
Beach Nourishment Guide 
for Homeowners

Greg Berman
Cape Cod Cooperative Extension 

& Woods Hole Sea GrantFebruary 27, 2023 BBAC



Outline:

Broken up into 2 sections:

• How does sand move?

• Extension Bulletin



How Does
Sand Move ?





Downdrift

Direction of
Longshore Current

Coastal Structure

Direction of
Longshore Current

Erosion
Deposition

+5’/yr
+8’/yr

+4’/yr
+3’/yr

-2’/yr

-2’/yr

0’/yr

-1’/yr

Source:  MORIS: CZM’s Online Mapping Tool

Cutting off the longshore sediment supply



Beach Profile Adjustments
Large waves, which tend to occur in the 
winter in Massachusetts, cause the 
beach to temporarily change its profile.

Images adapted from Natural Hazard Considerations for Purchasing 
Coastal Real Estate in Hawaii - A Practical Guide of Common Questions 
and Answers, by University of Hawaii Sea Grant College Program, 
2006.
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Cutting off the crossshore sediment supply





• A buffer to storm damage and flooding
• A sediment source to downdrift beaches 
• Protection to marine fish and wildlife habitat
• Economic impact for town. 

What do dunes and  beach provide?



Overwash:  Storms push sand across the island and into the lagoon area beyond. 
Barrier `rolls over on itself.‘ 
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Peggotty Beach 2016, Video by Peter Miles



Sea level rise has 
been occurring for 
thousands of years. 

During
this time barrier 
beaches have 
migrated landward 
through natural
processes and have 
avoided “drowning 
in place”.



Coastal Processes:  Longshore Drift - Parallel to Shore



Sandwich & Sandy Neck





Google Earth Engine:  Timelapse is a global, zoomable video that lets you see how the Earth has changed over 
the past 32 years. It is made from 33 cloud-free annual mosaics, one for each year from 1984 to 2016, which are 
made interactively explorable by Carnegie Mellon University CREATE Lab's Time Machine library.

http://cmucreatelab.org/
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What is a littoral cell ?



It’s all sediment transport!
What is Erosion???..... just more leaving than coming in

ErosionAccretion Dynamic Equilibrium

Sediment Budgets



Sediment Budgets





Coastal Processes:  Key Points

1. Erosion of glacial landforms is the MOST important source of 
sediment for dunes and beaches in Massachusetts.

2. Wind and waves then transport sediment.

3. Without erosion and then longshore re-deposition there would be 
no beaches.
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Thanks for contributing sand 
to our coastal resource areas
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The “Sediment-Starved” System
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The Spectrum of Coastal Erosion Control Methods



• Do nothing

1. Will system recover by itself?

2. How far is the structure from the water?

3. Grandfathering protects structures (not 
lawn)     before August 10, 1978

Photo Credit:  Ann McNichol

The Spectrum of Coastal Erosion Control Methods



• Do nothing
• Vegetation
• Re-grade
• Managed retreat
• Beach nourishment= Fill of a CRA

Photo Credit:  Ted Keon

Sacrificial Cobble (Mixed)

Photo Credit:  CZM

The Spectrum of Coastal Erosion Control Methods



• Do nothing
• Vegetation
• Re-grade
• Managed retreat
• Beach nourishment

Popponesset Beach

Before

After

South Cape Beach

Before

After

Repair
Repair

The Spectrum of Coastal Erosion Control Methods



• Do nothing
• Vegetation
• Re-grade
• Managed retreat
• Beach nourishment
• Sand fencing
• Fiber rolls
• Coir Envelopes

C  E  S

WPA:  Coastal engineering structure means, but is not limited to, any breakwater, 
bulkhead, groin, jetty, revetment, seawall, weir, riprap or any other structure that is 
designed to alter wave, tidal or sediment transport processes in order to protect 
inland or upland structures from the effects of such processes.

The Spectrum of Coastal Erosion Control Methods



The Spectrum of Coastal Erosion Control Methods
• Do nothing
• Vegetation
• Re-grade
• Managed retreat
• Beach nourishment
• Sand fencing
• Fiber rolls
• Coir Envelopes

• Groin

• Jetty

• Sand Bags

• Gabion

• Breakwater / Sill

• Revetment

• Seawall

• Bulkhead

C  E  S
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Beach Nourishment Guide for Homeowners
(RATIONALE FOR COMPENSATORY NOURISHMENT)

To mitigate for the elimination of a sediment source for a downdrift beach
• state regulations require that the form and volume of beaches are preserved
• no longer be the same level of storm damage protection and wildlife habitat.
• recreational areas and public access sites would be eliminated without a supply of sand.  
• reduce wave energy, mitigating for the structure’s impact to the adjacent beach

To reduce wave energy, mitigating for the structure’s impact to the adjacent beach
• Wave reflection erodes beach, also jeopardizing the base of the CES.
• Reduce terminal (aka end scour) which can flank the CES. 
• Keeping the adjacent beach to proper elevation will also help maintain the beach 

volume in front of the structure, increasing CES longevity and reducing the frequency of 
maintenance with its associated short term beach impacts.

