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CHAPTER

1

THE NEED FOR WATER
QUALITY MANAGEMENT

1.1 Impacts of Development and Stormwater Runoff

Land development changes not only the physical, but also the chemical and biological conditions of
Tennessee’s streams. This chapter describes the changes that occur due to development and the
resulting stormwater runoff impacts.

1.1.1 Development Changes Land and Runoff

When land is developed, the hydrology, or the natural cycle of water is disrupted and altered.
Clearing removes the vegetation that intercepts, slows and returns rainfall to the air through
evaporation and transpiration. Grading flattens hilly terrain and fills in natural depressions that slow
and provide temporary storage of stormwater runoff. The topsoil and sponge-like layers of
decaying leaves and other organic materials are scraped and removed and the remaining subsoil is
compacted. Rainfall that once soaked into the ground now runs off the surface. The addition of
buildings, roadways, parking lots and other surfaces that are impervious to rainfall further reduces
infiltration and increases runoff.

Depending on the magnitude of changes to the land surface, the total runoff volume can increase
dramatically. These changes not only increase the total volume of runoff, but also accelerate the
rate at which runoff flows across the land. This effect is further exacerbated by drainage systems
such as gutters, storm sewers and lined channels that are designed to quickly carry runoff to rivers
and streams.

Development and impervious surfaces also reduce the amount of water that infiltrates into the soll
and groundwater, thus reducing the amount of water that can recharge aquifers and feed
streamflow during periods of dry weather.

Finally, development and urbanization affect not only the quantity of stormwater runoff, but also its
quality. Development increases both the concentration and types of pollutants carried by runoff.
As it runs over rooftops and lawns, parking lots and industrial sites, stormwater picks up and
transports a variety of contaminants and pollutants to downstream waterbodies. The loss of the
original topsoil and vegetation removes a valuable filtering mechanism for stormwater runoff.

The cumulative impact of development and urban activities, and the resultant changes to both
stormwater quantity and quality in the entire land area that drains to a stream, river, lake or estuary
determines the conditions of the waterbody. This land area that drains to the waterbody is known
as its watershed. Urban development within a watershed has a number of direct impacts on
downstream waters and waterways. These impacts include:

e Changes to stream flow;
e Changes to stream geometry;
e Degradation of aquatic habitat; and,

e Water quality impacts.
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1.1.2 Changes to Stream Flow

Urban development alters the hydrology of watersheds and streams by disrupting the natural water
cycle. This results in:

Increased Runoff Volumes — Land surface changes can dramatically increase the total
volume of runoff generated in a developed watershed.

Increased Peak Runoff Discharges — Increased peak discharges for a developed
watershed can be two to five times higher than those for a watershed prior to development.
This is depicted in Figure 1-1.

Greater Runoff Velocities — Impervious surfaces and compacted soils, as well as
improvements to the drainage system such as storm drains, pipes and ditches, increase
the speed at which rainfall runs off land surfaces within a watershed.

Timing — As runoff velocities increase, it takes less time for water to run off the land and
reach a stream or other waterbody.

Increased Frequency of Bankfull and Near Bankfull Events — Increased runoff volumes and
peak flows increase the frequency and duration of smaller bankfull and near bankfull
events which are the primary channel forming events.

Increased Flooding — Increased runoff volumes and peaks also increase the frequency,
duration and severity of out-of-bank flooding.

Lower Dry Weather Flows (Baseflow) — Reduced infiltration of stormwater runoff causes
streams to have less baseflow during dry weather periods and reduces the amount of
rainfall recharging groundwater aquifers.

Figure 1-1. Runoff Hydrograph under Pre-and Post-Development Conditions
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1.1.3 Changes to Stream Geometry

The changes in the rates and amounts of runoff from developed watersheds directly affect the
morphology, or physical shape and character, of Tennessee’s creeks and streams. This is
depicted graphically in Figure 1-3. Some of the impacts due to urban development include:

Stream Widening and Bank Erosion — Stream channels widen to accommodate and
convey the increased runoff and higher stream flows from developed areas. More frequent
small and moderate runoff events undercut and scour the lower parts of the streambank,
causing the steeper banks to slump and collapse during larger storms. Higher flow
velocities further increase streambank erosion rates. A stream can widen many times its
original size due to post-development runoff. The photo in Figure 1-2 shows a good
example of bank erosion.

Stream Downcutting — Another way that streams accommodate higher flows is by
downcutting their streambed. This causes instability in the stream profile, or elevation
along a stream'’s flow path, which increases velocity and triggers further channel erosion
both upstream and downstream.

Loss of Riparian Tree Canopy — As streambanks are gradually undercut and slump into the
channel, the trees that had protected the banks are exposed at the roots. This leaves
them more likely to be uprooted during major storms, further weakening the bank structure.

Changes in the Channel Bed Due to Sedimentation — Due to channel erosion and other
sources upstream, sediments are deposited in the stream as sandbars and other features,
covering the channel bed, or substrate, with shifting deposits of mud, silt and sand.

Increase in the Floodplain Elevation — To accommodate the higher peak flow rate, a
stream’s floodplain elevation typically increases following development in a watershed due
to higher peak flows. This problem is compounded by building and filling in floodplain
areas, which cause flood heights to rise even further. Property and structures that had not
previously been subject to flooding may now be at risk.

Figure 1-2. E

xample of Significant Streambank Erosion
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Figure 1-3. Physical Stream Changes Due to Watershed Development
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1.1.4 Impacts to Aquatic Habitat

Along with changes in stream hydrology and morphology, the habitat value of streams diminishes
due to development in a watershed. Impacts on habitat include:

o Degradation of Habitat Structure — Higher and faster flows due to development can scour
channels and wash away entire biological communities. Streambank erosion and the loss
of riparian vegetation reduce habitat for many fish species and other aquatic life, while
sediment deposits can smother bottom-dwelling organisms and aquatic habitat.

e Loss of Pool-Riffle Structure — Streams draining undeveloped watersheds often contain
pools of deeper, more slowly flowing water that alternate with “riffles” or shoals of
shallower, faster flowing water. These pools and riffles provide valuable habitat for fish
and aquatic insects. As a result of the increased flows and sediment loads from urban
watersheds, the pools and riffles disappear and are replaced with more uniform, and often
shallower, streambeds that provide less varied aquatic habitat.

e Decline of Abundance and Biodiversity — When there is a reduction in various habitats and
habitat quality, both the number and the variety, or diversity, of organisms (wetland plants,
fish, macroinvertebrates, etc.) are also reduced. Sensitive fish species and other life forms
disappear and are replaced by those organisms that are better adapted to the poorer
conditions. The diversity and composition of the benthic, or streambed, community have
frequently been used to evaluate the quality of urban streams. Agquatic insects are a useful
environmental indicator as they form the base of the stream food chain.

Fish and other aquatic organisms are impacted not only by the habitat changes brought on by
increased stormwater runoff quantity, but are often also adversely affected by water quality
changes due to development and resultant land use activities in a watershed.

1.1.5 Water Quality Impacts

Nonpoint source pollution, which is the primary cause of polluted stormwater runoff and water
quality impairment, comes from many diffuse or scattered sources, many of which are the result of
human activities within a watershed. Development concentrates and increases the amount of
these nonpoint source pollutants. As stormwater runoff moves across the land surface, it picks up
and carries away both natural and human-made pollutants, depositing them into streams, rivers,
lakes, wetlands, and groundwater. Nonpoint source pollution is the leading source of water quality
degradation in northeast Tennessee. According to the State of Tennessee’s list of impaired
waters, sediment and habitat alteration are considered two major pollutants for streams in
northeast Tennessee.

Water quality degradation in urbanizing watersheds starts when development begins. Erosion from
construction sites and other disturbed areas contribute large amounts of sediment to streams. As
construction and development proceed, impervious surfaces replace the natural land cover and
pollutants from human activities begin to accumulate on these surfaces. During storm events,
these pollutants are then washed off into the streams. Stormwater also causes discharges from
sewer overflows and leaching from septic tanks. There are a number of other causes of nonpoint
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source pollution in urban areas that are not specifically related to wet weather events including
leaking sewer pipes, sanitary sewage spills, and illicit discharge of commercial/industrial
wastewater and wash waters to storm drains.

Due to the magnitude of the problem it is important to understand the nature and sources of urban
stormwater pollution. Table 1-1 summarizes the major stormwater pollutants and their effects.
Some of the most frequently occurring pollution impacts to urban streams and their sources are:

Reduced Oxygen in Streams — The decomposition process of organic matter uses up
dissolved oxygen (DO) in the water, which is essential to fish and other aquatic life. As
organic matter is washed off by stormwater, dissolved oxygen levels in receiving waters
can be rapidly depleted. If the DO deficit is severe enough, fish kills may occur and stream
life can weaken and die. In addition, oxygen depletion can affect the release of toxic
chemicals and nutrients from sediments deposited in a waterway.

All forms of organic matter in urban stormwater runoff such as leaves, grass clippings and pet
waste contribute to the problem. In addition, there are a number of non-stormwater discharges
of organic matter to surface waters such as sanitary sewer leakage and septic tank leaching.

Microbial Contamination — The level of bacteria, viruses and other microbes found in urban
stormwater runoff often exceeds public health standards for water contact recreation such
as swimming and wading. Microbes can also contaminate shellfish beds, preventing their
harvesting and consumption, as well as increasing the cost of treating drinking water. The
main sources of these contaminants are sewer overflows, septic tanks, pet waste, and
urban wildlife such as pigeons, waterfowl, squirrels, and raccoons.

Table 1-1. Major Stormwater Pollutants and Their Potential Effects

Constituents

Effects

Sediments - Suspended Solids,
Dissolved Solids, Turbidity

Stream turbidity

Habitat changes
Recreation/aesthetic loss
Contaminant transport

Filling of lakes and reservoirs

Nutrients - Nitrate, Nitrite,
Ammonia, Organic Nitrogen,
Phosphate, Total Phosphorus

Algae blooms
Eutrophication

Ammonia and nitrate toxicity
Recreation/aesthetic loss

Microbes - Fecal Coliforms, Fecal
Streptococci, Viruses, E.Coli, Enterocci

Ear/intestinal infections
Shellfish toxicity
Recreation/aesthetic loss

Organic Matter - Vegetation, Sewage,
Other Oxygen Demanding Materials

Dissolved oxygen depletion
Odors
Fish kills

Toxic Pollutants - Heavy Metals
(cadmium, copper, lead, zinc), Organics,
Hydrocarbons, Pesticides/Herbicides

Human & aquatic toxicity
Bioaccumulation in the food chain

Thermal Pollution

Dissolved oxygen depletion
Habitat changes

Trash and debris

Recreation/aesthetic loss
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¢ Nutrient Enrichment — Runoff from urban watersheds contains increased nutrients such as
nitrogen or phosphorus compounds. Increased nutrient levels are a problem as they
promote weed and algae growth in lakes, streams and estuaries. Algae blooms block
sunlight from reaching underwater grasses and deplete oxygen in bottom waters. In
addition, nitrification of ammonia by microorganisms can consume dissolved oxygen, while
nitrates can contaminate groundwater supplies. Sources of nutrients in the urban
environment include washoff of fertilizers and vegetative litter, animal wastes, sewer
overflows and leaks, septic tank seepage, detergents, and the dry and wet fallout of
materials in the atmosphere.

