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Chapter 1

The Lake Wallenpaupack Watershed

Lake Wallenpaupack is a vital economic, recreational, and environmental resource in the Pocono
Mountains. The lake is used to generate hydroelectric power by the PPL Utilities; is also used by local
residents and vacationers for swimming, boating and waterskiing; and it provides aquatic habitat for fish
and wildlife.
The health of the lake is affected by
everything that occurs in the
watershed, or drainage area, of the
lake. The Lake Wallenpaupack
watershed includes parts of Wayne,
Pike, Monroe, and Lackawanna
Counties. When rain falls in the
watershed, the water either soaks into
the ground or runs off into streams
that flow into the lake. That water
carries nutrients, sediment, and other
pollutants, particularly in the more
developed areas of the watershed, into
Lake Wallenpaupack.

One of the most important sources of pollution in the watershed comes from eroding streambanks
and shorelines.

What’s the Big Deal about Erosion?
Erosion is the movement of land and soil due to wind and water. It is a natural force that forms and
shapes the landscape, giving form to river valleys. While erosion is a natural process, urban
development, agriculture, and other human activities can increase erosion to excessive levels. Excessive
erosion leads to increased amounts of sediment in the water. Sediment can degrade water quality visibly
by making it darker and cloudier and chemically by transporting pollutants such as nutrients, sediments,
pesticides and fertilizers. The nutrients in lawn fertilizers are detrimental to water quality. Nutrients
promote the growth of algal blooms that decrease water clarity. When algae die and decay in the water,
they consume oxygen, thereby affecting fish and other aquatic life. The increased sediment and nutrient
loads from erosion pose a serious threat to the water quality and the health of the entire Lake
Wallenpaupack ecosystem.
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Management and protection of the lake shoreline and the banks of the streams flowing into the lake can
help to preserve and improve water quality. Structural and vegetative erosion control measures reduce
the quantity of sediment washing off banks and entering the water. Vegetation on slopes retards runoff,
traps sediment, and filters nutrients and other pollutants as stormwater moves toward lakes and streams.
Shoreline and streamside vegetation dissipates the erosive energy of waves and stream currents.
Revegetation projects can greatly improve the stability of the shoreline and reduce erosion.
It is important for waterfront property owners within the Lake Wallenpaupack watershed to assess
their properties for uncontrolled streambank and shoreline erosion problems that may be
contributing pollutants to Lake Wallenpaupack. Then, using the resources in this handbook,
homeowners can successfully implement restoration projects to correct these problems.
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Chapter 2

The Basics

Choosing to undertake a shoreline or streambank stabilization project can greatly benefit you, your
property, and your community. Erosion removes topsoil, which is valuable for landscaping and
gardening. Maintaining stable, vegetated slopes helps to prevent erosion and retain topsoil. A vegetated
slope also appears more attractive than an eroded bank replete with gullies and bare earth. Native
vegetation and improved water quality enhances wildlife habitat, which improves the value of your
property and the health of the lake.
Taking early action to prevent erosion can save you money in addition to improving the appearance of
your property. Erosion is a progressive problem that is most easily corrected in its early stages. Eroded
banks will continue to deteriorate and will become much larger problems if left untreated. Although any
shoreline or streambank stabilization project requires time and money, homeowners can avoid the
formidable expense of a complex restoration project by implementing smaller-scale stabilization
measures as soon as they identify a problem.

An example of structural stabilization

Traditionally, most shoreline and streambank stabilization
projects have used structural methods. Concrete barriers,
bulkheads, rock riprap and other hard structures are still
used to prevent water from coming into contact with the
land or to prevent eroded sediment from entering the
water. Although these methods are sometimes effective
and provide immediate results, they are quite costly,
difficult for homeowners to implement on their own, and
do not provide wildlife benefits. Concrete structures do
not filter water or take up nutrients like vegetation.
Without the stabilizing root structures of vegetation,
topsoil is still lost above the structural barrier. If
improperly installed, structural measures can result in
more harm than good. Changing the geometry and flow
patterns of a stream channel can result in severe upstream
and downstream erosion problems. Complex structural
projects should be undertaken with the assistance of a
professional.

Over the last 20 years, restoration practitioners have pioneered the use of native vegetation and other
natural materials to achieve stabilization without the negative consequences of structural stabilization.
These new methods closely replicate the natural state of the streambank or shoreline environment,
providing hydrological, ecological, and aesthetic benefits that structural methods do not.
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The Role of Vegetation
Vegetation plays an important role in protecting your shoreline or streambank from erosion. Roots
absorb water from the surface soil of the banks, which slows the flow of stormwater into the stream or
lake. At the same time, vegetation filters pollutants and nutrients from the water. Plant roots also
stabilize the soil. Shoreline plants absorb and dissipate wave energy by bending with the water flow.
Vegetation also improves the shoreline environment by providing wildlife habitat and restoring the
natural ecosystem.

Bioengineering – Putting Plants to Work
Soil bioengineering combines traditional engineering methods with the
use of vegetation and natural materials to achieve streambank and
shoreline protection. Bioengineering techniques generally cost less than
structural techniques and unlike, structural measures, improve with time.
Bioengineering projects restore the natural look and feel of a shoreline or
streambank habitat. The result is not only an attractive property feature,
but improved wildlife habitat, water quality, and fish habitat.

Many
bioengineering
projects
Use native
wildflowers
such as Joe-Pye
weed

With assistance from local resource management agencies such as the
Lake Wallenpaupack Watershed Management District, or the Pike,
Wayne, Monroe, and
Lackawannna County
Conservation
Districts, homeowners can install many
bioengineering techniques. Bioengineering projects
can be as simple as planting vegetation along an
eroding shoreline, or can involve complex systems
to stabilize steep eroding slopes. The important
feature of a bioengineering effort is that natural
methods are maximized.
Many homeowners may be hesitant about
conducting a bioengineering project by themselves.
In this case, the homeowner can consult with a
design professional to assist with the project. A
bioengineering design professional will conduct a
A recently installed bioengineering project in
detailed site assessment to determine the severity of
Northhampton County, PA
the erosion problem, assist with choosing
appropriate bioengineering practices, determine what plants grow well in various locations, and evaluate
what maintenance will be required for the project. A design professional can prepare the plans and
permit applications needed for the project, and can assist with ordering materials, hiring and managing a
qualified contractor, and supervising volunteer planting.
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Limitations, Drawbacks, Hesitations, Oh My!
With or without a professional, bioengineering does have its
limitations. For example, some bioengineering methods are
quite labor intensive, which can inflate costs. Despite this
potential, however, most bioengineering efforts are far less
expensive than their structural counterparts. One common
complaint about bioengineering is that there is a limited
installation season for bioengineering methods – usually late
fall through early spring. While planting in the cold is not for
everyone, it can be a fun and unique experience.
Bioengineering requires advance planning to be successful.
Rock and concrete is always available but it can sometimes be Bioengineering projects are typically installed
difficult to find sufficient quantities of locally adapted plant in the late fall
species. They often must be grown from seed and ordered well
in advance. However, with proper foresight, most bioengineers are able to acquire plenty of plant
materials for their projects.
Another perceived drawback to bioengineering is that it
requires on-going maintenance. To a certain degree,
this is true.
Immediately after installation,
bioengineering projects must be carefully watched,
weeded, and maintained. However, after a few years,
the maintenance requirements of bioengineered
shorelines and streambanks lessen. Over the long term,
maintaining bioengineering areas is significantly less
costly than maintaining a traditional lawn.
Bioengineering is also limited to mild to moderate
erosion problems. Some erosion problems are simply
too severe to be remedied by bioengineering methods.
In this case, structural measures may be the only way to fix the problem. This is more common along
streambanks, where rushing water can create tremendous stresses on the bank that vegetation cannot
protect against. However, wave action, shading, soil deficiencies, and steep slopes can make the
establishment of bioengineering practices on shorelines difficult as well. In these circumstances, it is
advisable to contact a restoration professional to determine the correct course of action.
Native plants for bioengineering are sometimes
limited – plan ahead!

Perhaps the most common hesitation among potential bioengineers is a fear that a bioengineering
project will look weedy or “like a jungle”, or that the project will obscure views of the lake or stream,
which is, after all, a major reason why people choose to live along streams and lake. For those
accustomed to the manicured look of a traditional lawn, a natural shoreline is a significant change.
However, a natural shoreline environment can be designed so that it both provides access and views
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of the lake and creates the natural features that reduce erosion, improve habitat, and improve water
quality. Many people are amazed at the increased presence of bird life and the improved fishing
production that bioengineering projects can produce.
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Chapter 3

Getting Started

So you are sick of looking at an eroding bank and have decided to move forward with a bioengineering
effort. Congratulations. The first step towards a successful project is to conduct a thorough assessment
of your erosion problem. The first and most important question to ask yourself as you begin your
assessment is: What is the cause of my problem?
Determining the underlying cause or causes of shoreline or streambank erosion is important to consider
when planning a stabilization project. If you do not identify and try to correct the cause of erosion, no
amount of bioengineering will solve the problem.

Water and Energy – A Deadly Combination
If you have a shoreline erosion problem, stand on your shoreline and look out across the lake. The
longer the distance across the water (called Fetch), the more wind energy is present. The more wind
energy present, the higher the waves will be. Higher waves cause more erosion. If your fetch is longer
than one mile, wave action may be a significant cause of erosion. You may have to install some type of
wave barrier to protect the shoreline from incoming waves prior to stabilizing the shoreline. Similarly,
powerboats and other mechanized watercraft cause significant wave energy. If your property sits in a
major thoroughfare for watercraft, wave energy may be an important cause of erosion along your
shoreline.
Measuring the Slope of Your Site
If your streambanks are eroding, the energy of the water in
the stream is a major factor. Streams with high slopes Steep slopes are more vulnerable to erosion and may
carry water at high speeds, while more mildly sloping have to be graded prior to the implementation of a
solution. Slope is often referred to
streams transport water more slowly. Water traveling at bioengineering
as the ratio of the horizontal to vertical dimensions
higher speeds generally has more energy and is more of the hill. A simple method to determine slope is
erosive than slower-moving water. That is not to say that shown in the figure below.
mildly sloping streams do not have erosion problems –
they do. There are many more factors involved. The You will need: A protractor
A ruler
most basic type of erosion is from rainfall itself. The force
A string
of raindrops striking bare ground dislodges the soil. Once
A small weight
soil particles are loose, they travel with the water
downslope. Sheet erosion occurs when the ground 1. Attach the protractor securely to the ruler
becomes saturated and cannot absorb additional water. 2. Tie the weight to the string and attach the
string to the center point of the protractor as
Impermeable surfaces such as buildings, roads, and
shown.
parking lots cannot absorb any water, whereas forested 3. Align the ruler so that it is parallel with what
appears to be the average slope of the land.
land can absorb a great deal of water. Therefore, sheet
erosion is much more likely in developed areas. Rills and 4. Read the angle at which the string intersects
the protractor.
gullies form as sheet flow becomes concentrated due to 5. Convert
the angle to the appropriate slope ratio
topographic features of the landscape.
27E = 2:1
33E = 1.5:1
45E = 1:1
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Impervious surfaces such as buildings, roads, and parking lots
increase storm runoff, which can lead to erosion problems

Look at the slopes leading down to your
stream or lake. Are there rills and gullies
forming on the slope? Are there areas
where water is concentrated during storms?
Try looking at the slope during large
storm. Where is the water flowing? Are
there nearby impervious surfaces such as
driveways that are preventing the soil from
absorbing water? Look at the slope
extending down to the shoreline or
streambank. The steeper and longer the
slope, the more energy water flowing down
the slope will have, and the more erosion
will take place. Placing physical or
vegetated breaks in the slope can help to
reduce energy by dividing a long, steep,
slope into shorter sections.

Defending Your Territory
Now you have considered how water and energy combine to create the forces needed for erosion.
The next step in your site assessment is to determine how vulnerable your streambank or shoreline
is to erosion. In other words, if erosion is the enemy –how good are your defenses?
Vegetation and soils are the primary factors to
consider. Is your shoreline or streambank covered
with thick, deeply rooted vegetation? If not, you are
opening your shoreline or streambank to possible
erosion. Highly erodable soils such as sands and tills
can make the lack of vegetation even more dangerous.
In this situation, even moderate or mild erosive
forces can eat away the streambank.
If vegetation is lacking from the bank, consider the
reason for its absence. Perhaps you have large trees
along your shoreline that shade the bank and prevent
other plants from growing. Trees are great – but
Streambanks without natural vegetation are more
having a variety of shrubs, grasses, wildflowers and
likely to erode.
other plants creates a dense, thick root structure that
holds soil in place much better than the thick roots of a large tree. If your slopes are too steep or
eroded, vegetation has no chance to grow. You will need to grade the slopes to establish vegetation.
There are many other reasons why vegetation may be absent from a streambank or shoreline. It could
be because of the severity of the erosive forces themselves. Pedestrian and animal traffic can trample
and destroy vegetation. Nuisance animals such as Canada geese and white-tailed deer can strip shrubs
and young saplings bare, preventing the establishment of new trees and shrubs.
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Geotechnical Instability: The
Superman of Erosion
Problems
As streambanks get higher and more steeply
sloped, internal stresses on the streambank can
cause the bank to fail, particularly if the streambank
is wet and composed of certain types of noncohesive soils. Geotechnical bank failures are
serious problems, particularly for high banks. If
your stream banks are over 10 feet high and steeply
sloped, you may have the potential for geotechnical instability. Solutions to geotechnical problems
typically require the expertise of a civil or geotechnical engineer. Geotechnically unstable banks can
present serious safety hazards and should be addressed immediately, particularly when structures or
roadways are in jeopardy.

