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Preface
This manual is intended to provide designers, contractors, environmental
consultants, regulators, and shoreland property owners the resources to
successfully implement shoreland bioengineering practices to protect and
restore Vermont’s more than 1,500 miles of shorelands.
Until the Vermont Shoreland Protection Act was passed in 2014, development
practices along Vermont’s 810 lakes and ponds largely consisted of clearing
shores of native vegetation to establish lawns and homes, leading to bank
instability and increased upland runoff to the lake. Eroding banks were often
stabilized by constructing sea walls and other hardscape techniques. However,
now we know that clearing shoreland vegetation and hard armoring the
shoreline degrades the lake system, including its water quality, aquatic and
terrestrial habitat, and overall resiliency.
The once conventional shoreland practices are rapidly being replaced with
a suite of lake-friendly shoreland Best Management Practices including
bioengineering techniques for lake-friendly development. Bioengineering
techniques are restorative practices for stabilizing shorelands while offering
multiple clean water and wildlife benefits. Bioengineering practices increase the
resilience of our lake ecosystems in the face of climate change, filter and clean
upland runoff before it reaches the lake, and provide critical wildlife habitat.

Photo: VT ANR Lake Wise Program

The Lake Wise Program was initiated by the Agency of Natural Resources to
inform, teach, and transition shoreland owners and contractors to a culture of
lake-friendly development practices. In 2015, the Lake Wise Program hired GEI
Consultants from Michigan to train Agency of Natural Resources staff in how to
use softscape, nature-based solutions for restoring shorelines as these practices
were well underway along the Great Lakes. Since that introductory training
in bioengineering installation, the Lake Wise Program has taught hundreds
of contractors these methods through the annual Natural Shoreland Erosion
Control Certification trainings. In this short time, there are now many successful
bioengineering projects in place on Vermont shorelands.

3

Vermont Bioengineering Manual

Acknowledgements
Much of the information provided in this manual comes from Natural Shoreland
Erosion Control Certification (NSECC) partnership projects, with special
recognition given to these women partners who have shown outstanding
initiative in installing simple to complex bioengineering projects in their regions.
■ Linda Blasch - Northwest Regional Planning Commission, formerly with
VTrans and Amanda Holland, formerly with Northwest Regional Planning
Commission
■ Meghann Carter - Northwoods Stewardship Center
■ Judy Davis - Federation of Vermont Lakes and Ponds
■ Mary Pat Goulding and Jennifer Hopkins - Memphremagog Watershed
Association
■ Holly Greenleaf - Greenleaf Design, LLC
■ Janet Morey - Hubbardton Town Head of Roads
■ Heather Robinson - Essex County Natural Resources Conservation District
■ Hilary Solomon - Poultney-Mettowee Natural Resource Conservation
District
■ Annie White - Nectar Landscape Design Studio, LLC and UVM Plant and
Soil Science Dept.
Additional thanks to the following people for their input with this Manual:
■ David Webb, PE, VTDEC Facilities Engineering
■ Mike Wichrowski, VT Fish and Wildlife Department
■ John Medose, VT Forest, Parks, and Recreation
■ Bob Popp, Botanist, VT Fish and Wildlife Department
■ Brian Majka, GEI Consultants, Michigan
Also, thanks to the Shoreland Permitting Section for project assistance and to
Oliver Pierson, Lakes Program Manager, for his expertise and program support.

Photo: VT ANR Lake Wise Program

The work in this manual provides a path to clean lakes and I would like to
acknowledge the trail blazers for their conviction and resourcefulness in bringing
bioengineering to life along Vermont shorelands.

Amy Picotte (Vermont Shoreland Specialist), Meghann Carter (Northwoods Stewardship
Center), and Janet Morey (Hubbardton Town Head of Roads) prepare to construct
encapsulated soils lifts to stabilize the shore between Black Pond Road and Black Pond in
Hubbardton, VT.

Special recognition is extended to the Bioengineering Manual Production Team:
Watershed Consulting Associates, LLC., Greenleaf Design, LLC., and Nectar
Landscape Design Studio, LLC. in preparing this manual.
Finally, thank you to the users of this manual because using bioengineering
methods is the best Best Management Practice for protecting lakes.
In Harmony,
Amy Picotte
Vermont Shoreland Specialist
Vermont Agency of Natural Resources

Funding support for this Manual was provided by the Lake Champlain Basin Program. Thank you to Eric Howe, LCBP Director; Colleen Hickey, LCBP
Educational Coordinator; and Lauren Jenness for your encouragement for and understanding of the importance of living shorelands to restore and
protect Vermont lakes.
Vermont Bioengineering Manual

4

Table of Contents
Section 1
06
Vermont Lakes and Shoreland Development
1.1
1.2
1.3
1.4

Lakeshore Development
An Ecological Approach
A Resilient Shoreline
The Cost of an Ecological Approach

Section 2
Lake and Shoreland Regulations
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

Shoreland Protection Act Permit
Lake Encroachment Permit
Wetlands Permit
Floodplains, River Corridor, and Stream Alteration Permits
Wastewater System and Potable Water Supply Permits
U.S. Army Corps of Engineers Permits
Stormwater Permits
Municipal Permits

Section 3
Common Site Challenges
3.1
3.2
3.3
3.4

Types of Erosion
Causes of Erosion
Human Activities Intensifying Erosion
Site Conditions that Influence Design

Section 4
The Role of Plants in Bioengineering
4.1
4.2
4.3
4.4
4.5
4.6

Stabilization from Roots
Vegetated Buffers
Layers of Vegetated Buffers
Benefits of Native Plants
Plant Selection
Recommended Native Plants

Section 5
Bioengineering Techniques

07
08
08
09

5.1
5.2
5.3
5.4
5.5
5.6
5.7

10
11
13
14
14
15
15
16
16

31

Vegetated Buffers
Fiber Coir Rolls
Live Crib Wall
Slope Regrading
Encapsulated Soil Lift
Live Staking
Stone Toe

32
36
40
44
48
52
56

Section 6
Common Issues and Solutions
6.1
6.2

17
18
18
20
21

66

Section 8
Case Studies

69

Cedar Mountain Rd at Lake Bomoseen
Waterbury Reservoir Backcountry Area
Waterbury Reservoir State Park Day Use Area
Maidstone Ice Push
Raponda Lake in Wilmington

Appendices

24
24
25
28
29
30

A.1
A.2
A.3
A.4
A.5

5

64
64

Section 7
Shoreland Best Management Practices

8.1
8.2
8.3
8.4
8.5

23

Cost Effectiveness of Living Shorelines
Phosphorus Reduction Calculations

61

Shoreland Permitting Matrix
Native Planting List
Materials and Vendor Lists
References
Glossary

70
72
74
76
78

80
84
86
92
93
Vermont Bioengineering Manual

Section 1

Vermont Lakes and Shoreland Development

A comparison of a vegetated area prior to development (left), an area with conventional development that is degrading water quality (middle), and an area utilizing a lake friendly
ecological approach to development (right).

Vermont Bioengineering Manual

6

Photo: Watershed Consulting Associates, LLC

Vermont’s landscape is interspersed with more than 800 lakes that vary in size
from less than an acre to the size of Lake Champlain (313,600 acres). More than
half of the lakes in Vermont are 10 acres or larger in size. Lakes have been an
important historic natural resource for the region and development was often
concentrated around larger lakes that could be used for drinking water and
fishing and later dammed for industrial use and hydropower. Additional dams
were constructed to create drinking water reservoirs and for flood control. Lakes
also provide an excellent recreational opportunity and summer cottages and
camps were more frequently being built along lakeshores at the end of the 19th
century. This lakeshore development has since intensified, and development
density along lakeshores is now more than double that found in urban areas in
Vermont. Unfortunately, this development has led to adverse impacts to water
quality and aquatic habitat in Vermont’s lakes. However, these development
impacts can be mitigated through the implementation of the bioengineering
practices described in this Manual. Now is the time to protect lakes with each
opportunity to develop, redevelop, and restore shorelands using these lakefriendly practices that are proven to protect water quality and wildlife habitat.

1.1 Lakeshore Development
Vermont’s lakes are an important resource for recreation, drinking water, and
serve as an important draw for tourists, who spend millions of dollars annually
in the state. In Vermont, there are approximately 1,500 miles of lakeshore on
lakes greater than 10 acres in size. An estimated 45 percent of that lakeshore
has been developed in such a way that negative water quality and aquatic
habitat impacts can be observed. Conventional shoreland development
cleared the native vegetation to plant lawns, which led to bank instability and
other compounding problems for the property and water quality. Concrete
retaining walls were often added to prevent the land from eroding, particularly
on larger lakes with more erosive wave action or on properties with steeper
slopes down to the lake. When water falls on a naturally vegetated area
draining to a lake, the water soaks into the ground and gets filtered, preventing
sediment and nutrients, like phosphorus, from being carried to the lake. This is a
natural and beneficial process. However, conventional shoreland
development of clearing the shore for impervious areas and lawns inhibits
water from soaking into the ground and significantly increases stormwater
volume and velocity, sediment, and phosphorus delivery to the lake. These
extreme changes have been proven to have detrimental impacts on the lake’s
water quality and the aquatic habitat.
7

Development is often concentrated directly along lakeshores, as seen here along Lake
Champlain's Georgia shore.

VERMONT SHORELAND FACTS
■ On lakes greater than 10 acres in size in Vermont, there are 1,480
total miles of shoreland, 441 miles of which are on Lake Champlain.
■ Before the 2014 Shoreland Protection Act, 45 percent of Vermont's
shorelands had been cleared and developed.
■ Residential density along shorelands is more than double that of
urban areas of the state.
■ 4.4 percent of all Vermont residences are within 100 feet of a lake.
■ Property values drop with a decrease in water clarity, affecting tax
revenues.
■ The EPA National Lakes Assessment Study found that Vermont lakes
had a higher percentage of shoreland ranked in fair or poor condition
as compared to the northeast region and national averages because
of the extensive clearing of native vegetation along the shores.
Vermont Bioengineering Manual

preventing animals like turtles and frogs from accessing the shoreline to feed,
rest, and nest. Protecting and restoring living shorelines is a "win win" choice for
both property owner and lake ecosystem health.

Photo: VT ANR Lake Wise Program

1.3 A Resilient Shoreline

Re-establishing a “living shoreline” incorporates native plants and bioengineering
techniques to stabilize the bank, prevent erosion, and protect property, water quality, and
wildlife habitat. Brighton State Park, Island Pond, VT

Climate change is already impacting Vermont’s lakes, and these impacts are
only expected to increase as we experience more unpredictable and extreme
weather patterns. Vermont can expect both more frequent and intense storms
and longer stretches of drought conditions. It is important to ensure that
shorelines are designed with resiliency in mind to reduce the impacts of climate
change on Vermont lakes and existing lakeshore development. An ecological
approach to shoreline management provides water quality improvements,
terrestrial and aquatic habitat, erosion prevention, and aesthetic benefits.
These living shorelines will provide long-term benefits as native plants grow and
mature and their roots deepen. In the summer, temperatures are increasing and,
especially in drought conditions, the shade provided by shoreline vegetation
and the habitat of nearshore vegetation is critically important for aquatic
species. Vegetated shorelines have been shown to be more resilient to floods
than retaining walls, and this will become more important as flood frequency
increases.

1.2 An Ecological Approach

Conversely, traditional hardened stabilization structures like seawalls do not
dissipate wind-driven wave energy, directing that energy sideways and down,
leading to increased erosion downshore and lakebed scouring. This erosion
and scouring can reduce water clarity, increase algae growth, and harm or
even eliminate viable nearshore aquatic habitat. Seawalls also serve as barriers
Vermont Bioengineering Manual
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By utilizing an ecological approach to shoreline stabilization, we can re-create
a “living shoreline” using native plants and bioengineering techniques. These
natural buffers prevent erosion and protect the shore from flooding impacts
while maintaining a shoreline that benefits water quality and provides aquatic
habitat as well as aesthetic and recreational values. Native plants stabilize soil
and filter and slow down water running off the land, reducing the pollutants like
phosphorus entering lakes. They also provide habitat and food for terrestrial
species, shade the lake to keep waters cooler for fish and other aquatic species,
and enhance nearshore habitat.

Bioengineering practices have been installed in some areas along Vermont’s lakeshores,
preventing erosion, improving habitat, and protecting water quality.
8

1. 4 The Cost of an Ecological Approach

NATURAL SHORELAND EROSION CONTROL
CERTIFICATION COURSE

The cost of installing a bioengineered shoreline will vary depending on the type
of site. In general, the cost of a bioengineered shoreline will be approximately
150 dollars per linear foot. Factors that influence this cost include the slope
of the shoreline, existing erosion conditions, how intense wind-driven wave
action is, how prone to frequent flooding the area is, how much sunlight the
area will get, the underlying soil conditions, and the desired aesthetic of the
site. However, the cost of designing and installing a bioengineered shoreline
is generally lower than traditional structural stabilization approaches. Living
shorelines, once established, normally require little maintenance. For the first
season, plants will need to be watered and any plants that may die may need
to be replaced. Over time, maintenance should be minor such as replanting of
damaged plants after an extreme weather event. Long-term, the cost to install
and maintain a bioengineered shoreline is much less expensive when compared
to a failed structural practice like a retaining wall.

The Lakes and Ponds Program of the Vermont Department of
Environmental Conservation (VTDEC) hosts a voluntary certification
course to train and inform contractors who design and construct along
shorelands in the ecological principles and practices that protect
lakeshores and water quality.
The course helps explain the 2014 Vermont Shoreland Protection Act
that established a permit program to review and oversee any clearing of
native vegetation or the creation of new impervious surface within 250
feet of a lake’s mean water level. It also trains contractors in lake-friendly
development practices that are known to benefit water quality and
wildlife habitat as well as protect property, including techniques for
erosion control, stormwater management, and bioengineering projects.
This one-day course is held annually in November. Visit the VTDEC Lakes
and Ponds website to learn about upcoming courses and view a list of
certified professionals.

Photo: VT ANR Lake Wise Program

Terracing, contour planting,
and protective vegetated
buffers have been used around
the world for centuries by
indigenous peoples to stabilize
steep slopes, conserve soil
for plantings, and absorb and
slow water. Today, many of
these successful practices are
known as Green Stormwater
Infrastructure (GSI) and
Bioengineering Techniques.
Development designed to
encompass these ecological
approaches for managing
stormwater are called Low
Impact Development (LID).

"Terrace Farming" by Koshy CC BY 2.0

NEW TERMS FOR LONG-STANDING
ENGINEERING PRACTICES
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Section 2

Lake and Shoreland Regulations

The Protected Shoreland Area extends 250 feet, measured horizontally, from the mean water level.
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Lakeshore bioengineering projects are implemented to stabilize eroding banks
and protect water quality, wildlife habitat, and property. Bioengineering
practices also restore ecosystem functions by securing and naturalizing the bank
interface between the shore and the lake. In most situations, bioengineering
projects will need to be permitted before being installed because they take place
along sensitive, regulated shoreland areas.

NATURAL RESOURCES ATLAS

The State of Vermont and other agencies regulate activities at and near surface
waters to protect water quality and wildlife habitat. Applicable regulatory
agencies should be engaged as early as possible for project guidance and to
prevent surprises during design and construction like costly fines for proceeding
without the required permits.
The Vermont Agency of Natural Resources (VTANR) Atlas, a town-specific
VTDEC Permit Specialist, and the VTANR Permit Navigator are resources for
initial project screening to understand potential permitting requirements. The
Atlas allows users to query a site location and overlay wetlands, streams, soil
conditions, topography, roads, and other landscape layers, like the location of
the Protected Shoreland Area, to help understand the regulated environmental
zones and help to determine what permits will be needed for a particular project
site.
The Natural Resources Atlas provides geographic information about
environmental features and sites that the Vermont Agency of Natural
Resources manages, monitors, permits, or regulates.

The following section provides an overview of the typical permits required for
shoreland bioengineering projects. Often, the permitting process for these
projects is straightforward. However, some permits take months for approval,
so planning permit submittal in advance is essential. Each permit has specific
requirements and guidelines, and it is best to engage regulators as early in the
process as possible for feedback to guide the project development. A tabular
summary of the permits described below can be found in Appendix 1.

The Atlas will help you understand the site conditions of your project.
It can tell you if your site is in the protected shoreland area or if there
are mapped wetlands nearby. Zoom to your site using your mouse or by
searching for an address in the search bar at the top of the map area.
Once you open the Atlas, on the bottom left-hand side, there is a tab
that says “Layers.” Click on this tab to select from a range of layers. Start
by selecting the Watershed Management Layer which opens the Lakes
and Ponds Permits or the Protected Shoreland Layers. These are both
important datasets for learning more about your project site and the
surrounding area. You can also search for layers of interest by typing in
the “filter layers” box. If you are new to using the Atlas, you can watch an
Atlas orientation video. This video describes step by step how to navigate
the Atlas and includes instructions on how to save and print a map.

2.1 Shoreland Protection Act Permit
Vermont’s Shoreland Protection Act was established in 2014 with the goal of
managing lakeshore development to preserve and protect water quality, aquatic
habitat, shoreline stability, and maintain property values. The Act regulates
development within 250 feet of the mean water level of lakes or ponds that
are 10 acres or greater in size. However, when a state highway or town road
intersects a parcel within the Protected Shoreland Area, only the land between
the lake and the road is subject to the Shoreland Protection Act.
11
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The Shoreland Protection Act sets standards for lake-friendly development in
relation to development setbacks from the shoreline, slope, impervious surfaces,
and cleared areas. Where these standards cannot be met, the impacts of the
development may be able to be mitigated with Shoreland Best Management
Practices (see Section 7). In general, the standards for the Protected Shoreland
Area are:
■ 100 Foot Protected Buffer: All new development (cleared area and
impervious surfaces) must be setback to protect the 100 foot vegetative
buffer zone, except for shoreline stabilization projects designed to prevent
erosion and flooding.
■ < 20% Slope: Development should avoid slopes steeper than 20 percent.
■ ≤ 20% Impervious Cover: Impervious surface should not exceed 20
percent of the parcel within the Protected Shoreland Area.
■ 40% Cleared Area: Cleared area should not exceed 40 percent of the
parcel within the Protected Shoreland Area. The cleared area includes
places where vegetative cover has been removed (such as leach fields,
lawns, and gardens), pathways (like the allowable six-foot-wide path to
the lake), and all impervious cover (structures, driveways, decks, tennis
courts, swimming pools, etc.).
■ Vegetation Protection Standards: All vegetative cover within the
Protected Shoreland Area is protected. The Vegetation Protection
Standards provide guidance on allowable vegetation management
practices within 250 feet of the mean water level.
Vegetation Protection Standards
Under the Shoreland Protection Act, removal of vegetation in accordance with
the Vegetation Protection Standards (VPS) does not require authorization
under a Shoreland Permit or Registration. The VPS allow for the removal of
dead, diseased, or unsafe trees, the management of noxious and nuisance
plants, and thinning in accordance with the standards of the VPS, otherwise all
native vegetation is protected. The VPS use a grid system and assigns points to
individual trees based on diameter with larger trees assigned higher point values
to determine if they can be thinned. Grids are broken up into 25 foot by 25 foot
plots.
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If you plan to clear any vegetation or create any new impervious surfaces in the
Protected Shoreland Area (from mean water level onto shore 250 feet), you will
need a Shoreland Protection Act Permit.

This residential site complies with the Vegetation Protection Standards.

When thinning in accordance with the VPS:
■ All ground cover less than 3 feet in height must remain (ground cover
cannot be cut or thinned).
■ The duff layer must be preserved (no raking or removing leaf litter, sticks,
moss, etc.).
■ Tree roots must remain in the ground (trunks may be ground to surface
level).
■ Trees may only be removed if there are at least 12 points in the plot that
will remain after thinning.
■ Five saplings (less than 2-inches in diameter) must remain in the plot after
thinning.
Additional information on Vegetation Protection Standards can be found on the
VTDEC Lakes and Ponds Shoreland Permitting website
There are two types of approvals that can be given for Shoreland projects:
a Shoreland Permit or a Registration. The landowner can use The Vermont
Shoreland Protection Act Project Worksheet to determine if the project will
need a Shoreland Permit or a Shoreline Registration.
12

■ Creation of one six-foot-wide footpath to access the lake through the
Protected Shoreland Area.
■ Tree removal using the Vegetation Protection Standards.
■ The installation or repair of a wastewater system permitted by the
Vermont Agency of Natural Resources.
■ Removal of unsafe or invasive plant species while leaving native plant
roots intact.