e Hydrocarbons — Oils, greases and gasoline contain a wide array of hydrocarbon
compounds, some of which have shown to be carcinogenic, tumorigenic and mutagenic in
certain species of fish. In addition, in large quantities, oil can impact drinking water
supplies and affect recreational use of waters. Oils and other hydrocarbons are washed off
roads and parking lots, primarily due to leakage from vehicle engines. Other sources
include the improper disposal of motor oil in storm drains and streams, spills at fueling
stations and restaurant grease traps.

e Toxic Materials — Besides oils and greases, urban stormwater runoff can contain a wide
variety of other toxicants and compounds including heavy metals such as lead, zinc,
copper, and cadmium, and organic pollutants such as pesticides, PCBs, and phenols.
These contaminants are of concern because they are toxic to aquatic organisms and can
bioaccumulate in the food chain. In addition, they also impair drinking water sources and
human health. Many of these toxicants accumulate in the sediments of streams and lakes.
Sources of these contaminants include industrial and commercial sites, urban surfaces
such as rooftops and painted areas, vehicles and other machinery, improperly disposed
household chemicals, landfills, hazardous waste sites and atmospheric deposition.

e Sedimentation — Eroded soils are a common component of urban stormwater and a
pollutant in their own right. Excessive sediment can be detrimental to aquatic life by
interfering with photosynthesis, respiration, growth and reproduction. Sediment particles
transport other pollutants that are attached to their surfaces including nutrients, trace
metals and hydrocarbons. High turbidity due to sediment increases the cost of treating
drinking water and reduces the value of surface waters for industrial and recreational use.
Sediment also fills ditches and small streams and clogs storm sewers and pipes, causing
flooding and property damage. Sedimentation can reduce the capacity of reservoirs and
lakes, block navigation channels, fill harbors and silt estuaries. Erosion from construction
sites, exposed soils, street runoff, and streambank erosion are the primary sources of
sediment in urban runoff.

e Higher Water Temperatures — As runoff flows over impervious surfaces such as asphalt
and concrete, it increases in temperature before reaching a stream or basin. Water
temperatures are also increased due to shallow basins and impoundments along a
watercourse as well as fewer trees along streams to shade the water. Since warm water
can hold less dissolved oxygen than cold water, this “thermal pollution” further reduces
oxygen levels in urban streams. Temperature changes can severely disrupt certain
aquatic species, such as trout and stoneflies, which can survive only within a narrow
temperature range.

e Trash and Debris — Considerable quantities of trash and other debris are washed through
storm drain systems and into streams and lakes. The primary impact is the creation of an
aesthetic “eyesore” in waterways and a reduction in recreational value. In smaller streams,
debris can cause blockage of the channel, which can result in localized flooding and
erosion.
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1.1.6 Stormwater Hotspots

Stormwater hotspots are areas of the urban landscape that often produce higher concentrations of
certain pollutants, such as hydrocarbons or heavy metals, than are normally found in urban runoff.
These areas merit special management and the use of specific pollution prevention activities
and/or structural stormwater controls. The local jurisdiction has the authority to require additional
measures for developments and redevelopments that propose such hotspot land uses. Examples
of stormwater hotspots include, but are not limited to:

e Gas/fueling stations e Kennels, feed lots, etc.
Vehicle maintenance areas Loading and transfer areas
Vehicle washing / steam cleaning Landfills

Auto recycling facilities Construction sites

Outdoor material storage areas Industrial sites

Plant nurseries, agricultural areas Industrial rooftops

1.1.7 Effects on Basins, Lakes and Reservoirs

Stormwater runoff into basins, lakes and reservoirs can have some unique negative effects. A
notable impact of urban runoff is the filling in of lakes with sediment. Another significant water
quality impact on lakes related to stormwater runoff is nutrient enrichment. This can result in the
undesirable growth of algae and aquatic plants. Enclosed or regulated waterbodies such as
basins, lakes and reservoirs do not flush contaminants as quickly as streams and act as sinks for
nutrients, metals and sediments. This means that lakes can take longer to recover if contaminated.

1.2 Addressing Stormwater Impacts

The focus of this manual is effective and comprehensive water quality management. Water quality
management involves both the prevention and mitigation of stormwater runoff quantity and quality
impacts as described in this chapter through a variety of methods and mechanisms.

This manual provides requirements, policies, and guidance for developers to effectively implement
water quality management controls on-site to address the potential impacts of new development
and redevelopment, and both prevent and mitigate problems associated with stormwater runoff.
This is accomplished by:

e Developing land in a way that minimizes its impact on a watershed by reducing both the
amount of runoff and the pollutants generated,;

e Using the most current and effective erosion and sedimentation control practices during the
construction phase of development;

e Controlling stormwater to prevent downstream streambank channel erosion;
e Treating post-construction stormwater runoff before it is discharged to a waterway, and

e Implementing pollution prevention practices to prevent stormwater from becoming
contaminated in the first place.

The remainder of Chapter 1 outlines the minimum water quality management standards that are
used to guide the requirements, policies and incentives in establishing an effective water quality
management program.

1.3 Comprehensive Water Quality Management Planning

This section presents a comprehensive and integrated set of water quality management standards
for new development and redevelopment projects. Minimum standards and performance
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requirements for controlling runoff from development are critical to addressing the water quality
impacts of post-construction urban stormwater and are required of the local jurisdictions in order to
comply with the National Pollutant Discharge Elimination System (NPDES) stormwater regulations.
Minimum water quality management standards must also be supported by a set of design and
management tools and an integrated design approach for implementing both structural and
nonstructural water quality facilities. The major elements of the water quality management
program are:

Incentives for Stormwater Better Site Design — The first step in addressing water quality
management begins with the site planning and design process. The goals of better site
development design are to reduce the amount of runoff and pollutants that are generated
from a development site and provide for some nonstructural on-site treatment and control
of runoff by implementing a combination of approaches collectively known as stormwater
better site design practices. These include maximizing the protection of natural features
and resources on a site, developing a site design that minimizes impact, reducing the
overall site imperviousness, and utilizing natural systems for water quality management.
General guidance on the types and application of better site design practices is provided in
Chapter 5 of this manual.

Water Quality Reductions for Better Site Design — This manual establishes a set of water
quality “reductions” that can be used to provide developers and site designers’ incentives
to implement better site design practices that can reduce the volume of stormwater runoff
and minimize the pollutant loads from a site. While reducing stormwater impacts, the
reduction system can also translate directly into cost savings to the developer by reducing
the size of structural water quality management and conveyance facilities. Specific
technical guidance on the water quality reductions offered is presented in Chapter 5 of this
manual.

Stormwater Water Quality Treatment - Stormwater that does run off due to development
and redevelopment shall be treated to remove pollutants prior to discharge from the
development or redevelopment site. Stormwater management systems shall be designed
to remove 80% of the post-development total suspended solids (TSS) load, based on the
85" percentile storm event, and be able to meet any other additional watershed or site-
specific water quality requirements, as determined the local jurisdiction. Design criteria
and equations are presented in Chapter 3. It is presumed that a stormwater management
system complies with this performance standard if:

appropriate structural stormwater controls are selected, designed, constructed,
and maintained according to the specific criteria in this manual; and

runoff from hotspot land uses and activities is adequately treated and addressed
through the use of appropriate structural stormwater controls and pollution
prevention practices.

Stream Channel Protection — Local streams are susceptible to erosion and degradation
due to increased flows and flow durations. Protection of stream channels shall be provided
through the capture and extended detention of the runoff volume from the 1l-year return
frequency, 24-hour duration storm event. Channel protection requirements are presented
in Chapter 3 of this manual.

Downstream Impact Analysis (e.q. the 10% rule) — Site peak discharge analyses are
currently required by local jurisdictions for flood control. These regulations are not
changed by this manual. However, the hydrologic analysis is extended downstream, to
ensure that a proposed development is not adversely impacting downstream properties.
These analyses can potentially be used to modify the requirement for overbank and
extreme flood control, should the analysis reveal that such water quality management
facilities would cause a negative flood impact on downstream properties. Downstream
impact analysis requirements are presented in the Chapter 2 of this manual.
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e Guidance on Structural Water Quality Management Facilities — This manual provides
requirements and specifications for a set of structural water quality management facilities
that can be used to meet the water quality management goals. Specific technical guidance
on how to select, size, design, construct and maintain structural controls is provided in
Chapter 4 of this manual.

e Water Quality Management Plan — Each local jurisdiction requires the preparation of a
Water Quality Management Plan for development and redevelopment activities. The plan
must be approved by the local jurisdiction prior to obtaining a grading or building permit.
The purpose, requirements, and contents for this plan are discussed in Chapter 2 of this
manual.

Figure 1-4 illustrates how these design tools can be utilized in the development process to address
water quality management.

Figure 1-4. Water Quality Management Planning Process
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1.4 Water Quality Treatment Rationale

This section provides an explanation of the requirement for 80% removal of total suspended solids
(TSS) from post-construction stormwater runoff for the 85th percentile storm event, as measured
on an average annual basis.

1.4.1 Regulatory Overview

The NPDES Phase Il regulation requires that Phase Il regulated communities develop, implement,
and enforce a water quality management program that reduces the discharge of pollutants from the
regulated jurisdiction “to the maximum extent practicable (MEP)”. MEP is a technology-based
discharge standard that was designed for the reduction of pollutant discharges and established in
the Clean Water Act. Using guidance provided by the Environmental Protection Agency (EPA), the
local jurisdiction can achieve the MEP standard by instituting a water quality management program
that implements and requires best management practices (BMPs) that are designed to protect
water quality. No further guidance on MEP is provided by the EPA or by the Tennessee
Department of Environment and Conservation (TDEC).

Control measure 5 of the National Pollutant Discharge Elimination System (NPDES) Phase I
Permit presents the requirements for the control of post-construction (i.e., after development)
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stormwater runoff. Quoting directly from the NPDES Permit for the State of Tennessee, regulated
cities and counties must:

“Develop, implement, and enforce a program to address storm water runoff from new
development and redevelopment projects that disturb greater than or equal to one
acre, including projects less than one acre that are part of a larger common plan of
development or sale, that discharge into your small MS4. Your program must ensure
that controls are in place that would prevent or minimize water quality impacts;

Develop and implement strategies which include a combination of structural and/or
non-structural best management practices appropriate for your community; and

Develop and implement a set of requirements to establish, protect and maintain
water quality buffers in areas of new development and redevelopment.

Use an ordinance or other regulatory mechanism to address post-construction runoff
from new development and redevelopment projects to the extent allowable under
State or local law.”

As a result of these requirements, the local jurisdiction must implement a requirement for new
developments and redevelopments to control water quality using both structural (i.e., constructed)
and non-structural (i.e., site planning) best management practices (BMPs). This requirement must
be fully implemented no later than 2008.

The NPDES Phase Il regulation also requires that each jurisdiction focus water quality
management on controlling discharges of pollutants of concern to local impaired streams. Based
on the State of Tennessee’s 303(d) list of “impaired” streams, one of the largest pollutants in
northeast Tennessee is sedimentation. In 2006, over 300 stream miles were considered impaired
due to excessive sedimentation.