Evaluating Your Needs
By now, you should have a good idea of the severity and cause of your erosion problem. Some
problems are minor and the cause is easy to fix. Other problems are severe and their cause is somewhat
or totally out of your control. Either way, its time to evaluate your needs and start thinking about what a
successful project may involve.

Developing Your Objectives
It is a good idea to define your objectives at the beginning of the project is to define your
objectives. Obviously, one of your objectives will be to stabilize your streambank or shoreline.
Other objectives may include protecting a nearby structure, providing for enhanced wildlife
habitat, providing lakeshore or streambank access for your family, and filtering stormwater on
your property. Make a list of all of the objectives of the project and prioritize them – this will
provide a road map that you should refer to from time to time to make sure your project is on
track.
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Identifying the Causes
As discussed above, you need to develop an
idea of why the erosion problem exists
before you can even think about fixing it. In
fact, many times, diagnosing the problem will
make the solution to the problem evident,
and maybe less costly that you might think.
Is a lack of vegetation causing the erosion?
If so, what is causing the lack of vegetation?
Are people and/or animals trampling the
vegetation? Is the area heavily shaded? Is
the erosion caused by untreated stormwater
coming off a parking area or the roof? How
steep and high are the banks? Do you have
the potential for geotechnical instability? Are high waves or fast rushing water exacerbating your
erosion problem?
Write all of your observations down and draw a sketch map of the problem. Try to be as
specific and descriptive as possible. Use the site assessment form in Appendix A of the
handbook to structure your site assessment.

Selecting Options
At this point, you can start developing some idea of what your stabilization options might be.
For instance, if you have determined that a lack of vegetation is causing your erosion problem,
you may want to consider vegetating your streambank or shoreline. If the banks are steep, you
will need to grade them back first to provide a flatter planting surface. If there are high waves
or fast water washing away the banks or if nearby trees or structures prevent grading, or if heavy
shading or poor soil retard vegetation growth, than stabilizing your bank with new vegetation
may be difficult and may require special techniques. In these cases, it is wise to contact a
professional restoration designer to aid in selecting appropriate stabilization treatments. If the
erosion problem is minor and you have some experience with planting plants, you may want to
attempt the project yourself. Appendix B and C of this manual provides a list of plants that
work well for streambank and shoreline restoration projects.
If high banks, steep slopes, heavy wave action, or other severe factor is present, you may want to
to consider going beyond vegetation to a bioengineering or biostructural, or structural approach.
Before we go any further, let us consider the appropriate uses for each type of stabilization.
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Bioengineering – As we discussed in Chapter 1, bioengineering is used to treat mild to moderate erosion

problems. It involves the use of living and natural materials to stabilize streambanks. Its primary
advantage is that it is inexpensive, and creates natural streambank habitats rather than highly
engineered environments. Unfortunately, bioengineering is not for use in extreme situations that involve
high banks, severe flows, or endangered structures. Using bioengineering in the wrong situations can be
wasteful and even dangerous if structures are involved.

Biostructural – Biostructural combines bioengineering with some structural elements such as rocks,
concrete, or synthetic erosion control products. A biostructural approach is more expensive that pure
bioengineering but can be used in a wider variety of situations.

Structural – Structural approaches to stabilization include rock walls, gabion walls, concrete, wood and
metal bulkheads, and riprap. Structural approaches are used in situations where biostructual or
bioengineering are insufficient to treat the erosion problem. As you might expect, structural solutions
are often costly and design intensive.

If you are confused about which approach maybe right for you, you might want to retain a
restoration consultant to help you with planning, and designing your project. Many consultants
have extensive experience with restoration projects, and use quantitative methods to choose
appropriate restoration techniques. Making a decision to hire a consultant or go it alone is one
of the most important decisions in the restoration process.
If you are planning a simple bioengineering project, or planting project, you may want to design
and install the project yourself. If so, Chapter 5 and Appendix D provide detailed design
guidance for adventurous beginner bioengineers!

How Much Will This All Cost and How Will I Pay For It?
If you are planning a simple revegetation project, the costs of a restoration project may be a low
as $5 per linear foot and may be limited to the cost of seed, plants, and trees. On the other
hand, structural streambank stabilization projects often cost as much as $200-$300 per linear
foot. Engineering fees typically run an additional 10-30% of the total project cost. Luckily, there
are many grant programs available to homeowners to assist with implementing streambank
stabilization projects. Your design consultant can work with you to write and obtain a grant
from a variety of sources. Here are a few of the grant programs currently operating in
Pennsylvania that assist with stream and lakeshore restoration:
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Pennsylvania Growing Greener – Administered by the Pennsylvania Department of Environmental
Protection, the Growing Greener Program is one of the best ways to obtain funding for a stream or
lakeshore restoration project. Private residents cannot apply directly for a Growing Grant, but you
can contact the Lake Wallenpaupack Watershed Management District (570) 226-3865 to find out
how you could obtain a grant through the Growing Greener program. Growing Greener will fund all
aspects of a stream or lake shore restoration project including design, permitting, and
construction. Grant amounts are not limited but typically range from $10,000-$200,000 for most
restoration projects. Because the primary aim of the Growing Greener program is the reduction of
non-point source pollution, the Growing Greener program funds projects that emphasize the use of
natural materials and bioengineering techniques. Growing Greener does not require matching funds
but does consider the match amount in ranking proposed projects.
Non Point Source 319 Program – Any application to the Grower Greener Programs are also eligible
for funding under Pennsylvania’s Non Point Source 319 Program. 319 funds are federal funds that
are administered by the state, so the rules associated with the grants are slightly different than
the Growing Greener program. Projects funded with 319 funds are typically similar to projects
funded through Growing Greener.
Lake Wallenpaupack Management District BMP Implementation Program – The Lake
Wallenpaupack Watershed Management District (LWWMD) has been working with homeowners in
the Lake Wallenpaupack Watershed for over 20 years to fund and implement streambank and
shoreline protection programs. Currently, LWWMD is administering EPA funds dedicated to
implementing a wide variety of water quality improvement projects throughout the Lake
Wallenpaupack Watershed, including streambank and shoreline restoration projects. LWWMD
identifies projects by conducting inspections of roadways, stream crossings, shorelines, and
stormwater management facilities throughout the watershed, and through contacts from local
residents. LWWMD then evaluates and ranks potential projects and implements the top ranked
projects.

Consultants, and Other Helpers
Many engineering firms provide professional design services for restoration projects. If you have
a more complex or severe erosion problem, working with an experienced consultant is critical.
A qualified consultant will guide you through the site assessment and design process, prepare
and submit required permit applications, coordinate and plan project construction, provide
bidding and contractual services for hiring a qualified contractor, provide construction
observation services, and perform post-construction monitoring services.
For planting projects and simple bioengineering projects, a consultant can still be helpful but is
not necessary. Many homeowners design and install successful shoreline or streambank
stabilization projects with little or no outside help. It does require a substantial amount of time
and effort on the part of the homeowner. Enlisting the help and guidance of groups such as
LWWMD, one of the County Conservation Districts, or the Pennsylvania Fish and Boat
Commission can help landowners to implement their own projects correctly.
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Chapter 4

The Shoreline/Streambank Ecosystem

Stop right there! Before charging ahead with a restoration project on your lakeshore or streambank, take
a few minutes to find out how these environments work. Understanding the basic architecture of
lakeshore and streambank ecosystems will make you a better restorationist. Lake and stream ecologists
see the lakeshores and streambanks as connected groups of overlapping zones. Each zone has unique
characteristics, vegetation, and restoration requirements. When you develop a restoration or
stabilization plan, you must address each zone uniquely.

Always Know the Zones
The best way to think about a lakeshore or streambank is to divide it into a series of zones, ranging from
wet to dry and everything in between. Most aquatic scientists use a system of four zones: the toe zone,
splash zone, bank zone, and terrace zone. Observe your streambank or lakeshore over a period of months to
figure out where your zones fall.

Zones of a Shoreline Ecosystem
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Toe Zone
The toe zone is at or below the normal water level or base flow. Rushing water or pounding waves can
create extreme stress levels at the toe zone. This makes vegetation growth difficult and often creates
conditions that are perfect for erosion to occur. Most erosion problems start at the bank toe, so
stabilizing this region is critical to the success of any stabilization project. You may consider structural
or biostructural measures to shore up this important region.

Splash Zone
The splash zone extends from the normal low water line to the normal high water line. It is covered by
water at least six months per year. This zone is characterized by constantly changing conditions. During
some periods, the splash zone is under water, while at other times it is exposed and even quite dry.
Vegetation that is uniquely adapted to these conditions include species of rush, sedge, and grass.
Establishing stable conditions in the splash zone can be tricky business. First, do not try seeding this
area – use full size plants. Next, don’t get too carried away with different types of plants – choose a few
plants that can withstand prolonged periods of wet and dry and that grow quickly. Also, use an erosion
blanket to protect the soil while the plants are establishing. Finally, make sure the zone is graded to a
gradual slope that your new plants can tolerate.

Bank Zone
The bank zone is the area above the normal high water level. It is exposed to some wave wash, ice, and
debris, as well as pedestrian and animal traffic. It is inundated for at least a month every couple of years.
Herbaceous plants such as grasses and wildflowers as well as woody shrubs such as dogwoods and shrub
like willows can be planted in this area. Transplants or one year-old rooted cuttings should be planted
and mulched.

Terrace Zone
The terrace zone is not usually subject to direct erosive action from the lake or stream except in
flood situations. However, it is subject to runoff. Species such as native grasses, wildflowers, shrubs,
and trees that are not flood resistant can be planted in the terrace zone. Direct seeding or
transplanting can be used unless there is a steep slope.
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Chapter 5

Designing a Shoreline Planting or
Bioengineering Project

Once you have done a thorough assessment of your property and have completed the site assessment
checklist, you are ready to determine the bioengineering method or combination of methods that will
meet the needs of your site. If you have determined that structural or biostructual methods will be
needed, we recommend contacting a design professional or your local conservation district.

To Bioengineer or not to Bioengineer?
Are you going to be designing a planting project or a bioengineering project, or a little of both? Consider
the following examples for 150 feet of shoreline.

Example #1 - Mr. John R. Reilly – 678 Lake Cove St.
Mr. Reilly’s lakeshore is eroding. The erosion is not severe, and the bank slope is gradual. Full sun
strikes the site all day long. The vegetation on the shore is mostly lawn grass that has been degraded by
people walking up and down the bank. The Reilly’s property is located in a protective cove with little
wind and waves.
In this situation, a revegetation or planting project may be all that needed to restore stable bank
conditions. One of the easiest revegetation projects is to let nature do the work. Mr. Reilly elects to
stop mowing his grass to the edge of his lakeshore, and he puts up some fencing to prevent people from
walking on the shore. In few months, an array of native plants is sprouting in the areas. John
occasionally weeds and waters the area to keep the native plants healthy. In a few years, the lakeshore is
returned to a natural state. John establishes paths to allow access to the shoreline using natural looking
stones and fencing.
Total project cost: $300

Example #2 – Emma Sandstrom – 432 Sandyshore Lane.
Emma’s lakeshore property is eroding. The banks are not steep, but large trees shade the area and the
property is exposed to 2-3 foot waves from wind and powerboats. The soils are generally good, but
there are occasional rocks. Emma wisely elects to replant the bank. She selects a variety of plants that
are adapted to partial shade, and rocky soils. She plants 2” wetland plugs of rushes, sedges, and grasses
in the toe and splash zones, spacing the plants 2-3 feet apart and using erosion blankets to provide extra
stability. She elects to seed the bank and terrace zones using a native grass and wildflower seed mixture.
Finally, she fences the area off to allow the plants to regenerate. In this case, the more difficult
conditions made an active planting approach necessary.
Total project cost: $900.
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Example #3 Tom Dodrick, 56 East Cove Place
Tom has 150 feet of shoreline that is eroding at a rapid pace. The banks are about 2 feet high, and close
to vertical. The site has full sun and fertile soil, but is subjected to wave action from powerboats. In
addition, it receives overland runoff from Tom’s driveway, which is located at the top of a long slope
that leads to the shore. Tom’s decides to grade the eroding bank to a 3(H):1(V) slope using a rented
backhoe. To protect the slope from waves, Tom installs a wave break by staking rows of brush parallel
to the shore about 10 feet out from the shoreline. He then stabilizes the bank toe using a common
bioengineering technique – fiber roll revetments, or “biologs”. He stabilizes the bank and splash zone
with wetland plantings, erosion blanket, and live willow stakes. Finally, Tom finishes off the project
with 15 feet of shrub and grass plantings within the terrace zone to intercept some of the overland
runoff coming from the driveway. In this case, the more severe conditions and steep bank slope made
a bioengineering project necessary.
Total cost: $3,500.

