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About the Program
In an on-going effort to assist property owners along Ohio’s Lake Erie 

coast by providing free technical assistance, the Lake Erie Shore Erosion 
Management Plan (LESEMP) is being developed by the Ohio Department 
of Natural Resources through a partnership between the Office of Coastal 
Management, Division of Wildlife and Division of Geological Survey.
The LESEMP identifies the causes of erosion in specific areas called reaches 

which are stretches of shore with similar site conditions. The LESEMP 
then outlines the most likely means of successful erosion control based on 
reach-specific erosion issues, geology and habitat. The objective of the reach-
based approach to erosion control is to simplify the decision process while 
enhancing the effectiveness of solutions to erosion related issues. 
The LESEMP does not contain any regulatory oversight provisions. 

The LESEMP is being developed by the project partners, Ohio Department of Natural 
Resources Office of Coastal Management, Division of Geological Survey and Division of 
Wildlife. Federal grant funding for this project is provided by the National Oceanic and 
Atmospheric Administration. 

Erosion Control Methods 

Ohio Coastal Design Manual: 
The companion to the Lake Erie Shore Erosion Management Plan is Ohio’s 

Coastal Design Manual (CDM). The ODNR Office of Coastal Management 
developed the CDM to demonstrate how structures along the shore of Lake 
Erie should be designed and how coastal engineering principles are best 
applied to achieve a balance between landowners’ needs for erosion control 
and lake access and the need to protect our lake’s natural resources. 

Learn More:

www.coastal.ohiodnr.gov
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Beach Nourishment
Beach nourishment is considered a “soft” erosion control measure that 

involves the placement of sand within the shore and nearshore zones to 
build-up beach thickness and width from shore to lake. 
Beaches create a buffer between the lake and the upland. Larger beaches 

are able to protect against the effects of wave action better than narrow 
ones. Periodically nourishing a beach to increase its size will enhance the 
beach’s potential to lessen the effects of waves. To reduce the effects of strong 
storms, some beaches are nourished with an excess of sand so that they act 
as a “sacrificial beach.” In these cases, the beach is intended to erode during 
storm events, but the area behind will remain protected.
Pre-fill is a part of the design and construction of groins/groin fields and 

detached breakwaters. To enhance the beach quality for recreational use, 
some projects may include more pre-fill than would be expected to be 
trapped by the structure. 
When conducting a nourishment project, one of the most important factors 

to consider is the natural beach material grain size and composition. If 
the placed material is smaller than the natural material, it may be quickly 
eroded through wave action. If the nourished material is larger than the 
natural sand, the impacts are more aesthetic as the larger sand size may 
provide greater protection but will likely look and feel different. Additional 
consideration should also be paid to the source of the materials. 
Sand for nourishment projects should be obtained from an upland source. 

and not removed from the nearshore which can impact the long term 
availability of sand in the project area. 
To maintain a beach, periodic re-nourishment may be required. The 

volume of fill required during each re-nourishment will depend on the 
current amount of sand at the location and the desired beach width after the 
nourishment occurs. These items are determined on a site-by-site basis, often 
with the assistance of a professional. Vegetation of the beach area to create 
dunes can also extend the life of a beach nourishment project.
During or after beach nourishment projects, the sand may migrate 

downdrift, potentially impacting downdrift or adjacent shores. The potential 
impacts of beach nourishment should be assessed to ensure that downdrift 
areas are not adversely impacted. For example, if downdrift areas include 
docks or boat launches, the movement of additional sand into these areas 
could result in shoaling, limiting the water depth and decreasing the 
functionality of the dock or boat launch.