1.4.2 Attaining the Water Quality Standard

The basic goal of the NPDES Phase Il regulation is to reduce the water quality impacts of
development. The preferred approach to meet this goal and comply with the NPDES permit is
called the “Water Quality Volume method” or “WQv method”. The WQv method is based on a
minimum water quality control goal of 80% removal of TSS, as measured on an average annual
basis, from post-construction stormwater runoff (i.e., after construction of a site is completed). TSS
is a commonly used representative stormwater pollutant for measuring sedimentation.

There are a number of factors that support the use of an 80% TSS removal standard as a minimum
level water quality goal in northeast Tennessee.

1. The Tennessee 303(d) list indicates that sedimentation (i.e., sediment) is a significant pollutant
of concern in local streams. This fact alone requires implementation of a water quality
management program that focuses on the removal of sediment from stormwater discharges in
order to achieve compliance with the NPDES Phase Il regulations to the maximum extent
practicable.

2. The use of TSS as an “indicator” pollutant for sediment is well-established.

3. The control of TSS leads to indirect control of other pollutants of concern that can adhere to
suspended solids in stormwater runoff. In fact, some research shows that a large fraction of
many other pollutants of concern are either reduced along with TSS, or at rates proportional to
the TSS reduction.

4. A treatment standard of 80% is not a numeric standard, but a “best available technology”
standard. In other words, the 80% TSS removal level is reasonably attainable using properly
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designed, constructed and maintained structural water quality BMPs (for typical ranges of TSS
concentration found in stormwater runoff). This standard is supported with research data from
numerous research projects and compiled in GeoSyntec et al (2000).

The WQv method can meet the goal of 80% TSS removal using a two-pronged approach. First, it
encourages the reduction of imperviousness (and therefore pollution) from developed sites through
incentives for non-structural BMPs, such as natural conservation areas and vegetated buffers.
Second, it requires treatment of any remaining stormwater runoff with structural controls. This
method allows the local jurisdiction to meet their water quality goals and regulatory requirements,
yet still allows developers flexibility in their site designs.

There are a number of advantages with the WQv method:

o |If desired, the developer can utilize non-structural controls to reduce imperviousness. The
WQv method will provide incentives for the reduction of impervious surfaces and the use of
non-structural BMPs, such as buffers, natural space preservation, and impervious area
disconnection. When utilized, these practices will reduce the amount of stormwater runoff
that will require treatment by structural practices, thereby reducing the structural BMP
maintenance burden;

e WQUV is not a prescriptive approach in that it mandates the use of one specific treatment
BMP, such as a first flush pond. Instead, the developer can choose from a menu of BMPs,
each of which is assigned a % TSS removal efficiency. When constructed alone, or in
combination with other structural and/or non-structural BMPs, the minimum percent TSS
removal standard can be attained,;

e Research shows that extended release “first flush” ponds, which are often called dry
extended detention (ED) basins and are commonly used in East Tennessee, cannot attain
a TSS removal standard of 80%. Such ponds have a high propensity for sediment
resuspension and subsequent discharges, especially during large storm events. Recent
studies of the BMP give it an average TSS reduction somewhere between 50% and 70%
(Schueler and Holland, 2000). Of course, pollutant removal ability does depend upon
geographic location, overall sediment characteristics, hydrology, and storm event size;

e WOQU is a performance based approach. If the BMP(s) are designed, constructed and
maintained in accordance with guidance and requirements set by this manual, then the
BMP(s) will be considered “in compliance” with the minimum 80% water quality standard;
and

e The WQv method allows a consistent, “apples-to-apples” application of water quality
treatment practices on every development site. Each site will be required to design,
construct and maintain in accordance with the 80% TSS removal goal.

The WQV is calculated for the 85" percentile storm event using a value of 1.04 inches of rainfall.
Thus, a water quality management system designed for the WQv will treat the runoff from all storm
events of 1.04 inches or less, as well as the first 1.04 inches of runoff for all larger storm events.
The 85" percentile was chosen because it represents the “knee in the curve” volume that captures
a significant number of storms (normally in the 80-90% range of all storms) without attempting to
treat the small percentage of much larger storms that result in large volumes of runoff. Such
storms would be expensive to treat, are rare in occurrence, and typically diluted in pollution
concentration. Figure 1-5 presents a graphical representation of how the 85" percentile rainfall
depth was determined, using a “knee-in-the-curve” approach. The value of 1.04 inches for the 85"
percentile storm was approximated for the northeast Tennessee area based on analysis of rainfall
data collected at the TriCities Airport dating back to 1948.

Detailed information on the calculation of the WQv and % TSS removal for a development or
redevelopment site are presented in Chapter 3 of this manual.
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It is important to note that this manual is not the first to implement the 80% TSS removal standard,
or the WQv method. Many states, including Maryland, Massachusetts, North Carolina, Georgia,
and Florida have set similar statewide TSS goals and have research data to support BMPs meeting
this reduction goal. Further, a number of communities in Tennessee, the State of Georgia and the
Commonwealth of Virginia have implemented a WQv type of method as the statewide water quality
control approach. The BMP design and maintenance guidance from these states can be used and
modeled as appropriate to implement a water quality control program that is appropriate to meet
the needs of the local jurisdiction.

Figure 1-5: Northeast Tennessee 85" Percentile Rainfall Analysis
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2

REGULATORY AND PLANNING
GUIDANCE

2.1 Introduction

The purpose of this Chapter is to provide general information on the site planning process and
relevant regulations and plans. This Chapter contains general information regarding the roles and
requirements of the local jurisdiction and other agencies that have a role in the development
process. The reader is referred to the local jurisdiction or agency of interest for detailed information
on development process and procedures.

2.2 Applicable Regulations

2.2.1 Local Regulations

The policies, criteria and guidance provided in this manual are applicable only to water quality
management. This manual does not provide information regarding land use planning, zoning,
subdivision development, grading, erosion prevention and sediment control, stormwater drainage
and detention (i.e., peak discharge) and infrastructure/building construction. Applicants submitting
a Water Quality Management Plan (WQMP) must also refer to, and comply with, the local
jurisdiction’s relevant ordinances, permits and regulatory mechanisms for regulations and policies
that are not included in this manual. Such regulations may include, but are not limited to, zoning
ordinances, minimum subdivision regulations, erosion prevention and sediment control ordinances,
grading and building permits, and ordinances that regulate drainage and water quantity.

This manual is not intended to repeal, abrogate, or impair any existing ordinances and regulations.
However, where the policies in this manual and another regulation conflict or overlap, that provision
which is more restrictive or imposes higher standards or requirements shall prevail.

2.2.2 Tennessee Construction General Permit

The State of Tennessee General NPDES Permit for Discharges of Stormwater Associated with
Construction Activities is henceforth referred to as the “Construction General Permit” (TNCGP).
Applicable to all areas of the State of Tennessee, the TNCGP is intended to regulate the pollution
prevention and the control of wastes during construction activities, whereas the WQMP is intended
to regulate the control of pollution after construction is completed. Specific to site developments,
the TNCGP emphasizes the application of best management practices for purposes of erosion
prevention and sediment control and the control of other construction related materials and wastes.
The TNCGP is administered by the Tennessee Department of Environment and Conservation
(TDEC).

2.2.3 Aquatic Resource Alteration Permit

Persons who conduct any activity that involves construction within, and potentially the alteration of,
waters of the State must obtain a State Aquatic Resource Alteration Permit (ARAP), and possibly a
Federal Section 401 Certification. ARAPs and 401 Certifications are administered by TDEC. The
Section 401 Certification is required for projects involving the discharge of dredged or fill material
into waters of the United States (US), or wetlands. An ARAP is required for any alteration of State
waters, including wetlands that do not require a federal permit.
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2.2.4 Section 404 (Wetlands) Permit

Section 404 of the Clean Water Act establishes a program to regulate the discharge of dredged
and fill material into waters of the United States, including wetlands. Activities in waters of the
United States that are regulated under this program include fills for development, water resource
projects (such as dams and levees), infrastructure development (such as highways and airports),
and conversion of wetlands to uplands for farming and forestry. The US Army Corps of Engineers
administers the 404 permit program. The program governs such activities on all surface waters,
such as inland waters, lakes, rivers, streams and their tributaries; interstate waters and their
tributaries; wetlands adjacent to the above (e.g., swamps, marshes, bogs, or other land areas); and
isolated wetlands and lakes, intermittent streams, and other waters where degradation could affect
interstate commerce. Section 404 permits (and possibly Section 10 permits) are required for
stormwater activities that may impact natural wetlands.

2.2.5 26a Permits for Shoreline Construction

The Tennessee Valley Authority (TVA) administers a permit program that governs shoreline
construction along, across, or in the Tennessee River or any of its tributaries. Thus, TVA’s
jurisdiction for the 26a permit extends to the limits of the Tennessee River watershed. In
accordance with TVA requirements, the permit applied to construction in the 500-year floodplain or
to the upper limits of TVA flowage rights, whichever is higher, for developments located along
regulated rivers (tailwaters) and TVA reservoirs (e.g., Fort Loudoun Lake). Along off-reservoir,
unregulated streams and rivers, jurisdiction is typically applied to the limits of the 100-year
floodplain. More information on the TVA 26a permit can be found at http://www.tva.gov.

2.2.6 Section 9 and 10 Permits for Navigable Waters

Sections 9 and 10 of the Rivers and Harbors Act of 1899 address the construction of bridges and
other potential modifications or alterations of navigable waters of the United States. A Section 9
permit is required for construction of a bridge or other structure spanning navigable waters of the
United States, without fill or dredging. The United States Coast Guard, as a part of the Department
of Homeland Security, administers Section 9 permits. Section 10 permits are issued for fill,
dredging, and other alterations of navigable waters. Section 10 permits are administered by the
United States Army Corps of Engineers.

2.2.7 Endangered Species Act

The Federal Endangered Species Act (ESA) of 1973 protects plants and animals that are listed by
the government as “endangered” or “threatened”. The ESA makes it unlawful for any landowner to
harm an endangered animal, or to significantly modify an endangered animal’'s habitat. This
applies to both public and private lands. Water Quality Management Plan requirements that relate
to endangered species are contained later in this chapter. More information on the Endangered
Species Act can be gathered from the Tennessee Wildlife Resources Agency
(http://www.state.tn.us/twra), or the United States Fish and Wildlife Service (www.fws.gov).

2.2.8 State/Federal Water Quality Regulations

There are two major, State-administered, regulatory programs that provide the basis for local
jurisdictional water quality regulations: the General Permit for Discharges from Small Municipal
Separate Storm Sewer Systems (MS4s), henceforth called the MS4 Permit; and the Total
Maximum Daily Load (TMDL). Both regulations are administered by TDEC. Local jurisdictions are
responsible for the community’s compliance with the MS4 Permit and TMDL, and therefore have
imposed water quality management regulations on new developments and redevelopments. Both
State-administered regulations are discussed briefly below.
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2.2.8.1 NPDES MS4 (Phase II) Permit

The MS4 Permit falls under the National Pollutant Discharge Elimination System (NPDES)
program, and establishes guidelines for municipalities to minimize pollutants in stormwater runoff to
the “maximum extent practicable.” The MS4 permit is directly applicable to the local jurisdiction,
which has the responsibility for maintaining local government compliance with the permit
requirements. As a result, each local jurisdiction that must comply with the MS4 Permit has in turn
imposed a similar set of regulations on developments and redevelopments, pertaining to non-
stormwater (i.e., illicit) discharges and dumping, erosion prevention and sediment control (EPSC),
and, most relevant to this manual, water quality management. While a site developer or property
owner has no direct responsibility with regards to compliance with the MS4 permit, it is important to
understand that the conditions of the MS4 Permit do affect local water quality management
requirements during and after construction.