Designing a Successful Planting Project
Planning a successful lakeshore or streambank planting project is not difficult, but the type, species, and
method of planting must be carefully matched with site conditions.
All factors at the site must be taken into consideration including:
•
•
•
•
•
•
•

Moisture conditions (bank zones)
Wave Action
Overland Runoff
Soil type
Sunlight availability
High traffic areas
Goose and deer protection

Soil moisture is a critical factor in
plant selection

Important: Start the plant selection and procurement process early in the project. Plants need to be
ordered early to ensure that they are in stock or to allow time if they need to be grown specially.
Obtaining the necessary plants may be the limiting factor in getting your project underway. Arrange
orders so that you receive everything you need at approximately the same time and at the correct time of
year for planting (usually late fall to early spring).

Plant Selection
Consult your site assessment checklist, the list of species recommended for bioengineering projects,
and nursery catalogs when selecting plants to ensure you know the conditions at your site, the plants
that are suited to those conditions, and where to purchase your plants.
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Here are some great books that may help you with plant selection:
Daniels, Stevie. The Wild Lawn Handbook. Alternatives to the Traditional Front Lawn. 223 pages. New York, NY:
Macmillan General Reference, 1995.
Dindorf, Carolyn J., Henderson, Carrol L., and Rozumalski, Fred J. Lakescaping for Wildlife and Water Quality. 175 pages.
Minnesota: Minnesota’s Bookstore.
Grimm, William Carey. The Illustrated Book of Wildflowers and Shrubs. 637 pages. Mechanicsburg, PA: Stackpole Books,
1993.
Harper-Lore, Bonnie and Wilson, Maggie. Roadside Use of Native Plants. 665 pages. Washington, D.C. & Covelo, CA: Island
Press, 2000.
Haywood, Mary Joy (RSM, Ph.D.), Monk, Phyllis Testal (M. Ed.), and members of the Botanical Society of Western
Pennsylvania. Wildflowers of Pennsylvania. 407 pages. Venture Graphics, Inc., 2001.
Hemmerly, Thomas E. Appalachian Wildflowers. 327 pages. University of Georgia Press, 2000.
Hitchcock, A.S., and Chase, Agnes (Revising Author). Manual of the Grasses of the United States. Volume One. 569 pages.
Toronto, Ontario: General Publishing Company, 1971, & United Kingdom: Constable and Company, Ltd., 1971.
McKenny, Margaret, and Peterson, Roger Tory. Wildflowers Northeastern/North-central North America. Peterson Field
Guides. 420 pages. USA: 1968.
Mutel, Cornelia F., and Packard, Steven. The Tallgrass Restoration Handbook. 463 pages. Washington, D.C. & Covelo, CA:
Island Press, 1997.
Newcomb, Lawrence. Newcomb’s Wildflower Guide. 490 pages. USA: 1977.
Niering, William A., Olmstead, Nancy C., and Thieret, John W. (Revising Author). National Audubon Society Filed Guide to
North American Wildflowers (Eastern Region). Revised Edition. 880 pages. New York: Alfred A. Knopf, Inc.,
2001.
Riley, Ann L. Restoring Streams in Cities. A Guide for Planner’s, Policymakers, and Citizens. 423 pages. Washington, D.C. &
Covelo, CA: Island Press, 1998.
Rosgen, Dave. Applied River Morphology. 341 pages. Minneapolis, MN: Printed Media Companies, 1996.
Shirley, Shirley. Restoring the Tallgrass Prairie. An Illustrated Manual for Iowa and the Upper Midwest. 330 pages. Iowa
City: The University of Iowa Press, 1994.
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Go native. Your project and the local ecosystem will be best served if you choose native plant species.
Native species are adapted to live in the area; are likely to have a higher survival rate than exotic or nonnative species; are adapted to provide the needed stabilization, absorption, and filtration functions; and
will provide habitat for native wildlife. You may have to identify and contact nurseries that specialize in
the growing of native plants, because most commercial nurseries do not stock a large selection of native
species. Here are a couple of nurseries to try:
Southern Tier Consulting, Inc.
2701A Route 305, P.O. Box 30, West Clarksville, NY 14786
800-848-7614
froghorme@southernteirconsulting.com
www.southernteirconsulting.com
North Slope Farm
Richard Tregidgo, RR1, Box 207-B, Bookings Rd., Pleasant Mt., PA 18453
(570) 448-2374 (phone & fax)
Sylva Native Nursery & Seed
Mike Hollins, 1638 Sieling Farm Road, New Freedom, PA 17349
717-227-0486
recins@aol.com
(wood only)
Ernst Conservation Seeds
Calvin Ernst, 9006 Mercer Pike, Meadville, PA 16335
814-336-2402
800-873-3321
fax 814-336-5191
cernst@gremlan.org
North Creek Nurseries, Inc.
Dale Hendricks, RR 2, Box 33, Landenberg, PA 19350
610-255-0100
fax 610-255-4762
ncreek@dca.net
(herbaceous only)
Octoraro Native Plant Nursery
Jim MacKenzie, 6126 Street Road, Kirkwood, PA 17536
P.O. Box 24, Oxford, PA 19363
717-529-3160
fax 717-529-4099
octoraro@epix.net
Pinelands Nursery
Don Knesick, 323 Island Road, Columbus, NJ 08022
609-291-9486
fax 609-298-8939
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UGOs–Unwanted Growing Objects. During your selection process, take care to avoid problem
species. Some wetlands species such as purple loosestrife and common reed are non-native, invasive
species that may take over the native plant species in the area and detract from the native habitat you are
trying to create.
See Appendix B and C for a list of plants appropriate for bioengineering applications.
Now let us take a closer look at some specific techniques that you may want to use to establish native
plants on your site:

Seeding
Seeding is a fast, easy, and inexpensive vegetation technique, but it is not particularly effective for
serious erosion problems. It is often used in conjunction with other techniques such as live stake or live
fascine installations; when only mild erosion control is necessary; or to restore poorly vegetated areas.
An ideal seed mix will include both grasses and wildflowers and will be most effective if left unmowed.
Seeding of woody species is similar to seeding with grasses, but it is not as effective at reducing surface
erosion. Woody plants provide root reinforcement of surface soils and require five to ten years before
an extensive root network develops.

Native Seeding Lingo
Before you get into using native seeding, it helps to know the basic native seeding lingo. Here are a few
terms that native seeders need to know:
Acre – 43,560 square feet
Purity - Percentage of seed that is not “weed seed” .
Germination Percentage – Percent of pure seed that will germinate in the soil
Cold Stratification – Refrigeration of seed prior to sowing to enhance germination
PLS – Pure Live Seed, the amount of non-weed seed that will germinate. Ask for pounds PLS when
buying native seed mixes.

Local ecotype – Seed collected from within 100 miles of your location. Native species are not always

local ecotypes. For example, you could have a native seed that was harvested in Oregon. If possible,
always use local ecotypes.
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Building a Seed Mix
There are two options when putting a seed mix together: develop a custom seed mix, or go with a preselected seed mix. Most native nurseries have a number of pre-selected seed mixes to fit a variety of site
conditions. However, a pre-selected seed mix is never as effective as a carefully selected custom mix
where each species is selected specifically for your site.
How much seed your site requires depends on the size of the seeds and the requirements of the site.
Generally, 10-15 pounds per acre works well for most applications. Increase the seeding rate by 15% on
poor soils or steep slopes. If you are using a pre-selected seed mix prepared by a native nursery, they
should be able to recommend appropriate seeding rates for your site.

Buyer Beware
Most “wildflower” seed mixes sold at commercial garden centers and home improvement super stores
do not contain native species or local ecotypes. Rather, they tend to be chock full of alien species and
commercial cultivars. Our advice…stay away.

Timing Is (Almost) Everything
Ideal timing depends on the species being planted. Most mixtures should be planted in late
fall, spring, or early summer. If the seeds are planted in autumn, seeding should be late
enough in the season that the seeds do not germinate until spring. We recommend late fall
seeding for most applications.

Be Prepared
Preparing the “seed bed” is essential to a successful planting. First, get rid of all existing vegetation with
a broad spectrum, aquatic safe herbicide such as Rodeo®, which is available at most commercial garden
centers and hardware stores. Next, scarify the soil with a rake, harrow, or scarifier. The more nooks and
crannies, the better.
Important: Unless the soils are extremely poor, do not add soil amendments like fertilizer, lime,
or organic soils – they will just enrich the soil and encourage weeds to grow.
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Seeding Methods
There are many ways to apply seed to bare soil. The simplest method, perfect for small areas, is hand
broadcasting. Hand held seed spreaders can also be used. They can be purchased at hardware stores for
less than twenty dollars. Either way, achieving even seed distribution is the key. Here are a few
suggestions:
•
•
•

Mix the seed with sand or saw dust prior to broadcasting
Seed small areas at a time
Divide your seed in half, apply the first half to the entire site; then apply the second half over
the entire area

For larger areas (>1 acre) you might want to consider a seed drill, which is typically pulled behind a
tractor.

Plant a Cover Crop
A cover crop is a quick growing annual grass that is planted along with the native seed to achieve quick
surface cover. Since it is an annual, it dies after the first growing season, letting the native plants take
over. We recommend a cover crop of annual rye grass at a rate of 48 pounds per acre.

Finishing Up
Once the seed is on the ground, do not walk away – there is important
work to be done. First, you must cover the seed with about a quarter of
an inch of soil. Then compact the soil by using a roller, tamper, or the
old-fashioned way – by walking on it. Good soil contact is a key to a
successful planting so do not forget this critical step.
Finally, cover your seed with straw mulch, wood chip mulch, or erosion
blanket to protect the seed from being washed away or eaten by hungry
wildlife.

Seeding Revisited: Maintenance, Monitoring, and Other Forgotten Arts
Once your seed starts producing plants, it is time to start thinking about maintenance and monitoring. It
is not the most glamorous part of the process, but it may be the most important. Monitoring can be as
simple as taking a walk over to your site every week and observing the progress of the seedlings.
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Here are seven easy ways to make your maintenance and monitoring matter:
1. Look for bare areas: if you see bare areas where seed has not germinated, apply more seed, but
also think about why the seed did not grow. Is there a site condition you missed during your
planning? Would another species work better?
2. It can be hard to tell the difference between native plants and weeds during the first growing
season. Generally, anything growing very rapidly during the first growing season is most likely a
weed. Also, look around the rest of your yard. If you see the same plants growing elsewhere,
chances are you have a weed on your hands.
3. If your plants do not flower the first year, do not panic – most native wildflowers grown from
seed do not flower during the first growing season.
4. Buy a good wildflower handbook – we recommend Newcomb’s Wildflowers
5. If you identify exotic or weed species, pull the plants immediately making sure to remove all of
the roots. Alternatively, use spot herbicide treatment to kill unwanted plants. Spot herbicide
applicators are available at most commercial garden centers. If you do use spot treatment, apply
the herbicide as carefully as possible and avoid windy days.
6. Mowing: cutting your site to a height of 8 inches twice each year can increase light availability
and help native plants out compete weed species
7. Keep an eye out for white tailed deer and Canada geese – if you see these animals hovering
around your seeding area, it may be a wise idea to fence your area with game deterrent fencing.
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Container or Bare Root Planting
Transplanted vegetation is a more immediate solution to
erosion control problems and is not as susceptible to runoff as
seeding. While seeding is certainly easier and more cost
effective, plantings are a much more reliable method of
establishing vegetation on most sites.

Choosing the Right Type of Plant
Commercially grown native plants are available in different
forms and sizes. Generally, the larger the plant, the more
expensive, but the less likely the plant is to die because of drought or transplant shock.
Here are some of the common native planting options:
Container plants refer to plants that are sold in pots or other containers along with soil. Container
plants typically range from quart- to gallon-sized pots. Plan on spending $4.00 or more per plant.
Tubes refer to plants whose roots are contained in a long tube filled with soil. The long tubes let
the roots stretch out to avoid the root cramping phenomenon of most container plants.
Plugs are young, small plants that are placed in small containers with soil. Often they are available
in trays of 24-32 plugs. Plugs are inexpensive ($0.70 -$1.00 per plug) and easy to plant. For these
reasons, most restorationists use plugs.
Bare root plants are packaged without soil around the roots and are not placed in containers.
Rather, the roots are moistened and wrapped in cloth or burlap. Often they are less expensive than
their containerized counterparts are, but are somewhat more costly than plugs.
B&B (Balled and Burlap) plants are large, mature plants (often shrub or tree species) whose root
mass is wrapped in burlap. These plants are usually quite expensive and are primarily used for
accent plantings.

