the f~ing effects of
the offhhorcshoals netiFeQwickIsland.

-----

Fenwick Island Nearehore Wave Climate
-7.4 deg.9.5 S9C

B 5 20
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F~ure Al-7. Nearshorewave propertiesat Aasateague Island (-7.4 deg, 9.5 see)



Wave f~ing by the inegular bathymeby is sensitive to both wave
direction and wave paid Change in the incident wave angle causes the effect of a
particular shoal to translate alongshore. Increases and decreus in wave period
cause compding inmases and demases in the fining intensity of theoffkhore
shoals. The effbcts of vqing wave paid on the intensity of wave fixusing are
demonstrated by wmparing Figures Al-8 and Al-9 to Figure Al-7. Note that each
of these figures represents the same indent wave angle with variance* iu wave
period. Also note that theintensityof wavcf~ingat 9~ 11-13 ~ and 15km
north of
Ocean City Inlet incmawswith anincmasein wavcperiod anddemaseswitha
decrease in wave pexiocl REF/DIF results representing the five most common
nearshore wave conditions for Fenwick Island are presented in Figures A1-10
through A1-14. combin~ these five most frequently Wcurring wave events
represent more than 30 percent of the entire wave record.

Thenemshorewavc properties forthemostcommody occuming oflMore
wave condition (-7.4 d% 9.5 see) at Assateague Island are p-ted in
Figure AI-15. In this figure, the effbcts of the offshore shoals at Assateague Island
m-titi*mwvepr@=,ptidm&at 3~6.5 kand 11.5 km
southof ocean City Inlet Theseareasof focusingeorqxmd to the effectsof
Little Gul.lBanlq Great Gull Banlqandasmaller, un-namcdshoal located 10-14hn
southof OecanCity Inlet (offshore of the state park). The effect of the shoals
tititibb~hld tihmbmwvsk~tlshh
effect of the shoals within the Fenwick Island domain. The inmased influenccon
the nearshm waves by the shoals offshore of FenWickIsland is likely reIated to the
close proximity of several shoals to the shore. REF/IXF results represcmtingthe
nemhore wave Umdition fix the five most fhquently occuning offkhore wave
titi~fmX@~ kld=p~ti hFi~A1-15ti@Al-19.

Projeot effects on nearahom wave climate

To evaluate the effects of mining Great Gull Bank on the nearshore wave
climate of Assateague Islar@ an additionalsuiteof wave modelsimulationswere
madeusingthe modifiedbathymetry described earlier. Comparing the nearshore
wave properties fiorn these simulations to the nearshore wave properties of the
existing conditions indicates the effect of the dredged bonow area on the nearshore
wave climate. The typical responw of waves passing over a bathymetric depression
causes waves to diverge leeward of the ecnter of the depression and to focus leeward
of the flanks of the depression.

~ of h -here wave properties at Assateague Is]and to
removal of the initially assumed 10 million n$ of material from Great Gull Bank for
the five most fkquent wave cases are presented in Figures A1-20 through Al-24, in
terms of the change in wave height multiplier and wave direction at the nearshore
refmee Iine. Zero values indicate no effit of the shoal mining on the nearshore
wave climate, whereas positive and negative changes indicate conesponding
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Fwure Al-24. Change in nearshorewave propaties at Assateague Islandc.....
miningof Great GullBank (-7.4 dag, 7.5 sac)

inmasesand demases inwave heightand/or wave hction due to the mining of
the bonow area. The wave condition presented in Figure A1-20 is the most
common wave condition within the transformed WIS hindeast for Station 64.
Looking at the changes in wave height multiplier and wave direetio~ a 5 km length
of shore experiences a change in nearshore wave conditions due to the dredging of
the borrow area. The complicated pattern of changed nearshore wave conditions is
duetothem ondmmtic model’s behavior over the complex offkhorebathynetry.
The complexity of the changes in the nearshm wave field preclude any assessment
of the effket of bomow area mining on longshore sedment transport rates at this
point in the study. Application of the potential Iongshore sand transport model is
required to estimate the dredged borrow area’s impacts on longshom sediment
transport.

Due to the ofklwre distance of Great Gull Ba& the alongshore extent of
afkted shoreline for all wave conditions ranges fhn ocean City Inlet to greater
than 15 h south. However, the effect of the borrow area on nearshore wave
conditions is negligible at the oblique angles neewary to affket these distant
Ioeatiolls.

Potential Longshore Sediment Transpoti Rates

In support of the sediment budget formulation of the OCWRS, potential
Ion@ore sediment transport rates were computed for without-project conditions for .
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portions of Assatcaguc Island and Fcnwick Island within the project reach. To
accomplish this task the wave modeling results were used with a modifkd version
of the SMS utility NSTIUiN (Gravcns 1992) to provide estimates of average
potential Iongshorc adimcnt trausport rates for the 18-year period of the WIS
hindcast.

Potential transport model: NSTRAN

The SMS utility NSTRAN is used to estimate potential lcmgshorcsediment
trausport volumes and mtcs,given a database of ncadmrc wave conditions, an
Of’fkhorcwave time series, and location and depth of the ncarahm reference Iinc.
The model performs sediment transport computations using a simple transport
expression derived fkomthe longshorc wave energy flux (U.S. Army Corps of
Engineers 1989) &jVUl by

Q=
K

r
xc sin (2aJ

16 [ (p/p) - 1] a’ Y 2.386

%
Q =-d 10IIgShCWCsand transportrate,m3/s
K = nondimcnsicmalempirical sand tmnspmt coefficient (K= 0.77)
p = densityof water, glcm’
p,= densityof sediment(quartz sa@ p = 2.65 g/cm3)
a‘ = volume solidshotal volume (accountsfa sand porosity, u‘ = 0.6)
g = accekation due to @ty, mh?
y =brcakingwaveindex (y= O.78)
H&- significantwave heightat brcakin~ m
a~ = breaking wave angle

(3)

The calculation of kqshorc sediment &anspwt using this method neglects the
effects of beach slope, grain size, and availability of scdimmt for transport
(thcrcfbrc the label “potential” km$#hom sand transP@.

NS’IIUN computespotential Iongshorc scdimmt tmsportina straight-
fmard InaluH. FirsL NSTTUW uses the wave direction and transf-ation
muhiplks to obtain wave height and direction at the ncarshorc reference line. The
rnodclassumcs thatthencarshorc ba@mctriccontours (shmwardofthcncamhom
reference line) arc @rai* paralle~ and of the same tientation as the wave
modeling domain. Using these assumptions and the depth at the ncarshorc mf~
line, NSTRAN computes a,Sncll’s law wave transformation fkomthe ncarshorc
ref~ line to the wave’s breaking point. The resulting breaking wave height and
breaking wave angle mlativc to the shoreline is then used to compute longshorc
sediment rmsport using Equation Al-3.

One ncmsary improvement to NSTRAN to allow its usc in developing a
sdimcnt budget is the inclusion of local shoreline orientation. The local shorEI&
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orientationof the OCWRS domain varies with alongshorc distance. The orientation
of the 1989 shorelines of Assatcaguc and Fcnwick islands within the project reach
varies by 50° fkoman oricntationof 42° cast ofnorthto 8° west of north as seen in
Figure Al-2. Since longshorc sediment transport is a function of the relative
orientation of the breaking wave crest to the local shoreline, a change in local
shoreline orientation may cause gradients in longshorc sediment transport rate
(-g Ontk ncarshorc WWC ChIIUltC).

To include local shoreline 01’iCIlttltiOIlin the COmpUtCdPotcntid scdhcnt

transport rates, digitized shorelines of Assatcaguc Island and Fcnwick Island were
used. Thcscdigitizcd shorelines wcrcmappcd tothc locations ofnodcs withinthc
bathymetric grid of the numaical wave model. The local shoreline orientation
relative to the orientation of the wave modeling domain was computed and then used
to convert wave direction at the ncarshorc rcfcrcncc line fkomrelative to the wave
model grid to relative to the local shoreline orientation. Potential transport
computations procccd from this point as dcscribcd earlier, following through the
Sncll’s law wave transformation (assuming now that the ncarshore bathymetry is
plane and parallel to the local shoreline orientation) and computation of the potential
sediment transport rate from the breaking wave height and the breaking angle
dative to Shore.

Modeling results

The timeperiodusedto &tcnninc avcmgcpotentiallongshorcsdimcnt

~- mmspodstotipcl’iod ofthcu~tiws hindmst(1976-1993).
This 18-yearperiod is cxpctcd to capture the cunent climatic oflhlmrcwave
condition io the vicinity of Ocean City Inlet and the study area. llcrcfm the
potential net longshorc sediment transport rates prcscntcd here arc not
rcprcscntativc oftuyshor@spanof timcwithinthc 18-ycarhindcast timcscrics,
but rather a rcpmscntation of the average longshorc sediment tmmport regime given
the Offkhorcwave Climatekm the transfolmcd WIs hindcast time Series.

Potential scdimat transport rates computed for this study arc limited in
several ways, and should bc used within the context of these hititiOIIS. FirsL the
relationship used to compute the potential longshorc sediment trmport rate dots
not include the effects of sediment character (sti, shape, or density) or profile
SlMPCand uscs SIIempirical cd’icimt dcrid h field smdk to inccqmmtc
these two factors. The empirical cocflIcicn4 K, used to compute potential longshorc
sediment tmsport affects the magnitude of the potential net longshorc sediment
qfim, but-ntiti-titio nof~ortib~mfi
(assuming unifbnn &amctcr and size of the sediment distributed alongshorc
throughout the study area and similar characteristics of profile shape). llwrcfom,
trends in potential longshorc transport arc much mom reliable than magnitudes of
los@orc sediment tmmqmrt pMWltcd here. Also, the potential sediment transport
model NSTRAN assumes an unlimited supply of Aimcnt is available for transport.
This assumption is questionable in the proximity of littoral barriers or sediment

-----
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sinks (suchastheoceanCity Inlet Ebb Shoal). Finally, in deriving shoreline
change fkomthe potential net lcmgshomscdimat transport trends, the modeler must
mmcmbcrthatonly wavc4nduccdsand~titilwhti*d
tnmsporttrcds. Shorelincchangc isalso_bYd~ and sinks, which
am not included in the potential longshorc sand transport trends.

w

Emacting USCfidinfkmation ikxn the potentialnet lon@ore ~
plots lies in the recognitim of longsb sdimcnt tnmspmt trends dated to the
ncamhomwavcclimatc. visual inspctioelofthc nctlongshomscdimult~
mtcsmvcxds thatunded~g-of~~ti Analysis ofthcsc
trends yields an mkmtmdm “ gofthcphysicalprocaws atworktititis@
area. Existing and with-project potential net longshore scdimmt tmnspmt rates for
-guc Island andFti&kNmp~Wtiti ~f3
relationships to the physical passes at work and the implications of the tmnspwt
trends in the CQntcxtof shorclii change.

Assate.ague Island. The shoreline orientation of Assatcaguc Island has
been quite dpamic since the formation of ocean City Inlet. considering the
dynamic nature of Assatcaguc Island’s shoreline Oricntatim the potential mmsport
rates for the Assatcaguc Island modeling domain were wmputcd using 1933, 1976,
1989, and 1995 shoreline positions. The potential net transport rates fw these three
shorelines are presented in Figures Al-25 through Al-28. The sign convention fbr
sediment transport direction in these figures is positive fm southbound tmnspwt
and negative fw ndbound ~ fix Al-25 through A1-28 reveal that
thcpotcntM scdimmttmnspmtmgimc changcswitht.imc andtilAtilti
morphology. The 1976 shcuelinc (Figure Al-26) is limited by available shomlinc ..
position data fm that*.

Itshouldbcnotcd hcmthatthcbathymcby uscdtocompu@titim
wave climate fm each shomlinc is identical and includes the 1995 condition of the
ocean City Ebb Shoal. ThcmfoM, the wave transformation results near the cbb-
shoal may contain considerable error fm the simulations in which the ebb shoal was
significantly diffkrcmtfium the 1995 condition. The large variability in potential net
longshomscdimmt &anspatmtcs within thcacthrce figumsis@dbyti
variability of the ncarshore wave results ffom the momdmmatic wave model
REF/DIF and the division of the oflkhorc wave climate into discmtc directional bins.
The potential loclgshorcsediment transpt plots pmscntcd in the text of this chapter
mtitimkmf~ btittitim& l*ofticbb*d,
rcf- to as NSR2. This rcf~ line was chosen because significant numbers of
hr~wavc events in thchhdcasttimc series break seaward of NSR1.

Figure Al-27 pmscnts thcpotmtial net longshorc sand tmmportratcs fa
Assatcaguc Island using the 1989 shorelii orientation. Although the tmnspmt
mtesoscillatc onashortscalc (lcssthan lkm),largcrscale trends (grcatcrthan
lkm)amcvidcntin thcpotcntial nctlongshom~mM. Thcovcrau
directional trend in net Iongshore sediment tmmport is southbound tkom Ocean City
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Potential Longshore Sand Transport
Assateague Island: 1976 Shoreline
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Potential Longshore Sand Transpoti
Assateaguelsland: 1989 ShoreGne
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F~ure A1-27. PotentiallongshoretransPotimtes(-teague bland 1989
shoreline)

Potential LongshoreSand Transport
Assateague Island: 1995 Shoreline
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Inlet to the southern bounduy of the model (approximately 15 km south). Within
the overall trend of southbound transport exist smaller scale trends in sediment
transport rate and consequently segments of shoreline with erosional and accretional
tendencies. Iden@ing these smaller scale trends&t larger than 1 km), a trend of
stable to erosional shoreline is indicated between Okm and 1.5 km south of Geean
City hd~ changing to decreasing southbound transport between 1.5 lun and 3 km
south of the inlet. The net transport gradient betwea 1.5 km and 3.0 km south of
the inlet indicates an tlUXCtiO~ tendency within this reach of shoreline. The trends
for the reach of shoreline between 3 km and5 lan southof the inlet arerelatively
stable, but the south-directed net transport rates for the shoreline between 5 km and
10 km south of Qcean City inlet increase with distance south of the inle~ indicating
an erosional trend. Further sou~ between 10 km and 12 km south of the irde~ the
potential transport trend is accretional, changing again to erosional between 12 km
and 15 km south of the inlet. The results near the 15 lan mark should be considered
suspect due to the close proximity to the lateral bounchuyof the wave model.

The potential sediment transpcxt trends using the 1995 shoreline are
presented in Figure Al-28. The large scale potential sand transport trends from this
figure indicate first a stable to erosional trend between the inlet and 1.5 km south of
the inl~ changing to an accretioruuytrend fkomOcean City Inlet to approximately
5 km southof the inlet. The potentiallongshoretmmspmtratesremainessentially
constantbetween5 km and 6 km south of the inlc&ideating a stable shoreline.
Further sou~ between6 km and 15 km south of the inlet the potential longshorc
sediment transpat trends indicate erosion. .

Comparing the trends in potential net longshore sdiment tmmport to
observed shoreline changes during a similar period of time allows a first order
validation of the potential sediment transport model to observations. Figure Al-29
presentsthe observedshorelinechangeat AssateagueIslandbetween1989 and
1996. Evident in this figure is a zone of stable or eroding shoreline between O-1km
mu*of-Ci~Mtih@gtia~timk~ 1 kmand3 kmsouthofthe
inlet similar to that indicated by the potential sediment transport modeling using the
1989 and 1995 shorelines. South of this point obscmd shoreline change indicates
a consistent and significant erosional trend. Trends derived fhxn the potential
transport model results indicate a mix of stable and secreting shoreline between
3 kmand5 lansouthofthe inlet. From5 kmto 14.5 kmsouthofGcean City Inl~
the potential longshore transport model indicates primarily shoreline erosion with
the exeeption of the 10-12 km range for the 1989 shoreline. Generally, the
computed potential net longshore tmsport trends agree with the observed shoreline
change.

To evaluate the effect of mining Great Gull BanlGpotential Ion@ore
sediment transport rates were oomputed using with-projeet nearshore wave model
results. Trend difkcnces betweemthe with-project transport rates and without-
project transport rates arc used as indicators of ehangcs in the longshore transport
regime. Figure AI-30 presmts potential longshore sedimmt transport rates fa both

-----
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thepm and post-shoal-mining bathymetric conditions. This figure indicates small
changes inpotential sediment~butnochanges inthegeneraI sdiment
~ trends. The negligible changes in general sediment tmnspat trends
suggest that the mining of 10 million m3of material from the western portion of
Great Gull Bank would not cause shoreline erosion on Assateague Island. If the
significantly srnalJervolume of 1.4 million m3is removed Mm the bomnv ~ the
probability of adverse effects to the shoreline due to shoal mining becomes even
less.

Southern Fenwick Island The shoreline orientation of southern Fenwick
Island has not been as dynamic as that of Assateaguc Island since the formation of
Ocean City Inlet in 1933. Since Fenwick Island’s shoreline orientation has
remained relatively constant with time, the 1989 shoreline was used to compute
potential Iongshore sediment transport.

The potential net longshore sediment transport rates for southern Fenwiclc
Island from Ocean City Inlet north to approximately 5 km north of the
Ma@nd/Delaware state line is presented in Figure Al-31. The potential net
kmgshore Sedimenttransport rates fw the Fenwick Island domain are affected by
the wave model and wave modeling procedure in a similar f~hion to the Assateague
Island domain, Kmti~g@tia tititimti*_tim&,om
sees a southerly transport at Ocean City Inlet decreasing in magnitude with distance
northof the id-et and ‘&angingdirection to predominan-@no&xmnd transport
approximately 15 km ninth of Ocean City Inlet.

r

Potential Transpoti
Ftick Mend, MD: 1989 Shoreline

4

0 5 13
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Thelocaticm oftbenodal point pres@edabove isingenerala~
with historical data and littoral drift rose computationsby Mann and Dalrymplc
(1986). Mann and &hJ’l@CCOMpUti littoral tmnsPLMroses form Stations
akmgtheeoastbctwccnC apeHenbpenandXCityM& Fromtbisexemisc
(combined with historical data), the nodal point of net Mtoral transport was found to
occur near York ~ Delaware. York Beach is located approximately 17.5 km
northofoccancity inlet ThenodalpointidenMied tithep@mtial -
modeling of the OCWRS is located south of York Beach at appmimatdy 15 km
north of Occan City Inlet. Theagmementbetweenthe historical da@the Mannand
_le*,-ti*tima*~of--titi~-
of potential Iongshore sodimcnt tmsport along FenwiclcIsland computed iu this

w.

~titiofti~tid ut~q~m~atatidc
(on the order of kilometers), patterns of erosion and accretion are evident. For
instmcc, an erosional reach of shoreline (decreasing southbound transport as one
~veknti)ti ti@b-Ci&M~~ lbtioftiti& Further
n~~lbd2.5b *o ftiti*tititi@~-@
btitidj-t- ~2.5hd5b*of&M@ timMatiof
pmnound erosion. A similar trend of alternating aeemticmaland erosional
tmsportpattemsis evi&wcdbetwoen5 kmand9krnnorthofthe inM. Thereach
ofshoreline be4wem7km and9kn3(74thto lo3rdstrcets) narthoftbe inlet isan
area of mcognizd erosi~ as noted by Stauble et. al (1993). The locsticm’s
mi~-btip~tid-~w~~til-timof
shoref-attached shoals iu the nearshore batbpetry. Stauble et. al (1993)
idcdied mess of erosional “hot spots” as areas of foreshore erosion located in
arcsswherc shoals wcreattaehed totbcshordhec. Thcreappears to bcaeause-
effkct relationship between the shorefaee-attached shoals and sediment transpat
gradients at tbcse locations.

Conclusionsfrompotential ]ongshorctransport rates.Thepotentialnet
kx@30re tranqmtratespresented here offer a satisfying represmtation of expmted
trends in longshore tmsport due to the offshore wave climate and bathpetry.
Limitations in the undemdm “ g of longshore sediment lranspoft and the
assumptions made in computation of potdal kmgshorc sediment transport rcstriet
infercnees hrn the potential longshore sand transpoIt modelig results to transport
trends andawciatd shodine mspmses. Combinod with historical sediment

ti=pxtinfbrmatimthe usefldness Ofthepotential sediment tmsportrates
p-tik~b~ti ha~~tibtin~m~fmwb
sediment budget calculations.

Evaluation of the effects of removing 10 million m3from the potential
*mat -~ Btitim&titnob~ kAe~ad*at
mmsporttrcndsof thcshodinewouldbccxpectd Sineetbegenendt ransport
trends runainunchaugcxL noadvemeeffects ontbeshodinewould beexpectd
Since only the initial construction volume of 1.4 million m’ will be removed fkom
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the borrow ~ the probability of adverse effects on the Assateague Island
shoreline is even less.

Summary

The combined wave transformation modeling and poteatial longsbore
sediment transport modeling described within this chapter offkr a representation of
the effect of irregular o~ore bathynctry on the ncarshore wave climate and
potential longshom sediment transport rates. To define the offkhorewave climate,
the updated WIS hindcast (1976-1993) was used. Statistics horn this offshore wave
time series wcR used to generate a suite of 50 unique wave direction and wave
period combinations representative of the wave conditions of the entire 18-year
hindcast. The monochromatic version of the numerical wave model REF/IXF was
employed to define the effect of the offshore bathymetry on the nearshore wave
climate. The wave model results tlom the 50 unique input conditions were then
cmmpikd into a nearshore wave database. The potential net Iongshore sediment
transport model NSTRAN used the nearshore wave database in conjunction with
the WIS hindcast time series to compute potential Iongshore sediment transport
rates. Since the shoreline orientation of Assatcaguc Island and Fenwick Island
change signifkantly akmgshore, NSTRAN was modifkd to include the cffbct of
local shoreline orientation on longshore sediment lnmspmt. The result of the
combined modeling eflbrt is a representation of the present (18-year average)
longshore sediment transport trends at northern Assateague and southern Fenwick
Islands and the longshore sediment tmnspat trends for Assateague Island as
afktedbytheminingof the initially assumed 10million ms of material k Great
Gull Bank.
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Appendix
Sediment

A2: Ocean City Inlet
Budget

Overview

Under the Ocean City Water Resources Study (OCWRS), a “present-day” sed-
iment budget was formulated to quanti~ the magnitude and direction of sediment
transport processes presently existing at Ocean City hde~ Maryland and along
adjacent beaches. Results from this task will assist the U.S. Army Corps of
Engineers Distric~ Baltimore (CENAB) in determining the volume and phmview
design of the Assateague Island beach fill, which is intended to partially mitigate
imprIctsof the Ocean Ci~ Inlet system since the time that CENAB stabilized the
inlet (1934) through the present (1996). Questions of particular interest in the
design of this beach fill areas follows:

. What has been the total littoral impact of the inlet Systen defined in terms
of a total volume and alongshore impact distance, to Assateague Island
since it was stabilized (1934) through the present (1996)?

. What has been the total littoral impact of the inlet system to Assateague
Island since it became a National Park (1965) through the present (1996)?

. What is presently the most critically eroding region of AssatertgueIsland?
Given a beach fill quantity and pkmview desi~ and the present rate of
inlet bypassing, how long will the beach fill provide protection to
Assateague Island?

A question that needs to be addressed for the long-term sand placement plan is:

● What is the inlet bypassing rate required to restore “natural” sediment
bypassing processes to Assateague Iskmd?

Analyses to iiddress this question have been initiated; however, a final estimate is
not expected until completion of the Draft Feasibility Report II. .

AppendiiA2 Ocean City InletSedimentBudget
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To support the development of a present-day sediment budget, significant
engineering and coastal process events including dredging records and beach fill
placement and volume information were documented. Other supporting analyses
were conducted to determine:

. the variation of shoreline position with time;
● profile evolution;
● ebb shoal evolution (pIanview shape and volume); and
. flood shoal evolution (pIanview shape and volume).

The purpose of this chapter is to present results of the supporting data analysis,
document the present-day sediment budge~ and provide information for CENAB to
address the beach fill design questions listed previously.

Results of Data Analysis

History of Significant Coastal Process and Engineering Events

To appropriately account for important alterations and impulses to the inlet
system it is necessmy to consider significant coastal process and engineering events
in formulation of an inlet sediment budget. Table A2- 1 presents a summary listing
of these events which occurred fim the pre-inlet time period through the present
(1996). These events were deemed of importance in formulating the sediment
budgeg and in understanding the mastal process setting. The following paragraphs
narrate the most critical of these events,

Prior to inlet fonnatio~ a single bmier island separated the bay fkomthe
mainland. Assatergue Island was inhabited in the early 1800s by English
settlements, approximately 6 km south of the existing inlet. These settlements used
the area for agriculture and grazing of livestock and they established in this region
of Assriteague Island due to its higher ground and wider expanses of land as
compared to the northern part of the island. The town of Ocean City prospered
largely due to its railway system which comected the barrier to the mainland and
increased the recreationrd popularity of Ocean City beach. By the early 1900s,
hotels were constructed on Ocean City, and construction of groins to stabilize the
beach began in 1922. Sinepuxent Inlet breached Assateague Island in Februmy
1920 approximately 4.8 km south of Ocean City, and had migrated southward about
0.8 km until it was closed by another storm on May 9,1928 (Undenvood and
Hiland 1995).

Ocean City Inlet was formed by a hurricane on August 23,1933, and separated
the existing bmrier island into FenWickIsland to the north and Assateague Island to
the south (Figure A2-1). Stabilization of the inlet with jetties commenced in

2 AppendixA2 O-n CttyInlet%drnent Budget



Table A2-1. Summaty of Significant Engineering and Coastal
Process Events, pm-inlet to 1996

Oate Event Notes

pra-inkf AsesteagueIslandsettled UndenvoodarulHiland(1995)
(Sarfy1800s) approximately6 kmsouthof

presentinlet usedfor
agricultureandgmzingof

livestock.Southern
Asseteaguepreferrad

beceuseof higherground
andMder expenses of land.

Aug23, 1933 Hurricane creetes OC Inlet Inlet quickly scours to 3 m depthand76 m wide

1933-1962 Ebbshoalvolumechange Accretion151,000 m’lyr (Underwoodand Hiisnd
1995)

1931-1972 Floodshoalvolumechange Accretion19,600 m3@
(70tal765,000 m3 over39 years,Dean endPerfin

1977)

Sep19330ct Northjettyconstructed Elevation1.2 m NGVD
1934

Ott 1934May Southjettyconstructed Elevation:1.6 m NGVD
1935

1935 Northjettyincreasedin Etavationincressedfrom1.2 to 2.7 m NGVD
elevation

Aug 1935 Firstdradgingof OC Inlet noquantityaveilablqdepth2.6 m NGVD (Dean,
Perlin,and Dally1976)

Dec 1936 CommercialF~h Harbor noquantityavailable(Dean, Pertin,and Dally
dredged 1978)

1937 Northjettyincreasedin Elevationincraaaadfrom2.7 to 3.6 m NGVD
elavatkrn

1947-1946 OC Inlet●ndhxbay 46,200 m’; limitsof areaunknmw(Wiikar 1974)
dredged

1946 IsleofWQht & Shwpuxant 267,600 m3 (CENAB 1976)
Baysdredged

1954-1955 OC Inletandlorbay S7,300 m’; limitsof srea unknown(Wiiker 1974)
dredged

1955-1956 outermosteactiOnofnorth Elevation“mcmaaedfromawragaelevatiinfor
jettyreconatructd outermostsectionof-0.4 to 2.7 m NGVD

increasedinalawtkm

1956 Firstoccurrenceof bresch Dean,Parh, and Dally1976
adjacentto southjetty
repairedwithhydraulic

dradga

AppendiiA2 ocean CityInletSecMnantBudget
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Table A2-1. Summary of Significant Engineering and Coastal
Process Events, pre-inlet to 1996

-
Nov1961 Breachadjacentto south NotrepaireduntilaftarMaroh1962 atom’I~

Mar6-8, 1962 “AshWednesday Al breached approximately1.6 km southof jetty
axtratropicai cyctona FI breachednear71st street(CENAD 1963)

breachedAl in a aarmnd
bcation,and FI m one

bcation

16Apr-19 May Dredgedmaterialptacadto 750,000 m3 dredgedfromOCI channeland
1962 rapakAl SinepuxantBayuaadto okmadjettybreach

(Underwood●nd Hiiand1995, CENAB 1978,
CENAD 1963)

400,000 m3 dredgedfrominletand Sinepuxent
Bayusedinan attemptto closebreach(at low

tide) 1.6 km southof jetty(CENAB 1978, CENAD
1963)

5Aug1962-12 Dredgedmaterialpked to Sadhnantrnowdfromforeshoreto buildrMaining
Jan 1963 repairFI duneawltiih ware filled with dredgedrnatarial.

798,000 m3 dredgedfromIsleof WQM,
Sinapuxant,andAaaawnan Bayawaraplaoed
alongantii barrlarto Dalavaa border(CENAB

1SS3,sea p. 6-17 forbocrmv●raaa)
(F1filloonfurnadbyp. 6-31, CENAD 1963)

(totalvolumeplaoadto rapairAl andFI damage
due to this storm oonfmnad by CENAD 1963, p.

6-18, ●lthoughtheystateItw ●ll placedin
dunes).

1962-7978 Ebbshoalvolumeottanga Aooration101,000 rn3@ (Undawoodand Hihnd
1995)

1962-1963 commercialfting harbor 29,100 ti, Sta3+W to6+250 (Wckw 1974)
dred@d

1963-1964 Sinqxnmttoch~gua 306,000m3 (CENAB 1978)
Baydredged

1983-1966 8outhjettyrepaired 220 m of middlejettyaeotii rehabilied; 210 m
inshore~t addad

1984 Commaro&lFishHarbor 30,600m3(CENAB 1978)
dredged

1985 Al NationalSaaahwa
officially●uthorized

1965 Sinapwant Baydrerd@d 153,000 m3 (CENAB 1978)

Jan 29, 1965 OMlquaaarialshows DikewasconaWcW and aadiinf usedto fill
breach1.6 km frominlet behhd dk
bai~ filledwithdrad@

material

AppendsA2 OceanCH’yInletSadii Budgat
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Table A2-1. Summa~ of Significant Engineering and Coastal
Process Events, pm-inlet to 1996

> <

1987 SinepuxantBay(SS) 53,500 m3 (SS) (CENAB 1978)
dredged; 42,800 m3 (IWB) (CENAB 1978)

Isleof Wlght Bay(IWB)
dredged

1989 OC channeldredged(bay 42,800 m3; Sta 2+530 to 3+750 (wicker 1974)
portion)

1970 OCchanneldredged(bay 38,200 m3; Sts2+450 to 3+900 (Wicker 1974,
portion) CENAB 1978)

1971 OC Inletancf/orbay 84,100 m3; limitsof dredgingunknown(Wiiker
dredged 1974, CENAB 1978)

1973 OC channel(bay)andfish 72,800 m3; Sts 2+300 to 5+300 (Wcker 1974,
harbordredged CENAB 1978)

1975 Fishharbordredged 29,000 m3 (CENAB 1978)

1978 OC Inletdredged 22,900 m3 (CENAB 1978)

1977 OC Inletdredged 34,400 m3 (CENAB 1978)

1977 Sadknanttransportrate 39,900 rn3ty7undernormalwaveCotiicms
throughbver~ (measuredby Oaan●nd Periin1977)

rehsbitiitedsouthjetty

Ott-NIYV1978 OC Inletdredged 45,900 m3 placedWIAl (Price1992)

197&lm EbbshoalVOhlmSChSrWS Accretii 150,000 m31yr(UndawoodandHitsnd
1995)

1978 Ebb$hd kI W@k@lffn? Yes, ●ccording toWalton&Adsms(1979)

Jan-Mar 1979 letsof Wlghtdredged 38mm3viciniiof30th to50ths-,
confineddisposal(Price1992)

Aug-Sap1979 OC Inletdredged 38J200m3 placedonAl (approximatelyat prssant-
dsystation8+00)(Price1992)

19801995 Besohfltlsadjacentto south 228,000 m’ (Undammodand Hiland1995)
m

Jan-Mar1982 OC Inletdredged 28,800 m3 (Price1992)

1984 , Southjsttyscourhola Maximumscourdepth15.2 m (NGVO?- no
repaired datumgiven)priorto repair(Undawoodand

Hilsnd1995)

Dscle84-oac mea headland Southjettyelsvstbnincreasedfrom1.4 m to
1985 breakwatersCo@r@ed on 2.3 m NGVD

northAl (InaidaOC inlet);
southjettyasnd-tightsnsd
and Increasein elwation

Jun-SaP1988 FL Statebeachfill 2.1 miltii m3 ptscsd3rdto 148thStreets

Jun-Se9 1990 I Fl: Federaltxsachfftl I 2.9 mfttii m3 placed3rdto 100thStreets

AP~ A2 Ocasn CRYInletSedimentBudget 5



Table A2-1. Summary of Significant Engineering and Coastal
Process Events, pre-inlet to 1996

1 1
Nw 1990 OC Inletdredged 37,500 m3 plaoadnorthamand of Al; beginning

approrrimstl!ly1.1 km southof Oc Inletand
extending3.0km(Prioa1992)

0ct2B-Nwl, I “HalloweenStoan”
1BBl rwthaaater I

Nov1l.lBB1 I NorUwaater I

Jan 4,1992 ! Northeaster !

Jan-Fob1992 I Fl: stormrepair I Truck rearmngadstormrepair

Apr-Jun1992 Fl: beachfill 1.2 millionm3 placed(assumedplacementfrom
3rdto 146th Streets)

DOC11,1S92 Northeaster

Fob-Mar1993 I Fl: atom repair Truckrearrangedstormrepair

Apr-May●nd Fl: beaoh fifl 1.1 millionm3 ptaoad(Sseumadplacementfrom
Se@ctlB94 3fdto14sthstraata)

Msr-Apr 1995 la&of VVi@tBaydrad@ FI Fill: 47,500 m3 pboad to repairdunslineat
Xkd Street(Blame1S96)

6

Figure A2- 1. Aerial view of Ocean City Inlet on December 6,1935
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September 1933, and the inlet quickly scoured to 3 m depth and 76 m width

(Underwood and Hihmd 1995).

Inlet processes began forming ebb and flood shoals (note waves breaking
offshore of the south jetty in Figure A2-1, indicating early formation of the ebb tidal
shoal), at the expense of the adjacent beaches. Shoreline change rates for
Assateague Island extending 14.2 km south of the inlet nearly doubled from a pre-
inlet (1850-1929/33) erosion rate averaging -1.5 ~ 1.7 mlyr to an average post-inlet
(1929/33-1996) erosion rate averaging -2.9 i 2.7 m/yr (latter rate excludes
shoreline advancement due to beach fill). For the post-inlet time period, overwash
processes were significant along Assateague IskmcLwith bay shoreline change
indicating accretion for all consecutive time periods. For the FenWickshoreline
extending rtpproxinmtely 15.1 km north of the inlet, the shoreline responded to
construction of the jetties by decreasing the pre-i.rdeterosion trend (-0.37 ~ 0.98
rdyr for the pre-inlet time period to -0.21 ~ 0.91 rdyr in the post-inlet time period
(latter rate excludes shoreline advancement due to beach fill)). For the post-inlet
time period, the bay portion of FenWickIsland was comparably stable, experiencing
only rare ovenvmh events. Shoreline change rates are discussed in detail in the
next section.

The most severe storm since inlet formation occumedduring March 6-8,1962.
This Northeaster, called the “Ash Wednesday Sto~” worsened an existing breach
at the south jetty that had occurred in November 1961, and created two other
breaches, one along Fenwick Islmd near 71st Strec$ and the other approximately
1.6 km south of the inlet on Assateague Island. The fmt two breaches were closed
during the period April 1962 through Jrmuary 1963, but the Assateague Island south
breach persisted (despite closure attempts during April and May 1962) until at least
January 1965. Figure A2-2 shows the Assateague Island breach.

Figure A2-2. Assateague Island breach due to 1962 Ash Wednesday storm

AppandxA2 Ocaan CityInkt SadimantBudgat
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The establishment of AssrIt.eagucIslimd as a National Seashore in 1965 was
related to the devastation that occurred to this island during the Ash Wednesday
Storm. Asmtergue Island had been recommended for federal protection as early as
1935, but no action wiIs taken and private development and ownership of the
Mqknd portion of the island was firmly established by 1955. However, the Ash
Wednesday Storm removed 32 of the 50 dwellings, and severely damaged 7 others.
Requests from private interests to establish storm protection for this region had
extremely high cost-to-benefit ratios, rmdtherefore could not receive federal
assistance. The rapidly expanding population along the eastern seaboard during the
early 1960s created a need for more fderally protected coastal recreation areas, and
Assateague Island was officially authorized as a National Seashore in 1965
(Underwood rmdHikmd 1995).

A study of historical and existing coastal processes along northern Assateague
Island was conducted by Dean, Per[in, and Dally (1978) and Dean and Perhn (1977)
in an effort to understand the mechanisms and potential solutions for a persistent
shoaling problem along the notieast comer of Assateague Island (Figure A2-3).
These field, numerical modeling, and historical evolution studies concluded that this
shoal was forming due to iIreversal in net sediment transport along northernmost
Assateague Islzm~ with this sediment being transported over the south jetty into the
inlet channel. The study recmnmended that the south jetty be raised and tightened,
and that northern Assaeague Island (inside channel bank) be stabilid with three
detached breakwaters. The detached breahvaters and sand-tightening projects were
constructed from December 1984 through December 1985. The most recent
significant engineering event affecting the region’s sediment budget has been the
placement of approximately 7.4 million m3 of beach fill on Fenwick Island from
June 1988 through April 1995, which extended from the inlet noti to the
Maryland-Delaware state line.

Variation of shoreline position with time

Shoreline positio~ onentatio~ and the rate of shoreline change between time
periods provides information about regional coastal processes and their resulting
effbct on beaches. This information is critical for general understanding of the
project site and for developing a quantifiable sediment budget. For most sites, it
historical database of detailed topographic and bathymetric data sets ilom which
volumetric change can be calculated are not ttwtiktblc. Therefore, volumetric change
rates me approximated by multiplying the shoreline change rates by an “active
profile depth” (discussed in the next section). The volumetric change rates between
time periods provide an elemental data set applied in the formulation of a sediment
budget. In additio~ the variation of aiongshore volumetric change can be applied in
determining the alongshore exat of inlet influence through time (see sectio~
“Estimating the total littoral impact of the inlet”).

8 AppendixA2 Ocean CilyMl SedimentBudgai
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Figure A2-3. Dominant sediment transport pathways (indicated by arrows) and
resulting shoaling problem on the northeast comer of AssaterigueIshmd prior to
1985 (Dean, Perlin, and Dally 1978)

Both ocean and bay shoreline position were recorded with respect to an
alongshore coordinate, x, which was set to zero at the centerline of the inlet and used
a right-handed coordinate convention (i.e., negative x indicates north; positive x
indicates south). Shoreline position for each time period was calculated as a
distance from an arbitrary baseline at a 50-m alongshore cell spacing. Shoreline
change rates and associated standard deviations were calculated in meters per year
by subtracting shoreline position data and dividing by the number of years
represented by the time period. Negative values indicate erosion and positive values
indicate accretion. Average shoreline change rates and the standard deviation
associated with these values were calculated in meterdyear. Results of the shoreline
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change analysis used irt the sediment budget are presented in Table A2-2, and
shoreline position for these time periods is shown in Figure A2-4.

Table A2-2. Summary of Shoreline Change Analysis: Average Rates and
Associated Standard Deviation (m/yr)

The Period Atongshora Alongshore Fenwick Iatand
Extenk Ocean Extent: Bay

(km) (km) ocean ! Bay

1850-1929/33 -19.35 to 23.50 -13.7 to 3.25 -0.42 z 0.66 -0.37 ~ 1.7

1929/33-1s62 -19.45 to 23s0 -13.5 to 3.25 -0.48 ~ 1.6 0.77 ~ 5.0

1962-1980 -19.45 to 23.60 -13.25 to 7.00 .o.9a~l.4* 3.1~11.2
-1.2~1.3s

1980-1969 I -19.45to 16.25 I -13.15to 16.55
I Ui?% 132275

1989-1995/96 I -15.05 to14.15 I -13.15to 16.55 I 0.16 z2.02 I -d.5.2+2.4*

AaaJwgua Iatand
m

Ocean ! say

03721.5 I 2.8A1.8

=1=
-2.5 ~ 3.7 ‘ 8.1 z2.8’

-2.1 z 2.9’= 6.9 ~ 8.5’
.2.2 ~ 3.2ta

2.9 z 2.92 1.6 ~ 3.9
2.9 ~ 2.73

.2.6 ~ 3.6Z 4.9 ~ 10.4
-2.7 + 3.5’

u1929/331995/%I -15.05 to14.15
I

Not
I

0.44 ~ O.tw
I

.2.9 ~ e

I
Nat

analyzed -2922.7’ anslyxed

‘Excl@earagiorj of1962braach.
* Shoraiii ohengarateraflaotaadwmmwt dueto beachtill.
s Adjustedshorelineohengerateto removeadmncarnantdueto beachfill.

Profile Data

Information about the profile shape was applied in the sediment budget to
estimate: (1) the depth of closure at the site, which was used to set the offshore
boundary of the sediment budget, and also was used in estimating the active profile
depth; (2) the active berm, which is used with the depth of closure and shoreline
change data to calculate volumetric change rates; and (3) the percentage of the
Fenwick Island beach fill remaining in 1996, which was required in the sediment
budget to correctly account for alongshore movement of this material horn FenWick
Island into other regions of the project.

Depth of Closure. In a report evaluating the initial performance of the FenWick
Island beach fill, Stmtble et al (1993) estimated the depth of closure for FenWick
Island using profile datit measured from the spring of 1988 through the winter of
1992. This data set encompassed higher wave cner~ events rtswell as typical
waves. Depth of closure was defined as the minimum depth at which the standard
deviation in depth changes decreased to a near-constant value, and was estimated to

AppendiiA2 OceanCityMat Sednant Budget
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range from 4.8 to 6.7 m relative to National Geodetic Vetiical Datum(NGVD), with
6.1 m NGVD being iIrepresentrttivevalue (Stauble et al 1993).

Because coastal processes at this depth are most likely similar offshore of
FenWickand Assateague Islands, this depth was also assumed to be representative
of Assateague Island in formulation of the sediment budget. An exception was the
northern region of Assateague Island for which sediment transport processes most
likely would be influenced by the ebb shoal. For this northern portion of
Assateague Island, which for the present-day sediment budget extended
approximately 2.5 km south of the centerline of the inlet, the depth at the shoreward
edge of the ebb shoal was used in active depth calculations. For the present-day
sediment budget, the depth at the shore\wrd edge of the ebb shoal was a minimum
of 2.5 m NGVD at 0.9 km south of the centerline of the inlet. Volume change
within the ebb shoal was accounted for separately. For the southern region of
FenWickIsland hmdwardof the ebb shoal, the depth at the”shorewmd edge of the
ebb shoal was approximately equal to the active depth; therefore, a 6. l-m NGVD
active depth was assumed to represent the entire ocean shoreline of FenWickIsland.

