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This course information is provided by the Virginia Institute of Marine Science for educational purposes. Permission is required
prior to copying or using any of this material. Contact Donna Milligan milligan@vims.edu for more information.

This project was funded by the Virginia Coastal Zone Management Program at the Department of Environmental Quality through Grant #NA16N0S4190171
of the U.S. Department of Commerce, National Oceanic and Atmospheric Administration, under the Coastal Zone Management Act of 1972, as amended.
The views expressed herein are those of the authors and do not necessarily reflect the views of the U.S. Department of Commerce, NOAA, or any of its
subagencies.
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Mixon, R. B., C. R. Berquist, Jr., W. L. Newell, G. H. Johnson, D. S. Powars, J. S. Schindler, E. K. Rader, 1989. Geological map and generalized cross sections of
the coastal plain and adjacent parts of the Piedmont, Virginia. USGS IMAP: 2033. As modified in digital form by United States Geological Survey, 2005.
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In lower Chesapeake Bay, the meteor impact crater 35 million years ago still affects the bay today through land subsidence, river diversion, disruption of
coastal aquifers, ground instability, and location of Chesapeake Bay (https://pubs.usgs.gov/fs/fs49-98/).
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http://historicrivers.org/docs-links/geology/geology_va_coastal_plane.pdf
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Coleman, S.M., J.P. Halka, C.H. Hobbs, I, R.B. Mixon, and D.S. Foster, 1990. Ancient channels of the Susquehanna River beneath Chesapeake and the
Delmarva Peninsula. Geological Society of America Bulletin, v. 102, p. 1268-1279.
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The land is sinking...

During the last ice age, the weight of the glaciers in the far north (Canada and Northern US) deformed the crust pushing it down. As a result, the land farther
south (Virginia) was pushed higher. As the glaciers melted in the far north, the crust became less deformed and began to rise back to its original position.
Farther south, the crust is subsiding. This leads to local sea level rise as the land falls relative to the water.
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Storms

In 2003, Hurricane Isabel impacted the Chesapeake Bay, it was a minimal Category 1. However, in addition to being in the “right front” quadrant of the
advancing hurricane, southeastern Virginia experienced east and east south east winds which have the greatest potential to transport water into Chesapeake
Bay and its Virginia tributaries. Since then, several other storms, including Hurricane Sandy have impacted shorelines in Chesapeake Bay.
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Storm Surge
Sewell’s Point: Isabel

The historic maximum water elevation likely to impact a site can be used to determine the level of protection needed.
tidesandcurrents.noaa.gov
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Shoreline Evolution

Broad marshes in foreground give way to fringing marshes
downstream where there is greater fetch exposure. At the transition

Hardaway, Jr., C.S. & Byrne, R.J. (1999). Shoreline Management in Chesapeake Bay. Special Report in Applied Marine Science and Ocean Engineering Number
356. Gloucester Point, VA: Virginia Institute of Marine Science. http://web.vims.edu/physical/research/shoreline/docs/ShorelineErosionInCBay.pdf
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Hardaway, Jr., C.S. & Byrne, R.J. (1999). Shoreline Management in Chesapeake Bay. Special Report in Applied Marine Science and Ocean Engineering Number
356. Gloucester Point, VA:Virginia Institute of Marine Science. http://web.vims.edu/physical/research/shoreline/docs/ShorelineErosionInCBay.pdf
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Shoreline Evolution

Exposed and eroding upland banks along the Rappahannock River, Virginia. Note:
Basal clay acts as a groundwater perch causing the upper layer of sand to slump.