For most shoreline or streambank plantings, plugs are the best choice for herbaceous plants like
wildflowers, sedges, rushes, and grasses. Shrubs and trees should be obtained in container or bare
root form.
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Native Plant Sales
In addition to the native plant nurseries, many arboretums and local conservation groups sponsor
native plant sales each spring. If you are a beginner to the world of native plants, this might be a
good place to “get your feet wet”.

Combining Plants and Seed
We suggest combining planting and seeding for most projects. Seeding large areas can help project
costs down, while plantings provide immediate growth while the seeds are just getting started.

Plant Spacing and Arrangement
Planting spacing depends on the type of planting you are
using. For plugs, try about one foot spacing for optimal
results. Container plants and bare root plants should be
spaced farther apart.
Arranging your plants is mainly up to you. However, you
need to make sure that each plant is placed in a location that
fits its requirements for growth. Beyond that, there are no
hard and fast rules to arranging your plants. Most
experienced restorationists try to reproduce the “random
order” of naturally growing areas. This means not planting
your plants in perfect rows. Instead, try planting in clumps or various sizes and species combinations.
Here are a few other suggestions:
•

Be aware of blooming times and colors. Design your arrangement to provide color all year
round and throughout your planting area.

•

Try to plant shorter plants around the edges of your planting so they are not lost or out
competed by larger plants.

Planting Methods
The method of planting described below can be used for any tube, container, or bare root plant that
you have purchased from a nursery or are transplanting from a nearby area. If you choose to
purchase plants from a nursery, place the orders far in advance to ensure that you will have them
when you are ready to plant.
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Transplants should be taken from nearby areas, but not from any state- or federally-owned land or from
private land without the approval of the owner. Plants should only be removed from their native areas
if the removal will not disturb the native population in any way.
To improve the success rate and immediate stabilization benefits of planting rooted materials, plant in
groups or bunches. It is also a good idea to plant several different plant species that all meet the
environmental conditions of the area. This will provide diversity and will maximize your chances for
success. The plants should be properly Ahardened-off@ or acclimated to the outdoor environment before
they are planted.

Installation
Transplanting is most successful in the early spring. For woody species, make sure that you transplant
them before dormancy is broken.
1.
2.
3.
4.
5.
6.
7.
8.

Dig a hole for the plant. Ideally, the hole should be about as deep as the root
mass of the plant, and about twice as wide. (Make sure you dig the hole
immediately before planting to prevent the soil from drying out.)
Add some compost or soil conditioner to the hole.
Loosen the root ball of the plant.
As you place the plant in the hole, make sure that the roots are not bound or
bent upwards.
Set plants in the hole just below the level at which they were in the container.
Cover the root systems with 2-3" of soil.
Pruning plants after installation will allow a greater percentage of plant energy to
be used for root development.
Mulch around the plants.
Water the plants as necessary depending on their requirements and the amount
of rainfall.
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Designing and Implementing Successful Bioengineering
Project
Designing a successful bioengineering project is a big
step up from a planting project. There are dozens of
techniques to choose from – and choosing the right
combination of techniques is both an art and a
science that is not easily mastered. To design the
project correctly you will need an accurate survey of
the restoration site and computer hydraulic modeling
to determine the force of water against which you
must protect. Depending on the project size, you
may need to obtain various local, state, and federal
permits, which can take up to 6 months to obtain and
can cost several hundred dollars in permit application
fees. Most likely, you will also need to hire a
professional contractor to implement the work.
At this point – you are probably thinking that your erosion problem is not very bad and maybe you can
live with it. While a bioengineering project is a daunting task, there are considerable resources available
to assist you. We recommend contacting either your county conservation district or the Lake
Wallenpaupack Watershed Management District. These groups may be able to offer direct technical
assistance or, if needed, recommend an environmental consulting firm that specializes in stream and
lakeshore restoration. In either case, having a qualified professional consultant of some kind can be an
invaluable resource.
Whether you decide to hire a consultant or not, you will need to navigate your way through the
following basic steps to complete your project:
1.
2.
3.
4.
5.
6.

Securing project funding
Site assessment and data
collection
Project design
Permitting
Construction
Monitoring

Step 1 - Securing project funding
Bioengineering projects, while cheaper than many “conventional” stabilization techniques, can still cost
upwards of $50 per linear foot of streambank or lakeshore. Many homeowners are unwilling to pay for
the cost of the project out of their own pocket. Luckily, many public funding sources will pay for part
or all of a stream or lakeshore restoration project. If you do decide to implement a bioengineering
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project, the first step towards ensuring a successful project is to make sure that you have the funds to
cover all of the project costs.
This may be a good time to get outside organizations on board to help you with your project. The
project partners can help you identify which grant programs are applicable to your situation, and can
assist you with preparing and submitting the grant applications. As an individual, you cannot directly
apply for many of the grant programs that fund stream and lakeshore restoration projects. You will
need to find a non-profit group or municipality to serve as a grant sponsor. Many consultants provide
free and low-cost grant writing services with the understanding that they will serve as the design
consultant for the project if the grant is funded.
Many grant programs have matching fund requirements that require a portion of the total project to be
paid with non-grant funds. Typically, matching requirements range from 25-50% of the total project
cost. There are two basic types of matching funds – cash match, and in-kind match. Cash match is
exactly that – cash contributed by you, the homeowner, the sponsoring organization, or some other
partnering organization. Depending on each grant program’s requirements, sometimes funds from one
grant program can be used to match another. But be careful, not all programs allow this. The other
type of match is in-kind match – this is a donation of labor, services, or material that is valued at a
certain dollar amount. Often, in-kind match is an easier way for a homeowner or non-profit
organization to come up with the required match amount. In-kind match can include volunteer
planting labor, donations of plant, rock, soil, or seed from local businesses, and donated design and
technical assistance from local
watershed and conservation
groups.

Step 2 – Site Assessment
and Data Collection
The second step to designing a
successful bioengineering is to
collect good environmental site
data. During your initial site
assessment,
you
collected
information about the severity of
the erosion problem, soil type,
moisture level, and shading. This
is a good start, and if you are planning a bioengineering project along a lakeshore with little wave action,
this may be all the data you need to design your project.
If you are working with a consultant, they will probably take the lead on the site assessment and data
collection process. However, you also have an important role to play. Make sure you discuss your ideas,
goals, and objectives for the project with your consultant. Walk the project site together and point out
any information that you think would be valuable to the design process. Share any data you have
collected concerning soil types, moisture, shading or other site conditions with the consultant as well.
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Your consultant will then conduct a more detailed site evaluation and data collection process. This
process with probably include surveying the project site, collecting additional soil samples, and
performing more detailed mapping of moisture and shading zones. A professional-level site evaluation
will also include identifying and flagging any regulated wetland areas, identifying potential construction
access and staging areas, and collecting any other information required for the project design. If you are
working with a consultant, be sure to request a copy of the site survey and data collection worksheets
and review them carefully with your consultant.

Step 3 – Project Design
As with the site assessment, your consultant will do most of the design work–with your input, of course.
Following the site assessment, your consultant will typically create a detailed “existing conditions” map
of your restoration site. This map will show the existing land contours, the location of various existing
structures and features including
trees, structures, roads, wetlands,
and utilities. The mapping may
also show a cross-sectional view
of the stream or lakeshore.
The next step in the design
process is to perform detailed
hydraulic modeling of the wave
action (in the case of a lakeshore
project) or stream flow (in the
case of a streambank project).
This involves using various types
of computer models to predict
the force of the waves or stream
Hydraulic modeling and topographic mapping are essential parts of many
water on the eroding lakeshore
streambank stabilization projects
or streambank. Knowing this
information is critical to making good design choices for your site and is one of the main reasons why
hiring a qualified consultant is important.
Your consultant will then proceed to develop a conceptual design for the project. Make sure you review
the conceptual design with your consultant and make sure any questions or concerns you have
concerning the conceptual design are adequately addressed at this stage. After the approval of a
conceptual design, your consultant will prepare a detailed design, which will consist of several
engineering drawings that show all elements of the proposed work. Even if you are unfamiliar with
detailed engineering drawings, a thorough review of the drawings will be essential to make sure the
project turns out to your liking.
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Step 4 – Permitting
Nobody likes permitting, but the simple fact is that local, state, and federal agencies have jurisdiction
over activities that occur in and around waterways. Because not properly permitting your project can
result in stiff fines and legal trouble, inquiring about specific permit requirements for your project is
critical. If you are working with a consultant, they should be able to determine which permits you will
need and can assist you in preparing and submitting your permit applications. If your project length
exceeds 500 ft., we strongly recommend employing a professional consultant to assist you with the
permitting process.
Permitting can range widely in complexity, preparation and review time, and cost. Depending on the
scope, size, location, and nature of your project here are some of the permits you may have to obtain
prior to implementing your project:
Erosion and Sediment Control Plan
If your project involves earth disturbance (e.g., bank regrading or excavation), you probably need an
approved Erosion and Sediment Control Plan before you start work. The purpose of an Erosion and
Sediment Control Plan to make sure that erosion and sediment are controlled during the construction
process. It does not make much sense to restore a lakeshore if, in the process, you wash tons of
sediment into your lake. Over time, each state has developed a variety of methods (also called Best
Management Practices or BMPs) to control erosion and sediment during construction. In Pennsylvania,
these methods are summarized in the Pennsylvania Erosion and Sediment Pollution Control Program
Manual. The erosion and sediment control plan usually consists of six items: a drawing showing the
types and locations of the proposed erosion and sediment control practices, a BMP maintenance and
monitoring plan, a narrative describing the proposed erosion and sediment control practices, and a
construction sequence.
Once completed, the plan is submitted to your county conservation district for review. Depending on
the county you live in, you may have to fill out an application form and pay a fee for the plan review.
Plan review takes about 30 days. At that time, you may receive approval or a letter requesting changes
to the plan. Once your plan is deemed adequate, you will receive a letter of approval from the
conservation district.
If your project is over 1-acre in earth disturbance, you will also most likely need to submit an application
for a general or individual NPDES Permit for Stormwater Discharges Associated with Construction
Activity. This permit application is most often submitted concurrently with the Erosion and Sediment
Control Plan.
For more information on preparing and filing an Erosion and Sediment Control Plan or NPDES permit
application, contact:
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Pike County Conservation District
HC 8, Box 6770, Route 402
Hawley, PA 18428-9016
Phone: (570) 226-8220
FAX (570) 226-8222
pikecd@prolog.net
Wayne County Conservation District
District
470 Sunrise Avenue
Honesdale, PA 18431
Phone: (570) 253-0930
Fax: (570) 253-9741
c-rmuller@state.pa.us

Monroe County Conservation District
8050 Running Valley Rd.
Stroudsburg, PA 18360-0917
Phone: (570) 629-3060
Fax: (570) 629-3063
c-ctodd@state.pa.us
Lackawanna County Conservation

1300 Old Plank Road
Mayfield, PA 18433
Phone: (570) 281-9495
Fax: (570) 281-9497

PA-DEP General Permit #3
For streambank and shoreline bioengineering project less than 500 feet in length, you may be eligible for
a General Permit #3 (FP-3) from the Pennsylvania Department of Environmental Protection (PADEP). This permit is quite a bit easier to obtain than the Joint Permit that is required for larger projects
(See below). There are a few other restrictions to using a General Permit even if the project is less than
500 feet, so you must check with PA-DEP to determine if your project is eligible.
If you permit your project under a GP-3, you will be required to submit a permit application that
includes a project narrative, color photographs of the project site, a permit application form, and a few
other items. Generally, the permits take about 30 days to review. There is no application fee associated
with the GP-3.
In Pike, Wayne, Monroe and Lackawanna Counties, GP-3 applications are reviewed and processed by
the county conservation district. Typically, the GP-3 application is submitted along with the Erosion
and Sediment Control Plan.
The GP-3 application package is available for download from the PA-DEP website.
PA-DEP Chapter 105 Water Obstruction and Encroachment and U.S. Army Corps Section 404 Water
Quality Certification Joint Permit Application (Joint Permit)
If your project exceeds 500 feet in length, you will not be eligible for coverage under GP-3. In this case,
you will need to apply for a Joint Permit. The Joint Permit provides both state and federal authorization
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for the project, although most, if not all, of your direct dealings will be with the state. This permit
application is considerably more detailed that the GP-3 and generally requires a professional consultant
to prepare. The joint permit application requires an application fee and takes approximately 130 days to
review.
Joint Permit applications are submitted directly to the PA-DEP Soil and Waterways Northeast Regional
Office.
Soils and Waterways Northeast Regional Office
Pennsylvania Department of Environmental Protection
2 Public Square
Wilkes-Barre, PA 18711-0790
(570) 826-5485

Department of the Army Individual Permit
If a bank stabilization project is greater than 1-acre in total disturbance to waters or wetlands, the U.S.
Army Corps of Engineers may require an application for a Department of the Army Individual Permit
in addition to the Joint Permit application.
For more information on U.S. Army Corps of Engineers permitting contact the U.S. Army Corps of
Engineers Philadelphia District Pocono Area Field Office:
U. S. Army Corps of Engineers
Philadelphia District - Pocono Area Field Office
S&H Plaza - Route 435
RR1 Box 1487
Gouldsboro, PA 18424
(570) 842-1044

PPL Earthmoving Permit
All bioengineering shoreline stabilization projects on Lake Wallenpaupack that involve earthmoving
require an earthmoving permit from PPL. There is no fee for the application. For more information
and application forms, contact the Lake Superintendent’s Office at (570) 226-8597.
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Step 5 – Construction
This is the part you’ve been waiting for –
the part where all of your planning
becomes a reality. Construction can be
the most rewarding and most frustrating
part of the entire restoration process.
Careful planning is essential for success.

