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1 Overview

The Chesapeake Bay and its tributaries, representing the nation’s largest estuary, is a resource
of important economic, social and environmental significance. The Chesapeake Bay ecosystem,
however, remains severely degraded primarily because of pollution from excess nitrogen (N),
phosphorus (P), and sediment, which enters surface waters. Those pollutants come from
multiple diverse sources within the Chesapeake Bay watershed, but the primary sources are
agriculture, urban and suburban runoff, wastewater, and airborne contaminants (Chesapeake
Bay Program 2009). Another contributor of pollutants to the Chesapeake Bay is
hydromodification. The states in the U.S. Environmental Protection Agency’s (EPA’s) Region 3
report in their biennial water quality report that a cumulative total of 1,427 miles of assessed
rivers and streams, 1,687 acres of assessed lakes and reservoirs, and 1,916 square miles of
assessed bays and estuaries in the mid-Atlantic are impaired by hydromodification.

The term hydromodification as used in this guidance refers to the alteration of the hydrologic
characteristics of waterbodies, which in turn could cause degradation of water resources. Many
activities that are considered forms of hydromodification have been conducted and continue to
be conducted because they are considered to be critical to human activities, such as dredging
shipping channels for commerce or constructing culverts at stream crossings for transportation.
Hydromodification can also refer to activities that are conducted in and adjacent to stream
channels to maintain stream functions or reduce damage to streams or adjacent properties such
as clearing of debris or armoring of streambanks.

While hydromodification activities likely occurred within the Chesapeake Bay watershed before
European settlement (e.g., fish traps, secondary effects from riparian agriculture) the scale and
scope of hydromodification increased dramatically with the advent of European expansion on
the east coast of North America. Early settlers constructed dams to harness hydropower and
drained floodplain areas for farming (Walter and Merritts 2008; Schenk and Hupp 2009). As
development accelerated through the colonial, post revolutionary and industrial periods
hydromodification activities expanded to include dredging of natural and man-made waterways
for commerce, construction of water supply, recreational and flood control dams, and channel
straightening and dredging for flood control and agriculture. In more recent years, development
of the built environment has resulted in secondary channel erosion within and downstream of
urban centers.
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1.1 Sources

Hydromodification activities are grouped into three general categories for the purposes of this
chapter: (1) channelization and channel modification, (2) dams, and (3) streambank and
shoreline erosion. Such broad categories are useful in that they provide a logical organization
for hydromodification activities. However, as is described later in this chapter, implementation
measures and practices can apply across these three activity categories. In addition certain
hydromodification activities might not fit neatly within any of the three categories.

1.1.1 Streambank and Shoreline Erosion

Streambank and shoreline erosion refers to the degradation of stream, estuary, and lake shore
areas resulting in loss of soil and other material landward of the bank along nontidal streams
and rivers. Streambank erosion occurs when the sediment on streambanks detaches and
becomes mobilized within or near the stream channel. Detachment is a complex process
resulting from the interaction of streamflow, vegetation, cohesive properties of soil, and the soil
water interface. Eroded material is often carried downstream and re-deposited in the channel
bottom or in point bars along bends in the waterway. Shoreline erosion occurs in large, open
waterbodies, such as larger lakes and the lower estuarine portion of the Chesapeake Bay,
where waves and currents sort coarser sands and gravel from eroded banks and move them in
both directions along the shore away from the area being eroded. While the underlying forces
causing the erosion could be different for streambank and shoreline erosion, the results, erosion
and its impacts are usually similar. It is also important to note that streambank and shoreline
erosion are natural processes and that natural background levels of erosion also exist and might
be necessary to ensure the health of a particular stream. However, human activities along or
adjacent to streambanks or shorelines can accelerate erosion and other nonpoint sources of
pollution.

In both urban and rural areas, streambank erosion is often associated with changing land use
characteristics within a watershed such as increased impervious surfaces. Because the erosion
of streambanks and shorelines is often closely related to upland activities that occur outside
riparian areas, it is often necessary to consider solutions to these issues as a component of
overall watershed protection and restoration objectives. The topic of upland effects on stream
channels is covered in more detail in the Urban and Suburban chapter of this guidance.