When a shore 
structure is 
intended to create 
or protect a 
beach, the design 
typically includes 
the placement of 
sandy sediment, 
often referred to 
as pre-fill or beach 
nourishment. The 
amount of sand 
pre-fill required 
is roughly the 
amount expected 
to be captured by the new structure under average water levels. By pre-filling 
the beach area with sand, the amount of sand removed from the littoral 
system by the structure is minimized. Available sand in the area is allowed 
to flow past the structure and be distributed along the downdrift shore. 
The design of a beach nourishment project requires the services of a 

professional engineer and in most cases a contractor is needed to deliver 
and place the sand. In very rare instances of re-nourishment some property 
owners may be able to conduct the work without hiring a contractor. This 
would include a nourishment project conducted over a relatively small 
area where there is adequate access to the beach. Since these instances are 
infrequent, 
nourishment or 
pre-fill projects 
are considered 
to be methods 
requiring the 
hiring of a 
consultant.

Beach nourishment
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Bulkheads
Bulkheads are vertical structures 

built to stop the land from sliding 
into the lake and to provide deep 
water access to adjacent shores. 
Commonly found at marinas or 
mooring facilities, they may also 
be found in urban areas and may 
be the base of a promenade along 
the lake.
Bulkheads commonly consist 

of a vertical steel sheet pile face and may have a horizontal area landward 
of the sheet-pile crest that is capped with concrete or vegetated. The sheet-
piling is typically driven into the lakebed to a depth required to prevent the 
weight of the landward soils from pushing the wall over. Additional support 
is provided by installing tie rods between the 
sheet-piling and anchors buried in the upland. 
Drainage is typically designed as part of the 
bulkhead to allow water in the soils landward of 
the wall to be released, reducing the pressure on 
the wall.
Bulkheads typically have a smooth, vertical 

surface which can reflect waves leading to 
erosion of the shore area, scouring at the toe 
of the structure, erosion of the area directly 
lakeward of the structure, and/or erosion of 
unprotected areas adjacent to the structure. 
Erosion of the lakebed in front of the bulkhead 
creates a deeper nearshore which can lead to 
larger, more powerful waves reaching the shore. 
These larger waves have a greater potential for 
increasing erosion at the toe which reduces the 
amount of the sheet pile that is embedded in the 
lake bottom. If the scour becomes too great, the 
structure will not be able to resist the pressure of 
the soils it is holding back and may begin to tilt 
lakeward. Additionally, overtopping by waves 
can leading to erosion of the area landward of the 
bulkhead.

To maintain a bulkhead it is critical to monitor the structure for erosion at 
the toe and drainage issues. Both of these items could lead to failure of the 
structure through overturning. Maintenance includes installing or repairing 
a drainage system, and potentially reinforcing the bulkhead if signs of 
overturning are present.
Since bulkheads are most commonly found around marinas and urban 

areas and require specialized skills and machinery, a contractor is typically 
hired to construct these structures. The design of a bulkhead requires the 
services of a professional engineer.
Bulkheads and seawalls are similar structures, with the main difference 

between the two exhibited in how each is intended to function. A seawall 
is intended to reduce wave-based erosion and landward flooding, whereas 
a bulkhead is used to hold the land from the water. The design of these 
structures often reflects their differences.

Bulkhead Construction

Bulkhead at a ferry terminal

Bulkhead Construction Bulkhead Post-construction
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Drainage Systems
A drainage system installed on or within a bluff or bank is a series of pipes 

and/or gravel-filled trenches that function to remove excess water. Erosion in 
the form of slumping or sliding of soils at the top of a bluff is often attributed 
to excess water within a layer of soil. By installing a drainage system, the 
potential for slumping of soil is reduced because the top layer of soil is 
now lighter and drier. Additional instability arises at the boundary of two 
layers of sediment, typically sand over clay, with movement more likely to 
occur when water is present at this boundary. In the case of sand over clay, 
the water is able to percolate through the sand layer but is stopped at the 
less permeable clay layer. This in turn creates a situation where slumping 
or sliding of the soil is more likely to occur. Installing a drainage system, 
however, will reduce the potential for movement as there will be less water 
between the two layers. Drainage systems will not directly assist with 
protecting the toe of the bluff or bank, and are mainly intended for removal 
of water from the upper part of the bluff or bank.
Drainage systems can include the digging of a trench which is filled with 