Project construction may require heavy equipment and a professional
contractor

Depending on the size of your project,
the construction phase may consist
simply of obtaining materials and
implementing the restoration project on a
Saturday with some friends and family, or
it may consist of a major construction
process involving a professional
contractor and construction manager, or
anything in between.

Going Solo
If you are planning to “build” your restoration project
yourself, the first thing you need to do is set a
construction date. For most bioengineering projects, late
fall is the best time to implement. If you are planting
dormant cuttings such as live stakes (which is likely if you
are attempting a bioengineering project), you need to wait
until leaf-off to start your project. You can install live
cuttings any time during the leaf-off season. When
setting your construction date also check the fine print on
all of your permits–there may be seasonal restrictions
placed on earth moving activity to protect the migration or
reproductive
cycles of certain plants and animals. Weekends are generally Shipments of live stakes and cuttings await installation at a
the best construction times. Pick a date when friends and streambank restoration project in Bucks County, PA
family will be available to help with moving materials into
place, seeding, and planting.
When you have determined your construction date, contact each agency from which you received a
permit and inform them of your construction date. During construction, inspectors from the various
agencies may visit your site to make sure that all of the permit conditions are being followed. Keep a
copy of each permit you receive posted at your construction site.
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Depending on the size of your project, you may
want to consider organizing a community
volunteer day. If there is a local Trout
Unlimited or sportmans club nearby, they can
probably donate some much-needed manpower
to your effort if given enough advance notice.
If you have not hired a consultant for the
design and permitting phases of the project, you
may want to contact your county conservation
district’s watershed specialist for help with
planning a volunteer workday.

The PA One-Call System
Perhaps you have heard the phase “Call before you dig”.
In Pennsylvania, the PA One Call system provides an easy way
to check for underground utilities before digging in an area.
If you are digging up the ground as part of you project, it is
absolutely essential that you call the one call system before
starting construction

Once you have set a construction date, the next order of business is to put together a list of all the
materials you will need for the project. Developing accurate material quantity estimates requires a
significant investment of time, but this investment is well worth it when you do not run out of erosion
blanket just before your project is completed. When you have your materials list developed, order your
materials to be delivered a day or two before the construction date. When ordering native plants and
seeds, make sure you place your order several months in advance. Native nurseries often run out of
popular plants quickly, particularly in the fall and spring when planting projects are in full swing. If a
nursery does not have all of the material you want, you may have to place orders with several nurseries
to obtain all of your plant material. Beware of nurseries that attempt to substitute species that they do
not have in stock with replacement species. The suggested replacement species may not work as well
for your site as the original species you selected.
TIP: If you are a planning on having volunteers helping you, make sure you have enough gloves,
shovels, planting bars and other equipment to keep everyone busy. Also, bring plenty of food and
drink to keep your volunteers fed and happy!
Now that you have all of your materials ordered, it is time to plan for the construction day. The night
before construction is to occur, arrange your materials so that they can be easily accessed during
construction. For example, if you intend to plant 1,500 plant plugs, place them along the bank in groups
of 20-30 plants so that they can be quickly planted the following day. Staging your materials in advance
will make the construction process proceed more quickly, and it provides a good way to make sure that
you have enough materials to finish the job.
Next, run through your construction sequence carefully. Determine the order that the various tasks
need to be completed. Spend some time trying to think of ways to optimize the construction process.
Does the completion of one task depend on another? Are there ways to accomplish a given task more
quickly? Can you combine tasks to reduce time and effort? Make detailed notes so you can remember
your thoughts during the construction process. There will always be some surprises on construction
day, but advance planning can help to avoid many a major catastrophe or setback.
Well…now it is time to jump right in. Be sure to get an early start and above all, try to have fun!

Lake Wallenpaupack Watershed Shoreline and Streambank Stabilization
Homeowners Handbook

Page 33

Working with Contractors
If you are planning a large or complex bioengineering project, you should definitely consider hiring a
professional contractor to implement the project. If you have been working with a design consultant on
the design and permitting phases of the project, you should consider retaining your consultant to
provide construction management services. Your consultant can assist you with selecting and hiring a
contractor, preparing construction contract documents, and overseeing and inspecting the construction
process to make sure the contractor implements the design according to plan.
Selecting and Hiring a Contractor
There are three types of contractors that do stream and shoreline stabilization work in Pennsylvania.
Earthmoving or general contractors are exactly that, earthmovers. They typically have a wealth of
experience grading sites, implementing erosion and sediment control practices, and working with dirt
and stone. Unfortunately, most earthmoving contractors have limited direct experience with stream
and shoreline restoration. However, since many bioengineering projects involve earth moving in one
way or another, earthmoving contractors have valuable experience that can be applied to bioengineering
construction. The primary drawback of using an earth-moving contractor is that most have limited
experience with native planting, seeding, and live material installation.
Landscaping contractors, by contrast, are long on experience with plants and seeds, but generally lack
the experience and equipment to regrade large areas. In general, landscaping contractors are suitable for
implementation of small- to medium-sized projects, but should probably not be considered for larger
projects where considerable earth moving is required.
Hybrid or restoration contractors have experience with landscaping and earthmoving and often have
direct experience with shoreline and streambank stabilization. The primary problem with restoration
contractors is that they are few in number. At present, only a hand full of contractors focus on
restoration throughout Pennsylvania, and most focus on implementing large-scale stream restoration
projects.
For most projects, your best bet is probably an earth-moving contractor that may have some
landscaping experience, or can subcontract with a landscaper to implement the “soft” elements of the
project.
When selecting a contractor, we suggest that you obtain at least thee bids for the work. Also, ask the
contractor to submit a list of similar project experience, and a list of references. After you choose a
contractor, have your consultant or a lawyer draw up a contract that clearly states the contractor’s
responsibilities and liabilities.
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Managing Construction
Once you have selected and hired a contractor,
schedule a pre-construction meeting where you can
meet with the contractor and the consulting engineer,
if you have one, to discuss the project construction in
detail. Review each step of the project to make sure
the contractor clearly understands every aspect of the
construction. If your contractor is unfamiliar with
some of the bioengineering techniques, provide
photographs and detailed installation instructions for
review.
If you do not hire a construction manager, you need
to regularly inspect the contractor’s work. If you are
unsatisfied with any element of the work, bring these
issues up to the contractor immediately.

Bioengineering projects require monitoring of
vegetation development

TIP: Contractors can be very helpful in determining ways to improve the efficiency of the project
installation (after all, it is in their best interest to complete the job quickly), but when efficiency starts to
lapse into cutting corners on critical project elements, the contractor is not doing you any favors.
Bioengineering projects need to be installed correctly to be effective – do not let months of careful
planning go down the tubes by not holding the contractor to the exact specifications of the project
design.

Step 6 – Monitoring
So you have completed your project. All of the erosion blanket is stapled, all of the plants are planted,
and all of the seed is sown. If you think its time to sit back and relax, think again. One of the most
important parts of a stabilization project (and, unfortunately, one of the most woefully ignored) is the
monitoring process.
Inspect your project site weekly and after each rain event. Keep a log and carefully note any problems
that occur. Here are some potential problems to look out for:
1. Undermining: Undermining is the leading cause of failure for bioengineering projects and
consists of erosion that occurs at the upstream or downstream end of the project, or at the base
of the streambank or lakeshore. If you observe undermining within your project after
installation, it could be a sign of an improperly installed or poorly designed project.
2. Gully formation: Gullies often occur on the surface of a graded streambank in places where
water collects. If you observe a gully within your project site, you need to address it quickly
through active stabilization or by diverting the water around the gully.
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3. Poor plant germination or survivorship: Drought, poor plant selection, improper seeding and
planting or a combination of all three can cause poor plant germination and survivorship.
Because the living, expanding root mass is critical to success of any bioengineering project, poor
plant performance can cause the project to fail. The cause of the poor growth should be
determined. Areas of poor germination or survivorship need to be immediately reinforced with
additional plantings and seeding, adjusting the planting and seeding method and species
selection if needed. If dry conditions persist for longer than one week, the site should be
watered to prevent further plant mortality.
4. Invasive species: The colonization of newly installed streambank and shoreline stabilization
projects by invasive species is a common problem. Carefully monitoring your site for
invasive plants is critical for the success of your native plantings. However, identifying
which plants are invasive, particularly during the first growing season, can be difficult. We
suggest that you contact a native plant expert or your project consultant to conduct an
invasive species-monitoring program at least once per year. Any invasive species should be
immediately removed by weeding or chemical control.
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Appendix A – Homeowner Checklist for
Basic Site Evaluation
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Homeowner Checklist for Basic Site Evaluation
Slope Description
______What is the average angle of the slope face?
______ Do waves reach the toe of the slope?
What types of soil material exist on your slope? _____________________________________
Surface Runoff
Can any of the following causes of erosion be visually identified?
9
Rainfall impact erosion
9
Soil rills and gullies
9
Evidence of winter freeze/thaw
9
Wind erosion
9
Pipe discharge erosion
What does your property contribute to runoff?
9
Significant upland impervious surface
9
Drainage pipe discharge onto slope
9
Sprinkling/irrigation/hot tub or pool releases
9
Other___________________________
Water Levels
You may want to sketch a diagram showing the following information
______What is the low water level?
______What is the high water level?
______What portion of the slope is under water for more than six months per year?
______What portion of the slope is under water for up to six months per year?
______What portion of the slope is under water one to two months every couple of years?
______Is there significant wave action?
______At what times of year?
______At which water levels?
______Are waves energies eroding the toe of the slope?
______What is the water level during times are freezing and thawing?
______Is your property prone to flooding?
Vegetation
Is there vegetation on or adjacent to the slope?
If yes, where and what types?
____________________________________________________________________________
____________________________________________________________________________
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If no, is there evidence of past vegetation?
If so, where and what types?
____________________________________________________________________________________
____________________________________________________________________________________
Are there any areas where vegetation is noticeably absent in an otherwise vegetated area? If so, what was
the cause?
____________________________________________________________________________________
____________________________________________________________________________________
Slope Use
How do you use the slope?
9
Access to the beach (trail, road, stairs, other)
9
Vegetation removal to maintain a view
9
Horticulture/gardening
9
Waste/debris fills
9
Natural greenbelt (including slope crest)
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Appendix B – Woody Plants for
Bioengineering
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The following list of plants has been taken from the Natural Resources Conservation Service Engineering Field Handbook. Only plants that
occur in the Northeast and have good rooting ability or tolerance to inundation have been included in this table.
Scientific Name:
Common Name:
Type:
Rooting ability:
Growth rate:
Est. speed:
Spread:
Method:
Notes:

Scientific Name
Common Name

Genus and species of the plant
Common name of the plant
Short description of the type or form of the plant.
Rooting ability from a cutting. Subjective rating of how well cut stems take root.
Subjective rating of the growth of the plant.
Establishment speed. Subjective rating of how quickly the plant can establish itself.
Subjective rating of the plant=s potential to spread.
Type of vegetation plant parts that can be used to establish a new colony
Other important facts and characteristics about plants including soil, sun and water requirements.

Type

Rooting
Ability

Growth
Rate

Est.
speed

Spread

Method

Notes

Acer rubrum
Red maple

medium
tree

poor

fast
when
young

medium

good

plants

Not tolerant of high pH. Occurs on and prefers sites with
high water table and/or annual flooding.

Alnus serrulata
smooth alder

large
shrub

poor

slow

med.

fair

plants

Thicket forming. Nitrogen-fixing. Susceptible to wind
and ice damage. Needs full sun. Best in wet bottomlands
and stream margins. Tolerates regular inundation. May
be planted at toe. Moderately tolerant of shade and
acidic soils.

Baccharis halimifolia
Eastern baccharis

medium
shrub

good

fair

fast

fair

fascines, cuttings,
plants

Resistant to salt spray. Tolerates seasonal inundation.
Shade tolerant. Male and female are separate plants.

Carya aquatica Water
hickory

tall tree

poor

slow

fast

poor

plants

A species for forested wetland sites.
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Scientific Name
Common Name

Type

Rooting
Ability

Growth
Rate

Est.
speed

Spread

Method

Notes

Celphalanthus
occidentalis
Buttonbush

large
shrub

fair to
good

slow

medium

poor

brush mats,
layering, plants

Survived 3 years of flooding in MS. Best adapted to
shorelines and swamps with full sunlight. Tolerates water
up to 3 feet. Good for habitat development. Must
control competition during first growing season.