To protect biodegradable components
• Some projects use biodegradable components such as coir, which breaks down much 

more quickly when exposed to sunlight. Keeping the coir covered with sand will protect 
it and greatly increase the longevity of the material.

• Coir at the end of a CES can transition into an unarmored bank.  Nourishment on, and at 
the end of, the coir can further reduce impacts from the end of a stabilization project.



Beach Nourishment Guide for Homeowners
(HOW TO CALCULATE NOURISHMENT REQUIREMENTS)

Erosion Rate (ft/yr) X CES length (ft) X Bank Height (ft) = Compensatory Nourishment (ft3/yr)

Erosion Rate: CZM Coastal Erosion Viewer is used if there is no finer scale information
Long-term rate, unless the short-term rate shows faster erosion (current conditions?)
“Best professional guess” followed by a potential uncertainty in the analysis 
Rates look at the past and not the present or future
New erosion rate is not easily calculated at a site (CES installed and nourishment)



Beach Nourishment Guide for Homeowners
(HOW TO CALCULATE NOURISHMENT REQUIREMENTS)

Erosion Rate (ft/yr) X CES length (ft) X Bank Height (ft) = Compensatory Nourishment (ft3/yr)

CES length : Easy parameter to determine from Site Plans

Bank Height: CES is designed to stop erosion of the entire bank
The total height of the bank, and not just the height of a seawall should be used 
In some locations it may be more appropriate to use the hypotenuse

Compensatory Nourishment:

Cubic yards per year, divide by 27
For a small amount, it may make more sense to “save up”

Erosion 
(ft/yr)

vertical 
difference 

from the top 
to bottom of 
the Coastal 

Bank



Beach Nourishment Guide for Homeowners
(HOW TO CALCULATE NOURISHMENT REQUIREMENTS)

Triggers: Preserve the beach adjacent to the CES
Visible marker is installed on the CES 
Monitoring !!!

September December

02/18/201111/12/2010

04/02/2018

Also for non-CES (ex. Coir)

Keep covered to prevent UV degradation



Beach Nourishment Guide for Homeowners
(DETERMINING THE TYPE OF SAND)

The state’s 32-page guidance describes sampling beach and comparing to offsite source material.

Beach Nourishment: MassDEP’s Guide to Best Management Practices for Projects in Massachusetts
(along with the 20 pages of technical attachments), 

…But this is for shoreline protection, not necessarily for compensatory nourishment

Depending on what is most compatible with the beach, gravel or even cobbles included in nourishment.  

Generally, nourishment sediment is the same, or coarser, than the receiving beach, with less than 10% fines.

Fine grained sediment can mobilize quickly and potentially smother shellfish and eelgrass.  

The priority is that clean sediment of an appropriate grain size, shape, color, and texture is used.



Beach Nourishment Guide for Homeowners
(WHERE TO PUT NOURISHMENT)

If you add too much sediment above the MHW it can create an overly steep profile. 

Instead of adding sand at the toe of the revetment, it can be placed on/above revetment. 

If terminal scour nourishment could be focused there.

Provide nourishment off site of their property but still within the same littoral cell.

April 2020

May 2020

June 2020

August 2020

October 2021

October 2018



Beach Nourishment Guide for Homeowners
(TOO MUCH OF A GOOD THING  - Navigation )

Natural flow of sand past a natural inlet may 
temporarily close it, leading to anoxic 
events, fish kills, etc.  

Jetties are installed at some inlets to reduce 
these closures, however when the jetty 
reaches capacity to hold sand, it can be 
overtopped or bypassed, which then 
requires dredging to maintain the inlet.

Navigational channels and marinas also 
require occasional maintenance dredging to 
allow safe passage of vessels.  

If too much sand is placed at a nearby 
stabilization project, or if it mobilizes too 
quickly, there is the potential to “plug” 
inlets, channels, marinas, private docks, etc.  



Beach Nourishment Guide for Homeowners
(TOO MUCH OF A GOOD THING  - Vegetation )

2014 2015 2021

Coastal vegetation needs sediment to maintain the elevation in which they have adapted to thrive.                            
If too much sand is placed on a site, or if it mobilizes too quickly, it may smother some types of vegetation. 