Profile data for the bay shoreline were not available. Afier discussions with
CENAB personnel imdothers who have studied processes at Ocean City Inlet
(personal communication Ebersole nnd Dean), it was judged that a reasonable
estimate for the bay depth of closure would be 1 m NGVD.

Active Berm Elevation, Shoreline change, a’y,within a given rdongshorecell,
&, is estimated to represent a horizontal translation of the profile that occurs
uniformly between the berm elevation ZMand the closure depth DC(Figure A2-5).
The absolute sum of Db and DCis the active profile depth. The change in volume,
d’, for this section is given us

dV=drd~Db +Dc) (A2-1)

Using the Fen\vick Island profile data discussed previously, Stauble et al (1993)
estimated the active berm elevation, Dh, for Fenwick Islrmdas 3.0 m NGVD,
resulting in a total active depth for Fenwicli Island equal to 3.0+ 6.1 =9.1 m. This
active depth was assumed to be representative of Femvick Island from 1933 through
1996. However, for the pre-irdet time period (1850- 1933), in the absence of ocean
profile data representative of this time period, the Fen\vick Island active berm was
reduced slightly \vithin 1 km of the eventual inlet location to create a smooth
transition in active berm crest from FenWickto Assateague Iskmds.

The active berm crest for Assateague Island was determined to viuy alongshore
and with time. Although no profile information is available for the pre-irdet time
period, tdongshore viuiation of the active berm is suggested by the.kmd use histo~

AppendiiA2 Ocean CityInletSeclhnentBudget 15
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Figure A2-5. Definition of terms for active b- closure dep~ and shoreline
change (modified fkomHanson and Kmus 1989)

of Assateague Island (refer to “Summiuy of significant engineering and coastal
process events” section). Active berm elevations for the pre-inlet time period were
assumed using this anecdotal information together with analysis of pre-jetty
rehabilitation profile information%and are presented in the second column of
Table A2-3.

From 1933 to 1985 @e-jetty tightening time period), the active berm on
notiem Assateague Island was most likely influenced by the elevation and porosity
of the south jetty. De- Perlim and Dally (1978) measured up to four sets of
profiles for northern Assateague Island during the time period September 1976
through June 1977. Results from their analysis indicated that the low elevation of
the south jetty was rdkcting the active berm elevation (Figure A2-6). For
formulation of the sediment budget, this information was merged with active berm
elevations as indicated by analysis of 1965, 1979, and 1984 profile data which
extended f~her south on Assate&ue Island. Pm-jetty rehabilitation active berms
arc shown in the third column of Table A2-3.

..
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Table A2-3. Active Berm Elevations, Assateague Island (Ocean)

Distance South from Active Befm Elevation (m NGVD)
South Jetty (km)

Pre-tnlet Pre-South Jetty Poat=outh Jetty
(1860-1933) Rehabilitation (1933-1985) Rehabilitation [1986-1996)

0.1 2.0 1.4 2.3

0.15 2.0 1.6 23

0.2 2.0 1.9 2.3

0.250.35 2.1 21 2.3

0.4-0.4s 2.1 2.1 2.4

0.3-0.9 2.2 2.2 2.4

0.s1 .75 2.3 2.3 2.4

1.&5.2 2.4 2.4 2.4

2.4

1.8

1.2

0.s

ADgmdrate Berm Crnt

+1.1Iwo

~ fat-
......

SouthJetty

12W 1000 eoo coo 400 200 0

0 Istanoe from South Jetty (m)

Figure A2-6. Active berm crest determined from pre-jetty rehabilitation profile dats
(modified from Dean. Perlin. and DaIlv 1978). .
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Anrdysis of profile data measured afler jetty tightening and raising was
completed in 1985 indicate that the active berm increased in elevation for the
northern-most portion of Assateague Island. Basset al (1994) evaluated four sets
of profile data measured from June 1986 through January 1989 and concluded that
profiles near the jetty accre~ with profile change ftier away from the jetty not
as significant. Profiles from 1986 and 1995 were evaluated and indicated that the
active berm for northern Assateague Island increased for the post-rehabilitation time
period (1986-1996), m indicated by the fourth column in Table A2-3.

Because of the absence of bay profile data, a value for the active bay berm
elevation was assumed based on discussions with CENAB personnel and others to
be 1 m NGVD, for an active bay profile elevation of Db + Dc = f m + f m = 2 m.

Percentage of Fenwick lsIand Beach Fill Remaining in 1996. Seven profiles
horn June 1988 (immediately pre-fill) and May 1996 (present-day condition) were
analyzed to determine the volume of beach fill remaining on FenWickIsland.
Volume change for each profile was multiplied by an alongshore distance
represented by that profile to properly “weight” results at each profile location.
Results from this analysis indicated that, on average, approximately 17 percent of
the placed material was lost horn the profile between the active berm crest elevation
(3.0 m NGVD) to the active depth (-6.1 m NGVD). An additional 10 percent of
material was originally placed in a dune f~ture (above 3.0 m NGVD), and this
entire volume remained on the profile. Because the fill material was similar to or
coarser than the native sediments, it was assumed that any fill losses would have
moved alongshore rather than offshore. Using these results, calculations in the
sediment budget assumed that 17 percent of the placed beach fill moved alongshore.
Because 10 percent of the fill had been placed above the active profile elevatio~
this quantity was excluded in calculations of volumetric change from shoreline
change data.

Ebb Shoal Evolution

Bathymetric data from 1933, 1962, 1976, 1986, and 1995 were utilized to define
the ebb shoal phnview “footprint; depth at the seaward edge of the footprin~ and
volume. Results of this analysis were used in formulation of the sediment budget to
identi& regions of FenWickand Assateague Islands that are influenced by the ebb
tidal shoal, and to calculate ebb shoal volume change rates for each time period.

Visual inspection of a bathymetric data set or a bathymetric contour plot to
delineate an ebb shoal is rather subjective. For the OCWRS, the availability of a
pre-inlet (1933) bathymetry enabled application of a more objective procedure, as
modified from that discussed by Hicks and Hume (1996). FirsL an idealized “non-
inlet” bathyme~ was created by using the 1933 bathymetric data set but replacing

18 AppendixA2 OceanCityInletSedimentBudget
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the 1933 shoreline along the northern region of Assateague Island with the present-
day shoreline position, and replacing the 1933 bathymetry in the region between the
1933 and present shorelines with present-day bathymetry which was typical of that
found outside the influence of the ebb tidal shoal. To accomplish this, the 1995
shoreline was used to define the shore\vard extent of the data set, and a 1995 profile
which did not reflect the presence of the ebb tidal shoal was duplicated along the
northern Assateague region. Using this idealized non-inlet bathyrnetry, “residual”
bathymetries were created by subtracting it from the subsequent time periods. The
residual bathymetries for each time period are shown in Figures A2-7a through
A2-7d.

Next, the ebb tidal shoal footprint for each residual bathymetry was estimated by
four different individuals, and residual ebb shoal volumes were calculated. Four
independent estimates of the ebb shoal footprint were made to give an indication of
the error associated with personal subjectivity. Results of this analysis are shown in
Table A2-4.

I~ Table A2-4. Residual Volume (Million m3) and Planview Area
Million m2) of the Ebb Tidal Shoal

Residual Eathnate Number
Bathyrnetry

1 2 3 4

Vol Area Vol Area Vol Area Vol Area

1933-1982 5.2 1.7 5.3 1.8 7.2 2.9 5.0 1.6

1933-1976 7.9 2.5 8.0 2.5 10.4 3.6 7.8 2.4

1933-1986 9.0 2.2 9.2 2.3 - - 9.0 2.3

1933-1995 9.6 3.0 9.9 3.0 12.9 4.2 9.9 3.0

Estimates 1,2, and 4 applied similar methods of using the l-m residual contour
to delineate the ebb shord footprint. This contour appeared to provide a planform
shape of the ebb tidal shoal that reflected onshore and alongshore evolutionary
trends of the shoil as evidenced from bathymetric data. Estimate 3 used the O-m
residual contour to delineate the shoal, and therefore these estimates are higher.
Estimate 3 chose the O-mresidual contour to fully capture bathymetric regions
which mity have accreted. These regions resuhed in footprints which included more
of the areas reflecting growth and lengthening of finger shoals, and deposition in
troughs, which are probably only pmtly represented by Estimates 1,2, and 4. All
residurd volumes were ciilculatedby using the selected footprint and determining the
volume above a O-mresidual contour within this polygon. Bathymetric data from
1986 and 1995 did not fully cover the ebb tidal shoal. Therefore, .1933-1976

lippendii A2 Ooean CityInkt SedhnantBudget 19
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residual ebb shoal data were used to complete coverage on the outer edges of the
ebb tidal shoal for the 1933-1986 and 1933-1995 residual bathymetries.

Ebb shoal volumetric change rates using each estimrtte are presented in Table
A2-5. For initial development of the sediment budget, volumetric change rates
using Estimate 1 were utilized. For fuxd budget calculations, sensitivity analyses
are envisioned using a range of ebb shoal volume change rates.

Table A2-5. Ebb Shoal Volume Change Rates (m3/yr)

Tii Period Estimate Number

1 2 3 4

1933-1962 178,000 183,000 2S0,000 173,000

1982-1976 198,000 190,000 223,000 201,000

1978-1988 104,OOO 128,000 122,0W

1966-1995 92,1ao 74,0W . 84,300

1933-1995 158,000 159,000 207,000 158,000
>

Flood Shoal Evolution

Information about deposition in the bay is necessary in formulation of the inlet
sediment budget to account for losses to the littoral system. Unfo*ately, detailed
bathymetric data providing full coverage of the region are not available for Isle of
Wight and Sinepuxent Bays. However, bathymetric data providing partial coverage
of the flood tidal shoal are itvailablefrom 1934/35, 1962, 1977/78, 1981, 1991/92,
and 1995. In addition, aerial photography showing partial or full coverage of the
flood tidal shoal are available from Jan-Dee 1935, Jun 1952, Feb 1960, May 1964,
Jun 1986, Jun 1990, and Sep 1995. By combining the partial bathymetric data sets
and aerial photography, we envision that information about volumetric change in the
flood tidal shoal can be estimated. This work is only partially completed at this
time, as described below.

First bathymetric data sets were digitized and aerial photographs scanned into a
Geographic Information System (GIS) database. Using the aerial photographs, the
footprint of the flood tidal shoal was visually interpreted and the area calculated.
Digital bathymetry and photographs from the same time period were overlain with
the flood shoal footprint. Our goal is to estimate the volume represented by the
entire fmtprint by using data from the regions for which there is overlapping aerial
photograph and bathymetric coverage.

AppendixA2 Ocean City InletSedimentBudget
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For inhial development of the sediment budge~ the flood shoal accretion mte
calculated by Dean and Perlin (1977) and DeruLPerlti and Dally (1978) using
1931 to 1972 bathyneby was used, 19,600 m3/y. The sensitivity of the present-
day sediment budget was evaluated by reducing this mte by hau due to the belief
that flood shoal ucretion wuld probably be greatest during the initial years idler
inlet formation, and would decrease with time.

Total Littoral Impact of Ocean City Inlet

CENAB required information about the total Iittoml impact of Ocmn City Inlet
on the adjacent beaches so that the impacts to Assateague Island could be mitigated.
In particular, estimates of volume of littorrd sediment which has not been provided
to Assateague Island, and the idongshore distance which has been impacted by the
inlet were applied in design of the Assateague Island beach fill.

Alongshore Impact. To estimate the alongshore distance of inlet impac~ a
simple analytical procedure, the evenkxid method, was applied to the shoreline
change data sets. This method is discussed and applied by Berek and Dean (1982),
Dean and Pope (1987), Work and Dean (1990), and Dean and Work (1993), and
can be solved from the linearized treatment of shorehne evolution (Pehmrd-
Considere 1956). The method decomposes shoreline change (or, as applied in this
case, volume change) data into their symmetric (even) and anti-symmetric (odd)
components about a point of significance. For application at Ocean City hde~ the
center of the inlet was chosen as the point about which data were decomposed into
even ond odd components. Volumetric change data were used so that the effects of
beach fill muld be removed, and so that the rdongshorevariation in active depth
could be incorporated.

Volume change between two time periods at some alongshore position x, tW(x),
can be represented by e\’en (symmetric) dye(x) and odd (anti-symmetric)
components dVo(x),

dV(x)=tWe(x) +dVo(x) (M-2)

The even component is defined as

We(x)=
W(x)+w(-x)

2

And the odd component is given by

22

(M-3)
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dvo(x)=
dv(x)-dv(-x)

2
(A&4)

The even and odd functions are indicators of those shoreline or volumetric
changes which have been symmetric or anti-symmetric, respectively, about the point
of significance. For an inlet with the centerline chosen as the point of significance,
the even fi,mctionreflects changes in shoreline position (or volume change rate)
which have occurred symmetrically about the inlet. Examples of symmetric changes
that might occur at an inlet are: shoreline retreat or advimcedue to cross-shore
transport (due to storms or relative sea level change), and symmetric shoreline
retreat due to sediment feeding the ebb and flood tidal shoals. An example of an
anti-symmetric change common to stabilized inlets, which is reflected by the odd
fimctio~ is impoundment on the updrift beach at the expense of the downdrift
beach. The alongshore point at which the odd fhnction returns to a zero value is an
indicator of the alongshore distance influenced by the anti-symmetric effects, such
as impoundment, which is a project-induced impact. The alongshore point at which
the even function approaches a mnstant value is an indication of the alongshore
distance influencedby symmetric inlet-induced effects such as shoreline retreat due
to fding the ebb and flood tidal shoals. For the region of shoreline for which the
even function approaches a constant value, the sum of the even and odd functions
can be thought to represent the “background” shoreline (or volumetric) change rate
(e.g., sea level rise, influenceof stomls, etc.).

----
For analysis at Ocean City, the even/odd method was applied to four ocean

shoreline change data sets: 1929/33-1962, 1929/33-1980, 1929/33-1989, and
1929/33-1996. These data were converted to volume change rates by multiplying
by the active depth and the rdongshorecell width (see Equation A2-1). The effects
of beach fill (which are reflected in the shoreline position) were removed from the
signal by subtracting an estimate of the bench fill volume remaining from the
volume in each cell. If measurements indicating the volume of remaining beach fill
were not available, then an estimate of beach fill reflected in the shoreline position
was estimated by assuming a beach fill “loss” (or tdongshore movement) rate of
approximately 2-percent per year. This estimate was based on the volume of beach
fill remaining as of May 1996 for the Fenwick Island profiles (see “Percentage of
Fenwick Island Beach Fill Remaining in 1996” section). Figure A2-8 shows an
example result for the 1929/33- 1996 data seg for which the odd function returns to
a zero value approximately 10 km from the centerline of the inle~ and the even
function approaches a mnsttmt value at approximately 12.5 km from the centerline
of the inlet. The even-odd method was applied to data sets for each of the time
periods listed above, and the alongshore impact distances for the even and odd
f~ctions were determined. Figure A2-9 shows the variation of rdongshore impact
distance with time.
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The increase in the odd component’s alongshore impact distance with time as
shown in Figure A2-9 agrees well with an analytical solution of the one-line model
of shoreline change @can and Grant 1989) for the case of a total littoral barrier
(e.g., a long groin or jetty). This solution expresses the rdongshore impact distance
l(x) m a fimction of the square root of time, r,

l(x)= l.23fi (M-s)

in which the Coefficienthas been empirically determined as a best-fit average from
this data set.

Volumetric Impact. To estimate the total volumetric impact, volumetric
change rates were calculated for the prc-inlet (1850-1933) and post-inlet (1933-
1996) time periods. The control volume for the calculations extends offshore to the
depth of closure (6.1 m NGVD), includes the bay shoreline changes and
assumptions about the flood shoal occretion rate, and exlends alongshore through
the region influenced by the inlet. For prelimimuy estimates, the minimum
alongshore impact distance, ~ 10 km from the centerline of the inle~ was used in
calculations. We plan to also evaluate the maximum impact distance, ~ 12.5 km
and include these results in the Final Feasibility Report. The volumetric impact was
defined as the increase in Assateague Island’s volume change losses in the post-inlet
time period over those that occurred in the pre-inlet condition.

--r

Figure A2-10 shows idealid shoreline positions with calculation results for the
pm-inlet time period. Both ocean and bay volumetric change rates are reflected in
the results, as calculated from shoreline change data. The portion of the pre-inlet
barrier from Oto -10 km (FenWickIsland) had a net change of -61,500 m3/yr over
the 83-year time period. The southern 10 km (Assateague Island) lost more than
double this rate, or -136,000 m3/yr. The higher volumetric erosion for what would
become Assateague Island most likely reflects, in pm effkcts of the groins
constructed on FenWickIsland (initiated in 1922), and the fact that northern
Assatcague was of lower elevation and therefore could have km experienced more
ovenvash than FenWickIsland. This material could have been transported over the
island and deposited in the bay (i.e., sediment losses to the island which would not
be reflected by the bay shoreline position).

For the post-inlet time peri@ several data sets were utilized: ocean and bay
shoreline change rates (used to calculate volume change rates), dredging and beach
fill placement records (presented in Table A2-1), the ebb shoal volume chonge rate
from 1933-1995 (estimate 1 presented in Table A2-5), and flood shoal growth rate
as estimated by Dean and Perlin (1977). The initial loss of material due to the
island breach in 1933 was estimated using typical ocean and bay profile shapes, and
amortized over the 63-year post-inlet time period. The calculations for the post-

26 AppendiiA2 OceanCRYInletSedknentBudgel
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inlet time period are presented in FigureA2-11. These volume change rates have
been corrected to account for fill placement.

Since inlet creation, FenWickIsland has been relatively stable with a net
accretion of 1,500 m’/yr. However, Assateague Islond has lost a net
-242,000 m3/yr. Dredging of the channel and bay accounts for approximately
56,000 m3/yrof sediment and Estimate 1 indicates that the ebb shoal hits mcreted
at approximately 158,000 m3/yr. Estimates for the initial breach loss, amotiized
over the 63-year post-inlet time period indicate 8,500 m3/yr loss.

To calcuhte the total volumetric impact to Assateague Iskmd, the pre-i.rdet
volumetric erosion rate vms subtracted from the post-inlet rate to result in an
increase in the loss rate during the post-inlet time period of-106,000 m3/yrfrom
1933-1996. CENAB requested an estimate of the volumetric impact since
Assateague Island became a National Park in 1965 through the present (1996), or
over 31 years. Using the increased volumetric erosion rate of -106,000 m3/yr times
31 years results in a volumetric loss to Assateague Island since 1965 of
3.3 million m3. Since 1934, Assateague Iskmd has lost approximately
6.6 million m3. These volume loss estimates represent an approximation of the
impact due to natural processes (creotion and evolution of Ocean City Inlet ond its
ebb and flood shoals) and human-induced changes to the inlet system (maintenance
of a federal navigational channel ond stabilization of the inlet with jetties). It must
be recognized that this entire volumetric impact cannot be solely attributed to the
Federal project. It is possible that, if the inlet were not stabilized ond maintain~
that the inlet would have closed with time (as occurred with Sinepuxent Inlet from
1920 to 1928), and the adjacent beaches would have lost material that was used to
form the ebb and flood tidal shoals. It is likely that most of the ebb tidal shoal
material would have eventually returned to the littoral system; however, losses to the
boy would have been permanent. However, if natural processes alone (no human
intervention) had kept the inlet open, there would also have been a significant
volumetric impact to Assateague Island.

Present-day Shoreline Change Trends along Assateague Island

Present-day (April 1989-MrIy 1996) trends along the oceon shoreline ore
presented in Figure A2- 12. These data indicate that the present-day erosion rate is a
maximum of approximately -9 rn/yr imd occurs approximately 7 km south of the
inlet. However, the strong erosional zone (rates mnging,fiom -1 to -9 m@r)extends

from approximately 3 to 12.5 km from the inlet.

CENAB designed the Assateague Islrmd beach fill to mitigate slightly less than
half the estimated volumetric loss since 1965, or 1.4 million m3. The beach fill
extends tim 3 to 11.3 km along Assatmgue Island. The northern bound of the

28 AppIWK A2 OceanCflyInletSdinmnt Budget
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beach fill (3 km south of the inlet) was chosen to mitigate the present-day “strong”
erosional zone, as discussed previously. The southern bound of the beach fill
(1 1.3 km) was chosen as the average of the tdongshore impact distance indicated by
the odd (10 km) and even (12.5 km) functions (see Figure A2-8). It is expected that
the beach fill will be transported past 11.3 km by the net southerly transpott
direction. Present-day erosion rates have been factored into the design of the storm
berm (its position on the existing and construction profile).

Present-Day Sediment Budget and Bypassing Rate Required to
Restore “Natural Processes” along Assateague Island

A present-day sediment budget reflecting the post-jetty tightening time perid
1986 through the present 1996, was formulated using volume change calculations
for cells within the project reach. The purpose of the present-day sediment budget
was to define a range of bypassing rates that would be required to restore “natural
bypassing processes” to Assateague Island. “Natural bypassing” wrIsinterpreted as
the net longshore sediment transport rate that presently occurs on south FenWick
Island and would reach AssaterigueIsland if Ocean City hlet did not exist. Under
present-day conditions, it is speculated that only a portion of this transported
material reaches Asmteague Island, but that the rate of material reaching
AsstmmgueIsland will increase with time.

Sediment budget cells representing regions of the shorelike were ddineated
based on observed trends in shoreline change rates during the present-daytime
period. Other sediment budget cells represent the ebb shoal footprin~ the flood
shord and bay, and the channel region. Figure A2- 13 shows cells for the present-
day sediment budget. Vo!ume change rates within each sediment budget cell were
circulated using the data sets discussed previously: volume change associated with
shoreline retreathdwmce; volume change within the ebb tidal shoal; dredging
records; beach fill placement records; and an estimate of the flood shoal accretion
rate from Dean and Pedin (1977).

The concept of a sediment budget is simply that sediment continuity is
maintained within each cell; that is, the volume change rate within a cdl is reflected
by the difference between the rate of sediment entering and leaving the cell. For this
study, the greatest tmknowmin formulation of the budget wrIsthe magnitude of the
net and gross Iongshore sediment transport rates. For a shorewwd-iooking
observer, the net longshot-esediment transport rate, Q-, is defined as the sum of
sediment moving to the right, which is to the south at Ocean City, Q_,~, and
sediment moving to the left, which is to the north at Ocean City, Q.fik, for which
right-directed transport is positive, and lefi-directed transport is negative,

&t=~sonth’%orth (W-6)
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The gross longshore sediment transport rate, Qg- is defined as the absolute sum of
these two quitntities,

(X2-7)

Net and gross potential Iongshore sediment transport rate calculations presented in
Appendix A 1 give an indication of alongshore sediment transport trends; however,
the magnitude of these values area fimction of sediment availitbility, sediment grain
size and distribution, and other factors (including deficiencies in the predictive
formulae). Ideally, these magnitudes can be calibrated to reflect the calculated
volume change within each cell.

Use of accepted longshore sediment transport rates in the project region is
another method of calibrating the potential longshore sediment trrutsport rates.
Several researchers have estimated values for Ocean City from various data sets.
Dean and Perlin (1977) estimated that the north jetty was fidly impounded by 1972,
with an impoundment rate from 1933 to 1972 ranging from 115,000 to
153,000 m3/yr. This impoundment rate can be thought to represent the southerly-
di.rectedQ-,k, and probably represents a lower estimate due to the fact tlmt”the
north jetty was most likely not a total littoral barrier for all conditions during this
time period. Dean and Perli idso analyzed Littoral Environment Observation
(LEO) data which was measured approximately 12.9 km south of the inlet on
Assateague Island in 1973. l%ese data indicated an average Q=, to the south equal
to 795,000 m3/yr, with Q~_= 1,892,000 m3/y, Q-=1,344,000 m3/yr, and
Qti= 549,000 m3/yT. Although the magnitude of the values most likely is too
hi~ the relative proportion of Q_~QXk=2.5 might be reasonable for this location
on Assateague Island. This ratio varies alongshore; as mentioned in the previous
chapter, there is a generally-acceptednodal point in Q-, which is approximately
located atthe Mm-yli-md-Delmvarestate line. This nodal point citn vary anmdly
from Indian River Inlet, Delaware to as far south as the northern sections of Ocean
City (Mann and Dalrymple 1986; Underwood and Hikmd 1995). Therefore, at the
state line, on average the ratio Q_,/Qxk-l. Douglass (1985) estimated an
average Q-, to the southof214,000 m3/yrbased on Wave Information Study (WIS)
hindcast data from 1956-1975. Based on Douglass’ work and growth rates of the
ebb and flood tidal shoals, Underwood and Hiktnd (1995) adopted southerly-
directed Qm,equrdto212,800 m3/yr.

Within this study taslGhvo other methods to estimate longshore sediment
transport rates were applied. Using the concept of continuity and an assumption
that Ocean City inlet represents a total sink for Iittorrdmaterial, the total volume of
the ebb and flood tidal shoals, plus maintenance dredging volume divided by the
number of years since inlet creation can be thought to represent Q*- at the inleg or
approximately 14.8 million m3/63years= 234,000 m3&r. A second method used
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the rate of alongshore movement of the Fenwick Island beach fill. The rate of
FenWickIsland beitch fill tdongshore movement, which was determined to be
approximately 17 percent of the total volume placed, can be thought to represent the
net longshore sediment transport rate. Seventeen-percent of the total fill volume,
0.17 * 7.4 million m3divided by the time period in which the loss was estimated
(1988 to 1996, or 8 years) results in Qm,-156,000 m3/yr. Table A2-6 summarizes
these results.

Table A2-6. Summa

LongshoreSediment TransportEstbnste

Undewmd andHilsnd1995

A preliminary sediment budget was formulated using three magnitudes of Q- at
the southern-most end of FenWickIsland: 115,000, 153,000, and 212,800 m3/yr.
These QH,values were selected as being a representative range of reasonable low,
mid, and high magnitudes based on the estimates presented in Table A2-6. For each
of these values, Iongshore sediment transport magnitudes for all other cells were
calculated using the kno\\m volume change rates with each cell. Also, the
sensitivity of the preliminary budget to the flood shoal volumetric accretion rate was
evaluated by using half the value cited by Dean and Perlin (1977). Preliminary
sediment budget results we presented in Table A2-7. Subtracting the quantity that
is estimated to reach Assateague Island (see net Iongshom sediment transport values
at 0.9 km) from the quantity thitt enters the ebb shoal (see net longshore sediment
transpott values at the north jetty, -0.2 km) gives the bypassing quantity necessary
to restore natural processes to Assateague Island. The preliminary sediment budget
indicates thitt this quantity ranges from 118,000 (using Dean and Perlin’s ( 1977)
flood shoalhay accretion rate) to 107,000 m3/yr. The lower range of flood
shordhy accretion rate is probably more reasonable for presentday estimates.
Therefore, guidance from this prelimina~ presentday sediment budget is that
approximately 110,000 m3/yrmust be mechanically bypassed to Assateague Island
to restore natural processes. This estimate will be revised as the prehmhmry
sediment budget is refined, and wdl be presented in the Final Feasibility Repott.
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Table A2-7. Preliminary Sediment Budget Results

Distance Net Longshore SedkrrentTranspoti Rates (m’lyr)
from (positive values indicate transpori to the south)

Center of
Inlet (km) Flood Sheaf/Say Accretion = Flood Shoal/Say Ascretion =

19,600 m’lyr 9,800 m’lyr

115,000 153,000 212,800 11s,000 1s3,000 212800

-15.1 405,000 -349,000 -289,000 405,000 -349,000 -2B9,000

-10.5 -193,000 -137,000 -n,ooo -193,000 -137,000 -77,000

4.5 -42,000 -3,600 56,000 42,000 -3,800 58,000

-3 14,000 52,000 112,000 14,000 52,000 112,000

-0.85 92,000 130,000 190,000 92,000 130,000 190,000

-0.2 115,000 153,000 212,600 115,000 153,000 212,600

0.2 0 0 0 0 0 0

0.9 -2#oo 35,000 95,000 8,200 46,000 108,OOO

1.3 4,800 31,000 91,000 4,000 42,000 102,OOO

2.e5 -32,000 5,800 65,000 -21,000 17,000 76,000

2.6 -51,000 -13,000 47,000 - +0,000 -1,500 58,000

3.5 -80,000 -22,000 3B,000 49,0W -11,000 49,000

4.5 -56,000 -18,100 42,000 45,000 -7,100 S3,000

5.6 -9,100 29,000 89,000 2,000 40*000 100,OW

14.2 187,000 225,000 265,000 198,000 236,croo 296,000
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Appendix A3
Design of the Restoration
Project Cross-Section

Introduction

One critical design parameter for the restoration of north Assateague Island is
the elevation to be created during the process of restoring sand to the island. The
restoration is justified, in part, as a means for reducing the potential for breaching
along the island’s severely eroded north end. Some of the economic benefits
associated with the project stem from the breach protection that it provides. Much
of north Assateague Island is void of any relief above the natural berm height, and
overwash is a regular occurrence. There are several areas that are particularly
low in elevation and ahow evidence of well-defined overwaah channels. ‘Ilw low
relief and the presence of these channels make the island susceptible to breaching,
as has happemd in the past. ‘k most cost-efictive means fix reducing the
potential for breaching is to provide additional elevation to the island, in the form
of a dune or storm berm titure. Creating and maintaining a wekiesigned
elevation feature would provide the greatest protection against a breach.

However, environmental fktors and desires of the local cost-sharing partners
pose constraints on the design, and must be considered. The restoration must be
done in such a way as to avoid any significant adverse impact on the piping plwer
habitat that presently exists on the north end of the island. Des@ of the elevation
feature bashl.ly involves wntlicting goals: a desire to imxease the elevation of
tiistiti tiumtih~d ofa~tiati atimtitibtie
increase in elevation to avoid alterations to the existing plwer habitat. This
chapter describes the process of designing the cross-sectional shape of the project
in a way that balances engineering and environmental concerns.

The primary tool used in the design process was the Storm-induced BEAch
CHange Model (sBEACH) (Larson and Kraus, 1989, 1990), (Wise et al, 19%).
The model was applied to compute wave run-up, werwash, and storm-induced
beach erosion for without- and with-project conditions. The following werview
summarizes the work that will be discussed in this chapter.

First, existing beach conditions along the northern end of Assateague Island
are characterized in terms of vegetation cover, beach profile shape, maximum

1



profile elevations, and risk of breaching. Next, obsewations of current run-up
and overwash conditions are presented, along with discwsion of the estimated
minimum frequency of ovenvash that is meded to retain acceptable plover
habitat. An analysis was then done using the SBEACH model to assess the
typical tide and storm conditions which now produce the frequent overwash, and
this work included qualitative vali&tion of the model. Next, a process for
selecting storm events that oyemvash with the desired fi’equency is outlined.
hstly, application of the SBEACH model to predict run-up, overwash, and
erosion for several design alternatives is presented, along with the rationale for
deciding on a preferred cross-sectional shape.

Beach Conditions Along North Assateague Island

Figure A3-1 is a composite aerial photo of the northernmost 4.5 km of north
Assateague Island taken in Septembr of 1995. The area most susceptible to
overwash and breaching extends from a distance of about 1.5 hn south of the inlet
to a point about 9 km south of the inlet. ‘Ihe southern portion of the photo is
typical of the beach in the critical area. The photo shows a beach and barrier
island nearly void of vegetation as a result of the fkequent ovenvash events. only
near the back side if the island does significant vegetation remain, and only in
isolated areas. At locations about 1 and 4-4.5 km south of the inlet, welldetlned
overwash channek are identifiable (darker M running across the island).
&e-~6m Wbkmtiky ti&ofti Wktiticti~d _
overwash channels. The larger morphologic f~tures on the bay side of the island
are remnant overwaab fans from historic episodic ovewash events. The two
vegetated overwaah fhns in the center of the photo are in the vicinity of the 1%2
b~&, tihm@b~dtitw- d~W~ofti M.

Beach profile surveys were do~ on north Assateague in September of 1995.
Exisdng National Park Service (NPS) monumentation waa rwccupied to establii
the swey lines and refixence the data to known geographic positions. Twenty-
six profile lines were suweyed. Figures A3-2 through A3-8 show the profiles, in
_Offimfour, _titi Profle M-1 which isclosestto theixdetami
ending with AI-26 which is in the State Park. Profile AI-2 is located about 0.5
km south of the inlet. Profiles to the south of AI-2 are spaced at approximately
0.5-bn internals. In the original data Ilk, profile elevations are given in feet
NGVD and horizontal crosAme &tancesare given in ftrelativetothe NpS
baselh monuinenta. However in the figures, profiles are horizontally aligned, or
shiiki, so that the zero elevation point on the profiles match. This was done to
study the relative shapes and sirdarities of adjacent profiles.

The influence of the Ocean City Inlet ebb tidal shoal is seen in profiles AI-1
through AI-3. Note the high degree of simdarity in the above-NGVD portions of
profdes AM through AI-18, which represent a stretch of some 7 km. The profile
steadily hreases fkom an elevation of about 2 ft (0.6 m) NGVD on the bay side
to the ocean-side berm crest at an elevation of about 8.5 ft (2.6 m) NGVD. The
d~dbmtiflpfi moftititikve ~mford-
profiles. ~-dti=htiti~pof ti-werambtiti
length of shoreline. These are the areas most prone to overwash and breaching.
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Roiiles AI-17 through AI-20 are similar except that backshore elevations are
beginning to increase. Profiles AI-21 through AI-26 are characterized by very
high dunes, some of which have been constructed in the State Park and some of
which have developed naturally.

Offshore, profile shapes are similar for profiles south of AI-4. Profile shape
and slopes are very similar for the portions of the profile at elevations less than
about -20 ft NGVD (4. 1 m). It is interesting that this elevation is about the
“depth of significant movement” that has been observed during monitoring of the
Ocean City beach fill. It is intuitively reasonable that the profiles have a similar
shape in the wave-proceasdriven portion of the profile. However, away fkom the
immediate vicinity of the inlet, there is a general tendency for the offshore portion
of the profile, elevations between -20 ft (+. lm) ad -30 ft (-9. lm) NGVD, to
steepen with increasing distance away from the inlet.

This can be explained as a result of profile flattening in these depths as the
shorelhw of north Assateague has receded. halysis of historic bathymetric data
indicates that the -9 m NGVD contour off Assateague Island has changed position
very little since formation of the inlet. Hovveveras the shoreline on north
Assateague retreated, the beach protlle was “dragged”along with it, flattening the
portion of the profile between elevations of -9 m and -6 m NGVD. In this
elevation range, this process creating gentler slopes closer to the inlet where the
shoreline retreat has been greatest. Cumulative recession decreases with distance
south of the inlet, and therefore the degree of profile flattening follows the same
trend. RoWs at the State Park are relatively unaffected by this ‘draggin~
process. Tlie irmr portion of the profile is very much wavedriven and retains a
very similar shape irrespective of distmce south of the inlet.

Figure A3-9 shows the alongshore variation of maximum profile elevation.
The maximum profile elevation is plotted for each of the twenty-six profile lines.
The solid line conmcts the maximum proiile elevations at each profde. From Al-
4 through AI-19 the maximum elevation correqomls the natural berm crest
elevation. The average elevation is about 2.5 m NGVD; and maxima range from
2.2 to 2.7 m, a difference of only 0.5 m over about 7 km of shoreline. TIM
lowest berm elevations, 2.2 and 2.3 m NGVD, are at profiles AI-13 and AI-15,
respectively. 7his is an especially critical area in terms of breach potential. The
locations of the high dum fields are aIso evident, immediately adjacent to the
south jetty of Ocean City Inlet and in the State Park.

Based on an inspection of aerial photos and the beach protlle data, there are
two areas that seem to be the most critical, in terms of breach potential. One is
located in the vicinity of the 1%2 breach, mar profile AI-5. At ?hepresent time,
the shordine in the vicinity of the 1%2 breach appears to be accreting at a small
rate and there seems to be more vegetation on the back bay side. One would
expect these factors to slightly reduce the breach potential here. The other critical
area is located in the region from profiles AI-n to AI-18. This southernmost
area is of particular concern because of its greater dstance from the existing inlet
and proximity to Sinepuxent Bsy (i.e. higher potential to capture more ti&l prism
in the event of a breach) and because the present rates of shoreline erosion are

11



Assateague Island
Dune Crest Elevations

-

12

8.0..

7.0- - .....---...----—..--. -..- . ...----..... . . .... .... . ...... ... .. .......... .... .. .... ...... . ...... ... . ..

~
~ 6.0- ——-–-.-——---
Z
g

—— .__..-.._..——c .—..—--..—.— --------------......... ..... .. ...—
(u
g
I.u
~ 4.0 - —... ——.-..-....—.—..—....—------- .
w
6

3.0- —--—..——

20 , 1 , r , , , , , 1 , , , , 1 , , 1 I 1 , , ,
All A13 A15 A17 No All A113 A115 A117 A119 A121 N23 A125

Profile Number

~ure A3-9. Alongshore Vwtstjon of Dune Cres! Elevations

greatest inthissrea. Ittihly tittiti@etion m=inti~Mm
contriited to the low berm crest elevations.

Observed Overwash Processes

observations by NPsperSoMd indicate thstrnudloftbe nlMhernisland
overwsshes fiequentiy. Nesrly d qring tide conditions P1’O&WX mne ovenvash,

d rnsny storms prrxluceSubstsntislOvelwssh. Ofpsrticulsrrelevsnce to the
sswsment of SBEACH, ss sn amte predictor of storm erosion, run-up, snd
ovcrwssh, wssinformstionprovMed bythe NPsaboutthe response ofrIIOrth
Asssteague to two stcmns, the “Halloween Storm” in October 1991, snd the
Jsnusry 1992 storm. The storms where cbsrscterkd by different wsve snd
wster level conditions snd produced distinctly difikrent overwash patterns snd

_to*b*. ThefOll*wemcOmntSti~~*ff
regsrding the Halloween storm

a. Morein!ense thsnmostnhesstera, hstedtwo tothreehigh tidecycks



b.

c.

d.

e.

f!

At the McGbe tract, 8.5 hn south of inlet, duu.a before storm were 9-11
fM above beach berm. The storm caused ikilure of half the dunes.

No evidence of flooding like January 1992 storm

Overwash pushed sand Iandward. Deposition occurred in a new “wedge-
shape.d”berm characterized by a deposit 2-4 ft thick. The mw berm was
moved about 30mtothe westoftheoldberm, andhada gradual slopeto
the west. In some places the new berm was 1 ft thick and displaced 80-90
m west of the old berm.

Sand was exposed between overwash bores, not submerged continuously.

Western parts of the island were submerged.

The foIIowingccmunentswere made describing the January 1992 storm:

g. The storm lasted only a few hours and was a wave of water moving
onshore.

h. Foam and debris line remaining on wooden matter indicated a surge over
theislandof4-6ft. Everything wassubmerged byafewfbet.

i. Beach was flattened, no distinct berm formed like in the Halloween storm.
Sand overburden existed across entire island on lower 4 km of north end of
the island. Significant deposition in the bay on the west side of the island.

j. Bermwasdispkedwe swardby2030m.

k. Severe cuts in some dumx. Took out all d- at McCabe house area

1. -mtimtiofti S@@Pmktit MtiH-rw
northeasters were 80% damaged during the storm. These dunes were 10.5-
22.5 mi south of the inlet. Dune elevations befbre the sum were 6-10 ft
(8 ft average) above the berm elevation.

From the descriptions provided, it is clear that storms can produce a range of
respomes on north Asaateague horn distinct overwash occurrences with SaxKi
visible between overwash events to overwash and inundation that completely
overwhelms thenorthem partoftheisland. In bothcases, thestormscaused
significant sand movement as a tesult of the ovenvash; however the storms
produced disdncdy different overwash deposits. hter, these qualitative
observations will be compared to predictions made using the SBEACH model for
thesametwostorms.

Environmental Perspective on Overwash

&sed on conversationswith NAB staff,their contractors,and Oth&S

representing envkmmental irtteresls, it was determined that an overwash

13
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required tomamtam suitable pipiqg plover habht. A deciion was made to raise
the isIand elevation in critical areas to an elevation that would increase prouxtion
from breaching andlimitovenvaah tothisminimum fquency. ‘Ihekreased
elevation would prevent overwash associated with typical spring tide conditions,
dtiawed~-e-titm-~meve~ymw
two, on average. An analyais was umktaken to determine the hydrodynamic
characteriadcs of typical tides and storms, and to mess their potential fdr run-up
and ovenvash.

Defining Typical Tide and Storm Characteristics

One hydrodynamic parameter ?hat influences wave run-up and overwash is
wave height. The Wave Information Study (WIS) hindcast wave data base
(Hubertz et al, 1993 and Brook and BrandOn, 1995) was queried, and hindcast
wave &ta for the WIS site nearest north Assateague Island, WIS station 64, was
used to determine the maximum wave he@t associated with a recurrence interval
of one and two years. WIS wave data for this site are computed fir a water
depth of 16 m. Only extratropical storms were considered here because they are
the events of interest at frequencies of once every OIEto two years. Average
annual maximum wave hdghts for the entire available hindcast period, 1956 to
1994, were extracted from the &la base, ranked, and plotted following stadard
Probabtity procedures. The average annual maximum energy-based significant
wave he@s are approxhately 3.6 m and 5.1 m for return intends of ow and
two years, respectively.

Storm water level, the combiition of storm surge and astronomical tide, are
also@ortant in&Wmhdngrun-up amlovenvash condition. Resaure&taare
measumd by tk wave gages off Gcean City, MD that have been operational since
about 1990, and these data provide a means for ameming the water level climate
(both tides and typical storms). The submerged preaswe sensor records the

P~ of the overlaying water and air. A rigorous analysis to convert the
meaaumd presaum fluctuations to a geodetically rdkrenced water level had not
been completed at the time of analysis, so the following approximate procedure
was used to estimate water levels. The meawred ~ &ti were adjusted to
account for the column of air above the water. Atmospheric prmsure varies; and
mw-titi*ti-, ~ti~tic~&@ firti~fidd
record wereobtakd fkomthe airport at Sakbury, MDandused to correct for
the actual barometric pressure at the limes of wave gage measurements. This
correction resulted in a depth correction of +/- 0.3 m to the computed water
depth. The corrected water depfh data were then averaged fix the entire time
period of data availabtity, and the average was assumed to correspond to mean
sea level (MSL). This value was subtracted ftom all wter depth data to compute
water surface fluctuations abovedbdow MSL. Published carrecdons (from MSL
to NGVD) were used to relate the water level data to NGVD.

-
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from the Ocean City gage are available. Wave and water level &ta were
extracted for all storm events that were identified during a visual inspection of the
data. Data for randomly selected spring and mean tide conditions were also
extracted.

Table A3-1 Iists wave and water level characteristics fm all the “events” that
were extracted from the database. The lirst column in the table lists the date of a
particular event and whether it was a storm, spring tide, or mean tide event. The
next three columns list the significant wave he@t, ~, and peak spectral wave
perkxi, T,, at the time of maximum ~ Wkr level (sW’L). R~ts ~@ in tie
last four columns characterize nearshore water levels and wave run-up and will be
dkussed in the *xt section.

