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Purpose and Need 

1.1 Introduction and Background 
Eastern Neck National Wildlife Refuge 

(NWR) is an island situated at the southern 

tip of Kent County, on the upper Eastern 

Shore of Maryland (Figure 1-1) at the 

confluence of the Chester River and the 

Chesapeake Bay. It is on the Delmarva 

Peninsula, which includes Delaware and the 

portions of Maryland and Virginia east of 

the Bay in the Mid-Atlantic Coastal Plain 

Physiographic Area. Since 2005, the refuge 

has been managed as part of the 

Chesapeake Marshlands National Wildlife 

Refuge Complex (refuge complex), which 

includes Blackwater Refuge (with its Barren Island, Bishops Head, and Spring Island divisions), Martin 

National Wildlife Refuge with its Watts Island Division,  and  Susquehanna National Wildlife Refuge. The 

U.S. Fish and Wildlife Service (USFWS) vision for the refuge is to sustain diverse and healthy aquatic, 

tidal marsh, and uplands habitats to support robust populations of federal trust species and remain an 

essential link in the network of conserved lands in the Chesapeake Bay.  

Severely eroding shoreline has been documented in many areas of the refuge and the Chesapeake Bay 

(USFWS, 2010; USACOE, 1986; VIMS, 1977; Singewald, 1946). Shoreline and tidal marsh habitats as well 

as nearby shallow waters and submerged aquatic vegetation (SAV) beds are threatened by erosive 

forces. Consequently, the Eastern Neck NWR Comprehensive Conservation Plan (CCP) states, “Our 

highest priority over the next 15 years is to protect against additional refuge shoreline erosion and loss 

of refuge tidal marsh…. The integrity of the refuge, and its ability to support both aquatic and terrestrial 

Federal trust species and habitats, depend on stemming shoreline, tidal marsh and SAV bed losses” 

(USFWS, 2010). 

The USFWS is in the process of evaluating shoreline stabilization options that minimize future shoreline 

losses and reduce the effects of future storm events in high priority areas most susceptible to future 

erosion. The National Environmental Policy Act of 1969 (NEPA) requires federal agencies to integrate 

environmental considerations into their decision-making processes by evaluating the environmental 

impacts of their proposed actions and reasonable alternatives to those actions. As a result, this NEPA 

Environmental Assessment (EA) has been prepared to document the identification and analysis of 

reasonable alternatives, environmental effects of implementing those alternatives, and related public 

involvement. 

Section 1 of this EA provides background on the project and its purpose and need, describes public 

involvement that was conducted, and documents compliance with environmental requirements. Section 

2 of the EA addresses shoreline protection alternatives that were considered, including a no-action 

alternative and alternatives that were discarded for not meeting the purpose and need for the project. 

Section 3, Affected Environment, describes the regional and local setting, and the natural and human 

elements of the environment (physical, biological, cultural and socioeconomic) that potentially might be 

affected by the proposed project. Section 4, evaluates the potential short- and long-term and direct and 

indirect effects of implementing alternatives, including the No-Action alternative. Sections 5, 6, and 7 

provide a list of EA references; preparers; and agencies, organizations, and persons contacted, 

 

Figure 1Figure 1Figure 1Figure 1----1111. . . . Location of the Location of the Location of the Location of the Eastern Neck NationaEastern Neck NationaEastern Neck NationaEastern Neck National Wildlife l Wildlife l Wildlife l Wildlife 

Refuge, Kent CountyRefuge, Kent CountyRefuge, Kent CountyRefuge, Kent County, MD, MD, MD, MD    
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respectively.  Attachment 1 provides the Eastern Neck Living Shoreline Study Report and Conceptual 

Design (study report) which describes the technical work performed to identify areas of high erosion 

and prepare the Living Shoreline conceptual design. 

1.2 Purpose and Need for the Proposed Action  
Habitats in the Chesapeake Bay ecosystem depend on 

the health of shoreline areas. The Eastern Neck NWR 

sits squarely within the Atlantic Flyway, an important 

corridor of wetland habitats for migratory birds. 

Further, coastal marshes and SAV grounds are critical 

resources for native fish and important aquatic fauna 

such as crabs, bivalves, and other benthic species. 

These habitats, and the ecosystems they support, 

continue to be threatened by climate-change-induced 

sea level rise and human development of coastlines. 

Shoreline protection through a “living shoreline” 

approach is critical to stabilizing shorelines, slowing 

the loss of valuable habitats, and maintaining the 

ecological integrity of shoreline habitats and the 

associated flora and fauna of the Chesapeake Bay. 

The purpose of this project is to effectively reduce 

erosion at strategic locations along an 11,000-linear-

foot section of shoreline at the Eastern Neck NWR 

(Figure 1-2) using living-shoreline measures to the 

extent practicable. A corollary purpose is to protect 

valuable habitat and SAV beds that support migratory 

birds and regionally significant wildlife while 

maintaining the ecological integrity of shoreline and 

nearshore environments. This length of shoreline is 

exposed to the prevailing wind and wave energy of the Chester River, resulting in shoreline erosion, 

which is an immediate threat to Eastern Neck NWR and its wildlife habitat.  

This project will dissipate wave energy and slow erosion, thereby increasing the resiliency of refuge 

estuarine habitats to storm events. Specific goals of the project are to:  

1. Slow the loss of existing tidal marsh and protect important SAV habitats  

2. Restore tidal marsh where possible and maintain ecological integrity of shoreline and nearshore 

habitats   

The shorelines of the Eastern Neck NWR have a long history of recession due, in part, to their fetch 

exposure and resulting high-energy wave climate. A qualitative analysis of historical aerial photographs 

of shoreline change conducted by the Maryland Geological Survey and covering the period from 1846 to 

1992 showed a historic pattern of shoreline erosion, with the greatest amounts of erosion occurring at 

the southern and northwestern refuge shorelines (Figure 1-3).  

 

Figure Figure Figure Figure 1111----2222. Vicinity Map and Proposed Project . Vicinity Map and Proposed Project . Vicinity Map and Proposed Project . Vicinity Map and Proposed Project 

Area, Area, Area, Area, Eastern NeckEastern NeckEastern NeckEastern Neck    NationaNationaNationaNational Wildlife Refugel Wildlife Refugel Wildlife Refugel Wildlife Refuge    

Eastern Neck Living Shoreline Stabilization Project 

Source: USFWS (2014). 
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Figure 1Figure 1Figure 1Figure 1----3.3.3.3.    Overlay of 1846, 1942, and 1992 Shorelines Overlay of 1846, 1942, and 1992 Shorelines Overlay of 1846, 1942, and 1992 Shorelines Overlay of 1846, 1942, and 1992 Shorelines ShowingShowingShowingShowing    Study Study Study Study Areas of Most Intense Erosion Areas of Most Intense Erosion Areas of Most Intense Erosion Areas of Most Intense Erosion     

Eastern Neck Living Shoreline Stabilization Project 

Source: Maryland Geological Survey (2001) 

More recent shoreline changes were evaluated using high-resolution rectified satellite images covering 

the period 1992 to 2013. Three periods of satellite imagery were used in the analysis, with the results 

shown in Figure 1-4 (area west of the mouth of Hail Creek; Narrows Point and Cedar Point) and Figure 1-

5 (area east of the mouth of Hail Creek; Hail Point).  The results indicate trends rather than absolute 

erosion rates. Both areas generally showed a relatively higher shoreline recession rate over the period 

1992 to 2005 (red and green map lines) followed by a period from 2005 to 2013 (green and blue map 

lines) of reduced shoreline recession rate. This analysis correlated with results observed over the period 

1846 to 1992, with the highest erosion rates generally occurring in the same shoreline segments (see 

Section 2.2.2 for a description of segments). The resulting shoreline morphology varies with the ongoing 
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erosion of marsh headlands; the shore along the south and southwest coast from 2001 to 2013 had 

estimated erosion rates resulting in a loss of 2 to 4 feet per year (Figures 1-4 and 1-5). Protecting these 

areas will stabilize the overall shoreline. 

 

Figure 1Figure 1Figure 1Figure 1----4444. Segments 2. Segments 2. Segments 2. Segments 2    and 4and 4and 4and 4::::    Overlay of Overlay of Overlay of Overlay of Historical Shorelines Digitized Historical Shorelines Digitized Historical Shorelines Digitized Historical Shorelines Digitized from from from from Satellite ImageSatellite ImageSatellite ImageSatellite Imagessss    ffffromromromrom    1992, 20051992, 20051992, 20051992, 2005,,,,    and 2013and 2013and 2013and 2013    

Eastern Neck Living Shoreline Stabilization Project 

Underlying western block photograph of June 3, 2011, © DigitalGlobe. Used with permission. 

 

Figure 1Figure 1Figure 1Figure 1----5555....    SegmentSegmentSegmentSegmentssss    7, 8, and 97, 8, and 97, 8, and 97, 8, and 9::::    Overlay of Historical Shorelines Digitized from Satellite Overlay of Historical Shorelines Digitized from Satellite Overlay of Historical Shorelines Digitized from Satellite Overlay of Historical Shorelines Digitized from Satellite ImageImageImageImagessss    ffffromromromrom    1992, 20051992, 20051992, 20051992, 2005,,,,        

and 2013and 2013and 2013and 2013    

Eastern Neck Living Shoreline Stabilization Project 

The two thick yellow lines denote gaps created sometime between 2005 and 2013. . . . Underlying eastern block photograph 

of June 3, 2011, © DigitalGlobe. Used with permission.    
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In addition to historical shoreline changes, erosion severity is influenced by wave height, intensity, and 

direction and storm current intensity and direction. From the studies and modeling conducted during 

the study report task (Attachment 1), Shoreline Segments 2, 4, 8, and 10 (Figure 1-6) were affected by 

the largest waves and erosional forces. Storm currents around these segments were high also, resulting 

in the greatest erosional rates.  

Additional modeling (Attachment 1) forecasts the eventual erosional loss of Shoreline Segment 8, 

resulting in a shift in the areas with the greatest erosion potential to Shoreline Segments 2, 4, 7, 9 and 

10. The assessment results are color coded in Figure 1-7. 

 

Figure 1Figure 1Figure 1Figure 1----6666....    Ranking of Shoreline Segments by Erosion SeverityRanking of Shoreline Segments by Erosion SeverityRanking of Shoreline Segments by Erosion SeverityRanking of Shoreline Segments by Erosion Severity    

Eastern Neck Living Shoreline Stabilization Project 

  

 

Figure 1Figure 1Figure 1Figure 1----7777. Ranking of Shoreline Segments by Erosion Severity without Shoreline . Ranking of Shoreline Segments by Erosion Severity without Shoreline . Ranking of Shoreline Segments by Erosion Severity without Shoreline . Ranking of Shoreline Segments by Erosion Severity without Shoreline 

Segment 8 Segment 8 Segment 8 Segment 8     

Eastern Neck Living Shoreline Stabilization Project 
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1.3 Proposed Action 
The Proposed Action is to design and construct shoreline stabilization measures, using living shoreline 

measures to the extent practicable in an environment with highly erosive forces, to cost-effectively 

stabilize eroding shoreline areas.  The Proposed Action will target areas with the highest erosive forces 

and with the potential to maximize shoreline protection in and adjacent to eroding areas. As part of a 

living shoreline approach, the resulting shoreline will incorporate beaches or tidal flats to allow tidal 

marsh vegetation and sandy beach features to develop.  

1.4 Public Involvement 
Public interest and input on shoreline erosion has been an ongoing topic at the refuge, discussed in 2002 

and 2007 during scoping meetings for the CCP and EA, in the form of comments received after 

publication of the draft CCP and EA in 2009, and as part of ongoing public and agency outreach 

conducted in the preparation of the living shoreline restoration project. The input has consistently 

expressed support for methods to establish shoreline stabilization measures as a means to protect 

wetlands and shoreline resources.   

 USFWS issued a press release on October 24, 2013 notifying the public that the refuge received funds to 

construct a shoreline protection project on the refuge.  Also, presentations on the proposed shoreline 

restoration project were given at the Restore America’s Estuaries November 2014 conference in 

Washington D.C., as well as a number of USFWS led workshops, reaching a broad audience of 

government and non-government representatives.   

As part of the development of this EA, refuge staff will host a public meeting on the proposed project 

during the public comment period.  Notification that the EA is available for public comment will be made 

through a press release to local media, as well as posting on the refuge website.  The EA will be available 

for download from the refuge website.  A printed copy will be available for public viewing at the refuge 

office.  Input obtained during the public comment period will be considered in finalizing the EA.  

1.5 Regulatory Compliance 
The Proposed Action and its alternatives are evaluated in this EA. Table 1-1 summarizes the regulatory 

compliance issues associated with actions to minimize future shoreline losses and to reduce the effects 

of future storm events. It demonstrates that the Proposed Action will comply with all applicable 

regulations. 

Table 1Table 1Table 1Table 1----1111....    Compliance Compliance Compliance Compliance wwwwith ith ith ith Federal Environmental Statutes aFederal Environmental Statutes aFederal Environmental Statutes aFederal Environmental Statutes and Executive Ordersnd Executive Ordersnd Executive Ordersnd Executive Orders    

 Compliance 

Acts 

Anadromous Fish Conservation Act Pending 

Archeological Resource Protection Act of 1979 Pending 

Clean Air Act, as amended (Public Law 88-206) In compliance 

Clean Water Act, as amended (Public Law 95-217) Pending 

Coastal Barriers Improvement Act of 1990 In compliance 

Coastal Zone Management Act Pending 
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Table 1Table 1Table 1Table 1----1111....    Compliance Compliance Compliance Compliance wwwwith ith ith ith Federal Environmental Statutes aFederal Environmental Statutes aFederal Environmental Statutes aFederal Environmental Statutes and Executive Ordersnd Executive Ordersnd Executive Ordersnd Executive Orders    

Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as 

amended by the Superfund Amendments and Reauthorization Act of 1986 

In compliance 

Endangered Species Act of 1973, as amended (Public Law 93-205) Pending 

Estuary Protection Act In compliance 

Farmland Protection Policy Act N/A 

Fish and Wildlife Coordination Act, as amended (16 United States Code [U.S.C.] 661, et seq.) Pending 

Magnuson-Stevens Act Pending 

Marine Mammal Protection Act Applicability 

Migratory Bird Treaty Act of 1918 Pending 

National Environmental Policy Act of 1969 (Public Law 91-190) In compliance 

National Historic Preservation Act of 1966, as amended (Public Law 89-665) Pending 

Noise Control Act of 1972, as amended In compliance 

Resource Conservation and Recovery Act (RCRA) (Public Law 94-580) In compliance 

Rivers and Harbors Act Pending 

Solid Waste Disposal Act of 1965, as amended In compliance 

Toxic Substances Control Act of 1976 (Public Law 94-469) N/A 

Watershed Protection and Flood Prevention Act of 1954 (16 U.S.C. 1101, et seq.) N/A 

Wetlands Conservation Act (Public Law 101-233) Pending 

Wild and Scenic Rivers Act N/A 

Executive Orders 

Floodplain Management (Executive Order 11988) N/A 

Protection of Wetlands (Executive Order 11990) Pending 

Federal Compliance with Pollution Standards (Executive Order 12088) Pending 

Environmental Justice in Minority Populations and Low-Income In compliance 

Federal Actions to Address Environmental Justice in Minority Populations and Low Income 

Populations  (Executive Order 12898) 

In compliance 

Invasive Species Control Act (Executive Order 13122) Pending 
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Alternatives 

2.1 Introduction 
Section 2 presents alternatives to the Proposed Action, including the No Action alternative, which is 

consistent with the requirements of NEPA Section 102(2)(E). Section 2.2 describes alternatives that were 

considered and those that were eliminated from further analysis, and Section 2.3 describes the 

alternatives evaluated in this environmental assessment.  

2.2 Alternatives Considered 
In keeping with the project purpose and need described in Section 1.2—to develop living shoreline 

restoration measures to stabilize and restore the refuge shoreline—a range of potential shoreline design 

alternatives and potential shoreline stabilization locations were considered. The design alternatives 

were evaluated on the basis of hydrodynamic, storm, and sediment modeling; characteristics of the 

protection measures; construction methods and constraints; engineering judgment; and the experience 

of team members, including the USFWS. Potential placement of living shoreline restoration measures 

was based on factors such as composite erosion ranking, cost-effectiveness, and constructability. These 

evaluations are detailed in the study report (Attachment 1).  

Several alternatives were considered during the development of this EA but were eliminated from 

further discussion because they did not meet the purpose and need of the project.  The project team 

evaluated the use of non-structural stabilization methods that emphasize the use of dense wetland 

vegetation, bank grading, and/or fiber logs, but dismissed them as being ineffective in this 

environmental setting. While these approaches are clearly preferable in appropriate conditions, the high 

energy wave environment and rapid rate of shoreline erosion precludes their use on this part of Eastern 

Neck NWR. Structural alternatives suited to this environmental setting consist of stone revetments and 

similar structures.  While this type of strategy would protect the shoreline from erosion, it does not 

maintain the ecological integrity of shoreline and nearshore environments, a key component of the 

project goal. These alternatives were dismissed because they do not meet the purpose and need of the 

project.  

The details of hybrid living shoreline approaches that were considered (for example, marsh toe 

revetments, marsh sills with planted marshes, marshes with groins, and breakwaters) are detailed in 

Appendix E of the study report (Attachment 1). Several of the hybrid living shoreline options were 

eliminated because they would not be cost-effective, had construction limitations, or were more 

suitable for low-energy environments. Offshore breakwaters, which are suitable for medium- and high-

energy shorelines like the ones found at the refuge, were determined to be the most suitable design 

alternative. As described in Attachment 1, they involve the placement of stone at strategic locations 

offshore to intercept and decrease approaching wave energy and stabilize upland sediment shorelines, 

sand beaches, marsh edges, or headlands. This method can be effective at stabilizing long shoreline 

sections without the habitat loss resulting from other approaches and provides opportunities to create 

and protect additional habitat for terrestrial and aquatic life.  

2.2.1 Alternatives Evaluation by Location 

As part of the alternatives evaluation, the study area was divided into 12 shoreline segments for the 

purpose of assessing the severity of erosion and determining the highest-priority locations for 

restoration measures. The shoreline erosion severity was based on historical shoreline changes, wave 

height intensity and wave direction, and storm current intensity and direction, as outlined in Section 1 
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and detailed in the study report (Attachment 1). Based on these assessments, Shoreline Segments 2, 4, 

8, and 10 were identified as the segments experiencing the largest waves and greatest erosional forces 

(Figure 1-5). Additionally, storm currents around these segments were found to be high. Further, in the 

historical shoreline analysis, these segments were shown to have experienced the largest erosional 

rates.  

As part of the alternative location evaluation, the currents around Shoreline Segment 8 (Hail Point) were 

studied more closely to assess the likely long-term effectiveness of protecting Shoreline Segment 8; 

relatively high intensities of water flow have resulted in two narrow gaps that have severed Shoreline 

Segment 8 from the island, with a likely expansion of the gaps in the future. Based on the additional 

evaluation, which predicts the eventual loss of Shoreline Segment 8 from erosion and need to prioritize 

protection of Segments 7 and 9, the lower priority placed on Segment 8 from a biological resources 

perspective, and cost considerations, Segment 8 was removed from the list of priority protection areas.  

Additional modeling, as described in Section 1 and detailed in the study report (Attachment 1), was 

conducted to further evaluate the effect of not protecting Segment 8 and the need for design 

modifications to accommodate the greater erosive forces that would be experience by Shoreline 

Segments 7 and 9. Based on the modeling, the sites of highest erosion severity included Shoreline 

Segments 2, 4, 7, 9, and 10, as shown in Figures 2-1 and 2-2. Living shoreline measures are planned for 

these segments as part of the Proposed Action.  

                    
        Figure 2Figure 2Figure 2Figure 2----1. Proposed Action1. Proposed Action1. Proposed Action1. Proposed Action: Phase 1: Phase 1: Phase 1: Phase 1    

Eastern Neck Living Shoreline Stabilization Project 

 

 

Remainder of page left blank. 
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                    Figure 2Figure 2Figure 2Figure 2----2. Proposed 2. Proposed 2. Proposed 2. Proposed Action: Action: Action: Action: Phase 2Phase 2Phase 2Phase 2    

Eastern Neck Living Shoreline Stabilization Project  

2.3 Alternatives to Be Evaluated  

2.3.1 No Action 

The No Action alternative provides the basis under NEPA for comparison to other alternatives and is 

required by Council on Environmental Quality regulations. The No Action alternative is generally either a 

“no change” or “do nothing” alternative relative to the Proposed Action.  

In this case, the No Action alternative involves not implementing shoreline protection measures on 

Segments 1 through 12 of the refuge shoreline. Selecting the No Action alternative is equivalent to 

allowing the existing baseline environmental conditions identified in Section 3 of this document to 

continue and deteriorate over time. Under the No Action alternative, erosion along the shoreline of 

coastline would continue at approximately 2 to 4 feet per year, causing the loss of SAV beds, of tidal 

wetland habitats, and of associated fish, wildlife, and human benefits. The full impacts of the No Action 

and the Proposed Action are described in Section 4.  

2.3.2 Proposed Action 

Description 

The Proposed Action is a hybrid shoreline protection strategy consisting of offshore breakwater 

structures that incorporate living shoreline principles. Headland control is provided through semi-

continuous rock breakwaters, with sand nourishment and wetland plantings incorporated between the 

breakwater and land. The shoreline between these established headland areas will be allowed to 

naturally evolve under coastal processes until an equilibrium is reached, with the final equilibrium 

location depending on characteristics of the impinging wave climate, shoreline composition, and 

availability of sand in the littoral system.  The wider the gap between fixed headlands, the further 

landward the equilibrium shore planform will evolve. The resulting shoreline will be protected by a 

system of alternating headland and stable pocket embayments. The resulting embayments are expected 



ALTERNATIVES 

EASTERN NECK LIVING SHORELINE RESTORATION PROJECT  2-4 

to be characterized by beaches and tidal flats in which tidal marsh vegetation and sandy beach/dune 

features will develop.  

The breakwaters will be placed 250 to 300 feet apart and will be composed of core stone sized for 

stability. The core stone will be surrounded by a double layer of armor stone designed to meet stability 

requirements during more extreme storm events. Geotextile material generally will be used at the toe of 

the breakwater to separate sand from other materials, and it may be used at core locations. Details on 

the design basis for the breakwater system are provided in the study report (Attachment 1).  

Intertidal wetlands will be a component of the breakwater systems, and will be situated on clean, 

imported sand placed behind the breakwater to a depth sufficient to achieve the design grade. The 

surface elevation of the sand substrate will range from that of the existing marsh edge to the midtide 

elevation. The planted marshes will extend from the existing marsh edges to the breakwaters, where 

target grades and planting elevations can be achieved and maintained. Wave action around the ends of 

the breakwaters is likely to prevent the planted marsh from persisting along the entire length of each 

breakwater, with the planted areas being more tombolo-like (depositional) near the center of the 

breakwaters. Some loss of planted marsh also may occur at the lowest elevations. However, the typical 

strategy for planted tidal marshes is to plant over the entire elevation range of suitability and then allow 

the planted areas to reach equilibrium. By covering as much of the sand fill area as possible, dynamic 

plant migration is allowed to occur if the sand fill area shifts over time. 

Spaces between the rocks making up the breakwaters will allow a slow tidal flow to pass through them 

and spacing between the breakwaters will allow for tidal flow and flushing for cool water exchanges and 

biological activity shoreward of the breakwaters. 

The Proposed Action would establish 1,250 feet of headland breakwaters to protect Shoreline Segments 

2 and 4, and 1,375 feet of headland breakwaters to protect Shoreline Segments 7, 9, and 10 (total of 

2,625 feet of breakwaters). It would also result in the creation of 1.2 acres of low tidal marsh, a rare yet 

valuable wetland habitat at the site.  The breakwater structures would be placed seaward and 

sufficiently close to existing hard (relatively) points of the bay shoreline (Figures 2-1 and 2-2). The 

Proposed Action and this environmental assessment consider the potential effects associated with 

establishing living shoreline improvements at each of the five shoreline segments. Construction of the 

protection measures may be established in a phases, however, as a result of budget limitations.  

Construction 

Shoreline Segments 2, 4, 7, and 10. Breakwater construction is planned to occur from the water for 

these segments.  Breakwater construction materials included geotextile, core stones, and armoring 

rocks will be brought to the site via transport barge.  A smaller, low draft shuttle barge will be utilized to 

move the materials to the breakwater segment.  A barge mounted excavator will then be used to 

transfer the breakwater materials to their proposed location; geotextile fabric first, followed by core 

stone and then armoring stone.  Clean imported sand will then be transported via barge to the 

breakwater segment and placed between the breakwater and shoreline utilizing the barge mounted 

excavator.  The excavator will then be used to transport a small low-ground-pressure bulldozer and 

place it on the staged sand. The bulldozer will push the sand back toward the existing marsh. Sand will 

be continually supplied to the dozer during this process until the design grade is achieved. The elevation 

of the sand substrate will range from existing marsh edge surface elevation to the midtide elevation.  

Spartina alterniflora plugs, 2-inch bare root or potted, will be used for marsh creation. They will be hand 

planted when dormant, either in the spring (April–June) or fall (September–October). The plugs will be 

planted on 2-foot centers. A high-nitrogen, slow-release fertilizer will be placed under each plug in the 

planting hole before the soil is firmly pressed around the plug.  
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Shoreline Segment 9. Regarding 

Shoreline Segment 9, because of the 

shallow water (-1.2’ to -1.5’ MLW) 

measured along the shoreline, barge 

access for breakwater construction is not 

possible. Therefore, after careful 

consideration of construction method 

alternatives, it was determined that the 

Segment 9 breakwater should be 

constructed using a combination of 

waterside and landside techniques. 

More specifically, the construction 

contractor proposes using a landing 

barge to come ashore off the east side of 

the Hail Point Island (Segment 8) where 

water depths are sufficient for barge 

access. From the landing barge, a 450 

foot long temporary sand access road 

will be constructed along Hail Point 

Island extending to the land breach which separates the island from the rest of the refuge. Rock and 

sand for the breakwater will be transported from the landing barge onto articulated dump trucks that 

will traverse the temporary sand access road to the land breach where the breakwater construction will 

commence. The 575 foot long breakwater will be installed within the land breach then extended in a 

western and northern alignment along the shoreline. Following rock placement, the sand placed along 

the shoreline to facilitate construction equipment access will be removed and regraded to form a 

terrace behind the breakwater, then planted with Spartina alterniflora. Additionally, the 450 foot long 

temporary sand road on the Hail Point island will be removed and the sand re-used to enhance the 

terrace behind the breakwater. The temporary access road will be restored and planted as needed. 

Temporary and Permanent Wetlands Impacts.  Based 

on estimates from the contractor Coastal Design and 

Construction, Inc. (CD&C), approximately 450 feet of 

access road 22 feet wide would need to be 

constructed across the Segment 8 marsh to reach the 

proposed Segment 9 breakwater location. While this 

would result in approximately 0.25 acres of temporary 

wetlands impact, the sand access road will be 

removed and the site replanted. Additionally, based 

on a field visit conducted at Hail Point on Tuesday, 

June 16th 2015 by USFWS, VIMS, and CDC, the 

wetlands were found to be dominated by Phragmites 

australis and of low habitat value. With regard to 

permanent wetland impacts, approximately 150 

square feet of Phragmites dominated tidal marsh 

would need to be removed in order to provide 

adequate spacing for the breakwater to be installed. As 

indicated previously in this document, the Segment 9 area is rapidly eroding and the removal of the 

small fragment wetland is necessary to facilitate the proposed shoreline protection measure. 

Location of proposed temporary sand access road along 

Segment 8 to access Segment 9. 

View looking southwest at 150 square foot 

remnant wetland island that would be removed 

to facilitate construction of the Segment 9 

Breakwater.  
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Affected Environment  

3.1 Regional Setting 

3.1.1 Climate 

The Eastern Shore climate is influenced by the Chesapeake Bay and the Atlantic Ocean, with mild 

winters and hot, humid summers (USFWS, 2010). Summer temperatures range from the upper 80s to 

the 90s °F. Intense low-pressure areas (hurricanes and northeasters) can bring torrential rains and winds 

of hurricane force to the Eastern Shore, especially from August through October. Winter in the area is 

typically short, with average daily low temperatures around 25°F. The frost-free period is approximately 

183 days (USFWS, 2010).  Annual rainfall along the Eastern Shore is approximately 43 inches (USFWS, 

2010). Similar conditions are found in the Eastern Neck NWR and in the project area.  

3.1.2 Topography 

The topography in Kent County is generally level with hills in the north and northwest portion of the 

county (NRCS, 1982). Most of the county is between 60 to 80 feet above sea level (NRCS, 1982). The 

highest point is 100 feet above sea level and the lowest areas are tidal marshes at or just above sea level 

(NRCS, 1982). The Eastern Neck NWR is relatively flat with elevations from zero to 20 feet above sea 

level (USFWS, 2010). The topography in the vicinity of the project area is generally characterized by low 

and recently formed terraces and floodplains with little to no relief, surrounded by tidal marshes and 

water bodies (Goodwin & Associates, 2015). Topography in the project area ranges from sea level to 

approximately 0 to 3 feet above sea level; the existing marsh edge lines (0.16 feet below sea level) could 

also be considered mean tide level or mean sea level (Ayuda and CH2M HILL, 2015). 

3.1.3 Bathymetry 

Water depths in the Chesapeake Bay average approximately 21 feet (Chesapeake Bay Program, 2015).   

A nearshore bathymetric survey conducted along the shoreline of the project area in April 2015 

(Waterway Surveys and Engineering, Inc.) indicated that nearshore water depths vary greatly along the 

shoreline. Water depths up to 2.0 feet (-2.0 feet MLW) can be found close to the shoreline in some 

areas, and in other areas depths of 2.0 feet are set back as much as  a few hundred feet offshore.  In 

most of the project area, water depths of 3 feet (-3.0 feet MLW), the depth needed for barge transit, are 

found within 100 feet of the shoreline.  In other areas, specifically Shoreline Segment 9, nearshore 

depths are less than 2 feet, and the 3-foot contour is up to 400 feet from the shoreline.  