Marsh grass can be damaged for many years by less than a foot of burial

Eelgrass even more sensitive to burial, with as little to 2-4 cm causing 70-90% mortality                                       
(2008, Cabaço, S. et al. The impact of sediment burial and erosion on seagrasses: A review. Estuarine, Coastal and Shelf Science 79(3):354-366) 

Until new vegetation eventually colonizes the site, it will be more vulnerable to erosion 
New vegetation may be of a different species



Beach Nourishment Guide for Homeowners
(TOO MUCH OF A GOOD THING  - Animals )

Many rare species such as beach nesting 
birds, plants, insects, etc., have specific 
coastal habitat requirements (e.g., gentle 
slopes, grain size, overwash areas, etc.).  

Compensatory nourishment contributes 
sediment to the littoral system which often 
supports the habitat of state-listed and 
common species.  

While the proper amount of nourishment 
can be beneficial, specific design 
requirements may be needed to regulate 
the best volume, grain size, and beach 
geometry so as to not negatively affect the 
habitats of State-listed and other rare 
species, which is prohibited by the 
Massachusetts Endangered Species Act. 



Beach Nourishment Guide for Homeowners
(TOO MUCH OF A GOOD THING  - Animals )

Shellfish can also be negatively affected

Some species (ex. Clams) are capable of 
“digging out”, but oysters and mussels, may 
be smothered

Shellfish aquaculture sites that include any 
bottom planted shellfish are particularly 
susceptible to potential smothering.  

The planting of oysters on the bottom or 
clams under netting provides a disruption 
of flow where sand tends to accumulate if 
entering the plot in suspension 

Shellfish aquaculture sites may be intertidal 
or subtidal and increases in sand may result 
in increases in the elevation



Beach Nourishment Guide for Homeowners
(RECOMMENDATIONS)

Simplified sediment budget to identify and reduce impacts.  

While only larger projects may require quantitative analysis, 
even parcel level projects could examine the qualitative 
aspects of a sediment budget. 

parcel level sediment budget
ΔS = Uplandout + LSTin – LSTout +/- CST

At a minimum, a parcel level sediment budget 
should discuss the components and net direction 
of sediment moving past the site.  

Identify factors that currently 
affect the sediment volume 
moving towards the site, the 
volume moving past the site, and 
how the proposed nourishment 
will affect these volumes and 
rates of transport.  

The larger littoral cell should also 
be examined to determine affects 
effects to the broader system as 
well as cumulative effects.



Beach Nourishment Guide for Homeowners
(RECOMMENDATIONS)

When beach nourishment is required, the conditions should be noted on the Conservation Commission’s Order of 
Conditions (OOC) and be extended to the Certificate of Compliance as conditions in perpetuity.  However, the exact 
volume requirement should be regularly re-visited.  It is often helpful to make this note on the site plan and identify the 
monitoring plan in the OOC.

A project can be conditioned with both a trigger and an annual requirement, or may only need one of these depending 
on the location.  Some years the volume needed to maintain the trigger will be more than the annual requirement, so 
no additional material would need to be placed.  In years where the volume required by the trigger is less than the 
annual requirement, additional material would be needed.  Depending on site conditions, and if the difference is a small 
amount, then it may be reasonable to average the difference across a few years.

In areas with sensitive resources (such as eelgrass and shellfish), correct sediment grain size becomes even more 
important.  Sand that is coarser than the receiving beach, and containing no fines, may reduce the potential for the 
sediment to move quickly into eelgrass and shellfish beds, as well as aquaculture sites.  It is also important that these 
beaches do not become over steepened, as this will also lead to more rapid mobilization of the sediment.



Beach Nourishment Guide for Homeowners
(RECOMMENDATIONS)

Annual compensatory nourishment is typically considered as “sacrificial” in that it is not required to be planted since it 
is intended to erode within the year and provide sediment for downdrift resource areas.  Sand required due to a trigger 
– that is, to maintain the beach frontage – can be planted in the hopes of vegetation’s roots aiding in the stabilization of 
the resource area on the site.

Compensatory nourishment is almost always required for a proposed new CES.  Reconstruction of existing CES should 
include design improvements based on the best available techniques to reduce impacts, improve structure longevity, 
and minimize maintenance costs.  Even if an existing stabilization project doesn’t have a nourishment requirement, it is 
reasonable to add this requirement during the permitting process for reconstruction or repair. 

Don’t forget a Monitoring Plan !!!



Beach Nourishment Guide for Homeowners
(RECOMMENDATIONS  - Monitoring Plan !!!)



Thank You!

Beach Nourishment Guide for Homeowners
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