Shoreland Permit

Shoreland landowners must obtain a Shoreland Permit prior to creating new
impervious surface or new cleared area. Activities include:
■ Building a new structure (such as a deck, shed, or garage),
■ Adding impervious surfaces (such as a driveway or parking area),
■ Removing trees or other vegetation,
■ Expanding the area of a lawn, or
■ Removing the duff layer (the ground cover including leaf litter, pine
needles, and moss).

2.2 Lake Encroachment Permit

Shoreland Registration

For some smaller projects, landowners may be eligible to submit a Shoreland
Registration form. A registration will take effect 15 days after receipt by the
permit program. There are two types of registrations possible:
■ Registration A allows up to 100 square feet of new cleared area or new
impervious surface between 25 feet and 100 feet from the mean water
level.
■ Registration B allows for up to 500 square feet of new cleared area or new
impervious surface between 100 feet and 250 feet from the mean water
level. To qualify for this registration, the parcel must have a slope <20%,
<20% impervious cover, and <40% cleared area.

Photo: VT ANR Lake Wise Program

There are some activities that will not require either a Shoreland Permit or
Shoreline Registration, but it is recommended that landowners contact the
Lake and Shoreland Regional Permit Analysts to inform them of their planned
activities and ensure they would fall under an exemption. Activities that are
exempt from permits or registrations include:
■ Reconstruction of existing impervious areas within the existing footprint,
such as rebuilding a house or garage in the exact same spot, without
creating any cleared area as part of the project.
■ Changing one type of impervious surface for another, such as building a
garage entirely within the footprint of an existing driveway.

Lake Encroachment regulations are in place to minimize encroachment on public
waters and ensure that any projects that are constructed do not adversely
impact the public use of lakes and ponds. This regulation has been in effect since
1968 in Vermont and regulates activities that take place at the shoreline and
beyond the mean water level on all lakes that are public waters. Encroachments
include but are not limited to:
■ Shoreline stabilization activities, including bioengineering projects,
■ Installation of public docks and boat ramps,
■ Filling or dredging,
■ Boat house repair and replacement, and
■ Aeration projects.

Photo: VT ANR Lake Wise Program

Permit applications have a fee associated with them and can take up to 45 days
for approval, so it is recommended that a Shoreland Permit Application be
submitted as soon as possible. Additional information on shoreland permitting
can be found on the VTDEC Lakes and Ponds Shoreland Permitting website. It
is also recommended that landowners contact Shoreland Permit Program staff
for their area to help them determine if they will need to incorporate Best
Management Practices into the project to offset clearing or development.

A lake encroachment permit was required for the removal of this wall (left) and
replacement with encapsulated soil lifts (right) to restore a living shoreland along Lake
Hortonia in Sudbury, VT.
13

Vermont Bioengineering Manual

Some activities are exempt from this permit such as:
■ Installation of wooden or metal private docks (less than 500 square feet
and less than 50 feet in length), and
■ Placing floats and buoys.
Permit applications are available on the VTDEC Lake Encroachment Permitting
website. It is recommended that these applications be submitted at least
three months in advance as they may take 60-90 days for a determination.
The permit review considers the impact of water quality and aquatic habitat,
aquatic and shoreline vegetation, navigation, recreation, consistency with
natural surroundings and local ordinances, the cumulative impacts of other
encroachments, and the public benefit of the project. Contact the Lake and
Shoreland Regional Permit Analysts with any questions.
Note: If an Encroachment Permit is issued, work below mean water level cannot
start before July 1st to protect shallow water habitat for fisheries and their
spawning patterns.

2.3 Wetlands Permit
Wetlands are often found adjacent to lakes and ponds and these important
resources are protected in Vermont as they provide habitat, flood storage, and
water quality benefits. To know if your property includes protected wetlands,
you can consult a map of the Vermont Significant Wetlands Inventory on the
VTANR Atlas. You can also take a walk around the property and ask yourself:
■ Is the ground soggy and wet, even when it has not just rained?
■ Is there vegetation typical of a wetland such as cattails, sedges, or
sensitive or cinnamon ferns?
■ Are there areas where you would expect a vehicle to sink into the ground
if you tried to drive across it?
If any of these physical indicators are present or the area is a mapped wetland, it
is recommended you contact the VTDEC Wetlands Program as soon as possible.
Their specialists can assist you in determining the next steps for the project,
which could include a site visit, an official wetlands delineation (mapping of the
wetland area), and a permit application.
The Wetlands Program regulates impacts to significant wetlands, classified as
Class I or II, and wetland buffers (100 feet for Class I and 50 feet for Class II).
Vermont Bioengineering Manual

A site specific map of the Vermont Significant Wetlands Inventory (VSWI) using the
VTANR Natural Resources Atlas.

Several factors determine the significance of a wetland including hydrology, soil,
vegetation, size, and location of the wetland in the landscape. Projects that will
impact wetlands and buffers will be required to show there are no alternatives
to reduce or eliminate these impacts and a permit will be required.

2.4 Floodplain, River Corridor, Stream Alteration
Permits
Some shoreland areas in Vermont serve as floodplains that store floodwaters
and are critical for maintaining water quality and mitigating negative impacts of
developed lands. Other shoreland areas may be located along tributary streams.
Shoreland bioengineering projects that overlap with these floodplain areas will
need review from the Rivers Program. In general, small bioengineering projects
that will restore natural floodplain function and maintain flood storage capacity
are considered beneficial low-impact activities. Adding fill (earth, rock, or other
material that could displace floodwater) should be avoided unless such materials
can be well recessed into the bank or shoreline as part of a restoration.
However, even if projects will not require a permit from the VTDEC, most
projects that will impact a floodplain will require a permit from the municipality.
14

Floodplain regulation can be complex, and it is important to contact the VTDEC
Regional Floodplain Manager and the VTDEC Regional River Scientist early in the
planning and design process. There are three main mechanisms for regulation
for floodplains in Vermont:
■ Municipalities that have enrolled in the National Flood Insurance Program
regulate development in floodplains mapped by FEMA called Flood
Hazard Areas. Some municipalities also regulate development in River
Corridors, which are meander areas mapped by VTANR along rivers and
streams. Many communities have flood hazard regulations as part of
zoning bylaws, so a floodplain project may require a municipal zoning
permit. Communities without zoning may require a standalone floodplain
permit. If the Flood Hazard Areas have been digitized for your community,
you can view these areas using the VTANR Atlas. However, this data is
not complete statewide. Your municipality or regional VTDEC Floodplain
Manager can help you find this information. It is recommended that
you contact your municipality’s floodplain administrator or zoning
administrator to ask about the local floodplain regulations. Municipal
floodplain and river corridor permit applications are submitted to the
VTDEC Floodplain Manager for a technical review as part of the local
permit process.
■ Vermont regulates Flood Hazard Areas and River Corridors through the
Vermont Flood Hazard Area and River Corridor Rule for activities exempt
from municipal regulation. Mapped river corridors can also be found in
the VTANR Atlas.
■ Vermont regulates Flood Hazard Areas and River Corridors for larger
projects requiring an Act 250 land use permit. A project could require
both a municipal permit and an Act 250 permit.

Stream Alteration Permit

Under the Vermont Stream Alteration Rules, perennial streams are defined and
managed to avoid flood and erosion hazards and prevent significant damage to
fish and wildlife and the rights of riparian owners. Permits are required for:
■ The movement, fill, or excavation of ≥10 cubic yards of instream material.
■ Construction or maintenance of a berm in a Flood Hazard Area or River
Corridor.
■ Instream emergency protective measures.
The VTDEC Regional River Management Engineers can issue stream alteration
permits and provide river diagnostics, alternatives analysis, project design, and
construction inspection for instream work.

Photo: VT ANR Lake Wise Program

Floodplain and River Corridor Permits

Before starting work on any bioengineering project, permits must be in place.

2.5 Wastewater Systems and Potable Water
Supply Permits
For some bioengineering projects, the location of an existing septic system, the
area designated for a replacement septic system, or the site of a drinking water
source is important to know so that these areas are not impacted by the project.
If the shoreland owner does not have information on their septic and drinking
water system locations, view all permitted septic systems and wells using the
Wastewater Regional Office Permit Seach tool on the VTDEC Wastewater
Systems and Potable Water Supplies website.

2.6 U.S. Army Corps of Engineers Permits
The U.S. Army Corps of Engineers (USACE) provides engineering and
construction services worldwide, but their main civilian role is to protect the
water resources of the country and they do this through Federal regulation of
these waters. In Vermont, Department of the Army permits are required from
the USACE under Section 10 of the Rivers and Harbors Act of 1899 and Section
15
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404 of the Clean Water Act. The USACE reviews permit applications for work
affecting navigable waters under its Section 10 authority and the discharge of
fill material into all waters of the United States, including most wetlands, under
Section 404. Most projects in Vermont that have a minimal adverse effect on
the aquatic environment are eligible for review under the statewide Vermont
General Permits (GPs). The GPs are organized into 21 activity-specific general
permits. Shoreline and bank stabilization projects are eligible for general permit
#9. Projects eligibility under these GPs falls into two categories:
■ Self-Verification Eligible: These projects may proceed without application
or notification to the USACE provided the project proponent verifies
that the activity will meet the terms and conditions of the applicable
GPs. Lakeshore bioengineering projects often will qualify for this type of
approval.
■ Pre-Construction Notification Required: These projects must obtain
written verification from the USACE before starting work in USACE
jurisdiction. Bank stabilization projects in Lake Champlain, Lake
Memphremagog, and Wallace Pond or in any other waterways that are
>200 linear feet and/or exceeding an average of one cubic yard of fill per
linear foot placed below the ordinary high water mark may qualify for this
type of approval.
Projects that do not meet the terms and conditions of the GPs will require
an individual permit. It is recommended that landowners contact the USACE
Regulatory/Permitting Division for site-specific guidance.

2.7 Stormwater Permits

■ Low-risk application: If a Construction General Permit is required, most
projects should qualify as a low-risk application. This will require the
filing of an application (referred to as an NOI) and adherence to the Low
Risk Site Handbook for Erosion Prevention and Sediment Control, which
guides erosion and sediment management through implementation of
Best Management Practices (BMPs).
■ Moderate-risk application: For larger projects or projects located on
steep or erodible soils, a moderate-risk application may be necessary.
This requires an application and a site-specific erosion prevention and
sediment control plan.
Operational Stormwater Permits are required when new impervious surfaces are
created. As of July 2022, this threshold is one-half acre of impervious surface,
but in some circumstances where existing impervious surfaces are also located
on a project site, the regulatory threshold may be lower.
Region-specific Stormwater District Contacts from the Vermont Stormwater
Program can provide guidance on applicable permits.

2.8 Municipal Permits
Every Vermont town has their own unique zoning laws, and some towns have
stronger shoreland rules than the state or federal laws. Always check with the
town on any local permits they may require before working along a shoreland
and starting a bioengineering project.

The Vermont Stormwater Program regulates construction and operational
stormwater runoff to minimize adverse impacts from runoff to surface waters,
including lakes and ponds. However, since the passing of the 2014 Shoreland
Protection Act, most shoreland projects would require a Shoreland Permit but
not need a Stormwater Permit. Exceptions are as follows:

A NOTE ABOUT DRAWDOWNS

Drawdowns, or manipulating the dam to lower the lake water level in
the fall, is not an acceptable practice for managing winter ice damage
nor aquatic plant growth. While some states continue to use drawdowns
as a management technique, Vermont does not have a history of
promoting or allowing this practice, with the exception for permitted
power generating facilities on a few specific lakes (renewed permits no
longer allow for drawdowns). Drawdowns cause severe damage to the
littoral habitat - the shallow water nursery grounds – and do not sustain
ecologically healthy lakes. Ice push will occur regardless of lake level and
lowering the level causes the ice sheets to erode and damage the littoral
habitat. Vegetated shores remain the best defense and management
strategy to protect shorelines from ice push damage.

Construction Stormwater Discharge Permits are required for land disturbances
of one acre or more. The permit could be applicable if a project is done in
tandem with other development on a property could cumulatively exceed the
one-acre disturbance threshold. Even some historic disturbances could be
considered in this determination. Depending on the scope of the construction
project, it may be classified as Low-risk or Moderate-risk.

Vermont Bioengineering Manual
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Section 3

Common Site Challenges

Common site challenges found along Vermont's lakeshores.
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■ Sheet erosion occurs evenly along a wide area.
■ Rill erosion is moderate concentrated erosion that creates a channel from
one inch to 12 inches in depth.
■ Gully erosion is severe concentrated erosion that creates a channel 12
inches or greater in depth.

Photo: Lake Champlain Basin Program

3.2 Causes of Erosion

Sediment plume as a result of shoreline erosion at North Point of Isle LaMotte, Lake
Champlain (April 30, 2011).

Bioengineering practices are designed to stabilize erosion while providing
benefits to water quality and wildlife habitat. There are many site-specific
conditions that influence how prone an area is to erosion such as soils, slope,
sun exposure, vegetation, and the action of wind, waves, and ice. Human
activities such as removing vegetation, introducing invasive species, and building
hardened structures like sea walls along the shoreline can exacerbate and
escalate erosion risk factors. This section will discuss natural as well as human
induced common site challenges that influence the design and effectiveness of a
bioengineering project.

There are four main causes of shoreland erosion: wind, waves, ice, and upland
stormwater runoff.

Wind and Waves

The energy produced by wind and wave action will influence the design of each
bioengineering practice. The two main considerations for the designs are fetch
and boat wake-driven waves.
Fetch
The term fetch is used to define the greatest distance across a stretch of open
water that wind can travel. Wind creates waves and the greater the fetch or
distance that the wind travels, the more energy and the larger, bigger waves
created. In Vermont, fetch is best understood and described in terms of three

3.1 Types of Erosion
Along lakeshores, erosion can occur naturally from wind, wave, ice, and
precipitation with individual soil particles gradually wearing away. Erosion can
also happen when large, sloped areas slump into the lake, often a result of
clearing a bank of its naturally stabilizing vegetation. There are three main types
of erosion that are important for understanding the energy and path of erosive
forces at bioengineering sites, classified into sheet, rill, and gully erosion.
Fetch is the longest distance that wind can travel across water.
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ranges: low, moderate, or high energy. Higher energy sites are more prone to
erosion while low energy sites are less prone to erosion.

Vermont’s largest lakes, Lake Champlain, Lake Memphremagog, and Lake
Bomoseen have high fetches and thus have many high energy sites. Designs for
high energy sites may need to include a breakwater to dissipate the wave energy
from a long fetch and to protect a bioengineering project. Lake Champlain has a
variety of fetches, depending on the area of the Lake. Generally, the main lake’s
fetch is several miles, and this means that a 20 mph south wind will develop one
to three foot waves. Over 30 mph, two to four foot waves will occur, and over 40
mph, three to five foot waves will form.
Wake-driven Waves
Waves produced by boat wake are a major cause of erosion and aquatic plant
disturbance in narrow lake basins and in waters less than 10 feet deep. These
waves erode shorelines and can stir up sediment from the lake bottom and
degrade aquatic habitat. Today, many lake communities are questioning the
use of wake producing boats and the impact from their waves along the shore
because of increased bank erosion. Erosion caused from boat wake is a growing
problem and concern for shoreland owners and all lake users, and it may lead to
boating limitations on lakes where erosion is most severe from these activities.

Photo: VT ANR Lake Wise Program

High energy sites are found along shores of long, open lakes, oriented toward
strong winds without mountainous barriers and receiving high energy from wind
and wave action. Small, irregularly shaped lakes generally have lower wind and
wave energy and are low to moderate energy sites. Bathymetric and topographic
maps can be used to determine lake size and shape.

Ice push can create berms, a natural lake formation for filtering upland runoff and
strengthening the bank wall. Berms can be severe on cleared shores without root systems
in place to bind and stabilize the bank.

Ice

In the winter, lake ice expands and contracts, which can grind and scour
shorelines. In the spring, ice breaks apart and can be pushed onto shorelines by
wind. This can cause an ice berm, building a ridge of soil that runs parallel to the
shoreline. Ice berms or ridges naturally protect the shoreline from recession and
should be left intact as these berms are a lake’s natural defense against upland
runoff and further ice, wind, and wave pressures.
Climate change may lead to more frequent and severe ice push. During winters
when there is low snow cover, there is little insulation for the ice. When it
contracts during colder temperatures, cracks are easily formed on the top ad
bottom of the ice sheet. As temperatures warm, water fills these cracks. As
temperatures drop again, the water freezes and ice expands, pushing ice sheets
forcefully against the shore. The ice sheet grows during freeze/thaw events and
it does not recede until a major spring melt.

CALCULATING ENERGY ALONG A SHORELINE
Calculate energy along a shoreline to better understand how wind, wave,
and ice energy affects your project site. The Wisconsin Department of
Natural Resources (WDNR) has developed an online tool "Calculating
Energy Along a Shoreline" that will help you calculate fetch, average
water depth, storm wave height, and provide an energy category. The
defined energy category (low, medium, or high) should inform your site’s
bioengineering design.

Upland Stormwater Runoff

Many people who live along the shore experience drainage issues either
from concentrated runoff from the local road system, from development in
the second or third tier of upland shoreland development, or from their own
development and impervious surfaces including driveways, roofs, or decks.
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3.3 Human Activities Intensifying Erosion
Human activities along the shore often exacerbate natural causes of erosion,
intensifying their erosive effects. These activities include vegetation removal,
creation of impervious surfaces, and building sea walls or retaining walls.

VT ANR Atlas

Vegetation Removal

The first tier of shoreland development is directly along the shoreline. The second and
third tiers of shoreland development are upland of that first tier, increasing stormwater
runoff across the lower tiered properties to the lake.

Removal of terrestrial and aquatic vegetation along the shoreland is one of
the most critical activities that increases erosion. Native root structures hold
soil in place and increase shoreline resistance to wave, wind, and ice action.
Conversely, turf grass has shallow roots that provide little stabilization. Aquatic
plants dissipate wave energy before it reaches the shore, protecting against
erosion. Plant removal exposes the shoreline to greater wave impacts. Shoreland
vegetation also creates vital habitat for terrestrial and aquatic species, and
when removed, provides an opportunity for invasive species to colonize the
area. These invasive species often do not provide the same erosion prevention
benefits and can out compete native species.

It is often necessary to install upland BMPs to prevent stormwater from
undermining a bioengineering practice and this should be included in project
planning and design. Intercepting runoff and redirecting it to a treatment area
controls both the velocity and volume of stormwater runoff while filtering out
sediment, phosphorus, and other pollutants. It is natural for water to flow
towards the lake, but when it picks up speed by crossing impervious surfaces or
flowing over a sloped lawn, it becomes more erosive, carrying more pollutants
as it surges towards the lake. When a residential lot is cleared and developed,
normally low sediment loads in stormwater can increase by 18 times, the
phosphorus load can increase by seven times, and the overall water volume
running off the land can increase by five times. The success of a bioengineering
project may depend on how well the upland runoff is managed, especially
following installation as the restoration site as it is most vulnerable to erosion or
damage in the first few months after construction.
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Photo: Watershed Consulting Associates, LLC

Upland runoff can be very erosive and damaging but by using shoreland best
management practices (BMPs) like vegetative swales, rain gardens, water bars,
dry wells, and other lake-friendly stormwater management solutions, the runoff
can be managed, preventing erosion. See Section 7 for more information on
these practices.

The contrast can be seen between a stable vegetated lakeshore (left) and an unstable
eroding lakeshore where native vegetation has been removed (right) along this stretch of
Lake Champlain.
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■ Lakebed scouring: Wave energy is also deflected downwards, scooping
out sediments on the lake bottom. This can severely compromise vital
shallow water habitat as well as the structural integrity of the wall.
■ Wildlife barriers: Vertical walls break the interface between the lake and
shore and cause barriers for wildlife to reach the shore to feed, nest, and
rest, such as turtles laying eggs on shore.

3.4 Site Conditions that Influence Design
Other factors that can influence the design of a bioengineering project include
soils, slope, sun exposure, and existing vegetation.