3.1.4 Geology 

Maryland is made up of six physiographic provinces, with Maryland portions of the Chesapeake Bay lying 

in the Atlantic Coastal Plain Province. Kent County is in the St. Michael’s Lowlands and the Denton Plain 

Districts of the Atlantic Coastal Plain Province (Towson University, 2008). The Eastern Neck NWR lies in 

the St. Michael’s Lowlands District, which is a coastal lowland of very low relief that includes salt 

marshes and low estuarine terraces (Towson University, 2008). Ice sheets moved across Maryland 

during the Pleistocene epoch of the Quaternary period (less than one million years ago), but never 

covered the state (PaleoPortal, 2015). Deposits laid down in the Pleistocene epoch include those on 

Eastern Neck Island and consist of sand, silt, clay, and peat (Maryland Geological Survey, 1967). The 

underlying geologic strata of Eastern Neck are sandy Pleistocene interfluves established during the last 

high sea level stand over 75,000 years ago. 



AFFECTED ENVIRONMENT 

EASTERN NECK LIVING SHORELINE RESTORATION PROJECT  3-2 

3.1.5 Soils 

Nine soil associations are present in Kent County, with six soil types along the shoreline of the project 

area: Westbook peat, Woodstown loam and sandy loam, Butlertown-Mattapex silt loam, Fallsington 

sandy loam, Fort Mott loamy sand, and Sassafras sandy loam and loam (NRCS, 1982).  

 The Westbrook peat series is found along the shoreline of the project area, in the semi-submerged tidal 

marshlands area, and makes up most of the project area (approximately 74 percent). Westbrook peat 

soils are very poorly drained soils formed from organic herbaceous materials over fluviomarine 

sediments (NRCS, 2015).   

Woodstown soils are moderately well-drained soils formed from loamy fluviomarine sediments and are 

found interior and upgradient of the Westbrook series in the project area (NRCS, 2015). These soils 

make up approximately 7 percent of the project area.  

Butlertown-Mattapex silt loam soils are moderately well-drained soils formed from silty eolian deposits 

over fluviomarine sediments. One small area (approximately 3 percent of the project area) of 

Butlertown-Mattapex silt loam is found along the shoreline in the southwestern portion of the project 

area.  

Fallsington sandy loam soils are poorly drained soils formed from loamy fluviomarine sediments. These 

soils make up only about 1 percent of the project area and are along the shoreline in three areas, one in 

the very north and two along the very south of the project area.  

Fort Mott loam sand soils and Sassafras loam soils are well drained soils. An area of Fort Mott loamy 

sand (approximately 3 percent of the project area) is along the southwestern shoreline adjacent to the 

area of Butlertown-Mattapex silt loam. Sassafras soils are (approximately 11 percent of the project area) 

are not on the shoreline, but are interior of the shoreline on the northern and southern portions of the 

project area.  

3.1.6 Tidal Processes 

The tide station closest to the project area is the Love Point Pier (NOAA Station No. 8572295), 

approximately 3.5 miles west of the Eastern Neck Wildlife Refuge (Ayuda and CH2M HILL, 2015). At the 

Love Point Pier, mean higher high water is 0.72 feet, mean high water is 0.43 feet, mean sea level is -

0.16 feet, and mean low water is -0.76 feet.  The highest observed water level at the site, measured on 

September 7, 1996, is 3.32 feet (Ayuda and CH2M HILL, 2015). These tide data are based on the 

measurements between 1983 and 2001 at the Love Point Pier Station, and are representative of the 

region and the project area.  

3.1.7 Sea Level Rise and Subsidence 

Eastern Neck NWR faces threats from subsidence and sea level rise.  Although marshes build elevation 

over time, primarily through plant growth, organic matter accumulation, and sediment deposition, many 

wetlands in the Chesapeake Bay are not able to keep pace with relative sea level rise. 

Sea levels in the Chesapeake Bay are rising at a rate of 3 to 4 millimeters per year.  Over the past 100 

years there has been approximately 1 foot of sea level rise in the Chesapeake Bay (USFWS, 2010). At 

least half of this increase has been attributed to global warming, with the remaining increase likely due 

to the natural subsidence of coastal lands, which may be accelerated by excessive groundwater 

withdrawals in the region (EPA, 2008). Regional land subsidence could result in greater sea level rise 

over the next 100 years, over and above what is being experienced globally (USFWS, 2010). 

Sea level rise for the project area was predicted over the next 15 years using the USACE’s Sea Level 

Change Curve Calculator (USACE, 2015; Ayuda and CH2M HILL, 2015). The results of the analysis showed 
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that in 15 years (in 2030) the water levels around the Refuge could be 0.75 feet higher than they are 

now (Ayuda and CH2M HILL, 2015)  Additional detail is provided in the study report (Attachment 1).  

In general, the tidal marshes of Eastern Neck are relatively intact and not showing internal 

fragmentation and ponding, signs that the marshes are not converting to open water.  The tidal marshes 

of Eastern Neck NWR have been able to build elevation at a sufficient rate to keep pace with sea level 

rise.  Most of the tidal marsh in the project area is irregularly flooded high marsh, indicating it is 

continuing to build elevation and not falling into a regularly flooded regime. 

3.1.8 Shoreline Erosion 

Severe erosion has been documented in many areas along the Chesapeake Bay (USFWS, 2010).  

Shoreline and tidal marsh habitats are threatened by erosive forces from local wind waves, storm wind 

waves, and currents, as well as the effect of invasive species. Nearby shallow waters and SAV beds face 

these threats and the impacts association with pollutants.  

The integrity of the refuge and its ability to support aquatic and terrestrial federally protected species 

and habitats depends on stemming shoreline, tidal marsh, and SAV bed losses. Between 1867 and 2005, 

shoreline erosion led to the loss of approximately 291 acres of land on the Eastern Neck NWR. The 

western edge of the island lost approximately 10 feet per year in the 1980s (USFWS, 2010). A 1985 study 

conducted by Fred Hopkins indicated that the shoreline on the western side of the island was eroding at 

2 to 4 feet per year (Goldwin & Associates, 2015, as cited in R. Christopher Goodwin & Associates, Inc., 

2015). Between 2007 and 2013, Hail Point, which is on the southeastern portion of the island, was 

severed from the island at two locations as a result of shoreline erosion.   

Modeling, conducted in support of evaluating shoreline restoration options and described in the study 

report, was based on wind, wave, and current patterns.  It indicates that Shoreline Segments 2, 4, 8, and 

10 in the project area experience high-intensity waves and storm currents.  As a result, these segments 

were identified as having the highest potential for severe erosion (Figure 1-6) (Ayuda and CH2M HILL, 

2015).  

Shoreline Segments 5, 6, and 12 are predicted to have the lowest potential for severe erosion, and 1, 3, 

7, 9, and 11 to have a medium potential for severe erosion (Ayuda and CH2M HILL, 2015). Modeling also 

predicted that if Segment 8 were to erode away completely, then the erosion potential of Segments 7 

and 9 would increase, without the buffering provided by Segment 8, and would shift them into the 

category with the highest potential for severe erosion (Figure 1-7).  

The erosion is having a secondary effect by drastically altering the area’s hydrologic connection and 

reducing the amount of sheltered shallow water.  Therefore, protecting shorelines in strategic areas will 

have the added benefit of protecting sheltered shallow water and associated SAV habitat.  Modeling 

showed that after a single 25-year storm event, as much as 59 cubic feet per foot of shoreline could 

erode (Ayuda and CH2M HILL, 2015).   

Efforts to fight shoreline erosion have taken place at selected locations on the island. In 1993, the U.S. 

Army Corps of Engineers completed placing a series of breakwaters with small inlets along the bay side 

of the Eastern Neck NWR (USFWS, 2010). In 2005, wetland plants and grasses were planted in an area 

that had been restored with dredge material to improve habitat and stop future erosion (USFWS, 2010). 

In 2009, efforts were undertaken in the Hail Cove area to create living shoreline protection to prevent 

future erosion.  The existing shoreline was supplemented with sand and grasses, and headwater 

breakwaters were placed along the mouth of the cove while shallow water habitats were kept intact. 

Volunteers and students from Rock Hall Elementary School planted marsh grasses. Portions of the 

restoration area were seeded with 20 bushels of oysters (USFWS, 2011).  
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3.2 Water Resources 
The western shore of Eastern Neck NWR is on the Chesapeake Bay, and the eastern shore is on the 

Lower Chester River, which flows into the bay.  The Chester River is approximately 60 miles long and is 

more than 3 miles across at its confluence with the bay. The river flows west from Delaware then 

southwest towards the bay, draining approximately 550 square miles of Kent, Queen Anne’s, and Talbot 

Counties in Maryland. The Lower Chester River is tidal mesohaline, with salinities in the range of 5 to 18 

parts per thousand, which is considered moderately brackish (USFWS, 2010). The project area is along 

the southern side of the refuge where the Chester River flows around the island to the south to join the 

Chesapeake Bay.  The average water temperature in the area ranges from 82.4°F (27.9°C) in July to 39.2° 

F (4.0°C) in February. 

Surface waters of the lower Chester River are classified as Use I (approved for water contact recreation 

and aquatic life) in all areas and Use II (shellfish harvesting) in certain areas of the Chester River 

watershed (COMAR 26.08.02.08). The Chester River side of the refuge is classified as Use I and Use II 

(MDE, 2009). Maryland Department of the Environment (MDE) measures water quality and estuarine 

benthos at several locations around the Chesapeake Bay. Streams internal to the refuge are classified as 

Use I, and those surrounding the refuge are classified as Use II. 

A total maximum daily load (TMDL) limit for fecal coliform has been established for the restricted 

shellfish harvesting area in the Lower Chester River Basin, Southeast Creek Basin, and Middle Chester 

River Basin in Kent and Queen Anne’s Counties to limit the load of fecal column that can be discharged. 

These same areas were also listed as impaired by sediments, nutrients, toxins, and bacteria; TMDLs for 

the other impairments will be developed in the future (MDE, 2008).  

The area around Eastern Neck NWR experiences relatively little stratification and has good water clarity, 

which is required for sustained SAV growth. However, the extensive marsh erosion on the island has 

added considerable amounts of solids to the local area. While much of the eroded sediment may settle 

to the bottom or follow the currents of the Chester River, high erosion events likely cause temporary 

impacts to local water clarity.  In addition to stabilizing shoreline areas, the USFWS is implementing 

strategies to improve water quality, including establishing a 330-foot forested buffer around tidal 

wetlands, improving SAV beds, and implementing best management farming practices (USFWS, 2010).   

3.3 Aquatic Resources 

3.3.1 Vegetation  

Aquatic grasses, also known as submerged aquatic vegetation (SAV), are important primary producers in 

the Chesapeake Bay and are an important part of the ecosystem around the refuge. SAVs in the bay 

provide highly nutritious forage for waterfowl, fish, diamond terrapin, horseshoe crab, and other aquatic 

species and produce food for shrimp, fish, snails, clams, oysters, turtles, waterfowl, and many other 

organisms (USFWS, 2015a).  SAV populations found in the project area tend to be dominated by Ruppia 

maritima (wigeongrass) and Elodea canadensis (common waterweed).  Other species present included 

Elodea nuttallii (Nuttall’s waterweed), Myriophyllum spicatum (Eurasian watermilfoil), Zannichellia 

palustris (Horned pondweed), Ceratophyllum demersum (Coontail), and the macroalgae Chara vulgaris 

(Maryland DNR).  Eurasian watermilfoil (Myriophyllum spicatum) is an invasive grass that has been 

spreading throughout the Chesapeake Bay since the 1950s.  

 

SAV populations, while present in the project area every year, tend to fluctuate annually.  For example, 

Figure 3-1 below illustrates the increased SAV distribution at the refuge during a relatively short period 

of time.  In the project area, small areas of SAV are present near Narrows Point, Cedar Point, along Hail 

Creek, and west and north of Hail Point (USFWS, 2010).  
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3.3.2 Organisms 

Approximately 295 fish species can be found in the Chesapeake Bay and its rivers including striped bass, 

herring, shad, white perch, yellow perch, and sturgeon (USFWS, 2015b; Chesapeake Bay Program, 2015). 

Aquatic organisms in the Chesapeake Bay include American oyster (Crassostrea virginica), blue crab 

(Callincetes sapidus), horseshoe crab (Limulus polyphemus), three species of fiddler crab (Usa spp.), 

cownose ray (Rhinoptera bonasus), and the American eel (Anguilla rostrate) (USFWS, 2015b; 

Chesapeake Bay Program, 2015). Hundreds of species of invertebrates are found in the Chesapeake Bay 

(Chesapeake Bay Program, 2015).  

The Chester River provides spawning and nursery habitat for nine anadromous fish species and 12 

interjurisdictional species, two of which have State of Maryland endangered species status (FWS and 

MDFRO, 2006). Horseshoe crab (Limulus polyphemus), an interjurisdictional species, is known to spawn 

in shallow waters on the refuge. The crab is a species of high conservation concern in the Northeast 

Regional Strategic Fish Plan (USFWS, March 2010).  Blue crab is another interjurisdictional species in the 

Chester River, found in the marshes and adjacent water during winters and known to spawn in shallow 

waters around the refuge.  

3.3.3 Essential Fish Habitat 

The Magnuson-Steven Fishery Conservation and Management Act 1996, as amended, provides for the 

conservation and management of the nation’s fishery resources and calls for National Oceanic 

Atmospheric Administration (NOAA) fisheries to work with regional Fishery Management Councils to 

develop Fishery Management Plans for each fishery under their jurisdiction. NOAA and the regional 

councils identify habitat that is essential for every life stage of each federally managed species—

Essential Fish Habitat (EFH). The area around the Eastern Neck NWR is defined as EFH for window pane 

flounder, summer flounder and blue fish (Table 3-1).  
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Common Name Scientific Name Spawning Location  Spawning Period 

Window pane 

flounder 

Scophthalmus aquosus Gulf of Maine, Georges Bank, southern 

New England and the middle Atlantic south 

to the Virginia-North Carolina border 

February–December with a 

peak in May in the middle 

Atlantic 

Summer flounder Paralichthys dentatus Territorial waters south of Cape Cod open 

ocean areas of the shelf 

Fall and winter while the fish 

are moving offshore onto 

their wintering grounds 

Bluefish  Pomatomus saltatrix Offshore from Massachusetts through 

Florida 

Discrete groups spawn in 

spring, summer, or fall  

Sources: Atlantic States Marine Fisheries Commission (2015), National Oceanic and Atmospheric Administration (1999, 

2015), New England Fishery Management Council (1998). 

 

The species of primary concern within the shallow waters near the Eastern Neck NWR are windowpane 

flounder, summer flounder, and bluefish.  The sections below describe habitats during various life 

stages, spawning, and food sources. 

3.3.3.1 Windowpane Flounder 

Juveniles and adults occur nearshore in the Middle Atlantic Bight (< 40 m) throughout the year. Adults 

may migrate to nearshore or estuarine habitats in the southern Middle Atlantic Bight during spring 

through autumn (Chang et al., 1999). Both inhabit areas with bottom substrate of mud or fine-grained 

sand around the perimeter of the Gulf of Maine, on Georges Bank, off southern New England, and in the 

middle Atlantic south to Cape Hatteras. They prey on polychaetes, small crustaceans, and various fish 

larvae (Chang et al., 1999). Spawning occurs during the offshore Atlantic Ocean migration. The eggs sink 

to the bottom, cling together, and do not relocate outside the spawning grounds. Larvae begin to 

migrate into the Chesapeake Bay in October, usually overwintering and growing in the southern portion 

of the bay. 

3.3.3.2 Summer Flounder 

Summer flounder enter the Chesapeake Bay in the spring and summer and typically move offshore with 

the onset of winter. Summer flounder spawn as they migrate offshore from late summer to midwinter 

(Murdey et al., 1997). Juvenile summer flounder use a variety of estuarine habitats as nursery areas, 

including salt marsh creeks, seagrass beds, mudflats, and open bay areas. All native species of 

macroalgae, seagrasses, and tidal macrophytes in the Chesapeake Bay are considered Habitat of 

Particular Concern for juvenile and adult summer flounder. Summer flounder average 3–6 pounds and 

are 15–22 inches long (MDDNR). Summer flounder is a valuable food fish in the bay and is caught from 

March until November. Adults feed mainly on fish, shrimp, squid, and polychaetes. Summer flounder 

prefer sandy substrate and are frequently seen near shores, partly buried in the sand. Color adaptation 

is developed to a very high degree. After spawning, the eggs sink to the bottom, cling together, and do 

not relocate outside the spawning grounds. Larvae begin to migrate into the bay in October, usually 

overwintering and growing in the southern portion of the bay.  

3.3.3.3 Bluefish 

The bluefish travels in schools, especially in deeper water, entering the Chesapeake Bay from April 

through October and then moving offshore into deeper water during the winter. Bluefish spawn 

offshore mainly in the spring but some summer and fall spawning does take place offshore of Maryland 

in the coastal waters (MDDNR). Bluefish are caught mostly by recreational anglers from April to October 

near the mouth of the Chesapeake Bay. Bluefish are most prevalent just off the coast during the 
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summer (MDDNR). They feed predominantly on menhaden, herring, and mackerel. The fish has a 

voracious appetite and often pursues schools of small fish. Most bluefish weigh 2–15 pounds. Bluefish, 

especially juveniles, follow herring, menhaden, and other small fish into the middle and upper 

Chesapeake Bay. The waters of the Eastern Shore of Maryland are especially important to the juveniles. 

3.4 Wetlands 
The Eastern Neck NWR contains about 860 acres of intertidal marsh habitat, most of which is brackish 

marsh adjacent to the shoreline. Brackish marshes are transitional wetlands between tidal freshwater 

systems and salt marshes (USFWS, 2010). 

Typical tidal marsh plant species on the refuge include three square, narrow-leaved cattail (Typha 

angustifolia), saltmeadow hay (Spartina patens), salt grass (Distichlis spicata), marsh elder (Iva 

frutescens), groundsel bush (Baccharis halimifolia), and common reed (Phragmites australis).  Common 

reed, an invasive wetland plant of relatively low wildlife value, is dominant in some parts of the refuge, 

including the marsh within Shoreline Segment 8. 

In addition to the 859 acres of tidal marsh, the Eastern Neck NWR contains approximately 38 acres of 

green tree reservoirs (USFWS, 2010). These are forested lowlands that can be temporarily flooded using 

water control structures to provide resting and foraging habitat for wintering and migrating waterfowl 

(USFWS, 2010). The Eastern Neck NWR also contains approximately 30 acres of moist soil units (USFWS, 

2010). These are naturally wet nonforested areas that are temporarily impounded with earthen berms 

to provide foraging habitat for wintering and migrating waterfowl, shorebirds, and wading birds 

(USFWS, 2010).   

Figure 3-2 shows the vegetative communities that make up the Eastern Neck NWR.  

 

Remainder of this page is blank. 
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3.5 Terrestrial Resources 

3.5.1 Vegetation  

The Chesapeake Bay region contains a wide variety of vegetation, including hundreds of native flowers, 

at least 50 species of trees (Chesapeake Bay Program, 2015). The refuge contains 708 acres of forested 

habitat (including loblolly pine, hardwoods, and mature oak-sweetgum forest). Forested areas are 

interconnected by hedgerows consisting primarily of black cherry and locust. Understory within the 

pines consists of holly, green briar, and poison ivy. Understory in the hardwood areas consists of maple, 

paw-paw, spicebush, and ferns.  
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The refuge contains approximately 400 acres of managed cropland, intended to compensate for 

reductions in native foraging plants, and provide migrating and wintering habitat for the Canada geese, 

black duck, and other waterfowl.  Crops grown on the refuge include corn, soybeans, and clover.  The 

refuge also contains approximately 30 acres of grasslands, with the largest single grass field occupying 

about 22 acres.   

Fifteen invasive plant species are found on the refuge, including common reed (Phragmites australis), 

Johnsongrass (Sorgham halepense), Canada thistle (Circium arvense), mile-a-minute weed (Polygonum 

perfoliatum), and multiflora rose (Rosa multiflora) (USFWS, 2010). The project area consists mostly of 

marshes along the shoreline as described in Section 3.4; however, there are small areas of forest along 

the western portion of the project area.  

3.5.2 Wildlife  

The Chesapeake Bay and Eastern Shore provide habitat for millions of animals. The Chesapeake Bay lies 

in the Atlantic Flyway. Approximately one million swans, geese, and ducks winter on the Chesapeake 

Bay (USFWS, 2015c).   

Eastern Neck NWR’s combination of expansive wetlands, managed croplands, temporarily impounded 

areas (green tree reservoirs and non-forested moist soil units) and scattered upland hammocks provide 

premier habitat for a wide variety of avian species, which include migratory waterfowl, shorebirds, 

raptors, and species preferring forested and grassland areas. The mix of habitats provides an ample food 

supply that makes the refuge an attractive habitat for colonial waterbirds and dozens of migratory bird 

species.  Typical waterfowl encountered on the refuge during the non-breeding season include Canada 

goose (Branta canadensis),, American black duck (Anas rubripes), bufflehead (Bucephala albeola),  ruddy 

duck (Oxyura jamaicensis), scaup spp. (Aythya spp.), canvasback (Aythya valisineria), wood duck (Aix 

sponsa), mallard (Anas platyrhynchos), and tundra swan (Cygnus columbianus). 

Eighteen species of marsh and wading birds have been observed in the refuge and include bitterns, 

herons, ibis and rails, with great blue heron being the most common.  Only three species are known to 

breed on the refuge:  the green heron, king rail, and Virginia rail. The refuge is considered a likely 

foraging area for herons from nearby rookeries. 

Mute swan (Cygnus olor) and resident Canada geese (Branta canadensis) are present at the refuge and 

managed according to State of Maryland requirements for their control (USFWS, March 2010). Mute 

swans are an invasive species within the Chesapeake Bay and around the refuge that eat up to 8 pounds 

of SAVs a day (Chesapeake Bay Program, 2015). They are known to pull the entire plant with roots up 

when eating. Because of this, they compete with other native aquatic species for the food source 

(USFWS, March 2010). 

Surveys across the Eastern Neck NWR have identified 36 butterfly and moth species; common five-lined 

skink (Plestiodon fasciatus); nine common snakes; six common freshwater/upland turtle species 

(including the northern diamondback terrapin (Malaclemys terrapin) and the box turtle (Terrapene 

carolina Carolina)).  Nineteen species of mammals are known to occur on the refuge (USFWS, 2010), 

with the most commonly seen being white tailed deer, gray squirrel, raccoon, and muskrat.  Amphibians 

identified through surveys include the wood frog (Lithobates sylvaticus), bull frog (Rana catesbeiana), 

green tree frog (Hyla cinerea), gray tree frog (Hyla versicolor), northern cricket frog (Acris crepitans), 

Fowler’s toads (Bufo fowleri), American toad (Anaxyrus americanus), and both northern and southern 

leopard frogs (Lithobates pipiens and Lithobates sphenocephalus). Threatened and endangered species 

are discussed in Section 3.6.   
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3.6 Threatened and Endangered Species 

3.6.1 Aquatic 

There are no known federally listed threatened or endangered aquatic species on the Eastern Neck NWR 

or in the project area (USFWS, 2010, 2015). Atlantic sturgeon and shortnose sturgeon (Acipenser 

oxyrinchus and Acipenser brevirostrum, respecitively) are listed as Endangered Species within the 

Chesapeake Bay.  However, both species breed and inhabit deeper waters of the Chester River and will 

not be affected by this project.  Two sea turtles occurring in the waters surrounding the refuge are the 

federally listed threatened loggerhead sea turtle (Caretta caretta) and the federally listed endangered 

leatherback sea turtle (Dermochelys coriacea); they are also listed by Maryland as species of 

conservation concern. The horseshoe crab, which spawns in shallow waters off the refuge, is a species of 

high conservation concern in the USFWS’ Northeast Regional Strategic Fish Plan (USFWS, 2010).  

Once abundant in the bay, the northern diamondback terrapin (Malaclemys terrapin) is a Maryland 

species of elevated concern.  It is declining due to loss of nesting habitat resulting from to waterfront 

development, erosion control measures, and invasive species; loss of SAV beds providing foraging 

habitat; commercial harvesting in the areas in which terrapins reside during winter months; mortality 

from boating and fishing (physical impacts and bycatches); and rising predator populations. Until 

recently, terrapins represented an active commercial fishery managed by the Maryland Department of 

Natural Resources. Effective July 1, 2007, it became unlawful in Maryland to take or possess 

diamondback terrapins for commercial purposes, and recreational harvest was limited to three per 

person (Chapters 117 & 118, Acts of 2007; Code Natural Resources Article, sec. 4-902). 

3.6.2 Terrestrial  

Until recently, the Delmarva Peninsula fox squirrel (Sciurus niger cinereus) was the only known federally 

listed threatened or endangered terrestrial species to occur on Eastern Neck NWR (USFWS, 2010).  The 

U.S. Department of the Interior recently announced that the best available scientific data indicate that 

the species has recovered.  Therefore, under the authority of the Endangered Species Act of 1973, as 

amended, the USFWS removed the species from the Federal List of Endangered and Threatened Wildlife 

(List).  This determination was based on a review of all available information, which indicates that the 

subspecies is sufficiently abundant and well distributed to withstand foreseeable threats and no longer 

meets the definition of an endangered or threatened species under the Endangered Species Act.  The 

final rule removing the Delmarva Peninsula fox squirrel from the List was published in the Federal 

Register on November 16, 2015 and takes effect on December 16, 2015.  As such, there are now no 

known federally listed threatened or endangered terrestrial species in the project area.   

While formerly common on the refuge, Delmarva Peninsula fox squirrel populations have declined on 

the refuge to the point that active management for the species is no longer taking place.  This 

population is not essential to the recovery of the species.  There have been no verified observations of 

this species on the refuge in recent years (USFWS 2012 - The Delmarva Peninsula Fox Squirrel (Sciurus 

niger cinereus): 5-year Status Review.  Chesapeake Bay Field Office, 177 Admiral Cochrane Dr., 

Annapolis, MD  75 pp. www.fws.gov/chesapeakebay/EndSppWeb/DFS/StatusReview.html). 

The recently delisted bald eagle also occurs in the refuge and remains protected under other mandates. 

The refuge has been evaluated for northeastern beach tiger beetle and Puritan tiger beetle, but no 

beetles were found, and the refuge is not considered quality habitat for either. 
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3.7 Cultural Resources 
Previous cultural resource studies have identified a total of 79 archaeological sites on the refuge.  Thirty-

two of them date between 600 B.C. and the initial English settlement of the island in the year 1658.  The 

other 47 sites date between 1658 and the 1930s.  The geographic density of known pre-contact sites is 

remarkable for an area the size of Eastern Neck Island.  Many sites of varying time periods are on slight 

rises of ground adjoining current or former seasonal wetlands and watercourses.  In addition to 

archaeological resources, two early 20th century structures associated with a waterfowl hunting club still 

stand on the refuge. 

 

In compliance with the National Historic Preservation Act (Sec. 106), a Phase IA Cultural Resources 

Assessment of the present project area was conducted in February 2015 (Goodwin & Associates, 

2015).  Two previously recorded archaeological sites are located in the project’s Area of Potential Effects 

(APE): Site 18K235 and Site ESN-028H. Site 18KE235, a Woodland Period Native American site identified 

at Cedar Point, has experienced extensive erosion since it was first recorded, and the Maryland Historic 

Trust site form indicates it has been destroyed. A shoreline reconnaissance in 2015 did not locate any 

cultural features or artifacts, but quantities of oyster shell were apparent along the shoreline; it is not 

known whether that shell originated from the eroded site. Site ESN-028H, the former location of a late 

19th century gunning house near the southern tip of Hail Point, was identified in 1990 on the basis of 

documentary evidence (Kanaski, 1990). The presence of archaeological evidence at this location was 

never verified in the field. Site ESN-028H now appears to have been destroyed by the extensive erosion 

that has resulted in the loss of most of the uplands at the southern tip of Hail Point.   

 

A historic cultural locus was identified in a small cove between Narrows Point and Cedar Point during 

reconnaissance of the shoreline. The remains of a wooden pier, brick footings for a former structure, 

and other structural remains were noted. It is likely that these represent a 20th century occupation, but 

several of the historic ceramics appeared to date from the second half of the 19th century (Goodwin & 

Associates, 2015). This location will not be affected by the present project.  

 

In summary, the proposed APE is located almost entirely offshore and contains no preserved, 

inventoried archaeological sites or historic structures. There are no shipwrecks or intact submerged 

resources recorded in the APE, which exhibits low archaeological sensitivity due to erosion or inundated 

tidal wetland conditions. 

3.8 Air Quality and Noise 

3.8.1 Air Quality  

Under the authority of the Clean Air Act, USEPA has established nationwide air quality standards to 

protect public health and welfare. These federal standards, known as National Ambient Air Quality 

Standards, represent the maximum allowable atmospheric concentrations for six criteria pollutants: 

ozone, nitrogen dioxide, carbon monoxide, sulfur dioxide, lead, and particulate matter (which includes 

respirable particulate matter less than or equal to 10 micrometers in diameter and respirable particulate 

matter less than or equal to 2.5 micrometers in diameter). Based on the criterial pollutants, areas are 

classified as attainment, nonattainment, and maintenance. The Eastern Neck NWR and Kent County, 

Maryland are in attainment for all criteria pollutants (40 CFR 81.321).  

3.8.2 Noise 

Ambient noise levels on the Eastern Neck NWR are generally low and consistent with a wildlife 

sanctuary.  There is no residential or commercial development on the Eastern Neck NWR and structures 
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on the refuge are limited to those associated with management of the refuge or with the farming of 

cropland on the refuge. Ambient noise is limited to that resulting from visitor vehicles, agricultural 

activities, or boats in the Chesapeake Bay around the Eastern Neck NWR and is of limited duration. 

Vehicular and bicycle traffic is restricted to paved roads, and foot traffic is restricted to walking trails. 