Hardaway, Jr., C.S. & Byrne, R.J. (1999). Shoreline Management in Chesapeake Bay. Special Report in Applied Marine Science and Ocean Engineering Number
356. Gloucester Point, VA: Virginia Institute of Marine Science. http://web.vims.edu/physical/research/shoreline/docs/ShorelineErosionInCBay.pdf
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Hardaway, Jr., C.S. & Byrne, R.J. (1999). Shoreline Management in Chesapeake Bay. Special Report in Applied Marine Science and Ocean Engineering Number
356. Gloucester Point, VA: Virginia Institute of Marine Science. http://web.vims.edu/physical/research/shoreline/docs/ShorelineErosionInCBay.pdf
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Shoreline Evolution

~ Erosion of sandy upland banks along the Eastern Shore provides
significant sediment to create spits and offshore sand bars that protect the
“mainland” from wave attack in addition to providing a haven for
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Hardaway, Jr., C.S. & Byrne, R.J. (1999). Shoreline Management in Chesapeake Bay. Special Report in Applied Marine Science and Ocean Engineering Number
356. Gloucester Point, VA: Virginia Institute of Marine Science. http://web.vims.edu/physical/research/shoreline/docs/ShorelineErosionInCBay.pdf
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Peebles, P.C. (1984). Late Cenozoic landforms, stratigraphy, and history of sea level oscillations in southeastern Virginia and northeastern North Carolina (PhD

Thesis). Williamsburg, VA: College of William & Mary.
Hardaway, Jr., C.S. & Byrne, R.J. (1999). Shoreline Management in Chesapeake Bay. Special Report in Applied Marine Science and Ocean Engineering Number

356. Gloucester Point, VA: Virginia Institute of Marine Science. http://web.vims.edu/physical/research/shoreline/docs/ShorelineErosionInCBay.pdf
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Shoreline Erosion

Six typical shoreline profiles around Chesapeake Bay. The stability of the bank face 1s
dependent upon the width and type of shore zone features. Wide beaches/dunes and
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Hardaway, Jr., C.S. & Byrne, R.J. (1999). Shoreline Management in Chesapeake Bay. Special Report in Applied Marine Science and Ocean Engineering Number
356. Gloucester Point, VA: Virginia Institute of Marine Science. http://web.vims.edu/physical/research/shoreline/docs/ShorelineErosionInCBay.pdf
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Hardaway, Jr., C.S., Milligan, D.A., Hobbs, IlIl, C.H., Wilcox, O'Brien, K.P., & Varnell, L.M. (2010). Mathews County Shoreline Management Plan. Gloucester
Point, VA: Virginia Institute of Marine Science. https://publish.wm.edu/reports/178/
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Hardaway, Jr., C.S., Milligan, D.A., Hobbs, IlIl, C.H., Wilcox, O'Brien, K.P., & Varnell, L.M. (2010). Mathews County Shoreline Management Plan. Gloucester
Point, VA: Virginia Institute of Marine Science. https://publish.wm.edu/reports/178/
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Primary Design Elements

* Fetch

* Shoreline orientation

* Shore Morphology

* Bank Height-condition-Composition
*Shoreline Erosion Rate

* Nearshore morphology/stability

* SAV
*Tide range
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Reach Assessment

Measured parameters include average fetch (AF=(F1+F2+F3+F4+F5)/5)
and longest fetch. Also shown is shore strike from which the wind/wave
window for fetch and shore orientation are established (after Hardaway et
al., 1999). Shore orientation in this case is about due north.

LONGEST  FETCH
FETCH 5

FETCH
FETCH X FETCH

SHORE
STRIKE

Fetch is defined as the distance over which wind can blow to generate waves. This average distance can be
used to approximate the amount of energy impacting a shoreline.
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Wave Energy

Wave Energy in Chesapeake Bay relative to average fetch:

Low energy : < 1.0 mile
Medium energy : 1.0 to 5.0 miles
High energy: 5.0 to 10.0 miles