Simulation of Run-up and Beach Response

The SBEACH model has been successfully applied to predict storm-induced
beach change observed at Ocean City, MD (Kraus and Wise, 1993). A
mmprehensive evaluation using other field and large-scale laboratory &ta sets is
documented in Whe et al (1996). The same calibrated model used for the Ocean
City simulations was used to simulate processes on north Assateague Island.

Input to the SBEACH model is the initial profile shape, information to
characterize the wave and water level conditions (time series of wave height
period, and water level), and the median diameter of the sand. Tbe lime series of
synoptic wave and water level data extracted from the Ocean City wave and water
level database were used as hydrodynamic input. Profile AI-6 was determined to
be representative of nearly all profiles in the critical overwash region, and was
used as the input beach profile. Based on an analysis of sediment samplea taken
during the beach smveying in September 1995, a median diameter, Dm,of 0.30
mm was chosen to represent the siz characteristics of the foreshore sedimenfs.

lb model was applied for each of the events listed in Table A3-1. Two
versions of the model were applied, om using the root-mean-squared wave
hdght,~, to compute rim-up elevation, and the other using the average of the
highest one-tenth of the waves, HIIIO,to tmmpute run-up. In engkering practice,
the SBEACH model is applied using ~ to compute run-up. Better predictions
of beach erosion have ben achieved when using this run-up measure, andthisis
the standard model. The Htimversion was only used hereto examine the
elevation reached by a smaller percentage of the waves during an event,
recognizing the fact that a number of waves during any interval of time on the
order of an hour exceed the ~ value.

F@re A3-10 is a schematic of the beach profile and various measures of
elevation and water level that will be discussed in the following sections. The
astronomical tide is the periodically varying water level driven by gravitational
effects of the sun and moon (12-hr periodicity along this part of the Atlantic
coast). The storm surge is the additional increase in water level caused by

15



Table A3-1 Wave and Water Level Charac~ristics fo~ Tides and Storms

At t4ax SWL Uairq H- Using H,,,,
Date Event & T, SNL SWL+Setup Run-up Elv SWL+Setup Run-up Elv

-----.----------.----!?!----!:::!------!:!----------?!---------!!---____--!:!-___-----!:!

10791 Storm
103191 Storm
110891 Storm

10492 Storm
92392 Storm

100492 Storm

102693 Storm
112593 Storm
121593 Storm

30294 Storm
101494 Storm
111694 Storm
122394 Storm

50295 Storm
62895 Storm
80795 Storm
81595 Hurr Felix
90895 Hurr Luis

10796 Storm

61295 Spring Tide
10296 Spring Tide
s1895 Spring Tide
90695 Spring Tide
82895 Spring Tide

50895 Uean Tide
112895 Mean Tide
52695 Uean Tide
60895 Mean Tide
62393 Mean Tide

2.5
3.1
3.0

4.4
3.5
2.3

3
3.4
2.5

3.9
2
3.3
3.1

2.0
1.5
1.7
2.0
1.6

3.6

0.8
1.3
0.7
1.0
1.5

0.8
1.1
0.9
0.6
1.0

9
15
10

15
9
8

12
11
11

12
12
13
14

7
6
10
13
16

11

8
1
5
13
6

12
6
5
8
6

0.9
1.6
1.5

2.0
1.5
1

1
0.8
1.4

1.6
1
0.9
0.8

0.9
0.9
1.2
0.9
0.8

1.2

1.1
0.9
0.8
0.8
0.8

0.6
0.5
0.7
0.5
0.6

1.5
2.2
1.8

2.8
2.3
1.5

1.7
1.6
2.1

2.5
1.6
1.9
1.6

1.3
1.4
1.7
1.4
1.4

2.1

1.3
1.2
1.1
1.2
1.2

0.9
0.8
O.e
0.8
0.9

2.3
3.2
2.5

3.7
3.0
2.3

2.5
2.3
2.9

3.2
2.7
2.6
2.7

2.4
2.3
2.7
3.0
3.7

2.8

2.6
2.3
2.0
2.6
1.9

2.4
1.8
2.0
1.8
2.1

1.5
2.2
1.8

2.0
2.3
1.5

1.7
1.6
2.0

2.5
1.6
1.9
1.6

1.4
1.4
1.7
1.4
1.5

2.0

1.5
1.3
1.1
1.2
1.1

0.9
0.8
0.8
0.8
0.9

3.0
3.6
3.0

4.2
3.4
2.8

3.1
3.0
3.5

3.7
3.2
3.2
3.4

2.9
2.7
3.1
4.0
4.0

3.3

2.8
2.9
2.5
3.0
2.5

2.9
2.3
2.3
2.3
2.5
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Fgura W-l O. Definitions of Water Level and Elevation Parameters

atmospheric premure gradients and wind associated with a storm. Both forces
can act to “pile”water against the shoreline for a severalday duration. The still
water level, SWL, is assumed to consist of Mb tide and surge contributions.
Wave set-up is the incmaseinwater level across thesurfzom caused bythe
shoredirected excess momentum flux associated with the surfkce wind waves.
Total water level, TWL, is assumed to consist of the SWL plus wave set-up. The
run-up elevation is the elevation reached by broken waves as they advance up the
beach face. In this study, if the run-up elevation exceeds the maximum profile
elevation, overwsah is assumed to take place. SBEACH predictions fbr run-up
and beach change for varioushydrodynamic conditions are discussed in the
following sections.

Mean Tide Conditions

Five mean tide events were simulated. ‘IIMduration of each simulation was
several days. The maximum SWL fbr these events ranged from 0.5 to 0.7 m, and
the average maximum significant wave he@t for these events is about 0.9 m,
ranging horn 0.6 to 1.1 m. These events represent typical mean tide and wave
conditiorm Wave periods are fkirly short except for one 12-sec case. The
*mmpnlB am~tim@ ~ml~tior@ti2.lmfor
four of the cases, and 2.4 m for the 12-sec wave case. Run-up results from the
HI,10model nms show run-up exceding 2.5 m only for the 12-sec wave case.
observation by NPS peraonrd indicate that the berm rarely overwashes during
typical tide conditions. Run-up values computed using SBEACH are consistent
with these observations.



Intuitively it also seems reasonable that nature vwxdd build the berm crest to an

elevation that exceeds the normal run-up limit under typical tide and yave
conditions. Fredicted run-up levels are conaissnt with the average ~tural berm
crest elevation of 2.5 to 2.6 m that characterizes this stretch of cast.

Spring Tide Conditions

Five spring tide events were simulated. Maximum SWL ranged from 0.8 to
1.1 m for the events considered. Wavea heights are generally higher than fm the
mean tide eventa, about 1.1 m on average, ranging *m 0.7 to 1.5 m. Om
spring tide event is also Cbaracterhd by long wave periods, 13 sec. The run-up
elevations computed using &e ~ model reach 2.6 m for two of the cases, the
one with the long wave periods, and he one with the highest SW’L. Results using
b H1,IOmodel show three events reach an elevation of 2.8 to 3.0 m and the other
two reach an elevation of 2.5 m. ‘his indicates that for berms with maximum
elevations of 2.5 to 2.6 m or less, overwash will occur for many spring tide
conditions. This predicted response is also consistent with obsemations by the
NPs Staff.

It is possible that the natural berm crest elevation is influenced by the typical
spring tide and average wave comiitions, which are periodic and occur every few
weeks. The run-up results using ~also are consistent with the natural berm
elevation of 2.5 to 2.6 m NGVD. Based on the typical tide simulations, the
SBEACH model seems to provide reaaomble estimates of run-up. Predictions are
consistent with NPS observations and intuitively consistent with the mtural berm
elevations.

Storm Conditions

Nineteen storm eventa were extracted from the period January 1991 through
January 1996. ‘fheae events included both tropical and extratropical storms, or
“nort&Wcrs.” ‘he HaUowecn storm of October 1991 and the January 1992
Storm areincluded intbisset. Allstormswere aimulatedwith thesBEAcH
model. As shown in Table A3-1, run-up results for the ~ model imlicated that
at leaat half of these eventa (those producing run-up elevations exceeding 2.6 m
NGVD) would produce substandd overwash along most of the north Asaateague
IalarKisborelim. ‘Illiaiscomlste“ nt with obsemationa made by the NPS staff.
SBEACHpmdictions fbrtwooftbeatcmna, the Halloween atormandthe January
1992atormare &cusaednext inmoredetail.

Stititimti titititiae~ ~ti*tititibti~&ti
SBEACH model to calculate run-up and overwasb. As another step to evaluate
the accuracy of tbe SBEACH model, the predicted beach reapome for both the
Halloween atormandthe January 1992atormwere cornparedtoandotal
eti&=@~~~~ff* *dtia*-tidti~. The
computed proiile reapome fbrt&e Halloween and January W92atorrnsi ashownin
Figures XI-11 and A3-12, reqectively.

Initial and final calculated profles for the Halloween storm are shown in
Figure A3-11. Model results indicate substantial erosion of the beaoh berm, the

18



occurrenceof substantialoverwashand formationof a berm Iandwardof the pre-
storm berm. The mmputedamountof km retreat (measuredas the
displacementof the berm crest is about3540 m, and the computedbeach face
recessionis about30 m. The modelpredictsa distinctIodized overwasb
deposit. The exact shapeand dimensionsof the ovenvashdepositare probably
not correctlypredictedby the model. The overwashalgorithmused in the model
was developedusingdata fkomCkeanCitybeach Iill responseto the January 1992
storm, in additionto laboratorydata from large-scalewave tankexperiments.
Qualitatively,the modelyieldsreasonableestimates;however, it is beyondthe
capabtity of the modelto predict the detailsof the overwashprocess. But, even
in lightof the crudenessof the overwashmodeland the limiteddata used to
developit, the computedresultsare consistentwiththe qualktive observations
madeby NPSstaffthatwere presentedearlier for this storm.

Figure A3-12showscomputedbeachresponsefor theJanuary 1992storm.
The beachface, at an elevationof 2 m NGVD,was computedto by displaced
landwardby a distanceof about30 m. From the beach fhceseaward,profile
responseis similar to that for the HalloweenStorm. However, the overwash
reqmuse is quitedifferent. Insteadof a welldefined berm createdlandwardof
the originalberm, thepost-stormprofile indicatessubstantialoverwashand
depositionof sandover a muchlarger extent(acrossmuchof the island),but in a
thinnerdepositwithflatteningof the berm crest. ThisPo6t-stormprofile reflects
completeinundationof the proiile, as calculatedby the model. The computed
maximumvalueof SWL-plus-setup(totalwater level) is 2.8 m whichexceedsthe
maximumberm crest elevation. Again, theerosionresultsare consistentwith
observations. ‘fk SBEACHmodelqualitativelyreproducedthe very different
overwashcharacteristicsof the two storms.

Selecting the Degree of Elevation Needed

Waveand water level characteristicsat the he@ of the storminfluencerun-
up and overwashexperiencedduringthe storm. Returningto resultsshownin
Table A3-1, in termsof waveheight, the September1992(3.5 m), March 1994
(3.9 m), andJanuary 19% (3.6 m) stormsappear to be similar to whatone might
considerto be a one-yearevent.

Waveperiodalso influencesrun-up. Waveperiodsfor the same three storms
are 9, 12, and 11see, respectively.The averageperiodfor theseeventsis about
11see, whichis about the averagefor all the extratropicalevents. The Halloween
Storm, October 191, was characterizedby waveswith lowerwaveheight than
the o~-year value, but withvery longperiods. The waveperiodat the time of
maximumSWLfor the Halloweenstorm was 15see, but waveperiodsreached20
sec during the stormjust before the timeof greateststorm surge. Waveperiod
for the January 1992storm, 15see, was alsogreater than the average.
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h termsof maximumSWL, the HalloweenStorm, the November 1991,
September1992,and March 1994stormsappear to represent the typeof event
that canbe expeetedaboutevery year (1.5 to 1.6 m NGVD). There were four
occurrencesof this wster levelduringthe five-yearperiod. The January 1992
storm had the highest SWL, 2.0 m NGVD.

Consideringbothwaveand water level conditionsat the heightof the storm,
the March 1994and September1992stormsseemto beatrepresentevents that can
be expectedon averageonceeach year. The Halloweenstorm, seems to
representa leasfkquent event, not in termsof waveIieightand maximumSWL,
but becauseof the unusuallylongwaveperiods, The SWLof theJanuary 1992
storm was the highestmeasuredduringthe five-yearperiod, and the waveperiod
was unusuallylarge; therefore, it was not consideredto be a one to two-year
event in termsof water leveland waveparameters.

Run-upelevationsfor the March 1994and September1992events, predicted
withthe & model, were 3.2 m and 3.0 m, respectively. Run-upcomputed
usingHIIIOwas 3.7 m and 3.4 m for the same two storms. Run-upcalculations
for the Halloweenstormare 3.2 and 3.6m. It seemsreasonableto estimatethe
one-totwo-yearrun-uplevelat almut3.2 m NGVD(using~ and 3.6 m
NGVD(usingH1,l~. A designelevationof 3.3 m NGVDwas selectedas the
elevationneededto limit substantialoverwashto a frequencyof aboutonceevery
one to two years. It shouldIMnotedthat a few other storms during thisperiod
wouldprobablyproducesporadicoverwasbover a berm witha crest of 3.3 m
NGVD, as indicatedby the HVIOrun-up-S. Also, an unusuallysevere
ndwaster, suchas theJanuary 1S92storm, or tropicalstormhas a chanceof
occming at any timeand canproducesignificantoverwasbas indicatedby the
results in TableA3-1.

Basedon this run-upanalysis,an elevationfeaturewitha crest elevationof 3.3
m NGVD,a topberm crest widthof 5 m and side slopesof l:20wasdefined as
the engineeredfeature for providingsomebreachprotection,altilt at a reduced
level. Side slopeswere chosento be typicalof thosethat wouldbe createdduring
a hydraulicpump-outoperationused to constructtie project. The cross-shore
“footprint”of this feature is approximately45 m. The feature will be calleda
storm berm, rather thana dm, becauseof its low relief. An analogousfeature is
the relief createdon a welldrained footballfield, whichis about40 yd across with
a crownat mid-fieldof about2 to 3 ft. This stormberm wouldnot be very
visibleon the naturalbeachbecauseof its gentleslopeand low relief (as
comparedto a alum),

Survivability of the Storm Berm

Anotherengineeringissueconsideredin the designof the project cross-section
is the locationof the storm berm. Severallocationswere considered,but the most
natural locationis just Iandwardof the crest of the natural “tidal”berm, where
storm berms and dunesare typicallylocated. An importantconsiderationin
locatingthe exactpositionof the stormberm on the existingbeachprofile is its
smvivabfity. Addedelevationthat is removedby the first typicalwinter smrm
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doesnotprovidethe desiredprotection. Also, survivabilitymust consider the
present longer-term“backgrti erosion ratea whichvary along the shorelim
thatistobe protected. Thedesigngoal istocreate anelevation feature thatwill
-veoni~mmtil timwlqly ti-mb~ti ---
Island.

To evaluatestuvivabfity, beach erosion causedby frequentad ini%quent
storms was investigatedto determiIMat dditiOId beach width shouldhd~y
becreatedaeaward of thestormberm. !llwaddedbeach widthwouldaeweasa
buffer to absorb the erosive impactof a storm and protect the berm. The frequent
storms consideredin the analysisare includedin Table M-l; the infhquent
storms are shownin Table A32. l%eaehistoricalstormswere hindcastby a
contractorworkingfor NABusing computerwaveand hydrodynamiccirculation
models. The hindcastproducedtime aerieaof wave and water level conditions,
that were in turn used as input to the SBEACHmodel. The first columnin Table
A3-2 showsthe date of the storm in monthday-year format. Other columns
containthe followi~ maximumsignificantwavehe@t, peak spectralwave
period, maximumSW wtaterlevel, maximumtotal water level (SWLplus set-up),
andthernaximum run-up cmnputedby the SBEACHmodel (using~to
estimaterun-up). Note that waveand water levelparameters for the January
1992stormare fromthemasured, rmtthehimic4tst,data.

Table A3-2MaximumWavead Water Level Characteristicsfix Infiquent
storms

Date Wave Wave SwL Si4L+ Run-up
Height Period Setup

(m) (see) (m) (m) (m)
----------------------------- -------------------------

330914
440914
560316
560411
560925
600912
620305
621102
640112
710406
741201
760409
780206
811111
830211
850926
920102
921210

3.8
2.9
2.3
5.5
3.9
3.3
5.9

4
5.2

3
3.4
3.7
3.3
5.7
3.5

3
4.1
4.4

11 1.7
9 2.1
6 1.3

11 1.4
10 1.6
9 1.4

17 2.2
9 1.6

13 1.6
9 1.4

13 1.2
e 1.1

10 1.3
10 1.5
9 1.5
9 1.8

17 2.0
13 1.9

2.5
2.7
1.8
2.5
2.6
2.1
2.7
2.4
2.7
2.2
2.1
1.8
1.9
2.7
2.3
2.5
2.8
2.8

3.3
3.5
2.7
3.2
3.1
2.9
3.8
3.0
3.4
2.9
2.8
2.s
2.9
3.2
3.1
3.1
3.7
3.4

It is interestingto note that several stormshave computedtotal water levels
that exceed the present maximum&rm elevationthat existsalongmuch of the
north endoftheisland. These areprobably thekindsofstorms tbatbavethe
greatest potential to cause a breach from the ocean side. Beachingcan also occur
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fkomthe bay side, but that is not consideredhere. If maintained,the incmaaein
islandelevationto 3.3 m NGVDwouldprovidelimitedprotectionfor these
infrquent storms. However,manyof thesestorms wouldproducesubstantial
overwash,and the effect of overwashon maximumelevationis uncertain. If the
stormberm does not increae in elevationthroughnatural ‘dune”building
procesaea,with time storm overwashmay beginto decrease the storm berm
elevationback to its current elevation.

Wdhout-Project Storm-Induced Erosion

To assessresponseof the existingbeach to storms, the SBEACHmodelwas
appliedusingtime seriesdata for the stormsidentifiedin Table A3-1alongwith
the inputbeachprone, AM measuredin September1995. Figure A3-13shows
the initialand finalprofilesfor the March 1994storm simulation. Recall that the
March 1994and September1S92stormsare representativeof the most severe
storm that is expectedeachyear. The March 1994stormproducedabout 2025
m of berm recession. Sandwas removedfrom the berm, depositedin deeper
water (seawardto aboutthe -5.5 m NGVDelevation),and pushedlandwardover
the existingberm to form an overwashdeposit. The occurrenceof overwashis
computedwithmore certaintythan the exact shapeand limitsof the overvvash
deposit. Calculatedbeach responsefor the September1992storm was nearly
identicalto that for the March 1994storm.

Reds for the HalloweenStormwere presentedin FigureA3-11. They show
greater berm recession,about30 m. The more severeerosionis believedto be
associatedwith the longerdurationof this storm. More severe stormswere found
to produceevengreater erosion. Resultsfor the worstcase simulated,the March
1%2 storm thatactudy causeda breach, indictedthat the islandwouldbe
completelyoverwhelmed,withextensivehmdwardoverwash,and computedberm
recessionwas about40-45m.

Basedon the resultsof the without-projecterosionsimulations,a bufhr of
about25 m (addedbeachwidthat the mtural tidalberm elevation)wouldprovide
satisthctoryprotectionagainsterosionfor stormswitha -ncy of occurrenu
of once every year or two. However,a berm of 050 m wouldbe requiredto
provideprotectionfkomthe most severeof the historicalstorms.

Evaluation of.the Protective Buffer

Testingof severalberm designconceptswas alsodom usingthe SBEACH
model. One designalternativeinvolvedplacementof only the 3.3 m NGVD
storm berm, with the seawardtoe of the storm berm placedat the existingberm
crest (i.e. no protectivebuffer). The other two alternativesinvolvedplacementof
the same storm berm at the same location, but withan additionalbuffer, or
“sacrificialberm”witha berm crest elevationof 2.5 m NGVD(the natural tidal
berm elevation). TWOaddedberm widthswere considered,25 and 50 m. ‘I&
two widthswere selectedbasedon erosionresultsfor the without-projectruns and
initial estimateaof the volumeof sandto be placedas part of the restoration
project.
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calculations were made to examim! theresponseof each of the three
alternativesto several frequentstormsand severalof the most severe infhquent
storms. Resultsfor the March 1994storm and the stormberrwnly case are
shownin F@ureA3-14. They showthat the stormberm is slightlyerodedand
sandoverwashoccurs, alongwith the possibtity of elevationloss. Note that the
dimrted scaleused in the figuresgivesthe impressionthat the elevationfeature is
more like a “dune.” Other more severe stormsproducedgreater erosionof the
stormberm. F@re A3-15showsresultsfor the January 1992storm. ‘fbistype
of storm completelyerodesthe stormberm.

F@res A3-16and A3-17showpredictedbeach responsesfor the March 1994
and January 1992storms, respectively,for the sewnd designalternative, the
stormberm plusa 25-mbuffer. The 25-mbuffer protects the stormberm from
erosionlossesfor the one-yearevent, March 1994. The entire buffer is eroded
for the January 1992stormand the stormberm is impactedslightly. Recall that
the HalloweenStormhas mxtrlyidenticalerosioncharacteristicsas the January
1992storm. TheJanuary 1992stormhad higherwaveheightsand higherwater
levelsbut had a shortduration. The HalloweenStormhad lower wavehe@s but
was of muchgreater duration, The erosioncharacteristicsof both stormsare very
similar; and in termsof foreshoreerosion,bothare consideredto be relatively
frequentevents. The 25-mbutlbr providedadequateprotectionfrom all other
frequentstorm events. Egure A3-18showstheresponseof the 25-mbuffer and
storm berm to the March 1%2 storm. The 25-m.btier is inadequatefor
providingerosionprotectionfor this levelof storm.

Resultsfix the 5@mbuffer case indicatedthat thisaddedbeach width
sumeasfdly providedprotectionfrom nearlyall storms, exceptperhapsthe March
1%2 storm. In this case the stormbuffer was completelyeroded, but the storm
berm remainedrelativelyintact.

Concernwasexpressedover the addedwidthassociatedwiththe buffer, its
impacton run-upelevationand overwash,aml the capabilityof the SBEACH
model to simulatethe sensitivityof run-upto profile shape. It was agreed that a
50-mbuffer in tint of the stormberm wouldprobablylimit run-upand ovenvash
for lesser storm conditions.The SBEACHmodelis not able to adequatelyassess
the impactof addedbuffer widthand foreshoreprofile shapeon run-upelevation,
becauseof limitationsin the run-upalgorithmsused in the model. A deciiionwas
made to adopt the 25-mbuffer to provideerosionprotectionfrom storms. For tie
25-mbuffer, and for the OIW-to two-yeareventswhichare the ones that will
produce the overwash,muchof the buffkrwouldbe erodedand deposited
offshoreduring the storm. ‘Thereforeit was reasonedthat any remainingbuffer
widthwouldhave a muchsmaller influenceon run-upand overwash.

The Design Cross-Section

?beadopteddesigncross-sectionincludesthe 3.3 m NGVDstormberm and a
25-m naturalberm (at elevation2.5 m NGVD)thatacts as a storm erosionbuffer,
plus an additionalbuffer to accountfor backgrounderosionrates. This design
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considersthe elevationmxxledto reduce the frequencyof ovenvaabto a one- to
two-yearftequency, and the need to protect the storm berm from erosion
associatedwith hpent storms. w

Background,or long-term,erosion trends associatedwith longshoresand
~ Processesmust also be cOnsi&redin the design. ‘IW same wave forces
and limitationsin sand supplythat are presently producing high erosion rates

along certain pOrtiOIK of north Asaateague khi W immediately begin to work
onthecmstructedstormbermandbuffer. During tklagintimebetween
constructionof he storm berm and restorationof a continuoussupplyof sand to
tiiti, til_*ti titil_~mw& fictihmtie
design. An additionalbuffkr w recommended,with the addedwidthto be
determinedbased on the raw of shorelinerecessionpresentlybeing experienced
locally. The actualpositionof the constructedberm on the exiting beachprofile
will dependon the amountof fill to be placed locallyto cmstruct the storm berm
and erosionbuffer.
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Appendix A4
Beachfill Design and
Quantity Analysis

The following paragraphs describe the method used to determine the placement confQuration
within the beach system and the expected shape of the fill after reaching an equilibrium with the
local wave climate.

Construction of the beach and storm berm will involve the placement of approximately 1.4
million cubic meters (1.8 million cubic yards) of beachfill oceanward of a construction baseline.
The construction template (Plate 6-5) defines the shape of the fill profile at the time of fill
placement. The construction bemn height should be the same or slightly less thamthe natural
berm crest elevation. This will help to prevent scarping of the fill material as it undergoes
readjustment. AS discussed in Appendix A2, the average height of the natural berm was
determined to be approximately 2.5 m (8.2 ft) NGVD. Consequently, this was chosen as the
construction berm height. This constmction berm will erode, distributing the material

. throughout the entire profile, resulting in a naturally shaped profile.

The offshore sIope of the construction profile fkomthe horizontal berm will be 1:20 to -.5 m (-1.5
ft) NGVD, hence 1:12 to its intersection with the existing bottom. These slopes should closely
conform to the natural con@ration of the pumped sand on the beach. During placement, the fill
will be continually monitored to determine actual foreshore slopes. Adjustments can be made to
the construction berm width to allow for differences that occur between assumed and actual
slopes, although every effort will be made to achieve these slopes during construction.

The determination of the construction berm widths was performed by m iterative process. Since
the point of maximum erosion is currently about 7 km south of the inle~ the largest unit volume
of material will be placed there and will be gradually decreased alongshore in both directions.
An initial estimate of the required width at each profile line was made and quantities computed
using the Interactive Survey Reduction Program (ISRP) and the average-end-area method. The
total quantity was compared to the allowable fill quantity of 1.4 million cubic meters (1.8 million
cubic yards), minus an estimated amount required for the storm berm, and adjustments in the
berm widths were made as necessary. This process was continued until the computed fill
quantity closely matched the quantity allowed for the beacMI1l. The final construction berm
widths for each reach are shown in Table A4-1 and the wrmsponding calculated unit volumes
and cumulative volumes for the beachfill are shown in Table A4-2. The final construction
template calculations are contained in Section 1 of this Appendix.
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Construction profiles are out of equilibrium with the prevailing coastal processes and are
expected to be reshaped, starting almost immediately after placement. The design profile or
equilibrium profile is the shape the fill material is expected to achieve tier being worked by
waves over the first 2 to 6 months after fill placement. Assuming that the fill material will be
similar to the original native beach material, the equilibrium profile maybe based on the pre-fill
profile shape. Consequently, the beach profile after nourishment should be the same as before
nourishmen~ except translated seaward.

An iterative process was used by translating each existing profile seaward starting from the
natural berm and calculating the unit volume from the berm to the depth of closure (-21.6 R
(6.6 m) NGVD). The estimated depth of closure was based on analysis of profile data collected
for the FenWick Island beachflll project since 1988, The unit volume was compared to that
calculated using the construction template. The profile was consequently adjusted until close
agreement was reached between the construction template unit volume and the equilibrium
profile unit volume. The resulting translated profile is thus the expected equilibrium profile.
The resulting equilibrium wid~ or movement of the shoreline seaward after adjustmen~ for each
profile is shown in Table A4-1. The profile translation method assumes that the profile will be
resh@ed by the prevailing coastal processes and form the fill material into the existing
equilibrium profile shape out to the depth of closure with conservation of volume. The final
equilibrium quantity calculations are shown in Section 2 of this Appendix.

The final consideration in the design of the project was the location of the storm berm on the
equilibrated profile. An important consideration in determining its location is survivability. As
discussed in Appendix A3, a 25 m (82 ft) wide buffer in fkont of the storm berm was adopted to
act as a storm erosion buflkr. Backgroun~ or long-term, erosion trends associated with
longshore sand transport processes must also be considered. A discussed in the main repo~ it
was decided to allow for two years of local shoreline recession. Consequently, the ocean toe of
the storm berm at the point of maximum erosion (7 km south of the inlet) will be set back from
the location of the natural berm on the estimated equilibrated profile a distance of 25 m (82 fi)
plus two times the present local shoreline recession rate (9 m/yr (29.5 fVyr)). This equates to
43 m(141 ft). As proposed, the setback distances were then linearly interpolated alongshore in
each direction to the minimum of 25 m (82 fl) at 2.5 km and 10 km south of the inlet where the
storm berm terminates. Table A4-1 shows the setback distances at each profile location. The
exact location of the storm berm maybe modified slightly during preparation of the plans&
specs to account for localized shoreline recession rates. Any modifications will be coordinated
with the participating agencies. ‘

Once the location of the storm bem was established, the quantity of material required to
construct the f-ture was detemined. Unit volumes at each section were calculated using ISRP
and total volumes were determined using the average end area method. Table A4-2 shows the
unit volumes and cumulative volumes for the storm berm. Section 3 of this Appendix contains
the quantity calculations for the storm bmn. Section 4 of this Appendix contains a listing of the
profile data of September 1995 which was used as the base condition. Station zero corresponds
to the established control point for that profile location. Section 5 of this Appendix contains
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plots of each location showing the existing profile (September 1995), construction template,
equilibrated profile, and the location of the storm berm. The fd design maybe adjusted
slightly since cunent and more extensive beach profile information will be gathered during
preparation of the plans& specs.

*

AppcndiiA4 BcuMII LMgn andQuantityAnalysis 3



.INE NO,

1

2
3
4
5
6
7
8
9
10
11
12
13 “
14
15
16
17
18
19

20 ●

21
22
23
24
25
26

TABLE A4-1
PROPOSED ASSATEAGUE ISIAND RESTORATION

BERM WIDTH AND SETBACK DISTANCES

STATION
(feet)

500
1700
3300
4950
6600
8250
9900
11550
13200
14850
16800
18450
20100
21750
23550
25200 -
26850
28500
30150
31800
33450
35100
36630
38280
39930
41580

STATION
(kilometers)

0.518
1.006
1.509
2.012
2.515
3.018
3.520
4.023
4.526
5.121
5.624
6.127
6.629
7.178
7.681
8.184
8.687
9.190
9.693
10.196
10.699
11.165
11.668
12.171
12.674

approximate limitof State park

.

:ONSTRUCTIOO
BERM WIDTH

Y m (ft)

o
1.5 (5)
7.6 (25)
7.6 (25)
19.8 (65)
19.8 (65)
39.6 (130)
39.6 (130)
48.8 (160)
48.8 (160)
36.6 (120)
36.6 (120)
30.5 (loo)
21.3 (70)
12.2 (40)
9.1 (30)
9.1 (30)

o

EQUILIBRIUM
BERM WIDTH

X m (ft)

4 (13)
4 (13)

8.2 (27)
7.3 (24)
14.3 (47)
18.6 (61)
25.3 (83)
29.3 (96)
28.7 (94)
27.7 (91)
19.5 (64)
16.8 (55)
13.7 (45)
11.0 (36)
8.2 (27)
5.5 (18)

STORM BERM
SETBACK

Z m (ft)

25.0 (82)
27.1 (89)
29.0 (95)
31.1 (102)
32.9 (108)
35.0 (115)
36.9 (121)
39.0 (128)
41.1 (135)
43.0 (141)
39.3 (129)
35.7 (117)
32.3 (106)
28.7 (94)
25.0 (82)

..-.
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TABLE A4-2
QUANTITY ESTlh~‘, ~ES FOR ASSATEAGUE ISLAND BEACHFILL

TOTAL

STORM BERM QUANTITIES BEACHFILL QUANTITES QUANTITIES
STATION STATION UNIT VOLUME VOLUME CUM. VOL. UNIT VOLUME VOLUME

LINE NO.
CUM. VOL.

(kilometem) (feet) yd311t yd3 yd3 yd31ft yd3 yd3 yd3

1 500 0 0 0 0 0 0

2 0.518 1700 ,0 0 0 0 0 0

3 1.008 3300 0 0 0 0 0 0

4 1.509 4950 0 0 0 0 0 0

5 2.012 6800 0 0 0 0 0 0

6 2.515 8250 9.1 9.1 9.1 0 0 9

7 3.018 9900 11.2 16747.5 16756.6 0 0 0 16757

8 3.520 11550 11 18315 35071.6 15.5 12788 12768 47859

9 4.023 13200 17.2 23265 58336.6 15.1 25245 38033 86389

10 4.528 14850 15.1 26647.5 84984.1 29.3 36630 74663 159647

11 5.121 16800 22.7 36855 121839.1 26.7 54600 129263 251102

12 5.624 18450 18.7 34155 155994.1 51.2 84268 193530 349524

13 6.127 20100 23.5 34815 190809.1 84.7 95618 289148 479957

14 6.629 21750 22.3 37785 228594.1 88.8 126636 415785 644379

15 7.178 23550 22.1 39980 268554.1 103.3 172890 588675 857229

16 7.661 25200 16.1 31515 300069.1 102.9 170115 758790 1058859
17 8.184 28850 10.1 21615 321684.1 99.7 167145 925935 1247619
18 8.667 28500 9.9 16500 336184.1 69.5 139590 1065525 1403709

19 9.190 30150 7.8 14602.5 352786.6 60 108838 1172363 1525149
20 “ 9.693 31800 2.1 8167.5 380954.1 49.5 90338 1262700 1623654
21 10.198 33450 0 0 360954.1 40.2 74003 1336703 1697657
22 10.699 35100 0 0 360954.1 30.3 58163 1394865 1755819
23 11.165 36830 0 0 360954.1 20.2 38633 1433498 1794452
24 11.886 38280 0 0 360954.1 0 16885 1450163 1811117
25 12.171 39930 0 0 360954.1 0 0 1450163 1811117
26 12.674 41580 0 0 380954.1 0 0 1611117

I ● appfoximmate limitof State park
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SECTION 1

CONSTRUCTION TEMPLATE

QUANTITY ESTIMATE

CALCULATIONS



*lysis of ProfileChangeebetween:

------------ ..... .-------.-----

..... Profile0 Survey 11(9S0920)●nd Profile 8 Suney 1(961010)
start Distance- Z502.00 ~, Snding Distence- d21. 00 Ff

C@ Di8tance Elevation Cell Cell ProfLle Profile

Fill to ●nd of end pt Volume Thickness ~.Vol. arose Vol.

Cell ?-r F2 YD3/FT m YD311T YD3/?T
---- -------- --------- -....- --------- -------- ---------.

1 -s.03 G:’4S? .-54..4,0. L..- - 544752.96 1.66 15.45 15.4s .

m 821.00 -7.34 -11.80 -4.68 3.6S 27.24

Volume Chenge:Above Detum- 7.40 YD3/~ , Below Detum- -3.74m3/FT

The Shore1ine changed 45.20 IV , fran 625.80F7 to 671.00PT

f

\
Anelyeieof ProfileCnengeebetween:
........ .. ....... .-------------

Profile9 Survey 11(9S0928)end profile 9 Sumey 1(961010)

Start

cut/

Fill

cell

....

1

m

volume

Distance. %10.00 m, Snding Distance- 449.00 PT

Dhtence Elewt ion C*11

to ●nd of ●nd pt volume

?-I PT YD3/m

-------- --------- ......

728.31 -1.47 =15:07

849.00 -7.26 -18.26

Chenge:Above Dmtum- 13.49

Cell Profile Profile

Thicknese (Xnn.Vol. Gross Vol.

R YD3/n VD3/R

.-------- -------- ..........

1.06 15.07 15.07 .

-4.08 -3.19 33.33

YD3/3T , Selou mtum- -16.68m3/FT .W.L.=L L.- = 2S A.

The Shorelinechanged 44.s0 m , from 654.S0 lT to 699.00PI

Analysisof ProfileChengesbetween:

-....... .- ---------------------

Profile10 SWey 11[950928)end Profile10 Suzvey 1(961010)

L

Start Dietence- ’382.00 PT, SndingDimtence- X21.00 m

tit/ Di8tence Elevation Cell cell Profile Profile

Fill to end of ●nd pt Volume Z?tlckneaa*.Vol. t3roe8vol.

cell F2 PT YD31PT n rD3/P? m3/rr

.-.. ........ --------- ------ --------- -------- ----------

1 657.01 -6.17 - 29.33 2.88 29.33 C*A.GL0929.33 .

END 721.00 -7.13 -9.s0 -4.01 19.83 30.83

VolumeChenge:Above Detum= 14.81 YD3/Ff , M1OU Detum= 5.02 YD3/PT
. .. The Shorelinechenged 77.37 m , from 493.63 ~ to 571.00PT

*



Nulysis of Prof11. Chenges between:
-------- -- ------- ------- -------

Profile11 Sumey 11(9S0920) and Profile 11 Slmfey

Start Dis: ‘? - /623.oo ~, /Ending Distance . 1012.00

1(961010)

FT

Cut/ Distance Elwation Cell Cell Profile Profile

Fill to ●nd of ●nd PC Volume Thickness Cum.Vol. Groes Vol.

Cell n m rD3/3T m YD3/t-r VD3/R

---- ..-.-... ......... ...... ......... ........ ..........

1 93$.98 -5.41 / 26.68 2.33 26.68 26.68 .ofl.~.LL;.ti

m 1012.00 -7.s8 -10.29 -3.80 16.39 36.96

Volume Change:Above Detum- 1s.92 YD3/n , Selou Detule- .47YD3/3”r

The Shorelinechenged 73.50 m , from 780.50 m to 862.00 ~

Anelyais of ProfileChemgeebetween:
-------- -- -------------- -------

Profile 12 survey 11(950920)end Profile12 survey

Start Distence- ‘430.00 m, Ending Distence. 517.00

1(9610101

n

Cut/ Dhtance Elwation tili cell Profile Profile

Fill to end of ●nd pt Volume Yhickneme Ctm.Vol. Groee Vol.

Cell m PT YD3/PT m YD3/m YD3/m
---- -------- --------- ------ --------- -------- ----------

1 731.57 -4.3B ‘51.10 4.58 51.10 51.10 ..mA.GAo*

mm 017.00 -8.27 -10.84 -3.42 40.34 62.01

Voltme Chenge:Above Detum- 32.82 YD3/n , selou Det~ 7.52 YD3/~

The Shorelinechenged 143.00 ~ , frca 524.00 PT to 667.00~

Anelysie of Profile Chenges between:

---------. ....... ------- .......

Profile13 Suwey 11(950927)and Roflle 13 Suwey 1[961010)

Start Distance- 0287.00 ~, Endirq Distance - X61.00 ~

Cut/ Diatence Elevetion Cell Cell Refile Profile

Fill to end or ●nd pt Volume Thicknese Cum.Vol. G~e Vol.

Cell PT PT YD3/m PT rD3/m YD3/n .
. ..- .-- . . . . . --------- ------ --------- -------- --------- .

/ ,e.sfu;otiA- = mom.1 651.91 -2.41 64.70 4.84 64.70 64.70

am 761.00 -8.40 -32.29 -3.04 52.41 77.00

Volume Chenge:Akve Detum- 38.67 YD3/PT , Selow Mtum- 13.74 YD3/PT

llw Shorelinechenged 147.44 ~ , from 463.56 ?? to 611.00n



--

Anelysis of ProfileChengesbetween:

------------ ------ -------------

.. Profile14 Sumey 11(9S0927)●nd Profile14 Sumey 1(961010)

Start Diatence- 652.00 FT, EndingDietence- ‘816.00FT

Cut/ Distance Elevation Cell Cell Profile Profile

Fill to end of ●nd pt Volume TMckneee CUM.VO1. Gromm Vol.

Cell Fr m YD3/FT FT YD3/PT YD3/PT
---- -------- . -------- ------ --------- -------- --------- -

1 741.10 -5.26 ‘08.78 6.16 8e.78 88.78 .-SLAV

mm 816.00 -0.56 -7.46 -2.69 81.32 96.24

Volume Chenge:Above Detum. 51.65 VD3/?T , BelowDetum. 29.67 ~3/3T

The Shorelinechenged 204.13 ~ , from 461.87 IT to 666.003T

Anelyeieof ProfileChengesbetveen:

........ .. ....... --------------

Profile1S Sutwey 11(950927)●nd Profile1S Survey 1(961010)

Start Di8tence- 427.00 PT. Snding Distmce - <015.00 ~

Cut/ Dimtence Elevation Cell cell Profile Profile

Fill to end of end pt Volume Thickness b. Vol. Groee Vol.

Cell m m vD3/FT n YD3/m YD3/9T

---- .- . . . . . . --------- ------ --------- -------- ----------

1
0

972.01 -7.92 103.27 6.26 103.27
.m$fL.L L’efd = ~~o ~$

103.27 .

mm 1015.00 -9.10 -3.10 -1.9s 100.17 106.37

Volume Chenge:Above Det- S3.00 YD3/n , aelou mtum- 47.17 vD3/PT

Ihe shorelinechanged 202.86 PT , from 662.14 FT to 865.003T :

Anelyeis of ProfileOungee between:

-------- .. ....... -------.......

Profile16 Su-ey 11(950927)end Profile16 Survey 1I96101O)

Start Dietence- ‘412.00 FT, Ending Di8tance- ‘894.00 m

~tl Dietence Elevation Cell cell Profile Profile

Pill to end of ●nd pt VOIUUN Thickness -.vol . Groin Vol.

Cell m m YD3/lT PT YD3/F2 YD3/rr

.... ........ --------- ------ --------- -------- ---------.

1 844.45 -7.37 0202. as 6.42 102.0s
. ..AJIO. &r* = .bo~~

102 .8s -

mm a94.oo -8.33 -6.09 -3.32 96.76 108.95

Volume Chenge:Above Detum- 53.76 YD3/W , SelW bt~ 43.00YD3/m

TM shorelinechanged 196.33 m s f- 547.67= te 744.003T

-k.



Analysis of Rof 11o Changes between;

------------ ------ ------- ------

Profile17 Survey 11(950927)●nd Profile 17 Survey 1(961010)

Start Dietance. 688.00 m, Snding Distance - <22.00 R

w

Cut/ Distance Elevation Cell Cell Profile Profile

Fill to end of ●nd pt volume Thickne8e Cum.Vol. Groes vol.

Cell m E-r YD3/n P? vD3/FT YD3/R

---- -------- --------- ------ --------- -------- --------- - .@J_4,e< k==+ = ,10 d?.
1 S90.lS -1.0s ‘99.70 6.69 99.70 99.10 -

Em 622.00 -9.83 -1.62 -1.37 98.00 101.32

Volume Change:Above Datum= 46.61 YD3/FT , Below Datum. 51.47 YD3/m

The Shorelinechenged 172.40 PT , fram 299.60 ~ to 472.00 ~
‘~y

*

(
Analyeis of ProfileChangesbetueen:

--------.. ....... ....... -------

Profile18 Sumey 11(950927)end Profile 18 Suney 1(961010)

StartDistance- 0296.00 FT. Snding Distance- +42 .00 PT

Cut/ Diatence Elevetiom cell Cell Profile profile

Fill to ●nd of end pt Volume Thickne98 Cun.vol. Gross Vol.

cell PT R vD3/m m YD3/m YD3/m .—
---- . . . . . ..- --------- ------ --------- -------- --------- .