Public access to the shoreline is restricted.  Noise levels around the project area are similarly low, as 

vehicles are restricted in this area, agriculture does not occur in or immediately adjacent to the project 

area, and motorized boats are not allowed access to the shoreline.  

3.9 Socioeconomic Conditions 

3.9.1 Socioeconomics and Environmental Justice 

Kent County, which includes Eastern Neck Refuge, is a predominantly rural area with a population of 

approximately 20,197 (USCB, 2010) The county has a total area of 414 square miles—279 square miles 

of land and 135 square miles of water—or 179,480 acres. Land cover in the County varies from historic 

waterfront towns to stretches of rolling farmlands and tidewater tributaries of the Chesapeake River.  

Though development is occurring throughout the area, much of Kent County remains open and is 

comprised of 65 percent forest, wetland, and agricultural land. Only seven percent of County land is 

developed (KCDPZ 2006, as cited in USFWS, 2010). 

In recent years, the economy of Kent County has grown from chiefly farm-based and water-related to 

include industry, retail, tourism, and other service-oriented businesses.  The main industries in Kent 

County are educational services, healthcare, and social assistance, followed by arts, entertainment, 

recreation, accommodation, and food services (USCB, 2009–2013). On the refuge, approximately 500 

acres of cropland are managed annually through a cooperative agreement with a local farmer (USFWS, 

2010).  

Kent County has a population of approximately 20,197 (USCB, 2010) and a smaller percentage of 

families living below poverty levels than the State of Maryland (USCB, 2009–2013). The per capita 

income (mean income of residents) of Kent County is lower than that found statewide, but higher than 

the United States (Table 3-2).  The minority population in Kent County is 19 percent and is lower than 

that found in Maryland or the United States.  

Table Table Table Table 3333----2222. . . . Per Capita Income and Poverty LevelsPer Capita Income and Poverty LevelsPer Capita Income and Poverty LevelsPer Capita Income and Poverty Levels, , , , Eastern Neck Living Shoreline Stabilization ProjectEastern Neck Living Shoreline Stabilization ProjectEastern Neck Living Shoreline Stabilization ProjectEastern Neck Living Shoreline Stabilization Project    

 Per Capita Income ($) Families Below Poverty (%) Minority (%) 

United States 28,155 11.3 26 

Maryland 36,354 6.8 42 

Kent County 31,502 6.1 19 

Source: U.S. Census Bureau. 2009-2013 American Community Survey 5-Year Estimates. 

3.9.2 Recreation and Tourism 

Close proximity to Washington D.C., Baltimore, Annapolis, northern Virginia, and other metropolitan 

areas makes the Eastern Neck NWR a popular area to visit, with approximately 55,000 visitors per year 

(USFWS, 2010). The refuge offers a wide variety of wildlife-dependent recreation opportunities, 

including hunting, fishing, biking, and nature trails for wildlife viewing and hiking (USFWS, 2015b). 

Fishing is available at Tundra Swan Boardwalk, Ingleside Recreation Area, and Bogles Wharf. Walking 

and hiking are available on seven trails, while biking is restricted to paved roads. Hunting activities 

include fall deer hunts and a spring youth turkey hunt (USFWS, 2015b).  A self-guided marked kayak trail 

around Eastern Neck NWR allows kayakers to see the island from the water; however, access to the 
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shoreline is restricted to Bogles Wharf and the Ingleside Recreation Area (USFWS, 2010). Visitor use in 

the refuge is restricted to designated areas such as recreational and wildlife viewing areas, designated 

roads, walking trails and boardwalks. There are no designated public uses allowed in the project area.  

 

Remainder of this page is blank. 
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Environmental Consequences and 

Cumulative Impacts 

4.1 Regional Setting 

4.1.1 No Action 

Sea level rise and shoreline erosion will continue under the No Action Alternative, resulting in a receding 

shoreline, loss of tidal marshes, and a low likelihood that positive trends in SAV areas will continue. 

Shoreline recession, resulting in a loss of 2 to 4 feet per year (estimated from 2001 to 2013) is expected 

to continue.  Additionally, erosion of the shoreline segments that protect SAV beds and habitat will 

result in increased sediment loads, wave energy, and tidal currents to the protected interior marsh and 

cove.  The result is that the sheltered cove on Hail Creek that is currently productive for SAV would 

become threatened over the next several years.   The integrity of the refuge and its ability to support 

aquatic and terrestrial federally protected species and habitats will be jeopardized, reducing the area 

and diversity of habitat types found on the refuge.   

4.1.2 Preferred Alternative 

Under the Proposed Action, sea level rise and subsidence would continue at regional rates. The 

headland control structures would not interfere with storm surges, regular tidal flooding, or other 

events that bring needed sediments to refuge marshes.  They would, however, reduce the erosive 

velocities associated with storm surges by dampening wave velocities.  The breakwaters would alter the 

prevailing wave energy, reducing the force of waves against the marsh edge, which can be expected to 

prevent tidal breaching of marshes and protect interior coves and waterways from scour and 

sedimentation.  

The breakwater design and associated sand/wetland tombolos will be allowed to naturally evolve under 

coastal processes until an equilibrium is reached, with the final equilibrium location depending on 

characteristics of the impinging wave climate, shoreline composition, and availability of sand in the 

littoral system.  The equilibrium shore planform will evolve further landward, at locations where there is 

a wider gap between the breakwater segments.  The resulting shoreline will be protected by a system of 

alternating headland and stable pocket embayments. 

When the breakwater-headland-tombolo system is completely installed, the amount of eroding 

sediment will decrease, which is expected to reduce the amount of sediment transported into adjacent 

marshes, potentially reducing accretion rates.  It is unlikely that this effect of limiting this sediment 

transport would outweigh wetland loss rates currently affecting the refuge.   

4.2 Water Resources 

4.2.1 No Action 

Shoreline erosion would continue if the Proposed Action were not implemented, with a single 25-year 

storm event potentially eroding as much as 59 cubic feet of sediment per foot of shoreline (Ayuda and 

CH2M HILL, 2015).  While much of the eroded sediment may settle to the bottom or follow the currents 

of the Chester River, high-erosion events will likely increase turbidity and cause temporary impacts to 

local water quality.  USFWS efforts to enhance water resources, such as establishing a 330-foot forested 
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buffer around tidal wetlands, improving SAV beds, and implementing best management farming 

practices (USFWS, 2010) are likely to continue, but the overall effectiveness of these measures will be 

reduced by ongoing shoreline recession and loss of tidal marshes with the associated filtering benefits.     

4.2.2 Preferred Alternative 

The Proposed Action may cause short-term minor turbidity in the immediate vicinity of the construction 

area due to the physical disturbance associated with the construction process.  Potential impacts will be 

minimized by accessing construction locations from the water, and minimizing disturbance of bottom 

sediments and nearshore shallow water areas to the extent practical.  Deeper draft line barges and tugs 

will remain offshore to avoid potential impacts to bottom sediments, with smaller barges used in areas 

with less depth.  For Segment 9, where nearshore areas are very shallow, breakwater construction will 

occur from a temporary sand road, minimizing potential disturbance of bottom sediments by barge 

traffic.  

Clean, washed sand and stone will be used for construction to further minimize potential water quality 

impacts.  The resulting stable shoreline is expected to provide long-term benefits to water quality by 

reducing shoreline erosion and removing a major source of turbidity in the area.   The construction 

process will follow best management practices to ensure water quality standards are not violated.  A 

Water Quality Certification from Maryland Department of the Environment will be obtained before 

construction work takes place.   

Over the long term, decreased shoreline erosion will improve nearshore water quality by reducing 

suspended sediments associated with erosion, and maintain marsh areas, which have a filtering effect 

on pollutants found in surface waters. 

4.3 Aquatic Resources 

4.3.1 Vegetation 

4.3.1.1 No Action 

The No Action Alternative would allow shoreline erosion to continue, which would contribute to loss of 

upland and nearshore aquatic habitats, loss of the sheltered conditions conducive to the growth and 

establishment of SAV, and suspended sediment in the water column, which also creates conditions 

unfavorable to SAV growth.  Over the longer term, conditions that are unfavorable to SAV beds are 

expected to reduce the area of existing beds and limit their expansion to new areas.   

4.3.1.2 Preferred Alternative 

By stabilizing eroding shoreline areas, the Proposed Action would have a beneficial impact in reducing 

the loss of tidal marsh, as discussed in Section 4.4, and creating conditions that shelter the shoreline 

from high-energy wave action. SAV beds would be protected including those located between Segments 

2 and 4, in a small cove north-northwest of breakwater 7-1, and within Hail Creek (see VIMS 2005 survey 

in Figure 3-1).  Little or no direct impacts to existing SAV beds are expected from the installation of the 

breakwater and sand tombolo structures at any of the segments because the structures would be 

installed in high-wave-energy environments near the points of land where active erosion is occurring. 

The small areas of existing SAV beds are in the more sheltered coves, between the points where the 

structures are proposed. Also, the breakwater structures have been sited to avoid building on top of 

existing SAV to the extent possible and the footprint acreage of the impact would be minimal compared 

to the acreage of existing SAV protected by the Preferred Alternative.   

The placement of breakwater structures and the sand tombolos for wetland restoration would 

permanently prevent the growth of SAV within the footprint of each structure (see Table 4-1). However, 
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the areas of direct impact are high-energy environments at the points of land that are unlikely to be 

conducive to the establishment of new SAV beds.  The offshore location of the breakwaters and 

beneficial effect these structures would minimize further erosion, decrease loss of shoreline and tidal 

marsh habitat, and reduce turbidity and sediment deposition.  This would benefit nearby SAV beds and 

provide sheltered areas that would be suitable for SAV establishment.   

Table 4-1  Breakwater/Tombolo Dimensions, Affected Areas, and Wetlands Area Created  

Breakwater 

Identification 

Cross-

Section 

ID 

Breakwater-Tombolo Dimensions Area Affected 

Wetlands 

Created 

Breakwater 

Length (Ft) 

Breakwater 

Width (Ft) 

Breakwater 

Area  

(Sq. Ft.) 

Sand Tombolo 

Area (Sq. Ft.) 

Open 

Water 

(Sq. Ft.) 

Brackish 

Wetlands 

(Sq. Ft.) 

Brackish 

Wetlands 

(Sq. Ft.) 

Segment 2 A, B 550 21 12,170 10,620 22,790 0 4,080 

Segment 4 C, D, &E 700 19 - 21 15,190 26,290 41,480 0 12,400 

Segment 7 F & G 500 21 11,200 14,810 26,010 0 6,990 

Segment 9 H 575 22 13,050 27,650 40,550 1501 24,440 

Segment 10 I 300 22 7,010 6,000 13,010  3,910 

Total (Sq. Ft.)    58,620 85,370 143,840 150 51,820 

Total (Acres)    1.3 2.0 3.3 .003 1.2 

1 Approximately 150 square feet of Phragmites dominated tidal marsh would need to be removed in order to provide adequate spacing 

for the Segment 9 breakwater to be installed. The Segment 9 area is rapidly eroding and the removal of the small fragment wetland is 

necessary to facilitate the proposed shoreline protection measure.  A temporary wetland impact of 0.25 acres is required along Segment 

8 to install a temporary sand access road needed for construction at Segment 9.  This area will be restored by removing the sand access 

road, restoring the site to its original grade, and then planting with native Spartina species. Since this is a temporary impact, it has not 

been included in this table. 

 

4.3.2 Organisms 

4.3.2.1 No Action 

The No Action Alternative would have a long-term significant adverse impact on submerged aquatic 

organisms and benthic habitat along the shoreline of the refuge; tidal marsh habitat would continue to 

erode and be converted to shallow open water habitat.  As the shorelines erode and tidal marsh and 

nearshore habitat are lost, horseshoe crab and diamondback terrapin would lose valuable spawning 

habitat. The increase in shallow open water habitat would come at the expense of tidal marsh and SAV 

habitat, which provide valuable foraging and refuge for many aquatic species and migrating waterfowl. 

The continuing erosion and sedimentation also would have an adverse impact on existing benthic 

habitats and organisms.   

4.3.2.2 Preferred Alternative 

The Preferred Alternative would have a long-term significant beneficial impact on aquatic organisms in 

the nearshore area and along the shoreline of the refuge. Construction of the breakwater headlands 

system would protect the existing shoreline and tidal marsh habitats by reducing wave energy along the 

refuge shoreline and preventing further erosion and loss of tidal marsh habitat and SAV beds.  Creating 

new tidal marsh habitat and sandy beach habitat would directly increase tidal marsh habitat by 

approximately 1.2 acres and nearshore sandy substrate, which would, in turn, provide critical habitat for 

foraging and spawning by horseshoe crab,  diamondback terrapin and other aquatic organisms.  The 

creation of new low marsh habitat would also provide foraging and refuge habitat for fish.  Habitat 

tradeoffs would be a consequence of converting shallow water to tidal marsh and beach habitats. 

During construction activities, localized and temporary adverse impacts associated with additional 
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turbidity would be expected. Several anadromous fish species, such as alewife, shad, and river herring, 

spawn in the Chester River. However, none of these species would be expected to use the shallow water 

habitats along the refuge shoreline for spawning.  Therefore, no significant impacts to these species are 

anticipated, and although temporary impacts from increased turbidity during construction could be 

possible, the intensity of these impacts are not expected to be significant because the proposed fill 

material for placement behind the breakwater structures is clean, washed sand, which is consistent with 

the existing substrate over most of the project area.  

Long-term turbidity would be significantly reduced through the stabilization of the shoreline, benefitting 

aquatic organisms and benthic habitat. Construction and its resulting disturbance would cause the 

temporary relocation of mobile aquatic organisms, such as juvenile and adult fishes and crabs, and the 

permanent displacement of some benthic species within the footprint of the fill and breakwater 

structures. The use of stone breakwaters would provide new structure that would provide refuge and 

foraging habitat for some organisms, as well as new hard surfaces for plants and animals, such as 

barnacles and hooked mussels to attach to. Because the project is designed to protect and restore SAV 

and tidal marsh, there would be an overall beneficial impact to aquatic organisms.   

4.3.3 Essential Fish Habitat (EFH) 

As part of an EFH assessment, a federal agency must identify the species of concern and analyze the 

effects of the proposed action. The agency must also give its views regarding the effects of the proposed 

action and propose mitigation, if applicable. This section serves as the EFH assessment for the Proposed 

Action.    

4.3.3.1 No Action 

The No Action Alternative would have a long-term minor impact on EFH around the refuge. Shoreline 

erosion would continue, tidal marsh and SAV habitat would be lost.  Tidal marsh habitat and SAV 

provide a food source for aquatic organisms, which provide a food source for fish, as well as critical 

nursery habitat for juvenile fishes. The loss of tidal marsh habitat would continue, resulting in a net 

increase in shallow open water habitat. However, this increase in shallow open water would be at the 

expense of tidal marsh and SAV.  Because shallow water is common throughout the area and increasing 

over time, the net gain in this habitat type would come at the expense of lost tidal marsh and SAV 

habitat.  

4.3.3.2 Preferred Alternative  

The Proposed Action would result in the restoration of wetlands habitat previously lost to erosion, or in 

other instances a conversion of shallow water to emergent tidal marsh and sandy beaches or tidal flats, 

which would slow the current loss of approximately 2 to 4 feet of tidal marsh shoreline habitat per year 

to erosion.  Localized and temporary adverse impacts associated with additional turbidity would be 

expected during construction activities. Long-term turbidity would be reduced through the stabilization 

of the shoreline, benefitting aquatic resources and aquatic habitats. Construction and its resulting 

disturbance would cause the temporary relocation of aquatic organisms and the permanent 

displacement of some shallow water habitat within the footprint of fill material and shoreline protection 

structures. Because the project is designed to protect and restore tidal marsh and SAV, an overall 

beneficial impact on aquatic resources is anticipated.  This includes the protection of approximately 

11,000 feet of shoreline and the creation of 1.2 acres of tidal marsh. 

No significant impacts to windowpane or summer flounder by the Proposed Action are expected. Since 

adults and juveniles are mobile, it is expected that they would avoid the areas of temporary disturbance 

and therefore would not significantly adversely affected. There would be some permanent displacement 

of shallow water habitat within the footprint of the fill material and breakwater structures. However, no 

impacts on spawning habitat, eggs, or larvae are expected for these flounder species because both 
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species spawn well offshore. Eggs and larvae of summer flounder are found only at sea, whereas 

juvenile summer flounder are found in or near the mouths of estuaries (Collette and Klein-MacPhee, 

2002).  

No significant adverse impacts to bluefish are expected from the Proposed Action.  Juvenile bluefish 

prefer shallow waters, but since juveniles and adults are mobile, it is expected that they would avoid the 

areas of temporary disturbance and therefore not be significantly adversely affected. Displacement of 

adults and juveniles would be temporary and localized, only coinciding with construction activities.  

Bluefish spawn offshore near the edge of the Gulf Stream and in the Mid-Atlantic Bight (Collette and 

Klein-MacPhee, 2002).  Therefore, no impacts to spawning habitat, eggs, or larvae are expected because 

bluefish do not spawn near the project area.   

4.4 Wetlands 

4.4.1 No Action 

Valuable tidal marsh habitat would continue to be lost with the No Action Alternative.   High velocity 

wave and wind action would continue to subject the shoreline to erosive forces and values associated 

with wetlands, such as habitat, detrital production and export, and wave buffering would decline as 

wetlands are lost.  With reduced wave buffering, erosion would continue to release sediments into 

estuarine waters, affecting water quality and substrate habitats.   

4.4.2 Preferred Alternative 

During construction, the Proposed Action would result in approximately 0.25 acres of temporary 

wetlands impact as a result of the Segment 9 construction access road.  This 450 foot-long road would 

be constructed across the Segment 8 marsh to reach the proposed Segment 9 breakwater location.  

After construction, the sand access road would be removed and the site replanted with native wetlands 

species.  Regarding permanent wetlands impacts, an approximate 150 square foot island of Phragmites 

dominated tidal marsh would need to be removed in order to provide adequate spacing for the Segment 

9 breakwater to be installed (see Section 2.3.2).  The Segment 9 area is rapidly eroding and the removal 

of this small fragment wetland is necessary to facilitate the proposed shoreline protection measure. 

The Proposed Action would benefit wetland areas by reducing the degradation from and loss of tidal 

marshes to erosive forces that exist now, and create approximately 1.2 acres of new brackish marsh 

habitat (Table 4-1).  The new marsh habitat would be associated with the sand tombolos to be 

established between each breakwater and the shoreline.  This area would be planted with Spartina 

alterniflora over the entire suitable elevation range and extend from the breakwaters to shoreline 

marsh areas.  By covering as much of the sand fill area as possible, dynamic plant migration is allowed to 

occur if the sand fill area shifts over time, enhancing the survival of wetland plantings.   

In addition to the direct benefits to wetland area at the refuge, the Proposed Action would increase the 

sandy intertidal areas and shoreline and allow for the evolution of stable embayments between 

breakwater features.  The embayments are expected to be characterized by beaches and tidal flats upon 

which tidal marsh vegetation and sandy beach/dune features will develop over time, allowing a dynamic 

equilibrium to be maintained.  

4.5 Terrestrial Resources—Vegetation and Wildlife 

4.5.1 No Action 

While there would be no disturbance to wildlife from construction activities under the No Action 

Alternative, the continued loss of intertidal marshes and nearshore areas to shoreline erosion will 
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decrease the availability and quality of habitats used by migratory waterfowl, marsh, and wading birds. 

Species that use marsh, marsh edges, and submerged aquatic vegetation for food and cover would be 

negatively affected, as could mammals and reptiles. 

4.5.2 Preferred Alternative 

Noise (see Section 4.8) and disturbance associated with construction activities may cause localized and 

temporary displacement of some wildlife species. These impacts are expected to be minimal given the 

offshore location of most stabilization measures. Construction-related impacts to wildlife are likely to be 

somewhat greater for Segment 9, which will require construction at the shoreline.  However, the short 

construction duration and the ability of terrestrial species to avoid the immediate construction area are 

expected to result in minimal adverse effects to wildlife.   

The Proposed Action with its associated living shoreline restoration controls is expected to reduce the 

rate of shoreline recession and maintain existing shoreline habitats and associated marshes that benefit 

a variety of wildlife including migratory waterfowl, marsh, and wading birds, fish and aquatic organisms 

as described in Section 4.3, reptiles and mammals.   The restoration measures will add vegetated tidal 

marsh and sandy beach areas between the breakwaters and shore, which will provide feeding areas for 

some terrestrial wildlife.   

The project area consists mostly of marshes along the shoreline as described in Section 3.4.  However, 

there are small areas of forest along the western portion of the project area, which are expected to also 

experience reduced erosion.  

Finally, the Maryland Department of Natural Resource has identified in its December 10, 2015 

Environmental Assessment review letter that the proposed Eastern Neck project site is located within an 

area that has been designated as a “Historic Waterfowl Concentration Area” under the State’s Critical 

Areas legislation.  Therefore, to minimize disturbance to wintering and/or staging waterfowl, USFWS 

will avoid construction activities from occurring between November 15 to March 1 of any year. 

4.6 Threatened and Endangered Species 

4.6.1 Aquatic 

There are no known federally listed threatened or endangered aquatic species in the Eastern Neck NWR 

or in the project area (USFWS, 2010, 2015). Two federally listed endangered fish species, Atlantic and 

shortnose sturgeon (Acipenser oxyrinchus and Acipenser brevirostrum, respecitively), and two federally 

listed sea turtles, the threatened loggerhead sea turtle (Caretta caretta) and the endangered 

leatherback sea turtle (Dermochelys coriacea), occur in the waters surrounding the refuge.   

4.6.1.1 No Action 

The No Action Alternative would be unlikely to have any direct adverse impacts to threatened or 

endangered species because the listed species described above are unlikely to occur in the shallow 

nearshore waters surrounding the refuge.   

4.6.1.2 Preferred Alternative 

The Proposed Action would be unlikely to have any direct adverse impacts to threatened or endangered 

species.  Sea turtle species are found occasionally in the waters of Chesapeake Bay, but these instances 

are rare and the sightings are of transient individuals. Atlantic and shortnose sturgeon are unlikely to be 

found in the shallow water areas where the proposed project would be constructed because both 

species breed and inhabit deeper waters of the Chester River.  Therefore, no adverse impacts are 

expected for any of the federally listed threatened or endangered species.  
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4.6.2 Terrestrial 

4.6.2.1 No Action 

Until recently, the Delmarva Peninsula fox squirrel was the only known federally listed threatened or 

endangered terrestrial species to occur on Eastern Neck NWR (USFWS, 2010).  The final rule removing 

the Delmarva Peninsula fox squirrel from the List was published in the Federal Register on November 16, 

2015 and takes effect on December 16, 2015.  As such, there are now no known federally listed 

threatened or endangered terrestrial species in the project area.   

While formerly common on the refuge, Delmarva Peninsula fox squirrel populations have declined on 

the refuge to the point that active management for the species is no longer taking place.  There have 

been no recent observations of the species on the refuge.  The No Action Alternative and the ongoing 

shoreline erosion would be unlikely to have a direct adverse impact to the species.   

4.6.2.2 Preferred Alternative 

With the removal of the Delmarva Peninsula fox squirrel from the List, there are now no known federally 

listed threatened or endangered terrestrial species in the project area.   

Construction activities associated with the Proposed Action would be unlikely to have a direct adverse 

impact to the Delmarva Peninsula fox squirrel as it is considered extirpated from the refuge and, if 

present, would rely on forested and other upland habitat well away from the project area. 

4.7 Cultural Resources 

4.7.1 No Action 

The No Action Alternative would result in continued loss of cultural resources to erosion, such as 

prehistoric site 18KE235, previously at Cedar Point, and now recorded by the Maryland Historic Trust as 

destroyed. Similarly, Site ESN-028H, the former location of a late 19th century gunning house at Hail 

Point, appears to have been destroyed by extensive erosion. With the No Action Alternative, it is likely 

that cultural resources will continue to be affected.  Ongoing erosion may lead to the eventual loss of 

areas with medium erosion severity such as the historic cultural locus found in a small cove between 

Narrows Point and Cedar Point. 

4.7.2 Preferred Alternative 

Construction-related impacts to cultural resources are not expected with the Preferred Alternative.  

Neither shipwrecks nor intact submerged cultural resources have been recorded in the Area of Potential 

Affects (APE), and no construction activities near Site 18KE449, which is between Narrows Point and 

Cedar Point, or Site 18KE246 are planned.  Other living shoreline stabilization proposed work locations 

will not affect cultural resources found on land because the locations are entirely offshore, with the 

exception of Segment 9, for which a temporary sand road at the edge of the marsh is planned. Segment 

9 does not coincide with any known cultural resources and the area exhibits low archaeological 

sensitivity due to inundated marsh wetland conditions and previous erosion; therefore adverse effects 

are not expected. 

Over the long term, the Preferred Alternative will minimize the potential for erosion at areas with the 

greatest potential erosion rates, and protection of these areas will limit the exposure of nearby areas to 

more severe erosive forces.      
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4.8 Air Quality and Noise 

4.8.1 No Action 

Air quality and ambient noise would not change as a result of the No Action Alternative. 

4.8.2 Preferred Alternative 

With the Preferred Alternative, there would be short-term insignificant direct impacts to air quality 

during construction. Vehicles bringing personnel and materials to and from the staging area, barges, and 

construction equipment used to implement the headland breakwater systems would all generate mobile 

emissions. Emissions would cease once construction is completed. The headland breakwater system 

would not generate air emissions.  

Noise levels are expected to temporarily rise as a result of the proposed construction. With the 

exception of Shoreline Segment 9, construction would occur offshore, minimizing potential noise 

impacts associated with construction equipment.  Overall, noise impacts are expected to be 

insignificant. 

4.9 Socioeconomic Conditions 
This section addresses impacts associates with socioeconomic conditions, environmental justice, and 

recreation and tourism. Environmental justice requirements are detailed in Title VI of the Civil Rights Act 

of 1964 and Executive Order (E.O.) 12898, Federal Actions to Address Environmental Justice in Minority 

Populations and Low–Income Populations. Title VI of the 1964 legislation prohibits intentional 

discrimination and disproportionate adverse impacts against a single group based on factors such as 

race, national origin, sex, or disability.  E.O. 12898 mandates that opportunities be provided to minority 

and low-income populations to participate in the planning process and evaluates whether the project 

would result in any disproportionately high and adverse effects on individuals in these populations.   

4.9.1 No Action 

The No Action Alternative would result in continued erosion of the shoreline with the associated loss of 

shoreline habitats that support commercial and noncommercial fish and aquatic organisms. There are 

no minority or low-income neighborhoods in the project area, and the Kent County population has a 

lower percentage of minority and low-income neighborhoods compared to Maryland as a whole.  No 

discrimination or disproportionately high adverse impacts to these populations would result from the 

No Action Alternative.   

Although public recreational uses are not permitted in the project area, the loss of shoreline and 

nearshore habit areas is expected to reduce the quality of the recreational experience in other parts of 

the refuge over the long term. 

4.9.2 Preferred Alternative 

The Preferred Alternative will stabilize and maintain shoreline habitat areas, which will support the 

continuation of economic activities near the refuge that depend on land and water-based resources.  It 

will maintain habits than indirectly support commercial fishing opportunities.  As with the No Action 

Alternative, there are no segments of the population being disproportionately and adversely affected by 

the Proposed Action.  It does not preferentially benefit any demographic group to the detriment of any 

other, and will support continued recreational uses of the refuge and adjacent areas for recreational 

fishing, wildlife observation and other wildlife-dependent recreational activities.   
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4.10 Cumulative Impacts 
The purpose of a cumulative effects analysis (CEA) is to determine if the incremental effects of the 

Proposed Action would result in an increased impact when added to the environmental effects of past, 

ongoing, and reasonably foreseeable future activities. 

The CEQ regulations implementing NEPA define a “cumulative impact” as follows: 

Cumulative impact is the impact on the environment, which results from the incremental 

impact of the action when added to other past, present, and reasonably foreseeable future 

actions, regardless of what agency (federal or non-federal) or person undertakes the 

actions. Cumulative impacts can result from individually minor but collectively significant 

actions taking place over a period of time (40 CFR 1508.7). 

Reasonably foreseeable future activities are defined as those that are funded or have a permit 

application pending and would occur in the same time frame as the Proposed Action. Past activities are 

considered only when their impacts still would be present during implementation of the Proposed 

Action. For the purpose of the analysis, the Proposed Action impacts are based on the impacts that 

would have the potential to interact with other actions.  

To identify whether there would be any pending or upcoming projects that should be considered in a 

cumulative impact analysis, applicable agencies were contacted, and data obtained or requested, then 

reviewed including: 

 

• Pending USFWS  sponsored projects at or near the project site. 

• USACE, Baltimore District Public Notices (PN) for Kent County, MD  

(http://www.nab.usace.army.mil/Missions/Regulatory/PublicNotices.aspx).  Public notice 

summaries published in 2015 were examined.  

• Existing or pending projects in the USACE-Baltimore District database of the study area for 

projects that could affect the Eastern Neck site (Information received November 17, 2015). 