Rainfall amounts in inches (upper) are shown compared to how many 50 gallon rain
barrels (lower) would be filled by an average sized residential roof. Source: VTANR Vermont
Guide to Stormwater Management for Homeowners and Small Businesses (2018)

Creation of Impervious Surfaces

Development and the creation of impervious surfaces in upland areas increases
stormwater runoff because these hard surface areas do not absorb water but
shed it downslope. This water flows faster than in an undeveloped area to the
lake, carrying harmful sediment, pollutants (oil, herbicides, heavy metals, dog
poop), and nutrients into the lake rather than infiltrating into the ground. Often,
the addition of impervious surfaces requires additional drainage infrastructure
such as catchbasins, drainage pipes, and culverts. The stormwater collected by
this infrastructure is then concentrated and discharged via pipe outfalls that can
cause scouring below the outlet and rill and gully erosion downslope.
Even a fairly small roof or driveway can produce a significant amount of
stormwater runoff. The average size roof of a single-family home or small
business is approximately 1,750 square feet. The figure above provides examples
of how much runoff can be generated from differing rainfall amounts in inches
as compared to a 50 gallon rain barrel.

Building Sea Walls or Retaining Walls

After vegetation has been removed, shorelines erode. Homeowners often install
hard structures to protect their property. However, these walls create many
problems including:
■ Wave flanking: When waves hit the walls, the energy is deflected
sideways, causing more concentrated and intensive erosion down shore.
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Soils

Soil is comprised of minerals, water, organic matter, air, and microorganisms. It
plays a vital ecological role on shorelands by supporting vegetation, improving
air and water quality, and reducing stormwater runoff by slowing and infiltrating
water. Understanding and managing the physical, chemical, and biological
qualities of soil is critical when designing a natural shoreline. Soil characteristics
can affect soil erodibility, water holding capacity, stormwater infiltration
capacity, and the types of vegetation it can support.
■ Soil texture: The percentage of sand, silt, and clay determine soil texture.
You can determine your soil type by feel and by using a textural triangle
to help describe soil texture. Soil texture affects the capacity of soil to
hold and infiltrate water. Water moves quickly through the large pores of
sandy soil and slowly through the small pores of clayey soils. Site design
should consider soil texture and how it relates to infiltration capacity.
■ Soil erodibility: Soil erodibility is dependent upon soil texture, structure,
permeability, and organic matter content. In general, soils with greater
permeability, higher levels of organic matter, and improved soil structure
have a greater erosion resistance. The Natural Resources Conservation
Service (NRCS) ranks soil erodibility from 0.02 (lowest) to 0.69 (highest).
You can find your site’s soil erodibility using the online Web Soil Survey
(WSS).
■ Organic matter: For plants, the most important soil components are
organic matter and open pore spaces. Organic matter is composed of
both living and previously living organisms—from fungi and bacteria
to roots and root exudates. While typically only two - eight percent of
soil volume, organic matter stores most of the water and supplies most
nutrients plants need to grow. A higher percentage of organic matter in
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soil also increases its water-holding capacity. If your soil analysis indicates
that your soil is low in organic matter, you can add more in the form of
low-phosphorous compost or organic mulches like shredded leaves or
bark mulch.
There are many ways to analyze your soil. The most objective method is to
send a sample to a soil testing laboratory, such as the University of Vermont
Agricultural and Environmental Testing Lab. For a nominal fee (~$15) the lab will
provide you with a detailed analysis of the soil’s texture, structure, pH, organic
matter, and available macronutrients and micronutrients. Professional soil tests
also include fertilization recommendations. However, excess nutrients degrade
lake health and most native vegetation will grow happily in native soils without
added fertilizer. Also remember that in Vermont, lawn fertilizers legally must be
phosphorous free unless a soil test indicates a phosphorous deficiency.

Slope

A site’s slope or grade is the ratio of horizontal change (run) to vertical change
(rise) between two points on the land. Note that although slope is taught as “rise
over run” in math classes, the opposite ratio is used for describing construction
standards. For example, a “3:1 slope” means that for every three horizontal feet
(H), there is a one-foot vertical change (V), commonly written as H:V.
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Photo: VT ANR Lake Wise Program

CALCULATING SLOPE

A site’s slope or grade is the ratio
of the vertical change (rise) to the
horizontal change (run) between
two points on the land. As a ratio
slope is expressed “run:rise”,
commonly expressed as H:V
(where “H” represents horizontal
change and “V” represents
vertical change). However, slope is
most commonly represented as a
percent, which is calculated as:
% Slope = (Rise/Run)*100
This graphic depicts the ratio and percent slope for a range of slope
conditions from low slope (20:1 or 5%) to very steep (1:1 or 100%). For
bioengineering projects, it’s important to note that plants will typically
root best on slopes less than 30 percent but can grow on slopes up to 50
percent.

Sites with steep slopes are more prone to erosion as water will travel faster and
can carry more soil as it flows to the lake. Slope must be measured to determine
the boundary of the regulated Protected Shoreland Area and can determine
allowable practices in this area. Slope can also influence vegetation planting as
part of bioengineering designs as it is more challenging to establish vegetation
on steep slopes (greater than 3:1). On shoreland sites with steeper slopes
(5:1), erosion control practices should be used during and after construction to
stabilize slopes. Practices that interrupt the flow of stormwater down a steep
slope will slow the water’s velocity and thus reduce erosive forces.
A land surveyor or engineer can be consulted to determine a site-specific and
very accurate slope. However, there are several ways to estimate slope. The
VTANR Natural Resources Atlas (See Section 2 for information) has elevation
data for the whole State and is the recommended resource for estimating slope.
Other methods include referencing the topography on a parcel map or site plan
and measuring the slopes by hand.

Sun Exposure

Planting plans should consider a site’s sun exposure as the optimal sun exposure
for the selected plants should match the available sunlight intensity of the site.
An area is in full sun if it receives more than six hours of direct sunlight daily.
Areas in part sun or part shade receive three to six hours of sunlight daily and
full shade areas receive less than three hours of direct sunlight per day. You can
determine how much sunlight an area receives using commercially available
sunlight calculators to measure light intensity or by observing and charting sun
exposure of an area for one to three days. Sun exposure should be evaluated in
the spring or summer when trees are fully leafed out.

Existing Vegetation

Identifying plants growing naturally in and around a site and locating common
indicator species can provide insight about soil type and moisture conditions.
Some Vermont indicators of dry soils include trees like white oak and American
beech; shrubs like sweet fern, black huckleberry, and lowbush blueberry; and
herbaceous plants like spotted wintergreen and Pennsylvania sedge. Indicators
of wet soils include trees like hemlock and red maple; shrubs like spicebush,
witch-hazel, and silky dogwood; and herbaceous plants like most ferns and jackin-the-pulpit. Evaluating the thriving existing native vegetation can serve as a
model for revegetation efforts. There are several free mobile apps that can help
identify plants.
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Section 4

The Role of Plants in Bioengineering

Comparison of common non-native (left of depth line) and native (right of depth line) plant root depths. A variety of root types are shown, including fibrous roots (grasses; all plants
shown have some fibrous roots), rhizomes (iris, joe pye weed, ferns, daylily, hosta), tubers (butterfly weed), and woody roots with a taproot (buttonbush). Artistic renderings of root
depth and architecture are based on photos, professional experience, and research by the Conservation Research Institute (1995).
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Living vegetation and their root systems play an integral role in the stability of
shorelines. The root systems of established plants reinforce the soil mantle and
remove excess moisture from the soil profile, which are key to long-term soil
stability. As the biodegradable materials used in many bioengineering projects
(e.g., fiber coir rolls and erosion control blankets) wear down, the root systems
of the plants take over.

4.2 Vegetated Buffers
Vegetated buffers are areas of natural or restored vegetation along a shoreland.
These plant communities help to stabilize slopes and shorelines, protect
shorelands from fluctuating water levels and wave action, filter stormwater from
upland sources, and provide shoreland and shallow-water habitat.

4.1 Stabilization from Roots
Preserving and/or planting a combination of plant species including trees,
shrubs, and herbaceous plants is the most effective vegetative strategy for
preventing soil erosion. The roots of each plant type perform different functions.
Thus, mixed type and layered vegetation provide deeper and more completely
developed structural root systems.
A plant root’s distribution within the soil, or its “architecture," is what
determines the plant’s ability to stabilize soil. A plant’s feeder or fine roots (less
than three millimeters in diameter) function to absorb water and nutrients. They
grow and form a dense mat at the top of the soil and have high tensile strength.
During slope failure, fine roots tend to break but stay in position, holding the soil
together. Coarser roots, on the other hand, can resist both tension and bending
during slope failure and are needed to anchor into deeper soil layers. These
coarse roots keep the plant from eroding downslope.
Quantifying and predicting root growth and strength is very challenging due to
the number of variables involved. Root growth is highly opportunistic—it will
occur whenever the plant’s environment provides the water, oxygen, minerals,
support, and temperatures necessary for growth. Although maximum root
growth is ultimately dependent upon soil conditions, other factors that affect
a plant’s root distribution within the soil include the plant’s genetic makeup,
age, health, environmental stresses, plant density, and human management
strategies.
Lawn grasses, such as Kentucky bluegrass, have very shallow root systems
compared to native perennial grasses and other native vegetation. This makes
lawns highly prone to erosion from upland runoff and from wind, wave, and ice
energy along a shoreline.
Widths of lakeshore vegetation for lake protection. Source: VTANR Lake Wise Program
https://dec.vermont.gov/sites/dec/files/wsm/lakes/Lakewise/docs/lp_shorewidth.pdf
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Submerged, aquatic plants help hold the lake bottom sediment in place, but
above water native trees, shrubs, sedges, and grasses work together to protect
the shoreline and upland areas. Erosion due to wind and wave action is greatly
reduced when the shoreland is protected by a healthy, vegetated buffer zone.
The greater the width of the vegetated buffer, the more stable the bank and the
more benefits it provides.

4.3 Layers of Vegetated Buffers
The density and composition of vegetated buffers influences how effective
they are at absorbing runoff and stabilizing slopes. In general, the denser the
vegetative buffer, the more benefit it will provide. A strategy for increasing plant
density is to vertically layer plants. A vegetative buffer should consist of multiple
layers that mimic natural plant communities. Hardwood forest communities
typically have five tiers or layers of vegetation: canopy, understory, shrub,
ground cover, and duff layer.
Mimicking the plant communities that naturally occurred on a shoreland prior
to development is a smart approach to restoration. Most natural shorelines
in Vermont are either wetland-like or rocky and forested. Wetland shorelines
generally transition from open water to deep marsh, shallow marsh, wet
meadow, shrub wetland, forested wetland, and upland buffer. A rocky shoreline
may transition more quickly from the shallow-water littoral zone to the upland
terrestrial zone.
In addition to below-ground root systems and above-ground vegetative
complexity, organic matter on the ground surface, referred to as the “duff” layer,
is an important part of the vegetated buffer that protects soil and supports
plants. The duff layer consists of decomposing plant material from woody debris,
leaf litter, plant detritus, and fungi. It acts like a sponge, providing surface area
to slow runoff, settle suspended solids, filter sediments and nutrients, and
retain moisture. The organic material provides food sources for microorganisms
that support nutrient cycling and make nutrients readily available for plants to
uptake. It is beneficial to shoreland ecosystems to leave woody debris and dead
plant material in place, even in the water where it can provide shelter and food
sources for fish and macroinvertebrates.
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Cross-section of a natural wetland shoreline depicting ecological zones and types of plant communities.
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Cross-section of a natural forested rocky shoreline depicting ecological zones and types of aquatic plants.
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Even professional landscapers are increasingly using native plants both for their
beauty and benefits to nature. Many forms of wildlife depend on native plants
for food and shelter; non-native plants seldom (almost never) provide these
benefits.

Photo: VT ANR Lake Wise Program

Entomologist Dr. Douglas Tallamy introduced the gardening public to many
benefits of native plants with his best-selling book Bringing Nature Home in
2007. Dr. Tallamy’s research at the University of Delaware found that native
landscaping increases the population of native caterpillars, which are the
primary food sources for birds. In other words, restoring native plants to
landscapes, also restores birds, butterflies, and pollinators that rely on these
plants to live and reproduce.

Native vegetation stabilizes shorelands and can also serve as an aesthetic amenity as seen
on this property along Seymour Lake in Vermont.

4.4 Benefits of Native Plants
There is a myriad of benefits to having a vegetated buffer planted with native
plant species instead of non-native, introduced plant species. Native plants are
well-adapted to local soils and climate conditions, less dependent upon irrigation
and fertilizer, less likely to become invasive, and best support birds, pollinators,
and wildlife.
A native plant is one that has developed over hundreds or thousands of years
in a particular region and is a part of a natural system of plants and wildlife. The
word “native” should always include a region, such as “native to Vermont." Only
plants that were established in a given region prior to European settlement are
generally considered native.
Researchers are learning more about the relationships between native plants
and wildlife. At the same time, home gardeners are learning more about the
benefits of native plants in their landscapes and how to use them effectively.
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There are many options for incorporating native plants into a lakeshore
landscape that are both attractive to people and provide habitat to wildlife. In
Vermont, consider using native coniferous trees, such as white cedar (Thuja
occidentalis) and eastern hemlock (Tsuga canadensis) to provide winter shelter
for the golden crowned kinglet and other birds that overwinter here. A small
grove of only a few trees of native balsam fir (Abies balsamea) provide summer
nesting and winter protection to many small and large birds. Deciduous nut and
acorn producing trees, such as white oak (Quercus alba), provide year-round
food and shelter for a diversity of insects, birds, and small mammals.
Downy serviceberry (Amelanchier arborea) and chokecherry (Prunus virginiana)
are examples of summer-fruiting native shrubs that are food sources for birds
and other wildlife. American highbush cranberry (Viburnum trilobum) and
winterberry (Ilex verticillata) are native shrubs with winter-bearing fruit, which
are important winter food sources for birds.
Hummingbirds are drawn to tubular flowers for nectar, such as columbine
(Aquilegia canadensis). Native flowering perennials, such as New England aster
(Aster novae-angliae) and joe pye weed (Eupatorium maculatum), are preferred
nectar and pollen sources for native pollinators. These two perennials are
important late in the season when little else may be in flower. Other flowering
perennials, such as marsh milkweed (Asclepias incarnata), provide food sources
for leaf-eating caterpillars and the subsequent butterflies. In addition, the silky
seeds of this perennial provide insulation in winter nests for small birds and
mammals.
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At a minimum, the following information is needed to select appropriate plants
for a bioengineering project:
■ Sun exposure
■ USDA Hardiness Zone
■ Soil texture
■ Soil moisture
■ How and where the plants will be used (e.g., shoreline stabilization,
vegetated buffer, etc.)
■ What other functions the plants should provide (e.g., pollinator friendly,
fruits for birds, aesthetic qualities)

"Cedar Waxwing" by Gibson CC BY 2.0

Photo: Jim Durbin, Insects of Iowa

"Eastern Red Cedar" by Mayer CC BY-SA 2.0

ECOSYSTEM BENEFITS OF NATIVE VEGETATION

Tips for selecting plants:
■ Look for a nearby natural stretch of shore to use as a template for what
grows well along the lakeshore and select those plant species.
■ Choose plants that are native to Vermont.
■ Think “right plant, right place”.
■ Strive for plant diversity to support biodiversity and increase resiliency.
■ Always avoid invasive plants.
■ Avoid plants that require fertilizer.
■ Avoid plants that require long-term irrigation.

Native eastern red cedar (Juniperus virginiana) provides the only food
source for the larval stage of the olive hairstreak butterfly (Callophrys
gryneus). Cedar waxwings are named after this plant because they feed
on the cedar berries. The olive hairstreak larva also provides essential
protein to cedar waxwings and other birds when they rear their broods.
The complex interactions between native species of flora and fauna can
be disrupted when native plants are cut and cleared from the landscape
or when invasive species are introduced.

4.5 Plant Selection

Photo: VT ANR Lake Wise Program

To select the best plants for a bioengineering project, it is important to
understand both the existing conditions of the project site and what function
the plants will be providing. Some plants prefer dry, sandy soils, while others
prefer consistently wet soils. Some plants can thrive in shallow, rocky soils,
while others require deep, nutrient rich clay soils. Some plants are welladapted for certain bioengineering applications such as live staking, while
others are not. The planting design concept of “right plant, right place” also
applies to bioengineering applications. Choosing plants that are well-suited to
the location where they are planted will ensure that they perform well with
limited additional maintenance. Healthy, happy plants will be better equipped
to rebound from environmental stresses than plants that are already stressed in
their environment.

Silky dogwood is a recommended shrub for wet or moist soils.
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4.6 Recommended Native Plants
The following are examples of some of the most popular plants recommended for bioengineering practices based on site conditions. See Appendix 2 for a
comprehensive native planting list.
Well Drained Soils

Tall Trees

Shrubs

Perennials

Wet or Moist Soils

Sugar maple
Black cherry
American beech
Red oak
Paper birch

Red maple
Swamp white oak
Hemlock
Cedar
Black willow

Highbush cranberry
Serviceberry
Highbush blueberry
Hobble bush*
Alternative leaf dogwood

Nannyberry
Winterberry
Highbush cranberry
Witch hazel
Silky dogwood
Elderberry
Sweetgale
Black chokeberry
Willows
Cardinal flower
Blue flag iris
Cinnamon fern
Turtlehead
Joe pye weed
Swamp milkweed
Boneset

Foxglove beardtongue
New England aster
Blue flag Iris
Big bluestem
Columbine
Christmas fern
Lady fern
Appalachian sedge
Pennsylvania sedge

Shallow, Rocky Soils

Tolerant of Varying Soils

Red spruce
White pine
Black cherry
Balsam fir
Eastern red cedar
White oak
Burr oak
Witch hazel
Serviceberry
Lowbush blueberries
Sweet fern
Low grow fragrant sumac
Meadowsweet (white spirea)
Snowberry

Yellow birch
Red maple
Sugar maple
Eastern red cedar
Oaks

All asters
Sarsaparilla
Wild bergamot (wild bee balm)
Little blue stem
Christmas fern
Common yarrow

Partridgeberry*
Canadian mayflower*
New England aster
Sarsaparilla
Blue flag iris
Cinnamon fern
Big bluestem
Little bluestem
Wild bergamot (wild bee balm)

Highbush cranberry
Nannyberry
Gray dogwood
Sweet fern
Arrowwood
Snowberry
Maple leaf viburnum

* requires shade

For more information, reference "A Guide to Healthy Lakes Using Lakeshore Landscaping: Design templates and easy-to-use planting plans."
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Section 5

Bioengineering Techniques

Photo: VT ANR Lake Wise Program

Photo: VT ANR Lake Wise Program

Photo: VT ANR Lake Wise Program

When bioengineering techniques are properly applied to lakeshores, they protect the shoreline from erosion, provide habitat for aquatic and terrestrial species,
and serve as an aesthetic amenity while balancing site use and lake access. This section includes engineering details, graphic representations, and descriptions for
seven commonly applied lakeshore bioengineering techniques. Some practices are simple and can be completed by landowners while others require the expertise of
knowledgeable contractors and engineers. A list of Professionals Certified in Natural Shoreland Erosion Control Practices who have completed the voluntary Natural
Shoreland Erosion Control Certification Course for Landscapers, Contractors, and Site Workers offered by the VTDEC Lakes and Ponds Program is available on the
VTDEC Lakes and Ponds website.

Before (left), during (middle), and one year after (right) construction of encapsulated soil lifts along Black Pond in Hubbardton, VT.
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Conditions Where Practice Applies

Vegetated buffers are appropriate for all lakeshores and especially any lakeshore
location where minimum setback and maximum slope as described in the Design
Criteria section below is available. Vegetated buffers can be preserved existing
areas where landscaping activities are ceased or reclaimed developed lands.

Photo: VT ANR Lake Wise Program

Tips and Considerations

Vegetated buffers stabilize shorelines as well as slow and filter stormwater runoff from
upland areas. Existing vegetated buffers like this area along Sunset Lake in Benson, VT,
should be protected.

5.1

Vegetated Buffers

Description

Undisturbed or restored natural areas consisting of native vegetation and
uncompacted soil that separate and buffer the lakeshore from developed land
surfaces.

Purpose

A transition zone between the lakeshore and human activity. Runoff from
developed lands is slowed, filtered, and infiltrated into the ground, reducing
erosion and pollutant discharge to the lake. Banks are stabilized and protected
from wave action, flooding, ice push, and other sources of erosion. Shading of
shallow water habitat is also provided.

Prior to new construction, existing vegetated buffer areas should be clearly
delineated on site plans and by in-field demarcation to preserve the vegetation,
native topsoil, and duff layer. For new vegetated buffer areas, erosion controls
shall be utilized to stabilize planted buffer areas prior to full vegetation
establishment. Buffer areas should be protected from disturbance during regular
residential maintenance and remain ungraded and uncompacted for proper
function. Where the inflow to the practice is concentrated flow from a pipe or
channel, an engineered practice like a level spreader or other green stormwater
infrastructure practice should be designed to convert the concentrated flow
back to sheet flow to prevent erosion.