gravel to encourage the flow of water away from areas of lower permeability. 
The trench is then drained via gravity by a pipe to the base of the bluff.
Subsurface drainage systems are generally not visible except for the pipe 

exiting the lower bluff. All drainage systems should discharge at lake level 
or the lowest possible level and include 
erosion protection at the outlet. This 
will ensure the drained water does not 
cause damage to the lower bluff or bank 
areas. Surface water drainage typically 
incorporates such systems as roof 
gutters or driveway drainage. Those 
systems should be altered to divert 
water away from the bluff or bank.
Although a drainage system is advised 

in areas where there are layers of 
sand and clay, most systems do not 
function as well within the clay soil. 
This is because the clay can easily clog 
the pipes, leading to an ineffective 
drainage system. When constructing 
the drainage, consideration should be 

given to how the soils will 
interact with the system, 
and how likely it is that the 
system will produce the 
desired results.
To maintain a drainage 

system, monitoring of the 
system should occur on a 
frequent basis. Specifically, 
look at whether water is 
exiting the system and 
if the conditions of the 
pipes have changed. In the case where water is no longer exiting the system, 
the pipes may be clogged or may have been crushed due to activities on 
the upland (i.e. heavy machinery over the pipes). The pipes may need to be 
replaced should this occur. When the discharge pipes move, fall out, or are 
broken, the pipes should be replaced with the new pipes extending to the 
lake to limit any additional shore erosion.
A subsurface drainage system may require professional installation while 

changes to surface drainage can usually be handled by the property owner.
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Dune Construction
Sand dune construction protects the area landward of the dune while 

enhancing the beach lakeward of the dune. Dunes function to protect the 
upland by limiting the number and force of waves reaching inland, while 
also providing protection from storms and strong winds. The larger the 
dune, the greater the protection provided. Dunes also function to enhance 
beaches by periodically providing sand to the beach and nearshore area. This 
is usually done through wind blown transport of the materials, but if waves 
are large enough to reach the dune, they may remove sand and place it on 
the beach and in the nearshore.
Constructing a dune involves the build-up of sand directly behind a beach 

so that the dune has a slight to moderate increase in elevation over the beach 
area.  Most often snow fencing or netting is placed early in the process to 
capture wind-blown sand, while vegetation is planted to keep the dune in 
place. In some cases, material or structures are placed at the core of the 
dune to provide a base for the accumulation of sand. Cores can consist of 
biodegradable material or ramp-like structures built of treated wood with 
open slots for planting vegetation.  Native vegetation is preferred when 
working on any project along the lake.  
Similar to beach nourishment, any sand placed during a dune construction 

project should be of the same or larger grain size than the materials 
occurring naturally at the same location.  Sand which is smaller than the 
locally-occurring material may be quickly eroded by wind and wave action.  
For a dune to function properly, there must be adequate room between the 

lake and the upland, and the dune must remain relatively undisturbed by 
foot or vehicle traffic.  If a site has an existing sand dune, whether or not 
it also has vegetation, it is best to not walk on the dune to prevent it from 
eroding away.  When existing vegetation is damaged or destroyed by foot or 
vehicle traffic, there is a greater chance of the dune eroding as the vegetation 
dies off.  
To maintain a dune, re-vegetation may be necessary should the initial 

plantings not survive.  The area of new vegetation may need to be cut off 
from pedestrian traffic.  Often snow fencing is a simple way to direct traffic 
around the new plantings.  If a dune loses too much sediment during a storm 
event or over time, re-nourishment may be necessary.  
Constructing a dune over a small area of beach may not require the 

assistance of a contractor, should the property owner be able to acquire the 
sediment and machinery necessary.  The planting of vegetation and the 

placement of snow fencing or netting can often be conducted by a property 
owner or community.  In most cases, however, dunes are constructed over 
larger areas, which are more efficiently dealt with by a contractor.  In those 
instances, a property owner will 
require the services of a contractor.