• Maryland DNR Public Notice summaries for existing or pending projects that could affect the 

Eastern Neck site. 

http://www.mde.state.md.us/programs/Water/WetlandsandWaterways/AboutWetlands/Pages

/Programs/WaterPrograms/Wetlands_Waterways/about_wetlands/publicinformation.aspx)  

 
Examination of the data obtained during these reviews indicates that there are no ongoing, pending, or 

reasonably foreseeable projects in or near the project area that would, in combination with the Eastern 

Neck Living Shoreline project, result in cumulative impacts to environmental resources in the project 

area.  
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Taylor Fleet and Mark Jaworski of CH2M.  The EA was prepared utilizing information contained the 

Eastern Neck NWR Final Study Report and Living Shoreline Conceptual Design (Ayuda Companies and 
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Field Office, Annapolis, Maryland with assistance from Matt Whitbeck (USFWS, Chesapeake Marshlands 

NWR Complex, Cambridge, MD) and Thomas Bonetti (USFWS, Refuge Planner, Hadley, MA).  Given its 

similar Living Shoreline scope of work, its relative proximity to the Eastern Neck NWR, and its presence 

within same Chesapeake Bay marsh complex, many of the analysis and results contained in the Fog 

Point EA were directly applicable to the Eastern Neck EA. 
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1 INTRODUCTION 

According  to  the  Eastern  Neck  National  Wildlife  Refuge  (Eastern  Neck  NWR)  Comprehensive 
Conservation  Plan  (March  2010),  past  studies  have  shown  that  the  Chesapeake  Bay  shoreline  is 
severely  eroding  in  many  areas  (USACE  1986,  VIMS  1977,  Singewald  1946).  As  stated  in  the 
Conservation Plan, “Our highest priority over the next 15 years is to protect against additional refuge 
shoreline erosion and loss of refuge tidal marsh. Shoreline and tidal marsh habitats are threatened by 
erosive forces and invasive species. Nearby shallow waters and submerged aquatic vegetation (SAV) 
beds  also  face  these  threats  and  the  impact  of pollutants. All  of  these  concerns  also  need  to  be 
evaluated in light of long‐term climate change impact predictions. Rising sea level, rising air and water 
temperatures, increased intensity of storm events are a few of the major changes that could influence 
the future integrity, diversity, and health of these habitats and the species that depend on them. The 
integrity of the refuge, and its ability to support both aquatic and terrestrial Federal trust species and 
habitats, depends on stemming shoreline, tidal marsh and SAV bed losses.”  

In an effort to minimize future 
shoreline  losses and to reduce 
the  effects  of  future  storm 
events, CH2M HILL conducted a 
series of studies and modelling 
exercises  to  determine  the 
hydrodynamic  forces  that  are 
causing  the  shoreline  erosion 
within  the  Study Area.   Based 
on  the  results  of  these 
analyses,  a  conceptual 
engineering  design  of  living 
shoreline protection measures 
within  the  project  Study  Area 
has been assembled to address 
high  priority  shoreline 
segments most  susceptible  to 
future shoreline erosion.  

CH2M HILL  performed  coastal 
modelling of  the Eastern Neck 
NWR area, taking  into account 
the  topography,  bathymetry, 
and wave  environment  at  the 
site.  Based on the results from 
coastal modelling and working 
with the owner, U.S.   Fish and 
Wildlife  Service  (USFWS),  and  Figure 1‐1:  Study Area Shaded as Red 
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project partners including the Virginia Institute of Marine Science (VIMS) and the firm Coastal Design 
and Construction  (CD&C), critical shoreline segments that require stabilization were  identified, and 
rated  based  on  the  severity  of  the  observed  and  expected  erosion.  Various  non‐structural  and 
structural, or  ‘hybrid’,  living  shoreline  techniques were evaluated  to determine which  approaches 
might be feasible and suitable for shoreline stabilization.    At specific  locations within the  identified 
high priority  areas,  the proposed  Living  Shoreline design  consists of marsh headland breakwaters 
backed by sandy shorelines vegetated with Spartina alterniflora.  

This  report  represents  the basis  conditions  for  the  living  shoreline design based on  the numerical 
modelling  results, USFWS priorities  and  requirements, prior  coastal  engineering experience  in  the 
Chesapeake Bay region, and  importantly, the consensus of the project partners  including VIMS and 
CD&C.  

On April 16, 2015 CH2M Hill submitted the draft Eastern Neck Study Report and Conceptual Design.  
USFWS provided comments to these documents on April 30, 2015 requesting additional investigation 
of landside construction techniques and the re‐evaluation of breakwater location placement based on 
updated bathymetric data.  This Final Study Report and Conceptual Design addresses those comments.  
For reference, the USFWS comments and CH2M responses are provided in Appendix A.   

 

2 Methods  

The approach to preparing this Final Study Report followed the tasks described in Ayuda’s  8 October 
2014 contract with USFWS for this project.  It included the following activities: 

 Task 1.1   Project Kickoff Meeting 
 Task 1.2  Bathymetric  and Topographic Survey 
 Task 1.3   Hydrodynamic, Storm and Sediment Modeling 
 Task 1.4  Geotechnical Investigation  
 Task 1.5  Conceptual Engineering Design 
 Task 1.6  Cost Estimate and Schedule Update for Design and Construction 
 Task 1.7  Study Report Preparation 

 

Provided below is a description of the methods employed to complete each task, with a focus is on the 
conceptual design and associated approaches. 

2.1 Project Kickoff Meeting 

A Project Kickoff meeting was held at the Eastern Neck National Wildlife Refuge headquarters office 
on 6 November 2014. Attendees included: 

 USFWS – Matt Whitbeck, Laura Conant, Cindy Beemiller, John Sauer, Miles Simmons, Dustin 
Murray, and Lisa Virgillio (via teleconference) 

 Ayuda Companies (Ayuda) – Dennis Schilly 
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 CH2M HILL – Mark Jaworski and Design Team via Teleconference (Kirsty McConnell, Val Ross) 
 Virginia Institute of Marine Science (VIMS) – Scott Hardaway and Karen Duhring 
 Coastal Design and Construction – Jim Gunn 
 R. Christopher Goodwin & Associates, Inc. – Ann Markell 

The Kickoff Meeting agenda is included in Appendix B. The meeting included a detailed discussion of 
important project topics and then a field visit along the shoreline of the Study Area and the Hail Cove 
project area.  The results of the Kickoff Meeting are provided in Section 3.1.  

Following the kickoff meeting, CH2M HILL conducted several project progress conference calls with 
the USFWS and partners  listed above  to proceed with  the conceptual design. The  suggestions and 
recommendations received during those discussions were incorporated in this Report. 

2.2 Bathymetry and Topographic Survey 

2.2.1 Bathymetry 

A hydrographic  survey was  conducted on  the 17  and 18 of December 2014  along  the designated 
shoreline  segments within  the  project  Study  Area  using  RTK/GPS  and  a  digital  single‐beam  eco‐
sounder. The details describing the methodology are attached  in Appendix C along with the survey.  
The results of the Bathymetric Survey are provided in Section 3.2. 

A  second  bathymetric  survey  was  performed  on  the  9  of  April  2015  by  Waterway  Surveys  & 
Engineering, Ltd using a recording fathometer operating at 208kHz. The results of this survey are also 
provided in Section 3.2. 

2.2.2 Topography 

The topographic survey work consisted of an airborne and ground survey, including surrounding areas 
as outlined in the flight and control diagram. The details of the topographic survey methodology are 
attached in Appendix C along with spot elevation maps. 

Base elevations needed to describe the existing shoreline conditions and eroding marsh edge locations 
relative  to  the  local  tide  range  were  determined    from  the  surveyed  map.  The  results  of  the 
Topographic Survey are provided in Section 3.3.   

2.3 Hydrodynamic, Storm, and Cross-shore Profile Change Modelling 

Numerical modelling studies consisted of the following tasks: 

 Collection, review and analysis of bathymetry, metocean, and sediment and shore profile data 
 Wave transformation modelling 
 Hydrodynamic modelling 
 Historical shoreline change analysis and cross‐shore profile change modeling 

 

The details of the numerical wave modelling methodology are attached  in Appendix E. This section 
provides a summary.  
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Numerical wave modelling was  performed  to  provide met‐ocean  parameters  used  to  design  the 
proposed shoreline, and shore stabilization system based on living shoreline design principles. Since 
the project site is located inside of the Chesapeake Bay, local wind‐waves and storm wind waves and 
currents are the main forces affecting shoreline erosion. 

2.3.1 Data Collection, Review and Analysis 

Since the project site is located inside Chesapeake Bay, the impacts of the ocean waves and swell were 
considered not to be significant. Additionally, due to the distance of  the navigation channel  to  the 
shoreline,  the  lack  of  commercial  vessels  using  the  channel,  and  the  limited  amount  of  small 
recreational vessels that use the waterway within the Study Area, boat wake was not seen as a factor 
causing the shoreline erosion within the Eastern Neck Study Area. Therefore, locally generated wind 
waves were considered to be the primary causative agent for shoreline deformation. The following 
data was collected and reviewed for the modeling study purposes. 

 Bathymetric and topographic data 
 Wind, wave and current data 
 Shoreline level, profile and sediment data 
 Adjacent living shoreline protection design  

 
The “offshore” wind data and wave data was analyzed to produce the wind and wave roses as well as 
joint‐frequency tables. Furthermore, the extreme wind (and wave) was produced in the 1‐year, 2‐year, 
5‐year, 10‐year, 25‐year and 50‐year return periods. Those data were used for wind‐wave hindcast as 
wave transformation model inputs. For design, ship‐generated wave (wake wave) was not considered. 

2.3.2 Wave Transformation Modeling  

A wave transformation model was developed using the software package MIKE 21 SW (Spectral Wave) 
FM  (Flexible Mesh) by DHI  for examining  the  shoreline conditions. This model  is a state‐of‐the‐art 
numerical  tool  for  simulating  the growth,  transformation and decay of wind waves and swell. The 
model accounts  for refraction, shoaling, and diffraction as well as energy dissipation due to white‐
capping, bottom friction and wave breaking. The model also accounts for non‐linear effects such as 
wave‐wave and wave‐current interaction.  

The model was used to transform offshore wave conditions to the nearshore area. The numerical wave 
modeling  results were extracted at appropriate design  locations along  the proposed shoreline and 
structures. 
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2.3.3 Hydrodynamic Modeling  

A hydrodynamic model was developed using the software MIKE 21 HD (Hydrodynamics) FM by DHI for 
examining the shoreline conditions to simulate the tidal level variations and tidal currents. The model 
utilized a flexible mesh and solved the two‐dimensional, depth‐integrated, shallow water equations of 
continuity and momentum. The model was used to simulate the water levels and flows at the proposed 
shorelines and the shore protection structures. The hydrodynamic model provided the basis of water 
levels including sea level rise and storm surge, and current speed and direction. 

2.3.4 Cross‐shore Profile Change Modeling  

Cross‐shore profile  evolution under  storm  conditions was evaluated using  the U.S. Army Corps of 
Engineers’ (USACE) SBEACH model. The SBEACH model, the Storm Induced BEAch CHange model, is a 
cross‐shore  profile  evolution  model  developed  by  U.S.  Army  Corps  of  Engineers.  The  model  is 
empirically based and was first developed from a large data set of net cross–shore sand transport rates 
and geomorphic change observed in large wave tanks, and then verified using high‐quality field data. 
SBEACH  simulated  shoreline  profile  change,  including  the  formation  and  movement  of  major 
morphologic  features such as  longshore bars,  troughs, and berms, under varying storm waves and 
water levels. Breaking waves and changing water levels are the major driving agents in SBEACH that 
produce sediment transport and shoreline profile change. Since SBEACH  is  intended to predict and 
analyze short‐term, storm‐induced erosion, several representative cross‐shore profiles were selected 
to analyze impact of storms on the design shoreline profile. Although this is not a sand‐beach shoreline, 
the model is still considered as an appropriate tool for this project. 

The results of the numerical modeling study are provided in Section 3.  

 

2.4 Geotechnical Investigation 

Since  the  need  for  nearshore  structural 
stabilization  features  was  anticipated,  a 
subsurface  geotechnical  investigation  was 
performed from January 20 to January 23, 2015, 
and  consisted  of  advancing  a  total  of  nine 
shallow soil borings along the critical segments 
of  the  shoreline, where erosion has occurred. 
Froehling  &  Robertson,  Inc.  (F&R)  assisted 
CH2M HILL in conducting this field investigation.  
The  field  investigation  was  supervised  by  a 
CH2M HILL Geotechnical Engineer. 

The  borings  were  located  in  areas  slightly 
offshore,  non‐wetland,  and  not  affected  by 
possible cultural resources.  The borings were advanced by hand augering to depths ranging from 6.1 
ft to 8.3 ft below mudline, and were advanced at locations where the water depth to mudline was 0.5 
ft to 1.7 ft.   A 4‐inch diameter PVC pipe casing was used to support the surrounding soils while the 

Figure 2‐1: Boring Location Plan 
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hand  auger  was  used  for  advancing  the  borehole  and  obtaining  soil  samples.  Dynamic  Cone 
Penetrometer (DCP) tests were conducted from the mudline to the bottom of the hole at approximate 
2‐feet intervals. The DCP uses a 15 lb. steel mass falling 20 inches to strike an anvil to penetrate a 1.5 
inch  diameter  45  degree  cone.  Blow  counts  for  achieving  every  l.75  inch  (44mm)  penetration 
increment were recorded for a series of three sequential increments. The DCP test results, recorded 
as blows/increment (bpi) were  interpreted to obtain equivalent Standard Penetration Test  (SPT) N‐
values using published correlations.  

The results of the geotechnical borings are provided in Section 3.5 and the Boring Logs (Dynamic Cone 
Penetration Test Logs) are provided in Appendix D. 

2.5 Conceptual Engineering Design 

2.5.1 Numerical Modeling and Design  

A fundamental understanding of coastal processes, including sea level rise, around the project site at 
the Eastern Neck NWR is essential to proper shoreline management and the understanding why the 
shorelines are eroding.  Mathematical modeling of waves, currents and cross‐shore profile evolution 
provided the foundational  information for the coastal process assessments and design calculations. 
The benefit of mathematical modeling in the present case allowed coastal engineers and managers to: 

1. Understand the mechanics of the shoreline historical change in the areas of interest 
2. Assess the expected performance of conceptual alternatives over a range of conditions; 
3. Confirm assumption that a hybrid approach with engineered structures is justified;  
4. Optimize structure design & minimize structure footprints based on site‐specific wave and 

current conditions at all areas; and, 
5. Assess the impacts of the shore structure to be designed on the adjacent areas including 

habitats. 

2.5.2 Method of Design Alternative Selection  

Design alternatives were evaluated for the selection of the best suitable design option amongst all 
potential alternatives based on the assessment of technical, financial, and environment aspects.  

Various living shoreline protection measures were considered for the Eastern Neck project. The 
concept of living shoreline is typically referred to as the “natural,” “soft,” or “nonstructural” 
approach for shoreline stabilization. Common themes in these definitions include strategies for 
managing shoreline erosion, while also preserving and improving valuable ecosystem services, such 
as providing habitat for terrestrial and aquatic species and maintaining water quality. 

The following description of living shoreline design options for tidal shorelines includes six 
nonstructural and four “hybrid” methods commonly used in the Chesapeake Bay region as shown in 
Table 2‐1. In addition, other hard structure alternatives have been also considered. However, the 
main focus and purpose for this project is to use living shoreline alternatives. 
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The details of each living shoreline application including the primary design features and the most 
suitable site characteristics are attached in Appendix F (F‐1). 

Table 2‐1:  Living Shoreline design options used in Chesapeake Bay region compared to other 
traditional stabilization methods (Duhring, 2006) 
  Non‐structural  Hybrid  Traditional non‐

living shoreline 

Riparian vegetation 
management 

Marsh toe revetment   Vertical bulkhead 

Beach nourishment & dune 
restoration 

Marsh sill    Sloped revetment 

Tidal marsh creation  Offshore (detached) 
breakwater system 
(Headland Control)

 

Bank grading     
Fiber logs/coir logs     

 
The evaluation and final option selection was based on the data obtained, numerical modeling results, 
constructability  considerations,  and  existing  literature  describing  successful  living  shoreline 
applications  within  Chesapeake  Bay.  This  includes  the  use  of  headland‐breakwater  systems  as 
described  in:    The  Design  and  performance  of  headland  bays  in  Chesapeake  Bay,  USA  (C.  Scott 
Hardaway Jr. and James R. Gunn, Coastal Engineering 57 (2010) 203–212).  Given the above, the final 
living  shoreline  applications was  selected  in  close  consultation with  Jim Gunn of CD&C  and  Scott 
Hardaway of VIMS. 
 
A  conceptual  design  resulting  from  the  field  investigations, modeling,  constructability  review  and 
consultant with all parties is provided in Section 4. 

2.6 Cost Estimate and Schedule Update for Design and Construction 

Once  the  layout  and  cross‐sectional  dimensions  of  the  conceptual  design  were  agreed  upon, 
construction cost estimating was performed by the contractor (CD&C) and independently by a CH2M 
HILL cost estimator.  The construction cost estimate was based on the structure placement offshore to 
the  ‐3.0’ MLLW  level  to  allow more  than  2.5’  water  depth  for  construction  barge  access.    The 
construction cost estimate for the conceptual design is provided in Section 4.4.1. 

A project  schedule also been prepared  to  complete  the engineering design and  to  implement  the 
construction  aspects  of  the  living  shoreline  protection measures.    An  updated  schedule  will  be 
provided to USFWS under a separate cover. 

2.7 Study Report Preparation 

Ayuda and CH2M HILL have prepared this Final Study Report and Conceptual Design for review and 
approval by USFWS prior to implementing the full design. As described above, this Final Study Report 
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contains  the  results of  the  site  investigation work  conducted under  Tasks  1.1  through  1.6 on  the 
underlying causes of shoreline erosion and instability. This Report also contains the bathymetric and 
topographic surveys described above and the results of the modelling study of the area. This report 
also  provides  a  shore  protection  plan  that  identifies  shoreline  segments  that  require  site  specific 
erosion control and protection measures,  including shoreline stabilization  strategies. Based on  this 
information,  the  Report  contains  the  Conceptual  Design  drawings  describing  design  concepts  to 
stabilize prioritized regions within the Study Area using  living shoreline techniques. This report also 
provides a Conceptual Plan View of site‐specific shoreline segments and Conceptual Design profile 
drawings.  It  also  includes  findings  and  recommendations  and  estimated  costs  for  design  and 
construction of the living shoreline applications.  Representative(s) from VIMS conducted a review of 
this Final Study Report. 

3 Results for Design 

3.1 Kickoff Meeting 
The Kickoff Meeting discussion followed the outline contained in Appendix B, and included the project 
scope of work; schedule and milestones; project deliverables and submittals; field investigations and 
construction work; safety; site access and notification; FAR procurement clauses;  invoicing; project 
expectations; and action items. Other items discussed included: 

 
 Local  stakeholders  such  as  the  local waterman will  be  brought  into  the  project  planning 

process through NEPA and other outreach. 

 Cultural resource coordination with USFWS and the Maryland Historic Trust (MHT) will be very 
important.   The project schedule should reflect a 30‐45 day window for MHT review of the 
Phase  1A  Cultural  Resources  Report.    Important  not  to  damage  any  discovered  historic 
artifacts. Boring locations must be approved by USFWS. 

 Shoreline constructability considerations include that offshore protection measures must be 
performed via barge and that barge to shuttle operations will require at  least 2.5’ of water 
during low tide. With this the case, the location of the proposed shoreline protection measures 
may be based on where barge access can be achieved.   

 Regarding  contracting  matters,  Matt  Whitbeck  is  the  USFWS  Contracting  Officer’s 
Representative (COR).   The construction work will be based on Prevailing Wage and that all 
necessary project and contract signage must be posted (perhaps on the barge).  Contracting 
must follow federal rules and reporting. 

 The Project is high profile due to the use of funds from Superstorm Sandy and will be overseen 
by  the  USFWS  Office  of  the  Inspector  General  (OIG).    Safety  is  paramount  and  all  team 
members have the right to stop any unsafe work activities. 
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 Project  homeruns  include  developing  shoreline  protection measures  that  ultimately  help 
protect the submerged aquatic vegetation (SAV) beds in Hail Cove and to keep project within 
scope, schedule and budget.   

3.2 Bathymetry 

The near shore bathymetric survey was conducted along the shoreline of the Study Area by Greenman‐
Pedersen, Inc. (GPI) on 17 and 18 December 2014 and is provided in Appendix C.  The vertical datum 
used was the North American Vertical Datum of 1988 (NAVD88).  The bathymetric data was utilized 
for conducting the hydrodynamic modelling described below in Section 3.4.  It was also utilized by the 
design team during the initial stages of the constructability analysis.  The analysis indicated that the ‐
2.5 foot water depth needed to facilitate the barge construction of the livings shoreline varies fairly 
significantly within the Study Area, from near shore to several hundred feet offshore and could affect 
where shoreline stabilization measures are placed and the amount of materials required to construct 
them.  Additional discussion regarding this finding is provided in Section 4.3, Conceptual Engineering 
Design.    It was also observed that the nearshore bathymetric data did not provide all the coverage 
necessary and needed to be supplemented with additional offshore measurements in order to prepare 
the concept level design documents. 

The  combined  topographic  and  bathymetric  survey,  provided  by  GPI, was  incorporated  into  the 
modelling and used for concept design. Additional offshore bathymetric data was obtained from the 
Chesapeake Bay digital elevation model (DEM), one of NOAA’s Estuarine Bathymetric Data Sets. It was 
created from hydrographic survey soundings collected by NOAA (1998).  Other bathymetric LiDAR sets 
were collected but not included in the modelling and design due to their lack of coverage at the site 
location.  

As noted, the December 2014 bathymetric survey did not provide all coverage needed. Therefore, an 
additional bathymetric survey was performed on 9 April 2015 by Waterway Surveys and Engineering, 
Ltd. and is provided in Appendix C. The vertical datum used was Mean Low Water (MLW). This survey 
is used in the concept level design and will be used in 30% design. 

3.3 Topography and Historical Shoreline Change 

3.3.1 2014 Topographic Survey  

The topographic survey of the Study Area was flown by GPI on 22 November 2014 and the contours 
are provided in Appendix C.  The date was selected to take advantage of both optimal sun angle during 
that time of year for the Eastern Neck location, as well as low tide conditions. Horizontal positioning is 
expressed in feet and references the North American Datum of 1983, Maryland State Plane (Feet). A 
map of spot elevations from this survey is provided and are presented in MLW (ft). 

The existing marsh edge is important line for the design. However, it is difficult to determine the exact 
marsh edge lines of the sites from the topography map. Therefore, CH2M HILL overlapped the Google 
Earth  image of  the study area over  the  topographic map and  then we are able  to cross‐check  the 
locations of the marsh edge. The existing edge lines seem slightly below the 0.0 ft NAVD88 and well 



Eastern Neck National Wildlife Refuge 

Final Study Report and Conceptual Design 

July 2015 

 

16 
 

above  ‐1  ft  NAVD88  on  the  topographic map.  The  edge  line  at  the  topographic map  could  be 
considered as mean tide level or mean sea level (“‐0.16 ft” NAVD88).   

3.3.2 Historical Shoreline Change 

CH2M  HILL  conducted  a  quantitative  analysis  of  a  shoreline  change  using  time  separated  high 
resolution rectified satellite images. Figure 3‐1, below, identifies the shoreline segments with the study 
areas that were evaluated. Historical shoreline change analysis was based on the overlays of shorelines 
digitized from satellite imageries covering the period 1992 to 2013.  Further, an analysis of shoreline 
change by the Maryland Geological Survey based on historical maps from 1846 to 1992 and older aerial 
photographs was  also  reviewed  and  is  provided  on  page  18.    Even  using  the more  recent  aerial 
photographs, the following results should be construed as indicative of the trend of shoreline change 
rather than in absolute terms. For the purpose of digitization, the shoreline was interpreted as either 
the  seaward  edge  of  the  vegetation  (green)  or  land  (brown).    White  sandy  beaches  were  not 
considered due to the uncertainty associated with the tidal stage at the time of photography. 

Three periods of satellite  imageries were used  in the analysis and the results are presented  in two 
spatial blocks as shown in Figure 3‐2 and Figure 3‐3.  In general, both blocks indicate a relatively higher 
shoreline recession rate occurring over the period 1992 – 2005 (red to green) followed by a period 
from 2005 to 2013 (green to blue) of reduced shoreline recession rate bordering on stability when 
considered  in  the  context  of  uncertainty/error  bands  associated  with  digitization  and  ortho‐
rectification due to image resolution. Further, additional analysis of shoreline erosion at Eastern Neck 
is provided in Figure 3‐4.  This analysis, covering the period 1846 to 1992, indicates that the highest 
erosion rates also correlate with the segments provided in Figures 3‐2 and 3‐3.      

It appears that the segments 2, 4, 7, 8, and 9 showed intensive erosion during the time periods studied. 
The approximate erosion rates for these segments, based on the aerial photographs from 1992 and 
2013,  is  roughly  2  to  4  ft/yr.  If  is noted  that  this  is  only  a  very  rough  approximation due  to  the 
uncertainty described above. 
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Figure 3‐1: Locations of numbered shoreline segments in the study     

 

 

 

 

(Remainder of page left blank) 
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Figure 3‐2: Overlay of historical shorelines digitized from satellite imageries for the three periods of 1992, 2005 
and 2013, Western block overlaid on the satellite imagery of June 3, 2011 courtesy of DigitalGlobe© (the 
numerals denote the shoreline segments) 

 
Figure 3‐3: Overlay of historical shorelines digitized from satellite imageries for the three periods of 1992, 2005 
and 2013, Eastern block overlaid on the satellite imagery of June 3, 2011 courtesy of DigitalGlobe©. The two 
thick yellow lines denote gaps created sometime between 2005 and 2013 (the numerals denote the shoreline 
segments) 
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Figure 3‐4: Overlay of 1846, 1942, and 1992 shorelines corroborating areas of most intense erosion identified 
in study (Maryland Geological Survey, 2001) 

 



Eastern Neck National Wildlife Refuge 

Final Study Report and Conceptual Design 

July 2015 

 

20 
 

3.4 Hydrodynamic, Storm and Sediment Modeling 

The details of the numerical model study are attached in a separate Technical Memo in Appendix E.  
This section only provides a summary of  the numerical modeling study  results associated with  the 
conceptual design.   
 
3.4.1 Water Levels 

The water  levels used  in the design consist of the tide  levels, storm surge  level and sea  level rise  in 
general. The tide levels are based on a nearby tide station (NOAA Station No: 8572295) available from 
Love Point Pier, MD.  

Table 3‐1 summarizes the tide data based on the measured data between 1983‐2001 at the NOAA 
station above.   
 
Table 3‐1:  Tide Levels at the Love Point Pier, Maryland 

Datum  NAVD88 (ft)  

Highest Observed Water Elev. (09/07/1996)  +3.32 
Mean Higher High Water (MHHW)  +0.72 
Mean High Water (MHW)  +0.43 
North American Vertical Datum of 1988 (NAVD88)  0 
Mean Sea Level (MSL)  ‐0.16 
Mean Low Water (MLW)  ‐0.76 
Mean Lower Low Water (MLLW)  ‐0.97 
National Geodetic Vertical Datum at Sandy Hook, NJ, 1929 
(NGVD29) 

‐1.24 

 
The surge level at the site was based on the Flood Insurance Study (FIS) provided by FEMA for Kent 
County, Maryland (2014), which is directly related to NAVD88 (ft) shown in Table 3‐2, and considered 
as  very  conservative.    Sea  level  rise was  determined  using  the USACE’s  Sea  Level  Change  Curve 
Calculator (USACE, 2015) for the NOAA station 8575512, Annapolis (38° 59' N, 76° 28.9' W), which is 
the closest available station to the site. The sea level rise after a design‐life of 15 years (in 2030) was 
proposed as 0.75 ft (or approximately 0.23m).  

The extreme water level is taken as the algebraic sum of the surge level and estimated sea level rise.  
The 1‐yr, 25‐yr, and 50‐yr extreme water  levels are summarized Table 3‐2 which was considered as 
very conservative. 
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Table 3‐2: Extreme water level 
Return Period 

(years) 

Sea Level Rise 

(ft)* 

Storm Surge related 

to NAVD88 (ft) 

Extreme Water Elevation 

to NAVD88 (ft) 

1  0.75  3.2  3.95 
25  0.75  4.4  5.15 
50  0.75  4.6  5.35 
* The purpose of including sea level rise in assessment is to ensure its impact is included 
for structure’s 15‐year design life. Therefore 15 years of sea level rise is included. 

3.4.2 Wind 

The wind data was obtained from two stations, the locations of which are shown in Figure 3‐5, below. 
Station TPLM2 (38.899N, 76.436W)  is maintained by the National Data Buoy Center with data from 
1985  to  2013  and  Station  44043  (39.152N,  76.391W)  is  maintained  by  the  Chesapeake  Bay 
Interpretative Buoy System with data from 2007 to 2013. 

 
Figure 3‐5:  Wind Data Sources 

The two wind resource data sites show similarity. Below is an example of the wind rose data taken at 
Station 44043  from 2007  to 2013. Based on  the data,  the predominant winds are  from  the north, 
northwest, south, and south‐southwest. 
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Figure 3‐6:  Station 44043 Wind Rose (2007‐2013) 

 The extreme value analysis (EVA) was performed for the TPLM2 wind data, which has a longer length 
of data. The EVA was performed using  the DHI EVA module  (MIKE by DHI, 2014a) and peaks‐over‐
threshold method. The EVA produces 1‐year, 2‐year, 5‐year, 10‐year, 25‐year and 50‐year wind speeds, 
and those results were adopted for the inputs of the directional wind generated waves.  

3.4.3 Waves 

Wave modelling was performed to determine the characteristics of the nearshore wave conditions. 
These results are used to identify potential areas subject to the greatest amount of erosion based on 
wave intensity, as well as to provide inputs for the shoreline profile modelling and conceptual design 
calculations.  Ship‐generated  wave  (wake  wave)  load  was  not  considered  for  design.  Detailed 
information regarding the calibration and verification of the wave model can be found in Appendix E. 

For the extreme wave runs, the calibrated wave transformation model was applied to determine the 
wave parameters  for all directional sectors  in 22.5° bins. For each direction, the wind extreme was 
applied, based on the EVA results. The extreme waves were run for the 1‐year, 25‐year, and 50‐year 
return period. 

