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The objective of this document is to provide an overview of
the most relevant urban stormwater management and
watershed restoration issues, common mitigating practices,

and regulations relevant to the Chesapeake Bay watershed.
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Land use and landscaping practices can drastically change

http:// www. chesapeakebay. nlet/d

how water flows on the landscape and ultimately impacts

the health of our streams, rivers, and bays.

Regulatory requirements for stormwater management are
beginning to include urban runoff fromb o tpdrvious and
impervious areas, so many of the newer, figreener0
stormwater management practices may become part of the
landscape of an average urban site. Thus, background
knowledge in stormwater quantity and quality will be
beneficial for landscape professionals. Although there are
differences in practices and how stormwater is managed in
the different Bay states, the basic concepts remain universal
and are highlighted in this document. References to specific
state requirements and programs are provided. A list of
practices and guidance on designing sustainable landscapes

is also included.

WhaitanEcosystem?
In order to understand sustainable landscaping, it is

important to understand the concept of an ecosystem:

T g 1

Central to the ecosystem concept is the idea that living
organisms are continually engaged in a set of relationships with
every other element, constituting the environment in which they
exist. Ecosystems can be bounded and discussed with
tremendous variety of scope, and can describe any situation
where there is a relationship between organisms and their
environment. Organisms that are part of an ecosystem are
interdependent with other organisms within that ecosystem, i.e.,
they cannot live on their own (Vreugdenhil 2003). Sustainable
landscaping seeks to create and/or maintain a balanced

ecosystem.

Wh aitaWat er shed?

A watershed is an area of land that drains into a body of water.
When precipitation falls to the ground, it either moves
downward through the ground to the underground aquifers or
stays at the surface moving horizontally across forested,
agricultural, or urban/suburban areas as overland flow ( rfinoffo )
before entering bodies of water like ponds, lakes, reservoirs,
streams, rivers, and bays. Groundwater from aquifers also flows

or discharges into natural waterbodies.
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Together, land and water make up a watershed system. Watersheds (or basins) can be any size, but generally the larger the body of

water, the larger the watershed. For example, the Chesapeake Bay Watershed covers 64,000 square miles and drains from six states

and the District of Columbia. Smaller local or sub-watersheds (tributaries) drain much smaller areas that are sometimes only a few

acres. Regardless of where someone lives, they are living within a watershed. Signage along the road can sometimes identify the

boundaries of different watersheds. Figure 1 shows the major river watersheds that comprise the larger Chesapeake Bay watershed.

The Major River Watersheds that
Drain into the Chesapeake Bay
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Healthy watersheds are a vital component of a healthy environment. Watersheds act as filters for runoff, providing clean water for
drinking, irrigation, vegetation, aquatic life and industry. Recreation and leisure activities are important components of watersheds,
with many people taking advantage of boating, fishing, and swimming in our mid-Atlantic waters. Watersheds also support a diverse

variety of plant and wildlife communities.

Scientists and community leaders recognize the best way to protect water resources is to understand and manage them on a
watershed basis. Human activities as well as natural events that occur in a watershed can affect water quality throughout the entire
system. Figure 2 illustrates a typical watershed. All upstream land uses and practices contribute to downstream water quality. The
highest areas of the landscape (indicated by a white dashed line and the mountain tops in Figure 2) are the boundaries of the

watershed.

Parks, open spaces, riparian buffers, streams, and wetlands connect aquatic and forested ecosystems within the watershed. This
connected natural system is also known as figreen0 infrastructure. In essence, environmental site planners, urban nutrient planners

and sustainable landscape professionals are stewards of the green infrastructure system.
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WhaltSt or mwat er ?

Stormwater begins as precipitation in the form of rain, snow, or ice. The movement of water from precipitation through a natural
environment or ecosystem is called theh y d r ocl yoc@hinetural environments, precipitation is slowed down, filtered, and
absorbed by plants or soaked into the ground through a process called infiltration. Living vegetation takes up the water and then

creates water vapor that is released to the atmosphere; thisisknownas e vap ot ra.nspi rati on

Water also returns to the atmosphere through evaporation, then becomes precipitation again to complete the hydrologic cycle (Figure
3). On pervious areas, precipitation, usually in the form of rain, falls on the land and infiltration occurs until soil saturation has been
reached, after which runoff will occur. Runoff from pervious surfaces may also occur in areas with steep slopes, low vegetation,
and/or during high, intense rainfall events when land cover or slopes doné allow water to slow down and infiltrate. In urban areas,
impervious or hard surfaces don@ allow for infiltration and runoff occurs almost immediately. The terms fistormwater0 and firunoffo

are synonymous.
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Factors that affect the volume and velocity of runoff include:

9 Quantity, frequency, intensity, and duration of precipitation.

9 Extent of impervious surfaces on the site (rooftops,
driveways, patios and decks, roadways, parking lots,
etc.).

9 Type and condition of soils, i.e., water infiltrates clay
or compacted soils slower than sandy soils.

9 Soil saturation level at the time of the precipitation.
Pervious areas that would normally infiltrate can be
a source of runoff if the soil is already saturated
before precipitation. Soil saturation can also occur
due to excessive irrigation.

91 Vegetative canopy layers and coverage. Runoffis
reduced on sites with a higher proportion of vegeta-
tive coverage and multiple canopy layers.

Extent and steepness of slopes.

9 Land use and land cover.

Wh e rDo eSSt or mw@ad 2 r

In urban/suburban areas, water supply, wastewater, and
stormwater are managed through piped systems. Potable
water and sanitary sewer or wastewater systems enter and
exit a building or property through separate systems.
Wastewater (household water and waste from toilets,
sinks, and showers) leaving a property is conveyed
through pipes and typically discharged to a wastewater
treatment facility or possibly a septic system. Stormwater
drains from rooftops and streets and is collected through
storm drains or ditches and conveyed separately from
wastewater through fimunicipal separate storm sewer
systemsO or MS4s, which drain directly into receiving
waters (usually smaller streams and/or lakes, wetlands,

bays, estuaries, ponds or reservoirs).

Local Stream

Blue: Plains
Wastewater
Treatment Plant
Street & Curb
Jsfw.,'.“l'.’:'m
Sanitary Sewer vs. Storm Drain
Do vou Know the Difference?
Sanitary Sewer Storm Drain

The sanitary sewer collects wastewater generated from the
indoor plumbing (i.e. toilets, sinks, showers, washing
machines, etc.) of residential, commercial and industrial
properties and conveys it to a wastewater treatment plant. The
City® sanitary sewers flow to Blue Plains Wastewater
Treatment Plant, where nutrients, sediment and pollution is
removed from the water before being discharged into the
Potomac River.

The storm drain is a system of inlets, pipes and swales that
drain excess rain and ground water from impervious surfaces
(paved streets, parking lots, sidewalks, roofs) to prevent or
minimize flooding. The stormwater runoff collected by the
storm drain is discharged to local streams untreated. The water
then flows to the Potomac River and eventually to the
Chesapeake Bay.
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Traditionally, stormwater was managed by moving it as
quickly as possible away from roads and structures. Figure
4 illustrates and compares the wastewater and stormwater
pathways in a typical urban figray infrastructure0 system.
Wastewater from laundry, bathroom sinks, and showers is
often classified as figray water0 and could be recycled,;
however, in most homes, this gray water is discharged to
the wastewater or fblack water0 system (shown in purple in
Figure 4). In some cases, stormwater is also classified as a

gray water system.

