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The environmental impact of each alternative was considered, although it is not included as a
separate column in the matrix.  This was due to the fact that there are a number of environmental
factors - water quality, benthos, birds, etc., and one rating would not accurately depict the
environmental impacts.  However, some of the impacts are reflected in the other categories.
Also, all of the alternatives involve dredging from specific areas and placing it along the same
area of Assateague Island so that the impacts are similar, such as temporary disturbance to
nekton, benthos, and plankton.  The plans only differ in sand sources and frequency.   It was
determined that environmentally, one alternative was not substantially better than another.  The
impacts of the recommended project are discussed in Section 6.

An objective in working with a variety of parties was determining a long-term sand management
plan that was acceptable to all.  A concern of all sponsors including the District was not to
negatively impact any bypassing material sources. Taking too much material could result in
affecting the hydrodynamics or material recharge not occurring.  The NPS did not favor using the
ebb shoal, the Town of Ocean City did not favor using the Ocean City updrift fillet.  The study
sponsors and public did not want to use Great Gull Bank unless absolutely necessary.  There was
no opposition to using the material from the navigational channels however, the engineers were
hesitant to using the flood shoal for fear the hydrodynamics of the back bays may change.  The
greater the material from individual sources, the greater the opposition.  We needed a plan that
took into account these concerns and objections.

Another concern was not taking too much material that would change the hydrodynamics of the
water system.  Several modeling efforts were undertaken to research this problem. OCTI
modeled the flood shoal and navigation channels and the impacts to the Ocean City fillet to
determine mining impacts. More detailed analysis of these models is located in Appendices A9
and A10.

Taking these concerns into account, Table 3-5 describes the evaluation process and screening for
each alternative, including the environmental impacts and benefits, economic impacts and
benefits, and navigational benefits to the coastal bays.  Sponsor acceptability is also included.
This table helps to explain how the numbers were derived for Table 3-4.
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Table 3-5. Evaluation of Mobile Bypassing Alternatives

Alternative Environmental/Economic Assessment Navigational Benefits Acceptability
1.  Full 145,000 m3

from Ebb Shoal to
Assateague Island
each year

Replaces the annual amount lost.

145,000 m3 is less than 2% of the ebb shoal
total volume.

Minimally affects the bypassing material source
recharge rates.

Partially mimics the natural sand transportation
process.

Using one bypassing material source limits
sand source flexibility.

Creates minimal
benefits to navigation
(improves navigation at
the inlet mouth).

Using ebb shoal as
bypassing material
source has local and
sponsor acceptability.
However, National Park
Service opposes the
sole use of the ebb
shoal.

2. Mining 290,000
m3/yr from the ebb
shoal every two years.

Twice the naturally depleted sand quantities
every other year.

Greater sand volumes can adversely impact
Assateague Island.

290,000 m3 is 3% of the ebb shoal total
volume.

Minimally affects the bypassing material source
recharge rates.

Partially mimics the natural sand transportation
process.

Using one bypassing material source limits
sand source flexibility.

Environmental impacts to bypassing material
and placement sites only every other year.

Creates minimal
benefits to navigation
(improves navigation at
the inlet mouth).

Using ebb shoal as
bypassing material
source has local and
sponsor acceptability.
However, the National
Park Service opposes
the sole use of the ebb
shoal.
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Table 3-5 Continued. Evaluation of Mobile Bypassing Alternatives

Alternative Environmental/Economic Assessment Navigational Benefits Acceptability
3.  Mining 145,000
m3/yr from Great Gull
Bank each year.

Replaces the annual amount lost.

Temporary impacts to fishing at Great Gull

Less than 1% of material used.

Bypassing material source does not affect
recharge.

Does not mimic the natural sand transportation
process.

Using one bypassing material source limits
sand source flexibility.

Cumulative impacts to offshore shoals.

No benefits to
navigation.

Using Great Gull Bank
as bypassing material
source has limited local
and sponsor
acceptability.

4.  Mining 580,000
m3/yr from the Great
Gull Bank every four
years.

Placing large material volumes in surf zone can
have negative environmental impacts.

Larger quantity of material used.

Bypassing material source does not recharge.

Does not mimic the natural sand transportation
process.

Using one bypassing material source limits
sand source flexibility.

Cumulative impacts to offshore shoals.

No benefits to
navigation.

Using the ebb shoal
Great Gull Bank as
bypassing material
source has limited local
and sponsor
acceptability.
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Table 3-5 Continued. Evaluation of Mobile Bypassing Alternatives

Alternative Environmental/Economic Assessment Navigational Benefits Acceptability
5.  Mining 100,000
m3/yr from the ebb
shoal each year for
three years and
280,000 m3 from
Great Gull Bank
every fourth year.

Placing larger volumes in surf zone every four
years causes greater magnitude of
environmental impacts.

Less than 1% of total material used.

Minimally affects the bypassing material source
recharge rates.

Partially mimics the natural sand transportation
process.

Increases sand source flexibility.

Creates minimal
benefits to navigation.

Using the ebb shoal
Great Gull Bank as
bypassing material
source has limited local
and sponsor
acceptability.

6.  Mining 160,000
m3/yr from the ebb
shoal every two years
starting the first year
and 260,000 m3 from
Great Gull Bank
every fourth year.

Placing larger volumes in surf zone every four
years causes greater environmental impacts at
time of placement.

Larger amounts of total material used.

May affect the bypassing material source
recharge rates.

Partially mimics the natural sand transportation
process.

Creates minimal
benefits to navigation.

Using the ebb shoal
Great Gull Bank as
bypassing material
source has limited local
and sponsor
acceptability.
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Table 3-5 Concluded. Evaluation of Mobile Bypassing Alternatives

Alternative Environmental/Economic Assessment Navigational Benefits Acceptability
7.  Mining 145,000
m3/yr from a variety
of sand sources each
year (40,000 m3/yr
from updrift fillet,
85,000 m3/yr from
ebb shoal, and 20,000
m3/yr from navigation
channels and tidal
shoals).

Replaces the annual amount lost.

Impacts to sources minimal due to use of
multiple sources.

Minimally affects the bypassing material source
recharge rates.

Mimics the natural sand transportation process.

Extremely flexible.  If source not recharged can
use a different source or different quantity.

Improves navigational
benefits to the back
bays and coastal area.

Has local and sponsor
approval due to the fact
that no one area is
severely impacted.

8. Mining 290,000
m3/yr from a variety
of sand sources every
two years (40,000
m3/yr from updrift
fillet, 230,000 m3/yr
from ebb shoal, and
20,000 m3/yr from
navigation channels
and tidal shoals).

Twice the amount of material supplied every
other year.  May impact surf zone environment.

Only 40,000 m3 material available from the
updrift fillet each cycle.  Need to increase
bypassing material volumes of navigation
channels or ebb shoal.

Increased volumes may cause disturbance in
water dynamics in the channel.

Bypassing material sources should recharge.

Moderately mimics the natural sand
transportation process (not continuous).

Extremely flexible.

Improves navigational
benefits to the back
bays and coastal area.

Has local and sponsor
approval due to the fact
that no one area is
severely impacted.
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Benefits of Alternative Plans

All eight alternatives provide similar benefits to Assateague Island in that they provide the
required volume of material to the island.  They vary by frequency and bypassing material
source, but by maintaining a sediment supply to Assateague Island, they restore the island to a
more natural condition. The benefits include the following:

♦ Restoring a unique barrier island of national significance to a more natural state.
♦ 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.
♦ Promoting potential for development of approximately 247 ha (100 ac) of salt

marshes on the back side of the island.
♦ Reducing the infilling of Sinepuxent Bay and the Ocean City Inlet.
♦ Protecting navigation through Sinepuxent Bay and the Ocean City Inlet.
♦ Protecting existing estuarine habitat in Sinepuxent Bay that would be lost to island

retreat (from tens to hundreds of acres).
♦ Preventing loss of SAV beds in Sinepuxent Bay (tens of acres).
♦ Decreasing or maintaining existing erosion rate of mainland.
♦ Allowing continued recreation in a unique, natural barrier island setting.
♦ Providing some protection to mainland communities.

3.6  SELECTION OF PLAN

The physical, environmental, and economic benefits, impacts, and estimated costs for the 8
alternative plans were evaluated. As Table 3-4 indicates, number rankings were assigned to each
to analyze their feasibility and effectiveness.  These numbers were then tallied along with
annualized and unit costs to determine a relative rating so that the alternatives could be
compared.  As shown, Alternative 7 produced the highest rating, 6.7  A cost effective analysis
was then used to determine the best alternative as shown in Table 3-6.
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TABLE 3-6. COST EFFECTIVENESS ANALYSIS:  LONG TERM MOBILE BYPASSING
ALTERNATIVES

Listed in Ascending Order of Outputs then Costs
Plan Sum Unit Cost Plan Sum Unit Cost

1 18 3.56 4 6 14.04
2 12 3.36 3 11 14.40
3 11 14.40 2 12 3.36
4 6 14.04 6 13 7.10
5 15 5.26 5 15 5.26
6 13 7.10 1 18 3.56
7 26 3.89 8 20 3.69
8 20 3.69 7 26 3.89

Production Ineffective Solutions Struck Through
Plan Sum Unit Cost

4 6 14.04
3 11 14.40
2 12 3.36
6 13 7.10
5 15 5.26
1 18 3.56
8 20 3.69
7 26 3.89

Cost Effective and Least Cost Solutions
Plan Sum Unit Cost

2 12 3.36
1 18 3.56
8 20 3.69
7 26 3.89

Average Costs Calculated
Plan Output (Index Sum) Unit Cost Average Unit Cost

per Index Unit Output
2 12 3.36 0.28
1 18 3.56 0.20
8 20 3.69 0.18
7 26 3.89 0.15

Plan Sum Unit Cost
7 26 3.89
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The Corps of Engineers Cost-Effectiveness Analysis Procedure (USACE IWR Report 94-PS-2)
was utilized for this evaluation.  Project alternatives for each objective were analyzed for
economic efficiency by first reordering the alternatives so that they are listed in order of
ascending outputs.  For each level of output the least cost alternative was then identified, and
alternatives which produced equivalent output for a greater cost were eliminated from further
consideration.  Alternatives were then analyzed for economic effectiveness by conducting a pair-
wise comparison of outputs and costs to identify and delete those alternatives that will produce
less output at equal or greater cost than subsequently ranked alternatives.  Average costs were
then calculated for the remaining solutions.  After the economic efficiency and effectiveness
analyses were completed, alternatives that remained for further consideration were cost-effective.
To provide further guidance to recommend a plan an incremental analysis was conducted.
Incremental analysis reveals and interprets changes in costs for increasing levels of outputs.
Based on the results of the cost effectiveness and incremental analyses, recommended plans were
selected.

For the proposed long-term restoration of Assateague Island, there are four cost-effective
alternatives.  A simple trend of decreasing average unit cost as project outputs increase
characterizes the relationship among the cost-effective project alternatives.  Alternative 7
possesses the lowest average unit cost per output in index units.  Because of this trend where the
lowest average cost alternative produces the greatest output, an incremental analysis is not
possible.

As the cost effective analysis indicates Alternative 7, mining 145,000 m3/yr (189,000 yd3/yr)
from a variety of sand sources each year: 40,000 m3/yr (52,000 yd3/yr) from updrift fillet, 85,000
m3/yr (111,000 yd3/yr) from ebb shoal, and 20,000 m3/yr (26,000 yd3/yr) from navigation
channels and flood shoals produces the greatest level of benefits.  This plan replaces the annual
amount of sand lost at Assateague Island with minimal impacts to sources due to the use of
multiple sources.  In addition, this plan approximates the natural longshore sand transport
process and is extremely flexible.  Specifically, if a bypassing source does not infill at the
anticipated rate, then use of an different source or different quantity is possible. This plan in time,
will create a sustainable, cyclical, long-term sand bypassing approach. Therefore, based on these
criteria, Alternative 7 was selected as the recommended plan.
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3.7  DESCRIPTION OF RECOMMENDED PLAN

3.7.1  Physical Description of Plan

To implement this recommended plan, we intend to utilize a shallow dredge like the Wilmington
District’s dredge Currituck.  The Currituck is a shallow hopper dredge 44 m (144 ft) long and
drafts approximately 7 feet fully loaded.  The hopper capacity is 240 m3  (310 yd3) and it can
operate in relatively rough seas.  The dredge can discharge directly in the surf zone.  Currently,
the maximum and minimum dredging depth of the Currituck is 5 m (17 ft) and 2 m (5 ft),
respectively.  However, modifications to the drag arm are being considered which would allow
dredging to depths of approximately 6 m (21 ft).  The dredge can remove thin layers of sand over
large areas, which is desirable for the sand areas being considered. Therefore, it is recommended
to bypass approximately 145,000 m3 (189,000 yd3) annually by mining approximately 72,500 m3

(94,000 yd3/yr) from the designated bypassing material sources twice each year, once in
February/March and once in October/November.  The long-term recommended plan has a project
life of 25 years. This has been coordinated with the Wilmington District and they are available
and capable of implementing the project during these months.  In the event a shallow dredge is
not available, the recommended plan will be to either skip that semi-annual cycle and double the
next cycle quantities; skip that year double the next year’s quantities; or contract a small dredge
using the ebb shoal and updrift fillet as material sources.

To further reduce the potential for adverse impacts to the placement site as well as the sites to be
mined, it was decided to bypass two times each year during times of greatest net southerly
longshore transport with a 2 to 3 month lag time between bypassing cycles.  Dredging twice a
year serves to provide sediment to Assateague Island on a more periodic basis which mimics
natural processes better than bypassing the entire yearly volume during one cycle.  By bypassing
smaller volumes over a longer period of time, the inlet area is less susceptible to changes to the
hydrodynamic regime including current and shoaling trends.  Bypassing twice during the
September through April timeframe with the 2 to 3 month lag will allow for the “mined” areas to
infill naturally through the southerly longshore transport process prior to both the second
bypassing cycle and prior to May, when the net longshore transport becomes predominantly
northerly in direction.  In addition, this time frame for dredging avoids the peak summer boating
season, therefore, minimizing the potential for safety problems between the dredge and boats.
This method of bypassing will minimize impacts to the entire inlet system.  In addition, dredging
between September and mid-March avoids any potential impacts to Piping Plovers on
Assateague Island.  Further, since material placement is in the surf zone not on the beach, the
potential for adversely impacting the plovers is low.
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It is proposed to semi-annually mine the maximum from the Ocean City updrift fillet taking
approximately 20,000 m3 (26,000 yd3) each time for a total of 40,000 m3 (52,000 yd3) per year.
In addition, it is proposed to mine approximately 43,000 m3 semi-annually (85,000 m3 (111,000
yd3) annually) from the ebb shoal.  It is recommended that approximately 5,000 m3 (7,000 yd3)
be mined semi-annually (10,000 m3 (13,000 yd3) annually) from the navigational channels.  This
operation would serve a dual purpose of reducing the impacts of channel shoaling in the area
while providing a source of sediment for bypassing operations. It is also proposed to mine
approximately 5,000 m3 (7,000 yd3) from the flood shoal semi-annually for a total annual volume
of 10,000 m3  (13,000 yd3).  This constitutes about 3 percent of its volume. However, unlike the
updrift fillet and ebb shoal, there is less certainty whether the mined area will infill at comparable
rates.

The Baltimore District and the study sponsors agree that mining small amounts of material from
various bypassing sources lessens the impact that would be experienced by a single source.
Detailed monitoring is necessary to assess the impacts year to year of each bypassing material
source.  Consequently, if a bypassing material source is being too heavily impacted, the
following year material would not be mined from that source.  More detailed information on the
monitoring plan follows this section in Section 3.7.1.  Also, supplying material yearly, rather
than every 2 to 4 years, more closely mimics the natural sediment transport process, an objective
of the study. In addition, performing the dredging two times a year lessens the environmental
impacts to Assateague Island.

Using a conservative approach and using multiple borrow sources, upsetting the inlet
hydrodynamics will be avoided.  In addition, this approach will allow for evaluation on an annual
basis of the efficiency and sustainability of the bypass sources.  In the future, the long-term plan
will demonstrate a stable, sediment bypassing system whereby materials taken will be perpetually
recharged and a cyclical process will occur.  This plan provides flexibility so that over time, we
can adapt to the best methods and sand sources.

As stated in Section 2.1.1.a, the sediment budget analysis conducted as part of this study
indicated the existence of a nodal point located about 6.3 km (3.9 miles) south of the inlet (see
Appendix A2).  It is suggested that net littoral transport north of the nodal point is to the north
and south of the nodal point to the south. To feed the regional littoral transport system and
address the erosion problems both north and south of this nodal location, this location is an
important consideration for placing the bypassed material.  The material would be placed in the
surf zone along a reach of shoreline from 2 to 5 m (5 to 15 ft) deep NGVD extending from
approximately 6 km (3.75 miles) to 8.4 km (5.25 miles) south of the inlet.  To address the major
erosion problem south of the nodal point, 80% of the material will be placed in the reach between
nodal point and 8.4 km (5.25 miles) south of the inlet while the remaining 20% will be placed in
the reach north of the nodal point, as shown on Figure 3-7.  A total of 145,000 m3 (189,000 yd3)
will be bypassed annually by placing 72,500 m3 (94,000 yd3) along this stretch of shoreline twice
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each year.  During each placement operation approximately 60,000 m3  (78,000 yd3) will be
placed south of the nodal point while the remaining 15,000 m3 (20,000 yd3) will be placed north
of the nodal point.