2.2.8.2 Total Maximum Daily Load Program

Under Section 303(d) of the Clean Water Act, the State of Tennessee is required to develop a list
of impaired waters that do not meet water quality standards (i.e., the 303(d) list). TDEC must then
establish priority rankings for waters on the list and develop TMDLs for listed waters. The TMDL
specifies the maximum amount of a specific pollutant of concern that a designated segment of a
water body can receive and still meet water quality standards. The TMDL also allocates pollutant
loadings among point and non-point pollutant sources, including stormwater runoff. TMDLs have
been issued for water bodies in northeast Tennessee, and more are anticipated.

The TMDL program has the potential for broad impact on the local water quality management
program and property development regulations because it requires that non-point sources of
pollutants must be addressed at the local level. The program requires the development of a plan
that may impose requirements or restrictions for specific local regulations or programs, and
therefore it is important for persons that are planning new developments or redevelopments to be
aware of TMDLs and where they are applicable. Adopted TMDL plans are available from TDEC or
at TDEC's website (http://www.state.tn.us/environment). As well, local jurisdictions can provide
information on any local water quality management requirements that may result from a State-
imposed TMDL.

2.3 Pre-Design Conference

This Water Quality BMP Manual contains many different BMPs and “better site design” alternatives
that can be applied on a new development or redevelopment site. As a result of this, there is a
large degree of flexibility in the design of a site that is offered to local developers and site design
engineers. Prior to submittal of site design plans, local jurisdictions that adopt this manual
encourages the use of a pre-design conference with the developer and site designer to discuss
potential site layout, design, and construction sequence.

A pre-design conference is not mandatory. The developer is encouraged to invite representatives
of other regulatory or permitting agencies to the pre-design conference. The objectives of this
meeting would be to:

e Review the site topography, existing vegetative condition, and preliminary site development
lay-out (if already determined);

o identify the natural drainage conditions (for new development) and existing drainage conditions
(for redevelopments);

o identify any environmentally-sensitive features, such as streams, wetlands, sinkholes, and
steep slopes, that should be avoided by the development or redevelopment;

e discuss preliminary strategies for site clearing, grading and construction;
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e discuss preliminary design strategies for erosion and sediment control, road geometry and
layout, water quality treatment practices, vegetated buffers, and encourage the use of better
site design practices and water quality volume (WQvV) reductions; and,

e determine how the technical guidelines and criteria presented in this manual should be applied
to the site.

The local jurisdiction is not responsible for development of a design plan for the site as a result of
the pre-design conference. Further, the pre-design conference should not be considered as an
endorsement or pre-approval of any design plans that will be submitted to the local jurisdiction later
in the development process. The developer is responsible for requesting and scheduling the pre-
design conference, and for inviting others as appropriate for his/her needs (e.g., the site design
engineer, representatives of other permitting agencies).

2.4 Water Quality Management Plans (WQMPSs)

The WQMP is defined as the engineering plan for the design of water quality management facilities
and best management practices within a proposed development or redevelopment. This section
includes specific requirements and information on plan contents and approval requirements, and
provides general guidance on the approval process.

2.4.1 General Policies

The reader is referred to the local jurisdiction’s water quality management regulation for provisions
pertaining to WQMPs. Beyond those provisions, the policies that shall apply to WQMPs are listed
below.

e The WQMP must be submitted as part of, and at the same time as, the larger subdivision or
site plan for the development or redevelopment, along with any required plan review fees. The
WQMP will be reviewed for compliance with local water quality management regulations, this
manual, and any other applicable local requirements. Only complete plans will be accepted for
review.

e Issuance of a grading and/or building permit may be contingent on approval of the WQMP.
The reader is referred to other applicable regulations or policies for information on the local
jurisdiction’s subdivision or site plan submittal/review/approval process.

o |f applicable to the proposed new development or redevelopment, an Endangered Species Act
(ESA) Review shall be completed prior to submittal of a WQMP. The results of the ESA
Review must be submitted as part of the Plan. The WQMP cannot be reviewed or approved if
the ESA Review has not been performed. ESA Review applicability is addressed in section
2.4.2 of this chapter.

e A checklist that provides a complete inventory of the required contents of a WQMP is
presented in Appendix C of this manual. Use of this checklist is required, to ensure submittal
of a complete plan and expedite the plan review process. The Plan shall include, at a
minimum, the elements listed in the checklist, unless the element is not applicable to the
project. These requirements should be checked as “not applicable.” Omission of any required
items renders the plans incomplete, and they will be returned to the applicant, or their
engineer, so that they may be completed. When the WQMP is submitted, the applicant must
attach a signed copy of the checklist to certify that a complete package is being submitted.

o |If applicable to the proposed new development or redevelopment, a Special Pollution
Abatement Plan (SPAP) shall be required for submittal as part of the WQMP. SPAP
applicability is addressed in section 2.4.3 of this chapter.

e The applicant may also be required to meet State and Federal regulations for construction
activities that will have an impact on Waters of the State, wetlands, sinkholes and threatened
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or endangered species. It is the responsibility of the applicant to thoroughly review,
understand and adhere to all applicable local, state and federal laws and regulations with
regard to site development and property regulations when submitting the WQMP. Copies of all
applicable State and Federal permits must be provided to the local plan review agency as part
of the WQMP.

e An executed maintenance covenants document must be included in the WQMP for grading
and/or building permits to be granted.

2.4.2 Endangered Species Act Review

The MS4 Permit (discussed previously in this chapter) requires the local jurisdiction to consider the
potential impacts of stormwater discharges on species that are listed as endangered or threatened
under the ESA and on habitat that is designated as “critical” under the ESA. Because of these
requirements, any proposed development that is located within, or discharges stormwater
runoff to, an area designated as containing threatened species, endangered species, or
critical habitat (as defined by the ESA) shall be reviewed by the United States Fish and
Wildlife Service (USFWS) prior to submittal of a WQMP. If USFWS determines that the
proposed development may, or will, impact an endangered or threatened species, or critical
habitat, an informal consultation may be required by USFWS to determine the BMPs that will
mitigate the potential ESA-related impacts. Often, such impacts will be construction related, and
therefore will impact the design of erosion prevention and sediment control measures. It is the
responsibility of the property owner to work with USFWS to ensure compliance with the
ESA.

Local governments are not the regulatory agencies tasked with enforcing the ESA, and therefore
cannot advise the property owner on ESA compliance practices and options. However, BMPs that
are utilized to mitigate ESA-related impacts must be:

e approved by USFWS (or other agency as designated by USFWS); and,

e included in the WQMP, or other plan as appropriate, and must be identified on such plan(s) as
“USFWS-accepted BMPs”;

Once plan approval is received by the local jurisdiction, USFWS-accepted BMPs that are shown on
plans will be enforced by the local jurisdiction as a matter of compliance with approved plans.
Variations from USFWS-accepted BMPs shown on approved plans will not be allowed by the local
jurisdiction without a copy of written acceptance of such variations by USFWS.

Local governments do not have the authority to expedite USFWS reviews and informal
consultations. Therefore, person(s) responsible for proposed developments should consider the
additional time required to coordinate with USFWS when preparing development schedules and
costs. Questions regarding a USFWS consultation for any particular site should be forwarded to
the USFWS office in Cookeville, Tennessee. Contact information for USFWS is presented in
Appendix B.

In order to facilitate an understanding of when ESA Reviews are needed, each local jurisdiction has
a Threatened and Endangered Species Buffer Map. This map shall be used to determine which
proposed developments will require review by USFWS. This map is prepared and maintained by
the USFWS, and is available from the local jurisdiction for use by the general public. The map will
be updated by the local jurisdiction as needed to remain current.

Proposed developments that are located within an area identified on the Threatened and
Endangered Species Buffer Map, or are located in a watershed that discharges to a buffered
stream shown on the map, must submit for a review by USFWS. A copy of the results of the
USFWS determination must be provided, in writing, with all WQMP plans submitted to the local
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jurisdiction. Further, proposed developments that undergo informal consultation by USFWS must
also present, in detail, the BMPs that have been accepted by USFWS to mitigate ESA-related
impacts. A copy of the BMP acceptance by USFWS must also be provided. WQMPs that do not
comply with these requirements will not be accepted for review.

2.4.3 Special Pollution Abatement Plans

A Special Pollution Abatement Plan (SPAP) may be required for new developments and
redevelopments on the basis of: 1) land use or type of business; 2) a history of air or water
pollution at a site; 3) a history of air or water pollution by an owner/operator at other sites; 4) the
potential to impact environmentally sensitive areas, such as wetlands; or 5) at the discretion of the
local jurisdiction upon sound engineering judgment. The local jurisdiction’s water quality
regulation(s) will provide information on the applicability of a SPAP. A SPAP template is provided
in Appendix C of this manual.

To obtain coverage under a SPAP, the property or business owner must submit a SPAP (see
Appendix C) and any application fee, if appropriate, with the WQMP. The SPAP requires
supporting documentation for the BMP(s) proposed to reduce or mitigate special pollutants,
including BMP specifications and maintenance information. SPAP-related BMPs must be included
in the Record Drawings for the site.

Like any water quality BMP, SPAP related BMPs must be maintained in proper operating condition
throughout the life of the land use or business, or otherwise as appropriate for the conditions of the
site. It is the responsibility of the property owner to inspect and maintain SPAP-related BMPs, and
to document such inspections and maintenance activities. Such documentation must be
maintained by the property owner and provided to the local jurisdiction upon request. Further, the
local jurisdiction shall have the authority to inspect SPAP-related BMPs for long-term operation and
performance, and to order corrective actions if necessary.

The following minimum standards shall be addressed in the SPAP:

e Employees and/or staff of the business or land use type shall be trained annually on the
requirements of the SPAP, specifically addressing pollution source controls such as spill
control and cleanup, proper waste management, chemical storage, and fluids management
with vehicle servicing. The type of training shall be tailored to and appropriate for the land use
or business. Documentation of the training shall be maintained with the SPAP and made
available to the local jurisdiction upon request.

e Parking lots shall be swept monthly to remove gross solids. Waste gathered during
sweeping activities shall be disposed of properly.

e Animal waste shall be prevented from entering streams, sinkholes, wetlands, ponds or
any other component of the storm drain system. Controls shall be instituted to collect the
animal waste and properly treat or dispose of it.

e Structural BMPs that have been designed to specifically address the target pollutants
associated with the land use shall be utilized where appropriate to reduce pollutant
loadings. This requirement does not alleviate new developments and redevelopments from
water quality treatment design criteria for total suspended solids (TSS), as discussed in
Chapter 3. BMPs that are implemented to comply with SPAP minimum standards can factor
into the % TSS calculation, provided that they have TSS removal capabilities. Percent TSS
removal values and policies for water quality BMPs are presented in Chapter 3 of this manual.
Table 2-1 presents target pollutants for the land uses for which a SPAP is required.

e Structural BMPs shall be inspected and maintained by the owner/permittee. Inspections
must be conducted at least annually. Maintenance shall be conducted as needed and as
required by the manufacturer of the structural BMP or by the local jurisdiction. Documentation
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of such inspections shall be maintained by the owner and made available to the local
jurisdiction upon request.