Many people believe that stormwater flows through storm
drains to a treatment facility. This is true only in some older
urban areas where both stormwater and wastewater flow
through a ficombined sewer systemQto a treatment facility.
A major problem of a combined sewer system is overflow
of untreated or partially treated wastewater that occurs
when runoff volume exceeds the conveyance and storage
capacity of the system (e.g., during a heavy rain). This is
known as a Aicombined sewer overflow0 (CSO) and is one
source of water pollution in urban areas. In most, modern
systems, storm sewers and sanitary sewers are managed

separately.

In many urban, suburban, and rural areas, stormwater on
and between properties was traditionally conveyed away
from buildings through grading and drainage swales. Sites
are graded so that runoff flows over the land surface and
discharges either directly into a waterbody or flows into
drainage swales and roadside ditches which also discharge

directly into a local waterbody or stormwater pond.

St or mwQu a&nmtaintQu allissyues

As natural areas and undeveloped land are cleared for
human use and development (urbanization), the systems
that filter and absorb runoff (such as forests, wetlands, and
soils) within the watershed are replaced by rooftops,
roadways and other grey infrastructure such as lawns,
compacted soils, and new sources of pollution (see Figure
2). In general, water runs off developed surfaces in higher
volumes, at greater speeds, and carries with it a wider
variety of pollutants than from undisturbed landscapes.

Anything on the land surface such as automobile fluids,

litter, leaves, debris, sediment, fertilizers, pesticides, or
animal feces is swept away by the runoff and carried
directly into a waterway, often through storm drains and
outfalls (the point where the storm drain pipe meets the

receiving water).

Combined sewer overflows and other untreated discharges
to a waterway are additional urban sources of pollutants.
Excess nitrogen and phosphorus from fertilizers and
sediment from eroded stream banks and exposed soils can
have negative effects on the health and quality of water
bodies. These pollutants can cause algal blooms, block
sunlight, and decrease dissolved oxygen, all conditions
which can kill aquatic plants and organisms. The
Chesapeake Bay and its connected waterbodies have large
hypoxic dead zones, void of oxygen and life due to

pollutant overload.

Urbanization and development impact land and water in

several ways:

Dur ic hg aarnigh g ree p a veetaiionifn
stripped away leaving exposed soils that easily erode
during rainfall events, causing an increase in sediment
runoff into the water downstream. Erosion and
Sediment Control (ESC) practices and products are
used at this stage of development to reduce the amount
of erosion occurring and the amount of sediment leaving

the site.

Thr ougrhst mindié v e h gigpereonst
surfaces are created (roofs and paved surfaces), soil is
compacted, infiltration is reduced, and runoff is
increased. During storm events, pollutants wash off
developed surfaces and are carried with runoff, which is
the primary transport mechanism for pollutants such as
sediment and nutrients. Pollutant loads will increase as
the volume of runoff increases if prevention measures
are not in place. Stormwater Best Management Practices
(BMPs) are used at this stage of development to offset

increases in runoff and provide treatment for pollutants.
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St or mQaitaenrt s sy es

Figure 5 illustrates one of the most fundamental concepts
in urban stormwater—ah y d r o g-mwicpiba plot of
stream discharge over time during a rainfall event. When
comparing the pre-development and post-development
hydrographs of a stream, and comparing the presence and
absence of stormwater controls (BMPs), multiple impacts

from urban development are observed:

 The amount or volume of runoff that flows into a stream

increases as a result of urban development.

1 Runoffreaches the stream more rapidly with urban
development because it flows across hard surfaces and
through pipes instead of being slowed down by going

over and through vegetation first.

The blue line in Figure 5 shows a typical hydrograph from
undisturbed land (pre-development).

After development, a typical urban hydrograph resembles
the red hashed line. Note that in comparison, the red line
exhibits a larger peak that occurs sooner in time. This is
because traditional stormwater management for developed
land functions by directing runoff into a system of drainage
ditches and stormwater sewer pipes, which either
discharge directly into local waterways or into a
containment or pond area that stores the runoff and slowly

releases water at the pre-development rate of discharge.

The volume of water entering (discharging to) local
waterways from the pipes and ponds is greater and more
focused than from undisturbed land. The increased runoff
volume and focused nature of the discharge causes
erosion and increased transport capacity for pollutants. To
counteract the impacts of urbanization on streams,
stormwater management now seeks to reduce runoff and
replicate pre-development conditions (green dotted line)
by installing practices that increase infiltration on site
instead of storing the stormwater somewhere else. These
practices are sometimes called flenvironmental site design0

or filow-impact development0 or figreen infrastructure.0
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After the storm event has passed and the hydrograph returns
to normal, the level of water in the stream is lower than what
would be found under natural conditions. Without
infiltration, groundwater recharge is reduced and water tables
are lowered, often below the bottom of the streambed. Thus,
groundwater flow into the stream has been reduced. The

result is less or no groundwater inflow into a stream.

Figure 6 illustrates the net impact of these changes across
an annual hydrologic cycle. The horizontal portion shows
the continuum of urbanization from left to right, with
natural ground cover on the left, moving through suburban,
then urban development, to 75 to 100 percent
imperviousness on the right. The top part of the figure
shows the changes in evapotranspiration (ET), runoff,
infiltration, and groundwater recharge (deep infiltration) as
impervious area increases. Evapotranspiration decreases
because there is less vegetation. Runoff significantly
increases because water can@ infiltrate. If stormwater can&

infiltrate, then groundwater isn& recharged.

Figure 7 illustrates the subsequent geomorphic effects of
urbanization on a receiving stream. A continuum of
urbanization is shown from left to right. As development
increases, significant changes occur. Runoff peak flows
and frequencies increase. This results in increased erosion
of the stream channel. It widens and deepens to

accommodate the volume and velocity of stormwater.
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Also, urban streams tend to dry out due to the lack of
groundwater recharge resulting in a loss of stream length. The
urban stream widens, deepens, and dries out, seriously
impacting or destroying aquatic ecosystems and associated

green infrastructure.

The relationship between impervious surfaces, watershed
health, and stream ecology is the basis of the Impervious
Cover (or surface) Model first proposed by Tom Schueler in
1994 (Chesapeake Stormwater Network, http://

chesapeakestormwater.net/2009/1 1/the-reformulated-

impervious-cover-model/). Inthe Chesapeake region, site

design, erosion and sediment control, and stormwater
management regulations and practices are required to
reduce and control runoff to minimize the impacts of
urbanization on watershed health, stream channels, and

stream ecology.

St or mwQ@u &Irli ssyues

Untreated and uncontrolled stormwater from developed
lands results in higher stream flows with increased stream
erosion and higher concentrations (loads) of sediment,
nutrients (nitrogen and phosphorus), and other pollutants
in downstream receiving waters and eventually the
Chesapeake Bay. This can degrade water quality and

impact watershed health.

T iy
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When receiving waters deteriorate to the point of not
meeting their designated use, they are listed as fimpaired.o
Typical designated uses in Chesapeake Bay tidal areas
include: migratory fish spawning and nursery, shallow-
water, open-water fish and shellfish, deep-water seasonal
fish and shellfish, and deep channel seasonal refuge.
Typical designated uses in non-tidal areas may include fish

consumption, recreation, water supply, and aquatic life.