Plans and Specifications

Buffers should be as wide as possible but should be at least 15 feet in width for
adequate root structure to take hold. For sloped banks, the zone should extend
15 feet in width beyond the top of the bank. Larger buffers provide increasing
water quality benefits and wildlife habitat protection.
For some sites, simply ceasing mowing and allowing natural succession of native
plant species will be appropriate. Presence of invasive species nearby should
be noted to understand invasive species pressure. Invasive species shall be
monitored and removed if they colonize the buffer area.
For new vegetated buffer installations, a topsoil layer may need to be applied.
Prior to new topsoil installation, scarify or till subgrade to a depth of four inches.
Except for within the drip line of existing trees, the entire surface shall be
disturbed by scarification. Place four inches of screened and weed-free imported
topsoil mix on the surface with a minimum organic matter content of four
precent dry weight. Soils used in the mix shall be sand or sandy loam.
The prepared area shall then be planted. Plantings shall be all native species
representative of local or regional lakeshore plant communities. Plantings
shall be designed for vertical stratification, including a diversity of plant
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heights and types. Trees, woody shrubs, and herbaceous perennials including
groundcovers and taller species are recommended. Forest floor species and
sapling replacement trees can be added later once the canopy has matured.
Plantings shall also be designed for horizontal complexity (from lake to upland
edge of buffer) with plant distribution in relation to flood depth, duration, and
frequency, as well as variations in soils and drainage conditions (e.g., more wetloving, flood tolerant plants near the shore and more drought-tolerant plants
requiring good drainage in upland areas). See Section 4 for recommended plant
species. Soils shall not be left bare but covered with erosion control matting
prior to planting or mulched with organic materials (leaves, straw, wood chips/
mulch).

Maintenance Considerations

Vegetated buffers shall remain in a natural state and must be protected to
ensure that no future development, disturbance, or clearing may occur within
the area. This includes not removing the duff layer or woody debris (no raking).
Areas of erosion or loss of plantings shall be restored by installing new soil and
vegetation. Invasive species shall be monitored and removed if found in the
vegetated buffer.

Design Criteria
Dimension

Name

Typical Unit

Guidelines

Description

A

Buffer Width

Feet

15 foot minimum, 50 feet for bank
Horizontal width as measured from the top of bank adjacent to
stability, 100 feet for water quality,
the lakeshore to developed lands (managed turf or impervious
200 feet for wildlife habitat
area).
protection.

B

Buffer Slope

Foot:Foot, Percent (%)

Less than 2:1 (50%).

Ratio of horizontal run to elevation rise of buffer as measured
from the top of bank adjacent to the lakeshore to developed
lands (managed turf or impervious area).

Feet / Density

Plant every 2-3 feet; select plants
appropriate to soil, water, sun
exposure and other planting
conditions. See Section 4 for more
planting information.

Potted plants or live stakes. Vegetative layers include trees,
understory saplings and small trees, woody shrubs, herbaceous
plants, groundcovers, and maintaining organic duff on ground.
Prioritize plants that naturally occur in native plant communities
nearby or in similar areas.

C

Vegetation

33
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100 FT. MIN.

50 FT. MN.
BANK STABILITY

WATER QUALITY PROTECTION
WILDLIFE HABITAT PROTECTION
VEGETATED BUFFER CHARACTERISTICS AND BENEFITS:
- BAND OF NATIVE VEGETATION THAT CREATES A TRANSITION ZONE BETWEEN A LAKE, STREAM OR WETLAND, AND PROTECTS IT FROM HUMAN
ACTIVITY OR LAND DISTURBANCE
- IDEALLY HAS GOOD LAYER OF ORGANIC MATTER AND NATURALLY UNEVEN GROUND SURFACE THAT HAS NOT BEEN COMPACTED OR GRADED
VEGETATED LAYER:
- ROOTS HOLD SOIL IN PLACE, STABILIZE BANK, AND PREVENT EROSION.
- BIOMASS ABSORBS UPLAND WATER RUNOFF AND FILTERS OUT POLLUTANTS.
- PLANTS UPTAKE AND CYCLE NUTRIENTS.
- TREES AND SHRUBS ON THE SHORE SHADE WATER AND REGULATE TEMPERATURES FOR THERMAL PROTECTION.
- BUFFER PROVIDES AQUATIC AND TERRESTRIAL HABITAT, INCLUDING FISH SPAWNING GROUNDS AND WILDLIFE CORRIDORS.
- WOODY DEBRIS, LEAF LITTER, AND DETRITUS (DUFF) PROVIDE ORGANIC MATTER TO BUILD SOIL WATER-HOLDING CAPACITY, PROTECT AND
FEED MACROINVERTEBRATES AND FISH, AND BUILD SHORELAND BIODIVERSITY.

LAKEWISE BIOENGINEERING
CONSTRUCTION DETAILS

200 FT. MIN.

NO MOW
VEGETATED BUFFER

LAYERS OF THE BUFFER : TREES, SHRUBS,
GROUNDCOVER, DUFF/ORGANIC, UNDERSTORY
AND REPLACEMENT TREES/SAPLINGS

BUFFER WIDTH:
MINIMUM: 15 FT. MINIMUM
BANK STABILITY: 50 FT. MINIMUM
WATER QUALITY PROTECTION: 100 FT. MINIMUM
WILDLIFE HABITAT PROTECTION: 200 FT. MINIMUM
Plan design: Watershed Consulting Associates, LLC.
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Conditions Where Practice Applies

Fiber coir rolls are well suited for low to moderate energy sites where slope
and toe stabilization is required in conjunction with other restoration practices
including slope regrading, live staking, and other plantings.

Tips and Considerations

Photo: VT ANR Lake Wise Program

If used for a toe, fiber coir rolls should be placed just above the shoreline,
where the bank meets the water. They should not be submersed as they could
become dislodged and float away. Fiber coir rolls are generally not suitable as
toe protection for high energy sites with significant wave action and ice push.
For these high energy areas, they are best placed above a rock toe foundation or
further up the bank to prevent soil slippage by slowing upland stormwater.

Fiber coir rolls are installed with jute rope and staggered stakes along the shore of Island
Pond in Brighton, VT.

5.2 Fiber Coir Rolls
Description

A fiber coir roll is a log made of coconut fiber, straw, or other biodegradable
fibers woven into a cylindrical tube. The rolls are typically 10 feet in length
and 12”-16” in diameter. They are encased in netting of jute, hemp, or burlap.
Note: it is important not to use fiber coir rolls sold with synthetic, nylon netting
because this netting can endanger wildlife.

Purpose

To reduce erosive stormwater velocity along slopes, capture sediment, provide
a bench for planting, and/or to re-establish or strengthen the toe at the base
of the shoreline. Occasionally, fiber coir rolls are used to create a temporary
breakwater as well.
Vermont Bioengineering Manual

Live stakes or herbaceous plugs can be planted directly in the fiber rolls, but this
is not recommended as the fiber coir rolls tend to dry out and plants would need
regular watering.

Plans and Specifications

Slopes should be prepared following guidance from the Slope Regrading and
Vegetated Buffer practice descriptions. Create a soil cradle along the toe or
slope, on the contour, where a fiber roll will be installed. Prepare seed bed and
install erosion control blankets if needed. Place and stake fiber coir roll in soil
cradle and affix with manila or jute rope. The three-foot tall one-inch width
stakes should be set, staggered, every two feet. After pounding them to be
as level as possible with the top of the fiber coir roll, notch the outside of the
stakes to bind them more easily with the rope. If stakes cannot be installed
deeply enough to be flush with the coir rolls, the excess stake should be cut off
at the height of the fiber coir roll. If stakes are left sticking above the coir rolls,
ice or waves could loosen them. For added erosion resistance, place and slope
stone aggregate along the lakeshore edge of toe fiber roll from top of the roll to
existing grade.
When possible, wetland plants should be planted in front of a fiber coir roll
toe for added support. Live stakes can also be used, especially for where stone
aggregate has been added in front of the coir log.
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Maintenance Considerations

During vegetative establishment, inspect after storm events and after snowmelt
for undermining or unfastening of the fiber roll or underlying erosion blankets
from runoff, wind, animals, or ice and snow. As needed, install additional topsoil,
regrade site, add seed, and refasten the fiber rolls and erosion control blankets
(if applicable). Continue to inspect the fiber coir roll and erosion control blanket
until full vegetation establishment (approximately three years).

Photo: VT ANR Lake Wise Program

Note: Temporary fencing and signage is highly recommended to protect the site
during the first three years of plant establishment. Fiber coir rolls should not be
walked on, although they look stable and supportive. Treading on top of them
will disturb and weaken them.

Fiber coir rolls were installed along Lake Salem in Orleans County, VT to provide a bench
for native plantings and to strengthen the toe at the base of the shoreline.

Design Criteria
Dimension

Name

Typical Unit

Guidelines

Description

A

Regraded Slope Pitch

Foot:Foot, Percent (%)

>3:1 slopes although can be utilized Ratio of horizontal run to elevation rise of buffer as measured
at lower slopes. Maximum slope of from the top of bank adjacent to the lakeshore to developed
lands (managed turf or impervious area).
2:1 (50%).

B

Spacing on Slope gradient

Foot

<3:1 slopes – 15 feet, 3:1-2:1 – 10
feet, >2:1 – 5 feet.

Maximum slope length for fiber rolls used as slope interruption.
Generalized rages and site-specific considerations will apply.

C

Fiber Roll Diameter

Inches

12 inch diameter most typical.

Diameter of the woven cylindrical tube.
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COCONUT FIBER ROLLS
(COIR LOGS OR BIOLOGS)

NATIVE PLANTINGS
(>15 FOOT WIDE AREA
RECOMMENDED)

B

1/4" MANILA OR
JUTE ROPE (SEE NOTES)
A

C

MEAN WATER LEVEL

EROSION CONTROL
BLANKET OVER
SLOPE REGRADED
(2:1 MAX. SLOPE)

36" X 2" X 2" HARDWOOD STAKE
INSTALLED EVERY 2 FEET
ALONG TOP AND BOTTOM
EDGE OF FIBER ROLL

NOTES:
1. GRADE SLOPES AS INDICATED BY PLAN.
2. CREATE 6" DEPRESSION AT TOE OF STABILIZED/REGRADED SLOPE WITH SHOVEL FOR SETTING COIR LOG.
3. PLACE & STAKE EROSION CONTROL BLANKET IN ACCORDANCE WITH MANUFACTURER'S INSTRUCTIONS WITH BOTTOM EDGE BURIED IN
SHALLOW TRENCH AND TOP EDGE EXTENDED INTO 5" DEPRESSION.
4. PLACE COIR LOG ON TOP OF TOE EDGE OF EROSION CONTROL BLANKET IN DEPRESSION.
5. DRIVE HARDWOOD STAKES ON FRONT & BACK SIDES OF COIR LOG 12" FROM EACH END, BOTH ENDS, THEN STAGGERED 12" ON-CENTER
FRONT TO BACK FULL LENGTH OF LOG TO A DEPTH WHERE TOP OF STAKE IS SLIGHTLY ABOVE TOP EDGE OF COIR LOG.
6. NOTCH STAKES ON OUTSIDE EDGE AND SECURE MANILA OR JUTE ROPE TIGHTLY IN S-PATTERN.
7. SECURE ENDS OF LOGS TO ADJACENT LOG WITH ADDITIONAL MANILA OR JUTE ROPE.
8. DRIVE STAKES ADDITIONALLY TO CINCH DOWN ROPE SECURELY TO LOG. CUT OFF EXCESS STAKE HEIGHT SO TOP OF STAKE IS FLUSH WITH TOP
OF COIR LOG.
9. PLACE 3" MINUS ROUNDED STONE ON LAKEWARD EDGE OF COIR LOG IF INDICATED, SLOPED DOWN FROM TOP OF LOG TO EXISTING GRADE.

LAKEWISE BIOENGINEERING
CONSTRUCTION DETAILS

COCONUT FIBER ROLL
SET IN SHELF OR CRADLE
(SEE NOTES)

Plan design: Watershed Consulting Associates, LLC.
39

Vermont Bioengineering Manual

Conditions Where Practice Applies

Crib walls with live plantings are most appropriate for lower banks that do not
receive heavy wave action and banks with little vegetation that would require
substantial filling for stabilization. These walls are a good choice for higher foot
traffic areas that need a combination of structural and vegetative support for
optimal stabilization.

Photo: VT ANR Lake Wise Program

Tips and Considerations

Native vegetation is planted in live crib walls, but can take time to establish. This live crib
wall, installed in Waterbury, VT, had approximately three years of growth at the time this
photo was taken.

5.3 Live Crib Wall
Description

A framed retaining structure built with untreated timbers and filled with soil and
live plantings.

Purpose

A lower cost sustainable alternative to a conventional seawall structure. The live
crib wall relies on vegetation to gradually replace the retention and stabilization
aspect of the timber framework as it eventually decays, years after the plantings
have taken root. It provides long term erosion control and slope reinforcement.

Vermont Bioengineering Manual

The live crib wall is useful for providing immediate erosion protection and longterm stability after vegetative root establishment. It is important to note that the
higher the wall height, the heavier the load on the lower timbers. Engineering
expertise may be needed to utilize this method for heights greater than 10
feet. The method described in this manual can be modified to fit varying slopes
by staggering the tiers at different distances. For example, building the layers
further apart would create a gentler slope.
Live crib walls must be watered regularly during consecutive hot, dry days or
during drought periods as they tend to dry out similar to a raised garden bed or
potted plant and this can impact plant survival (see Maintenance section below
for more information).

Plans and Specifications

First, a turbidity curtain is installed. Then, starting at the lowest point of the
slope, material is excavated two to three feet below the lake surface to form
a level foundation and construct a rock toe base. The first course of timber is
placed at the front and back of the excavation, about five feet apart and parallel
to the contour. The next tier of timbers is placed perpendicular to the slope (at
right angles) on top of the previous timbers. Depending on the bank slope and
desired wall height, the next layer of timbers can be placed 12”to 15” back from
the front of the timbers, creating a 2:1 slope.
Fill is added to the level of the top of the second layer of timbers. About a third
of this layer is seeded on the lakeside with native herbaceous seeds. Erosion
control blankets are secured at the base and on top of fill prior to planting. Live
plantings are placed horizontally on top of the filled cribbing with the roots
laying back as far as possible. Container grown shrubs four or five feet tall will be
buried up to half or three quarters of their length to ensure the roots can grow
back toward the bank.
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The steps of layering and staggering the timbers, adding fill, and then plantings
are continued until the area of excavation has reached the top of the bank. Each
tier should be secured to the preceding course by rebar.

Maintenance Considerations

Photo: VT ANR Lake Wise Program

During vegetative establishment, inspect after storm events and after snowmelt
for undermining or failure of the timber crib structure from runoff, wind,
animals, or ice and snow. Replace any dead vegetation as needed. Continue to
inspect the live crib wall until vegetation and root establishment is complete,
typically a minimum of three years.
Timber walls tend to dry out easily and after installation, so watering the plants
up to three times a week is important during the first three months to ensure
the success of the plantings. Watering may be needed in year two or three of
the project if there has been little natural precipitation.
A live crib wall design can include infiltration steps for shoreline access such as the
installation shown here at a popular recreational area in Waterbury, VT.

Design Criteria
Dimension

Name

Typical Unit

Guidelines

Description

A

Stone Base

Maximum Dimension

12 inches for smaller sites, 18
inches for larger sites.

Maximum stone diameter with fine material.

B

Timber Log

Inch

6 inches to 10 inches cedar or
hemlock (untreated).

Diameter of log.

C

Timber Log offset

Inch

Varies based on design bank slope
but typically 6 inches.

Horizontal distance from face of log the face of the log below
(bench).

D

Organic Soil Lift

Inch

6 inches to 12 inches.

Vertical distance from surface in compacted lifts.

E

Buffer

Feet

Minimum 15 feet.

Width of shoreline plantings vegetated buffer zone.

F

Live Stakes

Feet / density

Bare root 1 foot on center.

Lateral spacing of plantings along the lift slope.

41

Vermont Bioengineering Manual

Vermont Bioengineering Manual

42

CRIB WALL WITH
LIVE PLANTINGS

NATIVE PLANTINGS
(>15 FOOT WIDE AREA
RECOMMENDED)

EXISTING GRADE
(VARIES)
CRIB WALL
6-10" CEDAR OR
HEMLOCK TIMBERS
SET EACH TIER BACK 6"
SECURE WITH REBAR

LOCAL SOIL
FILL IN 6"
COMPACTED
LIFTS

MIN. 12-18"
MEAN WATER LEVEL*

12"

* STONE PLACED BELOW
MEAN WATER LEVEL
WOULD REQUIRE A PERMIT

ROCK TOE (2:1 SLOPE)
18" - 12" MINUS STONE
(12" PREFERRED
SMALLER SITES)

GRAVEL BASE
6" OF 3-4" STONE OVER
6" OF 2" MINUS GRAVEL
(OR GEOTEXTILE FABRIC)

LAKEWISE BIOENGINEERING
CONSTRUCTION DETAILS

LIVE PLANTINGS

Plan design: Watershed Consulting Associates, LLC.
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or planted areas. It is applicable to slopes greater than 2:1 (H:V). Regrading is
especially important where flowing water may occur before new vegetation is
established or to protect existing stressed vegetation. Slope regrading is often
a required part of the installation of other bioengineering techniques and best
management practices.

Photo: VT ANR Lake Wise Program

Tips and Considerations

The eroding shoreline was regraded and erosion control blankets were installed to
stabilize the area. Native plants will be installed in the erosion control blankets along the
Lake Iroquois shoreline in Williston, VT.

5.4 Slope Regrading
Description

Recontouring and stabilizing a slope adjacent to a lakeshore utilizing a
biodegradable erosion control blanket composed of processed natural fibers.
These blankets are used to roll over, cover, and protect the newly graded area.

Purpose

To establish a more gentle, natural shoreland slope allowing for increased soil
permeability, improved sheet flow of stormwater runoff, and stabilized land
surface for native plantings.

Several proprietary erosion control blanket (ECB) products are available. It is
very important to select a fully biodegradable product that does not include
synthetic netting or fill. Acceptable biodegradable products are composed of
materials such as straw, aspen, or coconut fibers and jute netting. ECBs with
synthetic netting can ensnare animals, such as snakes and birds, leading to
injury or fatality. Furthermore, the plastic netting will not biodegrade and will
eventually litter the shoreland with plastic.
Tightness of weave affects an ECB’s functional longevity, which is typically 1224 months for most applications. However, sites that are steeper with longer
slopes generally require a product with a longer functional longevity. An ECB’s
erosion resistance is also affected by its material construction. When choosing
an ECB, most vendors provide specifications which are very helpful, but these
specifications vary among vendors. As such, it is important to ask the vendor
about the product before purchase. Generally, selecting and installing eight-footwide by 100-foot-long rolls of biodegradable ECB work well for laying out and
layering along shoreland slopes.
If cutting through the ECB with scissors or a knife, make an “X” for faster
plantings. Alternatively, use a blow torch to burn a hole through the fabric for
the plantings along the top level. Ensure that people do not walk over the ECBs
after they are placed as this can bunch the blankets. During installation, limit
foot traffic over ECBs to the minimum necessary for planting and watering. ECBs
should only overlap with one other blanket along blanket edges (~ 10 inches to
15 inches of overlap) so that there is only a maximum thickness of two ECBs at
any point.

Plans and Specifications
Conditions Where Practice Applies

Slope regrading is appropriate for lakeshore locations where the land surface
must be recontoured to improve vegetation growth and/or water quality
function. This practice applies for protecting and establishing newly seeded
Vermont Bioengineering Manual

Underlying soils should be prepared according to the Vegetated Buffer standards
to uncompact and enhance organic content. Seeding, if applicable, should be
completed before installing the ECB. The type of ECB should be specified and
installed for either a shallow slope or steeper slope orientation. Blankets can be
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rolled out vertically (down the slope) for steeper slopes and horizontally (across
the slope) for more gradual slopes and narrow slopes. Make sure to overlap
blankets with lower sections, always overlapping upper sections to prevent
erosion. Blankets should be affixed to the slope with biodegradable staples or
stakes at a density specified by the manufacturer and keyed in at the top and
bottom of the slope.