Ocean City Back-Passing

As one of the objectives of the long-term sand management, the sediment needs of the entire
coastal area were considered. Specifically, whether or not the long-term project could be
combined with the Atlantic Coast Shoreline Protection Project was addressed. The Shoreline
Protection Project addresses the sediment needs of the Ocean City beach.  Criteria the study
evaluated were the quantity of sediment, the potential bypassing material sources, and the types
of dredge vessels necessary for both projects.  However, analysis indicates the types of dredge
vessels required for the periodic nourishment of the Ocean City beach and that required for
placement along Assateague Island’s surf zone are much different in size, depth and capacity.
Therefore, the long-term restoration of Assateague Island can not be combined with the four-year
cycle of renourishment of the Atlantic Coast Shoreline Protection Project.

However, we did consider methods of how Ocean City or the Shoreline Protection Project could
benefit from the annual dredging operation proposed for the long-term restoration of Assateague
Island. For the restoration of Assateague Island it was determined that 145,000 m3 (189,000 yd3)
per year should be dredged from sources in and around the inlet area, where the sand is currently
being captured, and placed in the surf zone along Assateague Island.  In evaluating these sand
sources, it was determined that an addition 15,000 m3 (20,000 yd3) per year could be dredged for
use in other locations within the study area, such as Ocean City. This amount is deemed  an
appropriate quantity as to not adversely impact any of the proposed borrow areas.

It was determined that placing this volume of material annually in areas of increased erosion
along Ocean City would provide short-term benefits to that area, would provide longer-term
benefits to other project areas as it naturally migrates through the system, and would decrease the
cost of the four-year renourishment.  Furthermore, if the sand is back-passed in spring or early
summer, the wave conditions would tend to be more favorable for onshore transport of sand,
where it is most beneficial to the Project.

The estimated cost of the  beach sand required for periodic renourishment for the Atlantic Coast
Shoreline Protection Project is currently $6.50 per m3, excluding mobilization, demobilization
and other fixed costs. The renourishment is typically accomplished by dredging  a borrow area
offshore of Ocean City with a hopper dredge and aided with a booster pump and pipeline.  The
sand is directly piped onto the Ocean City beach in order to maintain the original design level of
shoreline protection.  If 15,000 m3 (20,000 yd3) of sand each year from the Ocean City inlet area
is back-passed, the cumulative effect over four years would be to reduce the renourishment
requirement by 60,000 m3 (78,000 yd3).
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The potential cost savings to the Shoreline Protection Project would derive from the lower costs
associated with the back-passing of sand from the Ocean City inlet area to an area of the Ocean
City beach. The cost of back-passing sand from the Ocean City inlet utilizing the shallow dredge
is $2.75 per m3 excluding the cost of mobilizing and demobilizing the dredge.  This assumes that
the haul distance is comparable to the Assateague Island haul distance; this equates to the vicinity
of 33rd Street.  If the renourishment area is below 33rd street, the cost savings will increase;
above 33rd Street, the cost savings will decrease. Therefore the cost of $2.75 per m3 for the
shallow dredge versus the cost of $6.50 per m3 for the normal renourishment cycle every four
years translates into a cost savings of $3.75 per m3 if the shallow dredge is employed for the
Ocean City sand back-passing.  The $3.75 per m3 times 15,000 m3 equals a cost savings of
$56,250  each year or equivalently, $225,000 every four years.  Thus there is a potential cost
savings of $225,000 every fourth year when the Atlantic Coast Shoreline Protection
renourishment cycle is undertaken.

The Corps of Engineers, Baltimore District, Engineering Division is currently analyzing three
reaches of Ocean City beach that experience chronic erosion problems. The analysis will indicate
whether any modification to the project is warranted.  The study could propose structural
modifications or additional renourishment in these areas.  The 15,000 m3 (20,000 yd3) discussed
above is being considered as a potential resource for solutions to these problem areas.

The existing authorities for both projects would be used to budget funds for the Corps of
Engineers contribution.  The $41,300 estimated cost for the Atlantic Coast of Maryland shoreline
protection project would be shared in accordance with the signed Project Cooperation Agreement
- 53% ($21,900) Federal, 47% ($19,400).  The costs for the Assateague Island would be cost
shared in accordance with agreed upon cost sharing.  Each year, both projects would be
individually identified in the President’s budget.

3.7.2  Monitoring Plan

Overview.  The purpose of the monitoring plan is to evaluate and document the effectiveness of
the Long Term Management Plan by assessing the physical evolution of the inlet system to
include both updrift and downdrift beaches.  Changes in key physical characteristics of the
system will be evaluated in an attempt to identify cause and effect relationships should problems
occur.  Since the long-term sand management plan is flexible by nature, the information gathered
during the course of the monitoring plan will allow for adjustments to correct potential
performance problems.  Also, adjustments can be made if assumptions made during this study
turned out to be incorrect.
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The monitoring program will begin before the first placement cycle to accurately characterize the
pre-project conditions thereby establishing baseline conditions by which project related changes
may be measured and evaluated.  Monitoring should continue throughout the life of the project
(i.e., 25 years), although the frequency and/or the extent of monitoring may be decreased in the
future as the reliability of predicting project performance is enhanced.

1.  Monitoring Components.  The recommended monitoring plan has six central
physical data collection components: (a) surveys of the areas to be mined, (b) bathymetric
surveys of the inlet system, (c) shoreline surveys of adjacent beaches, (d) wave and water level
measurements, (e) current measurements, (f) aerial photography and (g) sediment sampling.
These six components provide the minimum information required to sufficiently document the
behavior of the bypassing material areas and related changes to the inlet system and adjacent
beaches.  The monitoring plan presented focuses on the physical aspects and behavior of the
project.

a.  Surveys of Areas to be Mined.  The areas to be mined identified for the long
term project include the updrift fillet, ebb shoal, flood shoal, and the navigation channels.  A
fathometer type survey of the flood shoal, ebb shoal and navigation channels will be performed
before and after each dredging event, while the updrift fillet will be surveyed using a sea sled
type system.  In addition, the updrift fillet will be surveyed at the mid-point between dredging
events for the first 3 years of monitoring, to more closely monitor the infilling rate and profile
response in this area.  Thereafter, surveying of the areas to be mined will coincide with pre- and
post-dredging activities.  A pre and post dredging analysis will provide quantities of material
mined from each area, and allow for an evaluation of infilling rates and future availability of
material.

b.  Hydrographic Surveys of the Inlet System.  Complete hydrographic survey
coverage of the entire inlet system to include the ebb shoal should be performed on an annual
basis.  The area to be surveyed is comparable to the area analyzed in the development of the
sediment budget used in the formulation of the long term project.  Initially, this should be
accomplished prior to any project construction to establish a baseline condition upon which to
measure relative changes to the inlet system.  To allow time for the system to adjust to
subsequent dredging of the bypassing material areas, the annual survey should be performed in
June of each year, at the approximate mid-point of the interval between the semi-annual dredging
operations.  These data will be collected annually for the first 3 years of monitoring and every
other year thereafter.  Using these data, difference plots and calculations can be performed which
may indicate the existence of shoaling problems, scour problems, channel shifting, shoal
migration, etc.  In addition, these data can be input into a calibrated numerical hydrodynamic
model to assess adverse current patterns which may be attributed to the project.  A hydrodynamic
modeling system has been previously developed for other study purposes which may be refined
and utilized if these assessments become necessary.
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c.  Shoreline Surveys.  To document the effects of mining the updrift fillet on the
position of the shoreline landward of the dredged area as well as potential updrift effects, a
survey of the position of the mean high water line will be conducted at various times during the
year.  The survey will be conducted using conventional surveying techniques along the
waterfront from the north jetty extending north a distance of approximately 1,524 m (5,000 ft).
A rod man will traverse the beach from approximately +2 m (6 ft) and 0 m NGVD in a zigzag
fashion to delineate the mean high water line.  These surveys should be conducted concurrently
with the profile surveys of the updrift fillet in January, March, June, September and November.
This frequency of measurement will be performed for the first 3 years of monitoring.  Thereafter,
shoreline surveys will be conducted in conjunction with Pre- and post-dredging measurements.
Plots of shoreline position can then be compared to assess shoreline response to the mining
operations and potential adverse impacts can be identified (i.e., unacceptable amounts of
shoreline recession).  Similarly, the MHW shoreline of Assateague Island is to be systematically
surveyed from the south jetty to a point extending south a distance of 12 km (8 miles).  For the
first three years, the shoreline will be surveyed each year in the spring and fall and once a year in
September thereafter.  These data will be used to document the readjusted rates of accretion and
erosion along the project shoreline.

d.  Profile Surveys.  Beach profile surveys will be collected at approximately 0.5
km (0.3 mile) intervals from the south jetty to a point approximately 14 km (9 miles) south.  The
profile surveys are to be collected using a sea-sled type system.  The survey shall extend across
the entire zone of active profile change.  In areas where there is little to no relief the subaerial
portion of the profile could extend across the entire island.  The profile will extend seaward in a
direction normal to the local shoreline orientation to a point seaward of the depth of closure.
Depth of closure is defined as the depth beyond which sediment transport of engineering
significance does not occur (Stauble et al. 1993, Hallermeirer 1981, Birkemeier 1985).  These
data will be collected in September of each year for the first three years of the project and every
other year thereafter.  The frequency and need for continued collection of these data will be
assessed at that time.  These data will be collected in September, because it is at this time prior to
the winter storm season, that the beach is in its most accreted condition.  During this time, effects
of storms on the observed profile are minimized making it easier to assess the fill condition from
year to year and providing a consistent measure of the long term performance.  These data will be
used to evaluate the percentage of retention of the fill volume in the project area from year to
year as well as to help characterize the volume of material remaining on the subaerial beach.
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e.  Wave, Water, and Current Measurements.  Wave and water level data will
be collected using a directional wave gage.  Two directional wave gages are currently operational
offshore of Ocean City.  The north wave gage is located approximately 8.8 km (5.5 miles) north
of the inlet in offshore in approximately 30 meters (98 ft) of water while the south gage is located
approximately 1.9 km (1.2 miles) north of the inlet in the same depth of water.  In addition, the
south site is operated as a controlled tide station.  A controlled tide station is also being operated
by the Baltimore District at the Coast Guard Station in Isle of Wight Bay.  These collection sites
are deemed appropriate to use for the Long Term Restoration Project on Assateague Island.
Continued operation of these gages for the Long Term Project will provide a continuous record
of information from which values of significant wave height, peak wave period, peak direction,
and mean water level can be determined.  These data will be used to assess the severity of storms
impacting the area as well attempting to establish a cause and effect relationship between actual
waves and water levels and measured beach response (i.e., comparison of measured infilling rates
of updrift fillet to calculated transport rates, evidence of shoreline erosion along areas of
Assateague Island, etc.).  These stations will be operated for 3 years after the start of the long
term sand placement project.  It will be decided at that time whether to continue this level of
monitoring.

Additional tide and current meters could be deployed at strategic locations for short durations on
an as needed basis.  Since it is conceivable that mining the various areas in concert will have an
effect on the hydrodynamic regime and local bathymetry of the inlet and adjacent bays, these data
will provide a means to assess these relative changes.  Tide stations will be deployed in
Sinepuxent and Isle of Wight Bays at the location of the boundaries of the bathymetric grid
developed for the hydrodynamic model used for the study.  These stations will collect data for a
period of 30 days to capture the spring and neap tides.  Current data would be collected at
appropriate locations over at least a tidal cycle.  These data along with the most recent
bathymetric data of the inlet system would be utilized to calibrate the numerical hydrodynamic
model.  This calibrated model and the base condition model (previously calibrated model before
construction) could then be run with the same boundary conditions and the relative changes in
the currents and water levels throughout the model domain could be assessed.  This would allow
for an “apples to apples” comparison of the hydrodynamic regime on a temporal sense and under
differing conditions.

f.  Aerial Photography.  Aerial photography of the project shoreline and inlet
area will be performed in September of each year for the first three years after initiation of the
long term plan and once every 2 years thereafter.  The frequency and need for continued
collection of these data will be assessed at that time  The aerial coverage will extend from the
inlet to a point approximately 14 km (9 miles) south.  Coverage will include a single flightline
with 60% overlap stereo coverage of the entire project shoreline.  Color infrared film with a 9 x 9
inch film format will be specified.  A scale of 1" = 400' is to be used.  The photography will be
taken around low tide, to provide the maximum area of exposed intertidal beach and inlet shoals.
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Higher altitude coverage will also be conduced to cover an area approximately one quarter of a
mile on either side of the inlet.  The coverage will include the ocean, bay and mainland
shorelines in this area.  A scale of 1" = 800’ will be used.  All other requirements are the same as
for the shoreline coverage.  These data will provide a visual record of shoreline position,
variations in beach planform, condition of the beach and berm, and subaerial beach width.  The
location of coastal bay shoals can also be observed. In the past, Lidar surveys were attempted for
this area.  However, due to turbidity and the murkiness of the water, measurements could not be
taken.  Therefore, Lidar surveys are not recommended for the monitoring plan.

g.  Sediment Sampling.  Sediment sampling will be conducted to document
sediment characteristics of the borrow areas and adjacent beaches.  Sampling locations will be
within the borrow areas (i.e., front face of ebb shoal, accretion fillet, flood shoal, and navigation
channels) and both beaches adjacent to the inlet.  Submerged samples can be collected by boat
using a bucket dredge and surface grab samples can be collected by hand with a core scoop on
portions of the exposed beach.  Samples will be collected before and after each dredging event
for the first three years following construction of the initial project and then every other year
through year seven.  Analysis of these data should provide insight into the sediment transport
pathways and increase the understanding of sediment processes at an engineered inlet.

2.  Summary.  Tables 3-7 and 3-8 present the recommended data collection schedule for
physical monitoring of the project area.  The schedule is divided into two phases.  The initial
phase is a period of more intensive monitoring during the first three years of the project.  This
phase includes continuous wave and water level data collection and more frequent bathymetric
surveys, beach surveys, shoreline surveys, and aerial photography to sufficiently document
processes and responses characterizing the project.  This phase provides information to gain a
good understanding of the project behavior which can be used to enhance the project
performance.  The final phase focuses on longer term aspects of the project and assuring project
functionality is maintained.  It is recommended that the second phase of the project continue
through at least year 7, at which time a decision will be made whether to continue phase 2 level
of monitoring.
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TABLE  3-7
DATA COLLECTION SCHEDULE FOR LONG TERM SAND PLACEMENT

PROJECT YEARS 1 THROUGH 3
MONITORING
COMPONENT JAN FEB MAR JUN SEP OCT NOV DEC
SURVEY EBB

SHOAL
X dredge X X dredge X

SURVEY UPDRIFT
FILLET

X dredge X X X dredge X

SURVEY FLOOD
SHOAL

X dredge X X dredge X

SURVEY
NAVIGATION

CHANNELS

X dredge X X dredge X

SURVEY OF INLET
 SYSTEM

X

BEACH PROFILES
(Assateague Island)

X

SHORELINE
SURVEY (updrift

fillet shoreline)

X X X X X

SHORELINE
SURVEY

(Assateague Island)

X X

SEDIMENT
SAMPLING

X X X X

AERIAL
PHOTOGRAPHY

X

WAVE & TIDE
DATA 1/

1/  Additional tide and current data to be collected throughout the inlet and back bay areas on an
as needed basis.
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TABLE  3-8
DATA COLLECTION SCHEDULE FOR LONG TERM SAND PLACEMENT

PROJECT YEARS 4 through 25 (25 Years = Project Life)

EVEN NUMBER YEARS
FOLLOWING CONSTRUCTION

ODD NUMBER YEARS
FOLLOWING CONSTRUCTION

MONITORING
COMPONENT

PRE
DREDGE

POST
DREDGE

JUN SEP PRE
DREDGE

POST
DREDGE

JUN SEP

SURVEY EBB
SHOAL

X X X X

SURVEY
UPDRIFT
FILLET

X X . X X

SURVEY FLOOD
SHOAL

X X X X

SURVEY
NAVIGATION

CHANNELS

X X X X

SURVEY OF
INLET

SYSTEM

X

BEACH
PROFILES

(Assateague Island)

X

SHORELINE
SURVEY (updrift

fillet shoreline)

X X X X

SHORELINE
SURVEY

(Assateague Island)

X X

SEDIMENT
SAMPLING

X X

AERIAL
PHOTOGRAPHY

X

WAVE & TIDE
DATA

TO BE DETERMINED
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3.7.3  Operation and Maintenance

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 and adjustments in the bypassing can be made
each year.  If however, the project evolves to an unacceptable condition, it is envisioned that
corrective action may need to be taken.  Although it is difficult to predict when, or if, this will
occur, we are assuming that every five years, construction equipment may be required to
reposition sand for a period of a week.  Table 3-9 presents the O&M first costs and annualized
cost of this corrective action.  Maintenance of the project will be performed by the project
sponsor, the National Park Service.