Additional designated uses and use classes are determined by
each state. Once a stream is classified as impaired for one
or more of these designated uses, several steps are taken
by the federal and state regulatory agencies to comply
with the Clean Water Act. A Watershed Implementation
Plan is developed that helps guide restoration activities
within the watershed. Necessary actions could include
implementing green infrastructure to reduce stormwater
impacts, new development rules that protect natural
spaces, upgrades to wastewater treatment plants, or
improvements on agricultural land. This impacts everyone
locally as well as the water bodies that are downstream.
Nitrogen, phosphorus, and sediment are the primary
pollutants of concern in the Chesapeake Bay watershed.
Figure 8 depicts the proportional nitrogen and phosphorus
loadings, respectively, from different land uses in the

Chesapeake region.
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Once a rich and productive estuary, the health of the
Chesapeake Bay has declined due in large part to pollution
carried by stormwater runoff and generated from urban and
industrial development and agricultural practices throughout
the watershed. Within the Bay and its tributaries, sediment,
nutrients, toxic chemicals, and other pollutants cause a variety
of problems such as excess algae growth, reduced dissolved
oxygen levels, and decreased water clarity. Figure 9

illustrates this process.

Unbhealthy waterways mean a reduction in the fish and
shellfish that support the livelihoods of local watermen and
supply local restaurants. It also means that water becomes
less desirable for recreation; that in turn, threatens local
economies that depend on tourism. Public health, drinking
water costs, and property values are also negatively affected

by poor water quality.
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Figure 9.
water shed?

Once the algae consume all the nutrients, the algae die and
use up the oxygen in the water through decomposition,
causing large anoxic or dead zones to develop (Figure 10).
This causes stress to the aquatic ecosystem. Sediment clouds
the water, reducing clarity and coating the underwater
vegetation. Light cannot get through. The plants cannot
photosynthesize and begin dying off. Without plants, the
fish, shellfish and other organisms become stressed and

eventually move out of the area or die.
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A key means of assessing stream health is evaluating the
diversity, number, and health of benthic macro-invertebrates.
These small organisms serve as an indicator of conditions in the
stream and the upstream watershed, similar to a canary in a
coal mine. Inthe Chesapeake Bay region, periodic
measurements are made of stream health, and are mapped by
watershed (Figure 11). Those that are unhealthy and unable to
support a healthy aquatic ecosystem are shown in red while
healthy, productive streams are shown in green. The majority
of the streams and watersheds in the Bay watershed are

considered impaired.
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Bottom Oxygen: Forecast

June 26, 2020 w
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Chesapeake Bay watersheds
Chesapeake Bay Program

Efforts to improve the water quality in streams,
rivers, and the Chesapeake Bay are ongoing through
numerous organizations and agencies. The overall
health of the Bay is assessed each year, and the
results are published as part of the fiBay Report
Card.0 Figure 12 provides a recent assessment of
water quality and ecosystem health of the Bay

estuary.

Urban Stormwater is the only sector that is increasing
in nitrogen and phosphorous inputs, which is why it
has received regulatory attention. Thus, stormwater
management in the landscape needs to focus on
reducing pollution that runs off urban areas to

receiving waters and the Chesapeake Bay.

T iy

o — O
O =S N
X 0o wn o
R
T ~—0
e
T oc o

Average 2000-2010 Stream Health in
Chesapeake Bay Sub-watersheds

Average Benthic Index of
Biotic Integrity Rating
®8@ Excolent
o8 Goos
2@ 040
as
B ur ce:
®8 VeryPoor
No Score
C chesapeake Bay Watershed

Note: Only data collected in a random
design was used for this analysis. Benthic
Index of Biotc Integrity scores are averaged
over two scales of watersheds depending cn
data density.

A
Data Souross: 2000-2010 biological. chemical and physical habaat data for Virginia Beach
9, and fvar

non tidal, wadaable stams fom vanous faderl, stata, local,

e O

Viatershad. For ralyss Ik

AR LR

Created by JJ & FMI, 05/13/2013 UTM Zone 18N, NAD 83

-0 Q
(@]

©

oo
~—Q

| i



extension.umd. edu

Figure 12: Chesapeake Bay Report Card 2'\218. .
Source: University of Maryl and Center %rnaEg\ler@n&%%nqElmvg%liteen{:
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Bay Health scale ) lg\;;\;z( pollutant(s) that were found to be the
[ 20-100% veey good cause of the water quality violati
quality violations.
© b B
ST A TMDL calculates the maximum amount
Bl 00 James ,
o<  veypco River of a specific pollutant that a waterbody can
=y Health trends ].Z_ Ehéabeth receive and still meet water quality
Soniicety ImomVnd iver ;
[ sigrey mpawng D=/ standa?d§) If afso establishes a pollutant Un i v er
T - ‘budget'or I’ﬁiet,é whith Sllbcatds portions
B Sighoy oecining

[ s9vncanny gsciarg of the overall pollution load to the
pollutant®& various sources. Just as a

e chesapeakebayreportcard.org

person can only eat a certain amount of

calories in one day without harming their
health, a waterbody can only absorb so much of a pollutant without harming its health. More than 40,000 TMDLs are in place

across the country for different watersheds.

In 2010, the EPA finalized the Chesapeake Bay TMDL that provides guidelines for restoring the health of the BayG waters by
defining pollution reduction goals or fipollution diets0 for nitrogen, phosphorus, and sediment by 2025. The Bay TMDL is unique in
that it requires jurisdictions within the Bay watershed to develop Watershed Implementation Plans (WIPs) that propose the
allocation of nitrogen, phosphorus, and sediment loads to sources or sectors (e.g. agriculture, municipal wastewater systems,

septic systems, and urban stormwater).
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The WIPs must also describe the management steps jurisdictions
intend to take to meet water quality standards. The WIPs
developed by the states and approved by EPA provide a roadmap
for how and when each jurisdiction intends to meet its pollutant
allocations under the Bay TMDL. Each jurisdiction has been

working with local governments to implement those WIPs and
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achieve 60% of their TMDL goals by 2017 and 100% of the
goals by 2025. Figure 13 provides an approximate assessment
of the overall reductions in nitrogen, phosphorus, and sediment
loadings needed to meet the 2025 goals. For instance, the
James River watershed will need to meet reductions of 26% for
f 1 1@eBen® % 8¢ Frphdrdd, and 2% Rrdedifent Rowill
require a significant, multi-sector effort to meet these

reductions.
Iy

The Chesapeake Bay Program (CBP) was established in 1983 as a
u rregional partnership of federal and state agencies, local
governments, non-profit organizations, and academic institutions
t tl;/at leads and directs Chesapeake Bay restoration and protection.
In 2014, members of the CBP signed the Chesapeake Bay
Watershed Agreement that established figoals and outcomes for
restoration of the Chesapeake Bay, its tributaries and the land that

surrounds them0 (CBP http://www.chesapeakebay.net/

chesapeakebaywatershedagreement/page).