Photo: VT ANR Lake Wise Program

Plantings of live stakes, plugs, or container plants can be completed in the ECB
after erosion control measures are in place. Dig or poke a hole in ground to
ensure the plant is set deep enough for root stimulation. Tamp down soil and
water plants. A ring of mulch, like leaf litter or hay, may be added to improve
water holding capacity and stabilization of soil around each plant. See Vegetative
Buffers and Section 4 for further planting recommendations.

Maintenance Considerations

During vegetative establishment, inspect after storm events and after snowmelt
for undermining/unfastening of the ECBs due to runoff, wind, animals, or ice
and snow. As needed, refasten ECB, reseed, and upright plants. It is not unusual
for this type of maintenance in the first one to two years until the plants are
well established. Continue to inspect the site and ECB performance until full
vegetation establishment, which is generally three years.

Depending on site conditions, erosion control blankets can be installed vertically or
horizontally, as shown along this Vermont shoreline.

Design Criteria
Dimension

Name

Typical Unit

Guidelines

Description

A

Regraded Slope Pitch

Foot:Foot, Percent (%)

>3:1 (33%) slopes and shallower
slopes in sensitive areas require
Ratio of horizontal run to elevation rise of buffer as measured
erosion control blankets. Generally,
from the top of bank adjacent to the lakeshore to developed
slopes >1:1 (100%) should not be
lands (managed turf or impervious area).
created for vegetation
establishment.

B

Functional Longevity

Months

Typically 12 months for slopes 4:13:1. 18 months for slopes 3:1-2:1.
24 months for slopes 2:1.

Duration of the product permanent structure integrity, after
which erosion and stabilization protection will be provided
primarily by vegetative growth.

<2:1 horizontal installation, >2:1
vertical installation.

Blankets on slopes <2:1 should be rolled horizontally across the
slope to expedite installation. Blankets on slopes >2:1 should be
installed vertically down the slope which will require greater
effort for installation but is better suited for high slope
conditions.

C

Orientation

Horizontal or Vertical
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NOTES:

TOE-IN
(TOP AND BOTTOM)

6"

6"

>2:1
SLOP
E

12" OVERLAP*

2:1
MA
X. S
LOP
E

12" OVERLAP*

12"

TOE-IN
(TOP A
ND

6"
BOTTO
M)

6"
*WHEN IN CLOSE PROXIMITY TO WATER'S EDGE, OVERLAP LOWER SHEET
OVER UPPER SHEET TO PROTECT AGAINST WAVES, WIND AND ICE.

1. GRADE AND/OR FILL AREA TO DESIRED
SLOPE. ADD TOPSOIL WHERE APPROPRIATE.
REMOVE ROCKS AND DEBRIS FOR GOOD SOIL
CONTACT.
2. IF SEEDING, CREATE PROPER SEEDBED AND
BROADCAST SEED MIX. GOOD SOIL SURFACE
PREPARATION IS ESSENTIAL FOR SUCCESSFUL
SEED GERMINATION/VEGETATION
ESTABLISHMENT AND EROSION PREVENTION.
3. AVOID HYDROSEEDING NATIVE SEED MIXES.
PLUGS MAY BE PLANTED THROUGH THE
BLANKET.
4. APPLYING FERTILIZERS NOT
RECOMMENDED ALONG WATERWAYS.
5. ON SLOPES NO STEEPER THAN 2:1, ROLL
OUT BLANKETS PARALLEL TO WATER EDGE.
ON STEEPER SLOPES, ROLL OUT BLANKETS
PERPENDICULAR TO WATER EDGE.
6. OVERLAP ALL SEEMS A MINIMUM OF 4" (6"
RECOMMENDED). SECURE BLANKETS WITH
BIODEGRADABLE FASTENERS AT DENSITY
SPECIFIED BY BLANKET MANUFACTURER.
7. TOE IN FABRIC A MINIMUM OF 6" ON TOP
AND BOTTOM OF SLOPES. BOTTOM OF SLOPE
MAY ALSO BE SECURED WITH A BIOLOG.
8. MAINTENANCE: DURING VEGETATIVE
ESTABLISHMENT, INSPECT AFTER STORM
EVENTS FOR EROSION BELOW BLANKET. IF
ANY AREA SHOWS SIGNS OF GULLY EROSION,
PULL BACK THAT PORTION OF BLANKET AND
ADD AND COMPACT SOIL AS NEEDED,
RESEED/PLANT, RELAY FABRIC AND STAPLE.
AFTER VEGETATION ESTABLISHMENT,
CONTINUE TO CHECK AREA PERIODICALLY.

EROSION CONTROL
BLANKET

12"

LAKEWISE BIOENGINEERING
CONSTRUCTION DETAILS

4"-6"
OVERLAP

Plan design: Watershed Consulting Associates, LLC.
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option is to slope out toward the lake. Encapsulated soil lifts are not appropriate
for vertical drops more than 12-15 feet for two reasons. First, they would
encroach more than 30 feet into the lake, which is not likely to be permitted.
Second, the increased weight and risk of weakening the soil layers when building
more than five levels of lifts of 12 -15 inches in height is too great.

Photo: VT ANR Lake Wise Program

Tips and Considerations

Encapsulated soil lifts can be installed in constrained areas to stabilize shorelines such as
this area in Wilmington, VT where the road was built very close to Lake Raponda and was
actively eroding.

5.5 Encapsulated Soil Lifts
Description

A technique that encases soil with erosion control blankets and fiber coir blocks
to build terraces to restore a stable bank. Each terrace or lift is planted for long
term stabilization.

Purpose

A technique that rebuilds a natural, stable shore to protect water quality,
recreate wildlife habitat, and dissipate wave energy.

Conditions Where Practice Applies

When stabilizing a bank, there are two options for establishing a gentle slope
for planting: slope back towards the shore or slope out toward the lake.
Encapsulated soil lifts are often used when sloping back toward shore is not an
option because roadways or other infrastructure are in the way and the only
Vermont Bioengineering Manual

Mean water level should be one foot below the top of stone base. Lifts should
be built starting above the mean water level. If cutting through the erosion
control blanket with scissors or a knife, make an “X” for faster plantings.
Alternatively, use a blow torch to burn a hole through the fabric for the plantings
along the top level.

Plans and Specifications

Install turbidity curtain first and the geotextile fabric second.
Starting from the bank, roll out half of the geotextile fabric along the bottom
of the lake in preparation of building the stone base. Tuck the other half of
fabric against the bank until the stone is added. Add stone over the set fabric
to establish the foundation for the lifts and then cover the stone with the
remaining half of fabric that had been tucked against the bank (like wrapping the
rock in a burrito shell). Position the first fiber coir block, rigid side towards lake,
and lay a separate layer of erosion control blanket within the block’s flaps.
Prior to filling the block with soil, place live plantings horizontally underneath
the block with roots on top of rock base and stems pointing towards lake.
Willows do well in this first tier as their long, fast growing roots will grow back
toward the bank and they can be inundated during intermittent periods of high
water.
Backfill with clean topsoil to the height of the fiber coir block and level the
soil. Tamp the soil in place and seed the lakeside one third of soil with native
wildflower seed. Wrap the soil with the inner erosion control blanket and outer
layer of block flaps. Level and fasten these materials on top of the soil with
biodegradable staples. Approximately every four feet, pound in a four-foot stake
to secure the erosion control blankets in place, creating the first lift.
To position the next block for the second lift, it is helpful to use a long stake to
establish the placement of the block back from the outer edge of the first lift to
48

achieve the desired slope of 2:1 or 3:1. Lifts may be spaced one to several feet
from each other depending on the design. For the second lift, establish the fiber
coir block with block toward the lake and place the inner layer of erosion control
blanket between the block’s flaps, as done on the first lift. Before filling with soil,
place the plants horizontally under the second block, resting the plants on top
of the first lift, roots towards bank and stems towards the lake. Backfill the block
with soil, tamp soil down, seed outer exposed lift area (about a third, lakeside),
and wrap with the erosion blankets. Secure the erosion blankets with staples
and stakes.
Repeat this layering of lifts, until the top lift is added. After filling the top block
with soil, seed this top layer completely before being wrapped in the erosion
control blankets and secured with staples and stakes.

Plant trees, shrubs, and herbaceous plantings on top of the last lift about three
feet apart (see Section 4 for plant species recommendations).
Water the plants immediately after planting. Regular watering is very important
for the first three months. For larger scale projects, a pump may be needed to
provide a watering system. A hose or dripline system works best as it avoids
weakening the lifts by walking on them; avoid trampling the outer edge of the
blocks when watering.
Fence off the restoration site to keep dogs, people, and wildlife out. Newly build
lifts look stable, but they are very vulnerable until the plants have a growing
season to establish. The terraces and plants should be protected from being
trampled for three years. After three years, the fencing can be removed.

Design Criteria
Dimension

Name

Typical Unit

Guidelines

Description

A

Stone Base

Maximum Dimension

12 inches for smaller sites, 30
inches for larger sites.

VTrans Type I (706.04(A)) / VTrans Type II (706.04(B))

B

Coir blocks height

Feet

12 inches for smaller sites, 16
inches for larger sites.

Height of the coir block

C

Soil lift offset

Feet

Varies based on design bank slope.

Lateral distance from face of soil lift to the face of the soil lift
below (bench).

D

Organic Soil backfill

Feet

Within 24 inches of coir block or 6
inches from the surface.

Lateral distance from coir block and vertical distance from
surface in compacted lifts.

E

Tie in slope

Foot:Foot, Percent (%)

Typically not steeper than 2:1 (50%) Ratio of horizontal run to elevation rise of face of transitional
/ minimum 12 foot width.
slope from face of highest soil lift to the existing ground.

F

Buffer

Feet

Minimum 15 feet.

Width of shoreline plantings vegetated buffer zone.

G

Vegetation

Feet / Density

Potted plants 2 feet on center /
bare root 1 foot on center.

Lateral spacing of plantings along the lift slope.
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LIVE PLANTINGS
10 PER LINEAR FOOT
OR BARE ROOT SHRUBS
2 FEET ON CENTER
BEHIND EACH ROW
OF COIR BLOCKS

APPROX. 4' WOVEN FABRIC
TAILS ON COIR BLOCKS
(TOP AND BOTTOM)
OTHER SHORELINE
PLANTINGS
(>15 FOOT WIDE AREA
RECOMMENDED)

RECOMMENDED
SLOPE RANGE
3:1 TO 2:1

ENCAPSULATED
SOIL LIFT

1" X 1" HARDWOOD STAKES
MIN. 24" LONG
3' ON CENTER
TWO ROWS ON TOP LEVEL

COIR BLOCKS
12" VERTICAL LIFT
12" MIN. HORIZONTAL BENCH
SPREAD NATIVE SEED MIX
ALONG EACH LIFT

LOCAL SOIL FILL IN
6" COMPACTED LIFTS

MEAN HIGH WATER LEVEL
NORMAL WATER LEVEL
EL BEACH
SAND/GRAV
S)
IE
R
A
(V

1'
4'

MAX. STONE SLOPE
1 HOR. ON 2 VERT.
HARD RUBBLE BOTTOM
(VARIES)

CLEAN TOPSOIL FILL
WITHIN 24" OF COIR BLOCKS
OR 6" OF SURFACE IN
6" COMPACTED LIFTS
EXCAVATION
LINE

NONWOVEN GEOTEXTILE FABRIC
WRAPPING STONE BASE EXCEPT FOR
EXPOSES FACE
(OR GRAVEL BASE)

STONE BASE
12" MINUS: SMALL SITE
18" MINUS: LARGE SITE

LAKEWISE BIOENGINEERING
CONSTRUCTION DETAILS

EXISTING ERODED
SHORELINE
(VARIES)

Plan design: Watershed Consulting Associates, LLC.
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Photo: Watershed Consulting Associates, LLC

Photo: VT ANR Lake Wise Program

dogwoods, prefer wet soils and will do best with moisture. Often live staking is
used to supplement other plantings in conjunction with other bioengineering
techniques including slope regrading, stone toes, encapsulated soil lifts, fiber
coir rolls, and timber cribs.

Live stakes (left) and live fascines (right) can be used to stabilize slopes. Note that the live
fascine photo was taken directly after installation and additional soil stabilization was also
completed.

Live stakes are harvested and planted during the dormant months (late fall and
early spring). They cost approximately one to two dollars each if purchased and
have a 70 percent chance of survival. While a spacing of one to three feet is
recommended for planting, over planting live stakes works well to ensure good
survival and will reap the full benefit of these fast-rooting plants. Live stakes do
best when watered while establishing and during dry periods (up to three years).
Live stakes can also be used as bundles called waddles or live fascines. They
are laid horizontally along a steep slope or used to reinforce a live staked
project in certain spots. The live branches are bunched together and tied with
a biodegradable twine and placed horizontally into a shallow, dug out trench or
cradle. They are staked in place with either a live stake branch or wooden stake.
These fast-rooting vegetative cuttings will root and sprout branches all along
their length.

5.6 Live Staking

Sometimes “dead” fascines or brush layers are used. These dead branches,
grouped in bundles, are laid horizontally along the ground to slow stormwater.
As these bundles are not living branches, they are not used to revegetate an
area.

Description

Tips and Considerations

Living, but dormant, vegetative cuttings, usually one to two inches in diameter
and one to three feet tall, capable of quickly rooting in moist soils to provide
slope stabilization.

Purpose

To create a living root mat to stabilize soil by reinforcing and binding soil
particles together.

Conditions Where Practice Applies

Live staking works well on eroding, steep, rocky slopes where disturbing the
soil is difficult and not recommended lest it led to further erosion. However,
most plants that can be propagated from a vegetative cutting, like willows and
Vermont Bioengineering Manual

Live stakes can do well in rip-rapped areas, which otherwise would be very
difficult to plant. Live stakes should not be planted within 10 feet of a leach
field. They should not be used where structural integrity is required to resist
large areas of slumping or lateral earth pressures. A rock can be placed on top
of the stake and a hammer used to drive the stake into the ground by striking
the rock. The rock helps to cushion the stake to ensure it is not damaged during
installation. Alternatively, a blunted mallet can be used directly on the stake to
drive it in.
It is essential to know which shrubs can propagate from vegetative cuttings
because most plants cannot reproduce from cuttings. See Section 4 for more
information on specific species to use for live stakes, waddles, or live fascines.
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Plans and Specifications

Live stakes should be one-half to two inches in diameter and one to three feet in
length. No leaf buds shall have initiated growth beyond one-quarter inch and the
cambium layer shall be moist, green, and healthy. Materials shall be maintained
in a continuously cool, covered, and moist state prior to use and be in good
condition when installed.

shall be inserted by hand into pilot holes. The stakes are driven into the ground
with a hammer or blunted mallet. At least one-half of the stake length shall
be buried and one-quarter exposed with a minimum of two live buds. When
possible, soil should be tamped around live stakes. Care shall be taken not to
damage the live stakes during installation. If needed, trim off damaged tops.

Maintenance Considerations

To determine planting count and layout, a 30 percent mortality rate should
be assumed. Live stakes shall be cut to a 45-degree angle on the basal end
for insertion in the ground. Before planting, the basal end can be dipped in a
root hormone powder to help stimulate fast root growth. Root hormones are
inexpensive and sold in small four-to-six-ounce jars; one jar of powder can be
used for about 250 stakes. A dibble, iron bar, or simply a sharp tipped grade
stake can be used to make a pilot hole for the stake. The pilot holes make
installations go faster and with less potential damage to the stake. Live stakes

Once leaf out occurs, inspect the site for live stake survival rate. Depending on
this assessment, plan for replacement plantings. Assess if the slope is stable,
erosion control blankets (if used) are secure, and plants are receiving enough
water. Make repairs as needed during or directly following these inspections.
Temporary fencing and signage are important when live stakes are used where
people and/or animals could trample them. Fencing can be removed once the
plants are well established, typically in three years.

Design Criteria
Dimension

Name

Typical Unit

Guidelines

Description

A

Regraded Slope Pitch

Foot:Foot, Percent (%)

>3:1 (33%) slopes and shallower
slopes sensitive areas require
erosion control blankets. Slopes
>2:1 (>50%) should not be created
for vegetation establishment.

B

Stake Length

Foot

Typically 1 foot – 3 feet.

Length of the live stake, including a 45-degree angle at the
bottom, square cut at the top, and buds facing upwards.

C

Stake Width

Inch

Typically ½ inch to 2 inches
diameter.

Diameter of the live stake.

D

Spacing

Foot

1 foot to 3 feet spacing.

Live stakes shall be installed perpendicular to the slope with
spacing as measured on the slope.
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Ratio of horizontal run to elevation rise of buffer as measured
from the top of bank adjacent to the lakeshore to developed
lands (managed turf or impervious area).
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1/2 - 2" DIA.

BUDS FACING UPWARD
SLOPE REGRADED
(2:1 MAX. SLOPE)

LIVE STAKING
SLOPE PROTECTION

SQUARE CUT TOP

1' - 3'

ANGLE CUT 45°

1' - 3' SPACING
PERPENDICULAR TO SLOPE

EROSION CONTROL
BLANKET
PROTECT SLOPE TOE
WITH COIR LOG (OPTIONAL)
AND/OR STONE
GROWING SEASON
MOISTURE LEVEL
MEAN WATER LEVEL
3/4 STAKE BURIED

NOTE:
ANTICIPATE ~50 % MORTALITY

LAKEWISE BIOENGINEERING
CONSTRUCTION DETAILS

1/4 STAKE EXPOSED

Plan design: Watershed Consulting Associates, LLC.
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Conditions Where Practice Applies

Stone toes are well suited for moderate to high energy sites where hardened
armoring is required to resist wave action and ice push. Stone toes provide a
solid foundation for other bioengineering techniques, including encapsulated
soil lifts and live crib walls.

Tips and Considerations

Photo: VT ANR Lake Wise Program

Stone toes can be constructed utilizing natural stone located along the shoreline.
For lower energy sites, smaller stone can be used in conjunction with fiber
coir rolls to form the stone toe. For higher energy sites, a larger footer stone
supported with gravel foundation is most appropriate. Excavation below the
mean water level will require permitting.

A stone toe is installed along the Lake Iroquois shoreline in Williston, VT to stabilize the
banks. Erosion control blankets were installed after the slope was regraded and native
vegetation will be installed.

5.7 Stone Toe
Definition

Plans and Specifications

A base foundation consisting of either gravel cushion or geotextile fabric should
be excavated. For higher energy sites, a rock toe is installed with larger base
stone to provide a sloped foundation to resist higher velocities. For lower
energy sites, alternative methods could be utilized (see fiber coir roll detail).
Slopes should be prepared by following guidance from the slope regrading and
vegetated buffer practices.

Maintenance Considerations

Inspect for undermining and scour under and around stone toe, most
importantly during the first three seasons following construction and after ice
out.

A technique that includes a band of hardened armoring at the water’s edge
combined with bioengineering techniques including fiber coir rolls, slope
regrading, and vegetated buffers.

Purpose

Rock can be layered at the toe of the shoreline as an armoring technique to
provide additional strength to banks. Rock lining the shoreline toe is more
effective at protecting the bank when combined with bioengineering practices
such as live staking, plantings, and seeding. This combination is how natural
lakeshores avoid bank instability and erosion problems.

Vermont Bioengineering Manual
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Photo: VT ANR Lake Wise Program

Photo: VT ANR Lake Wise Program

Before (left) and after (right) regrading and installation of a stone toe to protect this bank.

Design Criteria
Dimension

Name

Typical Unit

Guidelines

Description

A

Stone Toe Diameter

Inch

6 inches to 12 inches for lower
Average diameter of stone toe fill. Larger diameter in excess of
energy sites, 12 inches to 18 inches
18 inches may be utilized for higher energy sites if available.
for higher energy sites.