1.1.2 Channelization

Channelization and channel modification include activities such as straightening, widening,
deepening, and clearing channels of debris and accumulated sediment. Objectives of
channelization and channel modification projects include flood control, infrastructure protection,
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channel and bank stabilization, habitat improvement/enhancement, recreation, and flow control
for water supply (source). Channelization activities play an important role in nonpoint source
pollution in the Chesapeake Bay by affecting the timing and delivery of pollutants that enter the
water. Channelization can also be a cause of higher flows during storm events, which increases
the risk of flooding.

Historically, channelization occurred to reduce flooding, drain wet areas for agriculture and to
allow for commerce among, other reasons. In recent years, however, regulatory requirements
primarily driven by the Clean Water Act have limited traditional hydromodification activities
within stream channels and waterbodies. Simultaneously, water resource managers have
recognized the critical role that healthy stable stream corridors play in the protection and
improvement of water quality and living resources within the Chesapeake Bay. As a result,
many of the hydromodification activities occurring are those related to maintenance and
restoration of channel corridors and shorelines.

1.1.3 Dams and In-Stream Structures

Dams and in-stream structures are artificial barriers on waterbodies that control the flow of
water. Such structures can be built for a variety of purposes, including flood control, power
generation, irrigation, navigation, and to create ponds, lakes, and reservoirs for uses such as
municipal water supply, fish farming, and recreation. While these types of structures are
constructed to provide benefits to society, they can contribute to nonpoint source pollution and
have detrimental effects on living resources. For example, dams can alter flows that ultimately
can cause effects on water quality and roadway culverts can result in the scour of stream
sediments at their outlet. While the structures were often built for purposes related to human
needs, in many cases that need is no longer present (e.g., small hydropower dams to support
manufacturing). As a result, water resource managers have conducted detailed cost benefit
analysis at many dams, and the results often show that the benefits of dam removal outweigh
the benefits of continuing to maintain and operate the dam.

An important development in the effect of dams in water quality is the increasing trend of dam
removal within the Chesapeake Bay. As dams reach their life expectancy, many will be removed
for safety concerns or to restore the connectivity of aquatic ecosystems. This phenomenon is
covered extensively in one of the practices (Legacy effects of Dams and Dam Removal)
recommended in Section 3 of this chapter.
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1.2 Contribution to Nonpoint Source Pollution in
Chesapeake Bay

The contribution of hydromodification activities to sediments and nutrient loads to the
Chesapeake Bay is poorly defined in the current research literature. Traditionally, land use
managers and water resources professionals categorized nonpoint source pollutant loadings
based on specific land uses (such as agricultural, urban and silviculture). Contribution of specific
hydromodification activities such as channel erosion or dams is less well defined. With recent
research on the topic, however, increased attention and research activity has been focused on
separating the contribution of specific activities such as stream corridor instability to the overall
pollutant loading to the Bay.

The interaction between pollutants from upland sources and those that originate within the
stream corridor is a complex relationship in which in-stream transported pollutants are often
affected by historic or current upland activities. During the 1700s and 1800s eroding upland
agricultural areas resulted in significant sediment storage within stream corridors typically called
legacy sediment (USGS 2003). The construction of mill dams during that period resulted in the
impoundment and storage of sediment behind tens of thousands of mill dams in the mid-Atlantic
region. Subsequent removal of these dams during the late industrial period and urban and
suburban development in the past 100 years has led to remobilization of the legacy sediments
as stream corridors have become instable and streambanks have eroded (USGS 2003).

Because of the intimate nature of hydromodification activities with the stream corridor, there is
understandably a close relationship between those activities and sediment delivery to surface
waters. A summary of existing information of the impacts of stream hydromodification on the
quality of the Chesapeake Bay is provided in Table 7-1. These studies demonstrate the
importance of stream restoration and protection in achieving pollutant reduction in the
Chesapeake Bay, particularly for sediment and the P that accompanies sediment loading.

While the contribution of sediment from streambank erosion might be a significant source in
many streams, the percentage of unstable streams within the Chesapeake Bay watershed is
unknown (USGS 2003).

