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built to protect the existing eroding marsh (Figure 5-11).  The 
upper elevation of sand fill was set at +3.0 ft MLW and extended 
over the top of the eroding peat scarp. (Figure 5-12).  Placing 
the sand on top of the marsh was designed for two reasons.  
First, planting in the sand fill overtop the existing marsh created 
a smooth transition between the existing marsh and the planted 
marsh.  Second, SAV existed in the nearshore at the site.  To avoid 
placement of the structures on the SAV, the design called for the 
structures to be placed at or above existing MLW.  Designing the 
maximum elevation to occur slightly inland of the existing marsh 
scarp allowed the sand fill to extend on a 10:1 slope to about 
mean tide level at the back of the proposed stone sills (Figure 
5-12).  A 10:1 slope typically provides the optimum balance 
between upper and lower marsh creation at a site.  Core stone 
generally is placed in the center of the sill structure, but at this 
site, it was moved landward to help perch the sand behind the 
structure.  Once established the project will provide a gradually 
sloped marsh edge that is no longer retreating landward and will  
provide shore protection.

Construction Elements 

The project was bid by the Virginia Institute of Marine 
Science in November 2015 in accordance with Commonwealth 
guidelines.  The winning bid for $93,900 was to complete the 
Captain Sinclair Living Shoreline in accordance with the plans 
and specification.  Because the plants were planted by volunteers, 
they were not included in the bid cost.  To purchase the plants, 
fertilizer, stakes, and goose fencing cost an additional $1,700.  

Construction of the project began in January 2016 and 
was completed in February 2016 by Coastline Design and 
Construction, Inc. of Gloucester (Figure 5-13).  Adjustments had 
to be made during the construction process because the marsh 
was too wet for the machinery to travel across.  Logging mats had 
to be placed across the marsh and a smaller, lighter machine to 
transport the material from the stock pile to the shoreline had 
to be used.  Grasses were planted by Gloucester High School 
students in April/May 2016.  Approximately 3,200 sq ft of low 
marsh (Spartina alterniflora) and about 2,500 ft squared of high 
marsh (Spartina patens) were created (Table 5-2).

Table 5-2.  Habitat created and impacts for Captain Sinclair’s Recreational Area Living Shoreline project.

Figure 5-13.  Photos taken during construction 
at Captain Sinclair’s Recreational Area on 29 
Jan 2016.



57

In the year and a half since construction, the planted marshes have filled in behind the sills with a smooth 
transition into the natural marsh edge.  Although equipment access along the marsh edge was avoided, the 
recovery of pre-existing fauna (e.g. ribbed mussels) along the natural marsh edge is still in progress after sand 
fill disturbance  (Figure 5-10).  Other flora and fauna are using the living shoreline.  Oysters are growing on 
the rocks, SAV has colonized in the bays, and small fish have been observed using the shallow areas in the 
bay and near the rocks. 

5.3 Design Examples Summary
These design examples illustrate how effective living shoreline project designs for shore protection in 

Virginia’s estuarine environments start with an understanding of how the project shoreline has evolved in the 
past.  The present day hydrodynamic setting, recent storm impacts and storm surge levels, plus site-specific 
shoreline variables are then factored into project designs. Sustainable shore protection into the near future 
also requires forecasting sea level rise trends and expected responses of living habitats included in the design.  
The protection and creation of valuable natural resources and natural erosion buffers should be combined 
with property owner interests and land uses as part of the design alternatives analysis.  

Selecting the best living shoreline management strategy might involve just one or a combination of 
methods depending on the conditions identified during the development of a site-specific coastal profile.  
Early identification of the problems to be solved will help set realistic expectations for project construction 
sequencing and project changes over time, plus determine if and when a project is successful.  Long-term 
performance tracking of constructed projects in Virginia reveals the importance of considering stormwater 
runoff as well as the incoming wave climate during the design process.  Early considerations of regulatory 
requirements during the design process is also suggested.  There may be a temptation to let construction costs 
and expedited permit programs influence project designs, but achieving the original level of protection desired 
should not be discounted in the process.   

The case studies and design examples described in these guidelines demonstrate how a deliberate 
alternatives analysis, thoughtful construction sequence planning, ongoing monitoring and maintenance, plus 
patience on the part of landowners all contribute to successful and sustainable living shoreline project designs.  
It is true that living shoreline strategies might not be appropriate or feasible in some locations.  Yet recent 
evidence and project performance has proven that these approaches can and do provide long-term shore 
protection in many locations and situations while simultaneously providing larger-scale habitat and water 
quality co-benefits.
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7  Glossary
Armor Stone - Large, heavy rocks used to build sills, breakwaters, and revetments.