B

Regraded Slope Pitch

Foot:Foot, Percent (%)

>3:1 (33%) slopes can be utilized at Ratio of horizontal run to elevation rise of buffer as measured
lower slope. Maximum slope of 2:1 from the top of bank adjacent to the lakeshore to developed
lands (managed turf or impervious area).
(50%).
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1/4" MANILA OR
JUTE ROPE (SEE NOTES)
COCONUT FIBER ROLL
SET IN SHELF OR CRADLE
(SEE NOTES)
6-12" LOCAL STONE (OPTIONAL)
PLACED DOWNSLOPE OF FIBER ROLL

STONE TOE PROTECTION
WITH COCONUT FIBER ROLL

EROSION CONTROL
BLANKET

MEAN WATER LEVEL*
36" X 2" X 2"
HARDWOOD STAKE
* STONE PLACED BELOW
MEAN WATER LEVEL
WOULD REQUIRE A PERMIT
NOTES:
1. GRADE SLOPES AS INDICATED BY PLAN.
2. CREATE 6" DEPRESSION AT TOE OF STABILIZED/REGRADED SLOPE WITH SHOVEL FOR SETTING COIR LOG.
3. PLACE & STAKE EROSION CONTROL BLANKET IN ACCORDANCE WITH MANUFACTURER'S INSTRUCTIONS
WITH BOTTOM EDGE BURIED IN SHALLOW TRENCH AND TOP EDGE EXTENDED INTO 5" DEPRESSION.
4. PLACE COIR LOG ON TOP OF TOE EDGE OF EROSION CONTROL BLANKET IN DEPRESSION.
5. DRIVE HARDWOOD STAKES ON FRONT & BACK SIDES OF COIR LOG 12" FROM EACH END, BOTH ENDS, THEN
STAGGERED 12" ON-CENTER FRONT TO BACK FULL LENGTH OF LOG TO A DEPTH WHERE TOP OF STAKE IS
SLIGHTLY ABOVE TOP EDGE OF COIR LOG.
6. NOTCH STAKES ON OUTSIDE EDGE AND SECURE MANILA OR JUTE ROPE TIGHTLY IN S-PATTERN.
7. SECURE ENDS OF LOGS TO ADJACENT LOG WITH ADDITIONAL MANILA OR JUTE ROPE.
8. DRIVE STAKES ADDITIONALLY TO CINCH DOWN ROPE SECURELY TO LOG. CUT OFF EXCESS STAKE HEIGHT SO
TOP OF STAKE IS FLUSH WITH TOP OF COIR LOG.
9. PLACE 6-12" LOCAL ROUNDED STONE ON LAKEWARD EDGE OF COIR LOG IF INDICATED, SLOPED DOWN
FROM TOP OF LOG TO EXISTING GRADE.

LAKEWISE BIOENGINEERING
CONSTRUCTION DETAILS

SLOPE REGRADED
(2:1 MAX. SLOPE)

Plan design: Watershed Consulting Associates, LLC.
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STONE TOE PROTECTION
WITH NATIVE PLANTINGS

ROCK TOE (2:1 SLOPE)
12-18" STONE
UTILIZE EXISTING
STONES IF AVAILABLE

18" MIN.

EROSION CONTROL
BLANKET

SLOPE REGRADED
(2:1 MAX. SLOPE,
3:1 PREFERRED)

MEAN WATER LEVEL*

12"

* STONE PLACED BELOW
MEAN WATER LEVEL
WOULD REQUIRE A PERMIT

GRAVEL BASE
6" OF 3-4" STONE OVER
6" OF 2" MINUS GRAVEL
(OR GEOTEXTILE FABRIC)

Plan design: Watershed Consulting Associates, LLC.
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LAKEWISE BIOENGINEERING
CONSTRUCTION DETAILS

NATIVE PLANTINGS
(>15 FOOT WIDE AREA
RECOMMENDED)

Section 6

Common Issues and Solutions

The panels that follow represent six common issues prevalent on Vermont
shorelines that negatively impact water quality. These common issues include
retaining wall failure, undercutting of banks, ice push and berming, concentrated
stormwater outfalls, upland runoff and slope erosion, and upland runoff and
downslope deposition. For each of these common issues, the panel provides
three example solutions to mitigate these issues. The first graphic represents
common issues found on the lakeshore and the second graphic illustrates
common issues found in upland areas. The solutions in the first graphic
incorporate the core practices presented in Section 5 including stone toes,
encapsulated soil lifts, slope regrading and erosion control blanket installation,
fiber coir rolls, and live staking. The solutions presented in the second graphic
incorporate rock aprons, fiber coir rolls, and vegetation to reduce the energy of
flow and infiltrate concentrated upland stormwater. For locations where runoff
is traveling overland and causing erosion, swale improvements including stone
and fiber coir roll check dam solutions are presented. These check dams along
with the development of more circuitous, meandering channels trap sediment,
reduce flow energy, and infiltrate runoff. For locations where concentrated
runoff accumulates and has deposited sediment, solutions are presented to
contain and infiltrate runoff and allow for sediment to settle from the water
column.
61

Photo: VT ANR Lake Wise Program

There are many common issues along lakeshores that lead to erosive conditions
and threaten property and lake conditions. Sometimes, it takes several Best
Management Practices (BMPs) to address the compounding problems from
poor development along shorelands. Criteria for choosing appropriate shoreland
BMPs or bioengineering solutions includes practices that cause minimal
disturbance while providing maximum benefit. Although matching the best
BMP or bioengineering practice to the site is essential, often there are multiple
potential solutions or combinations of options to ensure the best practices are
installed. The following graphics present examples of common issues with three
potential solutions for each one. The solutions can be tailored to site specific
conditions.

Failing hard armor infrastructure presents an excellent opportunity to apply green
bioengineering solutions.
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Photo: VT ANR Lake Wise Program

to construct than conventional practices though cost vary for both types. In
Vermont, bioengineering projects are estimated to cost an average of $150 per
linear foot although the cost will vary depending on the site characteristics like
slope, length of shore, and design complexity.
The graph below shows a comparison of costs for living shorelines (green)
as compared to conventional techniques (gray) for three large scale coastal
projects in New Jersey. After Hurricane Sandy hit the Atlantic Coast in 2012,
bioengineering techniques were widely considered the best option to repair
coastal areas while building resiliency to prevent future storm damages. The
Nature Conservancy compared the costs of these practices to the conventional
hardscaped structural options, finding that living shorelands were more cost
effective than hardscape practices.

A living shoreline can provide a green interface between developed land and water, like
along Lake Raponda Road in Wilmington, VT.

6.1 Cost Effectiveness of Living Shorelines
Living shorelines prevent erosion and have many ecological and aesthetic
benefits. Conversely, traditional hardscape stabilization techniques such as
riprap and sea walls destroy lake ecosystems by separating the shore from the
water for animals that depend on it for nesting, feeding, and resting. These hard
structures also cause erosion along other shoreline areas by perpetuating and
deflecting wave, ice, and wind energy rather than absorbing and dissipating
these forces. Furthermore, in general hardscape shoreland walls cost more to
build and maintain. Living shoreline projects need minimal maintenance each
year while maintenance costs for a sea wall can be concentrated to those years
when expensive repairs are needed. Bioengineering projects are less expensive

Living shorelines provide both aesthetic and cost benefits. Source: The Nature
Conservancy (2020).

6.2 Phosphorus Reduction Calculations
In Vermont, total phosphorus load reduction estimates are calculated for all
projects that protect surface waters in the state, like rain gardens, check dams,
vegetative swales, and bioengineering projects. Bioengineering projects help
reduce phosphorus loading to lakes and based on the following formula, for
each project, a phosphorus reduction can be calculated and tracked.
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The VTDEC estimates phosphorus load reductions for shoreline stabilization
projects based on the following information:
1. Phosphorus loading rate prior to restoration. The baseline condition is
defined as the volume of erosion prior to remediation, following the approach
used by Chesapeake Bay Program.

Methodology used to estimate phosphorus reductions from shoreline stabilization
projects.

PHOSPHORUS

Volume of sediment erosion (ft3) is converted to kilograms of phosphorus
erosion using sediment bulk density (34.0 kg/ft3) and sediment phosphorus
concentration values (0.000621 kg TP/kg sediment; Ishee et al., 2015).
2. Estimated annual phosphorus reduction efficiency. The Chesapeake Bay
Program provides a 100 percent efficiency for shoreline stabilization projects.
However, the VTDEC provides a more conservative 85 percent total phosphorus
load reduction efficiency for shoreline stabilization projects in Vermont
because the VTDEC believes that no project is 100 percent effective at reducing
phosphorus loading to surface waters.
3. Project lifespan. For purposes of the VTDEC Clean Water Initiative Program,
the initial credit lifespan of bioengineered stabilization projects in Vermont is 10
years, but this may be extended upon verification.

Photo: Watershed Consulting Associates, LLC

The following is a summary table of data used for estimating phosphorus
reductions from bioengineered shoreline restoration.

Phosphorus is a naturally occurring nutrient found in soils and plants
and is critical for healthy ecosystems, but when the land is disturbed
by human activities in the watershed, phosphorus can be delivered to
lakes and ponds in excess of these healthy levels. These high nutrient
concentrations can lead to algae blooms including toxic cyanobacteria
(also known as blue-green algae), which can harm aquatic life and disrupt
recreational opportunities.
Preventing phosphorus
runoff to surface waters
is a large problem that
involves statewide efforts
from municipal road
improvement projects,
retrofits of previously
developed areas, regulation
of new developments,
and implementation of
acceptable agricultural
practices. Preservation of
vegetated shorelands and
restoration of disturbed
and eroding shorelands
also play an important
role in filtering runoff
and protecting lakes from
phosphorus and sediment
loading.
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Section 7

Shoreland Best Management Practices
Bioengineering projects are critical to stabilizing eroding shorelines, preventing
future erosion, improving lake health, and providing wildlife habitat. However,
these restoration projects often must be paired with upland practices that
slow, intercept, infiltrate, and clean stormwater to protect a newly installed
shoreland stabilization project from being washed out. In areas where significant
stormwater flows towards the shore, particularly from upland impervious areas
like runoff from a roof or driveway, restoration projects should be protected by
using stormwater best management practices (BMPs).
The following information provides an overview of common shoreland BMPs,
which are the same suite of options that are used and often required through
the Vermont Stormwater Program (see Section 2 for more information about
permitting). Sizing and siting of BMPs is especially important along sensitive
shorelands to avoid over disturbing areas while ensuring proper functionality of
the BMP. In general, all BMPs, whether required through a permitting program
or installed voluntarily, are designed to provide water quality, groundwater
recharge, and flow reduction functions. Appropriately sizing a BMP to perform
these functions requires an analysis of the area of land draining to the practice,
the amount of impervious area in the drainage area, and the permeability of the
soils. Comprehensive information to guide proper sizing of BMPs can be found in
the resources below:

Photo: VT ANR Lake Wise Program

■ The Vermont League of City and Towns Green Stormwater Infrastructure
Tool Kit
■ Lake Champlain Sea Grant Rain Garden Manual
■ Vermont Guide to Stormwater Management for Homeowners and Small
Businesses
■ Green Stormwater Infrastructure (GSI) Fact Sheet
■ Lake Wise BMP Fact Sheets
■ VTDEC Operations and Maintenance Manual
■ Shoreland Permitting Best Management Practices

First year raingarden installed above a bioengineering project at Prouty Beach along Lake
Memphremagog, Newport, VT.
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Stormwater that flows through
culverts is usually traveling
quickly and can be very erosive.
A stone pool installed at the
culvert outlet slows the water,
reducing its erosive energy and
allowing sediment to settle out,
keeping it out of waterways.

Landscaping dominated by
mowed lawn provides little
stormwater management
or wildlife habitat benefits.
Designating areas as low or no
mow zones and even restricting
lawn solely to pathway areas
("mow where you go") help
protect shoreland projects and
dissipate stormwater runoff.

Photo: VT ANR Lake Wise Program

ESTABLISH A NO MOW ZONE

DRIPLINE TRENCH

INFILTRATION STEPS

A trench of rock can be located
below a structure’s unguttered
roof line to dissipate the erosive
force of roof runoff and allow
water to infiltrate into the
ground.

Steps constructed out of
pervious beds of gravel can
capture, filter, and infiltrate
stormwater runoff from sloped
pathways. A set of well defined
steps can also keep foot traffic
from damaging nearby vegetated
areas and causing additional
erosion.

Photo: VT ANR Lake Wise Program

Photo: VT ANR Lake Wise Program
Photo: VT ANR Lake Wise Program

CULVERT PLUNGE POOLS

INFILTRATION TRENCHES

Dry wells consist of a hole
that is dug and filled with
stone. They can be installed in
locations where stormwater is
concentrated such roof gutter
downspouts to collect and
infiltrate stormwater runoff.

Photo: Watershed Consulting Associates, LLC

Photo: Watershed Consulting Associates, LLC

DRY WELLS
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An infiltration trench is a shallow,
stone-lined channel that collects
and infiltrates stormwater.
This practice can disconnect
stormwater from impervious
areas like driveways and
buildings from surface waters
by collecting it and allowing it to
sink into the ground.
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TURNOUTS

Rain barrels can be placed to
collect and store stormwater
from guttered roof downspouts.
The water can be used later for
activities such as irrigation.

Turnouts interrupt runoff
flow from sloped impervious
surfaces like driveways and
paths and direct that runoff
to stable, vegetated areas. A
depression can be dug at the end
of the turnout to further slow
stormwater and allow sediment
to settle out.

Photo: Watershed Consulting Associates, LLC

Photo: Watershed Consulting Associates, LLC

RAIN BARRELS

VEGETATED SWALES

Rain gardens are planted
depressions that capture runoff
from areas such as rooftops,
driveways, or parking lots. They
slow, filter, and infiltrate runoff
while irrigating plants in the
garden. Rain gardens are an
attractive way to treat runoff
from impervious surfaces and
also provide important pollinator
plants for wildlife.

Photo: VT ANR Lake Wise Program

Photo: Watershed Consulting Associates, LLC

RAIN GARDENS
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WATER BARS

Placing large rocks inside ditches
in areas with significant slopes
(>8%) can prevent erosion
within the ditch itself, provide
surface roughness to slow water
velocities, and provide time
for sediment to settle out of
stormwater runoff as it moves
downslope.

Photo: VT ANR Lake Wise Program

Photo: Watershed Consulting Associates, LLC

STONE LINED DITCHES

Swales are linear depressions
where stormwater is collected
and conveyed. In the depression,
native, wet tolerant vegetation is
allowed to grow. The vegetation
filters and slows stormwater
runoff as it flows through the
swale while also providing
wildlife habitat.
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Water bars intercept water as
it flows down unpaved paths
or driveways and redirects
it to stable, vegetated areas,
mitigating erosion, preventing
sediment from reaching
waterways, and slowing and
infiltrating stormwater.

Section 8

Case Studies
There have been many bioengineering projects installed in the State of Vermont.
These installations can be used as inspiration and serve as a guide for the
implementation of future projects that will protect Vermont’s lakes and ponds.
The five selected case studies reflect a range of site conditions, developed
designs, and photos of the site before, during, and after construction.
The following pages describe five selected projects that were installed between
2017 and 2018 as far south as Wilmington, VT and as far north as Maidstone,
VT. The practices include encapsulated soil lifts, a live crib wall, regrading, live
staking, fiber coir rolls, and a stone toe. They were installed with the cooperation
of a range of project partners and required either no permits or several different
permits. The lessons learned during the construction of each project are detailed
so that future practitioners can take advantage of the experience gained during
installation of these five practices.

Photo: VT ANR Lake Wise Program

It can often be challenging to visualize what an eroding bank could look
like when appropriate bioengineering practices have been applied and the
vegetation has established. For some people, it is easier to visualize how a
hardscaped gray infrastructure practice like a retaining wall will function.
However, as discussed in other sections of this manual, these hardscaping
techniques degrade lake and ecosystem health. The goal of showcasing the
following five case studies is to illustrate how bioengineering methods can be
applied in a variety of situations to provide bank stabilization while improving
habitat and lake health. Photos of each example site are included before, during,
and after construction to demonstrate this transformation.

While bioengineering projects vary widely in complexity, some projects, such as the
installation of these encapsulated soil lifts at Lake Raponda in Wilmington, VT, are largescale designs that require heavy equipment as well as hand tools.
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8.1 CASE STUDY:
Cedar Mountain Rd at Lake Bomoseen
Location

Castleton, VT

Lessons Learned

Encapsulated Soil Lifts

Some of the plants did not survive initially, but natives seeded themselves where
planted plants did not survive. Volunteer invasives would need to be removed.
Watering this site required a pump with hose irrigation system, as the pumper
truck took too long to use. Temporary fencing is essential to prevent dogs,
anglers, and beavers from disturbing the plants and lift system until established.
Later, chicken wire can be used around specific trees to prevent beaver damage.

Site Description

Maintenance Plan

Date
2017

Practice

The project site included 290 feet along Cedar Mountain Road, which is located
along the shore of Lake Bomoseen in Castleton, VT.

Problem

The steep edge of Cedar Mountain Road was eroding and threatening the
integrity of the road while also negatively impacting water quality in Lake
Bomoseen. Over the years, the road had been widened and elevated to improve
drainage and accommodate increased traffic. Approximately 290 feet of the
road was being undercut by the lake, causing sediment loading and eroding and
undermining the road.

Solution

At this site, it was determined that the only way to re-establish a gentle slope
was to slope into the lake. Encapsulated soil lifts were installed to allow waves
and ice to ride up the bank instead of continuing to pound and scour against
the vertical bank and erode the edge of the road. To accommodate a 5-12 foot
vertical drop along the shore, starting 13 feet from the shore, rocks were placed
and sloped towards the shore to build a base for the soil lifts. The soil lifts were
installed, and the slope was vegetated to provide stabilization, filter runoff,
provide shade, create woody structures, and increase food sources for aquatic
animals.
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Weekly plant watering for eight weeks. Signage was posted to help protect
site, along with fencing to prevent bank and plants from being trampled by
people and dogs. Continued research. This site was monitored for water quality
and shallow water habitat parameters pre-project installation. Monitoring will
continue post-installation to assess impacts on lake ecology.

Project Cost

The cost was $48,845, but the costs are based on contractor prices and this did
not account for volunteer labor from an installation training day. This equated to
~$225/ linear foot for the four lifts stretching ~300 feet of shore.

Permits

A VTDEC Encroachment Permit was required for installation below mean water
level. An Army Corps of Engineers Permit was required because the rock base
added fill to the lake. A Shoreland Protection Permit was not required as there
was no vegetation clearing or increased impervious area.

Project Partners

VTrans Better Roads Program, Town of Castleton Road Crew, GEI Consultants,
VT Youth and Northwoods Conservation Corps, VTDEC Watershed Management
Division, VT Shoreland Permitting Staff, and VTANR Lake Wise Program.
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Photo: VT ANR Lake Wise Program

Photo: VT ANR Lake Wise Program

Photo: VT ANR Lake Wise Program

Pre-Construction

During-Construction

Post-Construction

Plan design: GEI Consultants
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8.2 CASE STUDY:
Waterbury Reservoir Backcountry Area
Location

Waterbury, VT

Maintenance Plan

Live Crib Wall

Regular watering was required in the first year. The practice was inspected
annually for the first three years for plant growth. If soil became exposed,
reseeding would have been required for the first two years. After three years,
the site naturalized on its own. Long term, maintenance would be restricted
to repairing damage after extreme weather events and watering plants during
drought periods.

Site Description

Project Cost

The site consisted of a steep, eroding gravel bank with a trail used to access a
popular camping area.

Approximately $10,000 (including project materials and labor cost). Note:
hemlock timbers cost about $100 per 16 foot length at the time of installation.

Problem

Permits

Date
2018

Practice

To access a heavily used camp site in Waterbury Center State Park, users
followed a path that included traversing the steep lake bank. This trail became
eroded and was reducing water quality in the lake.

No permits were required. This project was above the mean water level, in an
existing cleared area, and was not creating new impervious surfaces.

Project Partners
Solution

Stabilized the highly erodible, loose gravel bank with a live crib wall
bioengineering technique that provided structure and protection to native
plants while best accommodating foot traffic.

Project construction and funding provided by Vermont State Parks, Vermont
Youth Conservation Corps (VYCC), and the VTANR Lake Wise Program.

Lessons Learned

Live crib walls tend to dry out, similar to raised garden beds. They needed to be
watered several times a week during a dry summer to ensure plant survival. This
method cuts into the bank as it takes considerable space and could cut existing
roots that are providing stabilization if not well planned out.
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During-Construction

Photo: VT ANR Lake Wise Program

Photo: VT ANR Lake Wise Program

Photo: VT ANR Lake Wise Program

Pre-Construction

Post-Construction

Plan design: VTANR Lake Wise Program
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8.3 CASE STUDY:
Waterbury Reservoir State Park Day Use Area
Location

Waterbury, VT

Maintenance Plan

Date

The area was fenced off and monitored for plant survival during the first growing
season. The area was inspected annually to determine the need for replacement
plantings. Plants were well established within three years.

Practice

Project Cost

2018

Slope Regrading and Live Staking

Site Description

This site included an access path to the Waterbury Reservoir Day Use Area.
There was erosion occurring between the path and the lake shore.

Approximately $30,000. Cost was inflated at this site because of its remote
location. The site was only accessible via trail, and the contractor had to improve
the trail to accommodate a small excavator and trailer, increasing project costs.
Live stakes cost $1.30 each.