Cornus amomum
Silky dogwood

small
shrub

fair

fast

medium

poor

stakes, brush mats,
stakes, layering,
cuttings, plants

Tolerates partial shade. Best in soils that are moist,
somewhat poorly drained, moderately acidic to neutral;
medium to course soils. Tolerates seasonal inundation.
Use with willow species.

Cornus drummondii
Roughleaf dogwood

large
shrub

fair

fair

stakes, brush mats,
stakes, layering,
cuttings, plants

Pith usually brown

Cornus racemosa Gray
dogwood

medium
to small
shrub

fair

fair

stakes, brush mats,
stakes, layering,
cuttings, plants

Forms dense thickets. Pith usually brown. Tolerates city
smoke. Tolerates seasonal inundation.

Cornus rugosa
Roundleaf dogwood

medium
to small
shrub

fair to
good

fascines, cuttings,
plants

Pith white. Use in combination with species that have
good to excellent rooting ability.

Cornus sericea ssp
sericea
Red-osier dogwood

medium
shrub

good

fast

stakes, brush mats,
stakes, layering,
cuttings, plants

Forms thickets by rootstocks & rootings of branches.
Survived 6 years of flooding in MS. Tolerates partial
shade. Does not tolerate drought. Best in moist,
somewhat poorly drained, moderately acidic to neutral
soils. Medium to course soil.

Ilex verticillata
Winterberry

small to
large
shrub

poor

slow

plants

Prefers seasonally flooded sites. Occurs naturally on
highly organic, poorly drained soils with average pH of
5.5. Tolerant to some shade, does well in direct sun.
Plant males and females near each other for pollination.
Fruit is poisonous to humans.

medium

medium

fair
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Scientific Name
Common Name

Type

Rooting
Ability

Growth
Rate

Est.
speed

Spread

fair

Method

Notes

Liquidambar
styraciflua
Sweetgum

large tree

poor

slow

plants

A species for forested wetlands sites.

Magnolia virginiana
Sweetbay

small
tree

poor

slow

plants

Occurs in swamps. Tolerates seasonal flooding and low
pH. Shade tolerant.

Physocarpus opulifolius
common ninebark

medium
shrub

fair

slow

slow

poor

fascines, brush
mats, layering,
cuttings, plants

Use in combination with species that have good to
excellent rooting abilities.

Platanus occidentalis
Sycamore

large tree

poor

fast

fast

medium

plants

A species for forested wetland sites. Tolerates city smoke
and alkali sites.

Populus balsamifera
Balsam poplar

tall tree

very
good

fast

fast

Populus deltoides
Eastern cottonwood

tall tree

very
good

fast

fast

poor

fascines, stakes,
poles, brush mats,
layerings, cuttings,
plants

Short lived. Endures heat and sunny sites. Survived over
a year of flooding in MS. Hybridizes with other poplars.
Roots may be invasive. May be sensitive to aluminum in
soil.

Populus tremuloides
Quaking aspen

medium
tree

poor to
fair

fast

fast

fair

layering, root
cuttings, plants

Short lived. A pioneer species on sunny sites. Normal
propagation is by root cuttings. Didn=t tolerate
inundation in trials. Use rooted plant materials.

Prunus pumila
Dwarf sand cherry

small
shrub

plants

Branches root where they touch the ground. Can trap
sand during flood events. Best in sandy soils or other soils
with good drainage. Drought tolerant once established.
Tolerates periodic flooding of short duration.

stakes, poles, brush
mats, fascines,
layerings, cuttings,
plants
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Scientific Name
Common Name

Type

Rooting
Ability

Growth
Rate

Est.
speed

Rosa palustris
Swamp rose

small
shrub

good

Rosa virginiana
Virginia rose

small
shrub

good

fair

fast

Salix amygdaloides
Peachleaf willow

large to
small
shrub
tree

very
good

fast

fast

Salix discolor
Pussy willow

large
shrub

very
good

Salix exigua
Coyote willow

medium
shrub

good

Salix humilis
Prairie willow

medium
shrub

good

Salix interior
Sandbar willow

large
shrub

excellent

medium

Salix lucida
Shining willow

medium
to tall
shrub

very
good

rapid

Spread

Method

Notes

fascines, plants
fair

plants
fascines, stakes,
poles, brush mats,
layering, cuttings,
plants

Often roots only at callus cut. May be short-lived. Not
tolerant of shade. Hybridized with several willow species.

rapid

fascines, stakes,
poles, layering,
cuttings, plants

Use on sunny to partial shade sites.

fast

fascines, stakes,
poles, brush mats,
layering, cuttings,
plants

Relished by livestock.

fascines, stakes,
poles, brush mats,
layering, cuttings,
plants

Thicket forming.

fascines, stakes,
poles, brush mats,
layering, cuttings,
plants

Thicket forming. Can be an aggressive spreader.
Adapted to sandy soils in stream, river, and shoreline
sites. In bioengineering systems, plant with purpleosier
willow and redosier dogwood.

medium

medium

fair

fascines, stakes,
poles, brush mats,
layering, cuttings,
plants
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Scientific Name
Common Name

Type

Rooting
Ability

Growth
Rate

Est.
speed

Salix lutea
Yellow willow

medium
to tall
shrub

very
good

Salix nigra
Black willow

small to
large tree

good to
excellent

fast

fast

Salix purpurea
Purpleosier willow

medium
tree

excellent

fast

Sambucas canadensis
American elder

medium
shrub

good

Sambucus racemosa
Red elderberry

medium
shrub

Symphoricarpos albus
Snowberry

small
shrub,
dense
colony
forming

Scientific Name
Common Name

Type

Spread

Method

Notes

fascines, stakes,
poles, brush mats,
layering, cuttings,
plants

Usually browsed by livestock

good

fascines, stakes,
poles, brush mats,
layering, cuttings,
root cuttings,
plants

May be short lived. Survived 3 years of flooding in MS.
Needs full sun. Susceptible to several diseases & insects.

fast

poor

fascines, stakes,
poles, brush mats,
layering, cuttings,
plants

Tolerates partial shade. AStreamco@ cultivar. Well
drained to imperfectly drained soils most suitable. Best in
silt loams. Susceptible to browsing.

fast

fast

poor

fascines, cuttings,
plants

Best on well-drained, slightly acidic soil bordering
streams, adjacent bottomlands, gray forest soils and muck.
Best in full sunlight. Good for habitat. New growth can
be fatal to livestock.

good

medium

slow

fascines, brush
mats, layering,
cuttings, plants

Softwood cuttings root easily in spring or summer. Pith
brown.

good

rapid

slow

fascines, brush
mats, layering,
cuttings, plants

Plant in sun to part shade, especially on wet sites.

Rooting
Ability

Growth
Rate

Est.
speed

fair

Spread
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Viburnum dentatum
Arrowwood

medium
to tall
shrub

good

fast

Viburnum lantanoides
Hubblebush
viburnum

medium
shrub

good

Viburnum lentago
Nannyberry

large
shrub

fair to
good

fast

Viburnum trilobum
American cranberry
bush

medium
shrub

poor

medium

slow

layering, cuttings,
plants

Thicket forming. Tolerates city smoke.

fascines, cuttings,
stakes, brush mats,
layering, plants

Was V. alnifolium. Thicket forming. Branch tips root at
soil.

fast

fascines, cuttings,
stakes, plants

Thicket forming. Tolerates city smoke. Tolerates full
shade. Older branches often root when they touch soil.
Use in combintaion with species with good to excellent
rooting ability.

slow

layering, plants

Use rooted plant materials. Fruits are edible.

Lake Wallenpaupack Watershed Shoreline and Streambank Stabilization
Homeowners Handbook

Page A-10

Appendix C – Herbaceous Plants for
Bioengineering

Lake Wallenpaupack Watershed Shoreline and Streambank Stabilization
Homeowners Handbook

Page A-11

The following list of plants has been taken from the Natural Resources Conservation Service Engineering Field Handbook. Only plants that
occur in the Northeast and have good rooting ability or tolerance to inundation 0have been included in this table.
Scientific Name:
Common Name:
Type:
Rooting ability:
Growth rate:
Est. speed:
Spread:
Method:
Notes:
Scientific Name
Common Name

Genus and species of the plant
Common name of the plant
Short description of the type or form of the plant.
Rooting ability from a cutting. Subjective rating of how well cut stems take root.
Subjective rating of the growth of the plant.
Establishment speed. Subjective rating of how quickly the plant can establish itself.
Subjective rating of the plant=s potential to spread.
Type of vegetation plant parts that can be used to establish a new colony
Other important facts and characteristics about plants including soil, sun and water requirements.
Type

Rooting
Ability

Growth
Rate

Est.
speed

Spread

Method

Notes

Acer rubrum
Red maple

medium
tree

poor

fast
when
young

medium

good

plants

Not tolerant of high pH. Occurs on and prefers sites with
high water table and/or annual flooding.

Alnus serrulata
smooth alder

large
shrub

poor

slow

med.

fair

plants

Thicket forming. Nitrogen-fixing. Susceptible to wind
and ice damage. Needs full sun. Best in wet bottomlands
and stream margins. Tolerates regular inundation. May
be planted at toe. Moderately tolerant of shade and
acidic soils.

Baccharis halimifolia
Eastern baccharis

medium
shrub

good

fair

fast

fair

fascines, cuttings,
plants

Resistant to salt spray. Tolerates seasonal inundation.
Shade tolerant. Male and female are separate plants.
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Scientific Name
Common Name

Type

Rooting
Ability

Growth
Rate

Est.
speed

Spread

Method

Notes

Carya aquatica Water
hickory

tall tree

poor

slow

fast

poor

plants

A species for forested wetland sites.

Cornus amomum
Silky dogwood

small
shrub

fair

fast

medium

poor

stakes, brush mats,
stakes, layering,
cuttings, plants

Tolerates partial shade. Best in soils that are moist,
somewhat poorly drained, moderately acidic to neutral;
medium to course soils. Tolerates seasonal inundation.
Use with willow species.

Cornus drummondii
Roughleaf dogwood

large
shrub

fair

fair

stakes, brush mats,
stakes, layering,
cuttings, plants

Pith usually brown

Cornus racemosa Gray
dogwood

medium
to small
shrub

fair

fair

stakes, brush mats,
stakes, layering,
cuttings, plants

Forms dense thickets. Pith usually brown. Tolerates city
smoke. Tolerates seasonal inundation.

Cornus rugosa
Roundleaf dogwood

medium
to small
shrub

fair to
good

fascines, cuttings,
plants

Pith white. Use in combination with species that have
good to excellent rooting ability.

Cornus sericea ssp
sericea
Red-osier dogwood

medium
shrub

good

stakes, brush mats,
stakes, layering,
cuttings, plants

Forms thickets by rootstocks & rootings of branches.
Survived 6 years of flooding in MS. Tolerates partial
shade. Does not tolerate drought. Best in moist,
somewhat poorly drained, moderately acidic to neutral
soils. Medium to course soil.

medium

fast

medium

fair
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Scientific Name
Common Name

Type

Rooting
Ability

Growth
Rate

Est.
speed

Ilex verticillata
Winterberry

small to
large
shrub

poor

slow

Liquidambar
styraciflua
Sweetgum

large tree

poor

slow

Magnolia virginiana
Sweetbay

small
tree

poor

slow

Physocarpus opulifolius
common ninebark

medium
shrub

fair

slow

slow

Platanus occidentalis
Sycamore

large tree

poor

fast

fast

Populus balsamifera
Balsam poplar

tall tree

very
good

fast

fast

Populus deltoides
Eastern cottonwood

tall tree

very
good

fast

fast

Spread

Method

Notes

plants

Prefers seasonally flooded sites. Occurs naturally on
highly organic, poorly drained soils with average pH of
5.5. Tolerant to some shade, does well in direct sun.
Plant males and females near each other for pollination.
Fruit is poisonous to humans.

plants

A species for forested wetlands sites.

plants

Occurs in swamps. Tolerates seasonal flooding and low
pH. Shade tolerant.

poor

fascines, brush
mats, layering,
cuttings, plants

Use in combination with species that have good to
excellent rooting abilities.

medium

plants

A species for forested wetland sites. Tolerates city smoke
and alkali sites.

fair

stakes, poles, brush
mats, fascines,
layerings, cuttings,
plants
poor

fascines, stakes,
poles, brush mats,
layerings, cuttings,
plants
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Short lived. Endures heat and sunny sites. Survived over
a year of flooding in MS. Hybridizes with other poplars.
Roots may be invasive. May be sensitive to aluminum in
soil.
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Scientific Name
Common Name

Type

Rooting
Ability

Growth
Rate

poor to
fair

fast

Est.
speed

Populus tremuloides
Quaking aspen

medium
tree

fast

Prunus pumila
Dwarf sand cherry

small
shrub

Rosa palustris
Swamp rose

small
shrub

good

Rosa virginiana
Virginia rose

small
shrub

good

fair

fast

Salix amygdaloides
Peachleaf willow

large to
small
shrub
tree

very
good

fast

fast

Salix discolor
Pussy willow

large
shrub

very
good

Salix exigua
Coyote willow

medium
shrub

good

Salix humilis
Prairie willow

medium
shrub

good

Spread

fair

Method

Notes

layering, root
cuttings, plants

Short lived. A pioneer species on sunny sites. Normal
propagation is by root cuttings. Didn=t tolerate
inundation in trials. Use rooted plant materials.