Figure 14 shows implementableactionsthat local, state, and
federal governments can take to meet Chesapeake Bay TMDL
goals. Best management practices (BMPs) for the Chesapeake
Bay region are approved by various technical, multi-
stakeholder workgroups. The Urban Stormwater Workgroup
recommendations, approved practices, and updates are posted
on the Chesapeake Stormwater Network website at http://

chesapeakestormwater.net/bay-stormwater/urban-%

20stormwater-workgroup/.

Reduction (%)

needed to meet
2025 allocation
goal

0%

Total nitrogen Total phosphorus Total suspended solids
Figure 13. Nitrogen, phosphorus, and sediment reductions |
the 8 major Chesapeake Bay tributaries. Source: Chesapeak
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At the state or jurisdiction level, state agencies manage and

TMDL
implementation Example
actions

regulate water quality and stormwater programs through
WIPs, TMDL action plans, permits from the National
Pollutant Discharge Elimination System (NPDES),
construction permits, and other environmental programs
and strategies. Each state has established a list of approved
actions, practices, guidance manuals, and minimum design
standards to meet water quality goals. In general, most
stormwater programs have shifted away from a conveyance,
storage, and treatment approach toward a site design and
stormwater management approach that prioritizes runoff

reduction.

Table 1 is a summary of resources and links
developed by the Chesapeake Stormwater Network

for each Chesapeake Bay jurisdiction.

Upgrading plants’ technology
to enhanced nutrient removal
will remove more nutrients

Upgrade wastewater
treatment plants

-5

WWTPS ;
( ) from wwrp discharges
Green roofs reduce heating
Install green .
2 and cooling costs and also
infrastructure

stormwater runoff.

New technologies allow
bacteria to break down
organic material and convert
nitrogen to harmless gas.

Retrofit septic systems

Additional controls on

2 s Poultry and livestock waste
: A structures prevent waste from
animal operations ey
running into local streams

Water control structures,
wetland restoration,

and increased nutrient
management plan compliance
decreases nutrient runoff

Riparian buffers
Additional controls on "
crop agricultural

Larger riparian buffers with
infiltration practices along
waterfront developments will
help to filter pollutants and
reduce runoff.

New development
rules

TablSummary of resources for
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o Storm Water Management Division: https://doee.dc.gov/service/stormwater-
District Of management
Columbia ; : .
WIP and TMDL Guidance: https.//doee.dc. oov/service/watershed
implementation-plans-chesapeake-bay
Resources: https://chesapeakestormwater.net/state-specific-
resources/district-of-columbia/
Delaware State Stormwater Department: http://www.dnrec.delaware.gov/swc/pages/
sedimentstormwater.aspx
WIP and TMDL Guidance: http://www.dnrec.delaware.gov/swc/wa/Pages/
Chesapeake WIP.aspx
Resources: https://chesapeakestormwater.net/state-specific-
resources/delaware/
Maryland State Stormwater Department: https://mde.maryland.gov/programs/Water/
StormwaterManagementProgram/Pages/
index.aspx
. . https://mde.state.md.us/programs/Water/TMDL/
WIP and TMDL Guidance: :
TMDLImplementation/Pages/
PhasellBayWIPDev.aspx
Resources: https://chesapeakestormwater.net/state-specific-
resources/maryland/
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L.

n

i s


http://chesapeakestormwater.net/bay-stormwater/state-stormwater-policy/
http://chesapeakestormwater.net/bay-stormwater/state-stormwater-policy/
http://chesapeakestormwater.net/bay-stormwater/state-stormwater-policy/
https://doee.dc.gov/service/stormwater-management
https://doee.dc.gov/service/stormwater-management
https://doee.dc.gov/service/watershed-implementation-plans-chesapeake-bay
https://doee.dc.gov/service/watershed-implementation-plans-chesapeake-bay
https://chesapeakestormwater.net/state-specific-resources/district-of-columbia/
https://chesapeakestormwater.net/state-specific-resources/district-of-columbia/
http://www.dnrec.delaware.gov/swc/pages/sedimentstormwater.aspx
http://www.dnrec.delaware.gov/swc/pages/sedimentstormwater.aspx
http://www.dnrec.delaware.gov/swc/wa/Pages/Chesapeake_WIP.aspx
http://www.dnrec.delaware.gov/swc/wa/Pages/Chesapeake_WIP.aspx
https://chesapeakestormwater.net/state-specific-resources/delaware/
https://chesapeakestormwater.net/state-specific-resources/delaware/
https://mde.maryland.gov/programs/Water/StormwaterManagementProgram/Pages/index.aspx
https://mde.maryland.gov/programs/Water/StormwaterManagementProgram/Pages/index.aspx
https://mde.maryland.gov/programs/Water/StormwaterManagementProgram/Pages/index.aspx
https://mde.state.md.us/programs/Water/TMDL/TMDLImplementation/Pages/PhaseIIBayWIPDev.aspx
https://mde.state.md.us/programs/Water/TMDL/TMDLImplementation/Pages/PhaseIIBayWIPDev.aspx
https://mde.state.md.us/programs/Water/TMDL/TMDLImplementation/Pages/PhaseIIBayWIPDev.aspx
https://chesapeakestormwater.net/state-specific-resources/maryland/
https://chesapeakestormwater.net/state-specific-resources/maryland/

extension.umd. edu

Bayur i s @Siocutio ®enor mwatnearg e mgrd th ks
I nf ormati on

New York State Stormwater Department: http://www.dec.ny.gov/chemical/8468.html
WIP and TMDL Guidance: http://www.dec.ny.gov/lands/33279.html
Resources: https://chesapeakestormwater.net/state-specific-
resources/new-york/
Pennsylvania State Stormwater Department: https://www.dep.pa.gov/Business/Water/
CleanWater/Pages/default.aspx
WIP and TMDL Guidance: https://www.dep.pa.gov/Business/Water/
Pennsylvania%E2%80%99s%20Chesapeake%
20Bay%20Program%?200ffice/Pages/default.aspx
Resources: https://chesapeakestormwater.net/state-specific-
resources/pennsylvania/
Virginia State Stormwater Department: https://www.deq.virginia.gov/Programs/Water/
StormwaterManagement.aspx
'WIP and TMDL Guidance: https://www.deq.virginia.gov/Programs/Water/
ChesapeakeBay.aspx
Resources: https://chesapeakestormwater.net/state-specific-
resources/virginia/
https://www.swbmp.vwrrc.vt.edu/
West Virginia  [State Stormwater Department: https://dep.wv.gov/WWE/Programs/nonptsource/
Pages/NPS.aspx
'WIP and TMDL Guidance: https://dep.wv.gov/W WE/watershed/
wgmonitoring/Pages/ChesapeakeBay.aspx
Resources: https://chesapeakestormwater.net/state-specific-
resources/west-virginia/

Att hleochével

Local governments are responsible for overseeing and complying with state and federal water quality and stormwater regulations and
permits. Each local government has ordinances and permit requirements that dictate how land can be developed, used, and
maintained. Many local government stormwater and water quality programs require the use of a combined site and stormwater design
process known as the runoff reduction method (RRM) to ensure that pre-development runoff volume is maintained for new

development (or exceeded in the case of redevelopment projects) and water quality goals are met as land is developed.