Benthic - relating to the bottom of a water body or to the organisms that live there.  The benthic region 
begins at the shoreline (intertidal zone) and extends downward along the bottom of the water body.

Erosion - The process of weathering and transport of solids (sediment, soil, rock and other particles) in the 
natural environment. 

Fetch - the distance along open water over which wind blows. 

Geomorphology - the scientific study of landforms (physical feature) and the processes that shape them.  
Geomorphologists seek to understand landform history and dynamics, and predict future changes through a 
combination of field observation, physical experiment, and numerical modeling.

Glacial Rebound – also called glacial isostatic adjustment is the flexing of the Earth’s crust in response to 
glacier formation and melting.  During the last ice age, the weight of the ice sheets that existed across the 
Northern United States pushed the land under them downward which created a bulge in areas south of the 
sheets.  The southern Chesapeake Bay was pushed upward during the last ice age, but as the glaciers melted, 
the Earth’s crust in the region began sinking.  This region is still sinking as other areas to the north are moving 
upward.  

Great Diurnal Tide Range - Also known as Spring Range.  The difference in height between mean higher 
high water and mean lower low water.

Herbaceous - having little or no woody tissue and persisting usually for a single growing season.

Hydrodynamics - the study of liquids in motion.  For this document, it typically refers to the effects of tides, 
storm surge, and waves on the shoreline.

Mean Higher High Water (MHHW) - The average of the higher high water height of each tidal day 
observed over the National Tidal Datum Epoch. 

Mean High Water (MHW) - The average of all the high water heights observed over the National Tidal 
Datum Epoch.

Mean Low Water (MLW) - The average of all the low water heights observed over the National Tidal Datum 
Epoch.

Mean Lower Low Water (MLLW) - The average of the lower low water height of each tidal day observed 
over the National Tidal Datum Epoch. 

Mean Tide Range - The difference between mean high and mean low water levels.

North American Vertical Datum 1988 - Known as NAVD88, it is the vertical control datum established for 
vertical control surveying in the United States of America.

Refraction - The process by which the direction of a wave moving in shallow water at an angle to the bottom 
contours is changed. The part of the wave moving shoreward in shallower water travels more slowly than that 
portion in deeper water, causing the wave to turn or bend to become parallel to the contours.

Riparian - anything connected with or immediately adjacent to the banks of a stream or other water body.

Sea Level - The average height of the water’s surface.
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VIMS Shoreline Best Management Practices:  http://www.vims.edu/ccrm/ccrmp/bmp/index.php 

VIMS Comprehensive Coastal Resource Management Portals:  http://www.vims.edu/ccrm/ccrmp/index.php 

NOAA Guidance for Considering the Use of Living Shorelines 2015:  http://www.habitat.noaa.gov/pdf/noaa_
guidance_for_considering_the_use_of_living_shorelines_2015.pdf

Commonwealth of Virginia Regulatory Agencies & Permit Process 
Local Wetlands Boards:  http://www.vims.edu/ccrm/wetlands_mgmt/lwb/index.php 

VA Marine Resources Commission (VMRC), Habitat Management Division:  http://www.mrc.state.va.us/hmac/
hmoverview.shtm  

VA Marine Resources Commission (VMRC) Permit Records:  https://webapps.mrc.virginia.gov/public/habitat/ 

U.S. Army Corps of Engineers (USACOE) Norfolk District Regulatory Branch:  http://www.nao.usace.army.mil/
Missions/Regulatory.aspx

Joint Permit Application:  http://www.nao.usace.army.mil/Missions/Regulatory/JPA.aspx 

VA Game and Inland Fisheries  (DGIF) - Fish & Wildlife Information Service:  http://vafwis.org/fwis/

VA Department of Historic Resources (DHR)  Division of Review & Compliance:  http://dhr.virginia.gov/review/
orc_home.html

VA Department of Health (VDH)  Division of Shellfish Sanitation:  http://www.vdh.virginia.gov/environmental-
health/environmental-health-services/shellfish-sanitation/

U.S. Fish and Wildlife Service (USFWS) Ecological Services, Virginia Field Office:  http://www.fws.gov/
northeast/virginiafield/

General Living Shorelines Web Sites
VIMS – Center for Coastal Resources Management:  http://www.vims.edu/ccrm/outreach/living_shorelines/
index.php 

VIMS – Shoreline Studies Program:  http://www.vims.edu/research/departments/physical/programs/ssp/
shoreline_management/living_shorelines/index.php 

Living Shorelines Academy:  https://livingshorelinesacademy.org/ 

NOAA Living Shorelines:  https://www.habitatblueprint.noaa.gov/living-shorelines/ 