plants

Branches root where they touch the ground. Can trap
sand during flood events. Best in sandy soils or other soils
with good drainage. Drought tolerant once established.
Tolerates periodic flooding of short duration.

fascines, plants
fair

plants
fascines, stakes,
poles, brush mats,
layering, cuttings,
plants

Often roots only at callus cut. May be short-lived. Not
tolerant of shade. Hybridized with several willow species.

rapid

fascines, stakes,
poles, layering,
cuttings, plants

Use on sunny to partial shade sites.

fast

fascines, stakes,
poles, brush mats,
layering, cuttings,
plants

Relished by livestock.

fascines, stakes,
poles, brush mats,
layering, cuttings,
plants

Thicket forming.

medium
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Scientific Name
Common Name

Type

Rooting
Ability

Growth
Rate

Est.
speed

medium

Salix interior
Sandbar willow

large
shrub

excellent

medium

Salix lucida
Shining willow

medium
to tall
shrub

very
good

rapid

Salix lutea
Yellow willow

medium
to tall
shrub

very
good

Salix nigra
Black willow

small to
large tree

good to
excellent

fast

fast

Salix purpurea
Purpleosier willow

medium
tree

excellent

fast

Sambucas canadensis
American elder

medium
shrub

good

fast

Spread

fair

Method

Notes

fascines, stakes,
poles, brush mats,
layering, cuttings,
plants

Thicket forming. Can be an aggressive spreader.
Adapted to sandy soils in stream, river, and shoreline
sites. In bioengineering systems, plant with purpleosier
willow and redosier dogwood.

fascines, stakes,
poles, brush mats,
layering, cuttings,
plants
fascines, stakes,
poles, brush mats,
layering, cuttings,
plants

Ususally browsed by livestock

good

fascines, stakes,
poles, brush mats,
layering, cuttings,
root cuttings,
plants

May be short lived. Survived 3 years of flooding in MS.
Needs full sun. Susceptible to several diseases & insects.

fast

poor

fascines, stakes,
poles, brush mats,
layering, cuttings,
plants

Tolerates partial shade. AStreamco@ cultivar. Well
drained to imperfectly drained soils most suitable. Best in
silt loams. Susceptible to browsing.

fast

poor

fascines, cuttings,
plants

Best on well-drained, slightly acidic soil bordering
streams, adjacent bottomlands, gray forest soils and muck.
Best in full sunlight. Good for habitat. New growth can
be fatal to livestock.
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Scientific Name
Common Name

Type

Rooting
Ability

Growth
Rate

Est.
speed

Sambucus racemosa
Red elderberry

medium
shrub

good

medium

slow

Symphoricarpos albus
Snowberry

small
shrub,
dense
colony
forming

good

rapid

slow

Viburnum dentatum
Arrowwood

medium
to tall
shrub

good

fast

slow

Viburnum lantanoides
Hubblebush
viburnum

medium
shrub

good

Viburnum lentago
Nannyberry

large
shrub

fair to
good

fast

Viburnum trilobum
American cranberry
bush

medium
shrub

poor

medium

Spread

Method

Notes

fascines, brush
mats, layering,
cuttings, plants

Softwood cuttings root easily in spring or summer. Pith
brown.

fascines, brush
mats, layering,
cuttings, plants

Plant in sun to part shade, especially on wet sites.

layering, cuttings,
plants

Thicket forming. Tolerates city smoke.

fascines, cuttings,
stakes, brush mats,
layering, plants

Was V. alnifolium. Thicket forming. Branch tips root at
soil.

fast

fascines, cuttings,
stakes, plants

Thicket forming. Tolerates city smoke. Tolerates full
shade. Older branches often root when they touch soil.
Use in combination with species with good to excellent
rooting ability.

slow

layering, plants

Use rooted plant materials. Fruits are edible.

fair
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Appendix D – Bioengineering Technique
Descriptions
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Live Stakes
Live stakes are cuttings taken from woody plant
species such as willow or dogwood that develop
roots quickly. The cuttings are driven into the
slope as stakes when they are dormant. With time,
they develop into shrubs. The root systems
reinforce the soil structure and the branches slow
water velocity and protect the banks. Seeding and
covering the area with erosion control fabric prior
to planting live stakes will offer immediate and
more complete erosion control.
Functions/Advantages
C
Can be used on slopes of 1.5:1 or flatter
Live stake installation on an eroding streambank
C
Help reduce slope surface moisture
C
Can be used to stabilize bank near the water line
C
Can be used when time is limited or an inexpensive method is necessary
(stakes are easy to find, easy to install, and are inexpensive)
C
Can be used for securing other structures (e.g., live fascines)
C
Requires little site preparation or disturbance
C
Appropriate for volunteer use
Limitations/Disadvantages
C
Requires at least partial sun and high soil moisture
C
Does not provide stabilization until roots form
C
Can be susceptible to damage from frost heave and deer browsing
C
Moisture limitations prevent use of the upper portions of many eroding banks
C
Difficult to install in rocky soils
C
Should be installed in the fall or spring
C
Areas between individual live stakes remain vulnerable to erosion
C
Not an effective short term solution
C
Need to be inserted deep into the soil to root effectively
Materials
C
C
C

Live willow (or other fast rooting species) branches approximately 2“12" diameter and 2-3 ft. in length; branches should be straight and have
buds for rooting and leaf development
Wooden stakes or landscape staples
Erosion control fabric.
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Installation

Live stake bioengineering guidelines

Live stakes should be installed during the dormant season (late fallBearly spring) when water levels
are low. Woody cuttings are vulnerable to high water immediately after planting. Stakes should be
planted within 24 hours of being cut or stored at 40EF until planting.
1.
2.
3.
4.
5.
6.
7.

Remove side branches to make straight willow stakes.
Cut stakes into 2-3' lengths. The upper ends should be blunt and the basal
ends should be cut at angles. The buds should be oriented up.
Seed and cover the slope with erosion control fabric and secure the top with
wooden stakes or landscape staples.
Create a pilot hole for your live stake using an iron rebar or a wooden stake.
The hole should be made at a right angle to the slope.
Place a stake in the pilot hole with the angled end down. Tamp the blunt end
with a mallet. Approximately b-: of the stake should be underground. If the
stake splits, remove it and replace it.
Step on the soil around the stake to pack it firmly.
Place stakes about 3' apart in a triangular/diamond pattern.

Lake Wallenpaupack Watershed Shoreline and Streambank Stabilization
Homeowners Handbook

Page A-20

Reed Clumps
Reed clumps are root divisions of emergent aquatic plants that are wrapped in natural geotextile
fabric. They are placed in trenches at the water=s edge to dissipate wave energy and reduce toe
erosion.
Functions/Advantages
C
C
C
C
C
C
C
C

Can be used at water=s edge to reduce toe erosion
Retain sediment at the shoreline
Dissipate wave energy
Reinforce soil and extract excess moisture
Can be used behind a fiber roll
Provide rapid repair of shoreline damage
Relatively inexpensive
Encourage natural colonization of vegetation

Limitations/Disadvantages
C
C
C

Must use plants that grow in water and can survive fluctuating water levels
Might require additional toe stabilization such as a fiber roll
May not offer protection in areas with high forces and velocities

Reed clumps should be from healthy plant species that can survive water level fluctuations.
Appropriate species can be purchased from native plant nurseries. Clumps can be prepared up to a
few days before installation if they are kept moist and shaded. A fiber roll can be used with the reed
clumps to reduce wave energy.
Materials
C
C
C
C
C

Reed clumps approximately 4-8" in diameter
Wooden stakes
Natural geotextile fabric
Twine
Topsoil that is rich in organic matter
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Installation
Reed clumps can be installed directly or can be first made into rolls. To install reed clumps directly
in trenches:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Wrap reed clumps in geotextile fabric and bind with twine.
Excavate a trench at the water=s edge that is about 2" wider and deeper than
the reed clumps.
Line the trench with a strip of geotextile fabric that is 2-3' wide.
Spread a 1" layer of topsoil that is rich in organic matter over the fabric.
Place reed clumps in the trench every 12".
Fill the space between the clumps with the same highly organic topsoil and
compact.
Wrap the fabric around the clumps and soil from each side so that it overlaps.
Drive wooden stakes between the clumps to secure the fabric.
Spread the excavated soil around the clumps and over the fabric.
Repeat the process toward the shoreline. Make parallel trenches 3-6' apart
and stagger the reed clumps.

To make reed clumps into rolls:
1.
2.
3.
4.
5.
6.
7.
8.

Wrap reed clumps in geotextile fabric and bind with twine.
Place clumps every 12" on a 2-3' wide strip of geotextile fabric that is 5-30'
long, depending on the length of the area you want to treat. The growing tips
of the plants should be pointed up and in the same direction.
Wrap the fabric to overlap at the top, leaving the reed clumps exposed.
Bind with twine between each plant.
At the water=s edge, excavate a trench that is 2" wider and deeper than the
roll.
Place the roll in the trench and secure between the plants with wooden
stakes.
Backfill the trench with topsoil rich in organic matter.
Create parallel trenches as described above.
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Reed clump installation guidelines
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Live Fascines (Contour Wattling)
Live fascines or wattles are bundles of live branches that are placed in trenches along the contour of
the slope. They slow runoff erosion and encourage growth of natural vegetation.
Functions/Advantages
C
C
C
C
C
C
C
C

Stabilize shallow soil layers; prevent
landsliding
Provide immediate protection from
surface erosion
Can be used on relatively stable slopes
that have a shallow, unstable surface
layer
Slow surface water runoff
Divert runoff laterally to prevent erosion
Can be used for mild gully erosion
Enhance conditions for native plant growth
Causes minimal disturbance
Live fascine bundle preparation

Limitations/Disadvantages
C
C
C

Require quite a bit of time and labor to be done well
May require watering in the summer
Requires at least partial sunshine

Live fascines should be installed during the dormant season (late fall to early spring). They should be
installed when water levels are low.
Materials
C

C
C
C

Cuttings from species that have long, straight branches and root easily
(young willows and dogwood). Branches should be at least 4' long and
about 1" in diameter. If branches from rooting species are not available, a
mixture including up to 50% non-rooting species may be used, and rooting
species should be placed on the soil side of the fascine.
Live stakes
Wooden stakes
Erosion control fabric
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Installation
Making the bundles
1.
2.
3.
4.

Arrange the branches in bundles. Branches should be staggered with butt
ends facing in the same direction.
Bundles should be 6-8" in diameter.
Use twine to tie the bundles every 12-18".
Bundles should be 15-20' long, depending on the area being treated.

Installing the live fascines
1.
2.

Start at the bottom of the slope. Dig a trench along the contour
of the slope approximately as wide and deep as the bundles.
Proceed up the slope with trenches approximately 3' apart. The
spacing of the trenches and fascines is dependent on the slope.
See the table below to determine the best spacing for your slope.

Spacing of Live Fascines
Slope

Erosive Soil

Non-erosive soil

Fill

3:1 or flatter

3-5 ft

5-7 ft

3-5 ft*

Steeper than 3:1

3 ft*

3-5 ft

**

* not recommended alone
** not recommended

3.
4.

If possible, dig one or two trenches over the top of the slope.
Lay erosion control fabric over the surface of the slope and
secure with stakes or landscape staples.

Note: A trench should be dug no more than one hour before you lay the fascine to
prevent the soil from drying out. To ensure that the soil is moist, water the trench
just before installation. If the soil is becoming dry, dig the trenches one by one,
unrolling the erosion control fabric as you move up the slope.
5.
6.
7.

Place a live fascine in the bottom trench. The bundle should protrude
from the trench about one inch.
Tamp wooden stakes through the bundles every foot, with extra
stakes at joints and where bundles overlap. The top of the stake
should be almost flush with the bundle.
Tamp live stakes on the downslope side of the bundle. They should
be placed below and against the bundle between the wooden
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8.
9.
10.

stakes. 3-6" of the live stakes should protrude above the ground.
Cover the bundle with the soil previously removed from the trench. Firmly
pack the soil around the bundle.
Lay bundles in the remainder of the trenches.
Plant vegetation between fascine rows.

Live fascine installation guidelines
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Branch Packing
Branch packings are alternate layers of live cuttings and soil that are used to repair small gullies
and holes.
Functions/Advantages
C
C
C
C
C
C
C
C
C

Can be used on slopes of 1.5:1 or flatter.
Can be used to repair holes (2-4 feet in height and depth) in the
streambank or shoreline
Can be used in highly eroded gully areas
Capture debris as it moves down the slope
Help prevent erosion and scour that result from overland flow
Reinforce soil to resist shallow-seated landslides
Provide immediate soil reinforcement
Vegetate bank rapidly
Improve conditions for native plant growth

Limitations/Disadvantages
C
C
C
C
C
C

Can be disruptive to native soils
Requires at least partial sunshine
Not suitable for dense soil structure
Not effective in slumps that are greater than 4 feet deep or 4 feet wide
Labor intensive
Branch packings should be installed during the dormant season (late fall to
early spring) at low water level.