Permits
Problem

The access path extended to the lake shore. There was significant erosion along
the path and where the path met the water, and this erosion was decreasing
water quality in the lake.

Solution

A Shoreland Protection Act Permit and a VTDEC Encroachment Permit were
needed.

Project Partners

Vermont State Parks, VTANR Lake Wise Program, and Jerry Peters from Peters'
General Contracting, Inc. (NSECC trained).

The elevation of the high point was lowered by three feet to reduce the slope of
the site. The shoreline areas on either side of the path were regraded. Erosion
control fabric was applied, a native herbaceous/shrub seed mix was applied, and
live stakes of native shrubs were planted. The path was reshaped to remove the
area directly adjacent to the water and create a scenic overlook.

Lessons Learned

Photo: VT ANR Lake Wise Program

This site consisted of dense, clay soils, which was challenging for plants trying
to take root. Over staking is recommended when possible, especially in poor
soils, to ensure plant survival. It may take up to three years before it can be
determined whether a live stake has survived. Plants often establish roots in the
first year but may not leaf-out on the stem until year two or three.

Regrading and erosion control blankets prepped this site for early spring live staking.
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Photo: VT ANR Lake Wise Program

Photo: VT ANR Lake Wise Program

Photo: VT ANR Lake Wise Program

Pre-Construction

During-Construction

Post-Construction

Plan design: VTANR Lake Wise Program
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8.4 CASE STUDY:
Maidstone Ice Push
Location

Maidstone, VT

Date
2018

Maintenance Plan

Weekly watering was required during the establishment period. Following that
time, the site should be monitored for signs of erosion and invasive species
annually. Erosion should be stabilized and the area reseeded. Invasives should be
manually removed.

Practice

Slope Regrading and Fiber Coir Rolls with Stone Toe

Site Description

This site consisted of 53 linear feet of eroded private residential shoreline. The
area was gently sloped from the residential lawn to the lake.

Problem

The residential property experienced severe ice damage in the winter of 20152016, losing up to five feet of shoreland in some areas. This damage left the
shoreline eroded and susceptible to further damage.

Project Cost

Estimated cost was between $14,000 and $20,000 for coordination, design,
materials, and installation.

Permits

A VTDEC Encroachment Permit was required for placing the rock toe below the
mean water level.

Project Partners

Nectar Landscape Design Studio, LLC, Essex Natural Resources Conservation
District, and private landowner.

Solution

The eroded shoreline was restored with a combination of regrading, fiber coir
rolls, local stone, and native vegetation. A six foot wide angled path was left as a
foot path for water access.

Lessons Learned

It is important to clearly explain to private landowners that it takes several years
for plants to establish, but the root structure is essential for property protection
and building a resilient shore. It is also important to manage homeowners'
expectations of what a natural landscape design will look like (it is not a garden)
and clearly delineate no-mow zones.
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During-Construction

Photo: Nectar Landscape Design Studio, LLC

Photo: Nectar Landscape Design Studio, LLC

Photo: Nectar Landscape Design Studio, LLC

Pre-Construction

Post-Construction

Plan design: Nectar Landscape Design Studio, LLC
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8.5 CASE STUDY:
Raponda Lake in Wilmington
Location

Wilmington, VT

below. Temporary fencing was installed to protect plants from foot traffic, dogs,
and ducks.

Date

Lessons Learned

2017-2018

Practice

Beach area stabilization with Slope Regrading, Fiber Coir Rolls, and Upland BMPs

Site Description

The Raponda Town Beach Area is a popular public beach with access to Lake
Raponda. It is located between the steep shoreland area (>20% slope) and a
Town road.

Problem

Previously installed swales upland of the beach site became ineffective due to
lack of maintenance, reconnecting a large drainage area to flow directly towards
the beach site. The significant amount of stormwater runoff, sandy soils, and
poor root structure of short mown grass led to erosion along the shoreline.
Furthermore, sand placed along the shoreline to make an artificial beach was
unstable and would easily be washed into the lake. The beach area needed to be
better defined and delineated with a border to help stabilize the site.

Solution

The design included several components that were all a part of a complete
site plan to protect the beach area from eroding. Along the shore, above
the beach area, fiber coir rolls were installed to re-establish a shoreline toe.
Native plantings were installed on the gentle regraded slope above the toe.
The previously failed upland swale was re-established to infiltrate and slow
upland stormwater runoff. The remainder of the stormwater from the swale
was directed to a stable vegetated area. A “No-Mow” zone was also established
along the very top of the hill, above the swale, to filter and slow road runoff.
Two open top water bars were installed along the access drive to the beach
to further disconnect upland stormwater runoff from eroding the beach area
Vermont Bioengineering Manual

Invasive plants may outcompete native plants if not removed. For an erodible
beach, a defined and stable bank toe is critical as sand is highly erodible. Fencing
is important, especially in areas where pedestrians and dogs can trample plants.

Maintenance Plan

The area should be monitored for plant survival when first established and then
inspected annually and any damage repaired. Erosion should be stabilized, and
the area reseeded. Invasives should be manually removed. Plants should be well
established within three years. The shrubs may overgrow the showy wildflower
plants, but no maintenance is required as this planted area is not a garden, but
an evolving living shoreland. Inspections should include the upland BMPs as well
as the beach area. Sediment should be removed from swales and water bars
annually to ensure long term functionality.

Project Cost

Approximately $6,000 ($2,500 for materials; $3,500 for VYCC labor).

Permits

No permits were required.

Project Partners

Vermont Youth Conservation Corp, VTANR Lake Wise Program, Town of
Wilmington, and the Raponda Lake Association.
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During-Construction

Photo: VT ANR Lake Wise Program

Photo: VT ANR Lake Wise Program

Photo: VT ANR Lake Wise Program

Pre-Construction

Post-Construction

Plan design: VTANR Lake Wise Program
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Appendices
A.1 Shoreland Permitting Matrix
Permitting Authority

Vermont Department of
Environmental Conservation
Lakes and Ponds Program

Permit Name

Description

Passed in 2014, the Shoreland Protection Act (SPA) aims to prevent
degradation of water quality in lakes, preserve habitat and natural
Vermont Shoreland Protection Act Chapter 49A of Title 10, §1441 et stability of shorelines, and maintain the economic benefits of lakes and
seq
their shorelands. Creation of new impervious surface area or clearing of
Permit
native vegetation other than following the Vegetation Protection
Standards would require a SPA Permit.

Lake Encroachment Permit

Vermont Department of
Environmental Conservation
Wetlands Program

Permit Reference

Chapter 11 of Title 29, § 401 et
seq.

Vermont Wetlands General Permit 3-9026
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Link

https://dec.vermont.gov/watershed/lakesponds/permit/shoreland/appresources

Any project that proposes work at, below, or beyond mean water level
may require a Lake Encroachment Permit with a few exceptions.

https://dec.vermont.gov/watershed/lakesponds/permit/encroachment

Impacts to certain wetlands or buffers specifically associated with water
quality improvement projects.

https://dec.vermont.gov/content/wetlands-generalpermit-3-9026
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Typical Details for Shorelands

Permit Threshold

Shoreland bioengineering projects may require both an Encroachment Permit and a Shoreland Permit if clearing vegetation on shore and placing materials at or
beyond the mean water level.

Exempt activities include the following:
Tree thinning in accordance with Vegetation Protection Standards.
Pruning of branches from the lower one-third of a tree's height.
Removal of 250 SF of vegetation under three feet in height, at least 25 feet from mean water level, as long as the duff layer is not removed.
Shoreland development within 250 feet of a lake’s mean water level for
all lakes greater than 10 acres in size. Applicants must submit a Shoreland Removal of dead, diseased, or dangerous trees.
Protection Act Permit application for the creation of new cleared area or Removal of invasive species, nuisance plants, and noxious weeds such as purple loosestrife, buckthorn, or poison ivy.
new impervious surface in the Protected Shoreland Area.
Creation of a path to access the lake no more than six feet wide.
Maintenance of garden or landscaped area, lawns, and beaches in existence as of July 1, 2014.

Registration activities include the following:
Creation of 100 SF of new cleared area between 25 and 100 feet of the mean water level.
Creation of 500 SF of new cleared area more than 100 feet from mean water level on a parcel, provided the overall percent impervious cover of the parcel is 20% or
less and the total cleared area is 40% or less.
Any amount of fill or disturbance at or beyond the Mean Water Level
(MWL), which is a line on the shore established by the terrestrial
vegetation growth right at the water's edge or by an established
elevation such as on Lake Champlain at 95.5 feet.

Dredging, seawall, or boathouse repairs would need an Encroachment Permit. Exemptions for docks, water intake pipes, and a few other situations are possible, but
check with the Permit Specialist before doing a project below MWL. For bioengineering projects, the placement of a rock toe or rip rap at or beyond the shoreline
would require authorization under Lake Encroachment.

Retrofit of sites for the purpose of stormwater management. Registration with the VTDEC only per requirements below:
Any square feet of impact to some State regulated Class II wetlands and 500 SF maximum natural wetland or buffer impact.
buffers specific to water quality improvement projects. Impacts to certain
2,000 SF maximum managed wetland impact.
wetland areas including Class I are not eligible.
5,000 SF (7,000 SF with submission of an NOI) maximum managed buffer impact.
5,000 SF (7,000 SF with submission of an NOI) maximum total allowed impacts to wetland and buffer, natural or managed.
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Permitting Authority

Permit Name

Permit Reference

Description

Link

Vermont Department of
Environmental Conservation
Rivers Program

Floodplains and River Corridors

NA

Projects exempt from municipal regulation located in flood hazard areas
and river corridors to ensure compliance with National Flood Insurance
Program (NFIP) criteria and enhance flood resilience.

https://dec.vermont.gov/watershed/rivers/rivercorridor-and-floodplain-protection

Vermont General Permits

NAE-2017-02232

The General Permits (GPs) are for activities subject to Corps jurisdiction in
waters of the United States, including navigable waters, within the State
of Vermont. These GPs provide protection to the aquatic environment
and public interest while effectively authorizing activities that have no
https://www.nae.usace.army.mil/Missions/Regulatory
more than minimal individual and cumulative adverse environmental
/State-General-Permits/Vermont-General-Permit/
effects. If this Federal permit is needed for bank stabilization activities
for erosion protection along the banks of lakes, ponds, streams, and any
other open waters, then the VTDEC Encroachment Permit would also be
needed for shoreland projects.

Vermont Construction General
Permit

3-9020

Stormwater runoff from land disturbance activities associated with
construction.

Vermont Operational General
Permit

3-9050

Stormwater runoff from impervious surfaces including new development
https://dec.vermont.gov/watershed/stormwater/9050
and redevelopment.

US Army Corps of Engineers

Vermont Department of
Environmental Conservation
Stormwater Program
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https://dec.vermont.gov/watershed/stormwater

Typical Details for Shorelands

Permit Threshold

Within the area of special flood hazard, the project will not adversely
affect the public safety by increasing flood elevations, flood velocities, or The requirement for compensatory storage may be waived for designs that have no more than a minimal effect on floodwater storage and will not divert
floodwaters onto adjacent property.
decreasing flood storage volume and will not be in violation of NFIP
Floodplain Management Criteria.

Self Verification (SV) per requirements below
(No application to Corps needed)

GP #9. Shoreline and bank stabilization projects:

No fill in Lake Champlain, Lake Memphremagog, Wallace Pond, and adjacent
wetlands.

Pre-Construction Notification per requirements below
(Application required to Corps)
Work not eligible for SV.

Bank stabilization <200 linear feet and does not exceed an average of 1 CY of fill
per linear foot placed below the plane of the ordinary high water mark in
Bank stabilization <500 linear feet and an average of <1 CY of fill per linear foot
Projects that involve the placement of fill below the Ordinary High Water waterways and wetlands other than Lake Champlain, Lake Memphremagog,
placed below the plane of the ordinary high water mark in Lake Champlain, Lake
Mark (OHW), which is a line on the shore established by the fluctuations Wallace Pond, and adjacent wetlands.
Memphremagog, Wallace Pond, and adjacent wetlands.
of water and indicated by physical characteristics, or by other appropriate
means that consider the characteristics of the surrounding areas. On Lake <5,000 SF of temporary fill associated with bank stabilization in waterways
and/or wetlands, other than Lake Champlain, Lake Memphremagog, Wallace
Champlain the OHW is a known elevation of 98 feet and on Lake
Pond, and adjacent wetlands.
Memphremagog the OHW elevation is 682.7 feet.
May proceed under SV, provided the project proponent verifies that the activity
will meet all the general conditions of the General Permit (starts on page 26 of
the GP, see link for more details).
General Condition 11:
If there is any tree (≥3" DBH) needing cutting, a Pre-Construction Notification
(PCN) may be required. Contact Corps.
General Condition 20:
Work within streams outside of July 1 to October 1 require a PCN. Contact Corps.

≥1 acre of land disturbance. For common plans of development the
threshold can be lower.

Low Risk Authorization per requirements below:
An Appendix A scoring analysis must be completed to confirm low risk classification.
Earth disturbance at any one time is limited to 5 acres.
All areas of earth disturbance must have temporary or final stabilization within 14 days of the initial disturbance. After this time, disturbed areas must be

≥1 acre of new or redeveloped impervious surface (1/2 acre effective July
Most lakeshore bioengineering projects will be exempt unless the project is creating impervious surface and/or is tied to a large common plan of development.
1, 2022). For common plans of development the threshold can be lower.
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A.2 Native Planting List
Native plants recommended for Vermont lakeshore vegetative best management practices

TREES
Native Vermont plants have developed over
hundreds, even thousands of years and are a part
of the balance of the natural ecosystem. Only
plants found in Vermont prior to European
settlement are considered to be native.

SHRUBS

* must be planted right at water’s edge

Vermont Agency of Natural Resources ~ Lakes & Ponds Section ~ Lake Wise Program ~ http://dec.vermont.gov/watershed/lakes-ponds/
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lakeshores-lake-

SHRUBS continued

Native Plantings at Brighton State Park
Island Pond, VT

HERBACEOUS

* must be planted right at water’s edge
** 1 male plant for every 3 female plants needed
*** ground cover—up to 4” in height
Vermont Agency of Natural Resources ~ Lakes & Ponds Section ~ Lake Wise Program ~ http://dec.vermont.gov/watershed/lakes-ponds/lakeshores-lake-wise
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A.3 Bioengineering Materials and Vendors List
Fiber Coir Rolls / Logs

Fiber coir rolls are made of coconut husks and wrapped with a hemp or coconut fiber netting and 100 percent biodegradable. Naturally, coconut fibers withstand
water and sand, and these materials wear well along waterways. They are available in a range of diameters and densities, and typically come in 10 feet lengths.
You should choose a fiber coir roll based on the specifications of the project location. For example, projects in heavy flow areas should have a thicker diameter and
density and be anchored more often than projects with moderate flows. Lakeshore projects along the Great Lakes in Michigan suggest using a density of nine pounds
per cubic foot. Calculating the appropriate diameter of the log requires knowledge of the lakeshore. Diameters of fiber coir rolls should be larger than the maximum
expected water depth of the area and take into consideration the height of wave breaks. Although logs can become submersed for periods of high-water levels, they
should not be placed below the water, but at the toe or above the water’s edge. For most shoreline stabilization projects, the 12–16-inch diameter rolls work best.
Diameter
(Inches)

Density
3
(lbs/ft )

Weight
(lbs/ft)

Length
(ft)

BioD Roll 30L

12

7

5

10

GEI Works

BioD Roll 30H

12

9

7

10

GEI Works

BioD-Roll™ 30L

12

7

5

10

Rolanka

BioD-Roll™ 30H

12

9

7

10

Rolanka

Coir Fiber Log - 12"

12

7&9

7

10 & 20

Ecofabriks

BioD Roll 40

16

9

12.4

10

GEI Works

BioD-Roll™ 40

16

9

12.4

10

Rolanka

Coir Fiber Log - 16"

16

7&9

12.4

10 & 20

Ecofabriks

BioD Roll 50

20

9

19.4

10

GEI Works

BioD-Roll™ 50

20

9

19.4

10

Rolanka

Coir Fiber Log -20"

20

7&9

19.4

10

Ecofabriks

Product name
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Brand

Non-woven Geotextile Fabric

Non-woven geotextile fabrics vary in weight and can be generally categorized as either light weight (3.1-4.2 ounce), medium weight (6-8 ounce), and heavy weight
(10-16 ounce). Lakeshore projects most often use 8-ounce fabric, which is appropriate when separating rock and soil lift layers.

Erosion Control Blocks

Erosion Control Blocks, used to create encapsulated soil lifts, are manufactured, and patented by Rolanka. The blocks come in 10-foot lengths and have two options
for height and thickness. You should choose an erosion control block based on the specifications of the project location, keeping in mind the length of the erosion
control blankets as the primary deciding factor. The alternative to purchasing these pre-made blocks is to use forms (~10 feet long boards with a height of two to
three feet, depending on the lift height design). For the first lift, the forms are set horizontally along the outer edge of the rock base and lined with erosion control
fabric. Once soil is added and the extra erosion control blanket is flipped and secured over the top of the soil lift, the forms can be removed and used on the next
stretch and eventually on the next lift. Using forms takes more time than using the pre-made blocks.
Product

Unit Weight

Height

Thickness

Length

BioD Block 12-300

3.3 lbs/ft

12"

5"

10ft

BioD Block 16-300

4.4 lbs/ft

16"

9"

10ft

BioD Block 16-400

4.8 lbs/ft

16"

9"

10ft

Fabric length
top- 47"
bottom - 47"
top - 28"
bottom - 56"
top - 48"
bottom - 75"

Erosion Control Blankets / Fabric

Erosion Control Blankets (ECBs) are made from straw, coconut, wood, or jute fibers, which are secured with biodegradable netting. Their pattern can either be woven
or layered. They should be chosen based on the project location’s anticipated slope, water fluctuations, and wave energy. ECBs are categorized by their longevity,
opening size, roll size, weight, relation to ideal slope, water flow, and shear stress. There are many options to choose from.
In general, ECBs designed for steep slopes have a longer lifespan and can handle greater flow velocities and sheer stress than those designed for more gentle slopes.
Product

Weight
(lb/SY)

Sizes
(ft and SY)

Slopes

Flows (fps)

Shear Stress (psf)

Longevity

Opening size

Brand

JuteMat

0.9

4' X 225' = 100 SY

~3:1

6

0.45

6 months

N/A

Rolanka

AEC Premier Straw
Single Net FibreNet

0.5

8' X 112.5' = 100 SY

≤3:1

4.5

1.55

≤ 12 months

.5" X 1"

American Excelsior

Consists of the finest available agricultural straw with 75% four-inch fibers or greater fiber length and
is certified weed seed free. Product is 100% biodegradable when biodegradable thread is ordered.
The straw fibers are evenly distributed throughout the entire area of the blanket. The top of each
blanket is covered with biodegradable jute netting.

American Excelsior

Consists of the finest available agricultural straw with 75% four-inch fibers or greater fiber length and
is certified weed seed free. Product is 100% biodegradable when biodegradable thread is ordered.
The straw fibers are evenly distributed throughout the entire area of the blanket. The top and
bottom of each blanket is covered with biodegradable jute netting. The Double Net provides
stabilization for higher flows and can be used on steeper slopes than the Single Net (described
above).

AEC Premier Straw
Double Net FibreNet

0.5

8' X 112.5' = 100 SY

≤ 2:1

7

1.75

≤ 12 months

.5" X 1"
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Description
Woven from spun jute yarns. It is 100% biodegradable and lasts for about 6 months. It is a very
economical, biodegradable short-term erosion control mat.
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Product

Weight
(lb/SY)

Sizes
(ft and SY)

Slopes

Flows (fps)

Shear Stress (psf)

Longevity

Opening size

Brand

Description

S75BN

0.57

6.67' X 108' = 80 SY

≤ 3:1

5

1.6

12 months

.5" X 1"

North American Green

Provides better erosion protection and mulching action than conventional jute nettings alone; 100%
straw fiber matrix stitched to a biodegradable natural fiber top net; supplies up to 12 months of
erosion control and vegetation growth support.

ECS-2B

0.56

8' X 112.5' = 100 SY
4' X 225' = 100 SY
16' X 112.5' = 200 SY

3:1 to 2:1

6

1.75

12 months

N/A

East Coast Erosion
Control

S150BN

0.54

6

1.85

12 months

.5" X 1"

North American Green

~3:1

6

1.9

12 months

N/A

Rolanka

Consists of 100% wheat straw, certified to be weed free, stitched between two natural jute/scrim
leno woven nets. The components are sewn together with biodegradable cotton.