Directional significant wave height plots were generated to better understand and identify the sites 
within the project scope that are affected by high wave intensity, and thus, high wave‐induced erosion 
potential. Three main directions were looked at, they being North (0°), South‐southeast (157.5°),  and 
Southwest (225°), which have the longest fetches relative to the site locations (Figure 3‐7 thru Figure 
3‐9).  It is seen that when waves are coming from the north, sites along the eastern side of the island 
are  subject  to  larger waves, whereas when waves  are  approaching  from  the  south‐southeast  and 
southwest, sites along the southern and western sides of the island are subjected to larger waves. 
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Figure 3‐7: Significant wave height (Hm0) from 0° direction (N), 25‐year return period at extreme water level; 
numerals indicating shoreline segments 1‐12 

 
Figure 3‐8: Significant wave height (Hm0) from 157.5° direction (SSE), 25‐year return period at extreme water 
level; numerals indicating shoreline segments 1‐12 
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Figure 3‐9: Significant wave height (Hm0) from 225° direction (SW), 25‐year return period at extreme water 
level; numerals indicating shoreline segments 1‐12 
 
The maximum significant wave heights were extracted near the shoreline at the 12 shoreline segment 
locations and listed in Table 3‐3. This maximum refers to the maximum of the significant wave heights 
across  all  16  directional  sectors  at  any  given  location.  Based  on wave  height  intensity,  shoreline 
segments, 1, 2, 4, 8 and 10, could be classified as high wave intensity areas. 

Table 3‐3: Maximum significant wave heights for 1‐yr, 25‐yr, and 50‐yr return periods at extreme 
water level at 12 locations 

Shoreline 
Segment 
Number 

Return Period  Water 
Depth 
(ft 

MLLW) 

Position (UTM 18N) 

1yr  25yr 50yr

Max Hm0 
(m) 

Max Hm0 
(m) 

Max Hm0 
(m) 

Position X  Position Y 

P1  0.59  0.79  0.83  ‐0.16  394662.90  4318814.90 
P2  0.49  0.69  0.73  ‐1.23  394787.69  4318558.44 
P3  0.39  0.56 0.60 0.75  395062.86  4318579.61

P4  0.48  0.69  0.76  ‐1.08  395311.57  4318494.94 
P5  0.29  0.50  0.56  ‐1.37  395189.86  4318746.30 
P6  0.35  0.51  0.56  ‐0.33  395232.19  4319116.72 
P7  0.48  0.69 0.74 ‐1.14  395732.26  4318923.57

P8  0.48  0.78  0.85  ‐1.16  396087.25  4318982.51 
P9  0.40  0.67  0.73  ‐0.36  395925.40  4319108.78 
P10  0.46  0.74 0.81 ‐1.60  395912.91  4319271.76

P11  0.45  0.74  0.81  ‐0.43  395785.91  4319405.54 
P12  0.46  0.74  0.81  ‐1.93  395504.82  4320131.98 
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3.4.4 Current 

The hydrodynamic model was developed to simulate the water  levels and flows at the project site, 
which then are used to identify areas affected by high storm current intensity.  Detailed information 
regarding the calibration and verification can be found in Appendix E.  

For the extreme current simulations the calibrated hydrodynamic model was applied to determine the 
flows for all direction sectors  in 22.5° bins. For each direction the corresponding wind extreme was 
applied, based on the EVA results. The extreme currents were run for the 25‐year return period. For 
these runs, the water  level was set at the extreme water  level as described  in Section 3.4.1  (SLR + 
Surge). Figure 3‐10 presents these results with current velocities extracted at 24 points along the 12 
shoreline segments. It  is seen that the  locations of high storm current  intensity corresponds well to 
those based on wave height intensity discussed in the previous section (Section 3.4.3). 

 
Figure 3‐10: 25‐yr storm peak current speed at extreme water level (Red square point and its value marked 
nearby) 
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Following comments  from USFWS on  the data presented during  the 18 February 2015 preliminary 
findings discussion, the currents around Shoreline Segment 8 (Hail Point) were studied more closely 
and it was noted that there were relatively high intensities of current flow between the two narrow 
gaps that have severed Shoreline Segment 8 from the island (Figure 3‐11). As a result, it is expected 
that these gaps will widen over time, requiring the prioritized protection of Shoreline Segments 7 and 
9,  and  the  retreat  from  Shoreline  Segment  8.    Additionally,  the  cost  of  the  increased  shoreline 
protection for Shoreline Segment 8 does not appear to be commensurate with  its status as being a 
USFWS non‐high priority area. Thus, as a  consequence of  funding  it appears  reasonable  to  forego 
protecting Shoreline Segment 8 and instead to focus attention on protecting Shoreline Segments 7 and 
9.  Further modelling was performed assessing the effect the loss of Shoreline Segment 8 would have 
on the surrounding area.  These comparisons are provided in the following section (Section 3.4.5). 

 
Figure 3‐11: Snapshot of current vector indicating two flow gaps (red ellipses) at Shoreline Segment 8 between 
Shoreline Segments 7 to 9 based on the present condition 
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3.4.5 Removal of Shoreline Segment 8, Hail Point 

As described above, additional modelling was performed in the vicinity of shoreline segments 7, 8 and 
9 by  rerunning  the  storm wave and current  scenarios with and without Shoreline Segment 8. The 
results are shown below for the peak wave and storm current conditions, respectively.  

Maximum  significant  wave  heights  were  extracted  along  the  12  shoreline  segments  and  were 
compared with those from the original results (Table 3‐4). Based on the rerun modelling, it is found 
that the wave heights increased up to approximately 34% in Shoreline Segments 7 and 9 in the absence 
of Shoreline Segment 8. 

Table 3‐4: Comparison of 25‐yr significant wave height before and after removal of Shoreline 
Segment 8 
   Original ‐ 25yr MHHW  Shoreline Segment 8 removal ‐ 25yr MHHW  Difference

  

Max 
Hm0  
(m) 

Tp 
(s) 

MWD 
(°N) 

Elev 
(mMLLW) 

WDIR
(°N) 

Max 
Hm0  
(m) 

Tp 
(s) 

MWD 
(°N) 

Elev 
(mMLLW) 

WDIR
(°N) 

Hm0 diff./
Original  
(%) 

P1  0.24  2.37  240.1  ‐0.05  270.0  0.21  2.48  247.4  0.06  292.5  ‐12 
P2  0.29  2.82  248.1  ‐0.38  292.5  0.30  2.30  222.3  ‐0.38  225.0  4 
P3  0.13  2.52  237.2  0.23  315.0  0.13  2.79  242.5  0.23  315.0  4 
P4  0.40  2.48  127.7  ‐0.33  135.0  0.41  2.49  125.7  ‐0.31  135.0  3 
P5  0.32  2.36  106.1  ‐0.42  135.0  0.31  2.38  104.2  ‐0.32  135.0  3 
P6  0.22  2.13  174.3  ‐0.10  157.5  0.22  2.13  174.9  ‐0.10  157.5  0 
P7  0.27  2.39  165.1  ‐0.35  157.5  0.36  2.42  137.5  ‐0.50  135.0  34 
P8  0.38  2.84  17.3  ‐0.35  22.5  0.62  2.53  132.9  ‐1.16  135.0  63 
P9  0.29  2.78  42.0  ‐0.11  22.5  0.34  2.35  87.3  ‐0.21  90.0  17 
P10  0.48  2.89  41.2  ‐0.49  22.5  0.49  2.89  41.9  ‐0.54  22.5  2 
P11  0.32  2.74  46.1  ‐0.13  22.5  0.28  2.71  53.8  ‐0.04  22.5  ‐12 
P12  0.51  2.87  42.5  ‐0.59  22.5  0.50  2.86  42.5  ‐0.59  22.5  ‐1 

 

Changes  in the storm current due to the absence of Shoreline Segment 8 were also analyzed and a 
comparison of the distribution of 25yr peak storm current before and after the removal of Shoreline 
Segment 8 is shown Figure 3‐12, on the next page. It is seen that the peak storm current has doubled 
in some parts of Segments 7 and 9  in the absence of Shoreline Segment 8.  In addition, the area of 
increase in peak storm current speed extends further in the SE direction to impact Shoreline Segment 
4.  However,  it  is  expected  that  this  increase  in  current  flow  intensity  can  be  addressed  by  the 
associated level of proposed shoreline protection at Shoreline Segment 4. 

In summary, since Hail Point  (Shoreline Segment 8)  is already severed  from the main  island at two 
locations and would  require an extensive amount of armoring,  it appears more cost effective and 
beneficial  to  forego  Shoreline  Segment  8  and  instead  to  focus  attention  on  protecting  Shoreline 
Segments 7 and 9. 
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Figure 3‐12: Comparison of the distribution of 25yr peak storm current before (top) and after (bottom) the 
removal of Shoreline Segment 8 (Note the increased areas of high current intensity (orange/red) at Shoreline 
Segments 7/9 and 4) 
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3.4.6 Composite Erosion Ranking 

Three primary  factors were  considered  to qualitatively assess erosion  severities  to each of  the 12 
shoreline  segments.  The  factors  considered,  included  historical  shoreline  changes,  wave  height 
intensity and wave direction, and storm current intensity and direction. Each have been discussed in 
detail in the previous sections. 

From the studies above the Shoreline Segments 2, 4, 8, and 10 were impacted by the largest waves. 
Additionally, storm currents around  these segments were high.   Further,  in the historical shoreline 
analysis as these segments indicated that they have experienced the largest erosional rates. 

Following the additional modelling described  in Section 3.4.5, considering the removal of Shoreline 
Segment 8, the sites of highest severity would be  Shoreline Segments 2, 4, 7,  9, and 10.   

The assessment results are color‐coded in Figure 3‐13 below. 

 
Figure 3‐13: Ranking of shoreline segments by erosion severity (red = high, yellow = medium, blue = low). 

3.4.7 Cross‐shore Profile Change Modeling 

Cross‐shore profile change modelling was performed for several transects located in along shoreline 
segments subject  to  the highest severity of erosion. The  location of  these profiles, B, C, and D are 
shown below. They start onshore and extend to the considered depth of closure of ‐11.8ft (or ‐3.6m) 
MLLW.   Maximum significant waves along the profile B, C, and D were extracted at these offshore 
locations for the 25‐yr wind extreme hindcast performed at MHHW for cross shore modeling study. 
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Figure 3‐14: Location of Geotechnical Borings (in red) and  Profile Locations 

The results for the three profiles, B, C, and D are shown in Appendix E. 

From the study results, it was found that after a single 25‐yr representative storm event as much as 59 
ft3/ft shore material (sand) could be eroded to offshore areas if there is no protection. 
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3.5 Geotechnical Investigation  

Detailed  description  of 
the  soils  encountered 
on‐site are recorded on 
the  individual  boring 
logs  included  in 
Appendix D. 

On  the boring  logs,  the 
information  presented 
includes  sample 
position,  classification 
of  the  individual 
samples,  including  the 
Unified  Soil 
Classification  System 
(USCS)  symbols,  DCP 
test results consisting of 
blows/increment  for 
three  consecutive 
increments,  and  the 
equivalent  SPT  N‐value 
determined  based  on 
published data using  an 
average of the DCP three increments.  All borings were advanced below the water level. 

A general description of the soil materials encountered at the site is provided hereinafter. 

The encountered soil materials at the project site area, are in general coastal plain sediments, including 
gravel, sand, silt, and clay. The subsurface conditions at the site can be divided into three consecutive 
layers: peat, fine‐grained deposit, and granular deposit. These soil layers appear to be fairly consistent 
across the site and are described in more detail below. 

Stratum 1 ‐ Peat – This  layer was encountered at B‐5, B‐7, B‐8, and B‐9, and possibly  in B‐6 as well, 
from mudline to depths ranging from 1.4 to 2.5 feet below mudline (fbm). The soil was identified in 
the field by the presence of varying amount of dark brown decomposed vegetation roots and shell 
fragments. The DCP test results ranged from weight‐of‐hammer (WH) to 1 bpi; and the equivalent SPT 
N‐values ranged from 0 to 1 blows per foot (bpf) indicating the very soft nature of the layer. The peat 
layer thickness appears to be larger at the southeast corner of the shoreline and becomes significantly 
thinner moving  towards  northeast  along  the  shoreline. Gradation  testing  performed  on  this  peat 
material indicates that it is intermixed with the granular soils of the underlying layer. 

 Figure 3‐15: As‐Built Boring Locations 
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Stratum 2 ‐ Fine‐Grained Soil Deposit – A fine‐grained deposit, consisting of silty and clayey coastal 
plain sediments, was encountered  in B‐1, B‐3, B‐6, B‐7, B‐8, and B‐10. This  layer was encountered 
immediately beneath  the mudline at B‐3, B‐6, and B‐10; below Stratum 1  ‐ Peat  layer at B‐8; and 
interlayered with the granular soil deposit at B‐1 and B‐7. The bottom of this layer ranges from 1.2 to 
6.5 fbm. The soil within this layer is classified as brown to dark brown sandy silt, or lean clay to silt with 
varying amounts of fine sand, with USCS classification of ML and CL. The DCP test results ranged from 
3 to 24 bpi, and the equivalent SPT N‐values ranged from 5 to 10 bpf indicating the layer is generally 
firm  to  stiff.  Atterberg  limits  testing  performed  on  samples  from  this  stratum  indicated  that  this 
material has low plasticity. 

Stratum  3  ‐  Granular  Soil  Deposit  –  The  granular  soil  deposit  consists  of  granular  coastal  plain 
sediments. This  layer was encountered  in  all borings,  and  all borings were  terminated within  this 
deposit with the exception of B‐7. This layer was found immediately beneath the mudline at B‐1 and 
B‐4; in B‐1 the cohesive soils of Stratum 2 were interlayered within this granular deposit.  In Borings B‐
5, B‐6, B‐7, and B‐9, this deposit was encountered immediately beneath Stratum 1 – Peat. In Borings 
B‐3, B‐8, and B‐10, this deposit was encountered beneath Stratum 2 – Fine‐grained Soil Deposit. The 
soil within this layer was classified as brown to gray silty or clayey sand with varying amounts of fine 
to coarse gravel, and with USCS classifications of SM and SC. The DCP test results ranged from 2 bpi to 
30/1.2”; and the equivalent SPT N‐values ranged from 3 to >14 bpf  indicating the  layer  is generally 
loose to medium dense. Gradation analyses performed on samples from this stratum indicated that 
these soils are uniformly graded. 

Below  describes  the  soil  conditions  at  each  of  the  shoreline  segments  (Figure  3‐1)  and  how  the 
geotechnical findings impact the design. 

 Segment 1 – No investigation borings were conducted at the location of this segment. 

 Segment 2 – Boring B‐9 was advanced in this area, which indicated 1.5 ft of peat at mudline 
underlain by  silty  sands.    It  is  recommended  that  the  rock breakwater  at  this  location be 
supported on a geotextile  fabric  for  support and  to assure no  loss of  rock within  the  soft 
cohesive soils present. 

 Segment 3 – No investigation borings were conducted at the location of this segment. 

 Segment 4 – Boring B‐4 was advanced at the eastern portion of this segment, which indicated 
that the mudline is underlain by silty sands.  For this portion, it is recommended that the rock 
breakwater be supported on a layer of geotextile fabric as a separation layer.  Boring B‐5 was 
advanced at the western portion of this segment, which indicated 1.5 ft of peat underlain by 
silty sands.  It is recommended that the rock sill at this location be supported on a geotextile 
fabric for support and to assure no loss of rock within the soft cohesive soils present. 

 Segment 5 and 6 – No investigation borings were conducted at the location of this segment. 

 Segment 7 – Boring B‐8 was advanced  in this area, which  indicated slightly  less than 2 ft of 
peat at mudline, underlain by sandy silt.  It is recommended that the rock sill at this location 
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be supported on a geotextile fabric for support and to assure no loss of rock within the soft 
cohesive soils present. 

 Segment 8 – Boring B‐7 was advanced  in this area, which  indicated about 2.5  ft of peat at 
mudline, underlain by silty sand.  It is recommended that the rock breakwater at this location 
be supported on a geotextile fabric for support and to assure no loss of rock within the soft 
cohesive soils present. 

 Segment 9 – No investigation borings were conducted at the location of this segment. 

 Segment 10 –  Boring B‐6 was advanced at this segment, which indicated that the mudline is 
underlain by  silty sands.   For  this portion,  it  is  recommended  that  the  rock breakwater be 
supported on a layer of geotextile fabric as a separation layer.   

 Segment 11 ‐ No investigation borings were conducted at the location of this segment. 

It is important to note that borings have been conducted further north on the island within Hail Cove 
but have not be  included as part of the delineated shoreline segments. This data  is available upon 
request. 

4 Conceptual Design and Cost Estimate 

4.1 Design Alternative Selection  

4.1.1 Design Alternative Selection – Headland (Detached) Breakwater 

The design option selection was based on the numerical modeling results (metocean “forces”), living 
shoreline  protection  method  characteristics,  construction  constraints,  the  engineering  judgment 
based on similar previous projects, as well as feedback received from USFWS, VIMS, and CD&C.   Table 
4‐1 provides a summary of the comparison of different methods based on qualitative assessment of 
the data collected as part of this Final Study Report. 

Because  traditional  non‐living  shoreline  alternatives  are  constrained  by  barge  construction,  have 
potentially high  cost,  and do not meet  the objectives of preventing  erosion using  living  shoreline 
techniques, they have been eliminated from further discussion. 

The previously described analysis in Section 3 determined that the erosion severity in the target areas 
is too extreme for non‐structural living shoreline approaches alone.  Therefore, a hybrid living shoreline 
method is more appropriate to remedy erosion along the extensive length of marsh edge.  

Below describes several hybrid living shoreline options and the rationale for carrying them forward or 
eliminating them from further consideration  in the conceptual design process. Descriptions of each 
option were obtained  from summary by Duhring  (2006) combined with clarifications and additions 
made based on the professional knowledge and experience of team members. 
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 Marsh toe revetment is a low profile structure placed at the eroding edge of an existing tidal 
marsh.  It  is  suitable  for  sites  where  the  existing  tidal marsh  is  wide  enough  to  provide 
protection but has a small eroding edge. This alternative may be applicable  to a  few sites. 
However, the eroding edges at the Eastern Neck sites are located in very shallow water where 
the  construction  barge  cannot  reach.  Additionally,  landside  construction  of  revetments  is 
possible, but relatively  large areas of wetlands would need to be  impacted to create access 
roads  to  the breakwater  locations  (see Section 4.1.2). Therefore,  this alternative has been 
eliminated from further consideration. 

 Marsh with groins are suitable for lower energy shorelines where erosion of the unprotected 
marsh edge is expected to be minimal. Given the higher rates of erosion at the Eastern Neck 
sites, this alternative is not ideal for the current high energy shoreline and has been eliminated 
from further consideration. 

 Marsh  sills are suitable  for eroding banks where  there  is not an extensive amount of  tidal 
marsh present. This method  is  suitable  for  the current  sites at Eastern Neck but  the  sill  is 
typically installed in a long, continuous linear alignment (without breaking gaps).  Since there 
is an extensive amount of shoreline that requires protection at the Eastern Neck site, there is 
insufficient project funding for this application to be cost effective along this extensive area.  
Therefore, this alternative has been eliminated from further consideration 

 Headland  (detached) breakwater  systems consist of a detached breakwater and  its  leeside 
tombolo. The system is suitable for medium and high‐energy shorelines, particularly in pocket 
beach areas, to provide a large amenity area behind the breakwater to stop downdrift erosion 
and protect the shoreline. They are suitable for areas like those found at the Eastern Neck site.  
Also, enhancement of areas behind  the detached breakwater  system provide an excellent 
opportunity for creation and protection of habitat for terrestrial and aquatic life.  Further, the 
shoreline edges at the Eastern Neck sites are ‘scalloped’ allowing construction barge access at 
the  protruding  natural  headland  features.  These  geomorphic  features will  allow  strategic 
placement of offshore breakwaters near existing marsh headlands. This will address not only 
the headland area erosion, but will also protect the bay shorelines in between the structures 
over time.  Further, since natural sand budget is limited, placing sand fill between the existing 
marsh edges and the detached breakwaters will form a tombolo and allow for planting  low 
marsh  vegetation  (Spartina  alterniflora).    Although  Spartina  alterniflora marshes  are  not 
currently present along these shorelines, the created marsh habitat (found adjacent to similar 
tidal marshes elsewhere) would provide valuable aquatic resource habitat.  Finally, compared 
with the marsh sill, the headland option with its bay gaps will protect additional shoreline areas 
more cost effectively with the added benefit of creating low marsh environments.   

The project design team working lockstep with the construction contractor evaluated several living 

shoreline  protection  methods.  This  analysis  is  described  in  Section  2.5.2  (Method  of  Design 

Alternative  Selection),  Section  4.1  (Design  Alternative  Selection),  and  Appendix  F  (F‐1  Design 

Alternatives) of this Final Study Report. Given this, the information above and contained in Table 4‐

1 below,  the  recommended design alternative  for  the Eastern Neck project  is a marsh headland 
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breakwater system with planted tidal marshes to connect the breakwaters  to the existing marsh 

shorelines. 

  Table 4‐1:  Summary of Concept Design Alternatives Evaluation 
  Items  Non‐

structural 

Marsh toe 

revetment 

Marsh sill  Marsh with 

groins 

Detached 

Breakwater 

‐ Tombolo 

system 

(Headland) 

Suitability for higher 
wave energy zone 

Very low  middle  middle  Middle  Middle‐high 

Cost per 1000 ft 
long 

Low  Low‐middle  middle  Middle‐high  Middle‐high 

Shore stabilization 
effectiveness 

Low  Low‐middle  middle  Middle  Middle‐high 

Natural vegetarian 
and planting 
regeneration 

Middle or 
high 

Middle‐high  Middle‐
high 

Middle  Middle‐high 

Habitat protection   High or 
middle 

high  middle  Middle‐low  Middle‐high 

Constructability*  Low  low  Middle  Middle  High 
Maintenance A  ‐
sand nourishment) 

Partial 
need 

No need  Partial 
need 

Need  need 

Maintenance B  ‐ 
structure and 
planting repairs 

Need  Need  Partial 
Need 

Partial need  Partial need 

  Note: * barge construction only 

4.1.2 Landside Construction Method Alternatives Selection 

Construction Techniques ‐ Segments 2 and 4 

At the request of USFWS, CD&C performed an analysis regarding the feasibility of constructing the 
headland breakwaters system from land instead of by water.  The analysis was performed to 
determine the feasibility of landside construction, the amount of temporary wetland impacts 
anticipated, and the associated cost.  Below are the results of this analysis.  The findings indicate that 
while landside construction of the breakwater system is feasible, it will cost almost twice as much as 
waterside construction and will result in the temporary impact of approximately 4.6 acres of tidal 
wetlands.  As such landside construction of breakwaters in Segments 2 and 4 are not considered a 
viable alternative. 
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Technical Feasibility  

Landside construction of the headland breakwater system at Shoreline Segments 2 and 4 is technically 
feasible given the availability of specialized heavy machinery including long reach excavators and low 
ground pressure equipment.  Extended excavator boom lengths on the order of 80 to 100 feet would 
be required to reach the furthest extents of the breakwater locations.  

Temporary Wetlands Impacts 

Based on CD&C estimates, approximately 7,112 feet of access road 22  feet wide would need to be 
constructed across the marsh to reach the Segment 2 and 4 breakwater areas.  This would result  in 
approximately 3.6 acres of temporary wetlands impact.  In addition, temporary lay down and materials 
staging areas would need to be  installed,  impacting approximately one additional acre of wetlands.  
Regulatory  acceptance  of  this  approach  is  questionable  considering  the  viability  of  waterside 
construction and the extensive length of temporary access roads that would need to be constructed 
over the marsh. 

Costs 

Below are the estimated raw construction costs to construct the breakwaters from land.  These include 
costs associated with installing the temporary access roads 

Table 4‐2: Estimated Costs of Landside Construction of Breakwaters at Shoreline Segments 2 and 4 

Description of Work if Landside Construction Was Employed  

at Segments 2 and 4 

Estimated 

Costs 

Improve 7,112 linear feet (LF) of main access road using 1.33 cubic yards (CY) of sand 
per foot resulting in 9,458 CY of sand at @ $45 per CY 

$425,000

Construct 1 acre lay down and materials staging areas using techniques/materials 
above 

$118,055

Install  3279  LF  of  access  roads  to  breakwaters  at  Segment  2  using 
techniques/materials  above results in 4371 CY of Sand at $48.75 per CY 

$196,695

Install 3279 of logging mats on top of sand at $35 per LF.  $115,000

Restore access roads at end of construction using 17,215 plants at $1.30 per plant  $22, 379

Construct 1,250 feet of headland breakwater at $343 per LF  $428, 750

Maintain and repair access roads during construction   $20,000

Total Cost of Landside Construction of Segments 2 and 4  $1,325,879

Cost per LF for 1,250 feet of breakwater  $1,061 per 

LF
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Construction Techniques ‐ Segments 7, 9 and 10 

CD&C performed an analysis regarding the feasibility of constructing the headland breakwaters system 
from  land at Shoreline Segments 7, 9, and 10  instead of waterside construction  from a barge. The 
results of this analysis are described below and indicate that Segments 7 and 10 should be constructed 
from the water, but Segment 9 should be constructed using landside access as described below. 

Technical Feasibility  

Based  on  the  analysis  of waterside  and  landside  construction  costs  described  previously,  it was 
determined that waterside construction of the protective breakwater system is the more cost‐effective 
option and should be employed to the extent practical. This applies to Segments 7 and 10 where it will 
be more cost effective to construct the breakwaters from the water and impacts to terrestrial wetlands 
will be avoided.  

Regarding Shoreline Segment 9, because of the shallow water (‐1.2’ to ‐1.5’ MLW) measured along 
the shoreline, barge access for breakwater construction is not possible.  Therefore, after careful 
consideration of construction method alternatives, it was determined that the Segment 9 breakwater 
should be constructed using a combination of waterside and landside techniques.  More specifically, 
CD&C proposes using a landing barge to come ashore off the east side of the Hail Point island 
(Segment 8) where water depths are sufficient for barge access. From the landing barge, a 450 foot 
long temporary sand access road will be constructed along Hail Point Island extending to the land 
breach which separates the island from the rest of the refuge. Rock and sand for the breakwater will 
be transported from the landing barge onto articulated dump trucks that will traverse the temporary 
sand access road to the land breach where the breakwater construction will commence.   

The 575 foot long breakwater will be installed within the land breach then extended in a western and 
northern alignment along the shoreline.  Following rock placement, the sand placed along the 
shoreline to facilitate construction equipment access will be removed and regraded to form a terrace 
behind the breakwater, then planted with Spartina alterniflora.  Additionally, the 450 foot long 
temporary sand road on the Hail Point island will be removed and the sand re‐used to enhance the 
terrace behind the breakwater. The temporary  access road will be restored and planted as needed.  

Temporary and Permanent Wetlands Impacts 

Based on CD&C estimates, approximately 450  feet of access 
road 22  feet wide would need  to be constructed across  the 
Segment  8  marsh  to  reach  the  proposed  Segment  9 
breakwater location.  While this would result in approximately 
0.25 acres of temporary wetlands impact, the sand access road 
will be removed and the site replanted.  Additionally, based on 
a field visit conducted at Hail Point on Tuesday, June 16th 2015 
by USFWS, VIMS,  and CDC,  the wetlands were  found  to be 
dominated by Phragmites australis and of  low habitat value.  
With regard to permanent wetland  impacts, as shown  in the 

Figure 4‐1: View looking west of 150 square 

foot marsh remnant that would be removed 

to allow construction of the Segment 9 

breakwater 
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adjacent photo, approximately 150 square feet of Phragmites dominated tidal marsh would need to 
be removed  in order to provide adequate spacing  for the breakwater to be  installed.   As  indicated 
previously  in this document and evidenced  in the photograph above, the Segment 9 area  is rapidly 
eroding  and  the  removal  of  the  small  fragment  wetland  is  necessary  to  facilitate  the  proposed 
shoreline protection measure.  

Costs 

Below are the estimated raw construction costs to install the Segment 9 breakwater using a landing 
barge  and overland  transport of  rock  and  sand. These  include  costs  associated with  installing  the 
temporary access road and site restoration. 

Table 4‐3: Estimated Costs of Landside Construction of Breakwaters at Shoreline Segment 9 

Description of Work to be Employed to Construct Shoreline Segment 9  Estimated 

Costs 

Install 450 linear feet (LF) of temporary access road using 1.33 cubic yards (CY) of 
sand per foot resulting in 585 CY of sand at @ $65 per CY 

$38,025

Install 2500 CY of sand in water at breakwater location (@ $65 per CY)  $162,500

Install 575 of rock breakwater @3.85 tons per LF = 2214 tons at $110 per foot   $243,512

Restore access roads at end of construction using 9215 plants at $1.30 per plant  $11,979

Total Raw Cost of Landside Construction of Segment 9  $456,016

Cost per LF for 575 feet of breakwater  $793.07

 

4.2 Conceptual Design Criteria for Headland (Detached) Breakwater 

The  following  criteria  define  the  parameters  that  shall  be  used  in  the  design  of  the  living  shore 
protection. 

4.2.1 Design Life 

The design life of the shoreline protection shall be 15 years.  The concept of a design life is based on 
the assumption that regular inspections and minor maintenance, but not major repairs or rebuilding 
will take place throughout the design life, unless damage occurs from a storm event in excess of the 
design criteria. 

The  design  shall  take  into  account  the  occurrence  of  extreme  environmental  events  within  the 
limitations of the design storm, which will expose the structure to extreme  loading conditions. The 



Eastern Neck National Wildlife Refuge 

Final Study Report and Conceptual Design 

July 2015 

 

39 
 

design shall give due consideration to fatigue effects during the design life. The design return period is 
25 years.  

4.2.2 Headland Breakwater Damage Level 

The  damage  to  a  rock  armor  layer  is  defined  as  the displacement of  the  armor units.  For design 
purposes  this  consideration  is  represented by  a non‐dimensional damage  level parameter  Sd,  and 
selected using  the guidelines given  in Rock Manual  (CIRIA C683, 2007). Table 4‐4 below shows  the 
limits of Sd given the angle of the structure slope. 

Table 4‐4:  Damage Level, Sd 
Double Layer 

Armor 

Slope 

(cot) 
Damage Level (Sd) 

Start of 

damage 

Intermediate 

damage 

Failure 

1.5  2  3‐5  8 

2  2  4‐6  8 
3  2  6‐9  12 

For the shore protection structure, the criteria of “start of damage” shall be maintained, giving a value 
of Sd = 2 for armor slope angles of 1:1.5 to 1:3.  Shallower slopes are not considered in this design. 