The contribution of hydromodification to other pollutants of concern in the Chesapeake Bay is
even less well documented. N contribution throughout the watershed is primarily from
agricultural, wastewater, and airborne sources. N in its most commonly observed forms is
present in very low levels within contributions from hydromodification sources. P on the other
hand, given its tendency to become soil and particulate bound, is often present in the legacy
sediments, which are significant contributors to eroding streams.
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Table 7-1. Studies quantifying the impact of sediment loading from stream hydromodification on

Chesapeake Bay water quality

Study

Findings

A Summary Report of Sediment Processes in
Chesapeake Bay and Watershed, USGS, Water-
Resources Investigations Report 03-4123, 2003

Summarizes the impacts and sources of sediment
and notes that sediment yield from urbanized areas
can remain high after active construction is
complete because of increased stream corridor
erosion due to altered hydrology

Schueler et.al. 2000. The Practice of Watershed
Protection, Technical Note #119 from Watershed
Protection Techniques 3(3):729-734, Center for
Watershed Protection, 2000.

Stream enlargement, and the resulting transport of
excess sediment, is caused by urban development

U.S. Environmental Protection Agency. 2001.
Protecting and Restoring America’s Watersheds:
Status, Trends, and Initiatives in Watershed
Management, EPA 840-R-00-001.
www.epa.gov/owow/protecting/restore725.pdf.

Straightened and channelized streams carry more
sediments and other pollutants to their receiving
waters. Up to 75% of the transported sediment from
the Pocomoke watershed on the Eastern Shore of
Maryland was found to be erosion from within the
stream corridor

Gellis et al. Synthesis of U.S. Geological Survey
Science for the Chesapeake Bay Ecosystem and
Implications for Environmental Management,
Chapter 6: Sources and Transport of Sediment in
the Watershed. 2007, U.S. Geological Survey
Circular 1316.

Sediment sources are throughout the Chesapeake
Bay watershed, with more in developed and steep
areas

Gellis et al. 2009, Sources, transport, and storage
of sediment in the Chesapeake Bay Watershed:
U.S. Geological Survey Scientific Investigations
Report 2008-5186

In the Piedmont region, streambank erosion was a
major source of sediment in developed Little
Conestoga Creek; 30% of sediment from the
Mattawoman Watershed on the Coastal Plain (flat
land) is from streambanks

Devereux et al. Suspended-sediment sources in
an urban watershed, Northeast Branch Anacostia
River, Maryland. Hydrological Processes,
Accepted 2009.

Streambank erosion was the primary source of
sediment in the Northeast Branch Anacostia River
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2 Chesapeake Bay Hydromodification
Implementation Measures

In 2007 EPA published a guidance document titled National Management Measures to Control
Non-point Source Pollution from Hydromodification whose purpose was to provide background
information on nonpoint source pollution and to offer a variety of solutions for reducing nonpoint
source pollution resulting from hydromodification. Background information includes a discussion
of the sources of nonpoint source pollution and mechanisms for transport into the nation’s
waters. The guidance further presents a series of Management Measures for use on a national
scale to directly address the causative factors for nonpoint source pollution. Management
measures as presented in the 2007 document establish performance expectations and, where
appropriate, specific actions that can be taken to prevent or minimize nonpoint source pollution.

A series of practices was also described for each management measure. Practices are specific
actions taken to achieve, or help achieve, a management measure. Practices are often termed
best management practices (BMPs); however, the word best was dropped from the 2007
hydromodification guidance and will not be used in this chapter because the use of the adjective
is too subjective.

This chapter expands on the extensive resources provided in the 2007 document while focusing
on the pollutants, sources, and practices considered important to the overall goal of restoring
the health of the Chesapeake Bay. Implementation measures (formerly management measures)
presented are either the same or improved versions of those presented in the 2007 guidance.
Where available, information on the application, design, and performance of specific practices
suitable for use in the Chesapeake Bay are provided. To support one of the key steps required
by the Executive Order 13508 to define next generation tools, a number of practices have been
added to this chapter, which exhibit proven capability to address the nonpoint source issues
within the Chesapeake Bay. This chapter and the 2007 guidance are intended to be used in
tandem to provide the reader with an updated summary of tools and techniques appropriate for
addressing nonpoint source pollution in the Chesapeake Bay.