In addition to state level requirements, some counties, municipalities, or non-governmental organizations (NGOs) have developed
watershed action plans for their specific regions either as part of or separate from a TMDL or MS4 permit. Urban localities plan and
implement public green infrastructure projects like figreen streetsO and other stormwater retrofits for public and private properties to
reduce and manage runoff from existing development that is currently untreated or inadequately treated by an existing stormwater

system.
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Local government, watershed groups and soil and water
conservation districts may have cost-share programs to
encourage the installation and maintenance of retrofits of
residential, small commercial, and institutional properties to
meet water quality goals and increase watershed stewardship.
Check with local agencies or groups to see if any sites have
been identified for such future projects. There may be an
opportunity to leverage resources or share workload with local

partners to design, install, and maintain these projects.
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Before beginning work on a site, be aware that stormwater
practice design standards and terms vary depending on
state/region/locality. In addition, some commonly used
BMPs approved by the Chesapeake Bay Program may not
be appropriate because of karst (topography with sinkholes
or caves) or high water table conditions. Consult with local
jurisdictions or national program websites to learn about
the specific terminology, definitions, and practices used in
specific regions. Be sure to check the local codes and

ordinances where a project is being installed.

Att h&i

Until recently, stormwater management at the site level

Level

focused exclusively on management of impervious areas
and the use of stormwater treatment ponds. As our
understanding of the impacts of impervious surfaces and
non-point source pollution from urban areas has improved,
stormwater management and site design has evolved and
shifted toward managing runoff from both impervious and

pervious urban areas at the watershed, development
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parcel, and single-lot scales with the increase of the RRM
process. RRM is a multi-step, iterative site and stormwater
management design process that employs environmental
site design (ESD) techniques to minimize the generation
of runoff; promotes the use of runoff reduction (RR) storm-
water practices that infiltrate, re-use and treat runoff; and
utilizes pollutant removal or stormwater treatment (ST)

practices to treat remaining loads (see Figure 15).

The RRM incorporates a spreadsheet-based methodology
that estimates runoff volumes and pollutant loads associated
with development, and the nutrient and sediment reductions
provided by implementation of BMPs (Hirschman, 2008).
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Conserve natural areas and soils
Conserve forested areas
Reduce soil disturbance
Design to minimize impervious area
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2. Apply Runoff treatment
Reduction Practices volume &
to enhance Phosphorus YES
infiltration and load been
minimize runoff reduced
sufficiently?
Rooftop disconnects
Sheetflow to Conservation Areas
or Filter Strips
Reforestation NO
Riparian Buffer Restoration
Permeable Pavers ¢
Rainwater Harvesting Has Y
Bioretention 3. Apply Pollutant treatment
Dry Swale Removal Practices volume &
Infiltration to maximize Phosphorus YES =P End - you have met
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ESD techniques reduce runoff by minimizing site disturbance and impervious surface area while maximizing conservation
practices and distributed small-scale stormwater RR practices. The techniques are integrated into the site and stormwater plans for
new development or redevelopment projects through regulatory, land-use, and construction permitting processes or are integrated

with grey infrastructure systems and into the landscape through landscape restoration or retrofitting existing properties.

Low impact development (LID), cluster development, conservation subdivisions, Better Site Design (BSD), Green Area Ratio
(GAR), Leadership in Energy and Environmental Design (LEED), Sustainable SITES, and Living Building Challenge also use an
ESD approach for new development and redevelopment sites. Cluster development or conservation subdivisions cluster
buildings and maintain connectivity of green infrastructure to provide open space and protect natural resources and critical
habitats. The net impact of all environmental site design techniques from a stormwater perspective is that impervious surfaces,

urban runoff, and downstream impacts are minimized through the site design process.
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Whether used for new construction, redevelopment, or a
sustainable landscape restoration and retrofit of an existing
property, ESD methods critically assess a property and
design to preserve existing features of value and incorporate
new features to enhance the natural processes and ecosystems
of the site.

ESD methods are specifically designed to:

Preserve, protect, expand, enhance, or restore existing
valuable environmental features (e.g., forests, large or
especially ecologically or aesthetically valuable
individual trees, waterfront buffers, highly erodible
soils, nesting areas, high water tables, waterways and
wetlands, meadows, animal communities, areas of
undisturbed native soils, rock formations, groundwater
recharge)

Minimize site grading and compacting of soils
Enhance connection to adjoining natural areas

Minimize impervious surfaces (e.g., pavement, concrete
channels, roofs)

Slow down runoff to mimic natural runoff
rate and duration by infiltrating, storing,
evaporating, and/or detaining runoff close
to the source

Minimize turf and lawn areas and include native
plants, materials, or features that minimize the need
for fertilizers and support biodiversity and wildlife.

Once this is accomplished through site design, the next
step in the iterative RRM is to select RR practices for
runoff volume reduction and treatment. The final step is to
incorporate the use of ST practices (if needed) to ensure
that the combined site design and stormwater practices will

meet the treatment volume and pollution reduction goals.

For developed or urbanized areas where runoff is untreated
or inadequately treated, stormwater retrofits are
incorporated into the landscape and streetscape as new
green infrastructure, LID practices, or through conversion
of an old storage-type practice, like stormwater ponds, to
better performing infiltration practices, like constructed
wetlands. Practices implemented through a government
agency to retrofit an existing stormwater system for an
MS4 permit or to address combined sewer overflows
(CSOs) are typically designed and implemented by the
locality or specialized contractors through a regulatory and

permitting process.

A select group of small-scale and on-lot practices, known
as residential stewardship practices (rain gardens,
impervious cover removal, rainwater harvesting,
downspout redirection, pervious hardscapes, urban
nutrient management, tree planting) are approved by the
CBP for nutrient reduction credit on residential, small
commercial, and small institutional properties if properly

designed, installed and maintained by the property owner,
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7 e Hatershed groups. These practices may require permits
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Ibased on the individual site and practice type, the presence
b me (hf ?nvironmentally sensitive and protected features, and

the amount of disturbance required to implement the

" practice. Local jurisdictions and watershed groups can
nt ehFIF,’ determine which practices are suitable on which sites
and if any special design criteria may be required locally.
Some jurisdictions promote and/or financially incentivize the
t

Pirfstaflation and maintenance of select BMPs. Ensure that the
he Slocal jurisdiction is aware of the design and installation of
stormwater BMPs so credit can be given toward meeting

tdteddy fglec{eral pollution reduction goals.
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The type of project (new development, redevelopment,
retrofit), the intended use, state and local stormwater
regulations, and site-specific characteristics identified
through a detailed site assessment and RRM analysis will
dictate which stormwater practices are best for each project.
Each state has approved BMPs for new construction and
redevelopment projects. The Chesapeake Bay Program has
approved certain post-construction BMPs as stormwater
retrofits and established minimum standards and protocols
that must be followed for localities to get nutrient and
sediment reduction credits toward the Chesapeake Bay
TMDL (Bahr et al, 2012).

Tables 2 and 3 provide details and images for each practice
approved by the Chesapeake Bay Program for use in the
Chesapeake Bay region. Table 2 includes a brief description,
performance data, and the type of practice. Table 3 includes
construction diagrams and photographs of each practice.
The BMPs listed and diagrams provided in these tables are
compiled from several sources available for public use,
including the Virginia Stormwater BMP Clearinghouse
website (VDEQ 2013) and the Chesapeake Stormwater
Network.