Materials
C

C
C
Installation
1.

Branches that are 2-3" in diameter and are long enough to reach the
original bank soil with 12" exposed. Branches should be from willows or
other rooting species. If those are unavailable, a mixture including up to
50% non-rooting species may be used.
6-8' stakes made from 3-4" diameter poles or 2 by 4 lumber
A mixture of soil and gravel
Start at the lowest point of the hole or gully. Drive the stakes vertically
about 3-4' into the ground. Stakes should be 1-12' apart.
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2.
3.
4.

5.

Place a layer of branches 3-6" thick in the bottom of the hole between the
stakes. Branches should be perpendicular to the slope and the buds should
face outward.
Cover the branches with a layer of the soil and gravel mixture 8-12" thick.
Repeat the layering process until the hole is filled. In these layers, the basal
ends of the branches should be slightly lower than the growing tips. Each
layer must be covered with a layer of packed soil to ensure that all of the
branches are in contact with the soil.
If the erosion was caused by water flowing over the bank, that water must
be diverted or controlled. Otherwise, erosion problems will probably result
on either side of the branchpacking installation.

Live fascine installation guidelines
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Fiber Rolls
A fiber roll is a large roll of coir fiber or coconut fiber bound together with twine. Fiber rolls
provide durable toe protection and a medium for the growth of natural vegetation.
Functions/Advantages
C
C
C

C
C
C

Stabilize substrate
Provide toe stabilization
Provide growth medium for plants
that absorb and retain moisture and
encourage the development of
wetland communities
Reduce wave energy
Suitable for lake areas where water
levels fluctuate
FlexibleBcan be molded to shoreline

Limitations/Disadvantages
C
C
C
C
C

Checking elevations for a fiber roll revetment
installation

Estimated life of 6-10 years
Fiber rolls and their transport can be expensive
Fiber rolls become heavy when wet
Planting fiber rolls is labor intensive
Requires at least partial sun

Fiber rolls should be installed so that the roll is exposed at low water level. If the area does not
have fluctuating water levels, the fiber roll should not be overtopped by wave action.
Materials
C
C

Manufactured coconut or coir fiber roll (usually manufactured in 20' long
rolls that are 12" in diameter)
3' long 2 by 2" stakes

Installation
1.

Excavation a trench along the shoreline into which the fiber roll can be
placed.
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2.
3.
4.
5.

6.

Place the fiber roll into the trench so that approximately half of the fiber
roll extends above the low water or baseflow level.
Drive stakes on either side of the roll, between the binding twine and the
fiber. The stakes should not extend above the fiber roll.
Stakes should be installed every 4 feet.
Vegetation can be planted in the fiber roll using the bare root/container
method of planting. Selected vegetation should be capable of surviving
fluctuating water levels. To plant vegetation, make a hole in the roll by
pulling out fibers. Add some compost to the hole and insert the plant.
Rooted cuttings or reed clumps can be installed between the fiber roll and
the shoreline.
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Tree Revetments
The tree revetments restoration method uses
dead, densely branching trees, such as cedar
trees, to stabilize the bank and create areas for
sediment deposition. Native vegetation should
be planted to complement the revetments.
Functions/Advantages
C
C
C
C
C

Reduce velocity on the outside
bend of stream channels
Catch sediment and debris
Provide medium for vegetative
growth
Inexpensive materials
Provides an alternative to riprap

Driving in an anchor for tree revetment installation

Limitations/Disadvantages
C
C
C
C
C
C
C

Should not be used near bridges or other structures that might
be damaged if revetment is dislodged during a flood
May be damaged in streams with heavy ice flows
Anchoring in rocky soils is problematic
Require regular inspection
May require periodic replacement of trees
Transport of materials can be difficult
Locating source for tree can be time consuming

Materials
C
C
C
C
C
C
C

Enough dead or live trees to make a double row (or more) at the base of
the eroded area (approximately 15-30 per 100 linear feet of bank). Trees
should be densely branching, freshly cut and at least 12" in diameter.
3
/16" aircraft cable
Arrowhead or duckbill anchors or 52' metal fence posts with holes
Steel driving rod
Heavy-duty sledge hammer
Winch or come-along
Cable clamps or crimps

Lake Wallenpaupack Watershed Shoreline and Streambank Stabilization
Homeowners Handbook

Page A-31

Installation
1.
2.
3.

4.

5.
6.
7.
8.
9.
10.
11.

Lay trees out next to a stable reach downstream of the eroded area by tying
onto an overhanging tree root. This will prevent water from cutting behind
trees and causing structural failure.
Drill holes 1” up the tree trunks to accommodate the cable.
Beginning at the most downstream portion of the problem area, place the first
row of trees along the toe of the bank, with the butts pointing upstream. If
trees are placed above the toe, there may be resultant undercutting and
failure. Each tree should overlap the preceding tree by about 30% of its
length to ensure that there are no gaps.
Attach cables to anchors and drive them to a depth of 4-5' with a driving rod
and post pounder. Alternatively, affix cable to a bottom hole of a fence post
using cable clamps or crimps. Drive the cable and post into the side of the
bank.
String cable through the drilled hole in the base of each trunk.
Wrap the cable around the tree and fasten with cable clamps or crimps.
There should be no slack in the cables.
Once the trees have been fastened to the banks, make sure that they are snug
to the toe.
Place the second row of trees above the first row in the same manner.
Plant live cuttings through the revetment into the soil.
After the first storm, inspect the revetment to locate weak cables and areas
that may be undercut. Re-anchor loose trees, and make adjustments to
prevent undercutting.
Inspect the area seasonally and after major storm events.
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Tree revetment installation guidelines
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Live Crib Wall
Live crib wall is a box-like structure of timber filled with layers of branch cuttings. Like rock riprap,
gabions, and other structural methods, crib wall should be reserved for the most severe and difficult
problems that require a structural solution. A detailed stream analysis should be conducted before
undertaking a crib wall project.
Functions/Advantages
C
C
C
C
C
C

Provide toe stabilization
Effective where there are strong currents and waves, such as the outside
bends of streams
Can be used where there is limited space for grading and a vertical
structure is required
Provide immediate erosion protection
Provide stability below the water level
Provide natural appearance and excellent habitat

Limitations/Disadvantages
C
C
C

Requires specialized equipment for excavation below the shorelineBmay
not be feasible for homeowners
Can become complex and expensive
Can have a limited lifespanBshould be considered a temporary
stabilization measure, with permanent stability provided by vegetation

Materials
C
C
C
C
C

Live branch cuttings that are 2-22" in diameter and are long enough to
reach the back of the wooden crib structure
Logs or timbers 4-6" in diameterBlengths vary depending on size of crib
structure
Large nails or rebar to fasten logs together
Rock fill
Soil fill

Installation
1.

Excavate 2-3' below existing streambank until a stable foundation 5-6' wide is
reached. The cribwall structure should be no more than 7' in height and 20'
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2.
3.
4.
5.
6.
7.

8.
9.
10.
11.

in length.
Excavate the back (the bank slope side) 6-12" lower than the front.
Place logs at the front and back of the slope, about 4-5' apart, parallel to the
slope contour.
Place the second course of logs perpendicular to the first course at either end
of the first pair of logs. The logs should overhang the first course of logs by 36". Secure the logs together using nails or rebar.
Add layers to the cribwall structure in the same way until the structure
reaches ground level.
Fill the structure with rock up to the existing streambank level. It may also
be necessary to place larger rock in front of the structure to provide toe
stabilization and prevent undercutting.
Place the first layer of cuttings on the rock fill at the baseflow water level.
Some of the basal ends of the cuttings should contact the undisturbed soil in
the back. Some of the branches should be oriented with the growing tips
pointing toward the slope face.
Cover the branch layer with a layer of soil fill.
Place branch and soil layers in the same manner up to ground level.
At ground level, cover the cuttings with soil and compact.
Cover the compacted fill with erosion control fabric and plant vegetation.

Log cribwall installation guidelines
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Riprap/Joint Planting
Riprap is rock placed along streambanks or shorelines to prevent erosion. Riprap is a structural
method that should be used only for the most severe erosion problems. Improper placement of riprap
can result in upstream and downstream erosion problems. The size of the rock is based on the
velocity and stress affecting the bank. An experienced designer should be consulted for the selection
of rock and the design of a riprap stabilization project. Seedlings or cuttings can be used with riprap
to improve the structural integrity and to give the slope a more natural appearance. Seedlings can be
planted in late fall or early spring. Cuttings can be installed during the dormant season.
Functions/Advantages
C
C
C
C
C
C

Used for areas that are actively eroding and are threatening other
structures
Can be used in shaded areas where plants cannot grow
Can be used in areas where water level fluctuates widely
Can be used as toe in front of other vegetative methods
Can be used in areas subject to high velocities
Has long life and provides long-term stability

Limitations/Disadvantages
C
C
C
C

If there is no stone on-site, transportation can be difficult and expensive
Hand-placed riprap is labor intensive; machine-placed is expensive for
homeowners and can cause undue bank disturbance
Does not provide the habitat and aesthetic benefits of vegetative methods
Can cause upstream and downstream erosion if incorrectly designed and
placed

Riprap can be hand-placed or installed with machinery. Because of the disruptive nature of heavy
machinery on eroded slopes, we recommend that such projects be undertaken with professional
assistance. Installation is best at low water. Slopes should not be steeper than 1.5:1 to 2:1.
Materials
C
C
C

Mixture of stone and gravel
Large angular rocks (Cobbles and gravel should not be taken from
streambeds or the lake bottom to avoid habitat disturbance. Rocks that are
serving as protection on another area of the bank should not be taken.)
Seedlings or cuttings that are 24-30"
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Installation
1.
2.
3.

4.

5.
6.
7.

Excavate the banks back 2' from the bankfull width and grade to a slope
no greater than 1.5:1.
Excavate the toe of the bank 22-3' below grade.
Cover the area with a filter layer of gravel or other bedding material. The
layer should be at least 6" thick. Alternatively, the area may be covered
with a layer of geotextile fabric. A 3" layer of bedding over the geotextile
will help to prevent movement of the fabric.
Place the rock over the prepared area. Although hand-placement is not
necessary, if rock is dumped, it should be done so carefully to avoid
damaging or displacing the filter layer. Some final arrangement can be
done by hand to provide a more finished look.
Riprap should extend up the slope to a point where vegetation will provide
adequate protection. That portion of the bank should be planted with
native vegetation.
Plants should be placed in joints of the rocks above the water line.
If using seedlings, fill the joint with soil. Use a planting bar or piece of
rebar to make a space or hole between the rocks. Insert the seedling and
tamp the soil firmly. If using cuttings, tamp them into the joint at a right
angle to the slope with 2 - 3" extending out of the rocks. Plant 2 - 5
seedlings or cuttings per square yard.

Joint planting installation guidelines
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Vegetated Gabions
Gabions are wire baskets that are filled with stone and attached to form a wall for erosion control.
Gabions should only be used in cases of severe erosion when structures close to the waterway are
jeopardized and need to be protected. A detailed analysis of the stream must be done to ensure that
they are designed correctly. If used incorrectly, gabions can lead to further erosion or can be blown
out of stream banks and scattered downstream. Correct use requires proper excavation and the
inclusion of vegetation. Gabions should be used as a structural method to rebuild the slope and
should be turned into a planting medium to revegetate the slope.
Functions/Advantages
C

C
C
C

Effective for protecting steep banks
where undercutting is a problem or
where structures close to the stream
are threatened
Somewhat flexible and can be
formed to the bank=s contours
Can retain soil if filter fabric is
placed between the soil and gabion
basket
Structural appearance can be
softened by using plants or cuttings in
combination with gabions

Gabion installation along a lakeshore

Limitations/Disadvantages
C
C
C

Labor-intensive method
Skill required for correct installation. If installed incorrectly, correction
can be expensive and result in more problems
Do not provide habitat and aesthetic benefits of vegetative methods

Materials
C
C
C
C
C

Wire baskets
Rock fill
Soil fill
Filter fabric
Live branch cuttings that are 2-22" in diameter

Lake Wallenpaupack Watershed Shoreline and Streambank Stabilization
Homeowners Handbook

Page A-38

Installation
1.
2.
3.
4.
5.
6.
7.
8.
9.

Determine the depth and width of the bankfull channel.
Excavate the bank so that the completed gabion/fill system will not
protrude into the bankfull channel.
Place the wire gabion basket in place and line with filter fabric to prevent
soil loss.
Place a layer of rock in the basket.
Add a layer of soil. Lay cuttings in the soil such that the growing tips
protrude through the holes in the wire.
Add alternating layers of rock and soil until the basket is full. Wire it
closed.
Repeat process with additional baskets. Position the baskets in the slope as
steps as shown in the following figure. Secure the baskets to one another.
Backfill so the gabions can no longer be seen. You may want to use brush
layering in the backfill.
Cover the slope with erosion control fabric and revegetate with native
vegetation.
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