4.2.3 Water Level 

Water levels to be used for overtopping and structure safety are considered separately. Overtopping 
was assessed using the MHW level; to be coupled with a 1‐year return period wind‐wave. Rock armor 
was assessed using the MHHW but coupled with 25‐year design waves. The water level conditions for 
the design are summarized in Table 4‐5 below: 

Table 4‐5:  Design Water Levels 
 

Condition 
Water Level 

(NAVD88) (ft) 

Overtopping  MHW + SLR  1.18 
Stability  MHHW + SLR  1.47 

It is important to note that during extreme storm surge, the breakwater system shall be allowed to 
overtop or be submerged. 

4.2.4 Wave Climate 

The headland breakwaters shall be designed using the following wave parameters for the purposes of 
structure stability and overtopping. These wave parameters were extracted at the toe of the structure. 

Table 4‐6:  Design Wave Height and Peak Period 
Return Period  Wave Height  

Hm0 (m) 

Wave Height 

Hm0 (ft) 

Peak Wave Period 

Tp (s) 
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25‐year  0.89  2.9  3.8 
 

4.2.5 Wave Overtopping 

Wave overtopping was assessed using the guidelines and recommendations contained in the EuroTop 
(EuroTop, 2007).  

There are two types of overtopping criteria for the design. One is for a normal operational safety for 
protecting the planting behind the breakwater or sill (called operation condition), and the other is for 
sill or breakwater structural safety during the design life (called extreme condition). The operational 
overtopping  is  usually  defined  as  1‐year  or  2‐year  storm.  Table  4‐7  provides  the  tolerable mean 
overtopping discharges used as the design criteria for the breakwater/sill structure. 

Table 4‐7:  Design Mean Overtopping Discharges 

Return Period 
Mean Overtopping Discharge (l/m/s) 

Value  Note 

1‐year wave  10  Planting not damaged  

25‐year wave  100  Armor not damaged 

Note that because the current shore protection design allows the structure to be overtopped during 
the  extreme  storm  flood  event,  the  stability  of  the  overtopped/submerged  structure  will  be 
considered.  Oblique  wave  effects  (where  the  design  wave  conditions  approach  from  oblique 
directions) were not be considered in the overtopping calculations as waves reaching the breakwater 
from the normal direction will give higher overtopping discharges, and are therefore considered to be 
the worst case. 

4.2.6 Wetlands Basis for Design 

The design of the planted marshes in between the existing marsh face and proposed breakwaters will 
be based on the guidance contained in the following documents: 

 Shore  Erosion  Control  Guidelines  for  Waterfront  Property  Owners,  2nd  Edition.    2008.  
Maryland Department of the Environment. 

 Design Criteria for Tidal Wetlands, (Priest, 2008)  
 Shore Protection: A Technical Guide  for Engineers and Marine Contractors Working  in  the 

Chesapeake Bay Region, (USACE, 2013) 
 Creating Tidal Salt Marshes in the Chesapeake Bay (Perry, et al., 2001) 

One exception to these guidelines is that the entirety of wetlands created will be comprised of tidal 
low marsh planted with  smooth  cord grass  (Spartina alterniflora).   This  is  in part due  to  the high 
ecological value of this type of wetlands, and our findings that high marsh is already abundant within 
the existing wetlands system along the eroding shoreline edges.  These high marshes are dominated 
by big cordgrass (Spartina cynosuroides), common reed (Phragmites australis), and marsh elder (Iva 
frutescens), except where Phragmites eradication efforts have been successfully implemented.   
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To ensure the best conditions for plant establishment and site stability within the designed wetlands, 
a number of factors were considered during this conceptual design phase, including optimum planting 
season, plant density, plant  source  (nursery grown or  seeds), whether  the  site must be graded  to 
achieve the desired elevations, and whether soil amendments are needed.    

Based on these considerations, the substrate of the proposed low marsh will be comprised of clean, 
imported sand barged and emplaced behind the breakwater with a barge mounted excavator. The 
excavator will also be used to transport a small low ground pressure (LGP) bulldozer and place it on 
the  staged  sand.   The bulldozer will push  the  sand back  toward  the existing marsh.   Sand will be 
continually supplied to the dozer during this process until the design grade  is achieved. This marsh 
construction sequence was confirmed with the project contractor, CD&C. The elevation of the sand 
substrate will range from existing marsh edge surface elevation to the mid‐tide elevation.  

The planted marshes will extend  from  the existing marsh edges  to  the breakwaters where  target 
grades and planting elevations can be achieved and maintained. Wave action around the ends of the 
breakwaters  will  prevent  the  planted  marsh  from  persisting  along  the  entire  length  of  each 
breakwater.  The planted areas will be more tombolo‐like near the center of the breakwaters. There 
will be void spaces between the rocks which will allow a slow tidal flow to pass through the permeable 
breakwaters. Additionally, as shown  in the conceptual design drawings, the breakwaters are spaced 
250 to 300 ft apart and therefore allow for adequate tidal flow and flushing for cool water exchanges 
and successful biological activity shoreward of the breakwaters. 

In  the Maryland portion of Chesapeake Bay,  Spartina alterniflora  is not  limited  to  just  low marsh 
elevations below the mean high water elevation.  This marsh grass species is also found growing on 
the seaward side of irregularly flooded tidal marshes like those in the project area.  In order to mimic 
this natural association, the proposed elevation range of Spartina alterniflora will be from the typical 
low marsh  range MLW  (Table  3‐1)  for Maryland  up  to  the  elevations  of  the  existing marsh  edge 
surfaces. 

It  is  recognized  that  some  loss of planted marsh at  the  lowest elevation may occur. However,  the 
typical strategy for planted tidal marshes is to plant over the entire elevation range of suitability and 
then allow the planted areas to reach equilibrium. In this process where it is determined where the 
plants will survive. Additionally, by covering as much of the sand fill area as possible, dynamic plant 
migration is allowed to occur if the sand fill area shifts in time. 

Spartina alterniflora plugs, used  for marsh creation, will be 2‐inch bare root or potted, and will be 
purchased from a local nursery and hand planted when dormant either in the spring (April‐June) or fall 
(September‐October).  The plugs will be planted on 2’ centers.   A high nitrogen, slow‐release fertilizer  
will be placed below‐ground under each plug in the planting hole before firmly pressing the soil around 
the plug (e.g. 6‐9 month release of 18‐6‐12 fertilizer for spring planting, and 3 month release for fall 
planting; 0.5 oz. per plant).   No organic amendments are currently proposed.  

4.2.7 Breakwater Sections                         

A. Slope and Armor Stability 

The methods and approach for the estimation of the armor size is included in Appendix F (F‐2). For 
the concept design, the estimation adopted is W50 = 800lb (range 400‐1200 lbs). 
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B. Armor Stability for submerged structure 

During the extreme storm surge event, the headland breakwater would be overtopped or submerged. 
Van der Meer (1991) developed the methodology of stability check for rock submerged breakwaters 
with two‐layer armor on front, crest and rear slopes. Besides the parameters for regular breakwater 
stability,  the  height  of  the  structure  over  seabed  and  the  eroded  area  was  considered  for  the 
submerged breakwater. The  stability of  submerged breakwater was determined according  to CEM 
2006. 

C. Core Material 

 The core material of the breakwater will consist of available quarry run rock of suitable gradation and 
property to satisfy the geotechnical stability requirements.  Where the filter rules (BS 6349 Part 7 and 
CIRIA C683) cannot be met, the installation of a geotextile shall be considered. 

D. Toe Design 

The toe of the breakwater will generally be founded on layer of geotextile fabric to separate sand or 
other material foundation. The toe armor shall be two layer thick and two to three stones width at the 
top. 

E. Slope Stability & Geotechnical Considerations 

The breakwaters shall be constructed with core stone and a double layer of armor stone. This core and 
armor stone shall meet the design requests shown in this Design Basis or other applicable criteria.  

All slopes shall maintain adequate Factors of Safety (FoS) against failure; the table below provides the 
design minimums. 

Table 4‐8:  Geotechnical Factors of Safety 
Design Case  Factor of Safety 

Seismic Event (Short Term)  1.1 
Static (Long Term)  1.3 

    

4.3 Conceptual Design  

After review with the project team of the living shoreline design alternatives described in Section 4‐1 
and  Appendix  F  (F‐1),  the  results  of  extensive modeling  exercises,  and  discussions  with  USFWS 
regarding  the  limited  funding  available  for  construction  of  the  shoreline  protection measures,  it 
became  apparent  a marsh  headland  breakwater  approach would  be  the most  cost  effective  and 
beneficial way to maximize shoreline and habitat protection.  Working with team including VIMS and 
CD&C, CH2M Hill has developed a headland control conceptual design that maximizes the amount of 
shoreline through strategically placed off shore breakwater structures that incorporate living shoreline 
principles.  These alignments are considered headland control since they are placed sufficiently close 
to existing hard (relatively) points that are offset seaward from the bay shoreline. The purpose of these 
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structures is to protect these shoreline protuberances (headlands) which help shape the bay shoreline 
by wave diffraction. 

The conceptual design has been reviewed by Jim Gunn and Scott Hardaway and  is provided below.  
This conceptual design calls for 1,250 feet of headland breakwaters to protect Shoreline Segments 2 
and 4, and 1,365 feet of headland breakwaters to protect Shoreline Segments 7 and 9 (total of 2,625 
feet of breakwaters).  Based on the cost estimate shown in Section 4.4.1 below, construction of the 
breakwaters may need to be phased to be more commensurate with the amount of available funding. 
The estimated cost to construct segments 2 and 4 is approximately $727,500. The estimated cost to 
construct segments 7, 9, and 10 is approximately $921,616. These costs include sand and vegetated 
plantings  to  create  and  stabilize  the  tombolo.  Based  on  the  amount  of  funding  available  for 
construction, it was tentatively agreed during the April 4, 2015 conference call that USFWS may wish 
to  phase  the  project  so  Shore  Segments  2  and  4  are  constructed  in  2015/2016 while  Shoreline 
Segments 7, 9, and 10 are addressed when additional funding is obtained. 
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Figure 4‐2: Plan view of structure locations for shoreline segments 2 (top) and 4 (bottom) 
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Figure 4‐3: Plan view of structure locations for shoreline segments 7, 9, and 10 

 

Figure 4‐4: Cross section for Conceptual design at Profile 2‐01 (located in Shoreline Segment 2, Breakwater #1) 

 

Figure 4‐5: Cross section for Conceptual design at Profile 4‐03 (located in Shoreline Segment 4, Breakwater #3) 
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Figure 4‐6: Cross section for Conceptual design at Profile 9‐08 (located in Shoreline Segment 9, Breakwater #8) 

 
Figure 4‐7: Cross section for Conceptual design at Profile 10‐09 (located in Shoreline Segment 10, Breakwater #9) 

 

4.4 Cost Estimate and Schedule Update for Design and Construction 

4.4.1 Cost Estimate 

A cost estimate using the conceptual design above was prepared by CD&C based on their experience 
constructing dozens of similar projects throughout the Chesapeake Bay region.  The cost estimate was 
reviewed by CH2M Hill and found to be reasonable.  The costs estimate will be updated to reflect each 
breakwater location as the design progresses. 

Item                                     Assume                                              Cost Calculation                Cost/LF 

Rock Breakwater              1.65 Ton/CY                                      4.2 Ton/LF @ $75 =          $315/LF 

Sand for Wetlands            1.5 Ton/CY @ $35/Ton                  4.0CY/LF @ $52.50 =       $210/LF 

Geotextile Fabric              1 sq. FT per LF                                  30 FT x $1.25 =                  $37.50 FT 

Plants                                  $1.30 /plug on 2 FT centers           15 plants @ $1.30=          $19.50                   

Total Cost per Linear Foot            =                                                                                        $582 

*Note: This  is an estimated cost and averaged cost per  linear feet of constructed breakwater. Also, 
refer to Table 4‐3 for the estimated cost to construct the segment 9 breakwater. 
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The cost  for each  shoreline  segment  is given  in  the  table below based on  the cost per  linear  foot 
provided above, as well as in Table 4‐3 for the segment 9 breakwater. 

 Table 4‐9:  Shoreline Segment Estimated Costs 
Shoreline Segment  Length (ft)  Cost 

2  550  $320,100 
4  700  $407,400 
7  500  $291,000 
9  575  $456,016 
10  300  $174,600 

 

4.4.2 Project Schedule 

An updated schedule will be provided to USFWS under a separate cover. 

5 Project Summary 

In accordance with the goals outlined by the U.S. Fish & Wildlife Service, a comprehensive plan  for 
stabilizing  the  coast  of  Eastern Neck  National Wildlife  Refuge  has  been  developed  using  a  living 
shoreline approach.   

Based on a clear understanding of acting coastal processes and long term shoreline change, the plan 
incorporates headland  control  techniques  to  instill  stability  in  the  shoreline while allowing natural 
processes to continue.  The plan has been developed to complement and enhance/restore the various 
ecological communities that currently reside along the eroding coast, including marsh and submerged 
aquatic vegetative communities.   

Through conference calls, field visits, and this final study report, the USFWS has provided feedback on 
several plan iterations, guiding the team in tailoring the plan to achieve long term management goals 
for the Refuge within the project budget. 

Next steps  likely  include comparing  this conceptual design with  the availability of existing  funding, 
existing wildlife and habitat management plans,  the cultural  resources  survey  results, and existing 
recreational uses  for potential conflicts  to guide  the project decision process.   Construction access 
limitations may also need closer examination for all proposed breakwater structures. 
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Appendix A – Response to Comments on Draft Study Report 

PROJECT NAME:  Hurricane Sandy Resiliency Project #57 (Hail Cove Living Shoreline Restoration 
Eastern Neck National Wildlife Refuge) 
 
Eastern Neck National Wildlife Refuge 
Rock Hall, Maryland 
 
CONTRACT NO.  F14PC00278 
 
Comments on Draft Study Report 
 
Comments were provided by Matt Whitbeck1 (FWS), Carl Gustafson2 (FWS), John Sauer3 (FWS) and 
Laura Mitchell4 (FWS) 
 
Comment No.  Page  Comment by  Comment 

1  7  1  Introduction section, first and second sentences of first 
paragraph, the March 2010 document is the 
Comprehensive Conservation Plan, not Comprehensive 
Management Plan.  

AYUDA 
Response 

The document has been revised accordingly. 

2  9  1  Please add the year to the date in the first sentence of 
section 2.2.1.  December, 2014 

AYUDA 
Response 

The document has been revised accordingly. 

3  9  1  Was a second bathymetric survey effort undertaken in 
April 2015?  This should be described in this section, as 
well as Section 3.2. 

AYUDA 
Response 

The document has been revised accordingly and the new 
bathymetric data included. 

4  15  1 Section 3.3.2 ‐ I think we are going to need some estimate 
of shoreline erosion rates to effectively support the 
project in the permitting process.   

AYUDA 
Response 

 
A statement containing the approximate shoreline 
erosion rates based on the aerial photos contained in the 
Final Study Report is provided.  
 

 
5 

 
19  2 

Table 3‐2: SLR analysis should reflect the same time return 
period of a 1 year, 25 year and 50 year and not use the 
same 15 year estimate. 

AYUDA 
Response 

The purpose of assessment of SLR is to ensure that the 
SLR’s impact will be included for structure’s 15‐year 
design life. It is not related to the return period.  A 
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footnote was added to the base of Table 3‐2 addressing 
this. 
 

 
6 

 
23  2 

The column labeled “Return Period” should be above the 
1yr, 25yr and 50 yr columns.  The first column should be 
labeled shoreline segment number. 

AYUDA 
Response 

The document has been revised accordingly.

 
7 

 
30  2 

Has the proposed design accounted for potential 
settlement because of the peat layers and/or other 
foundation soils? 

AYUDA 
Response 

Yes, settlement has been addressed in the conceptual 
design and will undergo further analysis during the 30% 
design.  
 

8  Pages 38 and 
40 

1  Page 38 states estimated cost of breakwaters is $614.50 
per linear foot, Page 40 states $655.25.  Need to clarify 
what the difference is between the two cost estimates.  
Also, does this cost account for the amount of sand and 
planting needed to tie the breakwaters to the existing 
shoreline? 

AYUDA 
Response 

The Study Report has been revised to reflect the revised 
cost per linear foot based on the tombolo/breakwater 
design agreed to during the April 4, 2015 discussion.  
Estimated per segment raw construction costs have also 
been provided to assist USFWS in prioritizing areas to be 
protected.  The cost estimates account for the estimated 
amount of sand and planting needed to tie the 
breakwaters to the existing shoreline. 

 
9 

 
38  2 

The recommended alternative and conceptual design in 
the study report should be based on protecting the 
priority segments (page 8) within the available budget. 

AYUDA 
Response 

Based on the available funding, it was tentatively agreed 
during the April 4, 2015 conference call that Segments 2 
and 4 will be prioritized for protection.  As such, they are 
the segments most likely to be constructed. However, 
Ayuda understands that USFWS would like to review the 
updated costs for each segment in the revised Study 
Report before confirming the prioritized segments. As 
such, estimated per‐segment raw construction cost 
estimates have been provided.  Protections for Segments 
7, 9 and 10 will still be designed, but may be constructed 
at a later date once additional funding is obtained by 
USFWS.   

     
2 

The profiles look almost the same. Can they be 
consolidated into one profile?  
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10  Drawings 
sheet 4 of 5 

AYUDA 
Response 

Each represents a separate and distinct profile within the 
different segments and therefore cannot be combined. 
Greater distinction between each profile is more evident 
with the inclusion of the updated bathymetry.   

 
11 

 
Drawings 
sheet 5 of 5 

2 
The profiles look almost the same. Can they be 
consolidated into one profile?  And aren’t these cross 
sections? 

AYUDA 
Response 

Please see answer for Comment 10.  
 

12   
Appendix F 

2  Appendix F (now Appendix G) project schedule comments 
will be handled separately.  Comments were provided to 
Dennis on 4/24/15. 

AYUDA 
Response 

Concur, the project schedule comments will be handled 
separately.   

13  Title page  1 
 

Title of the project should be ‘Eastern Neck Living 
Shoreline Restoration Project.’  

AYUDA 
Response 

The document has been revised accordingly. 

14  2.3.1  3  Why was boat traffic not analyzed as a source of wave 
energy causing erosion?  The traffic from local marinas 
and boating/watercraft could be causing erosion, 
especially if used near shore. If not now, would 
boat/watercraft be a factor in the future with SLR? 
Boat/watercraft traffic is likely to increase in the future. 

AYUDA 
Response 

Due to the distance of the navigation channel to the 
shoreline, the lack of commercial vessels using the 
channel, and the limited amount of small, recreational 
vessels that use waterway in the Study Area, boat wake 
was not seen as a factor that is causing shoreline erosion 
within the Eastern Neck Study Area.  A boat wake 
analysis would require an in‐depth understanding of 
vessel type, vessel size, navigation speed, travel distance 
from the shoreline, and other daily measurements and 
observations.  Given this, a boating study would require 
additional funding and schedule relief in order to collect 
the necessary data during the ongoing boating season. 

15  4.1  3  Were methods of construction other than barge 
considered, if so what were they? 

AYUDA 
Response 

In response to this comment, the construction 
contractor, Coastal Design and Construction performed 
an analysis regarding the cost and feasibility of 
constructing the Segment 2, 4 and 9 
breakwater/tombolos from land rather than by barge. 
The detailed analysis including cost estimates and 
wetland impact analysis is provided in Section 4.1.2 of 
the revised Study Report.   
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16  4.1  3  Design alternatives should also include alternatives for 
construction based on available construction budget. 

AYUDA 
Response 

The project design team working lockstep with the 
construction contractor evaluated several living 
shoreline protection methods.  This analysis is described 
in Section 2.5.2 (Method of Design Alternative Selection), 
Section 4.1 (Design Alternative Selection) and Appendix F 
(F1‐Design Alternatives) of the Final Study Report.  The 
marsh headland breakwater/tombolo system was the 
most cost effective application given the site 
conditions/constraints and living shoreline requirements 
for the project.  Based on the April 4, 2015 discussion, 
USFWS will address the budget concern by prioritizing 
segments that will be constructed using the available 
project funding. Therefore, no changes to the Study 
Report document were made. 

17  4.1  3  Is “marsh headland breakwater system with planted tidal 
marshes to connect the breakwaters to the existing marsh 
shorelines” the only alternative at each site? Or are the 
options for the solutions at each site? 

AYUDA
Response 

As described above and discussed in the Final Study 
Report, a lengthy living shoreline alternative analysis 
was conducted by the design team (see Section 4.1 
Design Alternative Selection). There were four 
alternatives identified through this process that could be 
considered appropriate for the site conditions and 
project constraints; 1) marsh toe revetment; 2) Marsh 
with groins; 3) Marsh sills and 4) Breakwater/tombolo.  
Based on findings presented in Section 4.1 in the Final 
Study Report and the current funding constraints, a 
marsh headland breakwater/tombolo system was 
selected. Therefore, no changes to the Study Report 
document were made. 

18  5.0  3  It appears that only one alternative (plan) has been 
provided and a direction set.  There should be at least two 
alternatives (plans) in addition to a no action alternative. 
i.e., one based on priorities within available budget, and 
another based on maximizing the amount of shoreline 
protected. 
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AYUDA 
Response 

The process for Design Alternative Selection of Headland 
Breakwater  are  sufficiently  described  in  Section  2.5.2 
(Method  of  Design  Alternative  Selection),  Section  4.1 
(Design Alternative Selection) and Appendix F (F1‐Design 
Alternatives).  The  requirements  in  the  contract  do  not 
require a NEPA‐type review of design options in the Study 
Report as these alternatives will undergo this analysis in 
the NEPA EA.  Therefore, no changes to the Study Report 
document were made. 

19  33  4  The report states that Spartina alterniflora does not occur 
along the project shorelines, which are dominated by high 
marsh species such as Spartina cynosuroides), common 
reed (Phragmites australis), and marsh elder (Iva 
frutescens).  The authors also admit that planting S. 
alterniflora does not follow local shoreline protection 
guidance documents.  They state, “This is in part due to 
the high ecological value of this type of wetlands [S. 
alterniflora], and our findings that high marsh is already 
abundant within the existing wetlands system along the 
eroding shoreline edges.”  The authors fail to explain how 
high marsh has lesser ecological value than low S. 
alterniflora marshes; numerous conservation 
organizations are currently engaged in efforts to protect 
and preserve high marsh, as habitats for threatened and 
endangered species and a platform for migration of low 
marshes. 
What evidence is there that Sp. alterniflora will establish 
and persist?  Has it been largely successful when planted 
elsewhere on shoreline projects at or near Eastern Neck? 
Also, there are stable, low marshes in other parts of the 
island, adjacent to the high marsh fringe, populated by 
Schoenoplectus americanus.  It is usually advisable to 
consider plant species found in local, reference sites in 
restoration plans. Why hasn’t this species been 
considered as a restoration component of constructed low 
marsh? 

    AYUDA 
Response 

We agree that high marsh is a valuable habitat. Planting 
both high and low marsh is typically recommended in 
living shoreline design guidance, but in this case the high 
marsh is already present.  High marsh is the ‘backstop’ 
for this project, not an eroding upland bank.  The 
tombolo planting areas that will attach the breakwaters 
to the existing marsh edges are expected to be at 
elevations just above and below MHW which are 
suitable for Spartina alterniflora establishment.     
 
Spartina alterniflora is the most common grass used for 
planted tidal marshes, especially in moderate energy 
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regimes.  Using a grass species like Spartina alterniflora 
is advised for rhizomatic growth to cover the area 
between planted plugs.  VIMS is aware it has successfully 
been used at similar latitude & salinity regime as Eastern 
Neck (e.g. Annapolis, elsewhere on MD E. Shore).   
Supplementing with other species that naturally occur in 
the local vicinity is certainly plausible.  However, species 
such as  Schoenoplectus americanus is not desirable as it 
is only found in lower energy settings at Eastern 
Neck. Given the above, no changes to the Study Report 
document were made. 

20  37, also 
Eastern Neck 
‐ 4142015 ‐ 
2550FT BW 
Concept 
Design 

Package, p. 4, 
profiles B,C,D 

4  The marsh restoration part of the plan states “the 
proposed elevation range of Spartina alterniflora will be 
from the typical low marsh range MLW up to the 
elevations of the existing marsh edge surfaces.” According 
to table 3‐1, this would mean constructing marshes at 
elevations between ‐0.76 NAVD88 (MLW) and “existing 
marsh edges.” 
Cross section marsh designs show constructed Sp. 
alterniflora platforms at elevation  
 ‐0.16 NAVD88.  This is exactly midpoint between reported 
MLW (‐0.76 NAVD88) and MHW (+0.43 NAVD88), or “mid‐
tide.” 
Research in the mid‐Atlantic has demonstrated that Sp. 
alterniflora planted at mid‐tide will have low productivity, 
and low below‐ground biomass.  Studies have shown that 
Sp. alterniflora  maximizes belowground growth much 
closer to MHW (just above and just below). The platform 
should be constructed targeting MHW(+0.43 NAVD88), to 
contribute to long term stability and anchoring.12 

    AYUDA 
Response 

The reference to MLW was not intended to represent a 
target planting elevation. The mid‐tide elevation will be 
the lowest planting elevation.   The typical strategy for 
planted tidal marshes is to plant the entire range of 
elevation suitability, then allow for a gradual 
establishment process to determine where the marsh 
plants can survive as the planted areas reach 
equilibrium.  Some loss of planted marsh at the lowest 
elevations should be expected.  Also, even if the above 
and below ground productivity is less, the presence of 
marsh grasses between MHW and mid‐tide covering as 

                                                 

1 Morris et al (2002). Responses of Coastal Wetlands to Rising Sea Level. Ecology, 83(10), 2002, pp. 2869–2877.   
 
2 Wilson et al. (In Review). Developing the Goldilocks Elevation for Spartina alterniflora: Implications in Evaluating 
Sustainability and Restoration Potential of Wetlands.  Delaware Department of Natural Resources and 
Environmental Control. 
 



        Final Concept Design Report  

 

8 
 

much of the sand fill area as possible will allow for 
dynamic plant migration if the sand fill area is shifted 
around over time.  The design team will take into 
consideration the marsh elevation data provided above 
and address the design accordingly.  Given the above, no 
changes to the Study Report document were made. 

21  4.2.7 
Breakwater 
Sections 

4  The report states, “The plan has been developed to 
complement and enhance/restore the various ecological 
communities that currently reside along the eroding coast, 
including marsh and submerged aquatic vegetative 
communities.” Goals include, “managing shoreline 
erosion, while also preserving and improving valuable 
ecosystem services, such as providing habitat for 
terrestrial and aquatic species and maintaining water 
quality.” 

It is unclear from the descriptions of the breakwater if 
there will be spaces between the rocks allowing passage 
of water, sediments, nekton, microfauna.  In other words, 
facilitating an exchange between the shallow aquatic 
environment and the protected marsh, SAV, and other 
shoreline habitats. A living shoreline structure should 
dissipate the wave energy, but not cut off flows 
completely, which can create backwater temperature and 
nutrient issues, negatively effecting vegetation, SAV, and 
biota. 

Will there be channels/spaces for flow through? 

    AYUDA 
Response 

The purpose for the planted tidal marshes in this case is 
to connect the detached breakwaters to the existing 
marsh edges with sand and to plant the sand fill area to 
enhance headland stability.   These will not be the same 
type as the long, fringing marshes planted behind marsh 
sills.  With the wave climate here, it is not possible for 
the proposed marshes to extend along the entire length 
of the breakwaters.  Instead, they will be centered on 
the breakwaters and will extend back to the existing 
marsh edge in a triangular shape.  Also, there will be void 
spacings between the rocks which will allow a slow tidal 
flow to pass through the permeable breakwaters.  
Additionally, based on the conceptual design drawings 
which depict 250’‐300’ spacings between the 
breakwaters and given that the target elevation of the 
tidal marsh, there will be adequate tidal flow and 
flushing to facilitate cool water exchanges and successful 
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biological activity behind the breakwaters.  Given the 
above, no changes to the Study Report document were 
made. 
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Appendix B – Kickoff Meeting Agenda 

Safety Moment 

Inside Kickoff Meeting Agenda 

Project Scope of Work 
 Design 
 Construction 

Project Schedule and Milestones 
 Design 
 Construction 
 Submittals (every 2 weeks) 

 
Project Deliverables and Submittals 

 Design 
o Planning and Study Report 
o Detailed Engineering (30%, 90%, and Final Design & Specifications) 
o Permitting 
o Cultural Resources 

 Construction 
o Project Work Plan 
o Site Safety Plan 
o Material Submittals 
o Project As‐Built Drawings 

Field Work 
 Design 

o Geotechnical Survey 
o Topographic 
o Bathymetric Survey 

 Construction 
o Coastal Design and Construction, Inc. 

Site Access 

FAR Clause Discussion 

Invoicing 
 Submittal 
 Review 
 Certified Payroll 

Project Expectations 
 What is a home run for this project? 
 Project Potential Issues 

Action Items and Path Forward 

Shoreline Field Inspection via Boat 
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Appendix C – Bathymetry and Topography 

 

C.1  Bathymetry Survey Method 

A hydrographic survey was conducted on the 17 and 18 of December along the designated shoreline 
segments  (Figure B‐1) within  the project Study Area using RTK/GPS and a digital  single‐beam eco‐
sounder.  The  vertical  component was  verified on  land  twice daily  at  a  control point  reference  to 
NAVD88. Calibration and quality assurance data was collected daily and recorded  in point‐line files.  
The hydrographic data was overlapped to verify accuracy at a 50’ to 100’ spacing.  Static sessions (RTK 
infill) was collected on the site control points during RTK hydrographic GPS data collection and was 
submitted  for  verification  of  quality.    ASCII  files  were  formed  from  raw/processed  data  from 
equipment used in collection. 

Once the data files were received daily from the field crews, daily field checks to control points were 
reviewed to confirm the horizontal and vertical accuracy.  GPS Static sessions were sent for processing 
and verification.  Leica survey data collection software was then used to process hydrographic data.  
The hydrographic data was sorted at a ten‐foot interval and was provided in an XYZ format. 