2.1 General Principles and Goals

The purpose of this chapter is to provide the user with background information on how
hydromodification activities affect nutrient and sediment impacts within the Chesapeake Bay
and to provide guidance on a range of practices that can be implemented to reduce the impact
of hydromodification activities on Bay water quality. While this chapter focuses on practices that
are relevant to the Chesapeake Bay and its associated watershed specifically, the information
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provided is also widely relevant wherever hydromodification activities result in degradation of
surface waters.

While the primary focus of this chapter is on reducing loading of sediment, N, and P, it is
important to note that there are often numerous secondary benefits to each specific practice
detailed herein. To that end, appropriate additional information is provided on secondary
benefits such as those associated with living resources (and complementing the activities
suggested in draft report 202(g) of Executive Order 13508). For example, bioengineering
techniques such as live staking and brush mattressing are typically applied to an eroding
streambank principally to reduce sediment loading to the associated stream. However, the
function of those practices is based on establishing riparian vegetation, which is an important
component in improving aquatic riparian habitat.

For many hydromodification activities and their associated effects, a close relationship exists to
other chapters of this guidance. In such cases, the reader might be directed to the respective
section for additional guidance. For instance, increased rate and volume of stormwater runoff
from urbanizing areas often leads to channel and streambank erosion. In that case, the
causative factor of the effect (urbanization) is covered in the urban section of this chapter.
Because streambank erosion is itself considered a form of hydromodification, the effect is
described in detail and number of structural practices recommended to address the effect within
the stream corridor.

While this chapter recommends a series of approaches and information on specific tools and
techniques to address nonpoint source pollution in the Chesapeake Bay watershed on a project
basis, each project must be considered within the context of the watershed or subwatershed in
which it is prescribed. The successful implementation of watershed restoration requires that
projects be identified and selected consistent with watershed assessments and prioritized
according to the overall watershed restoration goals (Beechie et al. 2008). Furthermore,
individual projects should be considered as a component of watershed restoration and
measured according to the cumulative benefits of other similar watershed restoration projects
that might be proposed (Kondolf et al. 2008).

2.2 Implementation Measures

To accomplish the goals set forth above, this chapter suggests a series of implementation
measures that are recommended to address the effects of hydromodification. The reader might
notice that the 2007 guidance document includes six Management Measures that tribal, state,
or local programs could implement to address nonpoint source pollution from hydromodification
activities. In this chapter, the six management measures have been reduced to five categories
and renamed implementation measures. That terminology is used in this chapter because they
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are measures that can be implemented to address specific functional causes of impacts of
hydromodification activities.

Implementation Measures:
H-1. Protect Streambanks and Shorelines from Erosion
H-2. Control Upland Sources of Sediment and Nutrients at Dams
H-3. Restore In-stream and Riparian Habitat Function
H-4. Reduce Pollutant Sources through Operational and Design Management

H-5. Restore Stream and Shoreline Physical Characteristics

2.21 Implementation Measure H-1: Protect Streambanks and
Shorelines from Erosion

Implementation Measure H-1:

The protection of streambanks and shorelines from erosion refers to the installation
of structural or biological practices at or near the land water interface. The primary
goals of this implementation measure are the following:

1. Protect streambank and shoreline features with the potential to reduce
nonpoint source pollution

2. Protect streambanks and shorelines from erosion from uses of either the
shorelands or adjacent surface waters

Implementation Measure H-1 focuses on preserving stable streambanks and shorelines to limit
the loss of pollutants, most notably sediment, from the erosion at the land water interface. This
measure is most closely related with Management Measure 6 of the 2007 guidance (Eroding
Streambanks and Shorelines). Practices appropriate for addressing Implementation Measure
H-1 consist of both structural practices such as riprap as well as management practices such as
non-eroding roadways. Where possible, the practitioner should consider the protection of
streambanks and shoreline within the context of overall watershed goals and select practices
that address multiple watershed objectives where possible.
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The application of bioengineering stream armoring techniques, which use vegetation and
natural systems, to address erosion for instance, should be considered before implementing
more rigid, structural controls such as riprap. While bioengineering techniques might not be
suitable for all applications, they often support the objectives of other implementation measures
and overall watershed goals.