In addition to ESD, RR and ST, other downstream
restoration (DR) practices can be installed to fifix0 problems
caused by high runoff volume and pollutant loads. A
number of private companies have also developed
proprietary BMPs. When stormwater is not controlled on
site, stream banks and shorelines can become damaged by
the increased flow of water moving through the system. To
minimize the impact or to reverse the damage, DR practices
such as stream restoration or living shorelines can be used.
It is important to install stormwater management practices
including riparian buffers upland as well, to ensure that
these downstream restoration practices have a chance to
succeed.

Stream restoration is the practice of creating a stable stream
system using structures that divert the flow to the center of
the stream while protecting the banks from highly erosive
forces. Often this can mean reconnecting the stream to its
floodplain so that energy is dissipated across a larger area.
A riparian buffer should be planted along the stream edge to
reinforce the engineered project and to provide other
ecological benefits. In low-energy areas, living shorelines
and shoreline buffers can be established by planting
vegetation along tidal edges to help minimize erosion.
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BEMRS ) Hybrid forms of living shorelines incorporate the use of

bioengineering materials (e.g. rock or oyster sills or
breakwaters) to help absorb the erosive forces of waves
and protect the soil and vegetation.

Proprietary BMP systems are developed by specific
manufacturers and utilize a variety of treatment
technologies to remove pollutants from urban runoff.
Tree boxes, filter systems, floating wetlands, and living
walls are forms of proprietary BMPs used in the
Chesapeake Bay Region. Proprietary BMPs should be
examined individually because limited unbiased

information is available.

Si AssessmentPmDecse g

As stormwater programs have shifted toward management
of both pervious and impervious urban areas, assessing site
landscaping practices and their potential impact on
downstream water quality provides useful information for
the landscape professional. This assessment applies the
knowledge of the previous sections but it is presented at the
single lot scale and from a practical perspective.
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Addressing the following questions and issues can provide conduct the required maintenance, etc.
insight on how the site will perform. Adapted from Shelton

1 Contact your soil and water conservation districts,
and Feehan (2008) and Anne Arundel County (2016).

municipal or county planning, environmental or public
works department, or state environmental agency for

Wh e Do €St or mMWAd 2 r guidance (see Figure 17).

9  Check with local erosion and sediment control or

Sustainable landscapes use environmental site design and planning agencies to determine permitting requirements
green infrastructure/LID-type stormwater BMPs to work with for soil disturbance, wetlands, Resource Protection or
nature and the unique characteristics of a site. When working Critical Area, protected species, and buffers.

on a stormwater retrofit and landscape restoration plan for a I Call the local utility locator (e.g., MISS UTILITY, PA

site, it is important to look holistically at how the site was

originally designed, how it functions, and how stormwater
management can be integrated into the design and goals of the
site while also keeping other environmental benefits of the site
intact.

A site assessment is the critical first step in site planning. It

guides the selection of practices used on the site and informs
the property owner who uses and maintains that site. The
following are steps for assessing a residential, small
commercial, or small institutional property to create a site

plan that will guide design decisions and practice selection:

1 Measure lot boundaries and buildings or obtain a
copy of a recent survey of the site. Figure 16
provides an example of a simple site plan without
topography.

1 Include topographical information if it is available, but a

visual survey of the high and low spots on the site can
suffice. The home or property owner can also provide
information about where water flows and pools during
heavy rain events.

9 Identify impervious areas such as buildings, parking areas,

sidewalks, patios, pools, decks, and driveways and how they
drain (or if a drain is present).

1 Show areas of steep slopes.

1 Identify soil types based on soil test information, local soil
maps, or Web Soil Survey.

Typical Permitting Scenario

. . . : Construction Permit
9 Conduct soil infiltration tests to determine the rate of Disturbed 2 ) Stormwater Plan or
infiltration at potential project sites. 1 acre Stormwater Pollution Prevention Plan

Local Erosion Control Permit

1 Mark and characterize landscaped and vegetated areas. =
P & Local Disturbance ‘[:" Local Site Plan Requirements

9 Identify sensitive areas such as creeks, ditches, lakes, Threshold [ Buffers/Critical Areas
wetlands, storm d.rams, buffers, etc. which usually receive : SR Sy
runoff from the site. Stream/Wetland === Permit

. . Impact

1  Mark runoff paths and flow directions. —

. . . o ) Check Local Criteria for “Creditable”

9 Identify where the runoff leaves the site to adjacent receiving \ Small, On-Lot (—:b Projects via stormwater utility/ TMDL

Plan

waters, storm drains, and neighboring sites.

Maintenance Agreement

1 Talk with property owner(s) to determine their preferences [ Permanent BMP #:: Performance Bond
for how the property is used, areas of recreation, frequently Eost=Convaiction inspecdons
traveled pathways, aesthetics, their interest and ability to

Figadaiwey piPcalmi $de mapoiuorevi d
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Camhe Landagyoape@besi gmred
RedesigiReduRenof f ?

Reference the site analysis. Minimize disturbance to natural
features and incorporate sustainable landscape restoration
practices such as restoring compacted soils, urban tree
planting, reforestation, buffer restoration, or conservation
landscaping beds of native plants instead of turf or
impervious surfaces. Determine if there are problem areas
where the runoff is too concentrated (i.e., many arrows
coming together). Incorporate practices that slow down,
spread out, and soak in the runoff. It is always a good
practice to reduce runoff, especially if your runoff is ending

up on neighboring sites.

DoeRooWat €f otwPavement
Landsc@&peds?

The impact of an impervious roof on the drainage of a site
cannot be overstated. When runoff from roofs via gutters and
downspouts directly flows onto pavement, runoff peak flows

increase as does the potential for downstream degradation.

1 Redirect downspouts and drain them onto a vegetated
area or into a rain barrel or rain garden. A rain barrel
or cistern can provide a supplemental irrigation source
during dry periods.

1 Install a green roof. Most buildings ¢ a n beo t
retrofitted for a green roof without structural
improvements, so this practice applies mainly to
additions or new buildings.

CaRPaveadrf aBceRseduced?

On most sites, the controllable impervious areas include

sidewalks, porches, patios, decks, and driveways:

T Reduce the total square footage of the impervious area and

replace with a pervious surface.

9 Consider a driveway that uses pavement for the tire tracks
only, with turf or gravel in between.

1 Use permeable hardscapes and/or paver systems.
There are many new products available that allow
water infiltration directly through the pavement or
through joints. Remember these systems must be

21

vacuumed to keep pore spaces from clogging and
often require the involvement of a certified and
trained paving professional for installation.

1  Consider using stepping stones or mulched or
vegetated paths or walks. Some groundcovers can
tolerate foot traffic.

1 Use wider seams or joints on decks and patios for better
water infiltration.

9 If paved surfaces can be reduced, consider directing
runoff from these areas to a filter strip, a conservation
landscape area of native plants or grass, or into a rain
garden or swale planted with native vegetation. On
older commercial or small institutional properties,
runoff from parking areas is often untreated. This
provides opportunities for sustainable landscape
restoration and small-scale stormwater retrofits.