The survey met the requirements of the Standards for surveying in the State of Maryland and the U. S. 
Army Corps of Engineers Manual for Hydrographic Surveys, Manual EM1110‐2‐1003, dated 1 Jan 02, 
Chapter 3, Table 3‐1 Project Classification Other General Surveys and Studies. 
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Figure B‐1: Extent of Bathymetric Survey (Red Shaded Area) 
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C.2  Topographic Survey Method 

The work under this task consisted of an airborne and ground survey, including surrounding areas as 
outlined in the flight and control diagram (Figure B‐2).  

Finalized  flight  and  control  diagram  consisted  of  a 
detailed  flight  plan  for  the  airborne  imaging  system 
with a Track Air flight management system. The control 
point locations identified on the flight and control plan 
consisted of locations of potential, existing NGS/NCGS 
monuments and additional control stations required to 
adequately  support  the  entire  photo  block  to  the 
accuracies needed within the final product.  Four flight 
lines with 36 exposures of color aerial  imagery were 
acquired at 1”=250’ negative scale utilizing a minimum 
of  60%  forward  lap  and  40%  side  lap  coverage  and 
Airborne GPS systems.  

All existing horizontal and vertical control monuments in and around the project area for this project 
were located and targeted prior to the aerial imagery mission. All data was adjusted to and delivered 
in the Maryland State Plane Coordinate System, NAD83  (NSRS 2011), NAVD88  (GEOID12A), and US 
Survey Feet.  Point locations within the aerial imagery data for these control stations consisted of nylon 
targeting materials, paints, and/or reflectors with proper contrasts and reflectivity properties suitable 
to render them easily identifiable. 

3‐D Digital measurements of all topographic features, break lines and/or mass points within the areas 
requiring  the  updates  for  the  entire  photo  block were  surveyed  and mapped  utilizing  a  DATEM 
SUMMIT Evolution Softcopy workstation with DATEM Capture software for Microstion v8i or Autocad 
2012  software.  All  topographic  contour  lines  computed  from  the  newly  collected  data  and  spot 
elevations were generated and reviewed in a 3D viewing stereo‐workstation capable of visualizing both 
image and point data sets simultaneously. 

All  CAD  services  were  imported/exported,  originated,  reviewed,  edited  and/or modified  utilizing 
Microstation v8i software. Each layer conformed to specifications required by CH2M HILL. 

 

 

Figure B‐2: Flight plan for the airborne 
imaging system 
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C.3 Bathymetry and Topographic Survey Map 
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C.4. Updated Bathymetric Survey (April 2015) 
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Appendix D – Boring Hole Test Results 
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Appendix E 

Numerical Modeling Study for Eastern Neck 
 Living Shoreline Restoration Project 
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T E C H N I C A L  M E M O R A N D U M    

 
Numerical Modeling Study for Eastern Neck Living 
Shoreline Restoration Project 

PREPARED FOR: Management Team 

PREPARED BY: Laura Lemke, Say-Chong Lee; Daoxian SHEN 

COPIES:  

DATE: April 13, 2015 

Project Code : 653496.01.03 

1. Introduction 

The Eastern Neck National Wildlife Refuge is located on the eastern coast of the Chesapeake Bay in 
Maryland, US. The site has experienced extensive erosion. CH2M HILL was hired to conduct a series 
of  studies  and modelling  exercises  to  determine  the  hydrodynamic  forces  that  are  causing  the 
shoreline erosion within the Study Area. These results will aid in identifying areas subject to high levels 
of erosion and will provide the basis for design. 

The scope of the numerical modelling tasks covers the following aspects: 

 Data collation, review and analysis of the Metocean Conditions, including water level, wind 
and their extremes, sediments, and topographic and bathymetric data; 

 Wave Transformation Modelling to determine wind‐driven extreme waves at the nearshore; 

 Hydrodynamic Modelling to provide the storm flow condition; and, 

 Cross‐shore Profile Change Modelling to assess the storm‐induced response of the  existing 
shoreline in areas subject to high levels of erosion 

2. Metocean Conditions 

2.1 Project Datum 

The following horizontal and vertical datum systems have been used in this study: 

 Horizontal Datum:  North American Datum of 1983, Maryland State Plane (Feet) 

 Vertical Datum:  North American Vertical Datum of 1988 (NAVD88) 

2.2 Water Level 

2.2.1 Tide 
The tide levels are based on a nearby tide station (NOAA Station No: 8572295) available from Love 
Point Pier, MD. Table 2‐1 summarizes the tide data based on the measured data between 1983‐2001 
at the NOAA station above.  Note that the Love Point Pier Station is the nearest one to the project site 
available since site specific tidal station and useful measured data are not available.  
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Figure 2‐1: Tide Level Station Location 

Table 2‐1:  Tide Levels at the Love Point Pier, Maryland 
Datum  NAVD88 (ft)  

Highest Observed Water Elev. (09/07/1996)  +3.32 
Mean Higher High Water (MHHW)  +0.72 
Mean High Water (MHW)  +0.43 
North American Vertical Datum of 1988 (NAVD88)  0 
Mean Sea Level (MSL)  ‐0.16 
Mean Low Water (MLW)  ‐0.76 
Mean Lower Low Water (MLLW)  ‐0.97 
National Geodetic Vertical Datum at Sandy Hook, NJ, 1929 
(NGVD29) 

‐1.24 

 

2.2.2 Surge 
The surge level at the site was based on the Flood Insurance Study (FIS) provided by FEMA for Kent 
County, Maryland (2014). Extreme stillwater elevations for the Chesapeake Bay from Little Neck Island 
to the mouth of Chester River are summarized in Table 2‐2. Those numbers are considered to be very 
conservative. 
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Table 2‐2: Surge levels (FEMA, 2014) 
Return Period 
(years) 

Elevation  
NAVD88 (ft)  

1*  3.2 
10  4.1 
25*  4.4 
50  4.6 
*By semi‐logarithmic 
interpolation 

2.2.3 Sea Level Rise 
Sea level rise was determined using the USACE’s Sea Level Change Curve Calculator (USACE, 2015) for 
the NOAA station 8575512, Annapolis (38° 59' N, 76° 28.9' W), which is the closest available station 
to  the site. The calculated sea  level  rise curves  for each scenario  is shown  in Table 2‐3. Here,  the 
adopted scenario was NOAA Intermediate (Int) High where sea level rise after a design‐life of 15 years 
(in 2030) was 0.75 ft (or approximately 0.23m). 

Table 2‐3: Sea level rise scenarios (USACE Curve Calculator) 
  Sea level rise (ft) by scenario 

Year    USACE Low/ 
NOAA Low 

USACE Int/ 
NOAA Int Low 

NOAA Int 
High 

USACE 
High 

NOAA 
High 

2015  0.20  0.23  0.33  0.39  0.46 
2020  0.23  0.30  0.46  0.52  0.66 
2025  0.30  0.39  0.59  0.69  0.85 
2030  0.36  0.49  0.75  0.89  1.08 
2035  0.39  0.56  0.92  1.08  1.35 
2040  0.46  0.66  1.12  1.31  1.64 
2045  0.52  0.75  1.31  1.54  1.94 
2050  0.56  0.85  1.54  1.80  2.30 
2055  0.62  0.98  1.74  2.10  2.66 
2060  0.69  1.08  2.00  2.40  3.05 
2065  0.72  1.21  2.26  2.69  3.44 
2070  0.79  1.31  2.53  3.05  3.90 
2075  0.85  1.44  2.82  3.38  4.36 
2080  0.89  1.57  3.12  3.77  4.86 
2085  0.95  1.71  3.41  4.17  5.38 
2090  1.02  1.87  3.74  4.56  5.91 
2095  1.05  2.00  4.10  4.99  6.46 
2100  1.12  2.13  4.43  5.45  7.05 
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2.2.4 Extreme Water Level 
The extreme water level is taken as the algebraic sum of the surge level and estimated sea level rise 
using  the NAVD  elevation  as  the  tidal  base.  The  1‐yr,  25‐yr,  and  50‐yr  extreme water  levels  are 
summarized below. 

Table 2‐4: Extreme water level 
Return Period 
(years) 

Elevation  
NAVD88 (ft) 

1  3.95 
25  5.15 
50  5.35 

2.3 Winds 

2.3.1 Wind Data 
The wind data was obtained from two stations, the locations of which are shown in Figure 2‐2, below. 
Station TPLM2 (38.899N, 76.436W) is maintained by the National Data Buoy Center with data from 
1985  to  2013  and  Station  44043  (39.152N,  76.391W)  is  maintained  by  the  Chesapeake  Bay 
Interpretative Buoy System with data from 2007 to 2013. 

 
Figure 2‐2:  Wind Data Sources 

The two wind resource data show similarity, Figure 2‐3 shows an example of the wind rose data taken 
at Station 44043 from 2007 to 2013. Based on the data, the predominant winds are from the north, 
northwest, and south, and south‐southwest. 
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Figure 2‐3:  Station 44043 Wind Rose (2007‐2013) 

 

2.3.2 Extreme Winds 
For the extreme wind conditions, an extreme value analysis (EVA) using the MIKE21 EVA module (DHI, 
2014a). Two different methods of EVA are available in the DHI EVA module:  the Annual Maximum 
Series (AMS) method, and the Peaks‐Over‐Threshold (POT) method. The POT method was used in this 
study as it provides the flexibility of having a relatively large number of data in a sample by varying 
the threshold value and thus generates estimates with better “goodness‐of‐fit” statistics. A varying 
threshold  guided by  a  target data point  (event) density of 2‐3 per  year of data  record wherever 
possible was used, while a minimum time interval of 48 hours between successive peaks was used to 
ensure  independence  of  events,  i.e.,  at most  one  data  point  (the  highest) within  each  duration 
window.  

Both omni‐directional and directional EVAs were performed  for  the wind data. For  the directional 
EVA, the wind time‐series were first partitioned into directional sectors of 22.5˚ bins by wind direction. 
The univariate extremes analysis for each direction was then performed using the POT method. The 
reliability of the extreme analysis for each sector depends on the number of data points available in 
that sector, and deteriorates with decreasing frequency of occurrence (i.e., higher return periods). 

The extreme value analysis (EVA) was performed for the TPLM2 wind data, which has a longer length 
of  data.  The  EVA  produces  1‐year,  2‐year,  5‐year,  10‐year,  25‐year  and  50‐year  wind  speeds. 
Correlations of  the wind data between TPLM2 and 44043 were  conducted using  concurrent data 
(2007 ‐2013) via regression. This combined approach effectively lengthens the data length of 44043, 
which  is  deemed  representative  of wind  conditions  experienced  at  the  site.  The  resulting  omni‐
direction and directional winds after application of the correlations are summarized in Table 2‐5.  
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Table 2‐5:  Extreme Wind Speed at TPLM2 (correlated with 44043) 

Return 

Period 
(yrs.) 

Wind Speed (mph) 

Omni  N  NNE  NE  ENE  E  ESE  SE  SSE  S  SSW  SW  WSW  W  WNW  NW  NNW 

1  36.8  29.8  30.4  27.0  25.1  25.2  21.7  26.0  31.2  25.3  24.2  30.6  33.4  31.6  28.6  25.3  24.2 

2  38.9  32.2  33.3  29.7  28.2  28.1  23.6  29.1  33.4  27.2  26.2  32.8  35.5  33.4  30.4  27.2  26.2 

5  41.8  35.7  37.4  33.4  32.3  31.9  26.5  33.4  36.5  29.5  28.9  35.6  38.3  36.1  33.0  29.5  28.9 

10  44.3  38.4  40.8  36.1  35.3  34.9  28.9  36.9  39.0  31.4  30.9  37.6  40.4  38.2  35.0  31.4  30.9 

25  47.8  42.4  45.7  39.8  39.3  38.8  32.5  42.0  42.5  33.9  33.4  40.2  43.3  41.2  38.0  33.9  33.4 

50  50.7  45.7  49.8  42.7  42.3  41.7  35.6  46.3  45.3  36.0  35.4  42.2  45.4  43.6  40.5  36.0  35.4 

 

The 1‐year, 25‐year and 50‐year wind speeds were used for wind‐wave hindcast study as discussed in the Section 3.4. 
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2.3.3 Representative Wind Storm Profile 
 

For the storm current and beach stability model, a 25‐yr storm wind profile for a duration of 
65hr was  applied.  This  storm wind  profile was  developed  by  selecting  and  overlaying  6 
historical storm profiles from the wind data, which are normalized by their respective peak 
wind speeds. The averaged profile is calculated and is shown in Figure 2‐4 where the peak 
wind speed  is considered to persist for 1 hr. For modelling applications,  it  is scaled by the 
respective directional  25‐yr wind  speeds.  The  resulting  storm wind profile  for  the NW  is 
shown in Figure 2‐5 as an example. 

 

Figure 2‐4: Representative Storm Wind Profile with the sustained peak of one hour (the normalized 
wind speed is with respective to the respective peaks of the six storm profiles used). 

 

Figure 2‐5: Storm Wind Profile, 25yr return period, NW directional sector 

2.4 Topographic and Bathymetric Data 

A hydrographic survey was conducted by Greeman‐Pedersen, Inc. (GPI) on the 17 and 18 of 
December 2014 within the project Study Area using RTK/GPS and a digital single‐beam eco‐
sounder. The topographic survey of the Study Area was flown by GPI on 22 November 2014. 
The survey data is relative to NAVD 88. Horizontal positioning is expressed in feet and 
references the North American Datum of 1983, Maryland State Plane (Feet). Elevations are 
expressed in feet. A depiction of this survey is provided in Appendix C.3. 
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The combined topographic and bathymetric survey, provided by GPI, was incorporated into 
the modelling. Additional offshore bathymetric data was obtained from the Chesapeake Bay 
digital elevation model (DEM), one of NOAA’s Estuarine Bathymetric Data Sets. It was created 
from hydrographic  survey  soundings  collected by NOAA  (1998). Elevations are  relative  to 
MLLW and are expressed in meters. It has a 30m by 30m data spacing and, in general, covers 
Chesapeake Bay to  its entrance to the Atlantic Ocean. Other bathymetric LiDAR sets were 
collected but not included in the modelling and design due to their lack of coverage at the 
site location. This includes those from NOAA’s Tsunami Inundation 10m resolution DEMs. The 
first  collected, Ocean City DEM  (2009), only  covered  the area  surrounding Ocean City on 
Maryland’s Atlantic Coast, and the second, Virginia Beach (2007), only partially covered the 
lower portion of the Chesapeake Bay. State LiDAR data sets were limited to topographic data. 

2.5 Sediment Data 

A subsurface geotechnical investigation was performed from January 20 to January 23, 
2015, and consisted of advancing a total of nine shallow soil borings along the critical 
segments of the shoreline, where erosion has occurred. Froehling & Robertson, Inc. (F&R) 
assisted CH2M HILL in conducting this field investigation.  The field investigation was 
supervised by a CH2M HILL Geotechnical Engineer. The locations of the boreholes are 
shown in Figure 2‐6. Results for each borehole are provided in Appendix D. This data was 
used for the cross‐shore profile change modelling described in Section 6 as well as for 
design. 

 
Figure 2‐6: Location of boreholes 
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3. Wave Transformation Modeling 

3.1 Introduction 

Wave modelling was performed to determine the characteristics of the nearshore wave conditions. 
MIKE 21 SW FM (DHI, 2014b) is used to simulate the propagation and transformation of the offshore 
waves  into  shallow  waters. MIKE  21  SW  FM  is  a  wind‐wave model  that  describes  the  growth, 
propagation and decay of short‐period and short‐crested waves in nearshore areas. The model takes 
into account the effects of refraction and shoaling due to varying depth, local wind generation and 
energy dissipation due to bottom friction and wave breaking. The model  is a quasi‐stationary, fully 
spectral  parametric model,  and  the  effect  of  current  is  taken  into  account  by  deriving  the  basic 
equations in the model from the conservation equation for the spectral wave action density. The basic 
equations are solved using an Eulerian finite difference technique. 

3.2 Model Setup 

The model domain used 
in  this  study  extends 
from  the  Chesapeake 
Bay’s  entrance  to  the 
Atlantic  Ocean.  As 
discussed in Section 2.4 
the  model  bathymetry 
is  comprised  water 
depth information from 
the  site  survey,  and 
both  the  MIKE  C‐MAP 
(MIKE  by  DHI,  2012) 
and NOAA database for 
the  areas  offshore.  A 
two‐dimensional 
flexible  meshgrid 
represents  the  project 
area  with  81360 
elements  and  50570 
nodes.    The  resolution 
of  elements 
progressively  increases 
shoreward as shown  in 
Figure  3‐1.  The  wave 
model  has  one  type  of 
boundary,  the  closed 
boundary.   The  shoreline boundary  is  land which  is  regarded as a  closed boundary.   The 
entrance  to  the  Chesapeake  Bay  from  the  Atlantic  Ocean  is  also  considered  a  closed 
boundary. This means that no waves can enter the model domain through this boundary and 

Figure 3‐1: Wave transformation model domain with computational mesh 
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the outgoing waves are fully absorbed in this boundary. A uniform wind field was applied to 
the model using the measured wind data at Station 44043 (Figure 2‐2). 

3.3 Model Calibration 

The wave transformation simulations were made using the directionally decoupled, quasi‐
stationary mode. The quasi‐stationary formulation calculates a steady state solution for each 
time  step  where  time  is  removed  as  an  independent  variable  since  the  sea  states  are 
independent of each other. 

The model  has  several  adjustable  parameters  that  have  been  adopted  such  as  bottom 
friction, wave breaking and wind wave growth using the Shore Protection Manual (SPM84) 
equations. These parameters were calibrated for Station 44043, a location near the project 
site (Figure 2‐2). The data includes a time series of significant wave heights (Hm0), peak wave 
periods (Tp), and mean wave direction (MWD). For calibration and verification purposes, two 
periods where storms occurred were identified. The resulting calibration parameters based 
on the best fit with measurement were used in the wave transformation modeling. 

Table 3‐1: Wave transformation model parameters 
Model Parameter  Parameter Value 

Wave Equations  Directionally decoupled, quasi‐
stationary 

Spectral discretization 36 (10°discretization) sectors 
Wave breaking  α = 0.8 

γ = 1.0 
γ (steepness) = 5 

Bottom friction 
(Nikuradse 
roughness) 

kN = 0.004m 

Wind generation  SPM84 
Water level  MSL = +0.25m MLLW 

 

The results of the model simulations for significant wave height and peak wave period are 
shown in Figure 3‐2. A summary of statistical parameters is also presented below in Table 3‐
2. Wave heights and periods  fit  reasonably well  to  the observations  for  the defined  time 
period.  The  average  root  mean  square  error  (RMSE)  for  the  significant  wave  height 
comparisons is 0.08m whereas it is 0.45s for the peak wave period comparisons. As there was 
no mean wave direction  information at Station 44043,  the  comparison of wave direction 
could not be made. 
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Table 3‐2: Statistical summary of the modelled versus measured data during wave transformation 
model calibration and verification 

  Significant Wave Height, 
Hm0 (m) 

Peak Wave Period, Tp (s) 

Parameters  Calibration 
Period 

Verification 
Period 

Calibration 
Period 

Verification 
Period 

Period  2/28/2013 
– 3/5/2013 

3/5/2013 – 
3/10/2013 

2/28/2013 – 
3/5/2013 

3/5/2013 – 
3/10/2013 

Measured 
Mean 

0.44  0.41  2.47  2.40 

Modelled 
Mean 

0.40  0.38  2.72  2.52 

Bias  ‐0.03  ‐0.03  0.26  0.18 
RMSE  0.06  0.08  0.34  0.45 
Correlation 
Coefficient 

0.88  0.88  0.73  0.64 



  42 
COPYRIGHT 2015 BY CH2M HILL, Inc. 

          

Figure 3‐2: Spectral wave model calibration (left) and verification (right) results for significant wave height (top) and peak wave period (bottom) 
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3.4 Extreme Waves 

For  the  extreme wave  runs,  the  calibrated wave  transformation model was  applied  to derive  the 
required design wave parameters for the sixteen direction sectors (N to NNW in 22.5° directional bins 
going clockwise).  

The extreme wave climates were run for 1, 25, and 50‐year return periods. For each direction, the wind 
extreme was applied, based on the EVA results listed in Table 2‐5. The extreme conditions utilized the 
design water levels presented in Table 2‐4. In addition a set at MHHW was run for the 25‐year return 
period. 

The maximum significant wave heights were extracted for each return period near the shoreline at 12 
locations. This maximum refers to the maximum of the significant wave heights across all 16 directional 
sectors at any given location. Values extracted at locations 1 through 12 and given in Table 3‐4 below. 
These 12  locations represented 12 shoreline segments of  interest. Plots of the maximum significant 
wave height with an overlay of the locations of the specified points is given for the 1‐yr and 50‐yr return 
period in Attachment A. Those the 25‐yr waves at EWL and MHHW are given below. 

 

Figure 3‐3:  Maximum significant wave height, 25‐yr return period around site areas at extreme water level; 

numerals indicating shoreline segments 1‐12 
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Figure 3‐4:  Maximum significant wave height, 25‐yr return period around site areas at MHHW; numerals 

indicating shoreline segments 1‐12 

Table 3‐4: Maximum significant wave heights for 1‐yr, 25‐yr, and 50‐yr return periods at extreme water 
level at 12 locations 

Shoreline 
Segment 
Number 

Return Period  Water 
Depth 
(ft 

MLLW) 

Position (UTM 18N) 

1yr  25yr 50yr

Max Hm0 
(m) 

Max Hm0 
(m) 

Max Hm0 
(m) 

Position X  Position Y 

P1  0.59  0.79  0.83  ‐0.16  394662.90  4318814.90 
P2  0.49  0.69  0.73  ‐1.23  394787.69  4318558.44 
P3  0.39  0.56 0.60 0.75  395062.86  4318579.61

P4  0.48  0.69  0.76  ‐1.08  395311.57  4318494.94 
P5  0.29  0.50  0.56  ‐1.37  395189.86  4318746.30 
P6  0.35  0.51 0.56 ‐0.33  395232.19  4319116.72

P7  0.48  0.69  0.74  ‐1.14  395732.26  4318923.57 
P8  0.48  0.78  0.85  ‐1.16  396087.25  4318982.51 
P9  0.40  0.67 0.73 ‐0.36  395925.40  4319108.78

P10  0.46  0.74  0.81  ‐1.60  395912.91  4319271.76 
P11  0.45  0.74  0.81  ‐0.43  395785.91  4319405.54 
P12  0.46  0.74  0.81  ‐1.93  395504.82  4320131.98 

 
Further discussion regarding the 25‐yr waves at MHHW is provided in Section 5. 

Directional significant wave height plots were generated to better understand and identify 
the sites within the project scope that are affected by high wave intensity, and thus, high 
wave‐induced erosion potential. Three main directions were looked at, they being North 
(0°), South‐southeast (157.5°),  and Southwest (225°), which have the longest fetches 
relative to the site locations (Figure 3‐5 thru Figure 3‐7).  It is seen that when waves are 



        Final Concept Design Report  

 

  45 
COPYRIGHT 2015 BY CH2M HILL, Inc 

coming from the north, sites along the eastern side of the island are subject to larger waves, 
whereas when waves are approaching from the south‐southeast and southwest, sites along 
the southern and western sides of the island are subjected to larger waves.  

Figure 3‐5: Significant wave height (Hm0) from 0° direction (N), 25‐year return period at extreme water level; 

numerals indicating shoreline segments 1‐12 

 

 

 

 

(Remainder of page left blank) 
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Figure 3‐6: Significant wave height (Hm0) from 157.5° direction (SSE), 25‐year return period at 
extreme water level; numerals indicating shoreline segments 1‐12 

 
Figure 3‐7: Significant wave height (Hm0) from 225° direction (SW), 25‐year return period at extreme 
water level; numerals indicating shoreline segments 1‐12 

4. Hydrodynamic Modelling 

4.1 Introduction 

The hydrodynamic model was developed using the MIKE 21 Hydrodynamics (HD) FM module (MIKE by 
DHI,  2014b).    The  model  utilizes  a  flexible  mesh  (FM)  and  solves  the  two‐dimensional,  depth‐
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integrated,  shallow  water  equations  of  continuity  and  momentum.  The  equations  are  spatially 
discretized using a cell‐centered finite volume approach with triangular elements. 

4.2 Model Setup 

The model domain used in this study represents the existing conditions at the site. It is identical to that 
used in the wave transformation model (Figure 3‐1). The domain contains one open boundary at the 
entrance of the Chesapeake Bay to the Atlantic Ocean.  The model was driven by specified water levels 
applied  at  the  open  boundary.  These water  level  conditions were  extracted  from  NOAA  Station 
8638863 at the Chesapeake Bay Bridge Tunnel, Virginia (36° 58' N, 76° 6.8' W).  In addition, a uniform 
wind field using the measured wind data at Station 44043 was applied. 

4.3 Model Calibration 

Model calibration was done by comparing the modelled results to the water levels recorded at NOAA 
Station 8573364 located at Tolchester Beach, MD and the current speeds and directions recorded at 
the  ADCP  station,  CB1101.  The  primary  calibration  parameters  are  the  bottom  roughness 
(characterized using Manning M) and the drag coefficient (Cd) for the wind stress term while all other 
model parameters such as eddy viscosity were set to the default setting and values. 

Model calibration was done by comparing the modelled results to the water levels recorded at NOAA 
Station 8573364 located at Tolchester Beach, MD and the current speeds and directions recorded at 
the  ADCP  station,  CB1101.  The  primary  calibration  parameters  are  the  bottom  roughness 
(characterized using Manning M) and the drag coefficient (Cd) for the wind stress term while all other 
model parameters such as eddy viscosity were set to the default setting and values. A summary of the 
parameters are given in Table 4‐1. 

Table 4‐1: Flow model parameters 
Model Parameter  Parameter Value 

Time step interval  10 min 

Boundary Conditions  NOAA Station 8638863 at Chesapeake Bay Bridge 
Tunnel, Virginia (36° 58' N, 76° 6.8' W) 

Bed resistance  Manning = 70 m1/3/s 

Drag coefficient  Varies as a step function such that cd = 0.001255 
for wind speed below 7m/s and linearly varying to 
cd = 0.0026 up to a wind speed of 25m/s and 
thereafter remaining constant at that value  

Eddy viscosity  0.28  (Smagorinsky formula) 
 

Several quality indices for comparing the modelled and measured water levels and currents 
were computed and summarized in Table 4‐2. 
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Table 4‐2: Statistical summary of modelled versus measured data during flow model calibration and 
verification 

  Current 

Speed 
(m/s) 

Current 

Direction (°N) 
Water Level 

(m) 

Period  2/3/2013 – 
3/3/2013 

2/3/2013 – 
3/3/2013 

3/3/2013 – 
3/31/2013 

Measured Mean  0.20  ‐   ‐0.33 
Modelled Mean  0.15  ‐   0.01 
Bias  ‐0.04  ‐   0.74 
RMSE  0.08  76.82  0.32 
Correlation 

Coefficient 

0.64  0.71  0.97 

Scatter Index  0.42  0.50  ‐2.28 
 

4.4 Extreme Currents 

For the extreme current simulations the calibrated hydrodynamic model was applied to determine the 
flows for all direction sectors  in 22.5° bins. For each direction the corresponding wind extreme was 
applied, based on the EVA results listed in Table 2‐5. The extreme currents were run for the 25‐year 
return period. For these runs, the water level was set at the mean sea level condition. Table 4‐3 and 
Figure 4‐1 present these results with current velocities extracted at 24 points along the 12 shoreline 
segments.  