1 650.93 .3.91 <69.54 5.29 69.54 69.54 ,-SLLL \..x = ,z&
Q!D 742.00 -s.51 -9.54 -2.B3 60.00 79.00

VolS Chenge:Above Dmtum- 43.40 m3/PT , Selw mtm 16.60VD3/FT

The Shorelinecbenged 166.46 PT , fmm 425.54 ~ to 592.00PT

Analyeisof Prmfile Changes between:

---------- -...... ------- .......

Profile19 Sumey 11(9509261end Profile 19 Sun?ey 1(961010)

Start Distance- ’351.00 ?T, Ending Dimtence - 575.00 m

Cut/ Distance Elevation Cell Cell Profile Profile

Fill to ●nd of ●nd pt volume Thickne.e Cum.Vol. GrOea vol.

cell n m YD3/FT m YD3/n vD3/FT
----- ....... -------.. ...... ..------- -----.---.-- ------

1 711.84 -6.24 ‘60.04 4.49 60.M 60.04 &A..Aeti

m 775.00 -7.@7 -9.18 -3.92 50.S6 69.22 - “

Volume -e: Above Detum- 35.16 YD3/~ , Selou Detua. 15.70 VD31PT

The Shorelinechenged 107.00 ~ , froa Sla.oo FT to 62S.00 FT .



Anelysia of ProfileChengeebetween:

---------- -------------- .......

Profile20 Sumey 11(950926)and Profile20 Survey 1(961010)

Start Di8tanCe- -6S. 00 FT, Ending Distance= A57. 00 PT

Gk/ Diatence Elevation Cell Cell Profile Profile

Fill to end of end pt Volume Thickne#e CUUI.VO1.Gro8e VO1.

Cell FT PT YD3/PT IT YD3/rr YD3/PT
---- -------- --------- ------ --------- -------- ----------

1 605.25 -7.19 /49.46 3.94 49.46 49.46 .q,#LL&

mD 657.00 -8.73 -s.11 -2.67 44.35 54.57

Volume Change:Above Detum. 26.24 YD3/ST , Below -t~- 10.11YD3/Fr

The Shorelinechanged 00.30 m , frotn 418.62 PI to S07.00Fr .

I
Anelyeieof ProfileChangesbetween:

...----- -. ....... ....... ..-----

Profile21 Suiwey 11(9S0926)●nd Profile21 Sutyey 1(961010)

start

cMt/
?111

cell
....

1

miD

Diotence- “570.00 3T, EndingDistance-
/

924.00 FT

Distance Elevation cell cell Refile Profile

to end of end pt Voluae TMckoess -. Vol. Gross Vol.

m PT YD3/PT Fr YD31PT vD3/PT
-------- . . . . . . . . . . . . . . . . . . . . . . . . -------- --------- -

88s.41 -8.20 AO.16 3.44 40.16 40.16 <CA La L=.a

924.00 -9.80 -2.2s -1.57 37.91 42.40 -

Cbenge:Above Mttm- 19.67YD3/PT , Below Datum- 18.23VD3/PT
TM Shoreline changed 7s.60 m , from 698.40~ to 774.00n

Anelyeieof ProfileChengesbetween:

-------- -. ------- ------- -------

Profile22 Suney 11(9S0926) and Profile22 Survey 1(961010)

Start Distance- /235.oo ~, Sndinp Distance- <79.00 m

;

cut/ Dietence Elevation cell cell Refile Profile

Pill to end of ●nd pt Volume Thickness * .Vol. (Woes Vol.

Cell Fr n YD3/R PT vD3/Fr YD3/m

.... .------- --------- ------ --------- -------- ..........

1 532.54 -7.63 ‘30.32 2.7S 30.32 30.32 c.A.&.w

m 579.00 -10.40 -1.93 -1.12 20.39 32.26 -

VolumeChenge:Above Datua= 16.94 VD3/PT , Below DBts 11.44YD3/n

The Shorelinechanged 74.00 PT , f- 3ss.00 ST to 429.00~



Anelyeisof Profile Changes between:

----------------- .------- ------

Profile23 Suney 11(9S0926)●id Profile 23 Sun?ey 1(961010)

Start Distance- 4’70.00~, Snding Distence- ql14.00 IT

Cut/ Distance Elevation Cell Cell Profile Profile

Fill to ●nd of end pt Volume Thickness CUM.VO1. Groes Vol.

Cell m m YD3/m m YD3/PT rD3/n

---- -------- --------- ------ ......... ........ ..........

1 1068.97 -7.75 -0.21 1.82 20.21 20.21 .6-s LA-..

mm 1114.00 -10.02 -2.35 -1.41 17.06 22.55

Volume Change:Above Detum- 11.26 YD3/37 , Selou Detum= 6.60 YD3/Fr

The Shorelinechanged 39.80 Ff , from 924.20~ to 964.00PT

.

#

. .

● ✎



-...

SECTION 2

EQUILIBRIUM PROFILE

QUANTITY ESTIMATE

CALCULATIONS

AppndhA4BcachfW DcignandQu8fsWtiYJis



Anelyaisof ProfileChengesbetween:

--------.. ....... ------- -------

Profile8 Suxvey 11(9S0928) and Profile8 Suwey 12(950928)

Start Distance. 502.00 F-r, Snding Distence- 2365.00IT

Detum shiftedto -21.60ST [dot )

cut/

Fill

Cell

. ..-

1

2

3

4

Distance

to end

m

--------

7s5.93

004.00

2183.96

2257.20

Elevation

of end pt

m
........-

1s.99

18.s5

-4.74

-4.43

Cell

volume

YD3/FT

......

6.71

-1.33

11.26

-.16

Cell

Thickness

6T

---------

.71

-.75

.22

-.06

Profile

Cum.vol.

YD3/Fr

--------

6.71

5.38

16.64

16.47

Profile

Groes Vol.

YD3/PT

..........

6.71

0.04

19.30

19.47

Em 2365,00 -4.97 .24 .06 16.72 19.71

Volume Chenge:Abowe Detum- <4.35 YD3/Fr , Below Detum- 2.37 YD3/FT

The Shorelinechanged 13.00 m , from 1619.67FT to 1632.67~

I
Anelysisof ProfileChengesbetween:
--------.. ....... ....... -------

Profile9 Surwey 11(9S0928)end Profile9 Survey 12(950920)

Start Distance-

Iktumshiftedto

-----
~t/ Distence

Fill to end

Cell PT

---- --------

1 1823.84

m 2401.00

510.00 *, SndingDistence- 2401.00~

-21.60FT (dot)“

Elevation cell Cell Profile Profile

of ●nd pt Volume Thickness *. Vol. Groes Vol.

m YD3/FT m YD3/PT YD3/Pr

........- ...... ......... -------- ......----

-2.37 15.49 .32 15.49 1s.49

-4.6S 1.17 .07 16.66 16.66

Volume Cbenge:Above Detum- 14.34 vD3/PT # Belw Det- 2.32 YD3/~ :

“llieShorelinechenged ~iilC3~~0,0””fi, froa 1629.00FT to 1642.00~
●

[

Anelysiaof Profiie Chengeebetween:

--------.. ....... ------- -------

Profile10 Sunfey 11(95092S)●nd profile 10 Survey 12(9S0921)

Start Distance- 3s2.00 F?, Ending Distence- 2060.00~

Detum shiftedto -21.605“2(dOC )

C@ Distence Slevation cell Cell Profile Profile

Fill to end of end pt Volume Zhickneee Cim.Vol, Grose Vol.

Cell FT m YD3/R R YD3/FT YD3/rr

---- ........ .......----- --- --------- -------- ----------

.. 1 672,56 15.49 14.36 1.33 14.36 14.36

2 734.65 18.58 -3.33 -1.4s 11.02 17.69

mm 2068.00 -5.34 24.10 .49 35.12 41.79

Volume Chenge:Above Det- 29.s1 YD3/Fr , Below DetuR- 5.32 YD3/PT

The Shomelifmchenged 27.00 FT , f- 14S6.25 ~ to 1S13.25PT

6,

.

s.



Anelysisof ProfileChangesbetween:

----------------- --------......

Refile 11 Sun?ey 11(950928)●nd Profile 11 Suney 12(9S0928)

Start Distance - /633.00 ~, Snding Di8tance- 376.3.00ET

Detum shifted to -21.60F7 (dot)

Cut/ Distance Elevation Cell Cell Profile Profile

Fill to end of end pt Volume Thickness Clam.Vol. Gros8 VO1 .

Cell m F-r n33/n FT YD3/P7 YD3/m

------ ...... ........----- .. ...-------- ------- ---------

1 947.05 16.44 12.04 1.04 12.04 12.04

2 1033.$4 17.89 -1.69 -.53 10.35 13.74

3 21S3.43 -3.81 19.46 .46 29.01 33.20

4 2535.60 -2.60 -1.12 -.09 2S.70 34.32

5 2701*.39 -2.31

EUD 3703.00 -5.70

Volume Ch8nge:Above Detum-

jThe Shorelinechanged 24.00
<

Anelyeisof

---------.

-.26 -.06 28.43 34.58

3.02 .0s
●.

31.46 37.60 .
26.3$”YD3/R , Below Detum. 5.07 vD3/PT

PT, from 1660.00~ to 1684.00FT

ProfileChengeebetween:
------------------.--

Profile12 Survey 11(950928)●nd Profile 12 Survey 12(95092~)
Start Dietance. /430.oo ~, EndingDistance- 2904.00R
Detuo shiftedto -21.60PT (dot )

Cut/ Distance Slwat ion cell Cell Profile Profile
Fill to ●nd of ●nd pt volume lmicknoss Cum.vol. Gross vol.

cell FT m rD3/PT F2 YD3/PT YD3/rr
---- -------- ......... ------ --------- -------- ..........

1 720.60 17.18 21.67 2.01 21.67 21.67 “

2 780.65 17.2S -.74 -.39 20,93 22.41

3 1736.33 -.60 31.40 .89 S2.33

4

53.81

1843.83 -1.12 .92 .30 53.25 54.74

5 1985.’97 -1.20 .13 .03 53.31 54.87

6 2169.29 -.s0 -1.22 -.18 52.16 56.09

mm 2984.00 -5.15 7.92 .26 60.09 64.o1

Volum Change:Above Cietum- 51.17 YD3/m , Below Detum- 8.92 YD3/F2

Z13eShorelinechanged 47.00 Fr # from 164S.67 ~ to 1692.67PT

Anelyeis of ProfileChangesbetwen:

---------- ---------------------

~,,Rofile 13 Suxlmy ll(9509271~ ~file 13 ~ 12(950927)

Start Distence - 617.00 m, Snding Dietance- 2830.00FT

Detwn●hifted to -21.60 ~ (dot )~

Cut/ Distance Elevation Cell Cell Prof118 Rof ile

Fill to end of end pt Volume Thicknee8 Cum.Vol. Groaa Vol.

Cell FT m YD3/eT PT m3/m YD3/FT

● ✎

✎

---- . . . . . . . . . . . . . . . . . ------ . . . . . . ..- -------- --------- .

1 605.07 16.54 20.86 2.70 21.16 2S.16 -

2 693.11 18.16 -6.10 -1.87 22.76 34.95

w 2830.00 -9.04 62.69 , .79 85.44 97.63

volume -e: ~ rxu-%:,<6S,of ~3/R c Bel- ~t- 20.31 VD3/R

.x.”= Shorelixmchenged ~61~03’”PT;> from 1707.oo n to 1761.00F7



Anelysisof Profih Chenges between:

------------ ------ ------- .---.-

Profile14 Survey 11(950927)and Profile 14 Suney 12(9S0927)

StsrtDistsnce- ‘372.00 PT, Ending Dletsnce - 2749.00~

Detum shiftedto -21.60 FT (dot ) “

~tj Distence Elevation Cell Cell Profile Profile

Fill to ●nd of end pt Volume Thickness Cum.Vol. Gross Vol.

Cell m m YD3/FT m’ rD3/FT YD3m
---- -------- --------- ------ --------- -------- ----------

1 664.20 16.71 38.24 3.53 38.24 38.24

2 736.85 16.40 -1.08 -.40 37.16 39.32

m 2749.00 -5.86 69.39 .93 106.55 108.71
..i~y.

Volume~nge: Move Datum-- ’00.57 YD3/FT , Below Dstum- 17.9e rD3/m

fie s~reliriechenged <63;00’PT , from 1S24.00?T to 1907.00m

1. Analysisof ProfileChangesbetween:
---------. ---------------------

Profile1S survey 11(9S0927)●nd Profile15 Sumey 12(950927)

““ Stsrt Dietmce - ‘541.00 FT, Ending

Detum●hifted to -21.60PT (dot)

Cut/ Distence
Fill to end

cell FT
.... --------

1 1000.25

2 1097.64

3 2110.69

4 2999.02

5 30s0?94

mm 3201.00

Elwat ion Cell

of ●nd pt

FT
........-

14.16

14.23

-1.42

-6.90

-6.92

-7.20

VD3/R

......

54.39

-s.20

59.s5

19.38

-.32

1.13

Dimtence- 3201.00FT

Cell Profile profile

TMcknese

PT

---------

3.20

-X.44

1.s9

.60

-.10

.27

Cum.vol.

vD3/m
..------

54.39

49.1s

108.73

120.11

127.78

120.91

Grose Vol.

YD3/n

--------- .

54.39 -

S9.S9

119.14

138.s1

138.$4
*,

139.96
/

.
Volume Cbsnge:Above Dstum- 103.4SYD3/37 , Below Detum= 25.47VD3/~

The Shorelinechenged 66.00 FT , frm 1890.7sPT to 1994.75m

.

.

Anelyeisof ProfileChengesbetween:

--------.- -------....... -------

Profile16 Survey ll(b509271end Profile16 Summy 12(950927)

Start Distance= 420.00 ~, Bnding Dietsnce . 2611.00=

Detumshiftedto -21.60m k 1

Cd Distence Ele!mtion cell call Profile Profile

Fill to ●nd of end pt Volume ThlclrneseCSm.Vol. Grose Vol.

Cell PT FT YD3/Fr El’ vD3m YD3m

---- -------- . -------- ------ . . . . . . . . . ------- . ------- . . .

----- 1 841.72 13.99 57.65 3.69 57.6s S7.6S -

2 950.01 15.26 -11.22 -2.eo 46.43 68.07

mm 2611.00 -5.00 73.37
/ “1”19

119.00 142.24

volume -e: Above Detum= 102.36YD3}= , SS1OU Mte 17.45 YD3/5T

“me Shorelir.echsnged . “94.00m ,? f== 1S3B.2Sm to 1932.25Ff
.



hslysic of Profile Chsnges between:

-------- .- ------- -------,. -......
.....

Profile17 Sumey 11(950927)and profile 17 Sunfey 12[9S0927)

Stert Distance- AOO.00 3T, Ending Dimtance - 2563.00R

Dstum shiftedto -21.60 FT (doe )

Cut/ Distance Elevation Cell Cell Profile Profile

Fill to ●nd of end pt Volume Z’hicknee8Cum.Vol. Gross Vol.

Cell m m YD3/m R YD3/Fr rD3/m

.... ........ ........- ...... --------. -------- ---------.

1 582.05 12.69 58.00 3.97 50.00 51.00

2 718.98 13.66 -5.94 -1.17 52.06 63.94

m 2563.00 -4.98 65.07 .95 117.13 129.01

Volume tinge: Abve Detum- ~00.43 ti3/~ , Below Dstum- 16.69 YD3/3T

..TheShoreli!$echsnged--z91.00FT ,s from 1571.00 kT to 1669.00~
i.

Nmlyeie of Profile Chsnges between:,. .,.
.,,...’...
..... ---------- -------------- -------
. ..,.. Profile18 Survey 11(950927)end Profile 1S Survey 12(950927)

Stare Distance. 300.00 ~,~ Snding Dietsnce - 2701.00 ~

Dstumshiftedto -21.60~ (dot )

CXt/ Discsncs Elevation Cell Cell Profile Profile
Fill to ●nd of ●nd pt Volume Thickneee Cum.Vol. Grose Vol.
Cell F-r R vD3/F2 m YD3/FT YD3/m
---- -------- ......... ------ ......... -------- ----------

,, 1 564.S4 17.21 29.S1 3.11 29.51 29.51 -
2 648.80 17.72 -2.77 -.89 26.74. . 32.21

: END 2701.00 -6.14 57.09 .7s S3.83 19.37
Volume Chsnge: Abow Dstum-..,::.69.38s~3/~ , BO1OU Dstum-.... 14.45 rD3/3T
The Shoreliaechenged,. 64.00 5T , from 1C1O.5O m to 1074.50PT

● ✌

. . ... ..:
Anslysie of Profile Chsngee between:.’...,

., ..’. . . ------ -- ------- . . . . . . . . . . . . . .

Profile19 Survey 11(950926)end Profile 19 SuWey 12(950926)

Start Distance- ‘361.00 ~, Ending Dietsnce . 2470.00R

Dstum shiftedto -21.60 FT~[doc )

Cut/ Distance Elwation Cell Cell Profile Profile

Fill to end of ●nd pt Volume Thicknese Cum.Vol. Gross Vol.

Cell n m YD3/5T m YD3/m YD3/m

------------ --------- ------ ......... ........ ..........

1 701.20 14.60 “31.30 2.41 31.30 31.30 -

2 799.53 17.25 -6.79 -1.87 24.51 38.10

END 2478.00 -5.59 46.70 .75 71.21 84.80

Volume~ge: Above Dstum- Z59.~9 ~3/~ , Below Dst~. 11.32YD3/Fr

The Shorelix.echanged 5S.00 FTt, from 1736.33 ~ to 1791.33PT

,. .. . . ..,, ... . .... . . .. ... .. . . .



Anelysisof ProfiloChenges between:

........ .- ....... ....... .......

Profile20 SuNey 11(950926)●nd Profile20 Surwy 12(950926)

Start Distance- 273.00 FT, Ending Dimtence- 2068.00PT

Detum shiftedto -21.60 FT (doe )

Cut/ Distance Elevation Cell Cell Profile Profile

Fill to end of end pt Volume TMckneee Cum.Vol. Grose Vol.

Cell n m m3/FT IT YD3/PT YD3/n

-... ........ --------- ------ --------- ........ ..........

1 604.2S 14.36 2S.70 2.10 2S.70

2 712.40 ls.e2 -2.86 -.71 22.85

3 784.45 16.34 -1.63 -.67 21.22

END 2068.00 -4.6S 35.69 .7s 56.92

VolumeQmnSe: Above Detum= 49.17 YD3/~ , Belov Detum-

The Shorelinechanged 45.00 FT , from 1544.00~ to

Anelyeisof ProfileChengesbetween:

..-....- -. ....... --------------

Profile21 Suxwey 11(9S0926)●nd Profile 21 Survey

25.70 -

28.56

30.19

65.88

7.75 YD3/FT

1S89.00~

12(9S0926)

Start Distexke- =70.00 FT, Ending Dimtence= 2S23.00~

Lktum●hiftedto -21.60-F2 [doe )

Cut/ Distance Elwat ion Cell Cell Profile Profile

Fill to ●nd of end pt Volume Thickness CUM.VO1. Gross Vol.

Cell ~ PT YD3/n n YD3/m vD3/m
-... ........ ......... ...... --------- -------- ..........

1 90S.76 13.41 21.93 1.76 21.93 21.93

2 1042.18 16.s6 -4.36 -.B6 17.S6 26.29

2ND 2523.00 -6.90 31.31 .S7 48.87 S7.60

Volume CheogezAbove Detum- ~39.7; YD3/PT , BelowDetum- 9.14YD31n
... .. . ..-a ---.,---
.The Shoreliaiechenged 36.00 ~/, from 1071.2SFT to 1907.2SFT
-. .— - . ——-. .—.

hlysie of Profilechangesbetwen:

....---- .. ....... ------- .......

Profile22 Su~e y 11(950926)and Profile22 Sumey 12[9S0926)

‘Start

Detum

cut/

Fill

Cell

----

1

2

END

volume

Distence. ~35.00 ET, Ending Dietance- 1781.00~

shiftedto -21.60@ (doe )

Cell Cell profile profile

Volume fiicknese Cum.Vol. Gross Vol.

YD3/?7 m vD3/n rD3/m

------ --------- . . . . . . . . . . . . . . . . . .

17.s0 1.29 17.50 17.s0

-2.74 -.47 14.76 20.24

21.14 .Ss 3s.90 41.38

#29.80‘YD3/FT, BebW DSMIi- 6.10 VD3/FT

e,
.

● ✎

Dimtance Elevation

to ●nd of ●nd pt

n FT

...----- ---------

601.39 12.31

759.44 15.00

1788.00 -6.16

Chenge:Above Detum-...
%. ‘~horelihechenged “27.00 h , fr= 1323.67 n to 1350.67~

● ,

‘.
..

..,:
.’.



. ...
.“

Analysis of Profile Chenges between:

..-..-.. .. ------- ------- -------

Profile23 Survey 11(9S0926) ●nd Profile 23 Sumey 12(9S0926)

Start Dletance- ~70.00 FT, Ending Distance - 2523.00 ET

Detum●hifted to -21.60 FT ldoc )

Cut/ Dietance Elevation Cell Cell Profile Profile

Fill to ●nd of ●nd pt Volume Thickneee CUM.VO1. Groee Vol.

Cell 5-7 m YD3/n ?T YD3/FI YD3/?7

.-- . . . . ------ --------- ------- ------- --------- . . . . . . ..-

1 1129.31 13.11 11.15 .04 11.15 11.15

2 1261.57 16.98 -2.69 -.55 8.46 13.84

3 2059.36 -1.73 12.S7 .43 21.03 26.41

“m 2S23.00 -6.12 2.94 .18 23.90 29.35

VolumeChense:Akave Datum- ~9.86 YD3/~ , Belw Detum= 4.12 YD31~

The Shorelinechanged ~0~00 PT ; from 1963.33 ~ to 1901.33FT
● ✎

✎

.“.

..
. .

..

,.

.-.,

..



.-.

SECTION 3

STORM BERM

QUANTITY ESTIMATE

CALCULATIONS

AppcndMA4 BcschfilIDssignsnd~tilYMysk



Anelyais of Profih Chengesbetween:

--------- -------- . ------- ------

Profile 6 Survey 2(961004)and Profile 6 Survey 11(9S0928}

Start Distance- +30.ofJ ~, Ending Distance- %63. 00 FT

~t/ Distance Elevation Cell Cell Prof i) ● Profile

Fill to ●nd of end pt Volume Thickness Cum.Vol. Gross Vol.

Cell m FT YD3/FT m YD3/m YD3{FT
---- ..------ --------- ------ --------- -------- ---------.

m 3B3.00 0.00 ..-9.05 -1.69 -9.0s

:...:
Anelyeieof ProfileChenge8 between:

.
. . . . . . . . -- ------- ------- . . . . . . .

Profile7 Suwey 2 [961004)and Profile7 W,=ey

Start Distance. ~203.00 ?7, Sndhg Distence- 3s7.00

Cut/ Distance

Fill to ●nd

Cell m
---- --.-----

1 355.93
... 2ND 357.00:

“.

. ..
..

.“.

9.05

11(9S0928)

m

Elevation Cell Cell Profile Profile

of end pt Volume TMckneee Cw. Vol. GrossVol.

PT YD3/37 m YD3m YD31F7

. . . . . . . . . . . . . . . . . . . . . . . . -------- . . . . . . . . . .

~o.25 -11.20‘ -1.98 -11.20 11.20

-8.23 .00 .01 -11.20 11.20

Anelysis of profileChengeebetween:

.------- .. ....... -------.......

ProfileO Sumey 2(961004)●nd Profile8 Sumey 11(9S092B)
/ /

Start Distence- 260.00 ~, Ending Dimtmce - 420.00IW

Cut/ Distance Elevation Cell Cell Profile Profile

Fill to end of end pt Volume Thickness CUIU.VO1.Gross Vol.

Cell m m YD3/FT m YD3/?7 YD3/ti

..-. .------- ........- ------ --------- -------- ---------.

2ND 420.00 ‘8.09 -10.96. -1.08 -10.96 10.96

...
,.
.:.
..

.... .. .. .,. . . .,.-. . . . . . . . .



Anelysim of Profile Chenges between:

....---- ------ ------ ------- ----

Refile 9 Suzwey 2(961004)end Profile 9 Sumey 11(950928)

Start Distance- =39. 00 IT, Snding Distance - 421.00 IT

mt/ Distance Elevation Cell Cell Profile Profile

Pill to end of ●nd pt Volume Thickness Cum.Vol. Gross Vol.

Cell FT F-T YD3/Fr Fr YD3/n rD3/PT
------------ --------- ------- -------- ------------------

Em 421.00 /7.30 -17.16 -2.s5 -17.16 17.16

Anelyeieof ProfileChengembetween:

..-....- -. -------------- .......

Profile10 Sume y 2(961004)●nd Profile10 survey

Start Distpnce- ~33. 00 FT, Snding Dietence- 301.00

11(9S0920)
~/

at/ Dietance Elwat ion Cell Cell Profile Profile

Fill to end of ●nd pt Volume Thickneee C!um.Vol. Groee Vol.

cell m ?-r YD3/PT PT YD3/Fr YD3/FT

.... ........ ......... ------ -------.- -------- ----------
/

m 301.00 <.52 -15.12 -2.44 -1s.12 15.12

Anelyeis of Profile Chenges between:
------------ ------- ------ ---..-

Profile 11 Sumey 2 [961004)end Profile 11 Suwey 11(950920)

Start Dietance- A22. 00 FT, Ending Dietance - ~42.00 ~

(Mt/ Distence Elevation Cell Cell Profile Profile

Fill to end of ●nd pt {olume Thicknese Ctm.Vol. Groes vol.

Cell FT FT YD3/n PT YD3/Ff YD3/m
.... .....------ ------ ....-. ......... ........ ..........

SND S42.00 /6.61 -22.65$ -2.78 -22.65 22.65



.

Amelysisof ProfileChengesbetween:
---------. ---------------------

Profile12 Survey 2(961004)●nd Profile12 Sumey

Start Dirtance- ‘1S6.00 P7, EndingDi#tance- <64.00

11(950928)

m

&t/ Distence Elevation Cell Cell Profile Profile

Fill to end of end pt Volume Thickness Cum.VOl. Gross Vol.

Cell m Fr YD3/m m YD3/Fr m3/PT

--------- ... ...------- ..... --------- -------- ---------.

END 364.00 /7.20 -10.70 -2.44 -18.70 18.70

Aneljeisof ProfileChengesMtueen:

--------.- ---------------------

Profile13 Sumey 2(961004)and Profile13 Suney 11(950927)

Start Distance- ’36.00 ~, Ending Distence- 250.00FT=

Cut/ Distance Elevation Cell Cell Profile Profile

Fill to end of end pt Volume Thickneee CMn.VOl. Grose VO1.

Cell PT m vD3/3T Fr YD3/FT vD3/3T
---- -------- --------- ------ ......... -------- ----------

END /-250.00 06.31 -23.54 -2.90 -23.54 23.54

Anelysisof ProfileChengesbetween:

---------- ---------------------

Profile14 Smey 2I961OO4)end Profile14 Sutwey 11(950927)

Start Dhtence - ’104.0037, Snding Dietence= ‘320.00 PT

~t/ Distence Elevetion Cell Cell Profile Profile

Till to end of end pt Volume Thkknees Cum.Vol. Groee Vol.

cell FT n YD3/lW m YD3/PT YD3/PT
---- ........ ......... ...... ......... -------- .........-

~ /320.00 < 6.92 -22.33w -2.05 -22.33

Anelysi9of Profile ~ee between:

.:...... .. ------- ....... .......

Profile 15 Su*ey 2(961004)end Refile 15 SUIVey

Start Distance- ‘272.00 ~. SndiM Di8tence- /496.00

22.33

11(950927)

PT

-t/ Dietence Elevation Cell Cell Profile Profile

Fill to ●nd of end pt Volume Thicknese Cum.Vol. Groee Vol.

Cell PT ST VD3/m PT vD3/m YD3/Ff
-.. . -. . . . . . . . . . . . . . . . ------ --------- -------- --------- .

= [496.00 ~7 .18 -22.05 -2.69 -22.05 22.05

Anelyeieof ProfileChengeebetwen:

........ .- ---------------------

profile16 Sumey 2{961004)end Profile16 su~ 11(950927)

~199.00 Fr, ~ing Dietence- ~305.oo mstart Distance-

at/ Dimence Elevetion Cell Cell Profile Profile

Fill to ●nd of ●nd pt Volume Thickneee Cim.vOl. Groee Vol.

k.- Cell P? Fr YD3/FT m YD3/Ff YD3/5-2

---- -------- ......... ------ --------- -------- ..........
.e

~ /305.00 { 7.69 -16.05 -2.33 -16.05 16.05



Analysis of Profile Changas between:

----------------- --------------

Profile17 Sumey 2 (961004)●nd Profile 17 Sumey

Start Distance- /14.00 ~, Snding Dlmtence - ‘162.00

11[950927)

m

Ok/ Distance

?111 to end

Cell FT
---- --------

~ Z 162.oo

Elevation Cell Cell Profile Profile

of end pt Volume Thickneee -.VO1. Groes VO1.

n YD3/Fr F-r n33/3T rD3/FT

--------- ------ --------- -------- ----------

“8.19 -10.09 -1.84 -10.09 10.09

Anelyeieof Frofile Changeshtueen:

---------- ---------------------

Profile10 survey 2(961004)end Profile 11 sway 11(950927)

Start Dietance. ’116.00 ~, Snding Dietance. <66.00 n

C$Jt/ Dietance Elevation Cell Cell Profile Profile

Fill to end of ●nd pt volume ‘fhickneeeCLMII.VO1.aroes Vol.

Cell m FT YD3/Fr FT YD3/FT YD3/FT
---- -------- --------- ------ --------- -------- ---------.

m /266.Oo ‘7.60 -9.86 -1.04 -9.06 9.S6

Anely8is of Profile Changesbetween:

-------- -- ------- ------- -------

Profile19 sunWy 2(961OM) and Profile 19 SUmey 11[950926)

Stut Dietena - /1~2000 ~, Ending Dietence . 422.00 n

Cut/ Distance Elevation cell Cell Profile Profile

Fill to end of ●nd pt Volume Thicknese Cum.Vol. Qroes Vol.

Cell m m YD3/FT FT YD3/R YD3/m
-... ........ ......... ...... --------- ........ ..........

m 322.00
{ /7 ,8

-7.s4 “- -1.51 -7.04 7.84

L
Aoalyeie of ProfileChangesbetween:

--------.. ....... ....... .......

Profile 20 2(961004)and Profile20 Survwy 11(9S0926)

Start Dletence- <62.00 IT, Ending Dietence- 636.00 FT

tXx/ Di8tance Elevation cell cell Profile Prof ilo

Fill to end of ●nd pt Volume Thicknese ~.Vol. Groin vol.

Cell F-T m YD3/FT FT YD3/n Y’D3/m

.... ........ --------- ...... ......... -------- ..........

1 171.77 10.10 .16 .45 .16 .16

~ ~36.00 <7. ss -2,11 -.89 -1.94 2.27 -



. ...

SECTION 4

PROFILE DATA

SEPTEMBER 1995



Lscal profile Survey

A16 11

Label - LINE175

‘:--:ieat

-----

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

la

X9

20

21

22

1

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Y z
-------- -------
-434.00

-414;00

-395.00

-374.00

-355.00

-337.00

-320.00

-297.00

-276.00

-253.00

-233.00

-212.00

-194.00

-172.00

-152.00

-130.00

-111.00

-Ee.oo

-67.00

-44.00

-24.00

-2.00

16.00

31.00

44.00

67.00

88.00

110.00

130.00

152.00

172.00

195.00

21s.00

238.00

259.00

282.00

302.00

326.00

347.00

363.00

377.00

391.00

3.20

3.30

3.40

3.80

4.30

4.40

4.60

4.30

3.80

4.00

4.30

4.90

5.60

5.30

5.00

4.60

4.60

4.’70

4.90

5.00

5.10

5.70

6.50

6.40

6.40

6.60

7.00

6.S0

6.60

6.70

6.90

6.90

6.ao

7.00

7.20

7.40

7.70

7.ao

7.90

7.90

a.oo

8.00

Date Time Points Units

95092a1800 125 FT

Index

-----

43

44

45

46

47

4a

49

50

51

52

53

54

55

56

57

5a

59

60

61

62

63

64

65

66

67

6a

69

70

71

72

73

74

75

76

77

7a

79

ao

81

82

03

a4

Y z
-------- -------
404.00

419.00

432.00

445.00

457.00

474.00

4ao.oo

492.00

503.00

S25.00

546.00

5a9.oo

624.00

664.00

604.00

7oa.oo

733.00

762.00

795.00

a29.oo

850.00

813.00

a97.oo

936.00

9al.oo

302a.00

1052.00

1080.00

1109.00

1133.00

1161.00

lla9.oo

1210.00

1234.00

125e .00

12e2.oo

1309.00

1337.00

1363.00

1392.00

1422.00

1451.00

8.10

8.20

a.30

8.30

a.30

a.lo

7.40

7.20

6.90

5.10

2.ao

-2.60

-3.90

-2.ao

-3.00

-3.10

-3.20

-4.30

-5.20

-6.10

-6.20

-6.30

-6.30

-7.50

-8.50

-9.50

-10.50

-11.40

-12.30

-13.20

-14.00

-14.80

-1s.40

-15.90

-16.40

-16.90

-17.20

-17.60

-17.90

-18.20

-la.40

-18.80

Index
-----

a5

a6

a7

aa

a9

90

91

92

93

94

95

96

97

9a

99

100

101

102

103

104

105

106

107

loa

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

Y

--------

1485.00

1519.00

1552.00

1590.00

1630.00

1658.00

1690.00

1724.00

1755.00

1790.00

la27.oo

la53<oo

1883.00

1915.00

1944.00

1977.00

2011.00

2048.00

2090.00

2134.00

2165.00

2201.00

2239.00

2274.00

2316.00

235a.00

2396.00

2440.00

24a5.00

2524.00

256a.oo

2614.00

2646.00

2683.00

2720.00

2748.00

2781.00

2a14.oo

2a43.oo

2877.00

2913.00

z
-------
-19.10

-19.40

-19.70

-19.90

-20.20

-20.60

-20.ao

-21.20

-21.20

-21.20

-21.20

-21.60

-21.90

-22.30

-22.30

-22.40

-22.40

-22.40

-22.40

-22.30

-22.50

-22.70

-22.90

-23.10

-23.20

-23.40

-23..50

-23.60

-23.60

-23.80

-24.00

-24.20

-24.30

-24.40

-24.50

-24.ao

-25.00

-25.30

-25.50

-25.70

-25.90

k..

b



bcal Profile Sun’ey Dete Tim POhte hits

A17 11 950928 1600 122 m’

label - LINS200

Index

.....

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

l@
1$

20

21

22

23

24

2s

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Y z
-------- -------
-244.00

-221.00

-200.00

-175.00

53.00

..9.00

-108.00

-83.00

-61.00

-38.00

-le.oo

2.00

21.00

40.00

57.00

81.00

103.00

125.00

145.00

167.00

187.00

208.00

228.00

249.00

268.00

291.00

311.00

331.00

349.00

362.00

374.00

394.00

404.00

414.00

.26.00

437.00

452.00

468.00

481.00

493.00

504.00

3.10

3.90

4.90

4.70

4.50

4.80

5.00

4.90

4.70

4.70

4.80

5.20

5.60

6.40

7.30

7.20

7.00

7.00

7.00

6.80

6.60

6.50

6.50

6.70

6.90

7.20

7.70

7.90

8.20

8.30

8.50

8.80

0.90

9.00

9.00

9.00

7.70

6.60

5.40

3.90

2.80

Index

-----

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

7s

79

eo

81

82

Y z
. .. ---- - -------

515.00

533.00

577.00

604.00

630.00

665.00

696.00

724.00

739.00

757.00

775.00

798.00

824.00

840.00

876.00

894.00

915.00

932.00

950.00

955.00

966.00

989.00

1017.00

1045.00

1084.00

1121.00

1147.00

1181.00

1228.00

1253.00

1281.00

1311.00

1342.00

1378.00

1415.00

1447.00

1485.00

1524.00

1543.00

1564.00

1.40

-1.10

-2.90

-3.30

-5.70

-5.40

-5.70

-5.80

-6.30

-6.70

-7.20

-5.70

-5.20

-5.80

-6.70

-7.00

-7.60

-7.90

-0.40

-8.60

-9.00

-10.00

-10.80

-11.70

-13.20

-13.90

-14.50

-15.80

-16.50

-17.10

-17.50

-10.00

-18.70

-19.40

-20.00

-20.40

-20.80

-21.10

-21.20

-21.40

1506.00 -21.50

Index

-----

83

84

85

86

87

aa

09

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

Y z
-------- -------
1629.00 -22.20

1667.00 -22.40

1703.00 -22.00

1727.00 -22.30

1755.00 -22.50

1784.00 -22.80

1799.00 -23.00

1017.00 -23.20

1835.00 -23.30

1860.00 -23.80

1889.00 -24.20

1919.00 -24.60

1960.00 -24.60

1979.00 -24.70

2000.00 -24.80

2022.00 -24.90

2039.00 -24.70

2060.00 -24.40

2001.00 -24.20

2125.00 -24.70

2174.00 -25.20

2190.00 -25.20

2208.00 -2s.30

2227.00 -25.30

2264.00 -25.70

2293.00 -2S.40

2327.00 -25.10

2362.00 -24.70

2391.00 -24.70

2425.00 -24.60

2460.00 -24.50

2475.00 -24.80

2493.00 -25.10

2511.00 -25.40

2537.00 -25.60

2567.00 -25.80

2S98.00 -26.00

2648.00 -26.50

2706.00 -26.90

2766.00 -27.40

....



bcal Profile Sumey Date Time Fmints Units

A38 11 9S09281400 133 m

LAel - LIN2225

..Aex

.....

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

la

19

20

21

22

-1

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

4s

Y z

. . . . . . . . -------

-618.00

-590.00

-565.00

-540.00

-517.00

-491.00

-468.00

-443.00

-420.00

-396.00

-373.00

-350.00

-328.00

-304.00

-263.00

-258.00

-234.00

-211.00

-189.00

-163.00

-139.00

-114.00

-90.00

-68.00

-4B .00

-24.00

-1.00

20.00

41.00

65.00

87.00

113.00

135.00

162.00

186.00

210.00

231.00

258.00

282.00

308.00

333.00

359.00

384.00

407.00

428.00

2.00

2.10

2.30

2.40

2.60

2.70

2.00

2.90

3.00

3.10

3.10

3.10

3.20

3.30

3.50

3.50

.3.60

3.70

3.80

3.90

4.10

4.20

4.30

4.40

4.60

4.60

4.70

4.90

5.00

5.10

5.20

5.40

5.60

5.ao

6.00

6.10

6.30

6.40

6.60

6.90

7.20

7.40

7.70

7.90

8.20

Index

-----

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

?e

79

@o

81

82

83

84

85

86

87

88

89

90

Y z

-------- -------

443.00

457.00

469.00

479.00

491.00

502.00

522.00

534.00

546.00

573.00

606.00

639.00

661.00

685.00

711.00

752.00

793.00

800.00

826.00

843.00

858.00

S76 .00

894.00

911.00

932.00

953.00

974.00

998.00

1023.00

1040.00

1058.00

1078.00

1102.00

1129.00

115e.oo

1204.00

1224 ;00

1246.00

1270.00

1287.00

1306.00

1327.00

1344.00

1363.00

8.40

B.60

8.60

8.60

e.40

8.20

7.30

6.50

5.60

3.20

1.20

-.80

-2.20

-3.40

-4.60

-5.90

-2.90

-3.10

-3.20

-3.30

-3.40

-3.60

-3.70

-4.20

-4.70

-5.20

-5.60

-6.00

-6.30

-6.60

-6.90

-7.10

-0.50

-9.60

-10.80

-13.20

-13.70

-14.20

-14.70

-15.30

-15.90

-16.50

-17.20

-17.70

1383.00 -18.30

Index

-----

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

Y z
-------- . . . ..-.
1403.00 -18.80

1426.00 -19.20

1449.00 -19.60

1469.00 -19.80

1492.00 -20.00

1516.00 -20.20

1532.00 -20.40

1551.00 -20.60

1571.00 -20.80

1587.00 -21.10

1607.00 -21.40

1626.00 -21.70

1669.00 -22.00

1696.00 -22.20

1723.00 -22.50

1756.00 -22.80

1787.00 -22.90

1B31.00 -23.30

1850.00 -23.50

1872.00 -23.70

1895.00 -23.90

1912.00 -24.10

1932.00 -24.30

19S3 .00 -24.50

1999.00 -24.80

2019.00 -25.00

2042.00 -25.20

2065.00 -25.40

2003.00 -25.50

2103.00 -25.60

2124.00 -25.80

2140.00 -26.00

2158.00 -26.20

2177.00 -26.40

2199.00 -26.20

2225.00 -26.10

2252.00 -26.00

2270.00 -26.10

2291.00 -26.20

2313.00 -26.30

2328.00 -26.40

2346.00 ,-26.50

2365.00 -26.60



Lacd Profile Survey

N9 11

Lebel - LINE2S0

Index

-----

1

2

3

4

s

6

7

8

9

10

11

12

13

14

15

16

17

18

/ 19

20

21

22

23

24

25

26

27

20

29

30

31

32

33

34

35

36

37

30

39

Y z

-------- -------

-437.00

-414.00

-393.00

-370.00

-349.00

-325.00

-304.00

-280.00

-258.00

-233.00

-210.00

-186.00

-164.00

-140.00

-118.00

-92.00

-68.00

-43.00

-20.00

S.00

29.00

56.00

80.00

105.00

128.00

153.00

176.00

203.00

227.00

254.00

278.00

301.00

323.00

366.00

405.00

421.00

436.00

453.00

468.00

2.20

2.30

2.40

2.40

2.50

2.60

2.70

2.80

2.90

3.00

3.10

3.20

3.20

3.50

3.eo

3.70

3.60

3.80

4.10

4.50

4.90

4.70

4.50

5.10

6.00

6.60

7.30

6.80

6.10

5.90

5.70

5.90

6.10

6.60

7.10

7.30

7.70

7.80

9.10

Date Time hints

950928 1200 117

Index

-----

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

7e

Y

-------- ...