Table 3-9  Project Operation and Maintenance Costs

O&M First Cost $60,400

O&M Annualized Cost $5,200

3.7.4  Risk and Uncertainty

Major risk and uncertainty factors in the analysis of the long term sand management component
are the effectiveness of sand placement on Assateague Island, the effects of removing sand from
the ebb shoal and fillet, and the availability of a dredge similar to the Currituck dredge vessel on
an annual basis.  Measures were taken to address the uncertainty inherent in a project of this
scope.  CHL modeled longshore sediment transport, grain size and composition, the
geomorphology of Assateague Island, as well as other hydrologic and physical factors that could
affect outputs.  Although there is risk and uncertainty in these model outputs, they do provide an
observed, determinate outcome around which a range of outcomes can be expected to occur.  In
regard to availability of a dredge similar to the Currituck, the cost to use an alternate dredge was
included in the analysis to account for this risk factor.
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3.7.4 Cost Estimates

The cost for the long-term sand management is estimated to be $25,243,000.  The first year cost
is estimated to be $1,385,000 (Table 3-10).  This cost includes $313,000 (contingency included)
for lands and damages.  These costs are also included in the $17,200,000 short-term restoration
project.  If the short-term project is constructed, the long-term project would be reduced by this
amount.  A copy of the detailed estimate is provided in Appendix C.

Table 3-10.  First Year Long Term Sand Management Costs

LTSM First Costs Fully Funded Costs
Long-term Sand Replenishment $665,000 $750,000
PED (including Monitoring Plan) $297,000 $335,000
Construction Management $110,000 $124,000
Lands and Damages $313,000 $353,000

Total $1,385,000 $1,562,000
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SECTION 4

NAVIGATION

4.0 INTRODUCTION

This chapter contains discussions of the water resource problems in the study area as they relate
to navigation.  Several problem areas were identified and potential solutions were investigated.
This chapter describes the problems, most probable future without-project conditions, alternative
solutions, and the recommended plans.  Annex B, Economics Evaluation, contains detailed
discussions on how costs and benefits were derived.

4.1 PROBLEM, NEEDS AND OPPORTUNITIES

The study team established the following problem statement for the navigation component of the
project:

The commercial waterway users are experiencing shoal-induced damages and increased
operating costs while navigating the Ocean City harbor and inlet channels and the Shantytown
channel.

Commercial waterway users experience shoal-induced navigational difficulties navigating the
channels of the Ocean City Inlet, Harbor, and the Shantytown Channel (adjacent to the Ocean
City Fishing Center) (Figure 4-1).  These are the channels most heavily used by commercial
watermen.  Most of the local commercial watermen in the area moor their vessels at the federally
maintained Harbor (Fisherman’s Marina harbor in West Ocean City), and use the harbor and inlet
channels regularly.  There are 27 year-round commercial watermen operating from the Harbor.
In addition, many transient watermen fish the surrounding waters and land their catch in the
harbor.  The Shantytown channel provides navigational access for boaters using the Ocean City
Fishing Center.  The center has a 220-slip marina and also houses 4 commercial headboats and
30 charter boats in its facilities.

Shoal formation in the bays in the vicinity of the inlet adversely impacts channel navigability.
The inlet and harbor Federal channels are currently maintained to a depth of 3 meters (m) (10 feet
[ft]), which is inadequate to accommodate the 8 local commercial vessels that draw up to 13 ft
under full load.  These vessels experience virtually continuous shoal-related navigational
difficulties even with periodic maintenance dredging.  The business operating costs of
commercial watermen using the existing harbor and inlet channels increase significantly due to
channel shoaling.  Annual fleet-wide cost increases range from $158,000 in the first year of the
7- year dredge cycle when the channels are deepest, to $227,000 by the last year of the cycle
when the effects of shoaling are the worst.
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The Shantytown channel is not a federally maintained channel.  The State of Maryland and the
marina owner dredge the channel on a seasonal basis, but shoaling resumes almost immediately
after dredging, and navigational difficulties ensue.  As the channel shoals, boat owners are forced
to navigate with the tides in order to minimize damage to their vessels while traversing the
channel.  The boats most significantly impacted by the shoaling pattern in the channel are the 4
commercial headboats, which draw from 6 to 8 ft.  However, as the shoal continues to accrete,
the 30-vessel charter fleet is impacted as well.  Besides requiring almost continuous maintenance
dredging, shoaling of the Shantytown channel increases operating costs for users.  The overall
operating cost increase due to shoaling is estimated to exceed $80,000 annually.

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 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.

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

4.2 FUTURE WITHOUT-PROJECT PROBLEMS

The most likely future without a project condition defines the condition that will most likely exist
if no action is taken to change the existing navigation conditions in the study area.  The most
likely future without project provides a baseline condition against which alternative future plans
are measured.  The future without-project condition for the navigation channels reflects the
results of engineering modeling studies, economic surveys and forecasts, and environmental
baseline studies.  The ensuing sections describe the future without project condition for the inlet
and harbor (Section 4.2.1) and for Shantytown channel (Section 4.2.2).
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4.2.1 Inlet and Harbor

Without a project to alter current shoaling patterns in the harbor and inlet, it is expected that the
existing 4-7 year maintenance dredging cycle will continue.  The inlet and harbor channel will
continue to be dredged to the Federally authorized dimensions of 3 m (10 ft) deep and 61 m (200
ft) wide.  Shoals will continue to form in established areas in the channel and increase the
operating costs of commercial watermen using the harbor and inlet.  The current rate of shoaling
in these areas is approximately 0.15-0.30 m (0.5-1.0 foot) per year.  The effect the channel
shoaling process has on boating operations is to gradually increase damages, maintenance costs,
tide-waiting delays and fuel costs as controlling depths in the channel become shallower in the
years following the maintenance dredging.

It is expected that the current rate of shoaling, vessel damages, and delays will continue in the
future.  Commercial watermen using the Ocean City harbor and inlet system will operate in the
face of economic inefficiencies and increased operating costs that are a direct result of shoaling
of the existing Federal channel.  The national economic development (NED) costs associated
with this condition are expected to continue to impact commercial fishing operations in the
future.  The annual NED cost attributable to shoal-induced navigational problems amounts to
$190,000 (see Annex B).

4.2.2 Shantytown

Without a project to alter the current shoaling frequency and location patterns in the Shantytown
channel, the existing condition is expected to continue. Local interests will continue to dredge the
channel on an annual basis, and channel users will continue to experience shoal-induced damages
and increased operating costs soon after dredging.  Implementation of a long-term sand
management project may reduce shoaling patterns in the inlet system and the Shantytown
channel, but the effects are difficult to predict.

Under current conditions, the channel is usually dredged in April to a depth of 2.4 m (8 ft) by the
State of Maryland, the marina owner, and its users.  Immediately after the dredge event, the
natural process of the flood tide initiates the migration of sand into the channel.  During the
spring and summer recreation season, channel usage is very heavy and shoal material from the
flood tide tends to be disturbed and unsettled, reducing the deposition of material in the channel
to some degree.  In this season, although adverse effects to users do occur, they are manageable.
After the recreational season as boat traffic diminishes, channel controlling depths decrease to
about 1.2-1.5 m (4-5 ft), which poses a significant impediment to navigational users.  During the
6 month period from October until the following spring channel clearing event, channel shoals
induce increased operating costs for users.  Shoaling costs include vessel damage repair costs,
delays awaiting tide shifts to traverse shoals, and headboat trips lost due to insufficient bottom
clearance.  The total increase in annual operating costs attributable to channel shoaling in
Shantytown is $80,000.
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4.3 GOALS AND OBJECTIVES

Due to difficulties commercial waterway users have been experiencing in navigating the Ocean
City Inlet, harbor, and Shantytown channel, these shoaling problems are being investigated as
part of this study.  The following goal 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 the channels.

4.4 FORMULATION OF ALTERNATIVE PLANS

4.4.1 Inlet and Harbor

Three alternatives to the currently authorized protect were formulated to address the navigation
problems being experienced by users of the Ocean City harbor and inlet channels.  Each
alternative would deepen the authorized channel depth.  The three alternatives investigated were:

1.  Deepen inlet channel to 4.3 m (14 ft), harbor channel to 3.7 m (12 ft)

2.  Deepen inlet channel to 4.9 m (16 ft), harbor channel to 4.3 m (14 ft)

3.  Deepen inlet channel to 5.5 m (18 ft), harbor channel to 4.9 m (16 ft)

Though it was considered in the formulation process for each of the three alternatives, no
widening of the currently authorized 61 meter (200 ft) wide channel was included in the plans.
The existing channel width is sufficient for vessel passage in conjunction with a deeper channel.
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4.4.2 Shantytown Channel

Six alternatives to the existing condition in Shantytown channel were considered in the
investigation. The six alternatives considered were:

1. West Side Channel Extension
2. Overdredging By Deepening the Channel
3. Overdredging By Widening the Channel
4. Training Wall and Shoreline Hardening
5. Jetty Construction at Site of Old Bridge
6. Channel Fluidizer System

A description and evaluation of these alternatives is included in Section 4.5.2.

4.5 EVALUATION AND COMPARISON OF ALTERNATIVE PLANS

4.5.1 Inlet and Harbor

Each of the alternative plans will increase the depth of the existing harbor and inlet navigation
channels and reduce the shoal-induced impacts to channel users.  It was assumed that with each
alternative, the shoaling rate in the channel will remain the same as the existing shoaling rate;
therefore, the channel will require maintenance on the same 4-7 year cycle as in the existing
conditions.  Because the most recent dredging cycle interval for the inlet channel was 7 years,
that was the interval cycle used for the analysis of effects.  For the harbor the interval used for the
analysis was average dredging cycle interval of 10 years.

Alternative 1 consists of deepening the authorized inlet channel to 4.3 m (14 ft) and the harbor to
3.7 m (12 ft).  The authorized channel width will remain 61 m (200 ft).  For the initial 2 years of
the 7-year shoal and dredge cycle, Alternative 1 effectively eliminates costs induced by channel
shoaling because channel depths provide sufficient clearance for all vessels navigating the
channel. By year 3 of the cycle, as shoaling gradually diminishes controlling depths, costs
induced by shoaling will begin to occur.  The annual shoal-induced operating cost with this
alternative amounts to $85,000.  By reducing the shoal-induced operating costs incurred by
commercial watermen, Alternative 1 provides a annual savings of $105,000 compared to the
without project condition.

Alternative 2 consists of deepening the authorized inlet channel to 4.9 m (16 ft) and the harbor to
4.3 m (14 ft).  The authorized channel width will remain 61 m (200 ft).  Alternative 2 will
significantly reduce the costs to commercial watermen of operating in the inlet channel and
harbor.  For the initial 6 years of the 7-year shoal and dredge cycle, Alternative 2 effectively
eliminates costs induced by channel shoaling because channel depths provide sufficient clearance
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for all vessels navigating the channels.  By year 7 of the cycle, as shoaling diminishes controlling
depths to 13 ft, costs induced by shoaling will begin to occur.  The annual cost with Alternative 2
amounts to $41,000. By reducing the shoal-induced operating costs incurred by commercial
watermen, Alternative 2 provides an annual savings of $149,000 compared to the without project
condition.

Alternative 3 consists of deepening the authorized inlet channel depth to 5.5 m (18 ft) and the
harbor depth to 4.9 m (16 ft).  The authorized channel width will remain 61 m (200 ft).
Alternative 3 will virtually eliminate the shoal-induced costs to commercial watermen of
operating in the inlet channel.  Because controlling depths are not expected to reach the 13 ft start
of damage threshold between maintenance dredging events, Alternative 3 effectively eliminates
costs induced by channel shoaling.  The average annual operating cost for the commercial fleet is
reduced to ordinary hull maintenance costs.  This cost amounts to $37,000 on an annual basis. By
reducing the shoal-induced operating costs incurred by commercial watermen Alternative 3
provides an annual savings of $153,000 compared to the without project condition,

Table 4-1 displays the benefits for each plan.

TABLE 4-1: ALTERNATIVE BENEFIT ANALYSIS

Average Annual Average Annual Alternative Shoal-Induced Costs Benefits

Without Project $190,000 $0
Alternative 1 $85,000 $105,000
Alternative 2 $41,000 $149,000
Alternative 3 $37,000 $153,000

The preliminary project implementation costs for each alternative were evaluated to determine
the average annual costs of each alternative.  For each alternative, project costs were based on an
identical mobilization and demobilization estimate of $260,000 and an estimated cost of $5 per
cubic yard to remove the material from the channel to place it on Assateague Island.  These
estimates were derived from the actual costs of the spring 1997 maintenance dredging of the inlet
channel.  The average annual costs are based on a 50-year protect life, using the capital recovery
factor for the current interest rate for FY 1997 of 7.375 percent.  No operation and maintenance
costs were included in the analysis because it is assumed that the alternatives will continue to
require maintenance dredging equivalent to what is accomplished for the current, authorized
project.  Because the quantities to be removed during maintenance dredging are expected to be
comparable, the costs are not expected to differ significantly.  Table 4-2 displays the project costs
and the average annual costs for the alternatives.
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TABLE 4-2

Alternative 1 Alternative 2 Alternative 3

Project First Cost $680,000 $1,000,000 $1,142,000
Average Annual Cost   $52,000     $76,000    $108,000

4.5.l.a Environmental Considerations with a Project.  Increasing channel depth will not induce
significant changes in the inlet dynamics and the hydrodynamics of the coastal bays.  An
enlarged channel may slightly 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 deepen
the channel.  CHL ran a hydrodynamic model of the inlet and bays to determine the impact that
dredging deeper would have.  It showed that deepening would have insignificant changes to the
hydrodynamics of the area (see Appendix A4).

Material from past maintenance dredging operations of the inlet channel has been placed on the
beach at Ocean City.  An analysis of the quality and amount of the material to be removed will be
required to make sure that inlet material is still suitable for beach nourishment.  Suitable inlet
material will likely be used for beach  placement in the future and could positively impact the
restoration of Assateague Island.  In the past, material from dredging of the harbor is not
considered suitable for beach placement, and has been placed at an upland site near the Ocean
City airport.  Although not suitable for beach nourishment, dredged material from the harbor
could be utilized for the creation or rehabilitation of islands in the coastal bays.

It is not expected that the deepening of the inlet and harbor channels will increase navigation in
the coastal bays.  The channels into the bays (lsle of Wight and Sinepuxent) will remain
authorized
to 6 ft, only allowing smaller vessels to enter the bays.

4.5.2 Shantytown Channel

To facilitate the evaluation of Shantytown channel alternatives, two numerical models were used
to simulate currents in Shantytown Channel.  A 1-D model (DYNLET 1), was used as the
primary source of current simulations.  A second model, A 2-D depth integrated model, was used
to investigate the structural solutions to shoaling.  The modeling effort yielded the following
conclusions for each alternative.
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West Side Channel Extension

Model simulations indicate that extension of the Shantytown channel north of Route 50 would
establish peak tidal flow velocities sufficient to keep the channel clear.  This alternative would
require extension of the 2.4 m (8 ft) deep Shantytown channel north from Route 50 with a 12.2
meter (40-foot) wide tie-in to the main channel about 1.6 km (one mile) north of the bridge.  It
would require an initial dredge volume of 100,000 yd3, annual maintenance dredging of 30,000
yd3 per year for the first several years of operation, and close monitoring of its impact on shoal
equilibrium.  The estimated cost of the initial dredging is $800,000 and for the annual
maintenance dredging $300,000,

The major disadvantage is the cost to implement the plan.  Because project costs would far
exceed potential project benefits (at most $80,000 annually) with the channel extension
alternative, it is not a feasible alternative.

Overdredging By Deepening the Channel

This alternative consists of deepening the channel by overdredging by anywhere from 1.2 to 3.0
meters (4 to 10 ft) to extend the non-shoaling navigable period between maintenance events.
Model applications indicate that overdredging would not be an effective solution to the shoaling
problem because it has a negligible effect on channel velocities and would likely result in an
increased shoaling rate from the adjacent flood shoal.  In addition, the estimated annual cost with
this alternative is $230,000, far in excess of the maximum project benefit amount of $80,000.
For these reasons, the alternative is not feasible for implementation.

Overdredging By Widening the Channel

This alternative consists of increasing the channel width to reduce shoaling rates.  Modeling
indicates that in order to achieve a reduction in channel shoaling, a combination of channel
deepening and channel extension would be needed to affect flows appreciably.  Widening the
channel could also alter the configuration of the flood shoal.  The costs of this alternative,
because it includes extension and deepening of the channel, are far in excess of the maximum
project benefit amount of $80,000.  Because of its high implementation cost and uncertainties
about its effect on the flood shoal, this alternative was eliminated from consideration.

Training Wall and Shoreline Hardening

This alternative would consist of the construction of solid walls along both sides of the channel
to prevent sediment incursion from the adjacent flood shoal and the eroding shoreline.  This
would potentially block sediment from entering the channel from these adjacent sources.
Modeling shows that these structures would be ineffective because they have minimal impact on
velocities due to the large tidal prism and the relatively small structure.  Shoaling will continue
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from sediment entering from the inlet.  The approximate first cost is $550,000 and the annual
maintenance dredging cost is $15,0,000.  The annual cost of $192,000 is more than double the
maximum annual benefits with the project.  Based on the alternative’s excessive implementation
cost and uncertainty about its effectiveness, it was eliminated from consideration.

Jetty Construction at Site of Old Bridge

This alternative would consist of construction of a timber jetty at the site of the old bridge ruins
just south of the Shantytown channel, to reestablish previous, non-shoaling tidal flow patterns in
the channel.  In concept, this alternative would retrain flows to effectively reduce shoaling in the
Shantytown Channel.  However, modeling studies indicate that substantial dredging to
reconfigure the flood shoal to its previous proportions would be necessary.  This dredging would
result in a disequilibrium in the flood shoal and probable adverse impacts on navigation in the
Isle of Wight channel and under the Route 50 bridge.  The approximate first cost of this
alternative is $700,000 and additional dredging costs would be significant.  This alternative is not
feasible because of its impacts on the flood shoal and uncertainties about its effectiveness.