Table 2-1. Target Pollutants for SPAP Land Uses

Land use Target Pollutant

Vehicle, truck or equipment maintenance, fueling, washing or storage
areas including but not limited to: automotive dealerships, automotive
repair shops, and car wash facilities

Qil, grease, detergents,
solids, metals

Recycling and/or salvage yard facilities Qill, grease, metals

Restaurants, grocery stores, and other food service facilities Qil, grease, trash

Commercial facilities with outside animal housing areas including animal
shelters, fish hatcheries, kennels, livestock stables, veterinary clinics, or | Bacteria, nutrients
Z00s

Other producers of pollutants identified by the local jurisdiction by
information provided to or collected by him/her or his/her As identified by the local
representatives, or reasonably deduced or estimated by him/her or jurisdiction

his/her representatives from engineering or scientific study

Chapter 7 of this manual provides additional information pertaining pollution prevention after
construction is complete. As well, it should be noted that the City of Knoxville Best Management
Practices (BMP) Manual provided the basis for the SPAP discussed in this manual, and provides
excellent reference material for BMPs that can be utilized for pollution prevention for many different
types of land uses or activities.

2.5 Bonds

A performance bond may be required by the local jurisdiction for land disturbing activities, and/or
the construction of new developments and redevelopments when:

1) there is a potential for runoff to adversely impact local rights-of-way, other property, and/or
streams, wetlands, ponds or lakes; or,

2) an erosion prevention and sediment control plan is required; or,
3) a WQMP is required; or,
4) the area of grading or development drains to one or more sinkholes; or,

5) the site is used for a borrow pit.

The purpose of the performance bond is to ensure that the person(s) responsible for completing
the land disturbing activities and/or construction work that has the potential to impact the public
interest if performed improperly completes the work in an appropriate manner. The performance
bond provides assurance to the local jurisdiction that it will be reimbursed when it must assume the
costs of corrective measures and/or work not completed by the responsible person(s) according to
the required specifications and approved plans. A performance bond can be used to cover the
local jurisdiction’s costs for water quality management facilities and related appurtenances, the
installation and maintenance of EPSC measures and EPSC corrective actions, final soil
stabilization of a site, and the establishment, protection, and maintenance of vegetated buffers.
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Performance bonds are administered by the local jurisdiction. The dollar amount of the
performance bond will be determined, based on the information presented in the approved EPSC
Plan and/or WQMP. Check with your local jurisdiction for more information on bonds.

General policies regarding release of a performance bond are as follows.

1) An accurate Record Drawing showing all water quality management facilities must be
completed.

2) Portions of the property that will be used for the stormwater management system must be
recorded as a permanent drainage, water quality, preservation, and/or access easement, as
appropriate for each system component.

3) If found within the boundaries of the development, any one of the following items could keep
areas or activities from being released from the performance bond:

e areas of erosion or unstabilized areas;
e potential for discharges of sediment, or construction-related and other wastes;

e engineering or structural deficiencies or maintenance issues associated with constructed
roadways, the stormwater system, or water quality best management practices;

e unsafe conditions;

e unhealthy, damaged or poorly growing vegetation in a vegetated buffer that has been
impacted by construction.

2.6 Covenants & Private Ownership

Local post-construction water quality management ordinances requires property owners to enter,
into permanent maintenance agreements for water quality best management practices before the
property is developed, as a condition of approval of the WQMP. This is accomplished by
completing and submitting the “Covenants for Permanent Maintenance of Water Quality Facilities
and Best Management Practices” (also called the “Maintenance Covenants”). A blank copy of the
Maintenance Covenants is presented in Appendix E of this manual.

2.7 Record Drawings

Policies pertaining to record drawing are as follows.

e Prior to obtaining a Certificate of Occupancy, two (2) complete copies of record drawings with
the appropriate professional certifications must be approved by the local jurisdiction. The
drawings will be compared to the approved site or subdivision plan for any irregularities or non-
conformance with the approved plans. An electronic copy shall also be provided in a format
acceptable to the city.

e The record drawings shall reflect the as-constructed condition of the development, and shall
include sufficient information to demonstrate substantial conformance with the approved
plan(s). Significant deviations from the approved plan(s) shall be considered violations of local
ordinances and are grounds for the invocation of the injunctions and penalties defined therein,
and/or withholding the release of a bond pending the completion of corrective action(s), and/or
requiring a submittal of a revised WQMP. In the event that submittal of a revised plan is
required, the revision shall include a description of the discrepancies between the site
conditions and the prior approved WQMP, along with design calculations that demonstrate that
the as-constructed conditions comply with local water quality management facility
requirements.
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Should the as-constructed conditions be shown to have a negative impact regarding flooding,
maintenance, erosion or water quality, other mitigation measures and proposed design plans to
mitigate any potential impacts from the development may be required.

Only complete record drawings will be accepted. The record drawing checklist presented in
Appendix E shall be included to indicate that a complete plan is being submitted. Record
drawings shall contain the information and -certification(s) listed, as applicable to the
development. Some requirements of the checklist in Appendix E will not be applicable to all
projects. These requirements should be checked as “not applicable”. Additional information
may be requested as necessary to allow a thorough review of the as-constructed conditions.
Omission of any required items shall render the record drawings incomplete, and they will be
returned to the applicant, or their engineer, so that they may be completed.

Plats, easements and BMP locations shown must be field checked by the property owner or
developer prior to submitting the record drawing to ensure that the field locations are
approximately correct. Prior to submittal of the record drawings, all easements and survey
plats must be recorded with the Register of Deeds, and any protective covenants pertaining to
water quality management facilities shall be executed. Copies of the recorded documents or
other verification of the recording shall be included with the record drawings.

Record drawings must be prepared and stamped by the design professional that stamped the
original WQMP, and/or a registered land surveyor licensed to practice in the State of
Tennessee. Land surveyors providing record drawings must provide the following certification,
in addition to the surveyor’s seal and an original signature and date across the seal.

| hereby certify that | have surveyed the land boundaries and easements shown
hereon in accordance with the accuracy requirements for a Category | survey
and that the ratio for precision of the unadjusted survey is not less than 1:10,000.

| further certify that | have located all natural and manmade features shown
hereon in accordance with the current Standards of Practice as adopted by the
Tennessee State Board of Examiners for Land Surveyors. | certify the location,
elevation and description of these features.

Printed name Date RLS Number

The reviewing engineer shall provide the following certification, in addition to the engineer’s
seal and an original signature and date across the seal.

Based upon site observations and/or information provided by a registered land
surveyor, | hereby certify that all grading, drainage, structures and/or systems,
erosion and sediment control practices including facilities and vegetative
measures, have been completed in substantial conformance with the approved
plans and specifications.

Printed name Date PE Number
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WATER QUALITY STANDARDS

3.1 Water Quality Protection Approach

This chapter represents policies, criteria and calculation methods for the design of the water quality
best management practices (BMPs) presented in Chapter 4 of this manual. The design criteria
presented herein communicate the regional approach to address the key adverse impacts of
stormwater runoff from a development site presented in Chapter 1. The purpose of the design
criteria is to provide a framework for design of the site’s stormwater management system in order
to remove stormwater runoff pollutants, improve water quality, and prevent downstream
streambank and channel erosion. This chapter does not provide criteria and calculation guidance
for stormwater quantity (e.g., hydraulic drainage design, detention/retention) design; please refer to
the ordinances and other regulatory code of the local jurisdiction for stormwater quantity
regulations.

While this manual does not address local stormwater quantity design requirements, site designers
should note that design criteria for water quality, channel protection and stormwater quantity can
often be blended together. This enables the sizing and design of structural stormwater controls in
conjunction with each other to address the overall stormwater impacts from a development site.
When stormwater design criteria are considered as a set, the site designer can control the range of
design events, from the smallest amounts of runoff that are treated for water quality, to events
requiring extreme flood protection, such as the 100-year storm. Figure 3-1 graphically illustrates
the relative volume requirements of the various stormwater controls and demonstrates that, in
some cases, the controls can be "nested" within one another (i.e., the extreme flood protection
volume requirement also contains the overbank flood protection volume, the channel protection
volume and the water quality treatment volume).

Figure 3-1. Integration of Stormwater Controls

Extreme
Flood Protection

(Qpso through Qpigo)

Overbank Flood Protection
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3.2 General Policies

The following general policies shall apply to all water quality management and channel protection
design calculations.

1. Design computations shall be performed in accordance with the calculation guidance provided
in this manual, or other criteria that the local jurisdiction establishes based on scientific and
engineering information.

2. Stormwater runoff resulting from post-development conditions must be routed at appropriately
small time intervals through water quality BMPs, as appropriate, using either hand calculations
or computer models that are widely accepted among engineering professionals.

3. All design computations utilized in the design of water quality BMPs must be prepared by a
registered engineer or landscape architect proficient in the field of hydrology and hydraulics
and licensed to practice in the State of Tennessee.

3.3 Water Quality Management

3.3.1 Minimum Standard and General Policies

Local ordinances require that stormwater runoff discharging from new development or
redevelopment sites be treated to remove pollutants prior to discharge from the site. This
requirement shall be implemented in accordance with the Water Quality Minimum Treatment
Standard and associated policies presented in items 1 through 5 below. Policies that are specific
to individual design calculations and/or BMPs are included later in this chapter.

1. Water quality BMPs shall be designed to remove, at a minimum, 80% of the average annual
post-development total suspended solids (TSS) load from the stormwater volume required for
water quality treatment, called the water quality treatment volume (WQv). This standard is also
referred to in this manual as “the 80% TSS removal standard”.

2. WQv and % TSS removal shall be calculated for the development or redevelopment in
accordance with the policies and calculation guidance provided in this chapter. In order to
comply with the 80% TSS removal standard, the result of the % TSS removal calculations for
the development or redevelopment must be equal to, or greater than, 80%.

3. It is presumed that a stormwater management system complies with the Water Quality
Minimum Treatment Standard if structural BMPs are selected, designed, constructed and
maintained in accordance with the design criteria specified in this manual. Only those BMPs
that are published in Chapter 4 of this manual are permitted for use as a water quality BMPs.
Other BMPs are prohibited, unless approved by the local jurisdiction. The structural BMPs
deemed acceptable for use to attain the Water Quality Minimum Treatment Standard are listed
in Table 3-1.

4. Table 3-1 also presents the % TSS removal value assigned to each BMP. This value shall be
used to calculate the total weighted % TSS removal for the development site.