Unite

FT

z
----

482.00

495.00

510.00

523.00

527.00

528.00

540.00

551.00

565.00

57B.00

609.00

637.00

665.00

692.00

722.00

770.00

819.00

843.00

871.00

900.00

941.00

970.00

1004.00

1038.00

1061.00

lon6.oo

1113.00

1160.00

1181.00

1204.00

1228.00

1263.00

1304.00

1346.00

1381.00

1428.00

1444.00

1463.00

14B3.00

8.40

8.70

8.20

7.60

7.40

7.40

6.40

5.20

4.20

3.00

1.90

.s0

-.30

-1.00

-1.40

-1.90

-2.90

-3.00

-3.10

-3.20

-4.80

-6.20

-7.40

-8.60

-9.60

-10.40

-11.20

-11.70

-12.40

-13.10

-13.80

-14.70

-15.50

-16.30

-16.90

-18.20

-18.50

-18.80

-19.10

Index

-----

79

80

01

02

B3

04

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

Y

------- -

1502.00

1524.00

1548.00

1564.00

15a3.oo

1603.00

1622.00

1643.00

1666.00

1688.00

1714.00

1740.00

1762.00

1787.00

1813.00

1844.00

1880.00

1917.00

1936.00

1959.00

1982.00

2002.00

2025.00

2048.00

2072.00

2099.00

2127.00

2144.00

2164.00

2184.00

2207.00

2233.00

2260.00

2276.00

2296.00

2315.00

2341.00

2370.00

2401.00

z
-------
-19.50

-20.00

-20.40

-20.70

-21.00

-21.20

-21.50

-21.80

-22.10

-22.40

-22.60

-22.90

-23.30

-23.60

-24.00

-23.90

-23.90

-23.80

-24.00

-24.20

-24.40

-24.50

-24.70

-24.80

-25.00

-25.20

-25.40

-25.60

-25.70

-25.00

-25.80

-25.80

-25.80

-25.00

-25.90

-25.90

-26.00

-26.20

-26.30



L3cal Profile Survey

Al 10 11

‘Abel - LINZ275

. ...AX
-----

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

1

25

26

27

28

29

30

31

32

33

34

35

36

37

3a

39

Y z

-------- -------

-537.00

-513.00

-492.00

-468.00

-446.00

-424.00

-404.00

-379.00

-357.00

-333.00

-312.00

-290.00

-270.00

-245.00

-223.00

-202.00

-184.00

-183:00

-162.00

-143.00

-120.00

-99.00

-77.00

-57.00

-38.00

-21.00

2.00

23.00

46.00

66.00

91.00

114.00

137.00

157.00

180.00

200.00

222.00

243.00

265.00

5.40

4.30

2.90

3.00

3.20

2.00

2.20

2.40

2.50

2.90

3.40

3.70

4.10

3.80

3.50

4.10

5.00

4.60

4.80

5.10

4.80

4.40

4.50

4.60

5.10

5.60

5.80

6.10

6.20

6.20

6.40

6.70

6.50

6.20

6.20

6.30

6.50

6.70

7.00

Date Time

950928 1000

Points Units

115 m

. . . . .

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

S8

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

Y z

-------- -------

205.00

305.00

324.00

336.00

346.00

359.00

370.00

383.00

395.00

410.00

423.00

437.00

449.00

460.00

469.00

495.00

519.00

542.00

560.00

581.00

609.00

640.00

676.00

670.00

601.00

712.00

755.00

781.00

821.00

866.00

887.00

911.00

937.00

979.00

1026.00

1050.00

1077.00

1106.00

1150.00

7.30

7.60

7.90

8.20

8.60

8.70

9.00

8.10

7.00

6.40

5.70

4.70

3.50

2.00

1.80

-.10

-1.70

-2.80

-4.00

-4.70

-4.80

-6.20

-6.10

-5.90

-5.60

-2.60

-3.40

-3.90

-4.70

-6.20

-7.20

-a.oo

-8.80

-9.90

-11.20

-12.00

-12.60

-13.30

-14.60

Index

-----

79

80

81

82

83

04

05

06

e7

88

09

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

Y

--------

1173.00

1199.00

1227.00

1273.00

1292.00

1315.00

1338.00

1355.00

1374.00

1394.00

1437.00

1463.00

1494.00

1526.00

1541.00

1559.00

1578.00

1621.00

1643.00

1668.00

1694.00

1714.00

1730.00

1763.00

1808.00

1826.00

1847.00

1869.00

1892.00

1917.00

1944.00

1961.00

1900.00

1999.00

2020.00

2044.00

2068.00

z

-------

-15.50

-16.30

-17.10

-17.50

-18.00

-18.40

-18.80

-19.30

-19.70

-20.10

-20.70

-21.30

-21.70

-22.20

-22.80

-23.20

-23.70

-24.10

-24.30

-24.40

-24.60

-24.80

-25.00

-25.20

-35.70

-2s.00

-25.90

-25.90

-26.20

-26.40

-26.60

-26.60

-26.70

-26.70

-26.00

-26.90

-27.00



I.Ocal Profile Swey Date Time Points Unit-

A2 11 11 950928 800 146 m

Label - LINE300

Induc

.----

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

11

la

19

20

21

22

23

24

25

26

27

20

?9

Jo

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

40

49

Y

--------

-75.00

-56.00

-38.00

-10.00

.00

24.00

46.00

69.00

90.00

115.00

138.00

163.00

le5.oo

209.00

231.00

255.00

278.00

302.00

325.00

350.00

372.00

398.00

422.00

446.00

469.00

493.00

516.00

540.00

562.00

585.00

606.00

62” .00

633.00

652.00

664.00

676.00

6s8.00

698.00

711.00

722.00

735.00

748.00

748.00

766.00

790.00

018.00

843.00

073.00

097.00

z
-......

3.80

4.10

4.50

4.30

4.20

4.10

4.00

3.70

3.30

3.40

3.50

3.70

4.00

4.10

4.20

4.40

4.60

4.70

4.80

4.90

5.00

5.20

5.50

5.70

5.90

6.10

6.30

6.60

6.90

7.20

7.60

7.80

0.10

7.80

7.10

6.20

6.10

5.90

5.80

5.70

4.70

3.50

3.40

1.50

-.10

-1.80

-2.60

-3.80

-4.10

Index

-----

50
51

52

53

54

55

56

57

5B

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

70

79

80

81

82

83

04

85

86

87

@a

89

90

91

92

93

94

95

96

97

98

Y z
------. ------ --

91e.oo

927.00

955.00

989.00

1023.00

1044.00

1068.00

1092.00

1108.00

1125.00

1144.00

1164.00

1187.00

1211.00

1239.00

1278.00

1298.00

1321.00

1344.00

1368.00

1395.00

1424.00

1443.00

1466.00

1490.00

1523.00

1525.00

1546.00

1578.00

1616.00

1655.00

1692.00

1736.00

1781.00

1631.00

1889.00

1949.00

1901.00

2010.00

2057.00

2090.00

2128.00

2168.00

2204.00

2246.00

2289.00

2312.00

2339.00

-4.40

-5.s0

-4,90

-4.20

-3.40

-4.00

-4.60

-5.10

-5.70

-6.20

-6.70

-7.50

-8.10

-8.80

-10.20

-lo.ao

-11.10

-11.30

-11.50

-12.10

-12.60

-13.10

-13.80

-14.40

-15.10

-16.30

-16.30

-16.50

-17.20

-17.00

-18.40

-19.10

-19.60

-20.20

-21.20

-22.00

-22.90

-23.50

-24.00

-24.50

-24.80

-25.10

-25.50

-25.30

-25.20

-25.00

-24.90

-24.80

2366.00 -24.80

-----

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

120

129

130

131

132

133

134

135

136

137

130

139

140

141

142

143

144

145

146

Y

-. . . ..-.

2303.00

2402.00

2421.00

2446.00

2474.00

2503.00

2530.00

2561 .“00

2593.00

2618.00

2648.00

2678.00

2700.00

2726.00

2752.00

2770.00

2790.00

2811.00

2839.00

2871.00

2905.00

2933.00

2967.00

3001.00

3065.00

3139.00

3216.00

3242.00

3272.00

3302.00

3323.00

3347.00

3373.00

339s .00

3428.00

3459.00

3480.00

35M.00

3529.00

355e .00

3592.00

3627.00

3655.00

3687.00

3721.00

3739.00

3761.00

3783.00

z
-. . . ..-

-24.70

-24.60

-24.60

-24.40

-24.30

-24.20

-24.20

-24.20

-24.20

-24.10

-24.00

-23.90

-23.90

-24.00

-24.00

-24.10

-24.10

-24.20

-24.30

-24.40

-24.50

-24.60

-24.70

-24.80

-25.10

-25.40

-25.60

-25.70

-25.80

-25.90

-25.90

-26.00

-26.00

-26.10

-26.20

-26.30

-26.40

-26.50

-26.50

-26.70

-26,00

-27.00

-27.10

-27.10

-27.20

-27.30

-27.30

-27.30



LOCd Profile survey Date Time points Units

AI 12 11 950928 600 141 PT

label - LINS325

. ..AX
-----

1

2

3

4

5

6

1

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

-?

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Y z

---------------

-612.00

-508.00

-567.00

-542.00

-519.00

-490.00

-464.00

-439.00

-417.00

-392.00

-368.00

-344.00

-322.00

-301.00

-282.00

-276.00

-252.00

-230.00

-207.00

-las.oo

-161.00

-140.00

-115.00

-94.00

-71.00

-50.00

-27.00

-6.00

15.00

36.00

61.00

a4.00

108.00

129.00

155.00

179.00

204.00

227.00

253.00

275.00

301.00

324.00

336.00

347.00

364.00

37a.oo

394.00

1.70

l.ao

1.80

1.80

1.90

2.00

2.10

2.20

2.30

2.40

2.40

2.50

2.50

3.10

3.80

2.70

. 2.70

2.ao

2.ao

2.90

3.00

3.00

3.10

3.20

3.30

3.50

3.eo

4.10

3.90

3.ao

3.90

4.00

4.20

4.50

4.80

5.30

5.40

5.60

5.80

6.20

6.40

6.ao

6.90

7.00

7.20

7.30

7.50

Index

-----

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

6a

69

70

71

72

73

74

75

76

77

7a

79

80

al

a2

83

84

05

a6

87

Be

a9

90

91

92

93

94

Y z

---------------

409.00

424.00

438.00

450.00

462.00

473.00

483.00

499.00

524.00

546.00

566.00

5a5.oo

612.00

640.00

667.00

693.00

714.00

73a.oo

762.00

ao6.oo

a26.oo

848.00

871.00

906.00

932.00

957.00

98a.oo

1013.00

lo4a.oo

1066.00

10a6.00

1107.00

1149.00

1194.00

1229.00

7.00

7.ao

7.80

6.00

5.60

4.60

3.30

1.80

.00

-1.30

-2.30

-2.20

-2.30

-3.30

-3.ao

-4.90

-4.60

-4.30

-4.10

-4.70

-5.30

-5.ao

-6.40

-7.90

-8.40

-8.90

-9.90

-10.60

-11.00

-11.20

-11.40

-11.60

-12.30

-12.50

-13.30

1272.00 -14.70

1306.00 -15.30

1341.00 -16.50

1377.00 -17.00

1420.00 -17.70

1460.00 -13.50

1500.00 -19.10

1549.00 -20.00

1589.00 -20.50

1633.00 -21.40

1652.00 -21.70

1674.00 -22.00

Index

-----

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

12a

129

130

131

132

133

134

135

136

137

13a

139

140

141

Y

--------

1697.00

1714.00

1733.00

1753.00

1760.00

1786.00

1804.00

1854.00

1902.00

1934.00

1965.00

1995.00

2039.00

2063.00

2090.00

2118.00

2143.00

2171.00

2201.00

2216.00

2234.00

2252.00

2299.00

2340.00

2386.00

2414.00

2446.00

2479.00

249a.oo

2519.00

2541.00

25a9.oo

2626.00

2644.00

2664.00

2685.00

2710.00

2749.00

2776.00

2806.00

2838.00

2065.00

2a95.oo

2926.00

2943.00

2963.00

29a4.00

z

-------

-22.30

-22.30

-22.20

-22.20

-22.40

-22.60

-22.ao

-22.70

-22.80

-22.80

-22.ao

-22.80

-22.50

-22.40

-22.20

-22.10

-22.10

-22.10

-22.10

-22.20

-22.30

-22.30

-22.30

-22.50

-22.50

-22.60

-22.70

-22.70

-22.00

-22.ao

-22.90

-23.20

-23.50

-23.60

-23.ao

-23.90

-24.10

-24.50

-24.80

-25.00

-25.30

-25.70

-26.00

-26.30

-26.60

-26.ao

-27.00

b



Local Profile Survey Date Time Points Units
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Mbel - LINZ350

Iodex

.....

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2s

26

27

2B

29

30

31

32

33

34

35

36

37

38

39

Y z

---------------

-434.00

-407.00

-383.00

-358.00

-335.00

-313.00

-293.00

-269.00

-246.00

-222.00

-199.00

-171.00

-145.00

-121.00

-98.00

-73.00

-50.00

-22.00

1.00

26.00

49.00

74.00

97.00

122.00

146.00

170.00

191.00

215.00

236.00

258.00

278.00

299.00

317.00

332.00

345.00

365.00

379.00

391.00

406.00

2.10

2.20

2.30

2.30

2.40

3.10

4.00

3.80

3.70

3.60

3.60

3.60

3.70

3.70

3.70

3.90

4.20

4.70

5.30

5.40

5.s0

5.30

5.00

5.20

5.40

5.50

5.70

5.90

6.20

6.40

6.70

7.00

7.20

7.10

6.90

6.60

6.40

6.10

4.90

Index Y z

--------- ------.----

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

50

59

60

61

62

63

64

65

66

67

60

69

70

71

72

73

74

75

76

77

78

41a.oo

429.00

439.00

465.00

48a.oo

510.00

531.00

549.00

570.00

S91.00

610.00

631.00

654.00

695.00

743.00

792.00

a36.oo

8s8.00

803.00

910.00

945.00

983.00

1016.00

1054.00

1092.00

1114.00

1139.00

1165.00

1181.00

1199.00

1218.00

1244.00

1274.00

1305.00

1323.00

1344.00

1366.00

1404.00

3.40

2.60

1.70

-.10

-1.00

-3.70

-4.70

-5.20

-5.60

-6.10

-4.70

-3.50

-2.30

-3.50

-4.ao

-6.60

-7.40

-a.lo

-0.70

-9.20

-10.00

-lo.ao

-11.30

-11.60

-12.00

-12.20

-12.30

-12.50

-13.10

-13.70

-14.20

-14.ao

-15.20

-15.70

-16.00

-16.30

-16.50

-17.30

144a.oo -17.90

Index Y z

-----

79

80

81

82

83

a4

85

86

87

aa

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

loe

109

110

111

112

113

114

115

. . . . . . . . . . . . . . .

1494.00 -l@.60

1525.00 -19.10

1562.00 -19.50

1600.00 -20.00

1639.00 -20.70

1684.00 -21.30

1730.00 -21.90

1759.00 -22.40

1792.00 -22.90

1027.00 -23.30

1853.00 -23.70

1883.00 -24.10

1914.00 -24.50

1941.00 -24.90

1972.00 -25.30

2003.00 -25.70

2045.00 -26.20

2092.00 -26.70

2142.00 -27.10

2169.00 -27.20

2201.00 -27.40

2234.00 -27.50

2262.00 -27.70

2294.00 -27.80

2327.00 -27.90

2365.00 -20.30

2409.00 -28.60

2455.00 -20.90

2405.00 -29.20

2519.00 -29.50

2555.00 -29.80

2595.00 -30.00

2641.00 -30.10

2689.00 -30.30

2731.00 -30.50

2780.00 -30.60

2830.00 -30.70



bcal Profile Survey Dete Time Points Units
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.,.4X

. ..-.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

“3

25

26

27

28

29

30

31

32

33

34

3s

36

37

38

39

40

41

42

43

44

45

46

47

4e

..->~

51

Y z

------.----.---

-647.00

-624.’00

-604.00

-579.00

-S56.00

-531.00

-507.00

-483.00

-461.00

-435.00

-411.00

-387.00

-366.00

-342.00

-321.00

-296.00

-274.00

-249.00

-22s.00

-200.00

-177.00

-149.00

-123.00

-98.00

-74.00

-56.00

-40.00

-26.00

-12.00

9.00

30.00

60.00

87.00

113.00

137.00

161.00

183.00

210.00

235.00

254.00

272.00

291.00

308.00

326.00

342.00

3s8.00

372.00

385.00

397.00

416.00

419.00

1.60

1.70

1.90

1.90

2.00

2.00

2.10

2.10

2.10

2.20

2.40

2.40

2.40

2.40

2.50

2.50

2.50

2.80

3.10

3.20

3.40

3.30

3.10

3.50

4.10

5.60

7.60

8.30

9.20

e.oo

6.40

5.00

S.oo

4.90

4.70

4.90

5.10

5.40

5.s0

6.00

6.30

6.50

6.80

7.00

7.20

7.20

7.20

6.50

5.60

3.70

4.80

tndex

-----

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

60

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

80

89

90

91

92

93

94

95

96

97

98

99

100

101

Y z

------------.--

420.00

420.00

439.00

450.00

496.00

507.00

516.00

544.00

545.00

567.00

590.00

607.00

632.00

654.00

674.00

723.00

765.00

788.00

813.00

840.00

878.00

922.00

967.00

990.00

1017.00

1045.00

1067.00

1093.00

1119.00

1140.00

1164.00

1188.00

1232.00

1255.00

12s2.00

1310.00

1355.00

1375.00

1398.00

1422.00

1442.00

1466.00

1490.00

1505.00

1523.00

1541.00

1559.00

1581.00

1603.00

1618.00

102 1636.00

4.80

4.00

2.10

.80

-2.30

-3.20

-3.20

-4.20

-4.40

-4.40

-5.20

-5.00

-5.60

-5.20

-4.60

-5.00

-5.60

-5.60

-5.60

-5.70

-6.90

-n.oo

-9.10

-9.90

-10.50

-11.20

-11.00

-12.20

-12.70

-13.00

-13.20

-13.40

-13.50

-14.10

-14.60

-15.10

-16.40

-16.70

-17.00

-17.40

-17.80

-la.lo

-18.50

-10.70

-16.90

-19.00

-19.40

-19.70

-20.00

-20.20

-20.40

Index
-----

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

lle

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

Y z

---------------

1655.00 -20.50

1673.00 -20.50

1694.00 -20.50

1715.00 -20.50

1733.00 -20.00

1754.00 -21.00

1776.00 -21.20

1798.00 -21.40

1824.00 -21.60

1851.00 -21.80

1867.00 -21.90

1886.00 -22.10

1906.00 -22.20

1941.00 -22.60

1961.00 -22.70

1984.00 -22.80

2007.00 -22.90

2053.00 -23.10

2072.00 -23.10

2093.00 -23.20

2115.00 -23.20

2133.00 -23.40

21S3.00 -23.60

2173.00 -23.70

2195.00 -23.80

2220.00 -23.00

2246.00 -23.90

2264.00 -24.00

2285.00 -24.20

2306.00 -24.30

2325.00 -24.50

2346.00 -24.70

2360.00 -24.90

2386.00 -25.00

2407.00 -25.10

2428.00 -25.20

2448.00 -25.40

2471.00 -25.50

2494.00 -25.70

2541.00 -26.00

2561.00 -26.20

2583.00 -26.50

2606.00 -26.70

2627.00 -26.90

26S2.00 -27.10

2677.00 -27.30

2698.00 -27.S0

2723.00 -27.60

2749.00 -27.70



Local Profile S-y
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Lmbel - LINZ400

Index

.....

1

2

3

4

5

6

7

8

9

10

11

12

13

14

1s

16

17

18

19

20

21

22

23

24

2s

26

27

2e

29

30

31

32

33

34

35

36

37

38

39

40

~1

42

43

44

45

46

47

48

49

Y z

---------......

-572.00

-548.QO

-527.00

-503.00

-402.00

-457.00

-434.00

-407.00

-383.00

-355.00

-331.00

-301.00

-274.00

-246.00

-220.00

-195.00

-173.00

-146.00

-123.00

-97.00

-74.00

-50.00

-28.00

-2.00

20.00

46.00

69.00

93.00

114.00

139.00

161.00

186.00

209.00

234.00

256.00

281.00

304.00

326.00

346.00

366.00

383.00

395.00

406.00

417.00

427.00

438.00

448.00

460.00

470.00

1.60

1.60

1.60

1.70

1.80

1.80

1.80

1.80

1.70

1.80

1.90

2.00

2.10

2.20

2.30

2.40

.2.60

2.60

2.60

2.6o

2.70

2.80

2.90

3.00

3.20

3.20

3.30

3.40

3.50

3.s0

3.60

3.60

3.70

3.80

3.90

4.20

4.50

4.70

5.00

5.10

5.40

5.50

5.80

5.90

6.00

6.20

6.40

6.60

6.70

uace -1 Ime rolncs U?ucs

950927 1200 146 m

Index

-----

50

51

52

53

54

55

56

57

50

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

04

65

06

87

80

89

90

91

92

93

94

95

96

97

98

Y z

---------------

402.00

492.00

505.00

516.00

529.00

541.00

554.00

565.00

S79.00

592.00

604.00

616.00

616.00

616.00

635.00

640.00

660.00

675.00

707.00

757.00

782.00

8i2.oo

843.00

878.00

920.00

959.00

993.00

1037.00

1077.00

1106.00

1134.00

1165.00

1198.00

1231.00

1273.00

1297.00

132~.00

1356.00

1401.00

1438.00

1463.00

1491.00

1521.00

1541.00

1564.00

1587.00

1616.00

1649.00

6.90

7.10

7.30

7.50

7.50

7.50

7.00

6.30

5.80

5.20

5.10

5.00

5.00

4.70

2.80

1.70

.20

-1.20

-2.30

-5.10

-5.80

-6.40

-7.10

-7.00

-7.70

-8.00

-7.80

-5.60

-6.30

-7.80

-8.70

-9.s0

-10.20

-10.50

-11.30

-12.10

-12.70

-13.40

-13.@o

-14.60

-15.10

-15.60

-16.10

-16.40

-16.70

-16.90

-17.70

-le.30

1684.00 -18.90

Index

-----

99

100

101

102

103

104

105

106

107

loa

109

110

111

112

113

114

115

116

117

110

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

Y

-------.

1707.00

1733.00

1760.00

1701.00

1004.00

1829.00

1848.00

1870.00

1894.00

1913.00

1936.00

1960.00

1979.00

2001.00

2023.00

2052.00

2085.00

2119.00

2157.00

2201.00

2246.00

226S.00

2288.00

2312.00

2333.00

2356.00

2381.00

2406.00

2435.00

2465.00

2515.00

2572.00

2632.00

2669.00

2712.00

2756.00

2793.00

2836.00

2881.00

2900.00

2939.00

2971.00

2999.00

3031.00

3064.00

3105.00

3152.00

3201.00

z

-------

-19.20

-19.40

-19.70

-20.00

-20.30

-20.60

-20.90

-21.20

-21.50

-21.90

-22.20

-22.60

-22.80

-22.90

-23.10

-23.10

-23.10

-23.00

-23.60

-24.10

-24.60

-24.70

-24.70

-24.70

-25.00

-25.20

-25.40

-25.40

-2S.40

-25.40

-25.80

-26.10

-26.50

-27.10

-27.60

-20.10

-28.20

-28.30

-28.50

-28.50

-28.50

-28.60

-28.50

-28.40

-28.40

-28.60

-28.80

-29.00
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IAbel ■ LIt62425

. ..-.

1

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16

17

18

19

20

21

22

3

.
25

26

27

20

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

40

‘--- ao

51

52

53

Y z

.--..... -------

-483.00

-483.00

-470.00

-458.00

-443.00

-429.00

-415.00

-402.00

-387.00

-374.00

-359.00

-346,00

-331.00

-317.00

-303.00

-290.00

-275.00

-262.00

-248.00

-235.00

-222.00

-209.00

-195.00

-181.00

-166.00

-152.00

-138.00

-125.00

-109.00

-95.00

-al.oo

-60.00

-54.00

-42.00

-28.00

-16.00

-2.00

10.00

24.00

38.00

50.00

61.00

76.00

89.00

104.00

118.00

132.00

146.00

160.00

173.00

188.00

201.00

216.00

l.ao

l.ao

2.10

2.40

2.30

2.10

2.10

2.20

2.10

2.10

2.20

2.20

2.30

2.30

2.30

2.40

2.50

2.60

2.60

2.70

3.10

3.70

3.70

3.60

3.40

3.10

3.30

3.70

3.70

3.60

4.00

4.50

4.70

5.10

5.10

5.20

5.40

5.70

5.70

5.70

5.70

S.60

S.50

5.20

S.20

5.10

5.10

S.1O

S.lo

5.20

5.30

5.40

S.50

Index

-----

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

7e

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

Y z

-------------.-

230.00

245.00

259.00

274.00

288.00

304.00

310.00

332.00

345.00

360.00

373.00

386.00

396.00

409.00

420.00

431.00

442.00

461.00

481.00

481.00

4al.oo

500.00

511.00

521.00

561.00

576.00

594.00

612.00

637.00

673.00

715.00

731.00

749.00

768.00

785.00

ao4.oo

824.00

862.00

907.00

935.00

966.00

999.00

1049.00

1076.00

1105.00

1121.00

1139.00

1159.00

1180.00

1205.00

1231.00

1250.00

5.60

5.80

6.00

6.10

6.20

6.40

6.70

6.ao

7.10

7.30

7.50

7.70

7.80

7.80

7.00

7.50

7.00

6.20

4.40

4.80

4.40

3.10

2.40

1.40

-.70

-1.60

-2.30

-3.10

-5.00

-5.10

-5.20

-6.50

-7.70

-a.90

-9.00

-9.10

-9.20

-5.ao

-4.90

-5.90

-6.80

-7.60

-9.20

-10.00

-10.50

-11.00

-11.40

-11.ao

-12.10

-12.30

-12.60

-13.20

1272.00 -13.ao

Index

-----

107

108

109

110

111

112

113

114

115

116

117

lla

119

120

121

122

123

124

125

126

127

12e

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

14a

149

150

151

152

153

154

155

156

157

158

Y z

---------------

1295.00 -14.30

1313.00 -14.70

1334.00 -15.00

1355.00 -15.30

1389.00 -15.60

1419.00 -16.20

143a.oo -16.50

1459.00 -16.7o

1482.00 -17.00

149a.oo -17.30

1518.00 -17.50

1537.00 -17.80

1559.00 -18.10

1583.00 -18.30

1609.00 -18.60

164a.oo -19.30

1700.00 -20.10

1761.00 -20.70

1824.00 -21.30

1843.00 -21.70

1864.00 -21.90

1885.00 -22.20

1906.00 -22.40

1930.00 -22.50

1955.00 -22.70

2003.00 -23.10

2019.00 -23.30

2037.00 -23.40

2056.00 -23.60

2077.00 -23.70

2103.00 -23.80

2129.00 -23.90

2150.00 -24.00

2174.00 -24.10

2200.00 -24.20

2217.00 -24.20

2238.00 -24.10

2259.00 -24.10

2277.00 -24.30

2298.00 -24.50

2321.00 -24.70

2363.00 -24.70

2389.00 -24.90

2419.00 -25.00

2449.00 -25.20

2465.00 -25.30

2483.00 -25.50

2502.00 -25.60

2523.00 -26.10

2546.00 -26.50

2571.00 -26.90

2611.00 -27.40



LOCS1 Profile Sumey Date Time Points Units

N 17 11 950927 800 123 Fr

Llhl - LI143?45o

Index
-----

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Y z

---------------

-312.00

-300.00

-2B9.00

-276.00

-263.00

-z:...00

-239.00

-224.00

-211.00

-196.00

-lez.oo

-160.00

-155.00

-142.00

-129.oo

-115.00

-101.00

-86.00

-72.00

-58.00

-46.00

-33,00

-21.00

-9.00

1.00

13.00

23.00

38.00

57.00

76.00

96.00

115.00

125.00

a35.oo

146.00

156.00

176.00

179.00

194.00

206.00

211.00

4.50

4.50

4.50

4.00

5.20

5.60

6.20

6.30

6.40

6.30

6.20

6.90

7.70

8.10

0.60

8.60

8.60

7.60

6.20

6.30

6.50

6.50

6.50

6.60

6.70

6.80

6.90

6.90

7.10

7.20

7.40

7.70

7.80

8.00

e.lo

0.10

8.40

a.so

8.00

6.50

6.20

Index
-----

42

43

44

45

46

47

40

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

6S

69

70

71

72

73

74

75

76

77

7a

79

80

al

62

Y z

------.--------

229.00

230.00

243.00

256.00

269.00

2nl.oo

296.00

314.00

333.00

376.00

407.00

447.00

470.00

497.00

516.00

537.00

559.00

608.00

650.00

693.00

723.00

743.00

764.00

aoo.oo

a30.oo

a67.oo

aal.oo

925.00

94a.00

974.00

1002.00

1028.00

1059.00

1091.00

1112.00

1136.00

1160.00

1196.00

1237.00

12ao.oo

4.70

4.40

3.30

2.00

1.50

.80

.10

-.40

-1.00

-5.40

-6.70

-a.30

-a.60

-9.00

-9.00

-9.00

-9.10

-a.70

-7.10

-6.90

-a.lo

-a.30

-a.ao

-9.40

-10.10

-11.10

-11.70

-12.30

-12.70

-13.10

-13.60

-14.10

-14.60

-15.10

-15.60

-16.10

-16.50

-16.70

-16.80

-17.00

131a.oo -18.10

Index Y z

------ --------------

a3

a4

a5

a6

a7

88

a9

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

loa

109

110

111

112

113

114

115

116

117

lla

119

120

121

122

123

1362.00 -19.00

1407.00 -19.90

1430.00 -20.10

1457.00 -20.20

~4a4.00 -20.40

1S18.00 -20.90

155a.oo -21.40

159a.oo -21.ao

1623.00 -22.10

1652.00 -22.40

16a2.00 -22.60

1706.00 -22.60

1734.00 -22.70

1762.00 -22.70

1795.00 -22.90

la33.00 -23.20

1872.00 -23.40

la90.00 -23.50

1932.00 -23.50

1934.00 -23.60

1955.00 -23.70

19ao.oo -q3.ao

2006.00 -24.00

2036.00 -24.10

2070.00 -24.20

2105.00 -24.30

2130.00 -24.40

2160.00 -24.50

2191.00 -24.70

2210.00 -24.70

2232.00 -24.80

2255.00 -24.90

22aa.oo -25.10

2327.00 -25.40

2366.00 -25.70

2392.00 -25.aO

2423.00 -26.00

2454.00 -26.10

2487.00 -26.40

2524.00 -26.70

2563.00 -26.90

w



Local Profile Zurvey Date Time Points IJIIite

AI la 11 950927 600 160 m

hbel - LIlt2475

....Ax
-----

1

2

3

4

s

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

“?

“’25

26

27

Ze

29

30

31

32

33

34

35

36

37

30

39

40

41

42

43

44

45

46

47

48

-..-,
51

52

53

Y z

--------.......

-494.00

-479.00

-465.00

-450.00

-436.00

-421.00

-406.00

-391.00

-378.00

~360.00

-344.00

-328.00

-314.00

-298.00

-284.00

-270.00

-256.00

-241.00

-227.00

-220.00

-206.00

-193.00

-176.00

-160.00

-146.00

-132.00

-116.00

-101.00

-B5.00

-71.00

-55.00

-41.00

-27.00

-15.00

.00

15.00

32.00

46.00

62.00

75.00

90.00

104.00

117.00

128.00

142.00

155.00

169.00

182.00

200.00

220.00

232.00

242.00

253.00

2.10

2.10

2.10

2.20

2.30

2.30

2.30

2.40

2.50

2.60

2.70

2.00

3.00

3.70

4.70

4.40

4.00

4.10

4.30

4.20

4.30

4.30

4.50

4.70

4.70

4.50

4.60

4.70

4.60

4.90

S.lo

5.40

6.20

7.10

6.40

5.40

5.90

6.40

6.90

7.50

7.70

8.00

7.70

7.30

7.s0

7.70

7.60

7.50

8.00

7.20

7.30

7.40

7.50

Index
-----

55

56

57

5s

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

a2

03

04

05

86

87

80

09

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

Y z

........ .......

275.00

2S6.00

298.00

308.00

321.00

331.00

348.00

348.00

348.00

348.00

367.00

380.00

391.00

406.00

419.00

436.00

456.00

476.00

483.00

515.00

528.00

556.00

596.00

616.00

657.00

67S.00

695.00

716.00

747.00

779.00

816.00

054.00

900.00

949.00

970.00

994.00

1020.00

1036.00

1055.00

1074.00

1090.00

7.60

7.60

7.60

7.70

7.60

7.40

5.50

6.00

6.10

6.10

3.80

3.00

2.00

1.30

.50

-.80

-2.00

-3.30

-3.40

-5.20

-4.90

-4.60

-3.60

-3.40

-4.00

-4.40

-4.80

-5.10

-5.60

-6.30

-7.00

-7.70

-8.60

-9.30

-9.90

-10.40

-10.80

-11.20

-11.40

-11.70

-12.10

1107.00 -12.40

1126.00 -12.70

1168.00 -13.40

1215.00 -14.30

1237.00 -14.60

1263.00 -14.90

1290.00 -15.10

1306.00 -15.40

1325.00 -15.70

1344.00 -16.00

1362.00 -16.30

1382.00 -16.50

Inde%

.....

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

12B

129

130

131

132

133

134

135

136

137

130

139

140

141

142

143

144

145

146

147

14#

149

150

151

152

153

154

155

156

157

158

159

160

Y
--------

1445.00

1484.00

1500.00

1516.00

1537.00

1555.00

1575.00

1596.’00

1643.00

1662.00

1684.00

1707.00

1743.00

1784.00

1801.00

1820.00

1840.00

1880.00

1900.00

1923.00

1946.00

1967.00

1990.00

2015.00

2033.00

2055.00

2077.00

2127.00

2145.00

2166.00

2188.00

2212.00

2240.00

2268.00

2289.00

2313.00

2338.00

2381.00

2425.00

2443.00

2465.00

2488.00

2503.00

2520.00

2539.00

2556.00

2576.00

2596.00

2643.00

2660.00

‘26B0.00

2701.00

z
-------

-17.50

-17.90

-18.20

-18.40

-18.60

-18.80

-19.00

-19.20

-19.00

-20.10

-20.30

-20.60

-20.90

-21.30

-21.50

-21.70

-21.90

-22.20

-22.40

-22.60

-22.80

-22.90

-23.00

-23.20

-23.40

-23.70

-23.90

-24.10

-24.30

-24.50

-24.70

-24.90

-25.00

-25.20

-25.30

-25.50

-25.60

-26.20

-26.30

-26.50

-26.70

-27.00

-27.00

-27.00

-27.10

-27.20

-27.40

-27.50

-27.60

-27.70

-27.80

-27.90



54 264.00 7.60 108 1404.00 -16.80

r



Iacal Profile Survey Dete Time Mints mitJ

N 19 11 9509261800 124 Fr

IA&l - LIME500

Ax

-----

1

2

3

4

5

6

7

8

9

10

11

12

13

14

1s

16

17

10

19

20

21

22

-3

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Y z

.-------.......

.00

12.00

22.00

34.00

45.00

S6.00

67.00

79.00

89.00

102.00

113.00

125.00

136.00

14a.oo

1s9.00

172.00

ln3.oo

196.00

207.00

218.00

228.00

240.00

251.00

262.00

273.00

284.00

295.00

314.00

328.00

340.00

351.00

361.00

373.00

3s4.00

397.00

408.00

419.00

429.00

442.00

455.00

471.00

486.00

6.40

7.10

8.00

B.30

8.70

7.80

6.80

6.60

6.40

6.20

6.00

6.20

6.50

7.20

7.90

7.90

7.90

8.00

e.30

0.40

8.60

8.40

8.30

7.90

7.50

7.40

7.30

7.40

7.50

7.70

7.70

7.80

7.60

7.30

6.50

5.40

4.50

3.40

2.60

1.60

1.30

.90

Index

-----

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

50

59

60

61

62

63

64

65

66

67

60

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Y z

-------- -------

503.00

518.00

562.00

601.00

632.00

64B.00

666.00

6S5.00

704.00

726.00

749.00

767.00

788.00

810.00

828.00

848.00

870.00

8n5.oo

902.00

920.00

941.00

977.00

1025.00

1042.00

1061.00

1082.00

1121.00

1142.00

1167.00

1193.00

1221.00

1235.00

1256.00

1281.00

1307.00

1357.00

1380.00

1407.00

1435.00

1450.00

1468.00

1487.00

.50

.00

-1.90

-4.50

-6.30

-7.00

-7,60

-8.20

-6.70

-5.40

-4.10

-4.20

-4.30

-4.40

-5.10

-5.70

-6.40

-7.00

-7.60

-8.20

-0.50

-8.40

-9.30

-9.00

-10.30

-10.00

-11.70

-12.30

-12.90

-13.40

-13.eo

-14.10

-14.60

-15.00

-15.50

-16.20

-16.70

-17.10

-17.60

-17.90

-18.20

-18.40

Index

-----

05

86

B7

86

a9

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

10s

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

Y z

........ -------

1535.00 -19.00

15S1.00 -19.20

1569.00 -19.40

1588.00 -19.70

1611.00 -20.00

1638.00 -20.30

1665.00 -20.70

1682.00 -20.90

1702.00 -21.20

1723.00 -21.40

1743.00 -21.70

1767.00 -22.00

1791.00 -22.30

1814.00 -22.60

1840.00 -22.80

1866.00 -23.10

1883.00 -23.40

1903.00 -23.60

1924.00 -23.60

1944.00 -24.10

1967.00 -24.30

1990.00 -24.50

2009.00 -24.70

2032.00 -24.80

2055.00 -25.00

2076.00 -25.10

2101.00 -25.20

2227.00 -25.40

2153.00 -25.60

2104.00 -25.80

2217.00 -26.00

2234.00 -26.10

2255.00 -26.20

2276.00 -26.30

2295.00 -26.40s

2316.00 -26.50

2339.00 -26.60

2300.00 -26.90

2428.00 -27.10

2478.00 -27.30



Local Profile Survey Date Time Points Units

AI 20 11 9S0926 1600 116 FT

M&l - LIN2S25

Index

-----

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

30

39

Y z

.--------------

-205.00

-270.00

-255.00

-242.00

-229.00

-217.00

-201.00

-187.00

-172.00

-158.00

-144.00

-131.00

-117.00

-104.00

-90.00

-78.00

-65.00

-53.00

-40.00

-29.00

-18.00

-8.00

6.00

20.00

34.00

47.00

62.00

76.00

91.00

106.00

120.00

133.00

148.00

161.00

161.00

175.00

188.00

203.00

216.00

5.80

6.10

6.30

6.50

6.70

7.00

6.70

6.30

6.50

6.80

6.90

7.10

7.50

8.10

8.10

8.10

8.40

8.70

8.30

7.80

8.10

8.s0

8.10

7.70

7.70

7.80

7.70

7.60

7.80

7.90

8.50

9.30

10.40

11.80

11.80

10.50

8.80

8.40

7.90

Index

-----

40

41

42

43

44

45

46

47

40

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

Y z

---------------

230.00

243.00

259.00

273.00

291.00

307.00

3oe.oo

319.00

329.00

340.00

350.00

352.00

355.00

373.00

390.00

406.00

447.00

462.00

480.00

499.00

528.00

557.00

593.00

607.00

626.00

649.00

672.00

702.00

728.oo

768.00

S16.00

657.00

890.00

939.00

97e.oo

1000.00

1027.00

1054.00

7.90

7.80

7.80

7.90

7.30

6.60

6.60

5.60

4.40

3.50

2.30

2.40

2.10

1.00

1.30

.80

-1.80

-3.00

-4.00

-5.00

-6.00

-7.20

-7.80

-7.10

-6.60

-6.10

-5.70

-5.90

-5.60

-4.40

-6.90

-9.00

-10.40

-10.70

-11.10

-11.70

-12.30

-12.s0

1076.00 -13.20

Index

. . . . .

79

80

81

82

83

04

85

86

87

n8

e9

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

Y z

---------------

1102.00 -13.50

1129.00 -13.80

114B.00 -14.30

1170.00 -14.70

1193.00 -15.10

1242.00 -16.10

1257.00 -16.40

1275.00 -16.60

1294.Ob -16.60

1313.00 -17.30

1335.00 -17.eo

1357.00 -18.20

1406.00 -19.20

1425.00 -19.70

1446.00 -20.10

1469.00 -20.50

1511.00 -21.20

1S26.00 -21.40

1544.00 -21.60

1563.00 -21.70

1S87.00 -22.40

161S.00 -23.00

1643.00 -23.S0

1689.00 -23.70

1730.00 -24.20

174a.00 -24.20

1768.00 -24.30

1790.00 -24.30

1831.00 -24.80

1874.00 -2s.00

1892.00 -2S.40

1913.00 -2S.70

1934.00 -26.00

1973.00 -26.20

2014.00 -26.20

2030.00 -26,20

2049.00 -26.30

2068.00 -26.30



Local Profile Survey

N 21 11

label- LINSS50
_.*
-----

1

2

3

4

5

6

‘1

8

9

10

11

12

13

14

1s

16

17

18

19

20

21

22

7

2s

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Y

.-------

.00

16.00

30.00

44.00

56.00

72.00

86.00

105.00

122.00

139.00

154.00

170.00

184.00

202.00

218.00

237.00

254.00

269.00

283.00

297.00

310.00

329.00

347.00

363.00

377.00

394.00

409.00

424.00

437.00

452.00

465.00

479.00

492.00

506.00

510.00

535.00

564.00

S65.00

576.00

588.00

z

.....-.

7.20

6.50

5.50

5.10

4.70

4.60

4.50

4.50

4.60

4.80

5.00

4.80

4.50

4.60

4.70

4.80

,5.00

5.10

5.30

5.80

6.60

9.50

15.10

10.40

7.00

6.30

5.50

5.40

5.30

5.90

6.60

8.30

10.50

14.30

19.10

14.00

9.60

8.70

7.60

7.00

Date Time Points Units

9509261400 119 F’r

. . . . .

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

5e

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

Y z

.- . . . . . . . . . . . . .

599.00

616.00

630.00

642.00

656.00

669.00

682.00

693.00

720.00

752.00

784.00

622.00

n4B.oo

882.00

926.00

958.00

973.00

991.00

1009.00

1056.00

1086.00

1116.00

1143.00

1157.00

1190.00

1244.00

1260.00

1278.00

1297.00

1316.00

1339.00

1362.00

1408.00

1440.00

1459.00

1480.00

1502..00

1s1s.00

1537.00

1557.00

6.30

4.70

3.70

2.40

1.90

1.20

.90

.40

-1.60

-3.40

-5.30

-7.10

-8.00

-8.30

-8.10

-7.70

-6.60

-5.80

-4.90

-5.10

-6.10

-7.00

-7.80

-8.20

-9.20

-10.40

-10.80

-11.20

-11.50

-12.00

-12.40

-12.90

-13.80

-14.60

-15.00

-15.40

-15.BO

-16.20

-16.50

-16.90

Index Y z

...-. ---------------

81

82

83

84

85

86

07

ee

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

1573.00 -17.20

1592.00 -17.60

1612.00 -17.90

1657.00 -18.60

1675.00 -10.90

1696.00 -19.20

1718.00 -19.50

1737.00 -19.80

1760.00 -20.00

1783.00 -20.30

1798.00 -20.50

1016.00 -20.80

1835.00 -21.00

1854.00 -21.30

1877.00 -21.70

1900.00 -22.00

1921.00 -22.30

1945.00 -22.60

1970.00 -22.90

1991.00 -23.20

2015.00 -23.50

2039.00 -23.80

20S8.00 -24.10

2000.00 -24.30

2103.00 -24.60

2129.00 -25.00

2159.00 -25.30

2191.00 -25.60

2210.00 -25.80

2232.00 -26.10

2255.00 -26.30

2278.00 -26.70

2305.00 -27.00

2332.00 -27.30

2376.00 -27.70

2422.00 -27.90

2452.00 -28.20

2487.00 -28,40

2523.00 -28.60



bcal Profile Survey Date Time Points Unite

AI 22 11 950926 1200 82

IAbel - LINES75

Index
. . . . .