Channel Fluidizer System

This alternative would require installation of a piping system to fluidize and transport bottom
material out of the channel.  Theoretically, the material could be directed to areas where tidal
currents would be sufficient to carry it away.  Modeling showed that ebb currents are insufficient
to mobilize fluidized material from the seafloor, a necessary part of the system.  The estimated
first cost is $310,00 and could be much greater.  Annual operating cost estimates are $135,000.
Total estimated annual costs are $159,000, far in excess of the maximum amount of benefits with
the project.  This alternative is an unproved technology with uncertainties in terms of cost and
function.  For these reasons, the fluidizer alternative is considered not feasible.

4.6 SELECTION OF RECOMMENDED PLAN

4.6.1 Inlet and Harbor

As a step in the process of comparison of alternatives and to assist in the selection of a
recommended alternative, a comparison of alternative benefits and costs was done.  The benefit
cost ratio (BCR) is the ratio of average annual benefits to average annual costs.  Economic
feasibility of an alternative requires that the BCR be equal to or greater than one.  Table 4-3
summarizes the benefit cost ratios and net benefit analysis for the 3 alternatives.  The BCRs were
calculated based on preliminary cost estimates for each alternative.  Each alternative has a BCR
greater than one.
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The recommended plan is the plan that maximizes the difference between annual benefits and
annual costs.  This plan is identified as the national economic development (NED) plan.  For the
harbor and inlet navigation evaluation, Alternative 2, deepening the inlet to 4.9 m (16 ft) and the
harbor to 4.3 m (14 ft) is the NED alternative and the recommended plan.

Table 4-3.  Benefit-Cost Ratios and Net Benefits Harbor and Inlet Navigation Alternatives

Alternative Average Annual Average Annual     Benefit to Net Benefits
     Benefits        Costs     Cost Ratio

Alternative 1     $105,000      $52,000         2.02      $53,000
Alternative 2     $149,000      $76,000         1.96      $73,000
Alternative 3     $153,000     $108,000         1.41      $45,000

4.6.2 Shantytown

Based on the formulation of alternatives in Section 4.5.2, it was determined that there is not a
economically feasible solution to the shoaling problem and therefore, there is not a Federal
interest to implement a navigation project for Shantytown Channel.  However, because of its
proximity to the inlet, and the renewable volume of sand, this area has been identified as a
potential bypassing source area for the long-term sand management project.  Although the main
purpose of dredging this area would be to support the long-term sand management, an incidental
benefit would be to reduce the impacts of channel shoaling.

4.7 DESCRIPTION OF RECOMMENDED PLAN - INLET AND HARBOR

4.7.1 Physical Description of Plan

The recommended plan consists of dredging the Ocean City harbor to a depth of 4.3 m (14 ft)
and dredging the inlet to a depth of 4.9 m (16 ft).  To dredge the harbor to 4.3 m (14 ft) including
a 2-foot overdepth will require removal of 68,000 m3 (88,000 yd3) of material.  Forty six
thousand (46,000) m3 (60,000 yd3) will be removed from the inlet channel to provide an
authorized depth of 4.9 m (16 ft) from the entrance to the harbor to deep water outside the inlet
including a 2-foot overdepth.  Overdepth is standard operating procedure to account for the
inaccuracies of dredging and assure the authorized depth is obtained.  This additional depth also
increases the time between maintenance dredging.  The alignment of the channel will follow the
alignment of the existing channel.



Section 4 Ocean City Water Resources
June 1998 Final Feasibility Report

Page 4-12

Material dredged from the harbor and inlet will be used to create island and wetland habitat, as
part of the environmental restoration component of the project, as described in Section 5 of this
report.  Any remaining material from the inlet (clean sand) will be placed on Assateague Island
as part of the long-term management plan or on the Ocean City beach.  The remaining material in
the harbor will be placed upland at a site near the Ocean City airport.

4.7.2 Operation and Maintenance

The Federal government is responsible for operation and maintenance of Federally authorized
navigation channels.  The currently authorized 3 meter (10 ft) deep channel in the Ocean City
harbor and inlet is maintained by the Federal government.  The inlet is maintained every 4-7
years.  The harbor is maintained every 10 years.  Because shoaling rates are not expected to
change with implementation of the 4.9 meter (16 ft) inlet, 4.3 meter (14 ft) harbor alternative, the
frequency and cost of maintenance dredging is not expected to differ from the existing condition.
The inlet was dredged most recently in spring 1997 at a cost of $344,000 for removal of 14,000
m3 (18,000 yd3) of material.  The harbor was most recently dredged at cost of $337,000 in 1990.

The project non-Federal sponsor will bear the responsibility of providing a dredged material
placement site for maintenance dredging.  The Corps will determine the suitability of the dredged
material site.  It is anticipated that material from dredging of the inlet will be placed on the
beaches at Ocean City or Assateague Island. Some of the material dredged from the harbor will
be used for the environmental restoration projects in the coastal bays. Material not needed for
environmental restoration will be will be placed at an upland site near the Ocean City airport.
Because it is not certain that both the environmental restoration projects and the navigation
channel project will be constructed, the project cost estimate is based on the assumption that the
entire volume of harbor material will be placed at the upland site.  The actual project
implementation cost for the navigation channels is expected to decrease if a portion of the
material can be used for environmental restoration.

4.7.3  Risk and Uncertainty

Major risk and uncertainty factors in the evaluation of navigation alternatives involve the
accuracy of information gathered and used in the evaluation, the annual shoaling rate used in the
evaluation, and the inherent unpredictability of future demographic, economic, hydrologic, and
meterological events.

In order to reduce the potential impacts of risk and uncertainty in the economic evaluation, a
number of measures were taken. The hydrologic and sediment transport effects of channel
deepening were modeled and found to be insignificant.  This information reduces uncertainty
regarding the effectiveness of future outputs from a physical perspective and validates the
assumption that shoaling rates will not change with a deeper channel in place. In order to cross-
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check the accuracy of information gathered regarding shoaling and its effect on channel
navigation and on commercial users’ operating costs, a variety of data sources were consulted.
These sources included public meeting forums, focus groups, interviews with channel users and
government officials. Another risk management measure used was to assume a shoaling rate of
0.5 foot per year.  This rate is on the low end of the estimated annual rate of shoaling and thus
minimizes the risk of overstating benefits.  Also, the number and size of commercial vessels used
in the channel was kept constant in the evaluation for the life of the project, thus minimizing the
risk of over estimating future benefits.

4.7.4 Construction Method

The harbor will likely be dredged using a hydraulic cutterhead dredge.  The material will be
pumped via a pipeline to be placed upland at the airport.  The inlet portion of the project would
be dredged using a hopper dredge.  The inlet material would be placed in the surf zone on
Assateague Island.

4.7.5 Project Cost Estimate

The cost for the recommended plan is $1,672,200.  The fully funded cost for the recommended
plan is $1,776,800.  Table 4-4 provides the total breakdown of costs for implementation of the
harbor and inlet deepening alternative.  The project will be implemented under Section 107 of the
Continuing Authorities Program.  In accordance with Section 101 of WRDA 86, Table 4-5
provides the non-Federal contribution during construction.  Table 4-6 presents the non-Federal
contribution over 30 years.

Table 4-4. Total Project Costs for Inlet Deepening to 16 feet and Harbor Deepening to 14
feet.

Construction Activity First Costs Fully Funded Cost
Lands and Damages $38,600 $42,100
Mobilization & Demobilization $455,100 $481,200
Dredging $853,100 $8904,700
Engineering & Design $66,000 $71,800
Construction Management $110,000 $119,700
Disposal Area $149,400 $157,300
TOTAL PROJECT COST $1,672,200 $1,776,800
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Table 4-5:  Non-Federal Contribution during Construction.

Construction Activity
a.  Construction
Mobilization & Demobilization $45,500
Dredging $85,300
Engineering & Design $6,600
Construction Management $11,000
Disposal Area $15,000
b.  Lands and Damages $38,600
SUBTOTAL $202,000

Table 4-6:  Non-Federal Contribution Over 30 Years

a.  Additional 10% of Construction less credit for
LERRD

$124,800
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SECTION 5

ENVIRONMENTAL RESTORATION

5.0  INTRODUCTION

This chapter focuses on the water resources problems of the coastal bays environment.  Several
problems which merit active environmental restoration actions were identified.  This chapter
discusses these problems, future conditions without any action, alternative plans to address these
problems, and recommended solutions.

5.1  PROBLEM IDENTIFICATION

The reconnaissance study identified a number of environmental water resources problems that
were carried into the feasibility study.  An interagency meeting was held in February 1996 to
reconsider the problems identified in reconnaissance and to identify additional problems.  This
list of problems was presented for consideration at a public meeting in May 1996 and the list was
further defined and explored through coordination with resource agency representatives and
academic scientists.  The following environmental water resources problems were identified as
important for consideration in this study:

1. Water quality in the St. Martins River, Newport Bay, Taylorsville Creek, Turville Creek, and
Herring Creek is degraded by pollutants from surface water runoff and groundwater seepage.

2. Water quality in manmade canals and lagoons is degraded because of pollutant inputs and
poor circulation.

3. More than 700 hectares (ha) (1,750 acres[ac]) of salt marsh in the coastal bays watershed
have been destroyed for development.  These losses have occurred primarily in the northern
coastal bays.

4. More than 8,500 ha (21,000 ac) of forested wetlands in the coastal bays watershed have been
drained for agriculture.  An additional 1,600 ha (4,000 ac) have been destroyed for
development.  These losses have occurred primarily in the watersheds of the St. Martin River,
Isle of Wight Bay, Manklin Creek, and Newport Bay.

5. Beach-nesting bird species have lost more than 80 percent of historical nesting habitat
because of development on Fenwick Island and recreational use and dune construction on
Assateague Island.

6. Waterbird colonies on dredged material islands in Sinepuxent and Chincoteague Bays are
threatened by severe erosion.

7. Submerged aquatic vegetation is largely absent from the mainland shore of the coastal bays,
presumably because of water quality problems.

8. Oyster beds in the coastal bays have been destroyed by disease and predators.
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Given the list of problems, 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.

5.2  GOALS AND OBJECTIVES

Based on the problems identified, the following goal and preliminary list of objectives were
developed for this study:

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

Preliminary List of Objectives

1. Improve water quality in polluted tidal tributaries.
2. Improve water quality in manmade dead-end canals.
3. Replace lost salt marsh habitat and ecosystem functions.
4. Replace lost forested wetland habitat and ecosystem functions.
5. Provide/maintain nesting habitat for colonial waterbirds.
6. Restore/create submerged aquatic vegetation beds.
7. Restore/create oyster beds.
8. Enhance fish habitat to compensate for lack of SAV and loss of oyster beds.

These preliminary objectives were screened for practicability and need with input from resource
agency representatives.  As an additional part of the screening process, these objectives were
evaluated to determine whether they fit the Maryland Coastal Bays National Estuary Program
criteria that were established to identify significant habitat losses.  These criteria are:

1)  The loss occurred and/or is occurring at a high rate.
2)  The loss is substantially permanent or recovery will occur slowly.
3)  The loss is likely to produce significant secondary effects.

Improving water quality in the tidal tributaries (Objective 1) and manmade canals and lagoons
(Objective 2) was determined to be outside of the purview of the Corps environmental restoration
mission.  However, some improvement in water quality could be gained through
restoration/creation of wetland habitat and functions (Objectives 3 and 5), which is a primary
mission of the Corps.  Water quality is being addressed comprehensively for the region through
the National Estuaries Program.
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Restoration/creation of salt marsh and forested wetlands (Objectives 3 and 4) was determined to
be of critical importance since both of these habitats have been lost at a high rate, and these
losses are essentially permanent unless restoration action is taken.  In addition, loss of these
ecosystems likely incurred substantial detrimental secondary environmental impacts to the
watershed, such as decreased water quality, and when combined with wetlands losses throughout
the Delmarva region, likely produced regional detrimental cumulative impacts.

Restoration/creation of colonial waterbird nesting habitat (Objective 5) was determined to be of
importance since nesting habitat has been lost at a high rate, and these losses are essentially
permanent unless restoration action is taken.  It is unclear whether loss of colonial waterbird
nesting habitat has caused detrimental secondary impacts to the ecosystem.  However, loss of
nesting habitat on a regional scale is substantial, and likely produced cumulative detrimental
impacts to colonial waterbird populations.  Furthermore, the Corps of Engineers is among the
few Federal and state agencies which have the demonstrated capability to pursue this objective.

Restoration/creation of SAV beds (Objective 6) was not pursued as a primary objective for
several reasons.  SAV beds have been naturally increasing in area in the coastal bays (see Section
2.4.1); they have doubled in size over the last 10 years, and there is no reason to expect that this
trend will not continue.  Therefore, it is not clear that there is a need to actively restore SAV.  In
addition, SAV bed restoration/creation efforts have a limited success rate, and water quality
conditions that cannot be controlled could induce failure of this initiative.  However, in
recognition of the importance of SAV to the aquatic ecosystem, it was determined that SAV bed
restoration/creation would be incorporated as a subcomponent of restoration and creation of salt
marsh and colonial waterbird nesting habitat (Objectives 3 and 5).

Restoration/creation of oyster beds (Objective 7) would, in the absence of limiting factors,
readily qualify for active environmental restoration measures because nearly complete loss of
historic coastal bay beds has occurred, it is likely that this loss produced substantial secondary
effects to the aquatic ecosystem.  Unfortunately, this objective was dropped from consideration
because high salinity conditions support the presence of oyster diseases and parasites that would
likely cause failure of restored/created beds.  It is not expected that salinity conditions in the
coastal bays will be reduced in the future; thus, the long-term outlook for oysters in the coastal
bays looks bleak.

Enhancing fish habitat (Objective 8), by such means as creating artificial reefs, was dropped as a
primary objective because of lack of perceived need.  It was determined that fish habitat could
effectively be enhanced through the restoration/creation of salt marsh and habitat islands for
waterbirds (Objectives 3 and 5).

From this screening, it was determined that to meet the project goal of restoring fish and wildlife
habitat and ecosystem functions in the coastal bay watershed the two following objectives should
be the focus of study efforts:
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Objectives:

1.  Replace lost salt marsh and forested wetlands habitat and ecosystem functions.
2.  Provide nesting habitat for colonial waterbirds.

5.3 FUTURE WITHOUT PROJECT PROBLEMS

5.3.1  Nesting Habitat for Beach-Nesting Colonial Waterbirds

No additional habitat on Fenwick Island is expected to become available since future land use is
expected to remain consistent with current use.  The natural process of inlet formation,
migration, and closure that is primarily responsible for creating nesting habitat has been
effectively stopped on Fenwick Island as a result of island stabilization.  Small parcels of bare-
substrate nesting habitat may be available sporadically on Fenwick Island as sites are disturbed
for construction and other purposes, but these sites will be temporary, very limited in size, and
will have minimal beneficial impacts to beach-nesting colonial waterbird populations.

Some new barren sand nesting habitat would continue to be created at a slow rate in the vicinity
of the Route 50 bridge in the northern coastal bays, provided that sand management practices for
Ocean City continue as per current conditions.  However, the rate of creation of new habitat may
only be equal to the rate of loss of this habitat on Skimmer Isle as natural vegetative succession
occurs.

Barring a breach, it is expected that a balanced approach to the management of Assateague
Island, providing for recreation and protection of natural resources, will be maintained.  The
overwash-prone zone at the north end of the island will continue to expand southward because of
continued sediment starvation.  If beach-nesting colonial waterbirds nest there, then additional
area would be closed to public use by the Park Service to protect the waterbirds.  However, the
northernmost end of the island adjacent to the jetty is becoming increasingly stable and
vegetation development would be expected there, effectively causing some loss of nesting habitat
on the northernmost end of Assateague Island.  And it is expected that dunes and recreation
facilities within the state park will be maintained, and that bare-substrate nesting habitat will not
become available within state lands.  In the southern portion of Assateague Island National
Seashore, dunes that were constructed prior to the 1970’s are no longer being maintained (except
in developed areas).  This should increase potential nesting habitat for beach-nesting waterbirds
as storms destroy the constructed dunes and destroy vegetation that developed in the lee of these
dunes.  Overall, it is expected that the area on Assateague Island available for nesting purposes
for beach-nesting colonial waterbirds will remain constant or increase somewhat, barring a
breach.
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If the northern end of Assateague Island, which is considered most vulnerable to breaching, were
to breach, then no additional bare-substrate nesting habitat would be created.  The northern end
of the island is already in a bare-substrate condition, and the narrowness of Sinepuxent Bay limits
the potential for creation of additional barren sand islands on the bayside of northern Assateague.
It is anticipated that a breach would be filled in shortly after its formation to protect mainland
properties and maintain navigation through Sinepuxent Bay, as was done in the early 1960’s.

If a breach in the southern portion of Assateague Island National Seashore were to occur, new
barren sand island habitat would be created naturally on Assateague Island adjacent to the breach.
Barren sand habitat would also be created on new flood-tidal shoal islands within Chincoteague
Bay.

Nesting habitat for beach-nesting colonial waterbird species such as terns and skimmers will
continue to remain in critically short supply.  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
creating barren sand nesting habitat in the coastal bays watershed.  These species will continue to
be listed on the state rare species list.