Very High energy: > 10.0 miles
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Hardaway, Jr., C.S., Milligan, D.A., & Duhring, K. (2017). Living shoreline design guidelines for shore protection in Virginia’s estuarine environment (SCRAMSOE
#463). Gloucester Point, VA: Virginia Institute of Marine Science. https://doi.org/10.21220/V5CF1N
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Hardaway, Jr., C.S., Milligan, D.A., & Duhring, K. (2017). Living shoreline design guidelines for shore protection in Virginia’s estuarine environment (SCRAMSOE
#463). Gloucester Point, VA: Virginia Institute of Marine Science. https://doi.org/10.21220/V5CF1N
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Hardaway, Jr., C.S., Milligan, D.A., & Duhring, K. (2017). Living shoreline design guidelines for shore protection in Virginia’s estuarine environment (SCRAMSOE
#463). Gloucester Point, VA: Virginia Institute of Marine Science. https://doi.org/10.21220/V5CF1N
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Created by VIMS, Shoreline Studies Program
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Source: Gloucester County Flood Insurance Report, FEMA (2010). Converted from NAVD88 using NOAA’s online program VDATUM.
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Mean tide ranges in Chesapeake Bay. Tide range polygons interpolated by Shoreline Studies Program personnel in ArcGIS from data points obtained from
NOAA Tides & Currents online. A Google Earth map is available at
www.vims.edu/research/departments/physical/programs/ssp/shoreline_management/living_shorelines/class_info

For more information or permission to reprint slides, please contact Donna Milligan at milligan@vims.edu

28



Shoreline evolution at Glebe Point in Westmoreland County, Virginia.
Milligan, Donna A., Christine Wilcox, C. Scott Hardaway, Jr, and Mary C. Cox, 2012. Shoreline Evolution: Westmoreland County, Virginia, Potomac River and
Rappahannock River Shorelines. Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, VA. https://publish.wm.edu/reports/384/
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Shoreline evolution at Glebe Point in Westmoreland County, Virginia.
Milligan, Donna A., Christine Wilcox, C. Scott Hardaway, Jr, and Mary C. Cox, 2012. Shoreline Evolution: Westmoreland County, Virginia, Potomac River and
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Shoreline evolution at Glebe Point in Westmoreland County, Virginia.
Milligan, Donna A., Christine Wilcox, C. Scott Hardaway, Jr, and Mary C. Cox, 2012. Shoreline Evolution: Westmoreland County, Virginia, Potomac River and
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Shoreline evolution at Glebe Point in Westmoreland County, Virginia.
Milligan, Donna A., Christine Wilcox, C. Scott Hardaway, Jr, and Mary C. Cox, 2012. Shoreline Evolution: Westmoreland County, Virginia, Potomac River and
Rappahannock River Shorelines. Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, VA. https://publish.wm.edu/reports/384/
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Marsh Sill

Stone structure placed near MLW
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Marsh Toe Revetment

Photo by Karen Duhring
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Marsh Fringe Applications
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Marsh Fringe Applications
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Marsh Fringe Applications
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Hull Springs Farm
Sill and Revetment

Description Lessons Learned

* Grant-funded public * Level of protection needed
demonstration site underestimated

* Design process 2005-2008, * Unstable bank disguised by

build 2008 dense vegetation cover

* Large historic oak tree at top e Just one tree can limit
of bank

* Bank erosion during design
period, modification to
include revetment

options

* 2 different tidal openings
* Low energy with long fetch to
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Hardaway, Jr. C.S., D.A. Milligan and K. Duhring, 2010. Living Shoreline Design Guidelines for Shore Protection in Virginia’s Estuarine Environments. Special
Report in Applied Marine Science and Ocean Engineering #421. Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, Va.
https://publish.wm.edu/reports/559/
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Hardaway, Jr. C.S., D.A. Milligan and K. Duhring, 2010. Living Shoreline Design Guidelines for Shore Protection in Virginia’s Estuarine Environments. Special
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Post construction (pre-planting) and after 1 year.
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Two years after construction, the marsh grass is filling although some bare spots occurred. Also shown is the revetment that was built along the backshore for
complete protection of the bank (Top Left) and the cobble window that was built in the system (Bottom).
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The marsh behind the sill has filled in over the 7 years post-project (Top). The backshore is being colonized by other types of vegetation (Bottom).
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Foxx: Sturgeon Creek

Description Lessons Learned
* Constructed in 2005 * Site has withstood several
* 250 ft project significant storms

* Marsh established quickly.

* Longest fetch to ENE 1,500ft : .
& * No signs of bank scarping

* High sandy bank transitions to
low spit

* Bank grading provided sand to
project

* LOW energy
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FOXX: Sturgeon Creek
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