5. The local jurisdiction may require additional water quality treatment criteria or controls to
conform to State and/or Federal regulatory requirements, and/or additional watershed or site-
specific water quality requirements that are defined by the State or Federal officials, or the local
jurisdiction. For example, additional treatment criteria may be required if, in the opinion of the
local jurisdiction, the new development or redevelopment is considered a pollutant “hotspot”,
where the land use or activities may generate highly contaminated runoff, with concentrations
of pollutants in excess of those typically found in storm water. Examples of hot spot land uses
might include operations producing concrete or asphalt, auto repair shops, auto supply shops,
large commercial parking areas, restaurants.
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Table 3-1. TSS Removal % for Structural BMPs

Structural BMP TSS Removal %
General Application BMPs
Wet Basin 80
Wet Extended Detention 80
Micropool Extended Detention Basin 80
Multiple Basin System 80
Dry Extended Detention Basin 60
Conventional Dry Detention Basins 10
Shallow Wetland 80
Extended Detention Shallow Wetland 80
Basin/Wetland System 80
Pocket Wetland 80
Bioretention Area 85
Sand Filters (Surface and Perimeter) 80
Infiltration Trench 90
WQ Dry Swales 90
Wet Swales 75
Filter Strip 50
Grass Channel’ 30
Gravity (oil-grit) Separator 30
Modular Porous Paver Systems® *
Porous Pavement/Concrete? *
Limited Application BMPs
Organic Filter 80
Underground Sand Filter 80
Submerged Gravel Wetland 75
Alum Treatment System 90
Manufactured BMPs 10°
Underground Detention 10

1 — Refers to open channel practice not designed for water quality.

2 — These practices are not treatment BMPs but are source control BMPs, so they
are not assigned a pollutant removal.

3 — Provisional % TSS Removal value pending third party information. See
Section 4.4.5 in Chapter 4 for policies for manufactured BMPs.

3.3.2 Calculation of % TSS Removal

The % TSS removal for the BMPs proposed for a new development or redevelopment must be
calculated using the equations presented in this section.
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3.3.2.1 Multiple BMPs

Equation 3-1 is an area-weighted TSS reduction equation that accounts for the TSS reduction that
is contributed from each water quality BMP that is utilized on the site. This equation is applicable
to those developments or redevelopments where multiple BMPs are used to treat the WQv. If only
one BMP is utilized for WQv treatment, then the % TSS removal value is simply that assigned to
the BMP (see Table 3-1). Equation 3-1 is applicable in situations where a site has multiple
subwatersheds that flow to different BMPs, and none of the BMPs are placed downstream of
another BMP.

D (TSS, A +TSS,A, +...+TSS A))

Equation 3-1 %TSS = -
DA A+ +A)
1
where:
TSS, = TSS removal percentage for each structural BMP located on-site (%);
An = the area draining to each BMP (acres).

3.3.2.2 BMPs in Series

It will often be the case that the site designer will want to use two or more BMPs (structural and/or
non-structural) in series, where stormwater treated in one BMP is discharged into another BMP for
further treatment. Such BMP combinations are also called treatment trains. How and why BMPs
might be used in treatment trains is discussed in Chapter 4 of this manual. This section presents
the calculation of the total % TSS removal for treatment trains.

Equation 3-2 is used to calculate the total % TSS removal for a treatment train comprised of two or
more structural BMPs.

(TSS, xTSS,)

Equation 3-2 TSStrain ZTSSA +TSSB -
100
where:

TSSain = total TSS removal for treatment train (%);

TSS, = % TSS removal of the first (upstream) BMP, from Table 3-2 (%)

TSSg = % TSS removal of the second (downstream) BMP, from Table 3-2 (%).

For development sites where the treatment train provides the only water quality treatment on the
site, TSSyan must be greater than or equal to 80%. For development sites that have other
structural BMPs for water quality treatment that are not included in the treatment train, TSS,;, must
be included in Equation 3-1 in the calculation of the overall % TSS removal for the site. An
example application of the latter situation is presented below.

Example 3-1. Calculation of %TSS for BMPs in Series

A water quality management system located on a 30 acre development site consists of a dry extended
detention basin, a water quality dry swale, and a shallow wetland. The extended detention basin and
dry swale are located in series, with the basin as the upstream control. The treatment train treats
stormwater runoff from 20 acres of the site. The shallow wetland treats 10 acres. All three facilities
are designed in accordance with this manual. What is the % TSS removal rate for the site?

The % TSS removal value for each BMP located on the site is determined from Table 3-1, as follows:

Control A (dry extended detention basin) = 60% TSS removal
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Control B (water quality dry swale) = 90% TSS removal
Control C (shallow wetland) = 80% TSS removal

Step 1: Calculate TSScain:
TSSirain = A + B— (A xB)/100 = 60 + 90 - (60 X 90)/100 = 96% removal

Step 2: Calculate % TSS removal for the site:
%TSS = ((T'SSuainx 20 acres) + (YT SSyetand x 10 acres)) + 30 acres
%TSS = ((96% x 20 acres) + (80% x 10 acres)) + 30 acres = 91%

Therefore, the % TSS removal for the site is 91%, which exceeds the minimum standard of 80% TSS
removal. No other BMPs need to be constructed at the site.

3.3.2.3 Calculation of % TSS Removal for Flow-through Situations

BMPs within a treatment train may sometimes be separated by a contributing drainage area. In
this case, equation 3-2 cannot be used, since some of the flow entering the downstream BMP has
not been treated by the upstream BMP. This section presents the calculation of the total % TSS
removal for flow-through situations.

To calculate the total % TSS removal for a treatment train separated by a contributing drainage
area, Equation 3-3 shall be used.

TSS, A, +TSS, A, + TSS,A,(100-TSS,)

Equation 3-3 TSStrain = 100
A+ A

where:
TSSain = total TSS removal for treatment train (%);
TSS, = % TSS removal of the first (upstream) BMP, from Table 3-2 (%)
TSSg =% TSS removal of the second (downstream) BMP, from Table 3-2 (%)
Aa = Area draining to BMP A
Ag = Area draining to BMP B.

For development sites where the treatment train provides the only stormwater treatment on the
site, TSSyain must be greater than or equal to 80%. An example application of Equation 3-3 is
shown below.

Example 3-2. Calculation of %TSS in a Flow-through Situation
A stormwater management system located on a 9 acre development site consists of a dry extended

detention pond, and a bioretention cell. Five acres drain to the bioretention cell, which then drains to
a pipe system. The pipe system also drains an additional 4 acres that have not been treated for water
quality. The pipe system leads to a dry extended detention pond, that is used for final treatment. Both
facilities are designed in accordance with the guidance in this manual. What is the % TSS removal rate
for the site?

The % TSS removal value for each BMP located on the site is determined from Table 2-2, as follows:

Control A (bioretention cell) = 85% TSS removal
Control B (dry extended detention pond) = 60% TSS removal
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Step 1: Calculate TSSain:

TSS,A,(100-TSS,)

TSS, A, +TSS A; +

TSStrain = 100
Ant Ay
* —
85X5 + 60X4 + 20 5(100-85)
TSStrain = 100
5+4

TSStrain = 789%

The % TSS removal for the site is 78.9%, which is below the minimum standard of 80% TSS removal.
The conversion of the stormwater pipe system to a grass swale would add additional pollutant removal
and help the site meet the 80% criteria.

3.3.3 Calculation of the Water Quality Volume (WQv)

The calculation of % TSS removal tells the designer how well the water is treated. Next, the
designer must consider how much water must be treated. The volume of water that must be
treated to the 80% TSS removal standard is called the water quality volume (WQv). Compliance
with the 80% TSS removal standard requires the calculation of the WQv for the entire development
site. To obtain the lowest WQv for the site, this calculation should be performed after better site
design practices that may be envisioned for the site have been considered and are included in
design plans.

The WQv shall be calculated using Equation 3-4, as follows:

Equation 3-4 WQv = PRVA
12
where:
WQv = water quality volume of the site (acre-feet);
P = rainfall depth for the 85% storm event (1.04 inches);
Rv = runoff coefficient; and,
A = site area (acres).

The runoff coefficient (Rv) shall be calculated using Equation 3-5.
Equation 3-5 Rv =0.015+ 0.00921

where:
I = percent impervious area of the site (see Equation 3-6 below).
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3.3.4 The Determination of Percent Imperviousness

Impervious areas are defined as impermeable surfaces which prevent the percolation of water into
the soil. Impervious surfaces include, but are not limited to, paved surfaces such as walkways,
sidewalks, patios, parking areas and driveways, packed gravel or soil, and structure rooftops.
Other examples of impervious areas are paved recreation areas including pool houses and pool
decks intended for use as a private (multi-family) or public recreation area, paved athletic courts
(e.g., basketball, tennis), and storage buildings.

The percent impervious area (l) that is used to determine WQv is calculated using Equation 3-6.

Equation 3-6 | =—2 X100%
A
where:
Ia = cumulative area of all impervious surfaces on the site (acres);
A = site area (acres).

The determination of the impervious area (l4) in order to calculate WQv shall be performed in the
following manner:

1. For residential subdivisions that will be served by one or more water quality BMPs, I, shall be
determined using percent (%) impervious values that were developed by the Soil Conservation
Service (SCS)'. Where the average lot size of a subdivision or a drainage area within the
subdivision falls between the lot size categories shown in Table 3-2, the site designer may
interpolate the % impervious value based on Table 3-2.

Table 3-2. % Impervious Area Values for Subdivisions

Residential Lot Size Range® % Impervious

Less than Y4 acre 65
Ya acre 38
Y5 acre 30
Y2 acre 25

% acre 22.5%
1 acre 20
2 acres and greater 15

1 — Includes lots and streets. Common areas must be measured separately.
2 — The % impervious value is linearly interpolated from SCS data.

The values shown in Table 3-2 shall be utilized only for the portion of the subdivision that is
covered by individual residential lots and streets. Other areas, such as common areas for
recreation or meeting facilities, shall be added separately in the calculation of I5. The
calculation of the % impervious value for a residential subdivision having a common area is
presented in Example 3-3.

If lot sizes within a single subdivision fall into more than one of the lot size ranges listed in
Table 3-2, the site designer shall consider the total amount of imperviousness in each lot range
separately in the determination of the percent impervious value. Example 3-3 includes the
calculation of the % impervious value for a residential subdivision having variable lot sizes.

' The Soil Conservation Service is now known as the Natural Resource Conservation Service (NRCS).
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2. For planned unit developments where the building and paving footprints are known, as well as
all nonresidential developments, Iy shall be determined from the measured impervious
footprints for all impervious areas as defined above. It is required that the footprint for all
impervious surfaces in the proposed development and the calculation of |5 be shown in the
stormwater management plan.

After the development and/or redevelopment of the property is complete, property improvement
activities that do not require the submittal of a water quality management plan will not require
recalculation of the impervious percentage and WQuv.

Example 3-3. Calculation of Percent Impervious Area (I)

A site design engineer is preparing a water quality management plan for a proposed residential
development. The subdivision has a total area of 31 acres, and will include 52 residential lots ranging
in area from approximately "4 acre to no greater than 1 acre (as shown in the table below). Three (3)
acres will be preserved as an undisturbed forested vegetated buffer located along a stream that crosses
the property, and therefore, there is no impervious coverage within these three acres. Another three
(3) acres will be utilized for a recreational common area which includes a community pool, tennis
courts and an associated parking lot. Due to local topography on the site, the subdivision drains to
two separate water quality management facilities, herein called Facility A and Facility B, both of which
provide water quality treatment. Twelve acres, including the 3 acre vegetated buffer and 3 acre
common area, drain to Facility A. The other 19 acres drain to Facility B. The following table provides
lot size, area and impervious data for the proposed subdivision. What is the % impervious area for the
site?