5.3.2  Nesting Habitat for Vegetation-Nesting Colonial Waterbirds

It is expected that existing colony sites for egrets and herons, which are concentrated on islands
within the coastal bays, will continue to erode, causing a gradual loss of nesting habitat.  Some
new habitat is expected to become available on Skimmer Isle as a result of natural vegetative
succession.  No other new nesting habitat is expected to become established on any other natural
or created islands.  Since these species have not established colonies on the mainland of the
coastal bays in recent years, in spite of potentially available habitat, no new colonies are expected
to become established on the mainland.

The coastal bays are thought to be the most important nesting area for colonial waterbirds in the
state of Maryland, and any changes in nesting habitat availability that occur within the coastal
bays take on a much greater significance as a consequence.  Continuing regional loss of potential
nesting habitat on the mainland to development and disturbance impacts, and interruption of the
natural and human processes that form islands 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.  Since colonial waterbirds concentrate their reproductive
energies in colonies at just a few locations, preserving the long-term viability of colony sites is of
great importance to the survival of these species.  If nothing is done to maintain island habitat for
colonial waterbirds in the coastal bays, populations of a number of species may in the future
decrease to the point where they become threatened or endangered.
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5.3.3  Salt Marsh

Continued sea level rise 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, and migration space is available.

If nothing is done to restore the more than 600 ha (1,500 ac) of salt marsh habitat lost in the
northern coastal bays, then the northern coastal bays will continue to be impaired by the loss of
the important functions and habitat formerly provided by these ecosystems.  If nothing is done to
compensate for continuing losses from sea level rise, then the quality and quantity of the habitat
and functions that salt marshes currently provide will diminish even further.

5.3.4  Forested Wetlands

Even if no action is taken by the Corps of Engineers to restore forested wetlands, then forested
wetlands acreage may increase somewhat.  Voluntary wetlands restoration projects, which
concentrate largely on providing wildlife habitat, are being conducted and will continue to be
conducted by the Natural Resource Conservation Service and other resource agencies.  At this
time approximately 200 ha (500 ac) of forested wetlands are being restored/created within the
coastal bays watershed under these programs.  These programs don’t target areas in which
historic losses have occurred and where water quality is impaired.  Available land within the
northern coastal bays on which to restore historic forested wetlands will diminish in supply as
population growth and development consume additional farmland.  It is expected that small-scale
drainage and loss of existing forested wetlands will continue under regulatory exemptions
provided for forestry and agriculture, but large-scale losses will be minimized by existing Federal
and state laws.  Forested wetlands destroyed for development will be mitigated for by creation of
new forested wetlands as required under Federal and state regulations.

The northern coastal bays ecosystem will continue to be impaired by the loss of the important
functions formerly provided by the extensive forested wetlands that once existed there.  A
number of the functions performed by 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.  Because some of the forested wetlands
that occurred in the coastal bays watershed have the ability to store carbon in their soils, their loss
may also contribute to global warming that may result from human-induced increasing levels of
carbon dioxide in the atmosphere.
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5.4  FORMULATION OF ALTERNATIVE PLANS

A number of alternatives were proposed to meet the two objectives.  These included the
following:

1. No action.
2. Restore or create shoreline salt marshes.
3. Create salt marsh on newly-built dredged material islands.
4. Restore or create forested wetlands.
5. Restore/maintain existing colonial waterbird nesting habitat by restoring/protecting islands 

that are eroding.
6. Create habitat for beach-nesting colonial waterbirds by building new barren substrate dredged

material islands.

5.4.1  Environmental Restoration Prioritization

After determining that restoring or creating salt marsh, forested wetlands, and colonial waterbird
nesting habitat should be the focus of this study, it was necessary to consider how much habitat
of each type should be restored.  This is identified as “restoration need” in Table 5-1, and is
based on a consideration of losses of the habitat type.  In addition, it was necessary to consider
the relative scarcity and significance of these habitat types in the event that a situation arose in
which prioritization of one habitat over another must be considered in selecting restoration
projects.

Table 5-1:  Restoration needs and relative significance and scarcity of habitats proposed
for restoration efforts.

Objective Restoration Need Habitat
Scarcity

Habitat
Significance

Create bare-substrate islands for
beach-nesting colonial waterbirds

10’s to 100’s of acres Rare Very Great

Maintain island habitat for
vegetation-nesting colonial

waterbirds

<10 acres Uncommon High

Restore/create salt marsh 100’s to 1000’s of acres Common High

Restore/create forested wetlands 100’s to 1000’s of acres Common High
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5.4.2  Coastal Bays Environmental Restoration Site Selection Process

Once the acreage limits for the environmental restoration objectives were set and the significance
and scarcity of habitat types prioritized, it was necessary to identify potential sites to pursue these
efforts.  Processes to select sites were developed specifically for each objective.  Each site
selection process was developed to meet habitat and function restoration needs, to minimize
possible detrimental environmental and societal impacts, and to engender sponsor support.

Because of the potential trade-offs that can result when an existing habitat is restored or
converted to another habitat type, it was considered generally desirable to first look for
restoration sites for salt marsh, forested wetlands, and colonial waterbird nesting habitat.  Once
restoration opportunities were given full consideration, creation sites were considered.

An important practical consideration in locating potential sites was land ownership.  Potential
restoration sites were sought in coordination with Federal and state resource agencies, local
environmental consultants, and local government personnel, as well as by reviewing maps and
other existing information.  Site-location efforts focused on publicly-owned land and land owned
by interested conservation organizations, although privately-owned property was also considered.
A summary of coordination efforts undertaken to locate potential wetland restoration/creation
sites is included in Annex A, Part 7.  Because of land ownership patterns in the watershed, it was
recognized that publicly owned land suitable for salt marsh and forested wetland restoration was
limited.  For Corps environmental restoration projects, privately-owned land must be acquired by
a local government in-fee.  In order to determine how to approach private landowners,
discussions were held with representatives of the Maryland Department of Natural Resources
(MD DNR), Natural Resources Conservation Service (NRCS), and the Corps of Engineers,
Regulatory Branch.  These agency representatives unanimously recommended that the financial
resources available for purchase of land for restoration purposes should be determined prior to
inquiring as to whether a landowner was interested in participating in environmental restoration.
This opinion was based on experience with ongoing restoration programs in which landowners
typically want to know in advance that the restoration project will be funded, prior to the private
property owner becoming involved in a program.  Since in the context of this study it would not
be possible to determine until the study was completed how much money was available to
purchase land, nor how many acres would be purchased, nor which projects would be approved
and funded, no effort was made to solicit sites on private land.  However, contacts at other
resource agencies knew of private land that might be available even with the limitations inherent
to this study, and brought this to the attention of the study team.  All candidate sites identified
were considered and are listed in the following tables.
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When creating island habitat, it was necessary to determine potential sites of borrow material.
Currently, there is an intense local concern over loss of navigable waters in the coastal bays.
Therefore it was determined that for island habitat creation, some materials may be used from
privately dredged sources.  This could improve navigation and increase local sponsorship for the
project.

5.4.2.a  Salt Marsh Restoration/Creation Site Selection Process.  It was determined that salt
marsh restoration efforts should focus on the area of the coastal bays where these losses occurred
(see Annex A, Part 5).  Salt marsh losses to development are concentrated within the northern
coastal bays; only a minor proportion of the losses to development have occurred in the southern
bays.  In the context of this study, salt marsh restoration/creation is not needed within the
southern coastal bays since these bays are largely surrounded by salt marsh where natural
conditions permit, and minimal shoreline development has occurred.  Therefore, efforts to locate
restoration sites focused on the northern bays and their tidal tributaries.  Several reconnaissance
trips to locate and examine potential sites were conducted.  Unfortunately, restoration
opportunities were extremely limited because salt marshes that were destroyed generally have
been developed.  Privately-owned potential salt marsh restoration sites are typically small tracts
of land within shoreline developments.  Only four potential sites were identified, as shown in
Table 5-2.

Of these potential restoration sites, only Ocean Pines Parcel 17 and Isle of Wight Wildlife
Management Area were considered practical for further consideration.  Wood Duck Park and the
St. Martins River Islands were rejected because of site-specific drawbacks listed in Table 5-2.

5.4.2.b  Salt Marsh Creation Site Selection Process.  Because few candidate restoration sites were
identified, sites where salt marsh could be created were then sought and considered.  The process
to identify salt marsh creation sites in the northern coastal bays considered avoidance of
detrimental environmental and societal impacts, as well as availability of dredged material for
marsh creation.  Tables 5-3 and 5-4 present factors considered in determining areas where salt
marsh habitat should not be created.  For each factor, an information layer was created in the
Geographic Information System (GIS).  All the layers were then displayed simultaneously.  This
overlay analysis served to indicate regions where salt marsh creation was and was not potentially
feasible.
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Table 5-2:  Potential salt marsh restoration sites considered.
Site Potential

Size
hectares
(acres)

Attributes Drawbacks

Ocean Pines Parcel
17

3.4
(8.5)

Restoration simple:  ~0.6 m
(2 ft) of fill (dredged
material) will need to be
excavated, then site
planted.  No competing use
for site possible because of
its location within
jurisdictional wetlands
delineation.

Private ownership.  Site will
need to be purchased or
donated.

Ocean Pines Wood
Duck Park

0.8
(2)

Restoration simple:  ~0.6 m
(2 ft) of fill (dredged
material) will need to be
excavated, then site
planted.

Private ownership.
Competing use:  site is lawn
and actively used as open
space park by local residents.

Isle of Wight W.M.A. 4.4
(11)

Public ownership, MD
DNR interested in restoring
marsh and improving site.

Fill several feet thick will
need to be excavated.  Fill
consists of construction debris
and dredged material.

St. Martins River
Islands

0.4
(1)

Salt marsh still exists at
site.

Private ownership.  Small size
- effectively “island creation”.
[Site doesn’t pass salt marsh
creation site-screening
criteria; see 5.4.2.b for
criteria.]
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Table 5-3:  Environmental constraints for selection of habitat creation sites.
Potential

Environmental
Constraints

Potential Measures to Avoid and/or
Minimize Impacts and/or Consider

Constraint

Information Sources/
Comments

BIOLOGICAL RESOURCES
Finfish Avoid prime commercial and recreational

fishing areas.
Coordination with MD
DNR

Avoid detrimental impacts to ecologically
important habitat:  SAV beds, marsh edges,
active oyster beds, and historic oyster beds
(in west Assawoman and Chincoteague
Bays).

SAV maps (VIMS),
Maryland Natural
Oyster Bed Map, NWI
maps, site visits

Shellfish Avoid active oyster beds. No extant beds
identified.
Determined to not be a
constraint

Avoid prime commercial and recreational
shellfish grounds.

Coordination with MD
DNR

Avoid areas of high ecological significance. None located
independent of prime
commercial and
recreational finfish
and shellfish sites

Submerged aquatic
vegetation (SAV) beds

Avoid existing beds. SAV maps (VIMS),
site visits

Avoid likely SAV recovery areas:  waters
less than 1 m deep on bayside of Assateague
and central and northern Fenwick.

Bathymetric data,
SAV maps (VIMS),
coordination with
VIMS

Wetlands (emergent) Avoid detrimental impacts to existing
emergent wetlands.

NWI Maps, site
surveys

PHYSICAL ENVIRONMENT
Natural shorelines Avoid stabilization of existing natural

shorelines.
Site surveys and aerial
photos.

Vulnerability to
destruction if
Assateague Island
breached

Avoid areas behind northern Assateague
Island with high breach potential.

CERC research
included in
Appendices of
Assateague Report

Water quality impacts Avoid placing islands in areas of poor water
quality where island could reduce
circulation.

MDE and EMAP
Reports
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Table 5-4:  Societal constraints for selection of habitat creation sites.

Potential
Constraints

Potential Measures to Avoid and/or Minimize
Impacts and/or Consider Constraint

Information
Sources/

Comments
Airport and flyway Avoid placement in a 1- mile radius from the

airport boundary to minimize bird-airplane strike
hazard

Ocean City
Airport, FAA

Assateague Island
National Seashore

Avoid areas within the National Seashore
boundary

National Park
Service

Material availability
for creating habitat
substrate

Identified region between the Ocean City Inlet
and Route 90 as area with greatest potential as
source of dredged material

MD DNR,
USACE
Operations, Local
Government,
Private Dredgers

Navigation channels Avoid navigation channels and a 50 foot buffer
around the channels

USACE
Operations

Utility lines Avoid utility line areas and a 500 foot buffer
around the area

U.S. National
Ocean Service
Charts

Water recreation
areas

Avoid navigable waters greater than 3 feet deep,
avoid jet ski use areas

MD DNR,
Baywatch

Coordination with resource agencies and private organizations served to identify preferred
potential sites within the acceptable region in the northern coastal bays identified through the GIS
analysis (see Annex A, Part 7 for records of correspondence).  Two potential sites for salt marsh
creation were selected:  a site south of Isle of Wight (Figure 5-1); and another in Dog Island
Shoals (Figure 5-1).
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5.4.2.c  Colonial Waterbird Colony Island Restoration Site Selection Process.  Potential
candidate islands for restoration were natural and dredged material islands that support or once
supported significant populations of colonial waterbirds.  The habitat value of these candidate
islands is at risk either because of erosion or natural vegetative succession.  Unfortunately, many
other islands that formerly provided significant nesting habitat for colonial waterbirds have been
lost to erosion.  Candidate islands were identified through consultation with the MD DNR and
National Biological Service (Table 5-5).

Table 5-5:  Sites considered for island restoration.

Island Name and
Location

Significance as Nesting
Habitat to Waterbirds in

Current Condition

Site Concerns/ Potential Reason(s) for
Rejection

South Point Spoils
in Chincoteague Bay

Very High, possesses
substantial numbers of nesting
Double-crested Cormorant,
herons, egrets, Glossy Ibis,
and Herring Gull.  Brown
Pelican roost on island in large
numbers, and until recently
site was northernmost colony
of Brown Pelican.

Island is eroding.  Restoring island
would directly impact SAV.

Heron Island in Isle
of Wight Bay

Moderate, possesses egrets,
herons, and Glossy Ibis.

Island is eroding.  Site vulnerable to
predation and disturbance because of
close proximity to Fenwick Island.

Bridge Island in
Sinepuxent Bay

Low, only Herring Gull nest
on site, and island is very
small (<0.2 ha (0.5 ac)).

Island is eroding.  Small size and low
existing value, restoring island would
directly impact SAV.

Skimmer Isle in Isle
of Wight Bay

Very High, provides nesting
habitat for substantial number
of beach-nesting colonial
waterbirds.

Island is undergoing natural vegetative
succession and coastal plant
communities are developing.  Would
require destruction of native plants.

Spoil Buoy 11 in
Sinepuxent Bay

None, site is now just an
intertidal shoal.

Island has eroded to the point where it is
mostly a shoal; to restore this site would
effectively be “island creation.”  Site
fails to pass several island creation
screening criteria:  proximity to
navigation channel; vulnerable to breach
impact; and high use for clamming.
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Bridge Island, Heron Island, Skimmer Isle, and Spoil Buoy 11 were rejected because of reasons
listed in the appropriate rows of Table 5-5.  South Point Spoils could perhaps be rejected from
consideration because of the presence of SAV; however, because the site is a well-established
colony supporting substantial numbers of vegetation-nesting colonial waterbirds, the site has very
high significance.  In addition, until recently the island possessed the northernmost colony of
Brown Pelicans.  Given this consideration, it was considered important to retain South Point
Spoils as an alternative.

5.4.2.d  Colonial Waterbird Habitat Island Creation Site Selection Process.  Because there were
so few islands that could be restored, sites for creation of new nesting habitat islands for bare-
substrate nesting waterbirds were sought.  The site selection process included consideration of
bird habitat needs, availability of dredged material, and avoidance of detrimental environmental
and societal impacts as shown in Tables 5-5 and 5-6.

Within the large region determined to be potentially suitable, coordination with resource agencies
and local interests served to identify one preferred site for habitat island creation:  Dog Island
Shoals (Figure 5-1).  This specific site was selected within the potential region because it appears
to pose minimal risk of detrimental environmental impacts, will not usurp recreational boating
space, and is within the area identified as a likely source of dredged material for island
construction.  Coordination is included in Annex A, Part 7.

5.4.2.e  Forested Wetlands Restoration Site Selection Process.  It was decided that forested
wetlands restoration/creation efforts should focus on subwatersheds of the coastal bays watershed
where these losses have occurred.  An analysis of potential forested wetlands losses in the coastal
bays watershed was conducted to determine where these losses have occurred since the early 20th
century, and provide guidance on where restoration should take place.  This analysis is contained
in Annex A, Part 5.  Subwatersheds in which the greatest potential loss of forested wetlands have
occurred are listed in Table 5-7.  Forested wetland losses have occurred primarily on interstream
divide and depression landscape positions; relatively minimal loss has occurred along stream
systems.  Interstream divide landscape positions include the broad flat areas between streams as
well as depressions that occur within these flat areas that aren’t connected to stream systems.  For
meeting the objective of restoring lost habitat, forested wetlands should be restored/created
within the subwatersheds in these landscape positions where losses have occurred.