Practices

The practices noted in Table 7-2 are suggested as appropriate to address Implementation
Measure H-1 and are described in more detail in Section 3 of this chapter. The table categorizes
practices according to whether they were detailed in the previous guidance, updated within this
chapter, or identified as a next generation tool or technique for addressing nonpoint source
pollution in Chesapeake Bay. Updated practices are those that are described in detail in the
2007 guidance but have updated or region-specific information in Section 3. Next generation
tools and techniques are those newer practices that had not been previously identified as
appropriate for addressing Implementation Measure H-1 but are described in detail in Section 3.

Table 7-2. Practices appropriate for use in addressing Implementation Measure H-1

Next generation
Described in tools and
Practice 2007 guidance? Updated? techniques? Page
Breakwaters Yes
Bulk Heads and Seawalls Yes
Groins Yes
Multi-Cell Culverts Yes 7-53
Non-Eroding Roadways Yes Yes 7-60
Return Walls Yes
Rip Rap Yes Yes 7-68
Toe Protection Yes Yes 7-77

Note: Clicking this link will access the 2007 document (National Management Measures to Control Non-point Source
Pollution from Hydromodification). To find a specific practice, use the bookmarks.
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2.2.2 Implementation Measure H-2: Control Upland Sources of
Sediment and Nutrients at Dams

Implementation Measure H-2:

The control of upland sources of nonpoint source pollutants at dams and other
hydromodification facilities refers to the active implementation of pollutant control
techniques and practices that minimize the source generation and reduce the
transport of sediments and nutrients into the Chesapeake Bay and its watershed. This
implementation measure is well described in the 2007 guidance document (formerly
titled Erosion and Sediment Control for Construction of New Dams and Maintenance of
Existing Dams). The goals of this implementation measure are

1. Reduce the generation of sediment and nutrients during and after construction
2. Retain eroded sediment and nutrients on-site

3. Apply nutrients at rates necessary to establish and maintain vegetation
without causing significant nutrient runoff to surface waters

Implementation Measure H-2 is identical to Management Measure 3 from the 2007
hydromodification guidance. No updated information is provided on this measure whose
purpose is to prevent sediment and nutrients from entering surface waters during the
construction or maintenance of dams. Because of the extensive environmental permitting
necessary for the construction of dams in the Chesapeake Bay watershed and the developed
nature of the region’s water resources, it is unlikely that significant dam construction will occur in
the near future. Maintenance of existing dams and impoundments, therefore, is likely to be the
most significant activity to which this measure is applicable.

No updated design or performance information is available for the practices recommended for
this implementation measure. As a result, for more information on specific practices, see the
2007 hydromodification guidance.

Practices

The practices noted in Table 7-3 are suggested as appropriate to address Implementation
Measure H-2.
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Table 7-3. Practices appropriate to addressing Implementation Measure H-2

Practice

Check Dams

Coconut Fiber Roll

Construction Runoff Intercepts

Construction Management

Erosion Control Blankets

Locate Potential Land Disturbing Activities away from Critical Areas

Mulching

Preserve Onsite Vegetation

Phase Construction

Retaining Walls

Revegetate

Project Scheduling

Sediment Basin/Rock Dams

Sediment Fences

Sediment Traps

Seeding

Site Fingerprinting

Sodding

Soil Protection

Surface Roughening

Training ESC

Wildflower Cover

Note: Clicking this link will access the 2007 document (National Management Measures to
Control Non-point Source Pollution from Hydromodification). To find a specific practice, use the

bookmarks.
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2.2.3 Implementation Measure H-3: Restore In-Stream and Riparian
Habitat Function

Implementation Measure H-3:

The restoration of in-stream and riparian habitat function refers to the direct
implementation of practices that address functions of the aquatic environment.
Because the practices recommended as part of this implementation measure often do
not address the causative factors behind habitat degradation, other implementation
measures described in this chapter should be considered for implementation. This
implementation measure is well described in the 2007 guidance document (titled
Protection of Surface Water Quality and In-stream and Riparian Habitat). The primary
goal of this implementation measure is

1. Provide for safe passage of fish and other aquatic species upstream or
downstream of dams and other structures

Physical structures that block or impede fish migrations to historic spawning habitats have been
identified as potentially the most important factor in the decline in migratory fish such as
American shad, river herring, and the American eel. The removal of blockages or the installation
of structures that encourage or enable fish passage such as fish lifts, fish ladders, and other
passageways are important measures that can be implemented within the Chesapeake Bay to
ensure that migratory fish are able to move freely throughout historical migratory routes.
Approximately 1,924 miles of stream in the Chesapeake Bay watershed have been opened to
fish passage, and Executive Order 13508 states that an additional 1,000 stream miles will be
opened by implementing 100 priority dam-removal, fish-passage projects by 2025.

The restoration of in-stream and riparian habitat function is closely related to Implementation
Measure H-5, Restore Stream and Shoreline Physical Characteristics, described below. The
practices recommended for use to address Implementation Measure H-5 often directly support
the primary goal of this implementation measure. EPA encourages practitioners to consider
these two implementation measures and their respective practices as collaborative techniques
to address nonpoint source pollution in the Chesapeake Bay and its effect on living resources.

Practices

The practices noted in Table 7-4 are suggested as appropriate to address Implementation
Measure H-3 and are described in more detail in Section 3 of this chapter. The table categorizes
practices according to whether they were detailed in the previous guidance, updated within this
chapter, or identified as a next generation tool or technique for addressing nonpoint source
pollution in Chesapeake Bay. Updated practices are those that are described in detail in the
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2007 guidance but have updated or region-specific information in Section 3. Next generation
tools and techniques are those newer practices that had not been previously identified as
appropriate for addressing Implementation Measure H-3 but are described in detail in Section 3.

Table 7-4. Practices recommended to address Implementation Measure H-3

Next generation
Described in tools and
Practice 2007 guidance? Updated? techniques? Page
Behavioral Barriers Yes
Collection Systems Yes
23
Fish Ladders Yes
Fish Lifts Yes
rar
Physical Barriers Yes
Riparian Improvements Yes 7-66
2
Transfer of Fish Runs Yes
Vegetated Buffers Yes Yes 7-80
Vegetated Filter Strips Yes Yes 7-82

Note: Clicking this link will access the 2007 document (National Management Measures to Control Non-point Source
Pollution from Hydromodification). To find a specific practice, use the bookmarks.

2.2.4 Implementation Measure H-4: Reduce Pollutant Sources
through Operational and Design Management

Implementation Measure H-4:

Reduction of pollutant sources through operational and design management of dams
refers to the design and management of dams so as to minimize the source generation
and reduce the transport of sediments and nutrients into the Chesapeake Bay and its
watershed. This implementation measure is well described in the 2007 guidance
document (formerly titled Erosion and Sediment Control for Construction of New Dams
and Maintenance of Existing Dams). The goals of this implementation measure are
1. Reduce pollutant generation and impact on living resources through
programmatic dam management

2. Design structures to limit pollutant generation
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Implementation Measure H-4 addresses pollutants resulting from operational activities at in-
stream facilities such as dams and impoundments. The operation and management of such
facilities typically has minimal impact on the delivery of nonpoint source pollutants to
downstream waters. One notable exception is the removal of impoundments, which is covered
in detail in Implementation Measure H-5 and in the practice: Legacy Effects of Dams and Dam
Removal.

Operational practices do have significant implications on the living resources within and
downstream of structures via their effect on other water quality parameters such as water
temperature and dissolved oxygen. Management should focus on tools and techniques to
reduce the impact of dam and in-stream structure operation on water quality through the
management of physical flow processes to meet environmental criteria (Olden and Naimen
2010; Merritt et al. 2010).