Table 4‐3: 25‐yr peak storm current speeds 
Shoreline 
Segment 

Point ID  Peak 25yr 
current speed 

(m/s)

1  24  0.24 
2  23  0.79 
3  21  0.23 
4  20  0.60 
5  17  0.31 
6  16  0.34 
7 14 0.32

8  11  0.12 
9  10  0.16 
10  9  0.50 
11  7  0.37 
12  3  0.50 
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Figure 4‐1: 25‐yr storm peak current speed at mean sea level ( Red square point and its value marked 
nearby) 

Following comments  from USFWS on  the data presented during  the 18 February 2015 preliminary 
findings discussion, the currents around Shoreline Segment 8 (Hail Point) were studied more closely 
and it was noted that there were relatively high intensities of current flow between the two narrow 
gaps that have severed Shoreline Segment 8 from the island (Figure 4‐2). As a result, it is expected that 
these gaps will widen over time, requiring the prioritized protection of Shoreline Segments 7 and 9, 
and the retreat from Shoreline Segment 8.  Additionally, the cost of the increased shoreline protection 
for Shoreline Segment 8 does not appear to be commensurate with its status as being a USFWS non‐
high  priority  area.  Thus,  as  a  consequence  of  funding  it  appears  reasonable  to  forego  Shoreline 
Segment 8 and instead to focus attention on protecting Shoreline Segments 7 and 9.  Further modelling 
was performed assessing the effect the loss of Shoreline Segment 8 would have on the surrounding 
area.  These comparisons are provided in the following section (Section 5). 
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Figure 4‐2: Snapshot of current vector indicating two flow gaps (red ellipses) at Shoreline Segment 8 
between Shoreline Segments 7 to 9 based on the present condition 

 

5. Removal of Hail Point, Segment 8 

As described above, additional modelling was performed in the vicinity of shoreline segments 7, 8 and 
9 by  rerunning  the  storm wave and current  scenarios with and without Shoreline Segment 8. The 
results are shown  in Figure 5‐1  for the peak wave and storm current conditions, with and without 
Shoreline Segment 8,  respectively. Maximum significant wave heights were extracted along  the 12 
shoreline  segments and were compared with  those  from  the original  results  (Table 5‐1). Tables of 
directional significant wave heights for the original and updated models are provided Attachment B. 
Based on the rerun modelling,  it  is found that the wave heights  increased approximately 20‐35%  in 
Shoreline Segments 7 and 9 in the absence of Shoreline Segment 8. 
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Figure 5‐1: Comparison of the distribution of 25yr significant wave height before (top) and after 
(bottom) the removal of Shoreline Segment 8.   Note the increased proximity of the significant wave 
height near Shoreline Segments 7 and 9 that will need to be taken into account during the project 
design. 
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Table 5‐1: Comparison of 25‐yr significant wave height before and after removal of Shoreline Segment 8 

   Original ‐ 25yr MHHW Shoreline Segment 8  removal ‐ 25yr MHHW Difference

  

Max Hm0  

(m) 
Tp (s)  MWD 

(°N) 

Elev 

(mMLLW)

WDIR 

(°N) 

Max Hm0 

(m) 

Tp (s)  MWD 

(°N) 

Elev 

(mMLLW)

WDIR 

(°N) 

Hm0 diff./
Original  

(%) 

P1  0.24  2.37  240.1  ‐0.05  270.0  0.21  2.48  247.4  0.06  292.5  ‐12 
P2  0.29  2.82  248.1  ‐0.38  292.5  0.30  2.30  222.3  ‐0.38  225.0  4 
P3  0.13  2.52  237.2 0.23 315.0 0.13 2.79  242.5 0.23 315.0 4

P4  0.40  2.48  127.7  ‐0.33  135.0  0.41  2.49  125.7  ‐0.31  135.0  3 
P5  0.32  2.36  106.1  ‐0.42  135.0  0.31  2.38  104.2  ‐0.32  135.0  3 
P6  0.22  2.13  174.3  ‐0.10  157.5  0.22  2.13  174.9  ‐0.10  157.5  0 
P7  0.27  2.39  165.1  ‐0.35  157.5  0.36  2.42  137.5  ‐0.50  135.0  34 
P8  0.38  2.84  17.3  ‐0.35  22.5  0.62  2.53  132.9  ‐1.16  135.0  63 
P9  0.29  2.78  42.0  ‐0.11  22.5  0.34  2.35  87.3  ‐0.21  90.0  17 
P10  0.48  2.89  41.2 ‐0.49 22.5 0.49 2.89  41.9 ‐0.54 22.5 2

P11  0.32  2.74  46.1  ‐0.13  22.5  0.28  2.71  53.8  ‐0.04  22.5  ‐12 
P12  0.51  2.87  42.5  ‐0.59  22.5  0.50  2.86  42.5  ‐0.59  22.5  ‐1 
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Changes  in the storm current due to the absence of Shoreline Segment 8 were also analyzed and a 
comparison of the distribution of 25yr peak storm current before and after the removal of Shoreline 
Segment 8  is shown  in Figure 5‐2, on the following page. It  is seen that the peak storm current has 
doubled  in some parts of Segments 7 and 9  in the absence of Shoreline Segment 8. In addition, the 
area of increase in peak storm current speed extends further in the SE direction to impact Shoreline 
Segment 4. However, it is expected that this increase in current flow intensity can be accommodated 
by the associated level of proposed shoreline protection at Shoreline Segment 4. 

In summary, since Hail Point  (Shoreline Segment 8)  is already severed  from the main  island at two 
locations and would  require an extensive amount of armoring,  it appears more cost effective and 
beneficial  to  forego  Shoreline  Segment  8  and  instead  to  focus  attention  on  protecting  Shoreline 
Segments 7 and 9. 

 

 

 

 

 

(Remainder of page left blank) 
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Figure 5‐2: Comparison of the distribution of 25yr peak storm current before (top) and after (bottom) 
the removal of Shoreline Segment 8 (Note the increased areas of high current intensity (orange/red) 
at Shoreline Segments 7/9 and 4) 
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6. Storm-Induced Profile Response Modelling 

6.1 Introduction 

The  SBEACH model  is  a  cross‐shore profile  evolution model developed by USACE  in  late  eighties 
(Larson and Kraus, 1989). The model is empirically‐based and was first developed from a large data 
set of net cross–shore sand transport rates and geomorphic change observed in large wave tanks, and 
then  verified  using  high‐quality  field  data.    SBEACH  simulates  profile  change.  Since  it  is  a  two‐
dimensional model,  it should only be applied  if  longshore gradients  in  transport processes can be 
neglected.   Breaking waves and changing water  level are the major driving agents  in SBEACH that 
produce sediment transport and beach profile change. 

6.2 Model Setup 

Cross‐shore profile change modelling was performed for several transects located in along shoreline 
segments  subject  to  the  highest  severity  of  erosion,  determined  by  the  wave  transformation 
modelling and hydrodynamic modelling described above. The location of these profiles, B, C, and D 
are shown below (Figure 6‐1). They start onshore and extend to the considered depth of closure of ‐
3.6m MLLW. 

Maximum significant waves were extracted at these offshore  locations for the 25‐yr wind extreme 
hindcast performed at MHHW. The maximum significant wave height along with the corresponding 
25‐yr wind and direction from which this wave height is generated is shown below (Table 6‐1). 

Table 6‐1: Cross‐shore profile change modelling wind/wave conditions 
Profile  UTM 18N (m)  WDIR 

(°N) 
25yr Wind 
Speed 
(mph) 

Max 
Hm0 (m) 

Tp  
(s) 

MWD 
(°N) Offshore 

X 
Offshore Y 

B  394374.26  4317481.11  135  44.1  0.67  2.62  135.1 

C  396308.91  4319490.70  22.5  47.9  0.68  2.81  25.9 
D  394020.33  4317598.90  135  44.1  0.67  2.67  135.1 

 

The representative wind storm profile, shown  in   Figure 2‐4 was scaled  to  the 25yr extreme wind 
speed  for  each  of  the  approximately  shore  normal  directions,  22.5°N  and  135°N.  The  wave 
transformation model was used to generate a wave time series at each of the offshore extraction 
locations based on this storm wind profile. A time series of wave heights, periods, and directions, is a 
required input of SBEACH. For conservativeness, however, it was assumed that the waves approach 
at a shore‐normal direction. The water level was set at MHHW. 

Sediment  data  for  the modelling was  collected  from  the  lab  testing  of  the  surficial  layer  of  the 
geotechnical boreholes, described in Section 2.5 above. An overlay of the locations of the boreholes 
and the selected profiles is given below in Figure 6‐1. A summary of the data collected from the lab 
tests for the bore holes near each profile line is also given in Table 6‐2. Missing is the soil data near 
Profile C  and  Profile D. Because of  this  gap, mean  particle  sizes were  estimated based on other 
samples with similar descriptions and soil classifications.  It was estimated  that  these samples had 
mean particle sizes of 0.10mm. 
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Table 6‐2: Summary of sediment data for SBEACH modelling 
Profile  Bore 

Hole 
Description  Type  d50 

(mm) 

B  5  Dark brown, PEAT, contains 
vegetation roots and shell 
fragments 

PT  0.08 

C  6  Brown, SILT, trace fine sand  ML  0.10* 
D  9  Dark brown, PEAT, contains 

vegetation roots and shell 
fragments 

PT  0.10* 

* Estimated based on similarly described soil samples 

 

Figure 6‐1: Location of Bore Holes (in red) and Design Profiles 

The SBEACH Manual  indicates that “consideration  is  limited to sediment  in the sand range of grain 
size (particle diameters in the range of 0.062 ‐ 2.00 mm) (Larson and Kraus, 1989). Figure 6‐2 shows 
the results of sediment sieve analysis at various borehole locations shown in Figure 6‐1. The amount 
of sand‐sized sediments defined within the sediment size range (vertical red lines) shown in  ranges 
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from 44% to 72%. Therefore, it is considered reasonable to apply SBEACH to estimate the shoreline 
change in the cross‐shore direction during a 25yr storm event.  

Although this is not a real sand‐beach shoreline, the model is still considered as an appropriate tool 
for this project. 

 

Figure 6‐2: Comparison of the validity range of SBEACH and the results of sediment sieve analysis by 
boreholes 

6.3 Results 

The results for the four profiles, B, C, and D are shown in Figure 6‐3 thru Figure 6‐5. In the results, the 
initial profile is the profile extracted from the available bathymetry and the final profile is the profile 
following  impact  by  one  25‐yr  representative  storm without  any  protection.  Also  provided  is  a 
summary of the sediment volumes deposited offshore following this representative storm event. 

From the study results, it was found that after a single 25‐yr representative storm event as much as 
59 ft3/ft shore material (sand) could be eroded to offshore areas if there is no protection. 
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Figure 6‐3:  Initial and  final Profile B  following 25‐yr  return period  representative  storm  (black  lines  indicate 

between which volume is calculated for Table 6‐2) 

 

Figure 6‐4:  Initial and  final Profile C  following 25‐yr  return period  representative  storm  (black  lines  indicate 

between which volume is calculated for Table 6‐2) 
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Figure 6‐5:  Initial and  final Profile D  following 25‐yr  return period  representative  storm  (black  lines  indicate 

between which volume is calculated for Table 6‐2) 

Table 6‐2: Sediment volume deposition seaward of shoreline Profiles B, C, and D following 25‐yr 
representative storm 

Profile Volumes (ft3/ft) 

Profile B  46.9 

Profile C  58.4 

Profile D  59.1 

 

Conclusions 

The results of the wave transformation and hydrodynamic modelling was used to identify areas of the 
shoreline subject to high levels of erosion. These results also provided the inputs needed for the cross‐
shore profile change modelling and the conditions to control structure design. 
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Attachment A (to Appendix E) – Peak Hm0 Plots 

Figure A‐1:  Maximum significant wave height, 1‐yr return period around site areas at extreme water level; 

numerals indicating shoreline segments 1‐12 

 

 

Figure A‐2:  Maximum significant wave height, 50‐yr return period around site areas at extreme water level; 

numerals indicating shoreline segments 1‐12 
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Attachment B (to Appendix E) - Directional Hm0 

Table B‐1: 25‐yr directional maximum significant wave heights along 12 shoreline segments with 
Shoreline Segment 8 (maximums for each shoreline segment in red)  
  
WDIR (°N) 

Max Hm0 (m) 
1  2  3  4  5  6  7  8  9  10  11  12 

0  0.21  0.25  0.12  0.26 0.24 0.18 0.17 0.37 0.28 0.45  0.31  0.46 
22.5  0.20  0.24  0.12  0.27 0.26 0.18 0.19 0.38 0.29 0.48  0.32  0.51

45  0.15  0.19  0.11  0.28 0.24 0.15 0.18 0.36 0.28 0.45  0.31  0.48 
67.5  0.12  0.17  0.09  0.32 0.26 0.17 0.21 0.36 0.28 0.45  0.31  0.47 
90  0.14  0.19  0.09  0.35 0.28 0.19 0.24 0.34 0.27 0.42  0.31  0.45 

112.5  0.15  0.20  0.10  0.34 0.26 0.19 0.24 0.30 0.25 0.34  0.29  0.37

135  0.19  0.24  0.11  0.40 0.32 0.22 0.27 0.31 0.25 0.37  0.29  0.41

157.5  0.21  0.25  0.12  0.39 0.30 0.22 0.27 0.28 0.23 0.30  0.27  0.35 
180  0.23  0.27  0.12  0.36 0.23 0.21 0.26 0.23 0.18 0.21  0.21  0.24 
202.5  0.23  0.28  0.12  0.33 0.18 0.20 0.26 0.20 0.15 0.16  0.16  0.17 
225  0.23  0.28  0.12  0.29 0.13 0.18 0.24 0.17 0.12 0.13  0.13  0.12

247.5  0.23  0.28  0.12  0.26 0.12 0.17 0.22 0.14 0.10 0.13  0.12  0.12 
270  0.24  0.28  0.13  0.26 0.15 0.20 0.21 0.17 0.13 0.18  0.16  0.18 
292.5  0.24  0.29  0.13  0.25 0.18 0.21 0.19 0.25 0.20 0.24  0.21  0.24 
315  0.23  0.28  0.13  0.25 0.19 0.20 0.18 0.33 0.25 0.31  0.28  0.31

337.5  0.22  0.26  0.12  0.24 0.21 0.18 0.15 0.35 0.27 0.36  0.30  0.36 
Max  0.24  0.29  0.13  0.40 0.32 0.22 0.27 0.38 0.29 0.48  0.32  0.51 

Table B‐2: 25‐yr directional maximum significant wave heights along 12 shoreline segments without 
Shoreline Segment 8 (maximums for each shoreline segment in red)  
  
WDIR (°N) 

Max Hm0 (m) 
1  2  3  4 5 6 7 8 9 10  11  12

0  0.20  0.26  0.13  0.29 0.25 0.19 0.22 0.53 0.33 0.46  0.28  0.45

22.5  0.19  0.25  0.12  0.33 0.27 0.19 0.26 0.61 0.34 0.49  0.28  0.50 
45  0.15  0.20  0.11  0.35 0.26 0.17 0.29 0.56 0.34 0.47  0.28  0.48 
67.5  0.12  0.18  0.10  0.37 0.28 0.18 0.33 0.56 0.34 0.47  0.28  0.47 
90  0.13  0.21  0.10  0.39 0.29 0.19 0.35 0.56 0.34 0.45  0.27  0.45

112.5  0.14  0.23  0.10  0.37 0.26 0.19 0.34 0.46 0.33 0.40  0.26  0.37 
135  0.17  0.27  0.12  0.41 0.31 0.22 0.36 0.62 0.34 0.44  0.27  0.41 
157.5  0.19  0.28  0.12  0.40 0.29 0.22 0.35 0.61 0.34 0.42  0.27  0.36 
180  0.20  0.29  0.13  0.37 0.23 0.21 0.33 0.53 0.32 0.34  0.24  0.25

202.5  0.20  0.30  0.13  0.33 0.18 0.20 0.31 0.47 0.30 0.27  0.22  0.18 
225  0.21  0.30  0.13  0.29 0.13 0.18 0.28 0.38 0.26 0.20  0.17  0.13 
247.5  0.21  0.29  0.13  0.26 0.12 0.17 0.25 0.31 0.22 0.18  0.15  0.12 
270  0.21  0.30  0.13  0.25 0.15 0.20 0.23 0.30 0.22 0.21  0.17  0.18 
292.5  0.21  0.30  0.14  0.26 0.18 0.21 0.20 0.32 0.24 0.25  0.21  0.24

315  0.21  0.29  0.14  0.26 0.21 0.20 0.20 0.37 0.30 0.32  0.25  0.31 
337.5  0.20  0.27  0.13  0.26 0.21 0.19 0.19 0.41 0.31 0.36  0.26  0.36 
Max  0.21  0.30  0.14  0.41 0.31 0.22 0.36 0.62 0.34 0.49  0.28  0.50 
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Appendix F – Conceptual Design Attachments 

F-1: Design Alternatives  

The following design alternative descriptions were obtained from a summary by Duhring (2006) and 
from Maryland Department of  the Environment guidelines  (2008), with clarifications and additions 
made based on the professional knowledge and experience of team members.   

Nonstructural Design - Riparian Vegetation Management 

Activities  to enhance  the density or species diversity of  stabilizing bank vegetation are  referred  to 
collectively  as  riparian  vegetation  management.  These  actions  include  trimming  tree  branches 
overhanging  a  marsh  to  increase  sunlight,  selectively  choosing  desirable  plants  for  natural 
regeneration, or planting additional landscape material to increase cover or diversity. Using vegetation 
buffers  to  intercept  stormwater  runoff  from developed areas and controlling  invasive  species  that 
degrade habitat quality and  stabilization effectiveness are also  included. Most  tidal  shorelines are 
suitable for some type of riparian vegetation management and enhancement activities, except where 
upland riparian habitat is not present or is already occupied by a conflicting land use.  

Nonstructural Design - Beach Nourishment and Dune Restoration 

Beach nourishment is the addition of sand to a beach to raise its elevation and increase its width to 
enhance its ability to buffer the upland from wave action. Dune restoration is the process of reshaping 
and stabilizing a dune with appropriate plants usually after a beach nourishment event. Common plant 
species for Chesapeake Bay beaches and dunes  include Ammophila breviligulata, Panicum amarum, 

and Spartina patens. 

These actions are best suited for gently sloping, sandy beach shorelines with low erosion. Beach and 
bank erosion may still occur during storms. Periodic replenishment is usually needed to maintain the 
desired beach profile. This method may not provide sufficient protection where no beach currently 
exists or where tidal currents and wave action remove sand rapidly. 

Nonstructural Design - Tidal Marsh Enhancement 

Tidal marsh enhancement  includes adding new marsh plants to barren or sparsely vegetated marsh 
areas. Sand fill can be added to a marsh surface to maintain its position in the tide range or to increase 
its width  for more protection. Replacing marsh plants washed out during  storms also  fits  into  this 
category. Less mowing of wetland vegetation can also enhance the stabilizing and habitat features of 
a tidal marsh. 

Shorelines with existing marshes or where marshes are known to have occurred in the recent past may 
be suitable for this treatment. Water depth and the amount of sunlight available are key factors to 
consider. A wide, gently sloping intertidal area with minimal wave action also indicates suitability. 

Nonstructural Design - Tidal Marsh Creation 

Tidal marsh creation can be applied where a natural marsh does not exist. Non‐vegetated  intertidal 
areas can be converted to a tidal marsh by planting on the existing substrate. Because a wide marsh is 
needed  for  effective  stabilization,  this method  normally  requires  either  grading  the  riparian  area 
landward or filling channelward into the subtidal area for a wider intertidal zone. The plant species will 
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depend on the  local salinity range plus the depth and duration of tidal flooding. Two common tidal 
marsh grasses used for this purpose are Spartina alterniflora and S. patens.  

The most suitable shorelines for tidal marsh creation have wide, gradual slopes from the upland bank 
to  the  subtidal  waters,  a  sandy  substrate  without  anaerobic  conditions,  and  plenty  of  sunlight. 
Extensive tree removal in the riparian buffer just to create suitable growing conditions for a tidal marsh 
should be avoided, especially if the forested bank is relatively stable. Salt marsh plants have a limited 
tolerance for wave action. The wave climate and the frequency and size of boat wakes must also be 
considered. 

Nonstructural Design - Bank Grading 

Bank grading  is a  land disturbance activity  that physically alters  the  slope of a  shoreline  segment, 
particularly shorelines with near vertical slopes. A dense cover of deeply  rooted vegetation on  the 
graded bank acts as a buffer  for upland runoff and groundwater seepage. Stabilization  in the wave 
strike zone can be provided with dense vegetation on  the  lower portion of  the graded bank. Bank 
grading can also be combined with planted tidal marshes and beach nourishment. 

Low eroding banks with only partial or no vegetative cover are particularly suited for bank grading.  
Confining layers in the bank material and the transition to adjacent shorelines may dictate the extent 
of possible grading. Surface and groundwater management measures may be needed. 

Nonstructural Design - Fiber Logs/Coir Logs 

Fiber logs are also known as coir logs or biologs. These biodegradable logs come in a variety of sizes 
and grades  for different applications. They must be aggressively staked  into place to prevent them 
from being  lifted and moved by tidal currents and wave action. Fiber  logs are particularly useful to 
temporarily contain sand fill and reduce wave action at planted marsh sites. 

Fiber  logs decay  in  five years or  less. They may need to be replaced  if the planted marsh does not 
stabilize  before  the  logs  break  down.  They  have  also  been  placed  along  undercut  banks  where 
excessive shading prevents the growth of marsh vegetation. The effectiveness of using fiber  logs to 
reduce the undercutting effect of tidal currents and boat wakes  is still under  investigation, but  it  is 
assumed that they must be inspected regularly and replaced periodically. 

The non‐structural design options such as riparian vegetation control, tidal march enhancement, tidal 
marsh creation, beach nourishment and dune restoration might not be appropriate for the targeted 
shores due to the long wind fetches and other metocean condition constraints. The hybrid design or 
living shoreline options such as marsh  toe  revetment, marsh sill, marsh with groins, even offshore 
breakwater system, would be considered as key solutions in the current design.  

Hybrid Design Solution  

We evaluated the feasibility of using non‐structural stabilization methods that emphasize the use of 
dense wetland vegetation, bank grading, and/or fiber logs, but dismissed them as being ineffective in 
this environmental setting. While these approaches are clearly preferable in appropriate conditions, 
hybrid alternatives had to be considered because the high energy wave environment and rapid rate of 
shoreline erosion precludes their use on the current sites.  
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The hybrid type of  living shoreline design options can support habitat enhancement, restoration, or 
creation  while  also  addressing moderate  to  high  wave  climate  conditions  through  the  strategic 
placement of engineered structures. Important coastal processes are minimally disrupted by properly 
designed hybrid projects, particularly tidal exchange and sediment transport.  

Four potential hybrid design options were considered as described below.  

Hybrid Design  ‐ Marsh Toe Revetment 

Marsh toe revetments are low profile structures placed at the eroding edge of an existing tidal marsh. 
This approach  is also known as marsh edge stabilization. They are typically constructed with quarry 
stone.  If the structure height will exceed the mean high water elevation due to the expected wave 
height or  the  target  shoreline  requires  a  long  continuous  structure,  then  gaps may be needed  to 
facilitate tidal exchange. The most suitable sites for this treatment have existing tidal marshes wide 
enough  to provide upland erosion protection but with  an eroding edge  and a  trend  for  landward 
retreat. 

Hybrid Design  ‐ Marsh Sill 

Marsh toe revetments are low profile structures placed at the eroding edge of an existing tidal marsh. 
This approach is also known as marsh edge stabilization. 

Marsh sills are a similar  type of  low stone structure, but  they are used where no existing marsh  is 
present. Sills are usually  located near the  low tide  line, then backfilled with clean sand  to create a 
suitable elevation and slope for planted tidal marsh vegetation (Fig. 15). Like marsh toe revetments, 
the height of the sill should be near the mean high water elevation to minimize interruption of tidal 
exchange. 

 
Figure E‐1: A typcial cross‐section of Marsh Sill (from Duhring, 2006). 

Eroding banks without a tidal marsh present are candidate sites for marsh sills, particularly if marshes 
exist  in  the  general  vicinity. However,  the  physical  alterations  needed  to  create  suitable  planting 
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elevations and growing conditions should not require major disturbance to desirable shoreline habitats, 
such  as mature  forested  riparian  buffers  or  valuable  shallow water  habitats  (e.g.,  shellfish  beds, 
submerged aquatic vegetation). If bank grading is appropriate to create target slopes, then the bank 
material can possibly be used to backfill a marsh sill  if  it  is mostly coarse‐grained sand. Sand fill can 
also be imported from an upland source. 

Hybrid Design  ‐ Marsh with Groins (also known as Sand Containment Structures) 

Using short stone groins to support a planted marsh is a similar approach to a marsh sill, except these 
structures are placed perpendicular rather than parallel to the shoreline. The groins can be used to 
contain sand  fill within  the project site. This method  is suitable  for  lower energy shorelines where 
erosion of the unprotected marsh edge is expected to be minimal, while sills can be used where direct 
wave action and boat wakes need to be reduced. However, the potential effects on sediment transport 
and downdrift shorelines need to be considered.  This approach relies mostly on a wide tidal marsh to 
provide wave attenuation and erosion  reduction.   The structures are primarily needed  to  trap and 
contain sand moving along the shoreline to maintain the planted marshes.  This approach will not be 
as effective where the amount of sand moving along the shoreline is limited. 

 

Hybrid Design – Detached Breakwaters 

Breakwaters are  strategically placed offshore  to  intercept and decrease approaching wave energy.  
Sand moving along the shoreline or suspended in the water column may be deposited in the lee of the 
structures providing raised elevations for additional wave dampening.  Breakwaters may be used to 
protect harbors.   They are also used  for stabilizing erosion along upland sediment shorelines, sand 
beaches, marsh edges, or headlands.  In this type of application, the shoreline between breakwaters, 
or ‘pocket bays’ will gradually evolve and possibly retreat landward until a new state of ‘equilibrium’ 
is achieved.  This method can be effective to stabilize long shoreline sections where continuous marsh 
toe  revetments or marsh  sills would  result  in  significant habitat  loss, where  construction access  is 
limited by shallow nearshore water depths, and/or where other living shoreline alternatives would be 
cost‐prohibitive. 

Other Structural Design Solutions  

  Other traditional stabilization alternatives were also considered in case the hybrid type of living 
shoreline methods would not be robust enough to defend against a 25‐year return period storm at 
the project location.   

Hard Structure Design  ‐ Vertical  Bulkhead 

A vertical  bulkhead is often the most space‐efficient solution, but has two substantial disadvantages.  
The high level of wave reflection from such walls often lead to increased toe scour, even generic 
beach and intertidal wetland loss; and wave overtopping can be high (in mean discharge), and violent 
(individual volumes and velocities).   In this case, the eroding shoreline targeted for stabilization is a 
low tidal marsh scarp, not an upland bank so wave overtopping would be frequent.  For this reason 
and the potentially deleterious effects on the adjacent marsh and nearshore habitats, this option has 
not been assessed any further.   

Hard Structure Design  ‐  Sloped Revetment 
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  Sloped revetments are used in high energy settings where high risk reduction is necessary to protect 
adjacent property or infrastructure.  This risk reduction scenario is not present and there is no upland 
sediment bank to support this type of structure at the project location, so it is not appropriate 
compared with other solutions.   

These two alternatives were dismissed because they do not meet the purpose and need of the 
project. 

 

F-2: Slope and armor stability 

Slope ‐ Initially, CH2M Hill proposed a 1V:1H back slope for the marsh  headland breakwater which 
we deemed adequate for the structure stability. A milder slope of 1V:1.5H has been suggested by the 
project team based on prior experience, which would cost more; but be more beneficial from the 
perspective of structure stability. Thus, 1V:1.5H back slope will be adopted for the next revision of 
the design.    

Rock size ‐ The 25‐year return period Hm0 extracted from the wave numerical model is 2.5 feet. This 
wave height is extracted from the 0.0’‐1.0’MLLW line and represents the highest wave along the 
project shoreline.  Using Van der Meer’s formula for shallow water revetment design, the armor 
stone size was calculated to be W50=150lbs (100 lbs. ‐ 200 lbs.). Hudson formula SPM 1977 and 
Hudson formula SPM 1984 were also checked with non‐breaking wave assumption because of the 
mild bottom slope. 

Initially, as shown in the concept design sections in CH2M HILL’s presentation on 2/18/2015, the 150 
lbs. (D50=1 feet) stone marsh was recommended with its crest elevation +2.4’ MLLW. However, after 
the 2/18/2015 meeting, the marsh toe level has been relocated further offshore to the ‐3.0’ MLLW 
level as suggested by the project team to allow more than 2.5’ water depth for construction barge 
access. The 25‐year Hm0 that has been re‐extracted from the ‐2.5’~‐3.0’ MLLW is 2.9 feet.  For 
comparison, we used the Hudson formula to estimate the armor rock sizes, and the results are 
summarized in the tables below:  

Table E‐1: Rock armor design conditions 

 

Table E‐2: Armor size using SPM 1977 version by Hudson formula 

Items  Value  Notes 

Maximum significant wave height  2.9 feet  25‐year return period 
Wave peak period  3.8s   

Maximum design water level  +1.69’ (MLLW)  MHHW 
Marsh sill toe level  ‐2.3’ (MLLW)   
Marsh sill slope  1:1.5  (V:H) 

Minimum rock density  165 lb./ft3    
Sea water density  64 lb./ft3   

Rock type and placement  Angular  Randomly placed angular rock 
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Table E‐3: Armor size using SPM 1984 version by Hudson formula 

 

Table E‐4: Armor size using Van der Meer formula  

 

It is important to note the design wave heights are given in terms of the spectral definition of 
significant wave height Hm0 from numerical wave models and significant wave height Hs (or H1/3). In 
the design equations, the statistical definition, H1/3, is required.  The ratio of H1/3 / Hm0 of 1.0 was 
adopted in the design for the shallow water. 

Conclusion:   From three groups of formula calculation, SPM 1977 formula provided the W50 armor 
size of approximately 203 lbs., and the SPM 1984 provided the armor size of 729 lbs., because the 
wave condition is conservatively assumed to be depth‐limited breaking. The Van der Meer formula 
provided the W50 armor size of approximately 250 lbs. where the water depth relative to the wave 
height shall be deemed to be for “shallow water”.  

As discussed above, SPM 1984 formula introduce a considerable safety factor compared to the 
practice based on SPM 1977.  Since USFWS has indicated the preference for a bigger safety factor 
and the familiarity with the Hudson formula, the 1984 SPM Hudson formula will be used together 
with the breaking wave Kd=2.0. Therefore, a revised designed rock size of W50=800 lbs (D50=1.7ft) 

will be adopted for the concept design.   

Ice force and impacts must be considered for design of the living shoreline application. The average 
maximum  ice thickness within Chesapeake Bay  is 10‐12  inches (~1 feet) (Climatological Data). CIRIA 
(The  Rock  Manual,  2007)  has  following  guidelines  regarding  the  ice  impact  on  revetment  and 
breakwaters.  

 Ice occurs in many different formations: first year sheet ice, rafted ice, rubble ice, icebergs, 
small ice floes etc. The ice may fail in different modes: crushing, bending, buckling and 
shearing.  

 Ice interaction with rock revetment and breakwaters will generate several failure mode: edge 
failure, global active failure, total sliding failure and decapitation.  

 The primary armor layer thickness should be larger than the nominal ice thickness. 
 Below are the rules of thumb for design of revetment front slopes under ice impacts copied 

from Rock Manual (2007). The current designed armor rock has been checked with each 

  Breaking wave (Kd=3.5)   Non‐breaking (Kd=4.0) 

H=Hs=2.9 feet  W50=203 lbs.  W50=178 lbs. 

  Breaking wave (Kd=2.0)   Non‐breaking (Kd=4.0) 

H=H1/10=3.7 feet  W50=729 lbs.  W50=365 lbs. 

 
Deep water (Original Van der 

Meer formula 1988) 
Shallow water (modified  

Van der Meer formula 2004) 

H=Hs=2.9 feet  W50=178 lbs.  W50=248 lbs. 
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criterion. Thus, the D50=1.7 ft rock should be adequate to withstand the maximum ice that 
occurs at the project site.  

 

 

The general guideline is rock D50 is bigger than the ice thickness. In our case, the marsh sill is designed 
with  rock D50=1.7’, bigger  than  the 1’  ice  thickness. Thus  the newly proposed armor  stone  size of 
W50=800 lbs. will be adequate and conservatively meet the requirement of maximum ice force design.
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