It was also desired that forested wetland restoration/creation should improve water quality
problems, particularly those caused by pollutants in groundwater and surface water runoff that
exist in several of the tidal tributaries of the coastal bays.  The objectives of restoring both habitat
and improving water quality could potentially be compatible, particularly with regard to nitrogen
nutrient-loading.  Boynton and others (1993) provide a priority ranking for subwatershed
nutrient-loading management efforts based on total nutrient loading contributed by nitrogen and
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phosphorus.  The subwatersheds identified as priorities for nutrient-loading management are
nearly identical to the subwatersheds identified in this study as possessing the greatest potential
losses of forested wetlands as illustrated in Table 5-7.

Table 5-6:  Beach-nesting waterbird habitat needs considered to determine optimal location
of created islands.

Nesting Habitat Needs Considerations to Meet Needs
Create islands in areas where natural
processes will not be likely to do so.

Natural island creation is most likely to occur in conjunction
with a breach on Assateague Island, or on northern flood-tidal
shoal in vicinity of existing Skimmer Isle if Ocean City beach
nourishment continues and no long-term sand management
project is implemented.  The northern end of Assateague is
breach-prone; however, the narrowness of Sinepuxent Bay
and likely breach repair by man will probably prevent natural
island creation in this area.  Breach of Fenwick Island is
considered unlikely because of shoreline protection project
and extensive developments.  Expected long-term restoration
of Assateague and regional sand management may cause
reduction of sediment input to coastal bays, and may induce
loss of flood-tidal shoal islands in vicinity of Route 50, rather
than creation of new islands.  Thus, need to create islands is
greatest in northern bays and least in lower Sinepuxent and
Chincoteague Bays.

Minimize vulnerability to human
disturbance.

Because of demonstrated success of Skimmer Isle in high
human use area, location is being determined by other factors.
Measures to minimize vulnerability will instead include other
protective measures such as posted signs, patrols, and
education.

Optimize proximity to food source. Identify potential foraging areas for target species and place
created islands within suitable distance.  Common Terns
prefer to forage near the inlet.  Therefore, it was decided that
island should optimally be within 8 km (5 miles) of inlet.

Restrict predator access. (1)  Place new island a minimum distance of 500 m (1,640 ft)
from the shoreline to reduce the likelihood of predators
reaching the island; (2)  Island size should be smaller than
10.1 ha (25 ac) so as not to provide permanent habitat for
predators.

Water quality. Unclear about the water quality requirement for the target
species but decided to stay in areas of good water quality.
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Table 5-7:  Subwatersheds with greatest potential loss of forested wetlands and priority
subwatersheds for management of pollutant loads1.

Subwatershed Total
Potential
Loss of

Forested
Wetlands

ha (ac)

% Loss of
Potential
Forested
Wetlands

Groundwater
(Nutrients)

Surface Runoff
(Nutrients and Total
Suspended Solids)

St. Martin River -
South

1990
(4910)

53 St. Martins River South St. Martins River
South

St. Martin River -
North

1520
(3760)

60 St. Martins River North St. Martins River
North

Turville
Creek/Isle of
Wight

920
(2270)

41 Newport Bay (Out Pt. to
Wallops Neck)

Newport Bay (Out Pt.
to Wallops Neck)

Ayers Is. to
Golden Quarter
Neck - West

750
(1850)

58 Turville Creek/Isle of
Wight

Turville Creek/Isle of
Wight

Virginia 690
(1700)

40 Ayers Island to Golden
Quarter Neck West

Assawoman Bay

Within these subwatersheds, identified both as areas that have suffered substantial loss of
forested wetlands and as priority areas for water quality management, it is then necessary to
determine where forested wetlands should be restored or created.  At this time no studies have
yet attempted to identify which areas of the coastal bays landscape (e.g., uplands, wetlands,
shallow water areas) are most critical to maintenance of water quality (lack of this identified by
Boynton and others, [1993]).  As noted previously, from a habitat restoration perspective, efforts
should focus on restoring forested wetlands that historically occurred in interstream flat and
depression landscape positions, since relatively minor losses have occurred along floodplains.
However, if water quality improvements are to be obtained, then consideration of surface and
ground water flow is required and forested wetlands restoration or creation sites should instead
be sought down-gradient of nonpoint nutrient-loading sources.  This suggests that water quality
improvements could best be obtained by siting created forested wetlands along drainage ditches,
the margins of the bays, floodplains, and perhaps interstream depressions.  Since the sites most
suited to create forested wetlands to restore water quality are generally not on the interstream

                                                
1 The table presents potential losses of forested wetlands ranked by total acres rather than proportional loss, since
certain watersheds historically supported minimal amounts of forested wetlands, and the loss of small areas is
presumed to have had less relative impact on the water quality of the coastal bays ecosystem than larger acreage
losses.
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flats where losses have been concentrated, it is possible in only a limited portion of the coastal
bays watershed to restore/create forested wetlands to improve water quality in areas of historic
habitat loss.

Restoration sites in the target subwatersheds were sought in coordination with Federal and state
resource agencies, local environmental consultants, local government personnel, private
conservation organizations, and land trusts, as well as through reviewing maps and other existing
information (see Annex A, Part 7).  Several reconnaissance trips to locate and examine potential
sites were conducted.  Unfortunately, restoration opportunities on public land within the target
subwatersheds were non-existent, although an abundance of potential sites occur on private
property.  Therefore, work to restore forested wetlands habitat and functions would need to take
place on private land.  Potential forested wetland restoration sites on private land are typically in
agriculture.  Resource agency contacts with the NRCS indicated that purchase of properties for
the purpose of restoring forested wetlands within the target subwatersheds is feasible.  However,
acquiring land within the constraints of the Ocean City Water Resources Study schedule and
Corps of Engineers policies is problematic, as discussed previously in Section 5.4.2.  Because of
these constraints, it was determined that this forested wetlands restoration could not be
effectively pursued within the Ocean City Water Resources Study.  Instead, it is hoped that this
initial work which identified areas of losses by subwatershed and landscape position can provide
a framework for forested wetlands restoration/creation efforts that might be undertaken by
another agency, perhaps as part of the ongoing National Estuary Program Study being conducted
by the Environmental Protection Agency.  Collaborative work on projects underway as
mitigation measures to meet permit requirements with MD DNR or the Corps of Engineers,
Regulatory Branch was also considered, but no suitable sites were identified.

During efforts to locate restoration sites a number of significant natural areas worthy of
consideration for protection or restoration by other agencies were identified.  A list of these sites
is included in Annex A, Part 4.

5.4.3  Habitat Restoration Guidelines

General guidelines for creation/restoration of salt marsh and colonial waterbird nesting habitat
were established in consultation with scientists, resource agency representatives, and through a
review of existing literature.  Sites selected for salt marsh creation/restoration were Ocean Pines,
Isle of Wight, and Dog Island Shoals.  Sites selected for colonial waterbird habitat
creation/restoration were Dog Island Shoals and South Point Spoils.  A comprehensive list of
species expected to utilize each habitat type can be found in Annex A, Part 4.

5.4.3.a  Salt Marsh Restoration/Creation Habitat Project Guidelines.  The salt marsh should be
designed to enhance and maintain the value of the coastal bays as a nursery area for juvenile fish
species and blue crab, as well as to provide support for the estuarine food web.  The projects
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should also be designed to enhance existing open water habitat in the vicinity of the created or
restored marsh to the degree possible.  Table 5-8 presents guidance developed to aid in site-
specific design.

Table 5-8:  Salt marsh restoration/creation guidelines.
Factor Guidance Rationale

Size >0.4 ha (1 ac) If not in close proximity to existing marsh,
created/restored marshes smaller than this size probably
provide habitat of lesser value for fish and wildlife.

Configuration Maximize shallow water
ecotone on non- or soft-
stabilized shoreline
while maintaining a
minimum width of 15 m
(50 feet).

Edge habitat is recognized to be of high value for aquatic
life.  Minimum width is required to ensure that refuge
habitat within marsh for aquatic life is available even at
high tides, and to provide effective cover for wildlife.

Maximize
created/preserved
quiescent shallow water
habitat.

Protected shallow water habitat provides refuge habitat
for juvenile fish and crabs to escape predators, and can
harbor or promote SAV.

Elevation Maximize low marsh
(elevation MW to
MHW).

Low marsh provides habitat that can be utilized by
aquatic life during a large portion of the tidal cycle.  High
marsh is less frequently accessible to aquatic life.  It is
assumed that the restored low marsh will also produce
and export organic matter to support the estuarine food
web in greater quantity than would an equal area of high
marsh.

Tidal creeks Create if practicable Practicable in graded-down upland sites; impracticable in
placed dredged material where slumping is a problem.

Shoreline
stabilization

Stabilization structures
required if fetch is
greater than 1.6 km (1
mile).

In sites with high wave energy, project will be vulnerable
to erosion, and created salt marsh habitat will be lost if
erosion protection is not provided.

5.4.3.b  Colonial Waterbird Nesting Habitat Restoration/Creation Design Guidelines.  Colonial
waterbird nesting habitat should be designed to optimize conditions that allow successful
reproduction of these species.  Tables 5-9 and 5-10 present guidance developed by natural
resource management agency technical experts to aid in project selection and aid site-specific
design for beach-nesting and vegetation-nesting colonial waterbirds, respectively.  Note that in
the case of total island size recommended for beach-nesting species, this guidance departs
substantially from the “restoration needs” identified in Table 5-1.
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Table 5-9:  Design guidelines for created islands for beach-nesting colonial waterbirds (at
Dog Island Shoals).

Factor Design Guidelines Rationale
Configuration Single island (multiple islands

acceptable if closer than 250 m
(820 ft)).

Single island will provide greatest acreage for least
perimeter stabilization cost.

Shape Kidney-bean (horseshoe, or with
multiple arms also acceptable).

Kidney-bean shape is cost-effective means of creating
stable island with minimal perimeter while providing
protected cove areas.  Cove area is desired to enhance value
of island to aquatic habitat.  Cove shoreline will be planted
with salt marsh, and SAV can be established in protected
shallow water.  These conditions will provide foraging
areas for young birds and enhance aquatic habitat for
finfish and shellfish.  Cove shorelines will not require
structural stabilization and will ensure that island possesses
natural shoreline areas with gentle slope for access to water
for birds.

Size 0.4 to 1.2 ha (1 to 3 ac) optimal. The island will need to be actively managed to preclude
vegetation development, and large islands are difficult to
manage.  If vegetation development is not successfully
managed, the bare-substrate nesting habitat will be lost, and
the project would be unsuccessful.  Smaller islands are
more amenable to long-term vegetative management than
larger islands.  1.2 ha (3 ac) is considered to be the
maximum size that might be effectively managed, given
personnel and financial constraints.  Nesting habitat is in
dire shortage locally, and minimum size of 0.4 ha (1 ac) is
probably acceptable.  If vegetation was completely
controlled, 2.0 to 10.1 ha   (5 to 25 ac) would be optimum
size to both provide space necessary for social interaction
among members of bird colony, act as magnet to attract
more species of birds, and limit ability of island to support
predators.

Substrate Coarse crushed shell or gravel at
surface.  Dredged material may be
used to construct island but must
be capped with a layer of coarser
materials.

Will maintain xeric conditions which restrict plant growth
to mimic barren substrate conditions of natural beach
nesting habitat.  Waterbirds scrape out nests in substrate,
thus compromise is required between extremely coarse
materials which would create optimally xeric conditions,
but would prevent birds from forming nests, and sand
which would allow ready nest creation, but would also
favor rapid vegetative growth.
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Table 5-9 (Concluded):  Design guidelines for created islands for beach-nesting colonial
waterbirds (at Dog Island Shoals).

Factor Design Guidelines Rationale
Vegetation Interior of island devoid of

vegetation.  Plant salt marsh within
cove area shoreline and on exposed
shoreline where fetch is less than 1
mile.  Plant SAV within shallow
waters of coves.

Will mimic barren substrate conditions of natural beach
nesting habitat. Long-term management objective is to
maintain island in unvegetated condition.  Use of coarse
substrate will minimize vegetation establishment. Salt
marsh will provide foraging area for young birds and
enhance aquatic habitat.  SAV will enhance aquatic habitat.

Topography Gentle slopes with no greater than
1 m rise per 30 linear m.  Exposed
shorelines will require stabilization
structure.  Gentle slope along
stabilized shoreline will be created
through overfill on exterior of
structure.  Slope on cove perimeter
will be very gentle.  Access travel
lanes over or through any dikes
should be provided.
Microtopographic features (e.g.,
ridges or lumps) with maximum
relief of 1/2 to 1 m are desirable.

Flats and gently sloped areas will provide preferred nesting
conditions and allow birds easy access by walking to all
parts of island, except for the shoreline along the
stabilization structures.  Even if steep shorelines exist along
stabilization structures this is not expected to be detrimental
to colonial waterbirds.  Microtopographic features will
increase diversity of surfaces available for nesting and
increase the number of species that will nest on the island.
Gently sloped access to water in cove will provide foraging
habitat for young birds.

Elevation Island emergent during high water.
Generally optimal elevation range
is from 30 cm to 1 m above MHW.

Island elevation should be sufficient to prevent flooding of
colony during storm events.  High elevations may expose
island to wind erosion, but coarse substrate materials will
minimize this risk.  Higher elevations are desirable to slow
rate of vegetative succession and minimize long-term
vegetative development.

Shoreline
Stabilization

Stabilize shorelines of island where
fetch is greater than 1.6 km (1
mile) with geotextile tube.
Shorelines in protected coves or
where fetch is less than 1.6 km (1
mile) will be unstabilized beach or
will be stabilized with salt marsh
vegetation.

Stabilization is necessary to ensure long-term survival of
site, and to minimize concerns of off-site transport of island
material by erosion into navigation channels and navigable
waters.  Geotextile tubes pose less risk of injury to young
birds than rock, rock is particularly inappropriate for
dividing cells internal to the island perimeter.  Shoreline in
protected cove will allow easy ingress/egress between
island and water for wildlife.
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Table 5-10:  Design guidelines for created vegetated bird habitat islands (at South Point
Spoils).

Factor Design Guidelines Rationale
Substrate Fine to coarse grained dredged material or other

materials may be used to construct island but must be
capped with a layer of sediment or soil suitable for
vegetation establishment.

Will provide conditions which promote plant
growth to establish woody vegetation (shrubs and
trees).

Vegetation Plant high tide bush (Baccharis halimifolia), marsh
elder (Iva frutescens), and bayberry (Myrica
pennsylvanica) on island margin.  Plant winged sumac
(Rhus copallina), black cherry (Prunus serotina), and
eastern red cedar (Juniperus virginiana) in interior.
Plant salt marsh in cove and SAV within shallow
protected waters <0.9 m (3 ft) deep.

Will establish desired vegetated conditions of
natural nesting habitat. Long-term management
objective is to maintain island in vegetated
condition.  Salt marsh and SAV will enhance
aquatic habitat and mitigate for loss of potential
SAV habitat.

Shape of
additional
island

Kidney-bean (other more complex shapes acceptable). Kidney-bean shape is cost effective means of
providing island habitat and protected cove area.
This shape will provide foraging areas for young
birds and enhance aquatic habitat for finfish and
shellfish.  SAV can be readily established in
protected shallow water.  (If necessary to
minimize risk to SAV beds and navigation
channels island shapes other than kidney-bean
can be utilized.)

Topography Gentle slopes with no greater than 1 m rise per 30 linear
m.  Overfill on exterior of shoreline stabilization
structures to create gentler slope where wave erosion
will allow overfill to remain in place.  Create very gentle
slope on cove perimeter. Microtopographic features
(e.g., ridges or lumps) with maximum relief of 1/2 to 1
m are desirable. Provide pedestrian bird access travel
lanes over or through any dikes if island is constructed
in more than one phase and dikes are required.

Flats and gently sloped areas will provide
preferred nesting conditions and allow birds easy
access by walking to all parts of island, except for
the shoreline along the stabilization structures.
Even if steep geotextile tube shorelines exist
along stabilization structures this is not expected
to be detrimental to colonial waterbirds.
Microtopographic features will increase diversity
of surfaces available for nesting and increase the
number of species that will nest on the island.
Gentle slope in cove and overfill areas will
provide pedestrian access to water for birds.

Elevation Island emergent during high water.  Generally optimal
elevation range is from 1 m to 3 m above MHW.

Island elevation should be sufficient to prevent
flooding of colony during storm events.  If the
elevation is too high it may expose island to wind
erosion and impair desired vegetation
development.

Shoreline
Stabilization

Stabilize shoreline with geotextile tube where fetch is
greater than 1.6 km (1 mile).  Shorelines in protected
cove or where fetch is less than 1.6 km (1 mile) can be
unstabilized beach or will be stabilized with salt marsh
vegetation.

Stabilization is necessary to ensure long-term
survival of site, and to minimize concerns of off-
site transport of island material by erosion into
surrounding aquatic habitat, navigation channels,
and navigable waters.  Geotextile tubes are
preferable to rock since young birds can fall into
crevices between rocks and perish.
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5.5 FORMULATION OF ALTERNATIVE PLANS FOR EACH SITE

For each identified potential project site a number of alternative plans were developed utilizing
the habitat guidelines, and site-specific engineering, environmental, and societal constraints.  The
following discussion provides background information that focused and constrained alternative
projects proposed for each identified site.