3:1 or less

6.8

1.55

12 months

N/A

East Coast Erosion
Control

Made with uniformly distributed 100% agricultural straw and one organic jute net securely sewn
together with biodegradable thread.

10

2.35

12 months

.5" X .5"

North American Green

Provides more effective erosion protection and mulch than open weave coir nets; Made up of a
dense layer of coconut fiber stitched between jute nettings; Performs in critical applications for up to
24 months.

≤3:1

3

1

≤ 18 months

N/A

American Excelsior

Consists of a specific cut of naturally seed free Great Lakes Aspen curled wood excelsior with 80% of
the fibers ≥ 6 in in length. It is of consistent thickness with fibers evenly distributed throughout the
entire area of the blanket. Is 100% biodegradable.

≤2:1

7

1.75

≤ 18 months

.5" X 1"

American Excelsior

Consists of a specific cut of naturally seed free Great Lakes Aspen curled wood excelsior with 80% of
the fibers ≥ 6 in in length. Product is 100% biodegradable when biodegradable thread is ordered. It is
of consistent thickness with fibers evenly distributed throughout the entire area of the blanket. The
top of each blanket is covered with biodegradable jute netting.

2:1 to 1:1

8

2

18 months

N/A

East Coast Erosion
Control

Made with uniformly distributed 70% agricultural straw, 30% coconut fiber and two organic jute nets
securely sewn together with biodegradable thread.

8

2.1

18 months

0.5" X 1"

North American Green

Delivers erosion protection and mulching for up to 18 months; For applications requiring extra
strength and erosion control; Features a layer of 70% straw/30% coconut fiber stitched between
biodegradable natural fiber top and bottom nets.

6.67' X 108' = 80 SY
8' X 112' = 100 SY

Made with uniformly distributed 100% agricultural straw and two organic jute nets securely sewn
together with biodegradable thread.
For applications requiring greater durability and performance than what single-net biodegradable
ECBs provide. Contains a 100% straw fiber matrix stitched between biodegradable natural fiber top
and bottom nets; offers up to 12 months of erosion protection and mulching action.

15 5' X 90' = 155 SY
BioD-Straw

0.5

ECS-1B

0.56

8' X 112' = 100 SY
8' X 112.5' = 100 SY
4' X 225' = 100 SY
16' X 112.5' = 200 SY

C125BN

0.61

8' X 112' = 100 SY

Curlex NetFree

0.73

8' X 90' = 80 SY

Curlex I FibreNet

0.73

4' X 101.25' = 45 SY
8' X 101.25' = 90 SY
8' X112.5' = 100 SY
ECSC-2B

0.56

4' X 225' = 100 SY
16' X 112.5' = 200 SY
6.67’ X 108' = 80 SY

SC150BN

0.52

8' X 112' = 100 SY
15.5' X 90’ = 155 SY

BioD-StrawCoco

0.59

8' X 112' = 100 SY

~3:1

6

1.6

18 – 24 months

N/A

Rolanka

Consists of 70% wheat straw and 30% coconut fiber stitched between two natural jute/scrim leno
woven nets. The components are sewn together with biodegradable cotton thread.

BioD-OCF

0.53

8' x 112.5’ = 100 SY

up to 2:1

8

2.3

up to 24 months

N/A

Rolanka

Composed of a layer of 0.25 in (6mm) thick 100% mattress coir fiber stitched between two organic
jute/scrim leno woven nets. The components are sewn together with biodegradable cotton. This
100% biodegradable blanket is the solution to environmentally sensitive general erosion control
applications, and applications in sandy soil types.

AEC Premier Straw/
Coconut FibreNet

0.5

Curlex II FibreNet

0.73

8' X 112.5' = 100 SY

<1.5:1

8.5

2

≤ 24 months

.5" X 1"

American Excelsior

Consists of a blend of 70% straw and 30% coconut fibers. The straw fibers used in the products are
the finest available agricultural straw with 75% of fibers ≥ 4 in in length, and certified weed seed free,
Product is 100% biodegradable when biodegradable thread is ordered. The blended fibers are evenly
distributed throughout the entire area of the blanket. The top and bottom of each blanket is covered
with biodegradable jute netting.

≤1.5:1

9

2.25

≤ 24 months

.5" X 1"

American Excelsior

Consists of a specific cut of naturally seed free Great Lakes Aspen curled wood excelsior with 80% of
the fibers ≥ 6 in in length. Product is 100% biodegradable when biodegradable thread is ordered. It is
of consistent thickness with fibers evenly distributed throughout the entire area of the blanket. The
top and bottom of each blanket is covered with biodegradable jute netting.

1H:1

9

2.25

24 months

N/A

East Coast Erosion
Control

Made with uniformly distributed 100% coconut fiber and two organic jute nets securely sewn
together with biodegradable thread.

4' X 101.25' = 45 SY
8' X 101.25' = 90 SY
8' X112.5' = 100 SY
ECC-2B

0.59

4' X 225' = 100 SY
16' X 112.5'= 200 SY
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Product

Weight
(lb/SY)

Sizes
(ft and SY)

Slopes

Flows (fps)

Shear Stress (psf)

Longevity

Opening size

Brand

AEC Premier Coconut
FibreNet

0.5

8' X 112.5' = 100 SY

≤1:1

9

2.25

≤ 36 months

.75" X .75"

American Excelsior

Consists of coconut fibers. The fibers are evenly distributed throughout the entire area of the
blanket. Product is 100% biodegradable when biodegradable thread is ordered. The top and bottom
of each blanket is covered with biodegradable jute netting.

Curlex III FibreNet

0.98

≤1:1

10

2.5

≤ 36 months

.5" X 1"

American Excelsior

Consists of a specific cut of naturally seed free Great Lakes Aspen curled wood excelsior with 80% of
the fibers ≥ 6 in in length. Product is 100% biodegradable when biodegradable thread is ordered. It is
of consistent thickness with fibers evenly distributed throughout the entire area of the blanket. The
top and bottom of each blanket is covered with biodegradable jute netting.

4’ X 90' = 40 SY

8' X 90' = 80 SY

Description

EC-4Y

0.88

6.5' X 164' = 120 SY

2:1 to 1:1

8

3

>36 months

1" X 1"

East Coast Erosion
Control

Coir mats are woven with coir fiber yarns obtained from the bristles of the outer layer of the fruit of
the coconut tree.

EC-7Y

1.5

6.5' X 164' = 120 SY

2:1 to 1:1

12

4.5

>36 months

5/8" X 1/2"

East Coast Erosion
Control

Coir mats are woven with coir fiber yarns obtained from the bristles of the outer layer of the fruit of
the coconut tree.

EC-9Y

1.88

6.5' X 164' = 120 SY

2:1 to 1:1

16

5.5

>36 months

3.8" X 3.8"

East Coast Erosion
Control

Coir mats are woven with coir fiber yarns obtained from the bristles of the outer layer of the fruit of
the coconut tree.

CoirMat400

0.825

< 1:1

8

3.2

3-5 years

C700BN

1.66

10

2.35

4 years

CoirMat700

1.27

>1:1

12

4.5

CoirMat900

1.81

>1:1

16

BioD-Mat® 40

0.85

~2:1

6.5’ x 165’ = 119 SY
13’ x 165’ = 238 SY

13’ x 165’ = 238 SY
6.5’ x 165’ = 119 SY
13’ x 165’ = 238 SY

The strongest and most long-lasting ECB in the BioNet product line; Its jute bottom net and coconut
fiber matrix are enhanced with the addition of a heavy 700g coir top net; Performs in critical
applications for up to four years.

3-5 years

Ecofabriks

Woven coir matting made of high strength coconut fiber. The 700 has a looser weave than the 900
and a tighter weave than the 400.

5

3-5 years

Ecofabriks

Woven coir matting made of high strength coconut fiber. The 900 has a tighter weave than the 400
or 700.

8

3

4-6 years

0.75" x 0.75"

Rolanka

≥2:1

8

3

4-6 years

0.75" X 0.75"

GEI Works

Coir mats made from woven coconut coir fibers.

> 1:1

9.8-12

4.5

4-6 years

0.50" X 0.50"

GEI Works

Coir mats made from woven coconut coir fibers.

.75" X .75"

3.28' x 83' = 30 SY
6.56' x 166' = 120 SY
9.84' x 166' = 180 SY

Woven coir matting made of high strength coconut fiber. The 400 has a looser weave than the 700 or
900.

North American Green

8' X 45' = 40 SY
6.5’ x 165’ = 119 SY

Ecofabriks

Woven from machine-spun bristle coir twines. This semi-permanent 100% biodegradable, strong and
durable bristle coir woven blanket provide higher resistance upon installation while supporting
growth and development of vegetation.

13.1' x 83' = 120 SY
3.28' X 83' = 30 SY
Control Mat 40

0.68

6.56' X 166' = 120 SY
9.84' X166' = 180 SY
13.1' X 83' = 120 SY
3.28' X 83' = 30 SY

Control Mat 70

1.3

6.56' X 166' = 120 SY
9.84' X166' = 180 SY
13.1' X 83' = 120 SY

BioD-Mat® 60

1.11

6.56' x 166' = 120 SY

~2:1

10

4

4-6 years

0.75" x 0.5"

Rolanka

Control Mat 60

1.1

6.56' x 166' = 120 SY

≥ 2:1

10

4

4-6 years

0.75" X 0.75"

GEI Works

> 1:1

12

4.5

4-6 years

0.5" x 0.5"

Rolanka

> 1:1

16

5

4-6 years

0.30" X 0.30"

GEI Works

> 1:1

16

5

4-6 years

0.3" x 0.5"

Rolanka

BioD-Mat® 70

1.44

Control Mat 90

1.75

BioD-Mat® 90

1.81

3.28' X 83' = 30 SY
6.56' X 166' = 120 SY
9.84' X166' = 180 SY
13.1' X 83' = 120 SY
3.28' X 83' = 30 SY
6.56' X 166' = 120 SY
9.84' X166' = 180 SY
13.1' X 83' = 120 SY
3.28' X 83' = 30 SY
6.56' X 166' = 120 SY
9.84' X166' = 180 SY
13.1' X 83' = 120 SY
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Woven from machine-spun bristle coir twines. This semi-permanent 100% biodegradable, strong and
durable bristle coir woven erosion control blankets provide higher resistance upon installation while
supporting growth and development of vegetation.
Coir mats made from woven coconut coir fibers.
Woven from machine-spun bristle coir twines. This semi-permanent 100% biodegradable, strong and
durable bristle coir woven blankets provide higher resistance upon installation while supporting
growth and development of vegetation.

Coir mats made from woven coconut coir fibers.

Woven from machine-spun bristle coir twines. This semi-permanent 100% biodegradable, strong and
durable bristle coir woven blankets provide higher resistance upon installation while supporting
growth and development of vegetation.
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Turbidity Curtains

Turbidity curtains are required for projects working at or below a lake’s Mean Water Level (MWL) as they help to contain the project site. The curtains keep the dirt
and sediment from the project site from floating across the entire lake. They should be chosen based on the project location’s anticipated site conditions such as
water depth, wave action, wind, and current.
GEI WORKS TURBIDITY CURTAIN
Triton Type 1
Contractor

Description

Triton Type 1
Economy

Triton Type 1 DOT

Triton Type 1 GEO

INDIAN VALLEY INDUSTRIES TURBIDITY CURTAIN (H D Supply Harris)

Triton Type 2
Contractor

For areas with moving
Calm waters with
DOT projects, calm
For areas that require water, currents, waves
short term
Calm water and short- water areas, or longerconstant filtration of or tides having short
requirements and low term requirements.
term silt control
term requirements
silt and sediment.
silt levels.
projects.
and low silt levels.

Triton Type 2 DOT

Triton Type 2 HD

Meets or exceeds
state DOT
requirements for silt For areas with moving
and turbidity control water, currents, waves
in areas with moving or tides.
water, currents, waves
or tides.

Triton Type 2 HD
PERM
For areas with fast
water, waves, or
demanding conditions.
Allows faster water
flow through the
barrier while still
containing silt and
turbid water.

IVI VT AOT Turbidity Curtain

Recommended for construction sites located in protected areas
(ponds, shallow lakes, small streams, and marshes) that are exposed
only to light winds and to current velocities of less than 1.5 feet per
second.

Length

25ft, 50ft or 100ft

50ft or 100ft

50ft or 100ft

50ft or 100ft

50ft or 100ft

50ft or 100ft

50ft or 100ft

50ft or 100ft

50ft or 100ft

50ft or 100ft

50ft or 100ft

Depth

3ft-10ft

3ft-20ft

5ft

3ft-10ft

3ft to 10 ft

2ft to 20 ft

3ft to 100 ft

3ft to 100 ft

3ft to 10ft

11ft-14ft

15ft and above

Fabric

13 oz. PVC

13 oz. PVC

18 oz. PVC

8 oz. nonwoven geo

13 oz. PVC

18 oz. PVC

22 oz. PVC

22 oz. PVC w/
Monofilament Fabric

18 oz PVC coated
polyester

18 oz PVC coated
polyester

18 oz PVC coated
polyester

Floatation Size

4"

6" or 8"

6" or 8"

4 or 6"

4"

6" or 8"

6", 8", or 12"

6", 8", or 12"

6” x 6” EPS foam
blocks

8” x 8” EPS foam
blocks

12” x 12” EPS foam
blocks

Water depth

4-10'

4'-21'

4ft-21ft

4ft-10ft

4ft-11ft

4ft-21ft

4ft-101ft

4ft-101ft

4ft-10ft

--

--

Waves

Calm, Still water

Calm, Still water

Calm, Still water

Calm, Still water

Typically <2'

Typically <2'

Typically <2'

Typically <2'

--

--

--

Wind

Calm

Calm

Calm

Calm

Moderate

Moderate

Moderate

Moderate

Light

Light

Light

Current

0 ft per second

0 ft per second

0 ft per second

0 ft per second

<1 knot

<1 knot

<1 knot

<1 knot

<1.5 ft/sec

<1.5 ft/sec

<1.5 ft/sec
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Plant Suppliers - Native Herbaceous and Shrub Seed
Non-wetland Areas
Vermont
VT Conservation & Wildlife Mix, Vermont Wetland Plant Supply
VT Native Wildflower & Grass Mix, Vermont Wetland Plant Supply

Photo: VT ANR Lake Wise Program

New England
New England Conservation/Wildlife Mix, New England Wetland Plants
New England Showy Wildflower Mix, New England Wetland Plants
New England Roadside Matrix Upland Seed Mix (with shrubs), New England
Wetland Plants
Northeast
Showy Northeast Native Wildflower & Grass Mix, Ernst Seeds
Deer Resistant Meadow Mix, Ernst Seeds
Ernst Native Habitat for Strip Mines (disturbed sites) Mix, Ernst Seeds
Native plantings help to beautify and stabilize this site in North Hero, VT.

Wetland Areas
Vermont
VT Wet Meadow & Detention Basin Mix, Vermont Wetland Plant Supply
VT Wetland Shrub Mix, Vermont Wetland Plant Supply
VT Wetland Hummock Mix, Vermont Wetland Plant Supply
New England
New England Erosion Control/Restoration Mix for Detention Basins & Moist
Sites, New England Wetland Plants
New England Wetland Seed Mix, New England Wetland Plants

Photo: VT ANR Lake Wise Program

Northeast
Riparian Buffer Mix, Ernst Seeds
FACW Wetland Meadow Mix, Ernst Seeds
Wildlife Food & Shelter Mix (with shrubs), Ernst Seeds

Native herbaceous seed was used for this beach shoreland stabilization project on Lake
Salem in Derby, VT.
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A.5 Glossary
Term

Definition

Aquatic

Living or growing in, on, or near the water such as with aquatic animals and plants.

Best Management Practices (BMPs)

Practices for protecting surface waters (rivers, lakes, wetlands, and the ocean) by preventing or reducing the movement
of sediment, nutrients, pathogens, pesticides, and other pollutants carried by stormwater into waterways.

Bioengineering

Bioengineering uses native plants, biodegradable products, and other natural materials to stabilize shorelands and other
sloped terrain. Bioengineering is often referred to as “soft-scape engineering,” living shoreland restoration, or naturebased solutions for building resiliency and protection along waterways.

Ecosystem

A natural condition consisting of all plants, animals, and microorganisms (biotic factors) in a given area, functioning
together with all of the physical (abiotic) factors of the environment.

Erosion

The gradual wearing away of land surface materials, especially rocks, sediments, and soils, by the action of water, wind,
or a glacier. Usually erosion also involves the transport of eroded material from one place to an other.

Erosion Control Blanket (ECB)

A biodegradable, woven blanket that provides temporary cover, stabilization, and support for establishing vegetation on
bare soil areas.

Fascine

Fascines refer to brush layers or dead bundles of branches laid horizontally along the ground to slow stormwater, but
because these bundles are not made from living branches, they are not used to revegetate an area. Live Fascines are the
same as wattles, which are bundles of live vegetative cuttings used for the same purposes but will also revegetate an
area.

Fetch

The overwater distance across which wind blows uninterrupted by islands or points.

Green Stormwater Infrastructure (GSI)
Habitat
Ice Push
Invasive Species

GSI are engineering techniques that mimic natural hydrological features, like rain gardens and permeable pavers, to filter
and infiltrate stormwater as close to the source as possible. These practices require regular maintenance for maximum
functionality.
The natural environment necessary for the survival or an animal or group of animals. It provides food, water, cover,
nesting, mating, and/or nursery areas for all or part of the life cycle.
A surge of ice from the lake that pushes up onto the shore as a result of ice expansion, usually due to changes in
temperature.
A plant or animal species introduced to an area from another country or state that is not native to the area. These species
are likely to cause environmental or economic harm or harm to human health.

Low Impact Development (LID)

An approach to land development or redevelopment that minimizes impervious cover and uses natural landscape
features to manage stormwater runoff and reduce the impacts of development on hydrology, water quality, and ecology.

Mean Water Level (MWL)

The average lake level. Large lakes in Vermont have an established MWL. For other lakes and ponds, a MWL can be
estimated by assessing the line of summer terrestrial plant growth along the water's edge.
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Term

Definition

Non-Point Source Pollution

Pollution originating from a diffuse area as opposed to a single point in the watershed, often entering the water body via
surface runoff or groundwater.

Phosphorus

The nutrient most necessary for plant and algal growth in Vermont lakes. It comes from many natural and cultural sources
including from disturbed soils, stormwater runoff, road runoff, failing septic systems, lawn fertilizers, manure, and logging
operations.

Point Source Pollution

Pollution originating from a defined single point in the watershed, often entering the water body via a pipe.

Riprap

Large rocks placed along the bank of a waterway to prevent erosion.

Runoff

Precipitation that enters surface waters from overland flow and groundwater.

Sediment

Slope

Substrate
Terrestrial
Topography
Turbidity
Turbidity Curtain
Water clarity

Soil particles carried by runoff and settled, for example, on a lake bottom or suspended in the water column by
turbulence.
Also known as "grade". Slope is the ratio of the vertical change (rise) to the horizontal change (run) between two points
on the land. Note that although “rise over run” is taught in math classes for determining slope, the opposite ratio is used
for describing a construction standard. For example, a “3:1 slope” means that for every three horizontal feet (H), there is
a one-foot vertical change (V). This is commonly written as H:V.
The bottom material of a waterway; the base or substance upon which an organism is growing. Substrates may include
bottom sediments, plants, rocks, logs, and other materials that provide surfaces to which aquatic plants and animals can
attach.
Relating to, living on, or growing on land.
The graphic representation of the surface features of a place or region on a map, indicating their relative positions and
elevations.
A measure of the particles suspended in the water column which affect the clarity and transparency of the water
including silt, clay, and algae.
A barrier used to contain sediment and what might get disturbed by construction activities including bioengineering
activities.
Water clarity refers to the transparency of the water, for example, how deep one can see down into a lake which is
typically measured as the "Secchi disk depth." Suspended sediment, plankton and algal blooms will lower the water clarity
or Secchi reading.

Watershed

All the land area that drains to a lake or other water body is called a watershed or basin.

Wattle

Wattles, also called “live fascines,” are bundles of live vegetative cuttings (branches) used for bank stabilization and for
revegetating areas, especially useful for steep, rocky sites.

Wave height

The vertical distance between the highest (crest) and lowest (trough) points of a wave.
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Photo: VT ANR Lake Wise Program

Bioengineering materials including fiber coir rolls and native plants are ready for installation.
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