Constr WLCothisormer ati ons

Before initiating construction on any site, ensure the project
complies with all permitting and plan review requirements.
Unlike conventional landscaping, sustainable landscape and
BMP practice construction must be conducted in an
environmentally sensitive way to protect natural resources
before and during construction and to eliminate common
causes of stormwater practice failure caused by soil

compaction or sedimentation during the practice installation.

1 Protect existing vegetation, wetlands, buffers,
soils, habitat, and water resources during
construction.

1 Prevent contamination or damage during construction.
Keep equipment in good working order and clean up
any spills or leaks. Minimize equipment in the BMP to
avoid damage or compaction.

1 During landscape or BMP construction, ensure
that the installation team is trained in site
protection measures including erosion control
practices.

1 Clearly designate protected areas, enforce
compliance within those areas, and inspect
protection measures during construction.

1  Refer to the tree protection plan and perform any
required froot pruning,0 pruning of canopy, or other
preservation measures specified in the plan.
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1 Remove only the trees or other vegetation slated to be
removed.

1 Maintain required depth of mulch over tree
roots, and provide supplemental water in
accordance with preservation measures.

1 Use appropriate construction machinery -
lightest, least destructive (tires versus tracks)
equipment possible during site or BMP
construction.

1 Iftopsoil must be disturbed, stockpile and reuse it on site.

1 Provide temporary protection on site just after
construction.
It is vital that stormwater practices be maintained in working
order so they function as intended, providing protection and
stormwater management for our homes, neighborhoods, parks,
schools, and businesses. All practices must have a long-term
maintenance plan in place at the end of the installation. A good
reference for this is Sustainable Landscape Maintenance for the
Chesapeake Bay Watershed by Cheryl Corson, found here:
https://cblpro.org/downloads/CBLPMaintenanceManual.pdf.

9 Overseed bare spots in turf or plant bare areas in
beds. Aeration may be necessary on compacted
areas.

1 Use native ground covers if turf will not grow or is not
desired.

1 Use mulch if vegetation will not grow or is not desired.

I Vegetative buffers can be used along sloped or downhill
portions of the site.

Mi ni nviazradn Gar dWast es

Disposing of leaves, grass clippings, branches, and other
yard debris in ditches and storm drains is a common
practice that clogs drainage systems, causes flooding,
increases organic loading downstream, and in some cases,
violates local ordinances. Most urban runoff is discharged
untreated to receiving waters. As the organic matter from
yard debris decomposes in streams, lakes, and estuaries, it
depletes oxygen in the water and can cause fish kills.
Nutrients from the organic matter also cause algal blooms

and aquatic weed growth which lead to an imbalance in

LandscSapManagemefour@ent r o [heecosystem

ofRunof f

There are many practices that can be used by the
sustainable landscape professional to reduce pollutants
in runoff through reducing or controlling the source.
Urban nutrient management techniques and fertilizer
limitations as well as erosion and sediment control are

source control methods.

The following guidance is designed to assist in
assessing the need for source control methods and the
relative risk of a site for urban water quality issues from

erosion and other pollutants.

CovB8arSeoi |

Soil left exposed without vegetative cover easily erodes.
When erosion occurs, sediment is transported downstream
through runoff. Excess sediment clogs storm drains and
reduces channel conveyance capacity, causing flooding. It
also buries and destroys downstream underwater habitats,
depriving fish of their food sources and living areas. These

issues can be easily avoided.
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To avoid these problems:

1 Sweep/collect yard debris off streets, sidewalks, and
driveways.

9 Dispose of debris in a compost pile or through a curbside
pickup service.

1 Use a mulching mower to recycle grass clippings and
nutrients to the lawn.

9 Use compost instead of fertilizer.

Usént egPatwad agemercthni ques

t Mi ni mihde efdoRest i @aindles
HandPesti Sades$y

A wide variety of pesticides are available for use in
landscapes; however, a sustainable landscape professional
avoids or minimizes the use of pesticides through Integrated
Pest Management (IPM). Many state Extension agencies
provide IPM guidance and training and additional

information.


https://cblpro.org/downloads/CBLPMaintenanceManual.pdf
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If pesticides must be used:

1  Always follow the label instructions. The label is the law!

1 Scoutregularly to catch problems early so there is less
input for whatever treatment is used.

1 Have and maintain a Pesticide Applicator License.

1 Keep an updated record of the products used on a site.

9 Store all products in a dry and secure location and keep an
updated inventory list.

1 Hire certified pesticide applicators when necessary,
especially when applying products near bodies of
water.

1  Avoid applications before a rain or irrigation cycle to
prevent runoff contamination.

1 Immediately clean up any spills or residues on
impervious surfaces and dispose of them
properly.

9 Purchase only what is needed to avoid storing large
amounts.

9 Treat only when necessary and with the least-toxic product.

1 Consider alternative management practices to
pesticides such as cultural, mechanical, or
biological methods.

1  Promote beneficial insects and natural
predators in the landscape to minimize
pesticide applications.

Mini mihdds efFerti antdses

Appropriately

There are specific fertilizer laws and requirements that vary
by state including the need for a commercial fertilizer
applicator® license or certificate. Check with state

Extension services before developing a fertilizer or urban
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t e

k & n

nutrient management plan.

P & Sextarr§ple of nutrient contamination from fertilizers is
csor'nmonly seen with stormwater retention ponds in
developments. In adjacent landscapes, especially turf areas,
excess or misapplied fertilizer runs off before plants can absorb
it a%dnca%sgs aléaeo b{ooms and aquatic weed growth. These
plants typically have short life cycles, and when they die and
decay, they deplete oxygen needed for aquatic organisms and
sometimes release substances that are toxic to aquatic

organisms. They also look bad and can block or clog outflows.

1  Test soil to determine the fertilizer need (every three years

is recommended).

Use a slow-release fertilizer instead of multiple

applications of a quick-release or water soluble product.

Apply the total amount recommended in a split application.

Apply at the correct time for the plants to use it most
efficiently.

Dond use a complete fertilizer (containing N, P, and K) if
it isné necessary or allowed.

Consider an organic product instead of a synthetic product.

Remove fertilizer from impervious surfaces such as
driveways and sidewalks.

Contact the local cooperative Extension office for
information on plants, environmental conditions, and
educational programs.
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ManaGaandr uwkst e

In addition to nitrogen, phosphorus and sediment, fluids and
residues from our vehicles and landscape maintenance
equipment can be significant pollutants. Used oil from a
single oil change can contaminate a large quantity of runoff.
Antifreeze is toxic to aquatic organisms and can shut down
the kidneys of mammals. Brake dust and tire bits contain
toxic metals. Soaps used in car washing contain surfactants
that threaten aquatic habitat. Exhaust from equipment and
vehicles also contribute to air pollution and greenhouse

gases.

1 Maintain vehicles and equipment to prevent leaks.
1 Immediately and thoroughly clean up spills.

I Wash vehicles on the lawn or at a car wash with
environmentally friendly products.

1 Collect spent fluids, waste oils, solvents, etc., and
dispose of properly. Many communities have household
hazardous waste collection days for these materials.

Di spofAai mMddst e

Domestic animals and pets provide companionship and
recreation. However, animals produce waste that can
contain high concentrations of nitrogen, phosphorus, and
harmful pathogens. When this waste contaminates runoff,
it can cause human health hazards for recreational and
drinking waters downstream. The economic impact on a
community is significant when drinking water resources
are compromised or recreational activities involving water

are banned and beaches closed.