A B C D
Lot Size Number of Lots in | Sub-total Area of % Impervious
Size Range Lots in Size Range (from Table 3-2)
DRAINAGE AREA A (AREA DRAINING TO FACILITY A)
approx. /s acre 0 0 acres 30
approx. Y2 acre 0 0 acres 25
approx. s acre 2 1.3 acres 22.5
approx. 1 acre 5 4.7 acres 20
Area A Totals 7 lots 6.0 acres --
DRAINAGE AREA B (AREA DRAINING TO FACILITY B)
approx. Vs acre 21 6.6 acres 30
approx. /2 acre 16 7.3 acres 25
approx. %4 acre 7 4.3 acres 22.5
approx. 1 acre 1 0.8 acres 20
Area B Totals 45 lots 19.0 acres -

Since the site will be served by two separate detention facilities, it is best to determine the impervious
area for each drainage area, rather than the overall impervious area for the site. For ease in calculation,
the site design engineer decided not to interpolate impervious area values, preferring to group lots into
approximate lot sizes that correspond to Table 3-2.

Step 1: Determine the total impervious area for the portion of each drainage area that is covered by
residential lots and associated subdivision roads (I residential arcas):
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This is calculated by multiplying the sub-total area of each lot size range (column C from the
above table) by the corresponding % impetvious in that lot size range (column D from the

above table). Results of this calculation are shown in the table below.

A B C D
Lot Size Sub-total Area of % Impervious Sub-total
Lots in Size Range (from Table 3-2) Impervious Area
DRAINAGE AREA A (AREA DRAINING TO FACILITY A)
approx. /s acre 0 acres 30 0x0.30 =0 ac
approx. V2 acre 0 acres 25 0x025=0ac
approx. ¥4 acre 1.3 acres 22.5 1.3x0.225 =0.29 ac
approx. 1 acre 4.7 acres 20 4.7x0.20 = 0.94 ac
Area A Totals 6.0 acres -- 1.23 acres
DRAINAGE AREA B (AREA DRAINING TO FACILITY B)
approx. s acre 6.6 acres 30 6.6 x0.30 = 1.98 ac
approx. V2 acre 7.3 acres 25 7.5x0.25=1.88 ac
approx. ¥4 acre 4.3 acres 22.5 4.3x0.225 =0.97 ac
approx. 1 acre 0.8 acres 20 0.8 x0.20 =0.16 ac
Area B Totals 19.0 acres - 4,99 acres

Thus, the portions of the site where residential lots are located are covered by impervious
surfaces as follows:

IA residential areas = 1.23 acres

IB residential areas = 4.99 acres

Step 2: Measure the area of impervious footprints in the common areas that are located in Area A (Ia

common 3.1’635) :

The following table presents the measurements of the impervious areas located in the
common area.

Area Description Impervious Area
Community pool (includes pool, surrounding deck,
. O ; . 0.8 acres
maintenance building and sidewalk from parking lot)
Tennis court (includes two courts, surrounding paved
) ) 1.2 acres
areas, and sidewalk from parking lot)
Common area driveway and parking lot 0.7 acres
Total impervious areas 2.7 acres

Thus, 2.7 acres of the 3 acre common area, located in Area A, is covered by impervious
surfaces. Ia common areas = 2.7 acres

Step 3: Calculate the % impervious area (I) for each drainage area of the site using Equation 3-6.
Because the vegetated buffer is entirely undisturbed, and therefore entirely pervious, it is not
considered in the calculation.
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For Area A:
IA = ((IA residential areas T IA common areas) =12 acres) X 100%
Ia = ((1.23 acres + 2.7 acres) + 12 acres) X 100%
Ia = (3.9 acres + 12 acres) X 100%
I = 32.8%

For Area B:
Is = (IB residential areas = 19 acres) X 100%
Is = (4.99 acres + 19 acres) X 100%
Iz = 26.3%

Therefore, the % impervious area for Area A (Ia) for the site is 32.8%. The % impervious area for
Area B (Ip) is 26.3%.

3.3.5 Reducing the WQv

It is important to remember that the WQv is proportional to impervious area, such that the amount
of stormwater runoff requiring treatment increases as impervious area increases. In other words,
the more you pave, the more you treat. Therefore, to reduce the amount of stormwater runoff that
must be treated, the developer must find ways to reduce site imperviousness. Reductions in
imperviousness are beneficial from a water quality management standpoint. Decreases in
impervious area equate to less runoff, lower post-development peak discharges, and typically lower
pollutant discharges. This can result in lower water quality management costs, as structural BMPs,
channel protection, and flooding protection controls can be smaller in size.

In order to reduce the WQv for a development site, site designers are encouraged to use better site
design practices. Better site design can be defined as a combination of non-structural design
approaches intended to reduce the impacts of stormwater runoff from development through the
conservation of natural areas, reduction of impervious areas, and integration of non-structural
water quality BMPs. Such practices are often collectively referred to as “non-structural practices or
non-structural BMPs”. By implementing a combination of these non-structural approaches, it is
possible to reduce the amount of runoff and pollutants that are generated from a site and provide
for some non-structural on-site treatment and control of runoff.

The use of better site design practices on a development or redevelopment site to attain the 80%
TSS removal standard is not required. A strong incentive for the use of such practices is provided
via the WQv method (since it is proportional to impervious area) and through prescribed WQv
reductions for the use of specific better site design practices. The WQv reductions are listed in
Table 3-3 on the following page. Check with the local jurisdiction to determine which of these
reductions are available for use in that jurisdiction. Detailed policies and design requirements for
reductions and better site design practices are presented in Chapter 5 of this manual.

3.3.6 The Design of Outlets Used for Extended Detention

Once the WQv has been determined, the volume must be treated to the 80% TSS removal
standard through the use of the BMPs found in Chapter 4. Several of the BMPs achieve TSS
removal through extended detention (ED). Therefore, ED orifice sizing is required for these BMPs.
For a structural control facility that will provide both WQv extended detention and channel
protection volume control (to be discussed in section 3.4) (wet ED pond, micropool ED pond, and
shallow ED wetland), there will be a need to design two outlet orifices. The water quality control
outlet will be sized using drawdown time principles described below. The minimum standard for
the channel protection and the sizing of the channel protection outlet is discussed in detail in
section 3.4.
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Table 3-3. Summary of WQv Reductions for Better Site Design
WQv Reduction Description
Undisturbed natural areas are conserved, thereby

Reduction 1:
Natural area preservation

retaining the pre-development hydrologic and water
quality characteristics.

Reduction 2:
Managed area preservation

Managed areas of open space are preserved, reducing
total site runoff and retaining near pre-development
hydrologic and water quality characteristics.

Reduction 3:
Stream and vegetated buffers

Stormwater runoff is treated by directing sheet flow
runoff through a naturally vegetated or forested buffer as
overland flow.

Reduction 4:
Vegetated channels

Vegetated channels are used to provide water quality
treatment.

Reduction 5:

Overland flow filtration/infiltration zones are incorporated
into the site design to receive runoff from rooftops and

Impervious area disconnection . .
other small impervious areas.

Reduction 6: . . . .
. o A group of site design techniques are applied to low and
Environmentally sensitive large ; - )
X very low density residential development.
lot neighborhood

(The following procedures are based on the water quality outlet design procedures included in the
Virginia Stormwater Management Handbook, 1999)

In an extended detention facility for water quality treatment, the storage volume is detained and
released over a specified amount of time (e.g., no less than 24-hours). The release period is a
brim drawdown time, with the assumption that the entire WQv is present in the basin at the
beginning of drawdown. The entire calculated volume drains out of the basin over no less than 24
hours. In reality, however, water is flowing out of the basin prior to the full or brim volume being
reached. Therefore, the extended detention outlet can be sized using either of the following two
methods:

1. Use the maximum hydraulic head associated with the storage volume and maximum flow, and
approximate the orifice size needed to achieve the required drawdown time. This procedure is
outlined in Example 3-5.

2. Use a drawdown analysis to determine the drawdown time.

This is a accurate method for determining orifice sizes. Example 3-5 illustrates this method.

Example 3-4. ED Outlet Design Method 1: Maximum Hydraulic Head

A wet ED pond sized for the required water quality volume will be used here to illustrate the sizing
procedure for an extended-detention orifice. Given the following information, calculate the required
orifice size for water quality design.

Water Quality Volume (WQv) = 0.76 ac-ft = 33,100 ft>

Maximum Hydraulic Head (Hmax) = 5.0 ft (from stage vs. storage data)
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Step 1. Determine the maximum discharge resulting from the 24-hour drawdown requirement. It is
calculated by dividing the WQv by the required time to find the average discharge, and then
multiplying by two to obtain the maximum discharge.

Que = 33,106£t3/ (24ht)(3,600sec/hr) = 0.38 cfs
Qmax = 2Qavg =0.76 cfs

Step 2. Determine the required orifice diameter by using the standard orifice equation and

Qmax and Humay

Q = CAQgH)", or A = Q/C(2gh)"5

A =0.76/0.6[(2)(32.2)(5.0)]>5 = 0.071 ft2
Step 3. Determine pipe diameter

A =3.14d%/4, then d = (4A/3.14)05

D =1[4(0.071)/3.14]%5> = 0.30 ft = 3.61 inches

Therefore, use a 3.6-inch diameter water quality orifice.

Example 3-5. ED Outlet Design Method 2: Drawdown Analysis
Using the data from the previous example (Example 3-4) use Method 2 to calculate the size of the

outlet orifice. Use of a spreadsheet is highly recommended.

e Water Quality Volume (WQv) = 0.76 ac-ft = 33,106 ft>

e  Maximum Hydraulic Head (Hmax) = 5.0 ft (from stage vs storage data)
Step 1. Determine the pond stage-storage curve at increments of 0.1” or less.

Step 2. Choose pond water elevation (first increment at Hma, others at end elevation of previous
increment).

Step 3. Assume an orifice size:
Orifice diameter = 17
Orifice area = (n/4)*(Diam/12)2
Orifice area = (3.14/4)*(1/12)2 = 0.00545 {2

Step 4. Calculate flowrate at water surface elevation using orifice equation:
Q = CA(2gH)’s
Q = 0.6*0.00545*(2*32.2*5)05
Q = 0.0587 cfs

Step 5. Calculate time to drain pond volume increment (keeping track of elapsed time):
Time = Volume/Flowrate (Volume of increment from stage-storage curve)

Time = 200/.0587 = 3407 seconds = 56.8 minutes

Step 6. Repeat steps 1 through 5 for each elevation from WQv elevation to orifice center (keeping
track of elapsed time).

Step 7. Check whether total drawdown time is greater than 24-hours:
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3.3.7 Calculating the Water Quality Peak Discharge

The peak rate of discharge for the water quality design storm (Q,,), also called the water quality
peak discharge, is needed to size water quality BMPs that are located off-line, such as sand filters
and infiltration trenches. See Chapter 4 of this manual for more information on off-line (versus on-
line) BMPs.