1

2

3

4

5

6

7

e

9

10

11

12

13

14

15

16

17

10

19

20

21

22

23

24

25

26

27

28

Y z

.--------------

.00

2.00

19.00

38.00

56.00

68.00

78.00

96.00

114.00

133.00

143.00

153.00

168.00

174.00

185.00

203.00

221.00

232.00

241.00

252.00

262.00

278.00

278.00

289.00

299.00

313.00

326.00

339.00

16.40

15.60

7.60

5.70

4.60

4.80

5.00

6.30

7.80

7.40

8.40

9.60

12.00

15.90

16.80

12.90

9.20

a.50

7.60

7.10

6.40

5.00

5.00

4.20

3.30

2.50

1.40

.80

Index

-----

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

Y

--------

351.00

375.00

381.00

408.00

438.00

470.00

505.00

550.00

573.00

600.00

644.00

671.00

704.00

720.00

738.00

756.00

787.00

003.00

a20.oo

83B.00

855.00

874.00

Fr

z

------

.10

-.50

-.10

-2.20

-4.00

-5.80

-7.20

-7.90

-9.30

-9.30

-9.00

-8.80

-6.70

-6.60

-6.60

-6.50

-7.40

-e.oo

-n.40

-8.90

-9.50

-9.90

894.00 -10.40

928.00 -11.30

963.00 -12.30

997.00 -13.30

1014.00 -13.90

1033.00 -14.40

Index

-----

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

01

82

Y z

---------------

1053.00 -14.90

1074.00 -15.50

1098.00 -16.10

1124.00 -16.70

1157.00 -17.30

1193.00 -18.50

1231.00 -19.30

1268.00 -20.20

1299.00 -21.00

1336.00 -21.90

1356.00 -22.30

13eo.oo -22.70

1404.00 -23.10

1450.00 -24.00

1405.00 -24.50

1500.00 -24.70

1518.00 -24.90

1536.00 -25.00

1574.00 -25.50

1612.00 -26.00

1656.00 -26.40

1698.00 -27.10

1713.00 -27.20

1730.00 -27.30

1748.00 -27.50

17aa.oo -27.90

v



Lecal Profile Survey

M 23 11

Label - Lmz600

----4X

-----

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

-3

25

26

27

28

29

30

Y z

........ .......

505.00

515;00

530.00

548.00

566.00

584.00

602.00

619.00

638.00

656.00

674.00

688.00

700.00

710.00

723.00

736.00

747.00

758.00

770.00

782.00

796.00

808.00

820.00

830.00

843.00

854.00

868.00

880.00

902.00

922.00

23.00

18.00

11.00

8.30

6.60

6.50

6.80

7.40

6.80

7.10

9.60

11.60

12.70

14.10

13.00

11.70

10.40

8.70

8.20

7.60

7.40

7.10

6.20

S.lo

4.20

2.90

2.30

1.40

.80

.10

Date Time Points Units

9509261000 89 m’

Index

-----

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

S8

59

60

Y z

-......- -..----

944.00

977.00

998.00

1014.00

1044.00

1066.00

1091.00

1117.00

1162.00

1208.00

1255.00

1294.00

1336.00

1373.00

1373.00

13no.oo

1389.00

1410.00

1437.00

1464.00

1492.00

1513.00

1537.00

1S62.00

1594.00

1606.00

1653.00

1686.00

1704.00

1724.00

-.90

-2.80

-4.50

-5.80

-7.20

-7.70

-0.10

-8.60

-8.20

-5.30

-4.40

-5.70

-6.90

-8.10

-8.10

-8.30

-8.60

-9.20

-9.80

-10.70

-11.20

-12.00

-12.70

-13.40

-13.90

-14.30

-15.00

-15.90

-16.40

-16.80

Index
-----

61

62

63

64

65

66

67

66

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

04

85

S6

87

88

89

Y

--------

1745.00

1765.00

1788.00

1811.00

1826.00

1844.00

1862.00

1900.00

1922.00

1946.00

1972.00

1994.00

2019.00

2045.00

2086.00

2117.00

2146.00

2190.00

2235.00

2282.00

2303.00

2328.00

2353.00

2370.00

2389.00

2408.00

2454.00

2501.00

2523.00

z

-------

-17.30

-17.00

-18.30

-18.70

-19.20

-19.50

-19.90

-20.80

-21.20

-21.40

-21.70

-22.30

-22.90

-23.40

-23.20

-23.80

-24.10

-24.60

-25.10

-25.60

-25.80

-25.90

-26.10

-26.30

-26.40

-26.50

-27.10

-27.60

-27.80

.
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Appendix A5
Numerical Modeling of Tidal
Hydraulics and Storm Surge

Introduction

The coastalbay of Maryland and Virginia is a coastalbarrier lagoon which
extends from AssawomanBay, MD.to ChincoteagueInlet,VA., andis
bordered by Assateagueand FenWickIslandsto the east and the Delrnarva
Peninsula to the west (Figure A5-1). The major tidal forcing comes from two
tidal inlets: Ocean City Inlet to the north and ChincoteagueInlet to the south.
The tidal range for both inlets is moderate, rarely exceeding 1.5 m, and there is
a phase difference of about 30 minutes, with Ocean City Inlet ahead of
ChincoteagueInlet. The freshwater inputs from SaintMartinRiver,Herring
Creek and Trappe Creek, the major river inputs in the region, are negligible in
comparisonto the tidal prism transportedthrough the inlets. Winds are
generally episodicwith dominantperiods at around 2-7days. In thewinter
months (November-February)northwesterlywindsdominate; for the summer
months, it is more frequentlydisruptedby southerly windsfor several days
duration. The bathymetry in the bay is generally shallowerthan 5 m with the
exception of the Ocean City Inlet, where the smur holes reach 9 m deep.

Prior to 1933, AssateagueIsland was connectedwith Fenwick Island
forming a continuousbarrier spit, extendii from the coastalheadlandof
BethanyBeach, Delaware. In 1933, a hurricane breached the barrier spit.
This breach cut the spit forming a barrier islandto the south known today as
AssateagueIsland and created Ocean City Inlet. Since the inlet formation,
barrier width along north AasateagueIsland has remained relatively constant,
but the entire island form has migrated landward. Consequently,the width of
SinepuxentBay has decreased in this area. Stormprocesses have also created a
flat overwash area as the erosion reached into the dunes (Stauble, 1994).

The objective of this study is to use the numericalmodel to simulate the tidal
hydraulics and storm surge in the coastalbay of Maryland, focusingon (1) the
potential inundationproblem in the northern AssateagueIsland and (2) the
effect of storm surgeon the barrier island and OceanCityInlet. Thestiy will

%. enhance the understandingof tidal and storm surge hydrodynamicsin the bay,
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which ultimately can provide environmental managers and resources planners
with sound knowledge and tools for evaluating their alternatives in managing
the environmental restoration programs. In particular, this model was used to
determine water surface elevations in SinepuxentBay adjacent to mainland
communities for various storm events. This was used to predict future damage
along the shoreline if a breach should occur.

To accomplish the goals, a numerical hydrodynamic model developed by
Amein and Kraus (1991), Cialone and Amein (1993) was selected to conduct
the study. The model is a state-of-the-artmodel for predicting tidedorninated
velocities and water level fluctuationsat an inlet and interior back-bay system.
It is able to describe the multi-channel inlets, simulate the ovenvash process
and more importantly, is easy to operate on a personal computer. The model
treats the entire coast of Maryland and Virginia (Figure A5-1) as one entity
instead of dividing it into separate domains. In so doing, it avoids the difflcuky
of speci@tg an open boundary condition in the interior of the bay system and
provides a more reliable and accurate solution.

The followingsection first discussesthe model formulationand is followed
by the model calibration using October 1995 monitoring data. Eighteen
historical stoma were then selected for storm surge simulationtier several
scenarios including: existingcondition (without-projectcondition), with-project
conditions and two breaching conditionsin the northern AssateagueIsland.
Finally, sensitivity tests involvingdifferent breach dimensionsare discussed.

Model Description

The numerical model selected for this study is DYNLET1, originaUy
developed by Amein (1%8) for floodflowrouting and further modifiedby
Amein and Kraus (1991), and Cialone and Amein (1993) for application in tidal
irdets. DYNLET1 solves the full onedimensional shallow water equation for
computing the tidal and storm-inducedflows in a system of “inletsand bays with
varied geometry where the flow field is not strongly 2-D. Under the
hydrostatic approximation, the model solves for surface water elevation and
depth averaged flow (or discharge). The basic equations (continuityand
momentum conservation equations) in a (y,z) coordinate system maybe
written as :

aQ+ [1dQ2=

at %7 - gAS, +gBT, - gASe - gA~
ay

(1)

~+g-q=o
ay at (2

.-.
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where

Q = volume flow rate

t = time

y = horizontal distance (along a channel)

A = cross-sectionalarea

g = accelerationdue to gravity

S,= friction slope

B = width of top of channel cross section

T, = surface shear stress due to wind

St = transition loss rate with dhtance

z = water surface elevation

q = lateralinflow or outflowper unit channel lengthper unit time

Equationsare solved numericallywith rapid convergenceusing an accumte
implicit schemeemployinga centered finitediierence schemeand the Newton
iteration method (Arneinet al., 1975).

The main inputs for DYNLET1area grid network, cross-sectional
geometry, friction factors, barrier islandelevations, and external boundary
conditions includingforcing from both tidal elevationand wind stress. The
grid network mnsists of cross-sectionsand channelswhich meet at junctions.
Cross-sections(or nodes) are definedalong the channelsat locationswhere
there is’s significantchange in cross-sectionalgeometryand each channel is
defined as the conduit between the two adjacentjunctions. In the coastal bay of
Maryland and Virginia, a total of 86 nodes and 21 channelsare defined, and
are joined by 10junctions as shown in Figure A5-2. Cross-sectionaland
topographic data wm primarily digitized Ikomthe NOAAchart 1221and
supplementedby additional informationfrom a detailed 1995, NAB
bathymetric survey data in the vicinity of Ocean City and northern Assateague
Island. For consistency, the depth and cross-sectiondata were converted to
NGVD.

The model framework allows overwashof the barrier islandduring storm
events. The procedure for simulatingbarrier islandovenvash was implemented
using a weir flow formulationas follows:

-----
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Q= CwH’%Sb

where

Cw= weir coefficient

H = water depth on the barrier island (difference behveen water surface
elevation and barrier island elevation)

B = width of the weir section defined along the axis of the barrier island

Sb = submergenceratio

The weir coefficientused in the study is 3.0, correspondingto a broad-
crested weir (King and Brater, 1%3). The submergence ratio is the ratio of tie
ocean elevation to the bay elevation and is used to determine if water is flowing
into or out of the bay. That is, as the ocean elevation rises the barrier island is
overtopped snd water flows into the bay. As the atom subsides, the raised bay
elevation can exceed the ocean elevationand then, if the bay water elevation
exceeds the weir (barrier island) elevation, flow is directed outward over the
barrier island. Using this procedure, nodes (crm—secu“ens)are defined along
the barrier islamlaud the weir elevation is designatedat user-specifiedpoints
along each cross-section. Each point on a cross-sectionthen defines a sub-
width that may or may not be submerged. In this manner, if a small portion of
a cross-section is submerged, flow over that portion can be initiated.

The model was also implementedfor simulatingthe breaching condition. In
this case, the breach is assumedto be a permanent breakthrough and ils
dimensions are predetermined. ‘flms, the boundary nodes need to be altered
timawehbe n~ma~bx fiti~mtimtie
permanent opening. Two breach nodes defined in the northern ~e
Island are node 44 and 51 (Figure AS-2)correspomlingto profiles AH and
A115(Figure A5-8). These are locations seem to be the areas most prone to
breaching. When applied to the northern AssateagueIsland, the combined-
wave-tide-stormsurge elevation (plus wave set-up) was used as the forcing
function at these nodes.

Model Calibration

Before model DYNLET1 could be applied to the study area, a calibration
process was required in order to fine-tune the model parameters and to ensure
the model accurately predicted the hydrodynamic con&ion within the Bay.
This was accomplished by comparing DYNLET1resultswiththe in-situ
surface elevation measurement and the NOAA tidal table data.
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The accuracy of the model result is greatly influencedby the accuracy of the
boundary and forcing conditions. The open-waterboundaries of the coastal
bay were driven by times series of water surface elevation recorded at an ocean
gage locatedjust north of Ocean City Inlet. These data were measured at 6-
rninute time intervals. Water levels suppliedto the model were at the 6-minute
interval and were updated via linear interpolationat the time step falling
between the 6 minute intends. At each time step the measuredhpdated water
surface level was assigneduniformly across the open boundary.

Thewind speed and directiondatawereobtainedfrommeasurements
collected at SalisburyAirport, 6 miles south-westof Ocean City Inlet and
supplementedby data collectedat the Horn Point EnvironmentalLaboratory,
University of Maryland, resulting in a 15-mininterval time series. The wind
stresses calculatedare uniformly assignedto the entire coastal bay as the
surface boundary condition.

Althoughthere is some flow occurring through the narrow channel
connectingAssawomanand Little AssawomanBays (USGSdoes not maintain a

- discharge gauging station), the northern boundary conditionat the end of
Assawomanbay was approximatedby a “nonflow condition. With the
quiescent initial state and the boundary forces described above, computations
were made on the numericalgrid for the time span which began on October 17,
1995 at 00:00 EDT and concludedat October 27, 199512:00 EDT.

Field data collectedby a contractor working for NABduring an October,
1995survey were provided for comparisonwith the model results. These data
consistedof time series of water surface levels recorded at George Island
Landing (station id 30236), Public Landing (stationid 30269), Ocean City
Coast Guard Station (stationid 30056)and Upper AssawomanBay (station id
30301), as shown in Figure A5-2. Water levelswere recorded by a micro-tide
gauge with a frequency of 50 samples/see.After averaging, a time series was
produced with a 6 minute time interval.

Calibration was performed primarily through adjustingthe bottom friction
coefficient Manning’sn. In the first stage, a global coefficientwas specified
throughout the grid and the model was run over a wide range of values, from
0.020 to 0.045. The final values of ManningCoefficientof friction 0.025 were
used at nodes 1-39,0.03 at nodes 40-54,0.035 at nodes 55-61,0.04 at nodes
62-65, and 0.035 at nodes 66-86.

The modeled water level &ta were saved at interior nodes 16,28,63 and
86, which correspond to the measurementstationsGeorge Island Landing,
Public Landii, Ocean City Coast Guard Stationand Upper AssawomanBay
respectively. F@uresA5-3 - A5-6 show the comparisonbetweensimulation
results and the in-situmeasurementsat each of the stations. Overall, the
modeI accurately reproduces the water surface level time-historiesfor all the
gauging stations during the dlbration period. The predicted water levels were
within 0.03 m of the measured water level. The correlation coefficientsare
0.86,0.90,0.84 and 0.89 shown at the lower right comer of each figure,-...
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respectively. The comparisons of calculated tidal range and the tidal lags with
previous published data (Dean et al., 1979)and data obtained from NOAA
tidal tables also show reasonable agreement, as shown in Figure M-7.

During the calibration period, the coastal bay experienced a strong wind
event between day 21 though day 23 when the wind speed increased !koman
average of 2 ndsec to 7 rdscc (peak wind 10 mhec) and blew persistently fkom
the northeast. During the event, the measured mean water level experienced an
approximate 0.3 m mean water level variation. The simulated water level
accurately replicates the low Iiequency mean water surface oscillation,
indicative of proper model response to the wind forcing.

Based upon the results shown above, the conclusion is that the model
responds to the boundary forcing quite accurately both in terms of tidal and
wind driven circulation. As a result, the cotiidence of the model’s capability
to accurately compute tidal hydraulics and storm surge was established. The
model was then further applied to various scenario runs, which will be
presented in the followingsections.

Storm Surge Scenarios and Model Results

Storm surge is the oscillationof the water level in a coastal or inland water
body that can range fkoma few hours to a few days, as a result of forcing from
the atmospheric weather system. Tropical storms (hurricanes) and extra-
tropical storms (northeasters)are not uncommon occurrences along the Middle
Atlantic coast. As a barrier island protecting the Maryland and Virginia coast,
northern AssateagueIsland has long been experiencing serious erosion,
presumably due to the intempdon of the longshore drift by ocean City Inlet
(Leathemian, 1979). Therefore, it is particularly susceptibleto the storm surge
associated with the passage of extra-tropical and tropical storms and can result
in damage to the barrier island and cause inundation inside the coastal bay.

-.”-

Our task here is to focus in on the issues of storm induced water level and
flow rate changes in the vicinity of northern AssateagueIsland. ‘his section
describes the scenarios used and the results from the dlbrated model. The
scenarios include (1) existing condition (without-projectcondition) (2) with-
project condition and (3) breaching conditions.

Storm Histories

Eighteen historical storms from 1933-1992includingboth tropical ad extra-
tropical storms were simulated using numerical models by a mntractor working
for NAB. After being mmbiried with the randomly selected astronomical tide,
the storm-plus-tidehydrographyare used at Ocean City and Chincoteague inlets
as boundary conditions. Next, the wave setup, determined from SBEACH
(Larson et al.,1990; Wise et al., 1996), was added to the surge-plus-tidewater
elevation for each of the storms to obtain a total water level time series for each
storm. Table A5-1 shows the peak values of wave height, wave period, and
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the combinedwater level and wave setup for each storm. The toti water level .
time series were used as the boundary conditionfor the breach and overwash
boundary nodes.

Existing Condition (Without-Project Condition)

Thefirst set of DYNLET1stormsimulationsconductedwerefor existing
conditions (without-projectcondition)at northern AssateagueIsland. They
serve as a base condition for later comparisonwith the other scenario runs.
Topographicdata measured in September, 1995(Figure A5-8) were used to
determine the maximumdune elevationalong the barrier island. These data
were used in DYNLET1as the weir elevation, which serves as the threshold
value for overwash. That is, when the storm water level exceeds the weir
elevation, overwashwill occur. Figure A5-9 shows an example of the
overwash which was computedfor the January 2, 1992storm. The simulation
started on December30 at 12:00 EST and concludedat January 6, 12:00 EST.
The fmt 60 hour is for the model spin up. The actual storm surge started on
January 1 at 15:00 EST (corresponding to hour 75), peaked at 22:00 EST
(correspondingto hour 82) and the entire event lasted for 3 days. It was
obviousthat ovenvash occurs only during the short duration when the wave-
plus-tide-phwstorm surge exceeded the thresholdvalue. The flow rate
associatedwith overwashwas shownranging horn 5 to 15 cndsec at the peak
value during the storm period. .

With the built-inoverwashalgorithm, the model was used to simulateall 18
storms and results were recorded at 8 nodal locationsalong the northern
AssateagueIsland (Figure A5-10). The peak water levels of each stationwere
analyzed and shown in Table A5-2. From the table, it is seen that the peak
water level at node 55 is the highest amongdifTerentnodesanddecreases as it
goes toward other stations in the south. This gradient of water level from north
to the south is an indicationthat the stoxmelevationsare mainly forced by the
surge through the Ocean City Inlet. The overwash, though occurred in the
middle reach, ha effectremained minor in determining the peak water level.

During the entire 1933-1992span, the average increase of water levelsdue to
the storms are in the range of 0.5 m to 1.5 m with the highest water level 1.83
m (above NGVD) was recorded during the 1%2 storm, followedby 1.71 m
during December 1992storm.

Wkh-Project Condition

The second set of DYNLET1storm simulationswere made for with-project
conditions, which called for raising the berm elevationfrom 2.5 m to 3.3 m, as
shown in Figure A5-8. After modiii the barrier islandwith the new berm
elevation, the 18 storms were simulatedand the peak water levelswere
recorded. Table A5-3 showsthe simulated waterlevelfor with-project
concWionandTableAW showsthedifferencebetweenexistingconditionand
the with-project condition.
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From the numerical model point of view, raising the berm elevation is
equivalent to increasing the threshold for the ovcrwash and hence reducing the
frquency of its occurrence. Bye xamining Tables A54 and A5-1, the
overwash occurrence frquency was 1 out of every 2 storms for the existing
condition, and none for the with-project condition, a 100% reduction. At a
closer look from the result in Table A54 shows that the benefit mainly came
from those storms which had a peak water level exceeding 2.5 m but less than
3.3 m, including storms in Jan 64, Jan 92, Mar 62, Sep 33, Sep 44, Sep 56,
Nov 81, and Dcc 92. Table A5-3 again shows that the recorded storm water
levels are higher in the Ocean City Inlet and lower toward the south, an
indication that storm surge is coming through the Ocean City Inlet.

Breach Conditions

A breach and overwash both can occur as a result of ocean or bay storm
surge. A breach allows free communicationbetween the ocean and bay, and
permits the exchange of water and sediment for a longer interval than the
duration of the storm; whereas, ovenvash only lasts for the duration of the
stoxmand does not occur under typical astronomical tide conditions.
Furthermore, the volume of water through the breach can be much largerthan

overwash and hence can sipifkmtly affectboth the water leveland the flow
rate in the bay.

In order to assess the impact of a breach on the northern Assateague Island,

the two low-lying areas,proillesA15andA115shown in the Figure A5-8, were
identified as the potential breaching locations. Profile A15was represent by
node 51 (referred to as northern breach) and the profileA115was represented
by node 44 (referred to as southern breach). ltisassumed thatordy one breach

willoccur at a time and therefore the two breach scenarios, northern and
southern breaches, were run as separateevents. Sincenobreach dimensions
are available, the 1%2 breaching condition (570 m in width and 1.53 m in
depth) was adopted and used for the all different simulations.

Notiem Braach

For the northern breach scenario, the permanent breakthrough was placed at
node 51 and the elevation of the barrier island remaimd at the existing
condition. The results of peak water level for the eighteen storms are shown in
Table A5-5. When mmpared to the existing condition, the magnitude of the
peak water level was shown to increase signiilcantly. For instance, the peak
water level was 1.62 m above NGVD for existing condition during the January
1992 storm; and for the breach condition it was 2.19 m (due in part to the
contribution of wave set-up), an increase of 35 %. Furthermore, the spatial
distribution of the water level was also changed. The largest water level was
now centered at node 49 near the breach, decreasing both to the north and the

south. The implication is that there is a piling of water near the point of
breach. W isin contrastto the existingand with-projectcondition whereby

the water level gradient is fkomthe north to the south. The time series analysis
of water levels and flow rates were ~ conductedto show the temporal
t
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response to the January 1992stcmn. Figure A5-11 shows the water elevation
at node 54 peaked at 2.19 m at hour 82 which is consistentwith the time of the
storm’s peak elevation, sn evidence that excess water was pumped into the bay
from the breach. The flow rate at node 54, shown in FigureA5-12,indicates
that the tidal prism was overcomeby a unidirectionalnorthward net flow
(represented by positive flow) toward Ocean City Inlet. The flow rate at node
64 located at Ocean City Inlet showsthat while the tidal prism was partially
restored, there was still a net outward velocity flow (positivevelocity shown in
Figure A5-13) which increases the ebb tide and deceases the flood tidal flow.
When the flow rate and water elevationtime series were further examinedat
node 67 (located at the entrance of Isle of Wight Bay north of Ocean City Inlet)
the results from breaching conditiondoes not show much differences from that
of existingcondition, as shownin Figure A5-14. This indicates that the breach
occurred in the northern AssateagueIsland do not have significanteffect on the
tidal hydraulic north of Ocean City.

Southern Breach

The locationof the southernbreach is at node 44 and the elevationof barrier
island again remainedat the existingrendition. The breach dmensions used is
the same as that of northern breach. With the barrier islandgeometry
modified, the 18 storm simulationswas repeated.

The results of peak water level for the eighteenstorms are shown in Table
M4. When compared to both the existingconditionand the northern breach

condition,the increaseof the peak water levelisshown to be the most. For

hstimce, the peak water levelwas 2.51 m above NGVDduring December
1992storm; which is 47% more than that for the existingconditionand 7 %
more than the northern breach case. During the March 1%2 storm, the peak
water level for the southernbreach was 2.36 m, which is 29% more than
existing conditionand 5 % more than the nonhero breach. In other words,
given the same storm and the breach conditions,the southernbreach is more
likely to generate a larger peak water elevationthan other scenariosconsidered
and thus, poses a higher risk for floodingin this region.

The spatial distributionof the water level was highestnear the breachat
node 41 and decreased both to the north and the south, implyingthe pilii of
water near the point of breach. An analysisof water levels and flow rates was
also conducted to show the temporal response to the January 1992storm.
Figure A5-15 showsthe water elevationpeaked at 2.36 mat hour 82, the same
time when storms peaked at the breach and water was pumped into the bay
through the breach. The flow rate at node 54, shown in Figure A5-16,
indicates that the tidal prism was overcomeby a unidirectionalnorthward net
flow toward Ocean CityInlet. Theflowrateatnode64nearOceanCityInlet
indicatedthat,whilethe tidal prism were pardally restored, there was still a net
outward velocity flow (positivevelocity represents an outward flow) which
increased the ebb flow and deceased the flood flow, as shown in Figure A5-
17, similar phenomena found in the northern breach. When the flow rate and
water elevation were examinedat node 67 located at the entrance of Isle of.-.
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Wight Bay, north of Ocean City Inlet, again they were very little affected
(Figure A5-18), inchcatirigthat the southern breach has no significant effect on
the bay north of Ocean City.

Discussion and Conclusion

One of the uncertainties involved in the scenarios runs is the specificationof
the breach dimension. Sensitivitytests were conducted using different
combinationsof the breach dimensions. For each of the breach locations
(northern and southern breaches), eight different cases were @ted using
combinationsof four widtha (250 m, 570 m, 750 m and 1000 m) and two
depths (1.07 and 1.52 m). All sensitivitytests were conducted with the January
1992 storm. Since the amount of water flowing through the breach was
generally proportional to the dimensionof the breach, we expect that with
increasing breakthrough area (width times depth) the peak water level will
increase accordingly. The results in Table A5-7 indeed show that the peak
water level increases as the breach dimension increases. However, we
observe that the rate of increased water level was significantlyreduced beyond
the width of 750 m in the northern AssateagueIsland simulation.

A numerical model DYNLET1 with a built-in overwaahalgorithm was
developed to simulate the storm surge and tidal hydraulics in the coastal bay of
Maryland. The calibrated model compared well with the 1995October data
and was utilized to assess the impact of the storm surge at the northern
Assateague Island. Three scenarios were comlucted: existing condition, with-
project condition ad breachhg conditions. The mnprison of existing
condition and the project condition shows that the increase of dune elevation, in
general, reduced the threshold for overwash and subsequentlyreduced the
frequency of overwash. However, the benefit is only obtained for large storms
whose peak water level exceeds the existing low-lyinglevel, 2.5 m. For the
breach scenarios, the model results show that a breach has ti more impact on
the alteration of local water level and the flow rate. The breach always
generates a large peak water elevation locally near the breakthrough, with the
southern breach generating the largest water elevationsamong all conditions
studied. Increases of local water levels exceeding 2 m are not uncommon in
the case of breaching. The largest increase of water level for the 18 storms
simulated reached a peak water level of 2.51 m during December 1992storm at
the southern breach. The change of flow rate associatedwith the breaches
shows that when the flow enters the bay through the breach, the water level on
the bay side of the breach increases first. The excess water are then discharged
to the north and to the south of the breach. The flow to the north actually
generates a net outward flow flushing the excess water out of Ocean City Inlet;
by so doing, it practically changes the tidal prism in the Ocean City Inlet:
increasing its ebb flow and decreasing the flood flow. The model showed little
evidence of breaching effect being extended into the northern portion of the
bay, north of Ocean City Inlet, presumably because much larger volumes of
water were transported by the normal tidal prism through the northern bay
region.

.-
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Figure A5-3. Comparison of water elevation between model simulation and measured data at George Island Landing station
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Table A5-1
Maximum wave and water level characteristics for infrequent
storms

Date Wave Wave SWL SWL + Run-up
Hgt (m) Per (see) Setup

yrmd On) (m) (m)

330914 3.8 11 1.7 2.5 3.3

440914 2.9 9 2.1 2.7 3.5

560316 2.3 6 1.3 1.8 2.7

560411 5.5 11 1.4 2.5 3.2

560925 3.9 10 1.6 2.6 3.1

600912 3.3 9 1.4 2.1 2.9

620305 5.9 17 2.2 2.7 3.8

621102 4.0 9 1.6 2.4 3.0

640112 5.2 13 1.6 2.7 3.4

710406 3.0 9 1.4 2.2 2.9

741201 3.4 13 1.2 2.1 2.8

760409 3.7 8 1.1 1.8 2.5

780206 3.3 10 1.3 1.9 2.9

811111 5.7 10 1.5 2.7 3.2

830211 3.5 9 1.5 2.3 3.1

850926 3.0 9 1.8 2.5 3.1

920102 4.1 17 2.0 2.8 3.7

921210 4.4 ~3 1.9 2.8 3.4



Table A5-2
Without Project. (meters/NGVD) I
Storm Node Node Node Node Node Node Node Node

40 41 46 47 48 49 54 55

Jan64 0.73 0.82 0.91 0.96 1.04 1.09 1.21 1.33

Jan92 0.88 0.99 1.08 1.15 1.25 1.32 1.45 1,62

Feb78 0.59 0.61 0.69 0.74 0.82 0.88 0.99 1.09

Feb83 0.61 0.66 0.74 0.82 0.91 0.98 1.11 1.24

Mar56 0.68 0.67 0.73 0.77 0.85 0.90 1.00 1.11

Mar62 1.54 1.56 1.58 1.59 1.63 1.66 1.73 1.83

Apr56 0.54 0.56 0.62 0.70 0.81 0.87 0.98 1.13

Apr71 0.61 0.63 0.67 0.71 0.83 0.89 1.02 1.16

Apr76 0.55 0.59 0.64 0.67 0.73 0.75 0.85 0.94

Sep33 0.89 0.92 0.92 0.94 1.05 1.12 1.26 1.40

Sep44 0.75 0.88 1.03 1.12 1.25 1.37 1.53 1.69

Sep56 0.96 1.03 1.09 1.13 1.19 1.23 1.31 1.40

Sep60 0.66 0.71 0.78 0.84 0.92 0.98 1.10 1.22

Sep85 0.72 0.80 0.92 1.01 1.12 1.20 1.36 1.52

Nov62 0.95 0.97 1.00 1.02 1.05 1.07 1.19 1.32

NOV81 0.87 0.98 1.04 1.08 1.12 1.16 1.23 1.31

Dec74 0.52 0.53 0.59 0.66 0.76 0.82 0.94 1.06

Dec92 1.39 1.55 1.57 1.59 1.62 1.65 1.68 1.71

-

.-.
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Table A5-3
With Project. (meters/NGVD) I

1

Storm Node Node Node Node Node Node Node Node
40 41 46 47 48 49 54 55

Jan64 0.70 0.74 0.82 0.89 0.99 1.05 1.19 1.32

Jan92 0.75 0.82 0.93 1.02 1.16 1.25 1.41 1.60

Feb78 0.59 0.61 0.69 0.74 0.82 0.88 0.99 1.09

Feb83 0.61 0.66 0.74 0.82 0.91 0.98 1.11 1.24

Mar56 0.68 0.67 0.73 0.77 0.85 0.90 1.00 1.11

Mar62 1.52 1.49 1.50 1.51 1.55 1.59 1.69 1.81

Apr56 0.54 0.56 0.62 0.70 0.81 0.87 0.98 1.13

Apr71 0.61 0.63 0.67 0.71 0.83 0.89 1.02 1.16

Apr76 0.55 0.59 0.64 0.67 0.73 0.75 0.85 0.94

Sep33 0.89 0.91 0.92 0.94 1.04 1.11 1.25 1.40

Sep44 0.60 0.69 0.86 0,99 1.15 1.25 1.46 1.67

Sep56 0.93 0.98 1.05 1.09 1.16 1.20 1.29 1.40

Sep60 0.66 0.71 0.78 0.84 0.92 0.98 1.10 1.22

Sep85 0.70 0.78 0.90 0.99 1.11 1.20 1.36 1.52

Nov62 0.95 0.97 1.00 1.02 1.05 1.07 1.19 1.32

NOV81 0.83 0.82 0.87 0.92 1.00 1.05 1.16 1.28

Dec74 0.52 0.53 0.59 0.66 0.76 0.82 0.94 1.06

Dec92 1.30 1.29 1.32 1.35 1.41 1.46 1.56 1.68

\



Table A5-4
Difference Between With Project and Without Project Conditions.
(meters/NGVD)

Storm Node Node Node Node Node Node Node Node
40 41 46 47 48 49 54 55

Jan64 .03 .08 .09 .07 .05 .04 .02 .01

Jan92 .13 .17 .15 .13 .09 .07 .04 .02

Feb78 o 0 0 0 0 0 0 0

Feb83 o 0 0 0 0 0 0 0

Mar56 o 0 0 0 0 0 0 0

Mar62 .02 .07 .08 .08 .08 .07 .04 .02

Apr56 o 0 0 0 0 0 0 0

Apr71 o 0 0 0 0 0 0 0

Apr76 o 0 0 0 0 0 0 0.

Sep33 o .01 0 0 .01 .01 .01 0

Sep44 .15 .19 .17 .13 .1 .12 .07 .02

Sep56 .03 .05 .04 .04 .03 .03 .02 0

Sep60 o 0 0 0 0 0 0 0

Sep85 .02 .02 .02 .02 .01 0 0 0

Nov62 o 0 0 0 0 0 0 0

NOV81 .04 .16 .17 .16 .12 .11 .07 .03

Dec74 o 0 0 0 0 0 0 0

Dec92 .09 .26 .25 .24 .21 .19 .12 .03
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Table A5-5
North Breach. (meters/NGVD) II
Storm Node Node Node Node Node Node Node Node

40 41 46 47 48 49 54 55

Jan64 1.34 1.54 1.69 1.80 1.98 2.11 1.93 1.58

Jan92 1.43 1.62 1.77 1.87 2.04 2.19 2.09 1.92

Feb78 0.83 0.95 1.10 1.22 1.38 1.48 1.39 1.24

Feb83 1.06 1.22 1.39 1.52 1.71 1.86 1.72 1.47

Mar56 0.88 1.00 1.13 1.24 1.41 1.52 1.42 1.28

Mar62 1.82 1.95 2.02 2.07 2.16 2.24 2.18 2.07

Apr56 1.00 1.15 1.35 1.49 1.73 1.89 1.71 1.39

Apr71 0.89 1.03 1.23 1.38 1.63 1.79 1.64 1.39

Apr76 0.80 0.92 1.06 1.16 1.31 1.41 1.29 1.10

Sep33 1.18 1.36 1.51 1.64 1.83 1.97 1.85 1.64

Sep44 1.24 1.42 1.62 1.78 2.05 2.24 2.16 2.00

Sep56 1.39 1.55 1.68 1.79 1.97 2.09 1.93 1.60

Sep60 0.95 1.08 1.24 1.38 1.57 1.69 1.59 1.41

Sep85 1.16 1.33 1.51 1.68 1.91 2.06 1.97 1.79

Nov62 1.22 1.35 1.51 1.63 1.83 1.96 1.82 1.55

NOV81 1.48 1.68 1.81 1.90 2.05 2.18 1.97 1.52

Dec74 0.93 1.07 1.21 1.34 1.54 1.67 1.52 1.25

Dec92 1.82 2.04 2.11 2.16 2.25 2.33 2.18 1.90

.

.



ITable A5-6
South Breach. (meters/NGVD) II

1

Storm Node Node Node Node Node Node Node Node
40 41 46 47 48 49 54 55

— ~ -

Jan64 2.04 2.30 2.25 2.21 2.12 2.05 1.89 1.57

Jan92 2.11 2.36 2.33 2.31 2.25 2.21 2.11 1.92

Feb78 1.37 1.57 1.53 1.51 1.46 1.43 1.35 1.24

Feb83 1.80 2.03 2.00 1.97 1.90 1.85 1.72 1.46

Mar56 1.40 1.62 1.58 1.55 1.51 1.48 1.39 1.27

Mar62 2.12 2.36 2.32 2.30 2.26 2.23 2.18 2.07

Apr56 1.83 2.02 2.01 1.97 1.89 1.i2 1.63 1.37

Apr71 1.73 1.91 1.88 1.86 1.80 1.75 1.60 1.37

Apr76 1.33 1.51 1.47 1.45 1.39 1.34 1.23 1.09

Sep33 1.93 2.16 2.13 2.10 2.03 1.98 1.86 1.64

Sep44 2.16 2.42 2.40 2.38 2.33 2.30 2.20 2.01

Sep56 2.03 2.27 2.23 2.19 2.11 2.05 1.90 1.60

Sep60 1.56 1.81 1.76 1.73 1.67 1.63 1.55 1.40

Sep85 1.98 2.23 2.19 2.16 2.11 2.06 1.97 1.79

Nov62 1.88 2.13 2.08 2.03 1.97 1.92 1.78 1.55

NOV81 2.12 2.39 2.33 2.30 2.20 2.14 1.94 1.52

Dec74 1.60 1.81 1.76 1.73 1.66 1.60 1.45 1.24

Dec92 2.23 2.51 2.50

w



... Table A5-7 II
Breach Sensitivity. (meters/NGVDl

North Breach Node Node Node Node Node Node Node Node

Width Depth 40 41 46 47 48 49 54 55

250 1.07 1.31 1.49 1.65 1.74 1.87 1.95 1.93 1.87

1.52 1.33 1.51 1.67 1.76 1.89 1.97 1.95 1.88

570 1.07 1.53 1.74 1.92 2.02 2.16 2.25 2.19 1.95

1.52 1.54 1.75 1.92 2.01 2.16 2.26 2.19 1.96

750 1.07 1.56 1.78 1.95 2.04 2.19 2.29 2.22 1.97

1.52 1.56 1.77 1.94 2.04 2,18 2.28 2.21 1.96

1000 1.07 1.58 1.80 1.97 2.07 2.21 2.31 2.24 1.97

1.52 1.59 1.80 1.97 2.07 2.22 2.31 2.24 1.97

South Breach Node Node Node Node Node Node Node Node

Width Depth 40 41 46 47 48 49 54 55

250 1.07 1.70 1.92 1.91 1.90 1.89 1.88 1.86 1.82

1.52 1.72 1.95 1.93 1.92 1.91 1.90 1.88 1.84

570 1.07 1.99 2.24 2.21 2.18 2.14 2.12 2.07 1.91

1.52 2.02 2.26 2.23 2.21 2.17 2.14 2.09 1.91

750 1.07 2.07 2.33 2.30 2.27 2.23 2.20 2.14 1.93

1.52 2.08 2.33 2.30 2.28 2.24 2.22 2.16 1.93

1000 1.07 2.10 2.36 2.33 2.31 2.27 2.24 2.18 1.94

1.52 2.10 2.35 2.32 2.30 2.26 2.24 2.17 1.94

k.
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APPENDIX B

Geotechnical Design Analysis

>.

1. Purpose and Scope: The purpose of this study is to identi~, from a geotechnical standpoint,
the most appropriate source of beachfill material to utilize for the restoration of Assateague
Island. The study includes an assessment of the properties of the native beach sand, and potential
borrow sources for obtaining the material. Economic, environmental, and other appropriate
criteria were taken into consideration in the selection process. This study was prepared in the
Dktrict’s Dams and Embankments Sectio~ Geotechnical and Water Resources Branch (CENAB-
EN-GD) by James R. Snyder P.E. under the supervision of Mr. O. Davis Ditman.

2. Beach Sampling and Analysis: The determination of a “composite” gradation to represent
the native beach material was based on gradation data obtained from grab samples taken in
November 199s. The beach samples consisted of sepsrate samples for 13 profiles taken at the
dune base, mean high water, mid tide, mean low water, in the trou~ on the bar crest, and at the -
3.05 and -6.10 meter (-10 and -20 foot) elevations. Composite gradations and design
parameters were calculated for various combntions of the existing beachfill. The resulting mean
phi values are presented in Section B-1, A composite gradation representing samples fkomthe
mean high water, mid tide, and mean low water locations was selected to represent the “native
beach” material for determining the suitability of borrow sources. This selection is mnsidered
consistent with the methodology presented in Coastal Engineering Technical Note II-29, “Native
Beach Assessment Techniquesfor Beach FiIIDesign”. As shown in Section B-1, a mean phi
(+.) value of 1.62 (0.33 mm) and a standard deviation (q) of 0.80 phi have been selected to
represent the native material in the analysis.

3. Borrow Area Analysis:

3.1 General: Only offshore areas have been considered in this study. It has been assumed
that the expense of trucking material from a land based borrow and the potential disruption of the
environmentally sensitive island by truck haul operations would make offshore dredging the only
viable alternative. Numerous offshore shoals could be considered as potential sources for
obtaining beach fill material. Several known offshore sources were eliminated from consideration
for various reasons. Borrow Area 9, located about 5.6 kilometers (3.5 miles) offshore from the
northern end of Oceau City, MD, has a significant quantity of material available. However, this
area has previously been used and is proposed for Mure use for nourishment of the Ocean City
beach and may not be available for use on Assateague. The distance from the placement site
would also be a significant cost factor. Borrow Area 1 (ebb tidal shoal) is located off the northern
end of Assateague Island. Previous studies have shown the sand to likely be too fine grained,
with mean phi values in the 1,8 to 2.0 range. Sand from the back bay areas west of Ocean City is
also considered to be too fine for use as beachfill.

3.2 Potential Borrow Areas: Four shoal areas were selected for consideration as borrow
sources for the project. Criteria used for the selection included: proximity to the project area; and
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potential for producing an adequate quantity of sand with an appropriate grain size distribution.
A report published by the Maryland Geological Survey entitled Potential O#shore Sired
Resources in CentralMrryland Shod Fiek& (September 1994, by Robert D. Conkwright and -

Rebecca A. Gast) was utilized in the initial screening. The areas selected included Little Gull Bank
and Great Gull Bank shoals, which are relatively close to shore; and shoals designated as B &C,
which are fhrther offshore, but, according to the tiorementioned MGS report, had a higher
potential for producing adequate quantities of quality beachfdl sand. The location of the shoals is
presented on Figure 1-2 in the main report.