5.5.1  South Point Spoils:  Formulation of Potential Alternative Plans

Given the presence of the significant SAV bed surrounding the existing 0.9 ha (2.3 acre) island
and bird colony, it was determined that restoration alternatives, such as stabilizing or enlarging
the island, should seek to minimize impacts to SAV (Figure 5-2).  Restoring the existing island
to a size up to its historic 2 ha (5-ac) size by enlarging it (and destroying SAV) did not present an
acceptable resource trade-off if there was another practicable alternative that could provide
equivalent benefits to colonial waterbirds.  In consultation with colonial waterbird experts, it was
determined that the interacting group of breeding birds that constitute a colony need not occur on
one single physical island.  Given that birds will readily fly short distances between islands, it
was determined that islands within 250 m (820 ft) could be considered to be interconnected from
a bird perspective, and could be considered to provide almost the same benefit as a contiguous
land mass of equivalent size.  This consideration served to shift the emphasis in formulating
alternatives from restoring the existing island to restoring the colony.  Restoration of the colony
could be accomplished by increasing the total acreage of island habitat available within a 250 m
(820 ft) radius, whether on one or several islands.

The existing island is considered to be of very high value to colonial waterbirds, and it was
recognized in the formulation of alternatives that there would be a significant lag-time between
the creation of any new vegetated island and its full performance as a functioning nesting island
site.  Several stabilization options for the existing island were considered.  These are presented in
Table 5-11.  Based on the results of the analysis within Table 5-11 and coordination with
agencies and technical experts, it was decided that stabilizing the remaining island at its 1997
shoreline was the most favorable alternative.  This configuration would incur minimal
displacement of SAV since SAV is generally absent in water depths less than 0.15 m (0.5 feet),
however, it is expected that SAV disturbance will occur during construction.  SAV Surveys of
the site are contained in Annex A, Part 4.
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Table 5-11:  Alternatives considered for the stabilization of the existing island at South
Point Spoils

Alternative SAV Impacts Colonial Waterbird Impacts Results of
Evaluation

No action SAV impacts avoided Loss of nesting habitat for
colonial waterbirds

Rejected

Stabilize only the most
vulnerable sections of
existing island

SAV disturbance during
construction.  Recovery
period following
construction could be
several years.

Island is potentially vulnerable
to erosion from all directions;
island size is suboptimum for
colonial waterbirds and could
continue to decrease even after
project construction.  Island size
would continue to decrease prior
to project implementation.

Rejected

Stabilize entire
perimeter of existing
island that is
vulnerable to erosion

SAV disturbance during
construction.  Recovery
period following
construction could be
several years.

Island size is suboptimum for
colonial waterbirds, and island
size will continue to decrease
until project is implemented,
however would maintain habitat
value as it exists at time of
project implementation several
years from now.

Rejected

Restore island to 1997
shoreline and stabilize
entire perimeter that is
vulnerable to erosion

Loss of SAV beds that
develop on eroded island
footprint in water depths
greater than 0.15 m (0.5
feet) between 1997 and
time of project
implementation.  SAV
disturbance during
construction.  Recovery
period following
construction could be
several years.

Island size is suboptimum for
colonial waterbirds; however,
preserving existing 1997 island
would maintain existing habitat
value, which is significant.

Accepted
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The optimum island size for many species of colonial waterbirds is between 2.0 and 10.1 ha (5
and 25 ac).  However, it was determined that because of the potential risk to the existing SAV,
and because of loss of potential SAV recovery habitat, a new island constructed in close
proximity to the existing island, but outside of the SAV beds, should be no larger than the
minimum necessary to bring the total colony size up to 2.0 ha (5 ac).  Therefore, alternatives that
provided for the construction of up to 1.2 ha (3 ac) of new island(s) within 250 m (820 ft) of the
existing island were considered.  Shallow water outside of the mapped SAV beds occurs both to
the southeast and northwest of the existing island.  The waters to the southeast of the existing
island lie within the Assateague National Seashore Boundary.  Creating a new island to the
southeast of the existing island would require greater disturbance to existing SAV than if a new
island was constructed between the existing island and the Sinepuxent Channel.  Therefore,
island creation was considered as an alternative only to the northwest of the existing island.
Although this location would place a new island in close proximity to the navigation channel,
relatively few boaters use the channel, and potential disturbance from boaters was determined to
be manageable by the MD DNR.  The location of the new island - close to the existing island,
outside of the mapped SAV beds, and between the navigation channel and the existing island -
would provide easy access between the islands for birds, minimize impacts to SAV, facilitate
placement of material dredged from the channel, and protect the existing island from waves from
the west/northwest.  Records of meetings and coordination that were critical in formulating
alternative plans for this site are included in Annex A, Part 7.

Of critical importance in planning the restoration of the colony is the source of material to be
used.  Two basic alternatives existed:  material could be dredged from a nearby source; or
material could be imported by barge at far greater expense from another source.  Because of a
need to minimize disturbance to aquatic habitat, it was decided that the only acceptable nearby
source of material was the Sinepuxent Federal Channel.  A hydrographic survey of the channel
was completed in February 1997 to determine potential volumes of material available (for more
details, see Appendix A5).  The survey indicated that if the entire channel were to be
maintenance-dredged to its authorized depths, then approximately 83,400 m3 (109,000 yd3) of
material would need to be removed.  Of this total volume, 72,100 m3 (94,200 yd3) was within the
reach of the channel between the northern end of South Point Spoils and the terminus of the
channel in Chincoteague Bay.  Thus, it was proposed to consider dredging a portion of the
Sinepuxent Channel to obtain the volume of material necessary to construct up to 1.2 ha (3-ac) of
additional island nesting habitat within 250 m (820 ft) of the existing island.

Comparative benefits of shoreline stabilization using rock, geotextile tube, and bulkhead for the
existing and created island were then considered.  Bulkheading the shoreline was rejected
because of a lack of environmental benefits and possible detrimental impacts to the aquatic
ecosystem that could occur because of scouring adjacent to the structure.  Rock is generally
believed to provide the greatest aquatic habitat benefits of these three methods; however, rock is
substantially more expensive than geotextile tube.  Aquatic environment benefits of rock are
greater where water depths are greater.  Intertidal waters around the existing island would limit
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any potential aquatic habitat benefits there since the rocks would be primarily exposed above the
water surface.  From a bird habitat needs perspective, geotextile tubes are preferred over rock as
a means of shoreline stabilization, since young birds can get caught in the crevices between
rocks.  Therefore, given that potential detrimental impacts to young birds from the use of rock
would be in conflict with the island’s purpose, only islands stabilized with geotextile tube were
compared.  Because material in the channel is too fine to adequately fill the tubes, sandy fill
material will be barged from the inlet/harbor area.

In summary, for the South Point Spoils site the following site-specific constraints were
developed in the formulation of alternative plans:  stabilize the existing island at its 1997
shoreline; use geotextile tubes to stabilize erosion-vulnerable shorelines; create up to 1.2 ha (3
ac) of new island(s) within 250 m (820 ft) to the northwest of the existing island; create new
islands no closer than 15 m (50 ft) from the navigation channel and SAV bed boundary.

5.5.2  Ocean Pines:  Formulation of Potential Alternative Plans

A maximum of 3.4 ha (8.5 ac) of land in two separate parcels had been identified as unbuildable
and were potentially available for salt marsh restoration by removal of fill material at the site
(Figure 5-1).  Although it would have been possible to purchase and restore only a portion of one
of the parcels, considerations such as the costs of mobilizing and de-mobilizing for a partial
restoration made purchasing and restoring either whole parcel separately or both parcels together
the preferred option.  The material that was to be excavated from the parcels was initially
considered as a potential source of material for marsh creation elsewhere.  However, the material
from Ocean Pines was determined to be unsuitable from a geotechnical perspective because of
unknown compaction and subsidence that would occur as belowground plant parts decayed and
collapsed during and following transport, placement, and grading.  In addition, this material was
rejected for use elsewhere because of transportation concerns.  If removed by land, heavy trucks
would be required to travel through residential areas of Ocean Pines with resultant impacts to
roads and residents.  Water removal was considered infeasible because of the lack of ready barge
accessibility to the site.  Because the site is relatively protected from wave action, no shoreline
stabilization was proposed.  This lack of stabilization also offers the benefit of preserving natural
marsh shoreline.  Because of the presumed stability of the former dredged material and native
soils upon which the marsh would be built, it was assumed to be engineeringly practicable to
enhance the habitat quality of the site for aquatic life by creating tidal creeks.

In summary, for the Ocean Pines salt marsh restoration site the following site-specific guidelines
were utilized in formulating alternative plans:  either one or both whole parcels would be
restored; material would be excavated and disposed of in an upland area in close proximity to the
restoration site; no shoreline stabilization would be required; and tidal creeks would be created.
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5.5.3  Isle of Wight Wildlife Management Area:  Formulation of Potential Alternative Plans

The Isle of Wight site presented a complex array of potential alternatives focused on restoring
filled marsh, creating shoreline marsh, and creating island marsh.  A variety of potential sources
of material to create marsh substrate were considered:  upland; locally excavated; locally
dredged; and beneficially used dredged material.  Shoreline stabilization could be accomplished
using geotextile tubes or rocks to create a revetment, sill, or offshore breakwater.  This section
discusses how these potential factors were combined in formulating potential alternative plans
for the site.

To minimize impacts to the natural vegetated shoreline along the southwestern side of the island
which is valuable both as a natural shoreline and as a public beach accessible by car or boat, all
salt marsh restoration work would take place along the disturbed and degraded southeastern
shoreline.  The length of potential shoreline along which work could take place in this area is
approximately 590 m (1,900 ft).  In order to minimize impacts to recreational boating, no marsh
or structures (such as breakwaters) would be constructed in water deeper than 0.9 m (3 ft)
MLLW.

As discussed in Section 2, the MD DNR has plans to improve the southeastern shoreline for
increased public access and safety.  To ensure compatibility with these future efforts, discussions
with the MD DNR were held to determine where salt marsh restoration work could potentially be
done.  Much of the southeastern corner of the island where salt marsh historically occurred will
be utilized for these improvements.  However, a 1.1 ha (2.8 acre) parcel within which restoration
work could be undertaken was identified.  The easternmost portion of this parcel contains the
remains of the concrete slab production facility mentioned in Section 2.

On the southeastern shoreline along which salt marsh creation is proposed, the 0.9 m (3 ft)
contour lies approximately 275 m (900 ft) offshore to the south of the county boat ramp and
gradually approaches closer to the island such that it lies approximately 250 m (800 ft) offshore
of the southeastern corner of the island.  Approximately 22.3 ha (55 ac) of water less than 0.9 m
(3 ft) deep lie between a line drawn perpendicular to the shoreline at the boat ramp and the Route
90 bridge on the east side of the island.  During agency coordination meetings, it was determined
that no more than half of the area should be developed as salt marsh so that the project would
also provide protected shallow water habitat to enhance aquatic habitat.  Records of meetings
held with resource agencies are included in Annex A, Part 7.

Coordination with resource agencies determined that natural shoreline edge should be maximized
for any marsh constructed.  If islands were to be constructed, smaller islands were preferable to
large islands in order to (1) allow for exchange of water to maintain good water quality, (2) allow
for movement of aquatic life around/between the created marsh island, and (3) increase
marsh/shallow water edge.  It was determined that no marsh island constructed at the site should
be greater than a maximum size of 2 ha (5 ac) to meet the objectives.  If offshore breakwaters
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were to be constructed, they should be sited and spaced to meet the water quality and passageway
objectives.  The salt marsh design guidelines (Table 5-9 in Section 4.5.3) set a minimum created
marsh size of 0.4 ha (1 ac) to meet minimum salt marsh/habitat requirements.  This size could be
met by any combination of created island or shoreline marsh, or marshes restored in excavated
fill, as long as the marshes are in close proximity.

The distinction between created shoreline marsh and created marsh islands was determined to be
somewhat academic once the shoreline marsh reaches a substantial size if dredged material is
used.  Both shoreline salt marsh and island salt marsh would require wave protection on the
bayside.  The design guidelines in Table 5-8 specify that soft or natural shorelines should be
maximized.  This could be accomplished through several potential combinable configurations:
shoreline marsh with detached offshore breakwaters; marsh islands with revetment on the
bayside and unprotected lee side; or a peninsula protected by a revetment.  Resource agencies
expressed concerns that a peninsula could restrict flushing in the protected waters behind it, and
that its mouth could be readily shoaled in.  Therefore, it was decided that a peninsula would not
be constructed.  This left shoreline and marsh islands for further consideration.

Because of concern over vandalism and long-term stability of geotextile tubes in this popular
recreation site, it was decided that rock structural protection is optimal for this site.  Rock also
offers greater aquatic habitat benefits, since it can provide cover and living space for a multitude
of aquatic organisms.  Ambient water depths in excess of 0.5 m (1.5 feet) MLLW would allow
some of the aquatic habitat enhancement of rock to be realized.  In addition, the MD DNR plans
to install a stone revetment along the shoreline, and using rock for stabilization of new marsh
would blend with the MD DNR shoreline improvements.  However, in order to provide for
determination of the most cost-effective project, both geotextile tubes and rock were considered
as shoreline stabilization options.

Sources of material for salt marsh creation along the shoreline or as islands at Isle of Wight could
include sand taken from upland sources; material excavated while restoring the filled marshes on
the southeastern shoreline; dredged material from Federal or state channels, or private sources; or
dredged material from the vicinity of the proposed island creation or salt marsh restoration areas.

Material that could be excavated from the filled marshes along the southeastern shoreline was
determined to be unsuitable for creation of shoreline marsh because of its high content of
concrete and asphalt which would not support plant growth, and because of the heterogeneous
nature of the material which would make placement and accurate grading of the material
problematic.  Material excavated from the fill site was determined to be unsuitable for creation of
the foundation of marsh islands because the heterogeneous nature of the material would make
transport, placement, and grading of the material problematic.  As a consequence, for any
marshes to be restored by excavation of fill, only upland disposal of the excavated material was
considered.
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The possibility of dredging to create a protected water lagoon between created marsh islands or
offshore breakwaters and the shoreline to enhance habitat and simultaneously obtain additional
material was considered.  Based on discussions with the MD DNR, dredging a protected water
lagoon in the lee of created islands to a depth of 0.6 to 0.9 m (2 to 3 ft) (approximate maximum
expected depth of SAV bed occurrence) could potentially enhance aquatic habitat in the area.
For habitat enhancement purposes, this deeper water area must be linked to water of equivalent
depth in Isle of Wight Bay by a channel or series of channels, whether natural or constructed.
However, it was determined to be engineeringly impracticable to dredge a created lagoon because
of high expense and unknown ability/availability of a dredge to work in the very shallow waters
at the site.  Channels that would be created to maintain water exchange between the created
lagoon and the bay would be difficult to keep open, and both the created lagoon and access
channels would be likely to rapidly shoal in.  As a consequence, any habitat enhancement would
be temporary.  Thus, dredging to obtain material and perhaps enhance the aquatic environment
was rejected.

Sand taken from upland sources was determined to be acceptable for creating/restoring shoreline
marsh, but not for creating marsh islands because of public concerns and high costs.  Public
concerns focus on loss of navigable waters that have occurred as the bays have shoaled in, and
their expressed desire is to have material removed from the bays, rather than added.  Material
from dredging of Federal and state channels was determined to be potentially available.
However, because of sponsor concern over total project costs and unknown future dredging
schedules and proportioning of material between Assateague Island, Ocean City, and Isle of
Wight, an estimate was made for planning purposes that up to 34,000 m3 (45,000 yd3) of dredged
material might be available for work at Isle of Wight.  Of this volume, 31,000 m3 (45,000 yd3)
was utilized as the maximum available to create islands at the site.  The Isle of Wight site was
determined to be of limited potential suitability for the placement of privately dredged material as
compared to Dog Island Shoals because of its relatively greater distance from known regularly-
dredged sites on southern Ocean City.  Therefore, creation of a site for placement of privately-
dredged material was not further considered at Isle of Wight.

In summary, for the Isle of Wight salt marsh restoration/creation site the following site-specific
guidelines were utilized in formulating alternative plans:  up to 1.1 ha (2.8 ac) of marsh could be
restored by excavating fill in the parcel identified by the MD DNR; excavated fill material would
be disposed of offsite; up to 590 m (1,900 ft) of the southeastern shoreline was available for
creation of new shoreline marsh; any created shoreline marsh must be at least 15 m (50 ft) in
width; the bay shoreline of restored or created marsh would require wave protection because of
the significant wave energy in the area; up to 34,000 m3 (45,000 yd3) of dredged material could
be used for construction; any created islands must be no larger than 2 ha (5 ac) in size; and no
tidal creeks would be created in placed dredged material (see Table 5-8).  Materials used for
island creation would come from Federal or state maintained channels in Isle of Wight Bay.
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5.5.4  Dog Island Shoals:  Formulation of Potential Alternative Plans

As discussed previously, this site was identified for creation of both bird habitat islands and salt
marsh.  Institutional constraints discussed in Table 5-9 limited alternative proposals for bare-
substrate islands to no more than 1.2 ha (3 ac).  Larger sizes were considered to be unmanageable
in a bare substrate condition by the MD DNR over the long term.  Given the dual purpose of
creating salt marsh and bird habitat, a maximum island or archipelago size was set at 10.1 ha (25
ac) to restrict the ability of predators to become established at the site.  This 10.1 ha (25 ac) limit
includes all island(s) and habitat that could be created at the site.  Salt marshes can support
predators as well as upland habitat, and if multiple islands were created, there would not be space
available at the site to leave a gap of 500 m (1,640 ft) between islands, which is the minimum
distance required to inhibit predators from moving between islands.