1 Pick up pet waste and dispose of it properly.
Many communities have fiscoop the poop0
programs.

1 Compost animal waste. Compost systems are good
for treating waste from many animals or from larger
animals such as horses.

24

Consider

Product s

In order to cope with winter weather, salt and de-icing
products are often used. These can be toxic to aquatic
organisms and plants. Salts can be corrosive to water
pumps and pipes and build up in receiving waters. Because
most salts are untreated except for dilution, they can cause

issues in drinking water supplies downstream.

1 Manually clear snow from impervious surfaces and drains.

1 Consider using alternative products such as sand or kitty
litter.

1  Use as little salt and alternative products as possible. Are
there areas that do not need to be thawed? Will the
weather be warming up quickly enough that deicers are
not needed?
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Landscoather t i c Rletstma Rt a oni ces Roof aap mper vSwrufsBceconnecti on

V7777777777777
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a) SIMPLE DISCONNECTION

BIOAETENTION OR OTHER
©) ALTERNATE PRACTICE:
AREATMENT ERACTIOR COMPOST AMENDED
. FILTER PATH TO
[~ - DOWNSTREAM PRACTICE
s w
DOWN SPOUT
|
b) ALTERNATE |
HOUSE PRACTICE: HOUSE
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AMENDED FILTER |
PATH | —— |
(02 ) I [ )
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Zc) ALTERNATE | =] | ) ALTERNATE
PRACTIGE: - | PRACTICE:
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SoREeEstoratAmenSmeht s

Urban Nutrientd Man

10 Core Practices
1. Maintain dense cover of grass or conservation
landscaping; avoid bare soils.

2. Reduce or eliminate fertilizer.

3. Do not apply fertilizers before spring green up

or after grass is dormant.

4. Maximize use of slow release nitrogen fertilizer.
5. Immediately sweep off any fertilizer that lands
on paved surfaces.

6. Never apply fertilizer within 15 to 20 feet of any

buffer.

7. Keep clippings and mulched leaves on lawn and
out of streets and storm drains.

8. Set mower height at 3 inches or higher.

9. Use other practices to increase the porosity and
infiltration capability of lawn to treat stormwater.
10. Consult with a local extension service office or
lawn care company to get best advice on how to
have a Bay-friendly lawn, which might involve a
soil test analysis.

water feature — manage as grass, meadow or forest Mow i gB&keecp i popudrdg ai n Turepl awcadtive
Cre€htesapstakremNett evio CE N)

grasses
Cred®ietGh nt er

Rai nwater HWKW&Liweetrinngnd Rain barr

When barrel fills to
overflow, water will fill next
barrel,

34" 3r gap

6" dead space

To Conservation Landscape, Rain Garden or other reuse purpose

Academy
( WSRrui ns cMapn nagl

el s

RAIN WATER

— OVERFLOW

- RAIN BARREL
CISTERN CAPTURED

ow =
wrrranon M|

BED OR BACK j
TO SEWER

SourArenfer unWeatler Shewar ds Sourdreb@neéenfrastrpct ul
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Filt erte
Spreader Urban Filter Strip Riparian Buffer Stream
(LS) (UFS)

Flowpath Length

Width - UFS

PLAN VIEW

Length - UFS > € Buffer width

CONSERVED OPEN SPACE OR
VEG

Sour@sN

T
PROPOSED LEVEL SPREAD
OR GRAVEL DIAPHRAGM
SECTION A-A (AS NEEDED)

Sour\ier: gh l0Q a Source: Virginia DEQ

Vegetated/Gree”

APOTRANSPITATION
ORI
R 8 A —
VEGETATION AND S o [} [ Y 9}
¢ GROWING MEDIA B (D K ® Gowgmedum
e Oy
B INFILTRATION 2 s @) Oransge e
AND STORAGE b _1 e ————— ey 4—— FILTERLAYER 0 @ Mosmre oot barriedy)
5 v

OVERFLOW, ) © ret
— LAYER 0

e LA A AL A AAAL i dacyien

. s £ FASRIC 7 () Downrponst o Ran Barrelor stibbnd
4————  ROOT BARRIER -
S AR A AT 7 g INSULATION
% S ey
WATERPROOFING
- MEMBRANE P wf“"‘m appor
«————— ROOF DECKING Roof and wal sinucture needs 10 be abe 1o sppart the
te
by Peter Calarie

Per meabl e or Porous Pavement

Concrete Pavers

Permeable Joint Material

Open-graded
Base Reservoir

Open-graded
Subbase
Reservoir

Underdrain
(as required)

Optional Geotextile
Under Subbase

Uncompacted Subgrade Soil
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now SPUTTER AND
HICR FLOW BYPASS.
FOR SHEET FLOW

I nfi

ltration Practices /““"“‘"‘"““’““g s
EAICET FLoAY
\ ! )- (3 { | §| ‘2 _— PRETREATVENT
N ’ =3 = T T = GRAVEL DAAFPMIRACA

FLONY
ENERGY DISSPATER

PRETREATMENT
FORERAY |

Bi oretention
STABILIZED EARTHEN
SPILLWAY [,
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|~ emsemmoomeioos
- WATERSROGE OURDNG
(AS NEECED)
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Filtering Practices

oo+ TP . Surface Sand Filter
e with turf cover

SourMent go@eu pPtEyP Sour®N

Constructed/ Treat ment Wetl

o T

WetPond Enbanknent
v 100 Year Level
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Extended Detention/ Dry Ponds

Safety

Extended Detention Provided Dry ED Pond

Above Normal Water Level

Urban Stream Restoration

ol A

Stre&RmpaBuhRest orCateidioint goheu yMy , ES?ngtﬁgﬁogfni@@omﬁne”eV&R"C‘Par' .

Cr e dAintnfer u n@ed NN ,

SO == 2 o

Green/ Living Walls

Fur bdeshi gned I nterior Living \&aglrlbdesshlgned SmartsSlope eget

_ t‘aining Wall
Photo credit: Carole Barth Photo credit: carole Barln
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Living Shorelines

Stone & other engineered structures are minor elements to support living habitats

Virginia Permit requirements — partial list

LIVING SHORELINE ¥ Buliding permits (veries by locaiity) o
e Land disturbance, E&S,

RPA modification

1.9x Epan Tide Mango
Ay

LW

Riparian Buffer Tidal Wetlands
Subagueous Land

Source: Chesapeake Bay Foundation T Source: Virzinia Institute of Marine Sciance Certer for Coastal Resource Manazement

Fl oating Treat ment Wetl ands

Floating Treatment Wetland

Clean water

SourC®N SourSempWenghBoRX20IM3CFPubl i 8&EHi6oPn
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Jennifer Dindinger

Watershed Restoration Specialist, University of Maryland Sea Grant Extension

Kristen Kyler

Project Coordinator, Penn State Agriculture and Environment Center

Amanda Rockler
Watershed Restoration Specialist, University of Maryland Sea Grant Extension

David Sample

Associate Professor, Biological Systems Engineering, Virginia Tech

Laurie Fox

Research Associate, Hampton Roads Agricultural Research & Extension Center, Virginia
Tech

Shereen Hughes
Assistant Director, Wetlands Watch and CBLP Virginia Coordinator
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