Practices

The practices noted in Table 7-5 are suggested as appropriate to address Implementation
Measure H-4 and are described in more detail in Section 3 of this chapter. The table categorizes
practices according to whether they were detailed in the previous guidance, updated within this
chapter, or identified as a next generation tool or technique for addressing nonpoint source
pollution in Chesapeake Bay. Updated practices are those that are described in detail in the
2007 guidance but have updated or region-specific information in Section 3. Next generation
tools and techniques are those newer practices that had not been previously identified as
appropriate for addressing Implementation Measure H-4 but are described in detail in Section 3.

Table 7-5. Practices recommended as appropriate to address Implementation Measure H-4

Next generation
Described in tools and
Practice 2007 guidance? Updated? techniques? Page
Advanced Hydroelectric Yes Yes 7.9
Turbines —
Flow Augmentation Yes Yes 7-32
Selective Withdrawal Yes Yes 7-71
Turbine Operation Yes Yes 7-78
Turbine Venting Yes Yes 7-79
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2.2.5 Implementation Measure H-5: Restore Stream and Shoreline
Physical Characteristics

Implementation Measure H-5:

The restoration of stream and shoreline physical characteristics is important to
restoring predevelopment hydrology and reducing loading from larger and scouring
flows. Degraded streams can themselves become a source of downstream pollution,
such as when P-laden sediments are mobilized during high-flow events. In such
cases, stream restoration can be a useful strategy to improve downstream water
quality. However, it is important to keep in mind that the elevated flows causing
sediment mobilization must also be addressed (see the Urban and Suburban
chapter). Stream stabilization requires restoration of the stream’s energy signature.
The predevelopment hydrology of the watershed must be restored to regain the
predevelopment character of the stream; however, in existing urban areas, that might
be a longer-term goal. The primary goal of this implementation measure is to

1. Restore stable relationship between watershed hydrology and stream and
shoreline geometry. Where streambank or shoreline erosion is a nonpoint
source pollution problem, streambanks and shorelines should be stabilized.
Vegetative methods are strongly preferred unless structural methods are more
effective, considering the severity of stream flow discharge, wave and wind
erosion, offshore bathymetry, and the potential adverse effect on other
streambanks, shorelines, and offshore areas.

Many methods have been developed to restore the physical characteristics of streams and
shorelines to address lost function and instability. While many of the techniques can be applied
in isolation to address specific physical characteristics, for instance installing root wad
revetments to address bank erosion, EPA encourages practitioners to consider the practices
listed below and detailed in Section 3 as components of an overall restoration strategy. It is
important to note that restoration strategies should consider leveraging the natural
characteristics of the stream and shoreline hydrology, geometry, and ecology to address
physical function, such as biological engineering techniques, such as live fascines and brush
layering in preference to techniques that rely on structural characteristics such as revetments.
Where possible, measures should focus on the restoration of physical characteristics that are
appropriate to overall watershed goals and future conditions.

Physical restoration can help to restore the natural ecosystem function of nutrient removal that
occurs in streams. Studies that evaluate the N-removal ability of restored streams are
summarized in Table 7-6.
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Table 7-6. Studies evaluating the N removal ability of restored streams in the Chesapeake Bay
watershed

Study Finding

Streams with ecological functions intact remove N
at a much higher rate than degraded urban
streams, and stream restoration practices can
restore this N removal function

Kaushal et al. 2008. Effects of Stream Restoration
on Denitrification in an Urbanizing Watershed.
Ecological Applications 18(3):789-804.

Degraded urban streams, deeply eroded and
Klocker et al. Nitrogen uptake and denitrification in | disconnected from their floodplain have

restored and unrestored streams in urban substantially lower rates of N removal that than
Maryland, USA. Aquatic Sciences, Accepted streams hydraulically connected to their riparian
October 2009. banks via low slopes, and reconnecting the stream

to the floodplain can increase

In addition to the water quality improvements that can be achieved through stream restoration,
the flood management community has become increasingly aware of the benefits of restoration
in preventing flood damages. The Association of State Floodplain Managers (ASFPM) has
prepared a white paper called Natural and Beneficial Floodplain Functions: Floodplain
Management—More than Flood Loss Reduction (http://www.floods.org), which emphasizes the
multiple benefits of protecting and restoring streams and their associated floodplains.