3.3 Borrow Exploration: Vlbracore drilling in the four proposed borrow areas was performed
during October and November 1995 by Ocean Surveys Inc., under contract to the Baltimore
District. Thirty-five holes were accomplished at spacings of approximately 914 meters (3000
fro). The hole locations are shown on the fold-out plates in Sections B-2, B-3, and B-4. The
vibracoring was accomplished utilizing an 0S1 Model 1500 Vlbracore with the characteristics
indicated in the notes to the logs. Refbsal was defied in the field when the penetration rate was
less than 0.3048 meters (] foot) in 3 minutes. The purpose of the drilling was to determine the
general characteristics of the proposed borrow areas, and to determine their suitability for use as a
beachfill material source. Additional drilling will be accomplished in the selected area during the
plansand specifications stage, to more accurately define the horizontal and vertical limits of
suitable material.

3.4 Sample Preparation and Testing: Vlbracore sampks were cut into 1.524 meter (5-foot)
maximum lengths and sealed by the drilling contractor prior to delivery to the District Soils
Laborato~ at Fort McHenry. Samples were contained in 8.38 cm (3.3 inch) diameter clew Lexan .<
tubing (core liner). Samples were cut in half longitudinally in the lab and viswdly examined by a
geotechnical engineer. Trench samples were obtained along the axis of one hslfof the core for
each visually distinctive material in the core. The remaining half of each core was placed in a
plastic sleeve, sealed, labeled, and archived by the Maryland Geologic Survey. Mechanical
analyses were performed on each selected sample utilizing screens corresponding to the
Wentworth size designations. Final drill logs are presented in Section B-5.

3.5 Analysis of Data: The proposed borrow areas were divided into sub-areas for analysis based
on general mean grain s@ediihrences. These sub-areas are shown on the fold-out plates in
Sections B-2, B-3, and B-4. Additional adjustments in the areas were subsequently made to
eliminate from consideration areas defined as “fish havens” as indicated on the revised plates
shown in Sections B-2(a), B-3(a), and B4(a). Composite gradations representing each sub-area
or combinations of sub-areas were calculated for various slice elevations, both cumulatively from
the surface and for individual vertical (generally 1.524 meter (5-foot)) increments. In calculating
the composite all samples were weighted in direct proportion to the length represented by each
sample fting within the vertical increment being studied. Where the total length of a gradation
sample lay only partially within the study increment, only the length within the increment was
considered as the weighting factor. Since the spacing of the drilling was relatively unifo~ no
areal weighting factor was applied. AUcalculations, including determinations of composite
gradations, and mean and standard deviation values, were performed utilizing a program written
by Thomas Ressiq CENAB-EN-G. The data base for the program includes gradation data
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(percent passing on designated Wentworth sieves) labeled as to hole number, sample number, and
-. elevation limits for each sample. Equation 4-3 born the Shore Protetiion ~u~ M = (@16+

@50 + OU) / 3] was used for calculation of the mean diameter of the material for use in the
analysis. Input for each calculation run includes holes to be considered in the study field and
elevation limits of the vertical slice to be considered. Results of the analysis are presented in
Sections B-2, B-3, and B-4 in the tables showing Mean Phi values (+.) and Standard Deviations
(at) for the various areas and vertical increments. Selected gradation cumes depicting “typicaI”
composite gradations are ak presented in the dorementioned sections.

4. Determination of Overfill and Renourishment Factors: The method presented in Section
III of Chapter 5 in the Shore Protection Manual was used to calculate the anticipated overfill
factor @a) and the renourishment factor @j) for the proposed borrow areas and sub-areas. The
Automated Coastal Engineering System (ACES) program was used to petiorm the calculations.
The results, including estimated quantities of available beach fill material, are presented in
Sections B-2, B-3, and B-4.

5. Summary and Conclusions: Sand material suitable for restoring the beach on Assateague
Island can be obtained horn portions of Shoal B, Great Gull BanlG and Little Gull Bank. A
significant quantity of material from each of these areas has a grain size distribution such that an
overfill fmor of 1.0 would be realized. Only the design beach fill template quantity would
therefore have to be dredged and placed if any of these areas are used. Approximately
36,700,000 cubic meters (48,000,000 cubic yards) are available from Shoal B, with lesser
amounts available ftom Great Gull and Little Gull Banks. The renourishment fwors calculated
for these areas is less than 1.0, indicating that the beach retreat rate would be less than the
existing rate. Theoretically, fier the first renourishment cycle, renourishment would be required
less often than the calculated retreat rate would indicate. Material from Shoal C has been
determined to be too fine for consideration as beach fill.

6. Recommendations: The initialrestoration contract will require placement of approximately
1,400,000 cubic meters (1,830,000 cubic yards) of sand. Since this material is available fkom
either Little Gull Bank or Great Gull Ba.nlqthese areas are recommended as the initial source of
material. Shoal B is significantly fhrther from shore and would be less cost effixtive to use. Sub
area I of Great Gull Bank has been selected for use. The materiaJ from this area more closely
matches the gradation of the native material than does that from Little Gull Bank. Also, Great
Gull Bank is slightly further offshore than Little Gull BanlGand its mining would have minimal
influence on shore erosion. (see Appendix A) Final design level drilling (vibracoring) will be
accomplished in this area with hole spacings at approximately 300 meter (1000 foot) intervals
during the plans and specifications stage.

B-3



L.

SECTION B-1

NATIVE BEACH ANALYSIS



001

OCWR Assateague

MEi. .AXLS

002 003 004 005 006 007 008

/s/and
Profile Dune Base MHW

675 1.62 2.05

625 1.86 1.90

575 1.87 1.75

525 0.85 1.54

475 2.07 2.03-

425 1.79 1.37

375 1.93 2.05

325 2.02 1.55

275 1.61 1.80

225 1.84 1.77

175 1.41 1.67

125 i.77 1.85

50 1.61 1.65

Mean phi values - native beach “(phi50) COMPOSITE

Mid Tide MLW Trough Bar Crest EL-10 EL-20 mesn phi std dOV

1.98 -0.01 2.% 2.72 1.81 4.18 2.08 1.03

1.71 1.37 1.45 1.94 2.97 2.33 1.95 0.83

1.92 1.65 2.31 1.58 2.30 3.37 2.16 0.81

1.91 0.37 0.56 1.89 5.54 ‘5.90 1.95 2.03

1.80 0.87 2.46 2.65 3.32 3.27 2.43 0.89

i .73 1.89 2.45 2.49 ●6.45 7.35 2.31 0.95

1.51 2.12 1.22 1.20 “4.64 1.69 1.69 0.89

1.58 1.41 2.45 2.55 2.02 2.11 2.01 0.76

1.08 1.71 2.09 2.36 2.80 2.83 2.04 0.88

0.89 1.46 2.4f 2.32 “7.28 2.57 2.17 1.11

1.64 -0.47 1.64 1.92 2.49 1.69 1.68 0.85

1.92 1.33 1.50 1.51 2.48 2.56 1.86 0.78

2.11 1.54 1.80 2.23 1.94 2.71 1.97 0.78

mean phi 1.78 1.77 1.72 1.15 2.01 2.18 2.50

Stddev 0.63 0.60 0.65 1.45 0.82 0.70 0.57 f: .&zQ!!&!
/ .##y::%?#

mean phi

Stddev

mean phi

Stddev

mean phi

Stddev

mean phi

ald dev

(Staubla & Heal)

I 1.80 I

I 1.80
I

1.77

0.77



. .... . . . .’. .

PWW+Mid Tide+MLW

Holes used: 05002 05003 05004 12502 12503 12504 17502 17503 17504
22502 22503 22504 27502 27503 27504 32502 32503 32504 w,,-. 37502 37503 37504 42502 42503 42504 47502 47503 47504
52502 52503 52504 57502 57503 57504 62502 62503 62504
67502 67503 67~04

lmalysis from 0.0 to -1.0
Total core length in samples: 39

Computed Gradations

Phi Sieve Size: -3.00 -2.00 -1.00 +0,00 +0.50 +1.00 +1.50 +2.00”
Percent Finer: 99.53 98.10 95.38 92.16 88.29 80.12 64.40 33.51

Phi Sieve Size: +2.50 +3.00 +4.00
peycent Finer: 9.63 1.75 0.51

Phi 16 = 0.76
Phi 50 = 1.73
phi 84 = 2.37

Mean = 1.62 Phi, 0.33 mm
Standard Deviation . 0.80 Phi

.

. .

/
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als = 0.81 M-= 1.63 Wwccstcr County, MD
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SECTION B-2

SHOALS B and C
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Qf )(LS

QUANTITIES

Iepth Intwval Quantities -28.s -28.6 -28.s -28.6 -28.6 -28.6 -26.5 -30 -36 40 -45 -80 +6

NGVD>W>> in 1000 to to to to to to to to to to to to to

Area Cubic Yards -30 -3s 40 -46 -iO -85 -80 -36 40 -45 -80
!+,. ..~

+6 40

,’..fiyi$i;$i;
l’i?:?:,,t!!.;,. ?.’ *- 84 1,480 4,s73 11,106 19,802 31,323 48,813 1,396 3,493 6,132 8,797 11,421 14,490
;.,,. .??.,.:Mki,: t,’.,
p:,i:f@;,:?:i#!t{lNet Beechfill 84 1,480 4,973 11,105 !19,802 31,323 46,813 1,396 3,493 6,132 8,797 11,421 f 4,490

>i/?~’iihj-iY~:h E
cL Ififi!’i”;y-j{ ~ 152 1,s97 4,278 7,809 l&248 17,182 22,779 1,U5 %681 3,631 4,337 4,936 6,S97.;..1,,,’:y i..:,.;7..+,..,,
,f f$p#& ):,J:q -,:’p,, Net Bmchfill 152 1,597 4,265 7,716 11,843 16,812 22,267 1*U5 %634 2,772 3,788 4,537 lW

Ill Borrow o 407 2,s20 7,344 16,560 27,089 41,923 407 “&l13 4,824 8,216 11,529 14,834

Net Beechflll
no dats 5,100 10,588 18,564 28,733 no dats

3,3s0 5,300 6,008 10,749
,,,;L ;,:”12:’:;,,1(
qgt.t.ll$gy ~ 236 3,077 9,2s1 1s,014 3&146 48,608 68,592 2,641 6,174 9,763 13,134 16,367 20,061
/5,3+*+.ff#*@j
%if~,H’:++% “~ N~ ~achflll 236 3,077 9,251 19,014 32,148 48,505 68,692 2,641 6,174 9,763 13,134 16,357 19,893

TotslAma Borrow 238 3,484 if,ni 26,388 47,708 76,684 110,615 3,248 8,287 14,587 21,350 27,686 34,921

“NetBeachfill 238 3,484 f 1,77f 26,358 47,708 75,594 110,515 3,248 8,287 f 4,587 21,350 27,888 34,727
--- .— . ..-. . . . -.. . .

-J
‘\



cem City Water Reeourcee [
I ~seateague Mend Reetoretkm I Mean PHI Value
I Borrow Ama - Shoal B

I

Depth lntelwl -28.S -28.S -28.5 -28.s -28.S -28.S -28.5 -30 -35 -40 45 -50 -55

NGW>>>> to to to to to to to to to to to to to

Area -30 -35 -40 4s -50 -55 -50 -3s -40 -45 -50 -55 -50

I l.(x) 1.03 1.04 0.96 0.88 0.8S 0.87 1.04 1.05 0.87 0.78 0.78 1.04

II l.m 1.17 1.28 1.37 1.40 1A4 1.48 1.20 1.34 1.57 1.58 1.69 2. fs

m 1.49 1.53 1.57 1.58 1.49 1.58 1.63 1.68

I+n l.m 1.08 1.16 1.18 1.15 1.13 1.15 1.09 1.19 1.20 1.04 1.05 1.44

Total Area 1.00 1.08 1.16 1,22 1.24 1.25 1.27 1.09 1.19 1.28 1.26 1.33 1.55

{



Ocean City Water Resources I

Fsaateagua Island Reatoratlon
BorrowArea - Shoal B I

d .(LS

.

Standard Deviation (PHi)

,

)epth Intewal -28.S -28.S -28.5 -28.5 -28.5 -28.5 -28.5 -30 -is 40 -45 -50 -55

NGVIP>>> to to to to to to to to to to to to to
!

Area -30 -35 40 45 -50 -55 -60 -35 -40 -45 -50 -55 -60

I 0.44 0.s3 0.57 0.80 0.64 0.66 0.68 0.56 0.58 0.62 0.69 0.73 0.82

II 0.44 0.50 0.54 0.55 0.56 0.61 0.54 0.51 0.54 0.54 0.60 0.83 0.56

Ill 0.45 0.47 0.50 0.52 0.45 0.49 0.55 0.61

1+11 . 0.44 0.51 0.58 0.63 0.66 0.71 0.72 0.53 0.60 0.68 0.79 0.93 0.93

Total Area 0.44 0.51 0.58 0.63 0.67 0.69 0.71 0.53 0.60 0.65 0.72 0.81 0.84



RA-BXLS

(MtlvO M-pill= 1.62)

wttwcd= BO)

-45

to

-50

-50 -55

to

+0

Depth Intewal

NGVD>>>>

-28.5

to

-30

-28.5 -28.5 -28.5 -28.5 -28.5 -28.5 -30

to

-35 40

to

-45

toto to to to to to

40 -55Area -35
,,.-f%y;* ‘

#f,

!1.00 ~

-
?!lf,~ ‘:.

,:,.,.
>, .,+,

‘“l.mI

1.018
, .;.:’...

‘~”’m
,,.

1.00

,.
;!

1.003 1.00 1.0881.025 1.145 53.61.022 1.31II

1.384.44 1.47 1.41 1.44 1.55 1.44
,,, J.

@;”;$ :?*

“1.00”.
!.. ,

\J,.7...,,.’ .,

; ,,1.W ..:

,,
.,, . .!

1.00 s
;:,, ,,. ,,

‘ 1.02
,$::, !- ,.-;.

‘.1.00 “’

1.001.00 1.00 1.00 1.00 1.00 1.00 1.005I.@ 1.00 1.00 1.00 1.00Total Atwa

{ (
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~ ‘Assateague Island Restoration QUANTITIES

Depth Intenfal Quantities -33.9 -33.9 -33;9 -33.9 -33.9 -33.9 45 -50 -55

NWD>>>> in 1000 to to to to to to to to to

Area Cubic Yards -35 40 -45 -50 -55 -60 -50 -55 -60

Totai Area Borrow 91 448 1,766 4,248 8,346 14,324 2,483 4,098 5,97a

Net Beachfiii . no data 901 1,940 4,111 6,631 1,022 2,239 1,513

(



P14 (LS

Mean PHI Value

Depth Intewal -33.9 -33.9 -33.9 -33.9 -33.9 -33.9 45 -50 -55

NGVD>>>> to to to to to to to to to

Area -35 -40 45 -50 -55 -80 -50 -55 -50

NO DATA
Total Area 1.77 1.82 1.82 1.84 1.85 1.83 2.02



SD-LLXLS

I
StandardDavlation (PHI)

I NO DATA
Total Araa I 0.57 I 0.58 I 0.60 I 0.60 I 0.58 0.64 0.61

(



Rk ,LS

~

Overfill Ratio (Ra)
(native M-phi = 1.62)

,------- -- -.--,

Depth Intewai -33.9 -33.9 -33.9 -33.9 -33.9 -33.9 45 -50 -55

NGVD>>>> to to to to to to to to to

Area -35 -40 45 -50 -55 -80 -50 -55 -60

NO DATA
Total Area 1.96 2.19 2.03 2.16 2.43 1.83 3.95



RJ-C.XLS

~

Renourishment Factor (Rj)
(tivo WptIl= 1.62)

(nativesd = 0.80)

Depth Interval -33.9 -33.9 -33.9 -33.9 -33.9 -33.9 -45 -50 -55

NGVD>>>> to to to to to to to to to

Area -35 40 -45 -50 -55 -60 -50 -55 -60

NO DATA
Total Area 1.54 1.63 1.60 1.64 1.69 1.56 2.03
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SECTION B-2 (a)

SHOAL B - REVISED

(to exclude fishing areas)
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[
Q(JA ..XLS

/
eean City Water Resources

$satsague bland Restorstlon QUANTITIES
onow Area - Shod Et I
evlsed”zEllmlnateXi8hlngarsasm- /

)epth Intervel Quantities -28.s -28.5 -28.6 -28.6 ~28.6 -28.6 -28.6 -30 -36 40 -46 -60 -66

NGVDw>>> in 1000 to to to to to to to to to to to to to

Area Cubic Yards -30 -35 40 46 -60 -85 -60 -36 40 -45 40 46 -80

,..::m;{f,.,$j&
,...,, [{j ~h,,:k~~
~\l;,.R~ Jj, BOrrow 191 2,674 7,682 15,211 24,646 35,974 48,427 2,483 5,006 7,530 9,636 11,126 12,452

‘ ‘$’~’:i%l ‘;:, 1,,,$t;:; ,.$f..,,. # 4>,~,...,J..*.,},! .:,,.. :’”’?!!+“ Net Eteschfill 191 2,674 7,662 15,211 24,646 35,974 48,427 2.463 6.006 7.530 S.635 11.129 12.452



PHI-BJ(LS

ean City Watar Rasourcas I
Assata8gus Island Rsstorstion
Borrow Area - Shoal B
I?-VIQA . Aiminsta Rahina amiss

Mean PHI Value

..” ..”-- - . . . . . .. —.- . . . . . . ..- -----

Depth Interval -28.6 -28.5 -28.5 -28.5 -28.5 -28.S -28.S -30 -35 40 -45 -50 -55

NG~>>> to to to to to to to to to to to to to

Arsa -30 -35 -40 -45 -50 -55 -80 -35 -40 -45 -50 -55 -80

l-Rev f.fxl 1.08 1.13 1.14 1.12 1.08 1.08 1.09 1.16 1.15 1.01 0.90 1.08



/

Standard Deviation (PHI)EsiEzE3
Revised- Ellmlnata fishing areas

I
Depth Intanfal -28.5 -28.5 -28.5 -28.5 -28.5 ‘ -28.5 -28.5 -30 -35 40 45 -50 -55

NGVD>>>> to to to to to to to to to to to to to

Area -30 -35 40 45 -50 -55 -60 -35 40 45 -50 -55 .60 ,

l-Rev 0.44 0.51 0.58 0.62 0.63 0.66 0.66 0.53 0.61 0.68 0.71 0.73 0.81



RA-BXLS

Ocean City Water Resources
I Assateague Island Restoration
I BorrowArea - Shod B

Pmd-nd . FlhwAmtn fkhinn -mm-

‘epti’nbwa’l‘28”5I ‘28”5
=!!2d ‘O.l ‘0

*

Overfill Ratio (Ra)
(Mtlwm+l’11=1.82)
,-.al.- -. - mma,

‘28”5I ‘28”5I ‘28”5I ‘28”5I ‘28”5I ’30I 45 I 40 I 45 I w I ’55
to

I
to

I
to

I
to

I
to

I to I to I to I to I to I to

‘~1.oo “ I 1.00 1 1.00’” 1 ‘“1.00 “: 1 ‘ ‘-1.oo’~’l 1.00 I 1.00 1 ‘“‘1.00 “ 1 “’’ion 1 ““1.00’”’1 ““f (xl



i

=

Renourishment Factor (R])
[IWIWM-phi= 1.62)

Revised - Eliminate fishing area (nativosd = 0.60)

,

Depth Interval -28.5 -28.5 -28.5 -28.5 -28.5 -28.5 -28.5 -30 -35 -40 45 -50 -55

NG~>>> to to to to to to to to to to to to to

Area -30 -35 40 -45 -50 -55 -60 -35 -40 +5 -50 -55 40

l-Rev 0.65 0.69 0.69 0.67 0.65 0.60 0.60 0.68 0.69 0.84 0.52 0.44 0.50
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(
QUb ..XLS

Ocean City Water Resources (
Assateaguo Island Restoration QUANTITIES
Borrow Area - Great Gull Bank

/

Iepth Intaml Quantltlaa -18.4 -18.4 -18.4 -18.4 -18.4 -10.4 -18.4 -20 -2s .30 -3s 4 45

NGVDw>>> in 1000 to to to to to to to to to to to to to

Area Cubic Yards -20 -25 -30 -35 40 -45 -50 -2s -30 -35 -40 # -50
: .’,*(.!,;.’$$;::; ,,:L,j;: >

.:$”,;;$$ Borrow 21 S24 1,674 3,351 5,64s 10,253 17,05s 503 1,150 1,677 2,564 4,318 8,801
- ~:?!’~,+:.*,i*?
~.,;$;:~P$.&&ti‘~~,,, , Net Beachflll no data 524 1,671 3,351 “.5,64s 10,253 17,0s5 no data 1,143 1,677 2,564 4,316 6,8U

It Botrow o 212 1,086 2,824 5,259 8,S00 1%741 212 864 1,728 U36 3,241 4,241

Net Baachflll
no data

659 1,370 3,187 5,152 no data no data 451 83S 1,762 1,863 no data

M 2 1,690 4,466 8,976 16,127 23,4S1 362 1,30s Z778 4,608 6,151 8,324

Nat Beachflll
no data

1,207 2,826 4,605 8,046 no data no data 288 1,462 669 2,s00 no data

[+11 Bonww 21 736 2,770 6,17S 11,204 18,763 26,806 715 2,034 3,405 5,029 7,669 11,04:

Nat Beachflll no data 736 2,769 6,169 11,204 16,763 29,766 no data 2,00S 3,234 4,S66 7,s36 11,04

Total Araa Bomow 23 1,120 4,460 10,543 20,180 33,680 63,267 1,0s7 3,340 6,183 9,637 13,710 19,3s

Net Beachflll (not calculated)



PHI-GG.XLS

cAssateague Island Restoration Mean PHI Value

Depth Intewal -23.7 -23.7 -23.7 -23.7 -23.7 -23.7 -25 -30 -35 40 45

NGVD>>>> to to to to to to to to to to to

Area -25 -30 -35 -40 ‘ -45 -50 -30 -35 -40 45 -50

I 1.15 0.79 1.12 1.19 1.15 1.17 0.72 1.39 1.41 0.99 1.30

~
II 1.82 1.85 1.80 1.80 ~ 1.82 1.85 1.75 1.81

s
<
0

g g
Ill 1.55 1.74 1.83 1.84 1.55 1.81 2.08 1.92

1+11 1.15 1.05 1.44 1.50 1.49 1.48 1.02 1.62 1.64 1.47 1.30

Total Arsa (not calculated)



Sti .XLS

E Standard Deviation (PHI)

DepthInterval -23.7 -23.7 -23.7 -23.7 -23.7 -23.7 -25 qo -35 40 45

NG~>>>> to to to to to to to to to to to

Area -25 -30 -35 -40 45 -50 -30 -35 40 -45 -50

I 0.63 1.05 0.87 0.83 0.83 0.83 1.12 0.69 0.66 0.80 0.84

~ ~
II 0.61 0.62 0.65 0.65 0.61 0.62 0.68 0.84

a
~

g g
Ill 0.50 0.61 0.84 0.84 0.34 0.61 0.59 0.63

1+11 0.63 1.00 0.86 0.82 0.83 0.84 1.08 0.73 0.71 0.86 0.84

Total Area (not calculated)



RA-GG.XLS

=

Overfill Ratio (Ra)
(- M-PM= 1.62)



RJ~ .)(LS

OceanCity Water Resources

PssateagueisiandRestoration
Borrow Area - Great Guii Bank

Renourishment Factor )Rj
(native~hi = 1.62)
8..6 .A . n mni
~uUuww u“ - “.-”,

Depth intewai -23.7 -23.7 -23.7 -23.7 -23.7 -23.7 -25 -30 -35 40 -45

NGn>>>> to to to to to to to to to to to
,

Area -25 -30 -35 40 -45 -50 -30 -35 -40 45 -50

I 0.67 0.25 0.49 0.56 0.54 0.55 0.20 0.85 0.90 ‘0.5 0.64

$ ~
ii 1.58 1.63 1.48 1.48 < 1.58 1.63 1.35 1.52 ~

a
o g

iii 1.24 1.43 1.56 1.58 z 1.38 1.56 2.23 1.76

i+li 0.67 0.37 0.74 0.84 0.82 0.80 0.31 1.09 1.14 0.77 0.84

Total Area (not caicuiated) ● est. from Fig. 5-4 SPM
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SECTION B-3 (d

GREAT GULL BANK - REVISED

(to exclude fiahing area)
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cean City Water Resources
ssstesgue Island Restoration

QUti K.XLS

orrow Arm - C
}xcludea fiahlr

lepth Intewsl

NGVD>>>>

II

la

Total Area

‘eat Gull Bsnk
I area) : : *’,’; :

Qusntitlea

In 1000

Cubic yards

Borrow

Net Beachflll

Bomow

Net Beachfill

Borrow

Net BeachfNl

. Borrow

Net Beachfill

Borrow

Net Beachfill

II-18.4 -18.4 -18.4

to to to

-20 -25 -30

-++-+

-

B
lot calculated)

-18.4 -18.4 -18.4 -18.4 -20 -2s -30 -35 -40 45

to to to to to to to to to to

-35 40 -45 -50 -25 -30 -35 40 45 -50

3,351 6,938 10,178 18,625 503 1,150 1,677 2,567 4,240 8,U7

3,351 ‘ 5,936 10,178 16,625 no data 1,143 1,677 2,587 4,240 6,447

%824 6,259 8,500 1%741 212 664 1,726 2,435 3,241 4,241

1,370 3,187 6,162 no data no data 451 639 1,752 1,8B3 no data

1,820 3,755 6,350 9,603 120 508 1,190 1,935 2,S95 3,163

1,152 2,052 3,378 no data no dots 112 626 296 1,055 no data

6,176 11,197 16,676 28,366 715 2,034 3,405 6,022 7,461 10,668

6,169 11,197 16,676 29,337 no data 2,006 3,234 4,661 7,459 10,688

7,995 14,962 25,026 38,669 835 2,542 4,596 6,957 10,076 13,641
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QU~ ,XLS

~

QUANTITIES

)epth Intewal Quantltlea -17 -17 -17 -17 -17 -17 -20 -25 -30 -35 40

NGV~>>> [n 1000 to to to to to to to to to to to

Area Cubic Yards -20 -25 -30 -35 -40 45 -25 -30 -35 -40 45

, ,,y,p;/%#( +&

~’t;$;: I’i?j:;;: Borrow 94 1,041 3,011 6,641 8,648 12,719 947 1,970 2,630 3,207 3,871
~,::{,,.;;$!:[,;;,

‘1 .’” ‘i: Net Beachfill no data 1,041 3,011 !5,641 8,648 no data 947 1,970 2,630 3,207 nodata

11 Borrow 35 625 1,764 3,763 6,359 9,725 490 1,259 1,979 2,596 3,366

Net Beachfill
no data

1,056 2,688 5,047 no data
no data

1,571 2,426 no data

Ill Borrow o 37s 1,686 4,202 8,562 15,301 375

Net Beachfill o no data 822 2,050 4,810 no data
no data

1,264 2,79 5 nodata

1+11 Borrow 129 1,566 4,795 9,404 15,207 22,444 1,437 3,22 9 4,60 9 5,80 3 7,2~

Net Beachtlll no data 1,566 4,795 9,404 15,207 no data 1,437 3,22 9 4,60 9 5,80 3 nodata

Total Area Borrow 129 1,941 6,481 13,606 23,769 37,74 5 1,812 4,54 0 7,12 5 10,16 3 13,97(

Net Beachfill (not calculated)



Mean PHI Value

Depth Intewal -20 -20 -20 “-20 -20 -25 -30 -35 -40

NGn>>>> to to to to to to to to to

Area -25 -30 -35 “ 40 4s -30 -35 -40 45

I 0.95 1.06 0.89 0.87 1.13 0.52 0.73

~ g
II 1.68 1.64 1.60 ~ 1.61 1.51 a

o

Ill
g

f.86 1.86 1.85
0

1.86 1.83 z

[+[1 0.95 1.26 1.21 1.23 1.35 1.14 1.27

Total Area (nor C8/CU/Mi?d)



E’ Standard Deviation (PHI)

,

)epthInternal -20 -20 -20 -20 -20 -25 -30 45 40

NGVD>>>> to to to to to to to to to
!

Atea -25 -30 -35 40 -45 -30 -35 -40 45

I 0.54 0.57 0.75 0.77 0.59 1.11 0.95

g ~
II 0.54 0.57 0.58 ~ 0.59 0.61 ~

1

0 0

Ill 0.63 0.64 0.67 z 0.64 0.71 z

1+11 0.54 0.65 0.74 0.74 0.64 0.88 0.75

Total Area (not cahdated)

.



Overfdl Ratio (Ra)
(natlvoM-PM= 1.62)

(native sd = 0.S0}

(



RJ( :LS

Ocean City Water Resources 1

1Assateague isiand Restoration I Renourishment Factor (Rj)
Borrow Area - Littie Guii Bank

I
(natlw M-phi - 1.62)

fm=fbm A = IImm%.---.” -“ -.””1

Depth intervai -20 -20 -20 “-20 -20 -25 -30 -35 40

NGVD>>>> to to to to to to to to to
,

Area -25 40 -35 -40 45 -30 -35 40 45

I 0.57 0.64 0.43 0.41 0.68 0.16 0.27

~ ~
Ii 1.42 1.31 1.24 ~ 1.24 1.07 ~

iii 1.63 1.63 1.55 $? 1.62 1.45 2
,

i+il 0.57 0.76 0.64 0.66 ‘0.9 0.49 0.69

Totai Area (not calculated) ● est from Fig. 54 SPM
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SECTION B-4 (a)

LITTLE GULL BANK - REVISED

(to axclude fishing area)
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QUA-.GX.XLS

cean City Water Resources

ssateague Island Restomtlon
orrowArea - L
)xcludesfishlrn

3epth Intewal

NG~>>>

Area

II

M

Total Area

Quantltles

In 1000

Cubic Yards

Borrow

Net Beachflll

BomI)w

Borrow

Net Beachflll

Borrow

Net Beachflll

Borrow

Net Beachflll

QUANTITIES

-17 -17 -17 -17 -17 -17

to to to to to to

-20 -25 -30 -35 -40 -45

801 9441 2,7621 5,1731 8,0751 11,521

no data I 944 2,762 6,173

30 465 1,634 3,442 5,800 8,76C

no data I 967 I 2.4591 4j6031 no data

o 375 1,686 4,202 8,562 15,301

0 no data 822 2.050 4.810 no data

11OI 1,4291 4,3961 8,6151 13,8751 20,281
I I I I

no data 13,875 no data

11OI 1,8041 6,0821 12,8171 22,4371 35,56:

-20

to

-25

45!

-25

Ill
-30 -36 -40

to to to to

-30 -35 40 45

1,818 2,411 2,902 3,44(

1,818 2,411 2,902 no data

1,149 1,808 2,358 2,96[

no data
1,435 2,204 no data

375

no data
1,264 2,795 no data

1,319 2,967 4,219 5,260 6,40

1,319 2,967 4,219 6,260 no data

1,694 4,278 6,735 9,620 13,14

[not calculated)



SECTION B-5

LOGS OF SUBSURFACE EXPLORATION
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‘1.

2.

3.

OCEAN CITY WATER RESOURCES PROJECT

ASSAT~ ISW RESTORATION

Exploration was performed during October and November 1995.

Boring was sampled with a pneumatic vibracore. A 20 foot

long, 4 inch I.D., Steel barrel containing a 3.625 inch I.D.
Cellulose buterate tube (wall thickness: 0.125”) was
pneumatically vibrated below channel floor. The 20 foot

cellulose buterate tube was cut into 5 foot lengths and
sequentially labeled, e.g. (A thru D), top to bottom.

[-

Denotes area unsampled

[1OYR 7/3 - light

Characteristicsof

. Energy source -

gray] - Denotes MUNSELL color

0S1 Model 150Q Vibracore:..

NAVCO BH-8 vibratory powered by a 185 cfm
air compressor operating at 125 psi.

. Method of vibration - Impact, reciprocatingpiston

. piston Stroke - 2 inches

. Piston Weight - 220 lbs

. Diameter Of Piston - 8 inches

. Stand type - 4 folding legs

. Core barrel 4 inch pipe, 20 feet long

. Core liner - 3.5 inch I.D. Lexan tubing, 20 feet long

. Penetrometer Sensor - Geared Potentiometer

. Penetrometer Recorder - Soltec VP6723S strip chart

recorder



4. Classification: Soil descriptions are laboratory
classifications based on the unified soil classification

.
4

system (MIL-STD-619b)or (ASTM D2487)o Initial colors are

based on a moist or wet condition as extracted from buterate
tube. The color description of oven dried material in
brackets [ ] is based on the MUNSELL color chart.

5. Penetration rates shown are as indicated during drilling
operation and may not correspond exactly with sample
elevations.

6. Mean and Standard Deviation values are based on PHI values
determined by the Wentworth Classification System.

7. Elevations shown on the vibracore logs are tidal surface
elevations at the time of exploration. Tide information was

obtained from a tide software program produced by
MIRCONAUTICS; RockPort, Maine.

8. Coordinates for each boring were-obtained using a Magellan
base station GPS/GIS data collection system. Coordinates -
were referenced to the national geodetic vertical datum, 1929
(NGVD 29). -

9. Vibracore boring locations are shown on the fold-out plates
in this appendix.
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E 1402350.0 Irmrrxmc J.Srwder/M.StCiair Rcrmrkw

Cke$sifkalion hrelratkm In
Uses No.

bowrl poorly gralkcrl
m.Oflhdl (SP)
[1OYR6/3 - pekebroww]

w/w. of Ml (5P)
[1OYR&t3 - pekekrrowrr]

[1OYR7t2 - Iicht ~~y] (,

T

1

L
RFf rowrrpoorly g turn
W;lr. of Ikrekl(sm
[loYu7n - very parekwownl

&mrrnof Uoie

,’

—
!.10

!.08

—

I .74

—

K—

,26

—

.63

—

.00

—

L72

I.(M

—

).65

—

I.35

—

i .61

—

1.1:

—

1,6s
—

L56

—

).34

—

u

—

—

.

—

PI.

—

—

—

—

Pk
—
—

—

—

—

).C.
—

—

—



I
(’

&-~- Coor6instesN 174316.0 Drilkc &esrl surveys, Inc. Rerwarkx

Ievation

NGVD

4%;

48:

-51.

-54

FT.

Sldn E 1402238.0 Irwpeckor: J.Srry6er/M.SClair Remsrks

&
Cknsifkslkwr
Uses

.“.B~ PooflY C* COW= s~D wl
“. shell frsgs. & W. or Crsvel (SP)

“.. [IOYR 714- very pdc browrr]
. .

:. Browrrpod y grdcd medhrmcome
‘“. SAND WI shell h8cs. & w. ot crsvel (W)
:. . [1OYR 714- very @e brown]
,“.“. .
,.
.’
“. .
.“.’. .
,
.’. B- tr~y POIMIYS* ~ turncoarse

““. SAND WI *II &W. Orgrsvel (w)
:. . [IOYR 714- very psle brown]
.“.“. .
. .
,. “
“. .
.“. D 1 rslled IWt”

. “. SK: !7AylFfrsp.L WIWX (w)
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J
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Cost Engineering

1. w. The follo\ting methodolo~ wasused inthepreparation of the Baseline CoQ
Estimate for the Assateague Island Shoxt Term Restoration Feasibility Study:

a. The estimate is in accordance with the guidance contained in ER 11102-1302, Civil Works
Cost Engineering.

b. The estimate is presented in the standard Work Breakdown Stmcture.

c. The price level for the estimate is October 1996.

d. Construction cost developed by Cost Engineering Branch are based on input./quantities
horn the Geotechnical Branch and the Hydrology& Hydraulics Section. Unit costs were
developed using the Cost Engineering Dredge Estimating Program (CEDEP). The estimates are
docqrnented with notes to explain the specific information used to develop the costs.

The labor costs are based on the prevailing Davis-Bacon wage rates for dredging.

PPMD provided costs for Construction Management and Engineering and Design.

Lands and Damages costs were provided by CivilProjects Support Bran~ Real Estate
Division.

2. Fs imate ScoDQ The estimate reflects the cost for providing approximately 1.,800,000cubic
yards of sand beac&l along the Assateague Island shoreline. The Great Gull Bank will be used
as the borrow area for the beachiill. Two Island Class hopper dredges with pumpout capability
would be used. The project would be constructed in two phases. Project construction would
stati in the southern end and work toward the northern end. Construction in the National Park
will be limited to two months per year due to environmental and weather conditions. The first
phase of construction would start in July 1998 and continue through October 1998. During this
phase, work would be limited to the area south of the National Park until after 1 September 1998.
The second phase of construction would start on or about 1 September 1999 to be completed by
31 October 1999.

3. co ntin~ency. Contingency amounts for the construction cost items are based on uncertainties
within individual project elements. Considering these uncertainties, contingencies were assigned
to individua[ cost items or groups of related cost items to protect against the risk of potential cost
increases. The following is a list by element of the uncertainties that were identified and the
corresponding contingency percentages.

a. Dred~ine Cost Items _ 207
*



The uncertainty associated with the quantities are relatively high since they are based on
preliminary designs and are subject to change. For now a contingency of 20 percent is reasonable. _

b. Lands and Darnaees . . zoy~

Contingency amounts were developed for lands and damages based onEM1110-2-1301
Appendix C, EC 1110-2-2,:113, and EC 1110-2-538. For lands and estates, administrative and
contract costs, a contingent of 20 percent is considered reasonable to offset the effects of
counter-offers and uneconomic remnants incurred during the acquisition process for the project.

—.— ..—. — —.—- -——. — ---- ..— — .— -.-— — .— -
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TOTAL PROJECTCOST SUMMARIES
ALL CONTIUCTS

THIS ESTIMATE IS BASED ON THE DRAFT FEASIBILITY STUDY, DATED
PROJECT ASSATEAGUE ISLAND SHORT TERM RESTORATION PROJECT PREPARED BY: CENAB-EN-C OLIVER LEIMBACH
LOCATION : ASSATEACWE IS~ND, MARYLAND P.O.C.:RONALD J. MAJ P.E., CHIEF, COST ENGINEERING BRANCH

CURRGN7 MCACES ESTIMATK 7 MAR 97 AUIWGRIZJIWDGET YEAR 1996 FULLY FUNOED SSTMA1’E

ACCXMJW EFFECYIIVE PRICING LEVSL NX’X% EFmcrlvE PRICING LsvEli I Ocr %

NUMBSR ITEM DESCRIPTION COST

I

CNTO

I

CNTO ,

II

TOTAL COST

I

CNTG

I

TOTAL COST

I

FULL
(SK) (SK) % ($K (SK) (SK) (SK) (SK)

17 BEACH REPLENISHMENT S1O,5I5 S2,103 20.&4 S12.619 $10,s15 S2.103 $12,619 SIO.799 S2.160 S12,9S9

‘IWTAL CONSTRUCTION COST $10,515 S2,103 20.0% $12,619 S1O,5I5 S2,103 $12,619 SI0,799 S2,160 S12.959

01 LANDS AND DAMAGES S239 S4s 18.7% S283 S239 S4s S283 S249 247 S295

30 PIANNINO, ENOINEERINO AND DESION S1,878 $0 0.0% $1,878 sl.87a $0 SI,878 S1,956 so S1,957

31 CONSTRUCTION MANAGEMENT S1,800 so 0.0% w,aoo SI,800 $0 s 1,800 S1,876 so S1,876

‘IOTAL PROJECT COST S14,431 S2,148 14.$y S16,S79 S14,431 $%148 S16.S80 S14,880 S2J07 S17,087

I

I

i

D1!H’RICX APPROVED ,

CNIEF, COST ENGINEERING BRANCN

CNISF, REAL ESTA~ DIVISION I

cNIEF, PLANNIM DIVISION
I

CNISF, RNOINEENNG DIVISION

CHIEF, CONSTRUCTION DIVISION

cNIEF, PRCQRAMS MANAGJM4BM BMNCN

PROJSCT MANACiER

DOS(m)

DIVIS1ON APPROVED:

CNlsF. mm’ ENolmERINo

DIRMTKIR REALESTATE

CNIEF, PROORAMS MANAosMEt’rr

DIRSCTOR OF PPMD

APPROVED DATE:
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** PROJECT -R ~y . proJ~t M

. . . . . . . . . . . . . . . . . . --------- --------- . . . . . . . . . . -------- . . . . . . . . . --------- --------- --------- . . . . . . . . . --------- --------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . --------- --------- .
WANTITY WM COUTRACT COHTlNGN ESCALATK TOTAL COSY UNIT COST

. . . . . . . . . --------- . . . . . . . . . --------- . . . . . . . . . . -------- --------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . --------- --------- . . . . . . . . . --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . .

M Operat 1on and maintenance 1.00 EA 55,564 11,113 1,800 6s,4n 6S476.61
CC Recamendad Plan 1.00 2A 14,431,4% 2,147,799 507,051 17,0S6,347 170s6346.s3

. . . . . . . . ..- . . . . . . . . . . . . . . . . . .

TOTAL Aasateague Islam! Reatorat i on

. . . . . . . . . .-

1.00 EA 14,487,0602,158,912 508,852 17,154,623 17154s23.45
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M operation and Waintmsnca
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cc Rac~ Plm
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--------------------......... ...........
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TOTAL Assateawa I shrui Raatorat ion 1.00 2A 14,487,0602,158,912 50B,852 17,154,ii23 17154S23.45
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M Oparat f on and maintenance

M 17 Beach Raplmiahmant

M 1? 70 Beach fill

TOTAL Beach Raplmiahmmt

TOTAL Oparat ion and Haintananca

Cc Racomandad Plm

CC 01 Lmde and Drngea

CC 01 01 Ac@aitian Doementa
CC 01 02 A~istiona
cc 01 03 Cmdemetiona
CC 01 05 Appraisals
CC 01 15 Real Estate Paymenta

TOTAL Lb md 0~

CC 17 Be6ch Raplmiahmnt

CC 1701 Mobilization Demobilization
cc 1717 Hopper drads~ns
CC 1770 Beach Fill

TOTAL Beach Raplmialment

CC 30 Planning, Engineering and Daaisn
cc 31 construction management

TOTALRecomandad P(m

TOTAL Assateagua lalend Raatoratfon

Currency in DOILARS

1.00 EA 55,564 11,113 1,800 68,b77 68476.61
. . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . .

1.00 EA 55,564 11,113 1,800 68,477 68476.61
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1.00 EA 55,564 11,113 1,800 6B,4n 68476.61

1.00 EA
1.00 EA
1.00 EA
1.00 EA
1.00 EA

1.00 EA
lBOOOOOCY
lBOOoOOCY

1.00 EA

1.00 EA
1.00 EA

1.00 EA

1.00 EA

101 2,501 2500.80
7::!% 15,!: 3,856 95,656 95655.60

128,000 25,600 6,451 160,051 160051.20
17,000 3,400 857 21,257 21256.80
15,000 0 630 15,630 15630.00

. . . . . . . ..- . --------- . . . . . . . . . . . . . . . . . . . -
238,500 44,700 11,894 295,094 295D94.4D

2,004,932 400,986 64,960 2,470,878 2470878.20
7,272,000 1,454,400 235,613 8,962,013 4.98
1,238,564 247,713 40,129 1,526,406 0.85

. . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . -------
10,515,4% 2,103,099 340,702 12,959,29712959297.43

1,877,500 0 78,855 1,956,355 1956355.00
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -
14,43t,4% 2,147,799 507,051 17,086,34717086346.83

. . . . . . . . . . . . . . . . . . . . . . . . . -------- . . . . . . .