Ohio Lake Erie Shore Erosion Management Plan  -  Erosion Control Measures

Beach nourishment - Dune construction 

Dune

Dune - Lake County 
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Re-grading/ Terracing
Re-grading a bluff/bank is a relatively low cost means of stabilizing the 

bluff/bank. In the simplest form, re-grading can involve the movement of 
bluff material so that the slope of the bluff is more stable than the original 
slope due to the reduction of gravity’s forces on the bluff slope. A slightly 
more intensive process involves the creation of terraces along the bluff 
face, often with switch-backs so that the terraces can act as pathways to 
the lake. Re-grading is typically lower in cost than that of a structural 
solution to erosion control along the bluff.
A key item with re-grading is that the material cut or removed from the 

bluff should be moved from the bluff slope and disposed of on the upland. 
Material removed from the bluff should typically not be placed into the 
lake as that will result in damage to water quality and habitat. Material 
should generally not be used to fill areas of a bluff or bank during re-
grading. Such placement of fill during the re-grading process will likely 
not aid in stabilizing the bluff slope and may increase erosion rates when 
the newly placed, less compact material erodes.
Re-grading of the bluff or bank may not be possible in cases where a 

proper bluff angle cannot be created because structures on the property 
are located too close to the top of the bluff.
After the re-grading or terracing has occurred, it is best to vegetate the 

bluff/bank. Vegetation will aid in stabilizing the bluff by removing water 
from the soil and reducing the amount of surface water runoff over the 
face of the bluff/bank.
To maintain a re-graded or terraced bluff, periodic monitoring of the area 

is necessary. Look for unstable areas, which may include recent slumps, 
saturated areas, or areas that have lost vegetation. Correction of any issue 
areas may include additional re-grading of the slumped area, installation 
of a drainage system, or planting of vegetation.
Depending on the scale of the project, some property owners may be 

able to conduct re-grading or terracing work themselves. In the case 
of modifying the entire bluff or bank, it is typically better to hire a 
contractor, as they will have the expertise and better access to proper 
machinery for the project. Maintaining the re-graded or terraced area 
may be a task the property owner can handle, especially in the instances 
of planting vegetation. Should more extensive re-grading be required for 
maintenance a contractor will be necessary.
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Above, looking south and below looking west at 
a re-graded/terraced bluff in Conneaut

Left picture looking north and right picture looking southwest re-graded/terraced 
bluff in Lakewood
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Revetments
Revetments are onshore structures built to protect the toe of a bluff/bank from erosion 

caused by wave action. These structures are constructed at a stable slope angle and create a 
covering of erosion resistant material from the toe of the bluff up to a point where wave action 
typically does not reach. Since material eroded from the bluff/bank is one source of beach-
building sand, some regulatory agencies may require that one of the design components for 
a revetment to be the inclusion of sand pre-filling in the amount equal to that which would 
have been added to the system by erosion of the bluff/bank over the life of the structure.
Typically consisting of armor stone, precast concrete block, or concrete modules, revetment 

slopes can be smooth or rough depending design of the structure. The toe or most lakeward 
part of a revetment is usually located on or buried in the lakebed. Burying the toe in the 
lakebed lessens the chance for damage to the structure due to scouring, or erosion, at the base 
of the structure. The crest or most landward part of a revetment is designed to a height where 
waves will no longer be a threat to the land. The crest height must be high enough to reduce 
the chances of waves removing the soils above or behind the structure. This upper extent of 
the revetment should be determined on a site-by-site basis according to the wave conditions.
Depending on the design, revetments can be permeable, allowing water to move through 

the structure, or impermeable, where the waves and water run off the face of the structure. 
In the case of the permeable structure, a proper filter layer of smaller stone and filter fabric 
must be included in the structure. If the filter layer is improperly designed or constructed, or 
not included, erosion behind the revetment is likely to occur because the water will move too 
quickly through the structure, eroding the less resistant materials underneath.
Revetments are built on areas adjacent to the bluff toe. The area covered by a revetment 