Because of its proximity to Ocean City, this site was recognized to be a prime potential site to
beneficially use dredged material to create the salt marsh components of the project.  This will
reduce project costs for the Corps and project sponsors, and will assist local residents and
businesses in disposing of their clean dredged material.  It is anticipated that the material sources
for local use of the site would be privately dredged marinas, canals, and other small projects in
the developed areas behind Ocean City.  Material could include maintenance or new dredging.
Based on preliminary estimates that 4,600 m3 (6,000 yd3) of material would be generated
annually by private sources (see Annex A, Part 4 for additional information), it was decided that
the initial  project construction would be relatively small and would include a 1.2 ha (3-ac) island
constructed by the Corps and three 0.4 ha (1-ac) dredged material placement cells for future use
by local dredgers.  This would provide an estimated 3-year capacity for local use to create
habitat.  Local dredgers’ future placement needs (beyond 3 years), in excess of the initial 2.4 ha
(6 ac) project, may warrant the containment area to be made larger by adding cells.  If this is the
case, the local governments could construct additional cells for new dredged material and
saltmarsh creation, or the Corps may be able to cost-share as part of the Section 1135
environmental restoration program, both subject to receipt of Federal and state authorizations.

In order to minimize impacts to recreational boating it was originally considered desirable to
build the island(s) in the shallowest water available at the furthest distances from the Federal and
state navigation channels.  However, this constraint is directly contradictory to the need to make
the site amenable for the placement of mechanically dredged material.  Barges that will transport
material to the site will require water depths of at least 0.9 m (3 ft).  It would also be possible to
dredge a channel to the site for barges to load/unload.  However, this channel would tend to shoal
in over time, and responsibility for re-dredging access to the site is not desired by sponsoring
parties.  Therefore, it was decided that the island must be accessible from natural waters that are
at least 0.9 m (3 ft) deep.  (This need for access from deeper water does not preclude the design
guidelines from Tables 5-9 and 5-10.  Guidelines require that the created island also provide
protected cove habitat and a soft or natural shoreline for easy access between the terrestrial and
aquatic environments for wildlife.)
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After completion of the initial 2.4 ha (6 ac) island by the Corps and local dredgers, additional
containment structures may be constructed subject to Federal and state permits.  The added
containment structures might be connected to the existing island mass or built separately,
provided that the 10.1 ha (25 ac) limit is maintained to discourage predators.  It is not considered
advisable to construct the containment structure(s) too far in advance because of uncertainty over
when and how much material will be added in the future.  In addition, if constructed in advance,
a containment structure could create quiescent habitat within which SAV might establish.  Filling
a site vegetated by SAV with dredged material may be contradictory to Federal and state
regulatory policies.

In coordination with resource agencies, it was determined that only clean material will be
allowed to be placed behind the geotextile tubes for the three 0.4 ha (1-ac) sites.  Material
containing at least 75 percent sand will be assumed to be clean and will be accepted without prior
chemical testing because there is no heavy industry in the project area, and contaminants that do
occur in the coastal bays will not adhere to sand.  Material containing less than 75 percent sand
must be tested for the presence of contaminants in order to prove that it is clean, prior to its being
considered for acceptance at the 2.4 ha (6 acre) island site.  After appropriate permits are
obtained, persons desiring to place material at the sites must receive final approval from the
Town of Ocean City indicating that the material is acceptable, and placement capacity is
available.  If in the future non-Federal interests desire to construct additional placement sites in
excess of the initial 2.4 ha (6 acre) Federal project site for placement of dredged material then
Federal and state regulatory permits will be required.  In addition, these parties must receive
approval from the town of Ocean City.

5.6  EVALUATION AND COMPARISON OF ALTERNATIVE PLANS

5.6.1  Methods Used to Quantify Environmental Outputs

In order to evaluate how well each alternative plan met the objectives it was necessary to quantify
or rank the value of the environmental outputs that each would produce.  Distinct evaluation
criteria were selected for each environmental restoration objective to allow for an objective
comparison of the benefits expected to be produced by each alternative (Table 5-12).  No single
approach was deemed adequate to simultaneously quantify outputs of colonial waterbird nesting
habitat and salt marsh restoration.

Measures that can be used to quantify outputs of environmental restoration projects include
analysis of impact to energy flow, populations, and habitat quality.  Habitat-based evaluation
techniques were chosen for this study since they offer a sound ecological basis for impact
assessments without the constraints inherent in energy flow and population analyses.  A variety
of desktop Habitat Evaluation Procedures (HEP) have been utilized to quantify and evaluate the
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environmental impacts produced by water resources projects.  HEP can be either species or
community-focused.  Species-oriented Habitat Suitability Index (HSI) models produced by the
FWS were utilized in a desktop exercise to quantify the environmental outputs of the alternatives
for the colonial waterbird-oriented project plans at South Point Spoils and Dog Island Shoals.
For the restoration objectives focused on colonial waterbirds (Table 5-12) a representative
species from each guild was first selected for analysis.  For the restoration objective focused on
salt marsh, ac produced by each alternative were determined to be the most appropriate measure
of quantifying environmental output.  Since each salt marsh project would conform to the
guidelines established in Section 5.4, differences in environmental functions of any alternative
would be largely dependent upon size.

Table 5-12:  Coastal Bays Environmental Restoration Objectives and Measurement Units

Environmental Restoration Objectives Measurement Unit
Create bare substrate islands to provide nesting
habitat for beach-nesting colonial waterbirds
such as terns

Units of nesting habitat produced for Common
Tern

Restore/maintain island habitat to
increase/maintain nesting habitat for
vegetation-nesting colonial waterbirds such as
brown pelicans, egrets, and herons

Units of nesting habitat produced for Brown
Pelican

Restore/create tidal wetlands to provide food
web support for Coastal Bays ecosystem and
habitat for fish and wildlife

Acres of salt marsh habitat produced

The HSI models utilize an equation to quantify habitat suitability for a particular species or
community.  Each equation incorporates a series of variables representing environmental
attributes known to be critical for the success of a particular species or community.  The number
of variables differs from model to model.  Each variable is used to determine a suitability index
(SI) of the habitat for that variable.  The value for each SI variable ranges from 0 to 1.  Zero
represents no habitat suitability; 1.0 represents optimum habitat suitability.  Each SI value is
determined independently.  The model utilizes an equation incorporating the individual SIs to
calculate a HSI which ranges from 0 to 1.  The HSIs are then used to calculate habitat units (HU)
for each alternative.  HUs are defined as the area of a particular habitat type created multiplied by
the HSI for that alternative.

Results from application of HEP for different species cannot be added directly.  One unit of
habitat for one species or community does not equal one unit of habitat for another.  Each model
incorporates variables specific to the focus of the model, and the models do not consider the
same factors.  In the case where different units of output are produced but a single quantity is
desired to compare alternative plans, the analysis may proceed by either creating an index which
ranks the relative value of the habitats created (e.g., according to the relative scarcity/significance
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of the resource); or each output can be considered separately.  Given the disparate nature of the
two objectives, it is considered important to retain the outputs for each objective for independent
consideration.  A discussion of the models used to quantify environmental outputs is included in
Annex A, Part 6.

Although the shoreline stabilization structures used to create the islands are arguably of some
value to nekton and benthos, no value is given to these structures in this analysis since there is no
shortage of stabilized shorelines in the region.  SAV habitat that is expected to be produced by
plantings and promotion of natural colonization through creation of protected water conditions is
not quantified as a benefit due to uncertainties over likely success of planting efforts, and over
uncertainties of natural colonization of quiescent shallow water created by the projects.

5.6.2  Cost Effectiveness Analysis

In order to select the most cost-effective plans from the array of alternatives it was necessary to
weigh the benefits to be derived versus the costs.  The Corps performs analyses to ensure that the
most cost-effective project(s) are selected.  Traditional benefit-cost analysis cannot be performed
for environmental restoration projects because the benefits are not measured monetarily.  Instead
of measuring outputs of environmental restoration projects in dollars, benefits are determined
based on an appropriate measure of environmental output.  The Corps of Engineers Evaluation of
Environmental Investments Procedures Manual (IWR Report #95-R-1) was utilized.  In this
case, acres of salt marsh, and Common Tern and Brown Pelican nesting Habitat Units were
selected, as discussed previously in Section 5.6.1.  Considerations of scarcity and significance of
the restored/created habitat locally and regionally can provide additional justification for
selection of a project(s).

A project lifespan of 25 years was selected as a reasonable period of time over which to evaluate
alternatives outputs.  However, given the dynamic nature of the coastal environment and the
presumed finite lifespan of potential building materials such as geotextile tubes, the project
outputs are not considered permanent features.  All benefits and costs are calculated assuming
that all projects are completed at the same time, however, it is anticipated that construction
initiation of the projects will actually occur over about a two year period.  For example, habitat
creation at Isle of Wight and Dog Island Shoals using both Federal and privately dredged
material would require starting times that are dependent on initiation and completion of the
dredging projects.  In any case, it is anticipated that all the salt marsh and upland cells would be
filled and planted to design specifications within 5 years after completion of the initial cell.

There are differences in the development time of salt marsh, bare-substrate nesting habitat, and
vegetation-nesting habitat.  Habitat development should be complete with regard to salt marsh
vegetation establishment within several years after all cells are filled and planted.  However, full
ecological functioning of the created/restored salt marsh may take 15 to 20 years (for example,
complete colonization of the site by all the benthic organisms which inhabit natural salt
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marshes).  Full habitat functioning of habitat created for vegetation-nesting colonial waterbirds is
expected within several years of island creation since vegetation planting is incorporated into
proposed projects.  In contrast, habitat functioning of the islands created for beach-nesting birds
will begin in the spring of the year following placement of material.  The outputs calculated for
the bare-substrate island assumes that these created islands will be maintained in an unvegetated
condition.  Maintenance of the bare-substrate surface will be the responsibility of the MD DNR;
the island will be incorporated into the Sinepuxent Bay Wildlife Management Area.  If
vegetation is allowed to develop on the Dog Island Shoal bare-substrate island, the habitat value
of the site for beach-nesting colonial waterbirds will be severely compromised.

Costs for planting SAV were included on island creation projects at Isle of Wight and Dog Island
Shoals as a means to enhance aquatic habitat at the site.  No costs for planting SAV were
included for the South Point Spoils alternatives since from the site survey and coordination with
experts (Annex A, Part 7), it was determined that there is a great abundance of natural propagule
material and natural recolonization of the site would be expected in a relatively short period of
time.  However, should recolonization not occur, SAV planting will need to be undertaken and
additional costs will be incurred.

5.6.3  Preliminary Evaluation

The infinite potential number of alternatives required that logic be applied to limit the number of
salt marsh and colonial waterbird habitat creation/restoration alternatives for analysis.  The Corps
of Engineers Evaluation of Environmental Investments Procedures Manual (IWR Report #95-R-
1) provides for this situation and suggests that sub-routine cost effectiveness analyses can be
performed to eliminate certain alternatives from consideration prior to combining all measures.

Habitat creation at Dog Island Shoals would require island creation because the site currently
consists of shallow open water.  Island creation is an option at the Isle of Wight and South Point
Spoils sites.  The shape for any island of a given size could be modified into an infinite number
of possible configurations.  However, for the purposes of this analysis the kidney-bean shape was
determined to be a reasonable compromise between cost-effectiveness and the need to provide an
area of protected water in the lee of the island for aquatic habitat enhancement.  Therefore, all
new islands were presumed to be built in a kidney-bean shape for comparison purposes.
However, it is recognized that the constructed island shape would be modified somewhat during
design to suit site-specific conditions.

Islands could be built in an infinite number of sizes, as well as in combinations of islands of
different sizes.  For the purposes of this preliminary analysis, it was necessary to determine
whether a trend existed between costs versus outputs of various combinations of island sizes.
Costs and outputs of generic 5, 4, 3, 2, and 1 acre habitat islands which could be combined to
yield from 1 to 25 acres were compared to determine the most cost-effective combination of
island sizes.  Only whole-acre created islands were evaluated since it was believed that this
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would adequately characterize any trend in the relationship between costs and outputs.  It was
determined that for any island construction project, it is more cost-effective per salt marsh acre or
bird habitat unit to build the maximum size individual island possible, rather than build two or
more small islands that add up to the same size as the large island.  However, coordination with
resource agencies (see Annex A, Part 7), determined that in certain cases smaller islands offer
greater aquatic habitat benefits and fewer detrimental impacts.  Based on this concern for Isle of
Wight, it was determined that no island created would be larger than a maximum size of 2 ha (5
ac).  Consequently, if islands are constructed at the Isle of Wight site it is most cost-effective to
build combinations of islands such that the largest possible number of 2 ha (5 ac) size islands are
constructed.  Any remaining acreage after multiples of 2 ha (5 ac) islands are constructed would
be constructed as a single island that would be as large as possible (for example, one 2-ac island
rather than two 1-ac islands).

Preliminary analyses were run for shoreline salt marsh restoration/creation alternatives less than
0.6 ha (2 ac) in size at Isle of Wight which compared the costs of a free-standing breakwater
versus a revetment.  Costs for constructing these stabilization features from rock and geotextile
tube were compared.  Geotextile tubes were determined to be less expensive than rock if a dredge
would already be in use.  In the case of restoring filled salt marsh and or constructing a shoreline
marsh when a dredge was not already in use, then geotextile tubes could still potentially be
utilized, however they would have to be filled from a land-based unit.  In this case, the costs of
rock were cheaper because of the substantial cost of filling geotextile tubes from a land-based
unit.  The costs of a rock revetment versus a free-standing rock breakwater were also compared.
Because of the substantially less rock required, revetments are less costly than breakwaters.
However, they fail to provide a natural or soft shoreline which is a desired feature.  Details of
these preliminary costs are presented in Annex A, Part 6.

5.6.4  Evaluation of Individual Alternatives

A preliminary compilation of costs and outputs for each individual alternative was prepared
which included the various sources of material, shoreline stabilization methods, and numbers of
islands and size of habitats as discussed previously in the site-specific plan formulation of this
document.  These alternatives are listed in Annex A, Part 6.This first cost estimate did not
include combinations of alternatives.

There were three alternative projects considered for the Dog Island Shoals island creation site.
For shoreline stabilization of the bare-substrate island, all alternatives employ geotextile tubes
rather than rock for shoreline stabilization because of potential increased mortality risk to young
birds caused by rock as discussed previously.  Given the optimum habitat conditions that will be
produced by created bare substrate island, 1 nesting HU for Common/Least Tern will be
produced for every 1 acre of bare substrate island that is created.  The alternatives evaluated
produced from 1 to 3 nesting HUs for Common Tern, and range in total cost from $484,000 to
$984,000.  Project costs are greatly increased by shell costs.  Crushed shell, or some other similar



Section 5 Ocean City Water Resources
June 1998 Final Feasibility Report

Page 5-37

material, is required to maintain dry conditions that will restrict vegetation establishment, while
still allowing beach-nesting birds to scrape out nests in the island surface.

There were four potential individual projects for the restoration of the South Point Spoils colony.
Geotextile tubes rather than rock are used for shoreline stabilization because of potential
increased mortality risk to young birds caused by rock as discussed previously.  Environmental
output for individual projects ranged from 1 to 3 Brown Pelican Habitat Units for creation of new
islands.  Total costs for creation of new islands ranged from $334,000 to $533,000.  Stabilization
of the existing island at the 1997 shoreline alone would produce 2.3 HUs and would cost
$318,000.

There was a multitude of individual salt marsh projects considered for the Ocean Pines, Isle of
Wight, and Dog Island sites.  These initial estimates were prepared with the knowledge that it
was not possible to realistically distinguish between the costs of rock versus geotextile tube at
Isle of Wight because many design-specific factors would come into play which would be
important to computing costs.  Later in the study during site-specific design, it became apparent
that the costs of rock had been greatly overestimated at Isle of Wight in this analysis.  The cost-
effectiveness analysis was not rerun, however, because it was believed that the general guidance
provided by the analysis had not been compromised.

Results of this initial analysis of individual salt marsh project alternatives indicated several
trends.  Outputs and total costs for restoration projects at Ocean Pines ranged from 2.5 to 8.5
acres and $201,000 to $574,000 respectively.  These are the lowest average costs per acre for salt
marsh of the three sites.  Marsh islands constructed at Dog Island Shoals using dredged material
ranged from 1 to 3 acres in output, costs ranged from $249,000 to $341,000.  At Isle of Wight,
marsh islands that were stabilized by rock were found to be substantially more expensive than
islands stabilized by geotextile tubes.  Costs for single islands constructed at Isle of Wight
ranging from 1 to 5 acres in size stabilized by geotextile tubes ranged in cost from $269,000 to
$516,000 respectively.  The same cost range for islands stabilized by rock was $523,000 to
$1,068,000.  Costs for restoration of shoreline marsh by excavation were found to be extremely
expensive.  Total costs for producing from 0.8 to 2.8 acres of salt by excavating fill ranged from
$432,000 to $1,219,000.  Costs and outputs for creating new marsh along the Isle of Wight
shoreline ranged from $463,000 to $869,000 for 1.1 to 2.3 acres of marsh if upland fill was used.

5.6.5  Evaluation of Combinations of Alternatives

Combinations of alternatives for cost-effectiveness analysis were then prepared.  The infinite
number of potential alternatives was constrained by the results of the subroutine cost-
effectiveness analyses applied above.  Combinations of alternatives were also constrained by site
specific limitations discussed previously.  The outputs and costs of these combinations are
presented in Annex A, Part 6.