14,487,0602,158,912 508,852 17,154,82317154823.45
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Eff. Date 10/01/% PROJECT ASSAT3:

Ttm 15:35:56
Aumeteegue lsiend Reetorat ion - Short Term
October 1996 Price level SUUARY PAGE 4

●* PROJECT lllOt RECT ~RY - Project w

. . . . . . ..- . . . . . . . . . --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- . . . . . . . . . --------- --------- --------- --------- . . . . . . . . . .
WANTtTY UOR Dt RECT OVERHEAD IiCNE OFC PROFIT SC4D TOTAL COST WIT COST

. . . . . . ..- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- --------- . . . . . . . . . . . . . . . . . . --------- --------- --------- . . . . . . . . . . . . . . . . . . -

g ~=~ta~intenmnce 1.00 EA 55,564 0 0 0 0 55,564 55563.63
1.00 EA 14,431,4% o 0 0 0 14,431,4% 144314%.13

. . . . . . . . . . . . . . . . . . . . --------- --------- --------- -----------

TOTAL Assateegue Island Restoretfon 1.00 2A 14,4s7,060 o 0 0 0 14,4S7,060 144S7059.76

Coitlt WENCY 2,158,912
--------- . .

SWTOTAL 16,645,972
ESCALATIOU 508,s32

--------- . .

TOTAL [NCL DWER COSTS 178154,823

LASOR IO: RG0295 EQUIP ID: ROD295

(

Currency in DOLLARS

(

CREW 10: RG0295 WS ID: R@*

(



(

wd30 Apr 1W7
Eff. thte 10/01/96

U.S. Army Corps of Engineers
PROJECT ASSAT3:

TIME 15:35:56
Asssteague lslmd Reetor@ion - Short Tern
October 1996 Price Level ~Y PAGE 5

●* PROJECT IND IREC1 ~Y - Feature ●*

--------- --------- --------- --------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . :-------- . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -
WANTITY IMM OIRECT OVERHEAD = OFC PROFIT BWD TOTAL COST llMT COST

---------- . . . . . . . . . . ---------- ---------- -------------------- ---------- ---------- . . . . . . . . . . . . . . . . . . . . -------------------- ---------- ---------- ---------- ---------- . . . . . . . . . . . -

M Operation snd Msintenence

M 17 Besch Replenishment 1.00 EA 55,564 0 0 0 0 55,564” 55563.63
---------- - --------- --------- . . . . . . . . . . . . . . . . . . --------- -.

TOTAL Opsret i on end HSintSMtiCe 1.00 EA 55,564 0 0 0 0 55,564 55563.63

.

LABDR 10: RO0293 EWIP [0: RG0295

CC Rec~ Plen

CC 01 lends end Drmesss
CC 17 Beech Repteniehnsnt
CC 30 Plemino, Engin88PinS end Desisn
cc 31 construction UmWemsnt

TOTAL Rec~ Pkn

TOTAL Assateasue Ishnd Restomth!n

CONTIWGEMCY

SUBTOTAL
ESCALATl~

TOTAL liiCL OUiER COSTS

1.00 EA 238,500 0 0 0 0
1.00 EA 10,515,4%

238,500 236500.00
0 0 0 0 10,515,4% 105154%.13

1.00 2A 1,8n,500 o 0 1,877,500 1877500.00
1.00 2A 1. SOO.OW : 0 : 0 1.600,DO0 lSOOOOO.00.---------- -- --------- --------- --------- . . . . . . . . . --------- .-
1.00 2A 14,431,4% o 0 0 0 14,431,4% 144314%.13

---------- - --------- --------- --------- . . . . . . . . . ---------- .

1.00 2A 14,487,060 0 0 0 0 14,4S7,060 M4S7059.76

Currency f n iMILARS

2,158,912
--------- . .

16,645,972
506,652

. . . . . . . . . . .
17,154,s23

CREU tD: RGD295 UPB iD: RGO=



Wd 30 Apr 1W7 U.S. Amy Corps of EWineers 11= 15:35:56
Eff. Date 10/01/96 PROJECTASSAT3: Assateasw Islmd Raatoret im - Short Term

October 1996 Prfce level ~RV PAGE 6
●* PROJECT I~]REcT ~y . ~ Feet ●*

. . . . . . . . . . . . . . . . . . --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- --------- --------- . -------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

WANTITY ~ DIRECT OVERHEAD MOMEOFC PROFIT BOMO TOTAL COST WIT COST
--------- --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... .

I LASOR ID: RGOZ% E9UIP ID: RG0295

(

M f@aretion and Msfntanmce

M 17 Beech Rep(aniehmant

M 1770 Beach fill

TOTAL Beach Replenfahmnt

TOTAL @erat ion end Iieintenmce

CC Racomendad Plm

CC 01 Lande end DmeSOS

CC 01 01 Ae@slt{on Owments
CC 01 02 Acquisitions
cc 01 03 c~tions
cc 01 03 Appraisal
CC 01 15 Real Estate Payments

TOTAL lards md Danaws

CC 17 Beach Raplmfahant

CC 1701 Bobilizstion Demobilization
cc 1717 Hopper dradulns
CC 1770 Beech Filt

TOTAL Beach Replmiaiment

cc 30 Phnnins, Engfnearing end Deeisn
cc 31 construction tlmawmnt

TOTAL Rac~ PI m

TOTAL Aseateagua Island Reetorat i on

COUTt UGENCY

WSTOTAL
EscALATIW

TOTAL IHCL OMER COSTS

1.00 EA 55,564 0 0 0 0 55,564
. . . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . -------- . . .

1.00 EA 55,564 0 D D o 55,564
----------- . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . .

1.00EA 55,564 0 0 0 0 55,564

55563.63

55563.63

55563.63

1.00 EA
1.00 EA 7::=
1.00 EA 12S,000
1.00 EA 17,000
1.00 EA 15. ODD

o
0
0
0
0

0
0
0
0
0

0
D
o
D
o

0 2DDD.DO
o 7::!% 76500. DO
o I;pot) 1280DD.00
o mooo.w
o 15:000 150DD.00

-------- ------- ------ . . . . . . . ------- . . . . . . . . . . . . . -------- --
1.00EA 238,500 0 0 0 0 238,500 23S500.00

1.00 EA 2,004,932 0 0 0
16000DD CY p&o&

O 2,004,932
0 0 0

1-CY , ,
0 7,272,000

0 0 0 0 1,238,564
--------- -------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

200493: .OJ

0:69

1.00 2A 10,s1s,4% o 0 0 0 10,515,4% 105154%.13

1.00 2A 1,877,500 0 0 0 0 1,877,500 1877500.00
l.m 2A l, SOO,OOO o 0 0 0 1,600,000 180DDOD.00

--------- .. -. -.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1.00 EA 14,431,4% o 0 0 0 14,431,4% 14431496.13

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1.00 EA 14,4S7,060 o 0 0 0 14,4S7,060 14487059.76

2,158,912
. . . . . . ..- . .

16,645,972
506,S52

--------- . .

17,154,823

Currency in DOLLARS

‘(

CREW ID: RG0295 WB ID: RGO~

(
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wed 30 Apr 1W7 U.S. Arw COTS of Ensheere Tl= 15:35:56
Eff. Date 10/01/% PROJECT ASSAT3: Assateague 1slsnd Reetorat ton - Short Tera

October 1996 Price Level ~Y PAGE 7
●* PRoJEcT OIRECT ~y . Project ●*

. . . . . . . . . --------- . . . . . . . . . --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- --------- --------- --------- --------- --------- --------- . . . . . . . . . .
QUANTITY UOM HANHRS LABOR EWIPMST MATERIAL OTHER TOTAL COST WIT COSl

. . . . . . . . . . ---------- . . -------- ---------- ---------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- -.

M Operation snd Haintensnce 1.00 2A
CC Recommended Plm 1.00 2A 1::% 6,A7:X 7:::% : 9,291 ,93; 14,4;:::: 1443:%:

TOTAL Asmtesgus

ml ImENcY

SUBTOTAL
ESCAIATION

TOTAL lNCL

LABOR 10: RG0295 EWIP [D: RGQ295

------- --------- --------- --------- ----------- . . . . . . . . . . .
lslsnd Restoration 1.00 2A 17,0464,425,999 769,129 0 9,291,932 14,4S7,060 14487059.76

2,158,912
. . . . . . ..- . .

16,645,972
506,852 -

. . . . . . . . . . .

mER COSTS 17,154,223

Currmcy in DoUARS CREU ID: RC0293 WE 10: RGD295



wed 30 Apr 1W7 U.S. Amy Corpe of Engineers TIME 15:35:56
Eff. Date 10101/96 PROJECT ASSAT3: Assateague lshnd Rsstorstion - Short Term

October 1996 Prfce Level ~Y PAGE 8
●* pROJECTDIREcT~~ - FoSt~*●*

--------- --------- --------- --------- --------- --------- . . . . . . ..- --------- --------- --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
WASTITY WM MAMRS LABOR EWIPWT MATERIAL OTHER TOTAL COST UIU T COST

. . . . . . . . . --------- --------- . . . . . . . . . --------- --------- --------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . -

M operation end Maintenance

M 17 Beach Rsplsdshmant 1.00 2A 1,206 27,329 28,234 0 0 55,564 55563.63
. . . ---- . . . . . . ..- . . . . . . . . . . . . . . . ..- . . . . . . . . . . - . . . . . . . . . . .

TOTAL Cperetion end !isintenance 1.00 2A 1,206 27,329 28,234 0 0 55,564 55563.63

cc Recammdsd Ptm

I LABOR 10: RG02% EWIP iD: RGD293

(

cc 01 Lends and Drngee
CC 17 Beach Repknisinsnt
CC 30 Phmins, Engineering end Desisn
cc 31 construction Uulegsmmt

TOTAL Rec~ Plm

TOTAL Assateegue Islsd Rastorat ion

COSTI iiGEiicv

SWTOTAL
ESCALATIOU

TOTAL 1NCL MER COSTS

Currency in DalAss

(

1.002A O 223,500
1.00 2A 15,84: , :;,666 740,m0
1.00 EA o
1.00 2A o l: SOO:OOO o

0 15,DO0 238,500 23s500.00
; 9,276,932 10,515,496 105154%.13

O 1,8~,500 1877500.00
0 0 1,800,000 1800DO0.00

------- --------- --------- --------- . . . . . . . . . . . . . . . . . . . . . .
1.00 2A 15,8406,398,669 740,895 0 9,291,932 14,431,4% 14431496.13

------- . . . . . . . . . --------- --------- . . . . . . . . . . . ---------- .
1.00 ix 17,0464,425,999 769,129 0 9,291,932 14,487,06014487059.76

2,158,912
--------- . .

16,645,972
50G,ii52

. . . . . . . . . . .
17,154,223

CREU ID: RG0295 IFS 10: RGO~

(



(

Ud 30 Apr 1W7
Cff. bate 10101/%

U.S. Army Corps of Engfnaara TIME 1s:35:56
PROJECTASSAT3: Aaaateagua I stand Raatorat i on - Short Term

Octok+er 1996 Price level ~Y PAOE 9
w PROJECT DIRECT sUUARY - W hat w

--------- . . . . . . . . . --------- --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . --------- --------- --------- --------- . . . . . . . . . --------- --------- . . . . . . . . . -
WANTITV UM MliiiRS LABOR EWIP’WT MATERIAL OTHER TOTAL COST W lT COST

--------- . . . . . . . . . --------- --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- --------- --------- --------- . . . . . . . . . --------- --------- . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . .

LABOR ID: RGD295 EWIP [D: RG0295

AA operation and Mafntananca

M 17 Beach Raplaniaimant

M 1770 Baach fill

TOTAL Baach Replenishment

TOTAL Oparat ion and Haintanmce

CC 01 01 Acquisition Oocmanta
CC Of 02 AcqIiationa
cc 01 03 Cmdemationa
CC 01 03 Appraiaats
CC 01 15 Raal Eatate Paymmta

TOTAL Landa and Omm

CC 17 Beach Raplani*t

cC 1701 ?kbilization Oditization
CC 1717 Hopper dreds~ng
CC 1770 Beach Fill

TOTAL Beach Rap(aniabt

CC 30 Plaming, Ensinaarin9 and Oeaign
cc 31 Construction amasammt

ToTAL Racomanded Plm

TOTAL Aaaateagua Ialard Raatorat t on

1.002A 1,206 27,329 28,234 0 0 55,564 5s563.63
------- . . . . . . . . . --------- --------- . . . . . . . . . . . . . . . . . . . . . .

1.00 2A 1,206 27,329 2B,234 o 0 55,564 55563.63
------- . . . . . . . . . --------- --------- . . . . . . . . . . . -----------

1.00 2A 1,206 27,329 2G,234 o 0 55,564 55563.63

1.00 EA o 2,000 0 0 0 2DO0.OD
1.W EA 7::=

: l;::E
o 76500. DO

1.00 2A : : 0 I:;, O&l I;M&.:
1.00 2A o 17,000 0 0
1.00 2A o 0 0 0 15,0cl 15:DO0 15000:OD

. . . . . . . . . . . . . . . . --------- . . . . . . ..- . . . . . . . . . -------- . . . . .
1.00 2A O 223,500 0 0 15,000 D8,50D 23G500.00

1.00 EA
woOOOO CY
1200000 CY

1.002A

1.00 EA
1.00 2A

1.00EA

1.00EA

COliTIHGEHCY

SWTOTAL
ESCALATION

TOTAL iNCL OWER COSTS

Currency in DOLLARS

o 0 0 0 2,004,932 2,004,932 200493~.~
O 7,272,000 ;,277,0&

1s,24: 497,66; 740,M0 o 0,, 0;69
------- . . . . . . . . . --------- --------- . . . . . . . . . . . ---------- -

15,240 497,669 740,895 0 9,276,932 10,515,6% 10515496.13

0 1,877,500 0 0
0 l, GOO,OOO

o 1,877,500 1877500.00
0 0 0 1,8008000 lGOOOOO.DO

------- . . . . . . . . . --------- --------- . . . . . . . . . . . . . . . . . . . . . .
1s,840 4,39G,669 760,895 0 9,291,932 14,431,4% 1443 W6.13

------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . - ---------- .
17,0464,425,999 769,129 0 9,291,932 14,487,060 14487059.76

2,158,912
. . . . . . . . . . .

16,645,972
50G,852

--------- . .

17,1 S4,823

CREM ID: RG0293 UPS 10: RGD~



Wad 30 Apr 1W7
Eff. Date 10/01/96
DETAILED ESTIMATE

U.S. Army Corps of Engineers
PROJECTASSAT3: Aasataagua [a land Reatorat fm - Short lam

October 1996 Prfca Level

TIME 15:35:56

DETAIL PAGE 1
AA. operation and Nafntaname

. . . ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------- ------- . . . . . . . . -------- ------- ---------------- -------- -------- -------- ------- ------- -------- -------- ------- -------- . . . . . . . . . . . .
AA 17. Beach Replenishment WASTY UOH CREU ID OUTPUT MANHRS LABW EWIPMXT MATERIAL OTHER TOTAL COST WIT COST
. . . . . . . . . . . . . . . . . . . . . . . . . . . --------- --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- --------- . . . . . . . . . . . . . . . . . . --------- --------- --------- . . . . . . . . . . . . . . . . . . .

M. Oparstion aml maintenance
M 17. Beach Replenishment

AA 1770. Beach fill

M 177002. Site Uork

M 17700203. Corrective Beach Grading
Assw that corrective action wi 11 rewire 21 day of tmrk. The work Mi 1(
be eccmlpiehad With a XXQNOD7 dozer erau am! s USURC eurvay craw.

USR M < > 14.00
0.13 294

32.00
0.13 672

1.00
1.00 16

14.00
0.13 224

0.00
1.DD o

3;4.9:
#

::2i:
*

20.58
410

3s4 .94
7,079

0.00
0

0.00
0

0.00
0

883.29
23,122

Grading beach mterial
21.00 DAY XXGNO 1101.06

S90.20

77.13

1101.06

74.75

55563.63

55563.63

55563.63

55563.63

55563.63

70.51
1,846

0.00
0

0.00
0

4n.47
12,394

USR AB < > Survey Craw
21.00 DAY USURC

:l&7
#

8s3.29
17,61?

L- Wtruck for Hob/damb 41.29
824

0.00
0

0.00
016.00 HR UTDM2

528.35
10,538

0.00
0

0.00
0

mWamoiJ Dozer
(MD BLADE & ATTACWEHTS)

USR ABC *
16.00 ilR XXGUD

0.00
0

0.00
0

002ER,CWR, O-7ii,PS
(ADD BLADE t ATTACilHENTS) 16.00 iiR T15CA013

1.00 EA

------- --------- --------- --------- ---------- - ---------- -
1,206 27,329 28,234 0 0 55,564

------- --------- --------- --------- ---------- . . . . . . . . . . . .
1,206 27,329 28,234 0 0 55,564

------- --------- --------- . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . -
1,206 27,329 28,234 0 0 55,564

------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . .
1,206 27,329 28,234 0 0 55,564

-------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1,206 27,329 2B,234 o 0 55,564

Correct iva Beech GradingTOTAL

TOTAL

TOTAL

TOTAL

TOTAL

Si ta ilork

Beach fill

Beach Raplsni shment

@sration and itsintanance

1.00CY

1.00 EA

1.00 EA

1.00EA

Currency in DOLLARS CREW IO: RG0295 UPB 10: RG0295LABOR 10: RG0295 EGUiP IO: RG0295



ued30Apr 1997 U.S. Amy Corps of Engineers
Eff. Date 10/01/% PROJECT ASSAT3: Aseetewue Is(end Restoration - Short Tem

TIME 15:35:56

DETAILED ESTIMATE October 1996 Price Level
cc. Recomsnded Plm

DETAIL PAGE 2

. . . . . . . ..- ---------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- ---------- ---------- . . . . . . . . . . . . . . . . . . . . ---------- . . . . . . . . . . ---------- ---------- . . . . . . . . . . ---------- . .
cc 01. Lends end Dmegee WAHTY UOM CREN ID OUTPUT WAMRs LA- EWIPUNT MATERIAL OTHER TOTAL COST lMIT COST
. . . . . . . . . . ---------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- . . . . . . . . . . . . . ------- ---------- ---------- ---------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- . .

CC. Rec~ P1m
The work will consist of plsc~ng1,800,000cy’s of send on the beech.

I CC 01. Lmde end Dsnsgee

I CC 01 01. Acqufsitfon Docusents

USA< > Cedestral prep
of Real Estate R~i remsnts 1.00 2A
Mepping

TOTAL Acqhi t {on Doctments . l.mu

CC 01 02. Acquistione

cc 01 0201. By Goverment

CC 01 0201 01. Survey & Legds

USA< > Survey & Le@s

CC 01 0201 02. Title Evidence

UsR< z Tttte Evidence

TOTAL Tftlt Evidence

cc 01 0201 03. Megot{attone

UsR< * negotiations

TOTAL N-t iations

TOTAL By Goverment

TOTAL Acqd St i one

LA~ IO: RG02% E9UIP IO: RG0295

{

17.00 2A

17.00 2A

17.00 2A

17.W 2A

17.00 EA

17.00 EA

1.002A

1.00 EA

0.00 2000.00 0.00
0.00 0

0.00 0.00
2,000

2000.00
0 0 0 2,000 20D0.W

-------- ------- ------ ------- ------- . . . . . . . . . . . . . . . ------
0 2,0D0 o 0 0 2,000 2ooo.Do

O.? 1500.00 O.w O.m 0.00 1500.00
0.00 2s,500 o 0 0 25,500 lsm.oo

. . . . . . . --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -
0 25,500 0 0 0 2s,500 1500.00

0.00 1000.OO 0.00
0.00

0.00 0.00
0 17,000

lDDD.DO
o 0 0 17,000 1000.OO

.- . . . ..- . -------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . ----
0 17,000 0 0 0 17,000 100D.DO

Currency in 00LLARs

(

0.00 2DO0.00 0.00
0.00

0.00 0.00
0 34,0D0

2000.00
0 0 0 34,DO0 2DO0.DO

-------- --------- --------- . . . . . . ..- . . . . . . . . . . . . . . . . . ----
0 34,0D0 o 0 0 34,000 2DO0.00

. . . . . . . . . . . . . . . . --------- --------- . . . . . . . . . . . . . . . . . . . . . .
0 76,500 0 0 0 76,500 76500.00

-------- . . . . . . . . --------- . . . . . . ..- . . . . . . . . . -------- . . . . .
0 76,500 0 0 0 76,500 76500.00

CREU ID: ROW% UPS 10: ROW%

(



w 30 Apr IW7 U.S. Aruy Corps of Engineers
Eff. Date 10/01/% PROJECTASSAT3: Asseteegue Istend Restoration - Short Tern
OETAILED ESTIMATE October 1W6 Price Level

CC. Remmmded Plm

TIME 15:35:56

DETAIL PAGE 3

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
CC 01. Lends md D-gee WAIITY U CREM ID OUTPUT MAIIHRS LABOR EQUIPMMT MATERIAL OTHER TOTAL COST (MIT COST
. . . . . . . . . . . . . . . . . . --------- . . . . . . . . . --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- --------- --------- --------- . . ------- --------- --------- --------- . . . . . . . . . --------- -

cc 01 03. Culdelmetims

CC 01 0301. By Govertmsnt

UsR< > By h~t 0.00 Sooo.oo 0.00 0.00 0.00 Booo.oo
0.00 0 128,000 0 0 0 128,DDD

-------- . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . .

0 128,000 0 0 0 128,000

16.00 2A

16.00 EA

SooO.oo

6DO0.00

12SODD.DD

looD.oo

10DD.DD

17000.m

TOTAL By (iove~t

------- . . . . . . . . . --------- . . . . . . . . . ---------- - . . . . . . . . . . -
0 128,DO0 o 0 0 128, DODTOTAL Condemet forte

CC 01 05. Appreisate

Ccol 0501. By GOverrmsnt

USR* > By Goverment

1.002A

0.: 10DO.DD 0.00 0.00 0.00 woo.m
17.00 2A 0.00 17,0D0 o 0 0 17,DO0

------- --------- --------- . . . . . . . . . ---------- . . . . . . . . . . . -
17.00 2A o 17,DO0 o 0 0 17,000TOTAL By Gowrment

------- --------- --------- -.-...-.”- ---------- - . . . . . . . . . . .

1.00EA ‘ o 17,000 0 0 0 17,000TOTAL ~aieds

CC 01 15. Real Estate Payments

cc 01 15 01. Lend Peymmts

CC 01 15 01 01. By Govemsent

um~ >

TOTAL

TOTAL

TOTAL

ToTAL

Lwd Pqmmt COnt{IISMCY
1.00 EA

0.00 0.00 0.00 0.00 15000.00 1500D.oo
O.m o 0 0 0 15,DO0 15,000 15000.00

------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0 0 0 0 15,000 15,DO0 BS2.35By Govermsnt 17.00 EA

------- --------- --------- --------- . . . . . . . . . . . . . . . . . . . . . .
0 0 0 0 fs, ooo 15,DO0 150D0.DO

------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . .
0 0 0 0 15,000 15,00D 15000.oo

-------- . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . .
0 223,500 0 0 15,000 23s,500 23s500.00

Lend Peyments 1.00 EA

Real Estat. Payments 1.00 EA

Lmde d o~ 1.00 EA

Currency fn DOLLARSLABW ID: RG0295 EWIP ID: RG02% CREW ID: RG0295 WB lD: RG02%



ued30Aprlw7 U.S. Amy Corpe of Eng{neem TIW 15:35:56
Eff. Date 10/01/% PROJECT ASSAT3: Aseeteegue I sled Reetomt ion - Short Tem
DETAILED ESTIMTE October 1996 Price Level DETAIL PAGE 4

CC. Recommended Plen

. . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . --------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . --------- . -------- --------- . . . . . . . . . .
cc 17. Beech Rephnfehment WANIY ~ CREU 10 OUTPUT nAHnRs LABOR EQUIPHIiT MATERIAL OTHER TOTAL COST WIT COST
. . . . . . ..- --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . --------- --------- --------- --------- . . . . . . . . . --------- . . . . . . . . . --------- . . . . . . . . . .

CC 17. Beech Replenldment

CC 1701. Iiobilizetion, Dembflizethn
The coets mre developed ueing the Corpe of Enaineere Dredge Estimtin9
Progrm for Hopper Dredge Estimting. The following ees~tione were rode:
1. TW years will be rqired to maplete the proJect.
2. TW dredgee nitl be aob/demb the first yeer.

CC 1701 01. Mob/Demb F{ mt Year
The coets were devdqed ueing the Corpe of Engfneem Dredge Eethethg
Progren for Hfqer Dred@ Estimetf ng. The fotlowing ●ssqt{one were rode:
1. Tuo years wi I be rqi red to conplete the project.
2. Two dredgee Mill be mb/demb the ffret year.

USR AA<

USR AA<

> tlob/Demb Hopper Dredge
Coets were devd

r
using the

Coet E herine redge
TEst{met w Progreu. Th{s met

includee mb/demb of the
Scotts buoy.

> MaWDemob Second Hqper Oredoe
Coets were developed ueino the
Coet E heerino Dredge

7Est i-t ng Proerm.

TOTAL MOb/oemb Ff r-t veer

1.00EA

1.002A

1.002A

0.00 0.00 0.00 0.: 777s7s9ig 777359.00
0.00 0 0 0 # m*559 77T359.00

0.00 0.00 0.00 0.: 449a;4i: 449814.00
0.00 0 0 0 * U9,816 449s14.00

------- --------- --------- --------- ---------- . . . . . . . . . . . .
0 0 0 0 1,227,373 1,227,373 12273~.W

CC 1701 02. Mob/Demb Second Yeer
The coets were devdoped uefng the Corpe of Engineers Oredge Estlmting
Progrm for Hopper Dredge Est imet ing. The f 01 Iouing ●eeqt i one mere rode:
1. Tuo yeare wi 11 be rqi red to cqtete the project.
2. me dredm will be mb/demb for the second yeer.

USRAA< > WVOenob Hopper Dredge 0.00 0.00 0.00
Coets were developed uefng the 1.00 2A

0.: 7775759ig 777s59.00
0.00 0 0 0

Coet Engineering Oredge
# 777,559 m59.w

Eetheting Progrm. This cost
imludee mbMemb Of the
scotte buoy.

. . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . -------- -

TOTAL Mb/Dennb S=ond veer 1.00 EA o 0 0 0 777,559 m,559 m59.w

------- . . . . . . . . . . . . . . . . . . --------- . --------- - ---------- -
TOTAL Wobl 1fzet ion, Demobi ( f zet Ion 1.00 2A o D o 0 2,004,932 2,004,932 2o04932.m

I LABOR ID: RG0295 EWJP ID: RG0295

\

Currency fn DOLLARS
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CRW 10: RG0295 UPS 10: RG0295
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Ned 30 Apr 1W7
Eff. Date 10/01/96

U.S. Amy Corpe of Engineers
PROJECTASSAT3:

TIME 15:35:56

DETAILED ESTIMATE
Assateagua [sled Raatoratfon - Short Tem
October 1996 Price Lavd

CC. Recomendad Plen
DETAIL PAGE 5

. . . . . . . . . --------- . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- --------- --------- . . . . . . ..- . . . . . . . . . -
CC 17. Seach Raplenisiunent QUANTY~ CREW ID WTPUT PiAxfiRs LABOR EWIPfiNT MATERIAL OTHER TOTAL COST WIT COST
---------- . . . . . . . . . . ---------- ---------- ---------- . . . . . . . . . . ---------- ---------- ---------- -------------------- . . . . . . . . . . ---------- ---------- ---------- . . . . . . . . . . . . . . . . . . . . . -

CC 17 17. Hopper dredging
The coat for the dradgins coat mre deve[oped uains the Corp of Engineers
Dredge Estimting Progrm for ii
parts of the ffet f onal Park Hi 1I Vf%Z$;~&7~Z~7Zrf&a to
anvf romantat and weather eondf t ions. Assme that tuo Is(end class dredges
ui th paq out eepabi I tty uoutd be ueed. Tha borrow area used for
tha aatfmte was the Great GU1[ Banks. Construction uould start
on the southam and of the ~Ject in could atart in late July to early
August. ifork in tha ifationa Park area would besfn on or about 1 Septedm.

CC 17 1702. Site Uork

CC 17 170201. Ffrat Year

USR AA* s Hopper Dradsfng
The nit coat are from the
CWDEP progru and include ●lt
markq.

TOTAL Ff rat Yeer

cc 17 170202. second her

USRAA< > ifoppar Dradgfns
The mf t coat are f r= the
COEDEP progrm and fncluda all
marktpa.

TOTAL Second Year

ToTAL Sf to Uork

TOTAL H-r dredsf ng

CC 1770. Beach Ffil

cc 177002. Site Work

CC 17 70 0201. Ffrat Year

1 USR M eD2225 4252> Beach Shqfns

TOTAL First Year

LABOR ID: RGD295 EQUIP ID: RGD=

13700D0 CY

1370DO0 CY

43DOD0 CY

430000 CY

lsooOOD CY

lBooOOO CY

1370000 CY Xxom

137000D CY

0.00 0.00 0.00 0.00 4.04
0.00 0 0 0 0 5,534,800 S,534&

------- --------- --------- --------- . . . . . . . . . . . . ----------
0 0 0 0 5,534,BD0 5,534,BD0

0.00 0.00 0.00 0.00
0.00 0 0 0 0 1,737:iE 1 ,n7:i:

------- --------- --------- --------- ----------- . . . . . . . . . . .
0 0 0 0 1,~7,200 1,737,200

------- . . . . . . . . . --------- --------- . . . . . . . . . . . -----------
0 0 0 0 7,272,000 7,272,000

------- --------- --------- --------- ----------- . . . . . . . . . . .
0 0 0 0 7,272,000 7,272,000

0.01 0.22
200.00 12,056 376,7S2 563;h?

0.00 0.00 0.55
0 0 942,6S5

------- . . . . . . . . . --------- . -------- . . . . . . . . . . - . . . . . . . ..- -
12,056 376,7S2 563,903 0 0 942,68S

4.04

4.04

4.04

4.04

4.04

4.04

0.69

0.69

Currency f n 00LLARS CREU IO: RG0295 UPB ID: RO0295



W 30 Apr 1W7 U.S. Amy Corpe of Engineers
Eff. Oate 10/01/% PROJECT ASSAT3:

TIME 15:35:%
Assateegue Is lend Reetorst ion - Short Tera

DETAILED ESTI MATE October 1996 Price Level DETAIL PAGE 6
CC. Recommended Plsn

. . . . . . ..- --------- . . . . . . . . . . . . . . . . . . . . ------- --------- . . . . . . . . . --------- --------- --------- . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- --------- --------- . . . . . . . . . . . . . . . . . . .
cc 17. Besch Repbnidment QIJMTY~ CREU10 0U7PUT ilAaHRs LABOR EWIIWIT MATERIAL OTHER TOYAL COST WIT COST
. . . . . . . ..- ---------- ---------- ---------- . . . . . . . . . . ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- . . . . . . . . . . . .

CC 1770 02 02. Second Year

L USR M 422254252 w Seach ShepinS 0.01 0.22
200.00 3,7S4 118,B8B 176;~

0.00 0.00 0.55
430000 CY Xxem o 0 295,879 0.69

------- --------- --------- --------- . . . . . . . ..- - . --------- -
TOTALsecond Year 430000 CY 3,784 118,BSB 176,992 0 0 293,879 0.69

.. ----- --------- . . . . . . . . . --------- ---------- . ---------- -
TOTAL Site Uork 1- CY 15,640 497,669 740,s95 o 0 1,238,564 . 0.69

------- --------- . . . . . . ..- --------- . . . . . . . . . . . ---------- -

TOTAL Beech Fit I laooOOO CY 15,B40 497.669 740,B95 o 0 1,23B,S64 0.69
------- --------- . . . . . . . . . --------- ----------- . . . . . . . . . . .

T07AL Besch Replenisimsnt 1.00 2A 15,B40 497,669 740,s95 O 9,276,932 10,515,4% 105154%.13

I LABOR ID: RG0295 EQUIP IO: Ro0293 Currency in DOLLARS

(

CREU IO: RG0293 UPB IO: RODZ%

(



i

Uad 30 Apr IW7
Ef f. Date lQfOll% @ROJECTASSAT3:

U.S. Amy COW Of Ensinaara TIME 15:35:56
Aasataagua Island Raatoratim - Short Tem

OETA1LEO ESTIMATE October 1W6 Price Lwei DETAIL PAGE 7
CC. Racomended Plan

--------- . . . . . . . . . --------- --------- . . . . . . . . . --------- --------- . . . . . . . . . --------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- --------- . . . . . . . . . --------- . . . . . . . . . .
CC 30. P{amins, Engfnaarlns and Maim WANTY M CREW lD WTPUT MMHRS LASCR EUJIPMST MATERIAL OTHER TOTAL COST WIT COST
--------- --------- --------- --------- --------- --------- . . . . . . . . . . . . . . . . . . --------- --------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . --------- --------- --------- . . . . . . . . . . . . . . . . . . .

CC 30. Plamhs, Et@teerfn9 and Oealsn

UsR< > Total PED
1.00 EA

0.00 S25000.00 0.00 0.00 0.00 525000.00
0.00 0 525,000 0 0 0 525,000 525000.00

um~ ~ Monitoring ●fter ematruction. 0.00 1352500 0.00 O.DO 0.00 1352500.00
Work to cover ● five year 1.00 2A 0.00 01,352,500 0 0 0 1,352,500 1352500.00
period.

------- . . . . . . . . . --------- --------- . . . . . . . . . . . ---------- .

TOTAL Plamins, Engineering and Daaisn 1.00 M o l,an,soo o 0 0 1,877,500 lmwo.oo

LASOR ID: RG0295 EWIP !D: RG02% Currency in DOLLARS CREU 10: RG0295 WB IO: RG02%



wed 30 Apr 1W7 U.S. Amy CO~ of Ewineere TIW 15:35:56
Ef f. Date 10/01/% PROJECT ASSAT3: Asseteegue Istmd Reetorat {an - Short Term
DETAILED ESTIMATE October 1996 Price Level DETAIL PAGE 8

CC. Reamsmkd Plm

--------- --------- . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . .
cc 31. construct ion Mnegenmt WANTY WM CREW10 OUTPUT MASHRS LABOR EOUiPMT MATERIAL OTHER TOTAL COST WIT COsl
. . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

cc 31. construction Menegemnt

USA< > Conetruct ionMmegement 0.00 1- 0.00 0.00 0.00 16000D0.DO
1.00 EA 0.00 0 1,80D,DDD o 0 0 l,8m,ooo mooooo.oo

-------- . . . . ---- . . . . . . . . . --------- --------- -------- -----

TOTAL Cmet ruct im MmeSment 1.00 EA D 1, S00,000 o 0 0 I,800,000 lm.oo

-- . . . . . . . . . . . . . . . . . . . . . . . . --------- --------- -------- ----
TOTAL Recommended PIM 1.00 EA 15,s40 4,39s,669 740,895 0 9,291,932 14,431,4% 144314%.13

. . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- - ---------- -

TOTAL Assateegue I slend Reetorat i m 1.00 2A 17,0464,425,999 769,129 0 9,291,932 14,487,060 144U7059.T6

I LABOR ID: RG0295 EWIP 10: RG0295

i

Currency in DOLLARS

(

CREU 10: RGD295 UPS iD: RGO~

(
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Wed30 Apr 1W7
Eff. Date 10/011%

U.S. Arq Corps of Engfneer8 TIE 15:3s:56
PROJECTASSAT3: Aesateegue Ietmd Restoration - Short Term

October 1996 Prfce Level
●* CREWMc~ -

SACKUPPAGE 1

. . . . . . . . . . . . . . . . . . --------- . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ●**S L- ●*O* ‘W EWIP ~
SRC ITEM 10 DESCRIPTNN no. Uom RATE fWRS

TOTAL---------------------------------------------
COST MS COST cOST

---------- ---------- ---------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . --------- ---------- ---------- . . . . . . . . . . ---------- ---------- ---------- . . . . . . . . . . . . . . . . . . . ..-

USURC 4 FC-suryr + 4x4 S~ + small Tools PR~ = 100X CREWHOURS= 16S
FOP FC-SURYC L Suweyors, Chief 1.00 UR 14.s2 14.s2 14.82
FOP FC-SURYR L surveyors 3.00 HR 11.85 ::Z 35.55 35.55
NIL XMIXX020 E smell Toole 1.50 HR 1.57 1.50
HIL T50Gf4005 E TRK,HUY, 8,60DGVU,4X4, SIMURBAN 0.67 MR 8.71 :.:; ;:2 ;:2
NIL T501WO05 U TRK, HUY, 8,60DGVU,4X4, SUSURBAS 0.33 HR 1.s9 0.62 0.62
. . . . . . . . . --------- --------- --------- --------- . . . . . . . . . . . . . . . . . . --------- . . . . . . . . . . . . . . . . . . . -------- . . . . . . . . . --------- . . . . . . . . . -

.

TOTAL 4.00 50.37 2.50 8.81 59.18

● UTOHA2 1 Tractor & L- Traf ler ~. la CREUHouRs=
ML B-TRKDVRSVL Truck Drivers Heavy 1.00 ltR 20.58 1.00 20.58 2;!58
HIL T45XX019 E TRLR,LtX@OY,hT, 3 AXLE(ADD TR 1.00 HR 1.00
NIL T50KEDD4 E TRK,HUT, 50, DOD GVU, 6X4, 3 ML 1.00 HR 3::: 1.00 37:E 3;::
--------- --------- --------- --------- --------- . . . . . . . . . --------- --------- . . . . . . . . . --------- --------- . . . . . . . . . --------- --------- .

TOTAL 1.00 20.58 2.00 41.29 61.87

XXOMD 1 X-aqoprhvy + 1 Dozer, Cat D-7M, 215 Hp pR~ 8 la CRy U&SRs = 9296
NIL T1DCA013 E BLADE, UNIVERSAL, HYDR (FOR 07 1.00 tlR 1.00
ML T15CA013 E D02ER,CNLR D-711,PS (ADD BLADE 1.00 HR 5::s 1.00 59:97 :::;
ML X-LABORER L Outs{de Le60rers, (Sed-Skl I led 0.50 HR 20.36 :.: 10.18
RIL X-EWPRWDL Outside EqIlp. Operators, Nedfu 1.00 HR 27.25 2?.25 27:25
ML X-EOOPRHEDF f)utskle Ewip. Oparstors, Mecfiu 0.25 HR 27.75 0:25 6.% 6.94
. . . . . . ..- . . . . . . . . . --------- . . . . . . . . . --------- --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . --------- --------- --------- --------- --------- -

TOTAL 1.73 U.37 2.00 66.04 110.41

LABOR ID: RG0295 EQUIP 10: RG0295 Currency in DOLLARS CREU ID: RG0295 UPB 10: RGD~



Ued 30 Apr 1997 U.S. Amy Corps Of E~ineere TIW 15:35:36
Ef f. Date 10/01/% PROJECT ASSAT3: Asmteegue Is lend Restoration - Short Tem

oct*rl&6PrPr ~ml BACkW PAGE 2

---------- -------------------- ---------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- - q-------- ---------- ---------
sRC LASOR IO

~ T~AL W** --------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
DESCRIPT1~ SASE oVERTM TXS/IliS FRHG TRW RATE WR UPDATE DEFAULT MS

. . . . . . . . . . ---------- . . . . . . . . . . ---------- . . . . . . . . . . . . . . . . . . . . ---------- . --------- ---------- . . . . . . . . . . ---------- ---------- ---------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -

HIL O-TRXDVRMV Truck Orfvers, tlesvy 20.58 O.ox O.ox 0.00 0.00 20.s8 SR 07/20/9s 20.58 16
F@ FC-SURYC Surveyor8, Chief ;:.o& O.ox O.ox 0.00 0.00 14.s2 SR 07non3 14.82
FOP FC-SURYR Surveyors O.ox 0.00 0.00 11.85 SR 07/20/95 11.ss ;:
WIL X-EWPRMED Outside Ewip. ~retore, Wedim 27:2S ::E O.OX 0.00 0.00 27.23 HR 07/20/93 27.25 11620
HI1 X- LASORER Outside Leborers, (Seni-Ski (led) 20.36 o.ox O.ox 0.00 0.00 20.36 SR 0712WV5 20.36 M48

.

I lASOR IO: RG0293 EWIP 10: ROD2% Currency in DOLLARS

(

CREW ID: RG0293 WB 10: RoW%

(



( (

w 30 Apr IW7
Ef f. Date 10/01/%

U.S. Amy Corps of Eng{neers TIE 15:35:56
PROJECT ASSAT3: Assateegue Islend Reetoretfon - SRort Tem

October 1996 Price Level BACtW PAGE 3
●* EQfJf~tiT BA~ ●*

. . . . . . . . . . ---------- ---------- . . . . . . . . . . ---------- . . . . . . . . . . . . . . . . . . . . ---------- ---------- ---------- - .*------- ------
SRc lD.XD.

w TOTAL ●* --------- . . . . . . . . . --------- --------- ---------

EGUIPMEHT DESCRIPTI~ DEPR FCCM FUEL FOG TR UR TR REP EO REP TOTAL RATE HOURS
. . . . . . . . . . ---------- ---------- . . . . . . . ..- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- -------------------- --

WB T1DCA013 BLADE, UiiIVERSAL, HYOR, D-7 2.58 0.92 0.08 2.50
UPS T15CA013

6.06 ilR 929;
00ZER,CULR, D-7S,PS 1;.: :.: 6.54 2.28 26.95 59.97 iiR

UPS T45XX019 TRLR,LWSDY, 75T, 3 AXLE 0.50 1.32 0.19
UPB T5DGMO05

2.47
TRK,HUY, 8 600GW,4X4, ~BAM : 0:70

9.60 HR
2.51 0.68 0.23 0.03 2.17 1%

UPB T5DXEW4 TRK,WT, 5b,000 GW, 6x4, 3 AXLE l!.;
8.71 HR

2.97 8.08 2.19 0.44 0.06 7.92 31.70 HR
UPs XMIXX020 SMALL TOOLS . 0.22 0.16 0.07 0.63 1.57 HR 2;

LA@@ IO: RG0295 EWIP ID: RG0295 Currency {n DOLLARS CREU ID: RG0295 UPS ID: RG0295
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