usually includes the beach area and/or the shallow nearshore, which is typically the same 
area where beach building occurs. Once the revetment is built, however, the area where a 
beach could build up in front of the structure will be deeper because it is further offshore. 
The likelihood of a new beach forming in this deeper area is lower than before construction 
because it would require the build up of much more sand due to the greater depth. 
Additionally, the sand which would have eroded from the area now covered by the revetment 
will need to be replenished within the system.
To maintain a revetment, periodic monitoring of the structure is necessary. This may 

include re-positioning or replacing the armor units.
Revetment construction requires the proper placement of large armor units along a specified 

slope. Due to these conditions, the design and construction of a revetment requires the 
services of a professional engineer and a contractor. Maintenance of these structures will 
likely also require a contractor’s services.
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mechanical components of the system,will also be necessary. If a mechanical 
dredge is used for sand bypassing, there is no required maintenance of the 
system as the dredge will be removed during periods of inactivity.
Sand bypassing is an intensive process that will require the work of a 

contractor and other trained professionals (i.e. dredge operator).

Sand Bypassing
Sand bypassing involves the intentional relocation of sand from an 

updrift area of accretion to areas downdrift. Typically, this is performed at 
navigation channels and harbors where jetties and breakwaters capture a 
significant amount of sand. Prior to determining if bypassing is applicable at 
a project site, the material to be bypassed should be sampled and tests such 
as grain size analysis, organic content and toxin levels should be performed 
to ensure that the material meets environmental quality standards for Lake 
Erie.
Bypassing of sand can occur through either hydraulic dredging where 

a pump pipes the sand across the inlet, or through mechanical dredging 
which requires a dredge and barge or truck to move the sand. A pump 
is often more useful in areas where continuous or yearly sand bypassing 
will occur because once the system is installed it can be used whenever 
necessary. Mechanical dredging is more useful in those instances where a 
longer time period will occur between bypassing operations. 
An additional factor to consider when determining the most effective type 

of bypassing is the type of the material being bypassed. For instance in areas 
where debris accumulates, pumping may not be feasible as the debris may 
clog the system. In the case of dredging, if the material is to be relocated by 
truck, appropriate access is necessary at both the point of dredging and at 
the point of relocation.
The location at which the material is bypassed should be carefully 

considered with respect to water depth and presence of shore structures, and 
the predominant direction of littoral drift. A series of site surveys are often 
required to determine the location and quantity of material that needs to 
be dredged and to determine the best location to place the relocated sand. 
Care should be taken to avoid placing material in depths of water that are 
too great to allow the sand to return to the shore area. Also avoid placing 
sand directly adjacent to other structures that would impede the normal 
downdrift movement of the sand.
Perhaps the greatest challenge with conducting sand bypassing is the cost. 

Initial costs for the pump system will be quite high with the routine costs of 
pumping being much lower. Mechanical dredging operations will be costly 
each time the dredging occurs, but this option may be utilized on a less 
frequent basis when compared to the pump system.
To maintain a sand bypassing system that depends on pumps, the pipes will 

need to be monitored for any clogs or debris obstructions. Maintenance of 

Ohio Lake Erie Shore Erosion Management Plan  -  Erosion Control Methods

Sand bypassing using  
hydraulic dredging

Mechanical dredging equipment for sand bypassing as seen at dock along 
the shore in Sandusky 