Techniques for stream and floodplain restoration are also described in the Riparian chapter of
this guidance document. Example references for stream restoration and information on the
impacts of urban runoff on stream ecosystems are provided in Table 7-7.

Table 7-7. References on urban stormwater effects on streams with emphasis on restoration and
habitat

USDA Natural Resources Conservation Service, Part 654 Stream Restoration Design National
Engineering Handbook, 210-VI-NEH, August 2007

Federal Interagency Stream Restoration Working Group (FISRWG) (1998). Stream Corridor
Restoration: Principles, Processes, and Practices, ISBN-0-934213-60-7, Distributed by the National
Technical Information Service at 1-800-533-6847.

Infiltration vs. Surface Water Discharge: Guidance for Stormwater Managers, Final Report. 03-SW-4,
Water Environment Research Federation (WERF 2006) Appendix B. Assessment of Existing
Watershed Conditions: Effects on Habitat.

Practices

The practices noted in Table 7-8 are suggested as appropriate to address Implementation
Measure H-5 and are described in more detail in Section 3 of this chapter. The table categorizes
practices according to whether they were detailed in the previous guidance, updated within this
chapter, or identified as a next generation tool or technique for addressing nonpoint source
pollution in the Chesapeake Bay. Updated practices are those that are described in detail in the
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2007 guidance but have updated or region-specific information in Section 3. Next generation
tools and techniques are those newer practices that had not previously been identified as
appropriate for addressing Implementation Measure H-5 but are described in detail in Section 3.

Table 7-8. Practices recommended for addressing Implementation Measure H-5

Next generation
Described in tools and

Practice 2007 guidance? Updated? techniques? Page
Bank Shaping and Planting Yes Yes 7-23
Branch Packing Yes
Brush Layering Yes
Brush Mattressing Yes Yes 7-24
Cross Vanes Yes 7-26
Dormant Post Planting Yes
Joint Planting Yes Yes 7-35
and Dam Romoval Yes 7-37
Live Crib Walls Yes Yes 7-41
Live Fascines Yes Yes 7-43
Live Staking Yes Yes 7-46
Check Dams (Log & Rock) Yes
st
and Restoraion ves' 55
Revetements Yes Yes 7-64
Rock and Log Vanes Yes 7-69
Root Wad Revetements Yes
Step Pools Yes 7-73
Streambank Dewatering Yes 7-75
Tree Revetements Yes
Vegetated Gabions Yes Yes 7-84
Vegetated Geogrids Yes Yes 7-85
\S/ﬁ)gptztaz’{(/agSRSe)lnforced Soil Yes Yes 7-86
Weirs Yes Yes 7-87
Wing Deflectors Yes Yes 7-89

Note: Clicking this link will access the 2007 document (National Management Measures to Control Non-point Source
Pollution from Hydromodification). To find a specific practice, use the bookmarks.

* This practice was originally named Rosgen’s Stream Classification Method in the 2007 guidance document.
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3 Chesapeake Bay Hydromodification Practices

The practices detailed in this section are suggested as appropriate for use in the Chesapeake
Bay and nationally to address causative factors and impacts of hydromodification. While many
of these practices were previously described in detail in the 2007 guidance document, some are
new and represent the next generation of tools and actions to address nonpoint source
pollution. For those practices described in the 2007 guidance and for which no additional
information is relevant, the reader is directed to the earlier guidance. For those practices
described previously and for which additional information is available, new information is
presented; the reader is directed to refer to both this chapter and the 2007 guidance. For those
practices that are not included in the earlier guidance and have been identified as appropriate
for use in the Chesapeake Bay, detailed information is provided to describe the practice and
discuss appropriate applications and purpose as well as information on practice costs and
performance if available.

3.1 Existing Practices

The practices listed in Table 7-9 are described in detail in the 2007 National Hydromodification
guidance document. For additional information on the practices, see that document. Limit