Sand bypassing using  
mechanical dredging
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Seawalls
Seawalls are onshore, shore-parallel structures built 

primarily to reduce wave-induced toe erosion, with 
a secondary function of limiting flooding of the land 
behind the structure by reducing wave overtopping. 
These structures can have a vertical, stepped, or curved 
face, and typically have a horizontal surface (or cap) 
at the crest. In some cases the seawall cap can be wide 
enough to contain a promenade on top of the structure 
or provide access to the lake. Seawalls can be made of 
various materials including concrete blocks, cast in place 
concrete, and stone-filled cribs.
Seawalls typically have a smooth, vertical surface facing 

the lake which can result in waves reflecting off of the 
seawall. This reflection can lead to erosion of the shore 
area immediately lakeward of the structure including 
beaches and the lakebed, erosion of the area directly 
landward of the structure, and erosion on unprotected 
areas adjacent to the ends of the structure. 
Erosion landward of the structure can lead to 

instability of the structure. When building a seawall 
consideration should be given to the depth of toe burial 
to account for potential erosion at the toe, while the 
height of the seawall should prevent overtopping by 
waves.
To maintain a seawall, monitor the structure for any 

damage to or movement of the wall. Repair the damaged 
concrete sections and replace any failing modules or 
cribs as necessary.
The design and construction of a seawall requires the 

services of a professional engineer and a contractor.
Seawalls and bulkheads are similar structures, with the 

main difference between the two exhibited in how each 
is intended to function. A bulkhead is used to hold the 
land from the water, whereas a seawall is intended to 
reduce wave-based erosion and landward flooding. The 
design of these structures often reflects their differences.

The seawall in the above photos is along the north side of Perry’s Victory and International Peace 
Memorial National Park on South Bass Island. The photo on the left  is taken at nearly the same 

site as the center photo, but the left photo is taken during higher water. The center and right photo 
are taken on the same day. The center photo is facing west. The right photo is facing east.
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Seawall along the southwest side of 
Perry’s Victory National Park in 

Ottawa County

Seawall north of Schade-Mylander Plaza in Sandusky, 
Erie County

Seawall at Maumee Bay State Park 
in Lucas County 
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Planting Vegetation
The planting of vegetation works well when paired with other measures. 

For instance, vegetation on a newly re-graded bluff will aid with the 
retention of soil, remove excess water from within the bluff, and reduce 
surface water and wind erosion. Vegetation is also a key element to 
building and retaining a dune along sandy beaches, as shrubs and grasses 
retain sand while limiting the impacts of wind erosion. 
Plant native species of plants as they will survive better within the lake-

influenced environment while limiting the potential for introduction of 
non-native invasive species.
When planting vegetation the site conditions may influence where to 

plant specific types of vegetation. Larger trees should be located away 
from the edge of a bluff/bank and typically do better on lower portions 
of the bluff/bank. Shrubs and grasses often thrive throughout the face of 
a bluff/bank and along dunes. Smaller plantings do not usually survive 
very long at the toe of a bluff/bank due to the persistent wave action and 
effects of strong storms. In all instances, native species are preferred as 
they are more likely to thrive in the active lakeshore environment, while 
creating habitat similar to that already found along the shore.
While vegetation is useful for areas on top of and along the bluff, it is 

typically not a good erosion control measure at the toe of the bluff. The 
constantly fluctuating environment created by constant wave activity 
creates a situation that is unsuitable for most plantings.
The condition of plants in vegetated areas should be observed 

periodically to determine whether plants are growing or declining. In 
particular, the first two or three years post-planting are critical, and 
plants may require additional care or replacement of weak individuals 
in this time frame until they become fully established. To maintain a 
mature vegetated shore area, look for areas where vegetation is absent and 
re-vegetate as necessary. Mature vegetation can be damaged in storms, 
and a severe storm may cause plant damage that will require debris 
removal and replanting.
Planting vegetation can be done by a property owner and in most cases 

does not require the hiring of a contractor. A professional may be hired 
to plant larger areas, or to assist with property owners who do not wish to 
conduct the work themselves. A landscape professional may be necessary 
to determine which plants are best for a given location and how to best 
mix plants for beauty and stability purposes. 

Wetland Vegetation  Dune Vegetation  

Prairie Vegetation  
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Button Bush

Milkweed

Dune/Beach Vegetation  

Beach Vegetation  
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