This method is utilized for the sizing of water quality treatment controls. More traditional peak
discharge calculation methods are not appropriate for this application for a variety of reasons.
First, the use of more traditional methods, such as the Rational Method would require the choosing
of an arbitrary design storm event that will differ from the 85" percentile storm event that must be
treated for water quality. Further, conventional SCS methods have been found to underestimate
the volume and rate of runoff for rainfall events of less than two inches. This discrepancy in
estimating runoff and discharge rates can lead to situations where a significant amount of runoff
bypasses the structural control due to an inadequately sized diversion structure and leads to the
design of undersized bypass channels.

The method employed to calculate the water quality peak discharge uses the runoff coefficient to
find the depth of runoff for the water quality storm of 1.04 inches. The SCS method is then used to
find a unit peak discharge that is combined with the runoff depth to find a peak runoff rate.

The following procedure can be used to calculate Q,4. This procedure relies on the Rv and the
simplified peak discharge calculation:

1. Utilize Equation 3-7 to calculate D,

Equation 3-7 Dyq = 1.04Rv
where:
Dug = water quality runoff depth, in inches
Rv = runoff coefficient (see Equation 3-5)

2. A runoff curve number (CN) can be estimated using the standard SCS Runoff Curve Number
estimation technique, or can be computed utilizing Equation 3-8 (Pitt, 1994).

1000
Equation 3-8 CN =
10+5P +1ODWq —1O<qu2 +1.25qu P)y2
where:
CN = runoff curve number
P = the 85th percentile rainfall, in inches (use 1.04 inches)
Duq = water quality runoff depth, in inches (see Equation 3-7)

3. Determine the initial abstraction (I,) from Table 3-4, and the ratio I/P is then computed (P =
1.04 inches).

4. Compute the drainage area time of concentration (t;) for the post-development land use with
standard SCS methods.

5. The time of concentration is used with the ratio I.,/P to obtain the unit peak discharge, q,, from
Figure 3-2 for the Type Il rainfall distribution. If the ratio I./P lies outside the range shown in
the figure, use the limiting values.

6. The water quality peak discharge (Q,q) is computed using Equation 3-9.
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Equation 3-9 Quq =d,AD,,
where:
Quq = the water quality peak discharge (cfs)
Qu = the unit peak discharge (cfs/mi?/inch)
A = drainage area (mi°)
Duq = water quality runoff depth, in inches (see Equation 3-7)
Table 3-4. Initial Abstraction (I,) for Runoff Curve Numbers
Source: SCS, TR-55, Second Edition, June 1986
Curve Number la (in) Curve Number l5 (in)
40 3.000 70 0.857
41 2.878 71 0.817
42 2.762 72 0.778
43 2.651 73 0.740
44 2.545 74 0.703
45 2.444 75 0.667
46 2.348 76 0.632
47 2.255 77 0.597
48 2.167 78 0.564
49 2.082 79 0.532
50 2.000 80 0.500
51 1.922 81 0.469
52 1.846 82 0.439
53 1.774 83 0.410
54 1.704 84 0.381
55 1.636 85 0.353
56 1.571 86 0.326
57 1.509 87 0.299
58 1.448 88 0.273
59 1.390 89 0.247
60 1.333 90 0.222
61 1.279 91 0.198
62 1.226 92 0.174
63 1.175 93 0.151
64 1.125 94 0.128
65 1.077 95 0.105
66 1.030 96 0.083
67 0.985 97 0.062
68 0.941 98 0.041
69 0.899 -
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Figure 3-2. SCS Type Il Unit Peak Discharge Graph

(Source: Soil Conservation Service, 1986)
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An example illustrating calculation of the water quality peak flow is given below.

Example 3-6. Calculation of Water Quality Peak Flow
For a 50 acre site, with 18 impervious acres.

Step 1: Compute volumetric runoff coefficient, Rv using Equation 3-5:
Rv  =0.015+(0.0092)I) = 0.015+(0.00920(18/50)(100) = 0.35

Step 2. Compute depth of runoff that must be treated for water quality, Dyq using equation 3-7:
Dyq = 1.04Rv = 1.04(0.35) = 0.36 inches

Step 3: Compute the synthetic curve number (CN) using Equation 3-8:
CN  =1000/[10 + 5(1.04) + 10(0.36) — 10[(0.36)? +1.25(0.36)(1.04)]*>= 90

Step 4: Find Ia from CN with Table 3-4:

Ia = (0.22 inches
Ia/P =0.22/1.04=0.21

Step 5: Compute time of concentration, Tc: using SCS standard methods
Tc computed as 0.35 hours.

Step 6: Find qu, using Tc = 0.35 and 1,/P = 0.21 using Figure 3-2:
qu = 580 cfs/mi?/in

Step 7: Compute water quality peak flow rate using Equation 3-9.
Quwq = 580(50/640)(0.36)(1) = 16.3 cfs

3.3.8 Water Balance Calculations

Water balance calculations can help to determine if a drainage area is large enough or has the
right characteristics to support a permanent pool of water during average or extreme conditions.
When in doubt, a water balance calculation may be advisable for retention pond and wetland
design.

The details of a rigorous water balance are beyond the scope of this manual. However, a
simplified procedure is described herein that will provide an estimate of pool viability and point to
the need for more rigorous analysis. Water balance can also be used to help establish planting
zones in a wetland design.

3.3.8.1 Basic Equations

Water balance is defined as the change in volume of the permanent pool resulting from the total
inflow minus the total outflow (actual or potential). Equation 3-10 presents this calculation.
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Equation 3-10 AV = ZI —ZO
where:

A = delta or “change in”

V = basin volume (ac-ft)

)y “the sum of”

I

Inflows (ac-ft)
0] = Outflows (ac-ft)

The inflows consist of rainfall, runoff and baseflow into the basin. The outflows consist of
infiliration, evaporation, evapotranspiration, and surface overflow out of the basin or wetland.
Equation 3-10 can be expanded to reflect these factors, as shown in Equation 3-11. Key variables
in Equation 3-11 are discussed in detail below the equation.

Equation 3-11 AV =PA+R, +Bf —ID - EA-EtA-Of

where:

= precipitation (ft)

= area of basin (ac)

= runoff (ac-ft)

= baseflow (ac-ft)

= infiltration (ac-ftt)

= evaporation (ft)

= evapotranspiration (ft)

= overflow (ac-ft)

= number of days in a given month

~ o

UQmMMT@WI>T

Rainfall (P) — Monthly rainfall values can be obtained from the National Weather Service
climatology at http://www.srh.noaa.gov/mrx/climat.htm. Monthly values are commonly used for
calculations of values over a season. Rainfall is then the direct amount that falls on the basin
surface for the period in question. When multiplied by the basin surface area (in acres) it becomes
acre-feet of volume. Table 3-5 presents average monthly rainfall values for northeast Tennessee
based on a 30-year period of record.

Table 3-5. Average Rainfall Values in Feet for the Tri-Cities
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
P (feet) | 0.29 | 0.28 | 0.33 | 0.27 | 0.36 | 0.32 | 0.35 | 0.25 | 0.26 | 0.19 | 0.26 | 0.28
Annual Precipitation 3.44

Source: www.ncdc.noaa.gov/oa/climate/online/ccd/nrmpcp.txt

Runoff (R,) — Runoff is equivalent to the rainfall for the period times the “efficiency” of the
watershed, which is equal to the ratio of runoff to rainfall (Q/P). In lieu of gage information, Q/P can
be estimated one of several ways. The best method would be to perform long-term simulation
modeling using rainfall records and a watershed model.

Equation 3-12 gives a ratio of runoff to rainfall volume for a particular storm. If it can be assumed
that the average storm that produces runoff has a similar ratio, then the Rv value can serve as the
ratio of rainfall to runoff. Not all storms produce runoff in an urban setting. Typical initial losses
(often called “initial abstractions”) are normally taken between 0.1 and 0.2 inches. When compared
to the rainfall records in northeast Tennessee, this is equivalent to about a 10% runoff volume loss.
Thus, in a water balance calculation, a factor of 0.9 should be applied to the calculated Rv value to
account for storms that produce no runoff. Equation 3-13 reflects this approach. Total runoff
volume is then simply the product of runoff depth (Q) times the drainage area (A) to the basin, as
shown in equation 3-12.
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Equation 3-12 R, = QxA
where:
R, = total runoff volume
Q = runoff depth (ft)
A =basin area (ft°)
Equation 3-13 Q =0.9PRv
where:
Q = runoff depth (ft)
P = precipitation (ft)
Rv = volumetric runoff coefficient (Equation 3-5)

Baseflow (Bf) — Most water quality basins and wetlands have little, if any, baseflow, as they are
rarely placed across perennial streams. If so placed, baseflow must be estimated from observation
or through theoretical estimates. Methods of estimation and baseflow separation can be found in
most hydrology textbooks.

Infiltration (1) — Infiltration is a very complex subject and cannot be covered in detail here. The
amount of infiltration depends on soils, water table depth, rock layers, surface disturbance, the
presence or absence of a liner in the basin, and other factors. The infiltration rate is governed by
the Darcy equation, shown in Equation 3-14.

Equation 3-14 I = Ak, G,

where:
I = infiltration (ac-ft/day)
A = cross sectional area through which the water infiltrates (ac)
kn = saturated hydraulic conductivity or infiltration rate (ft/day)
Gn = hydraulic gradient = pressure head/distance

Gy, can be set equal to 1.0 for basin bottoms and 0.5 for basin sides steeper than about 4:1.
Infiltration rate can be established through testing, though not always accurately. Table 3-6 can be
used for initial estimation of the saturated hydraulic conductivity.

Table 3-6. Saturated Hydraulic Conductivity
(Source: Ferguson and Debo, 1990)

3 Hydraulic Conductivity Kh

Material in/hr f/day
ASTM Crushed Stone No. 3 50,000 100,000
ASTM Crushed Stone No. 4 40,000 80,000
ASTM Crushed Stone No. 5 25,000 50,000
ASTM Crushed Stone No. 6 15,000 30,000
Sand 8.27 16.54
Loamy sand 2.41 4.82
Sandy loam 1.02 2.04
Loam 0.52 1.04
Silt loam 0.27 0.54
Sandy clay loam 0.17 0.34
Clay loam 0.09 0.18
Silty clay loam 0.06 0.12
Sandy clay 0.05 0.10
Silty clay 0.04 0.08
Clay 0.02 0.04
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Evaporation (E) — Evaporation is from an open lake water surface. Evaporation rates are
dependent on differences in vapor pressure, which, in turn, depend on temperature, wind,
atmospheric pressure, water purity, and shape and depth of the basin. It is estimated or measured
in a number of ways, which can be found in most hydrology textbooks. Pan evaporation methods
are also used.

Table 3-7 presents pan evaporation rate distributions for a typical 12-month period based on pan
evaporation information from one station in Bristol, TN. Figure 3-3 depicts a map of annual free
water surface (FWS) evaporation averages for Tennessee based on a National Oceanic and
Atmospheric Administration (NOAA) assessment done in 1982. FWS evaporation differs from lake
evaporation for larger and deeper lakes, but can be used as an estimate of it for the type of
structural water quality basins and wetlands being designed in northeast Tennessee. Total annual
values can be estimated from this map and distributed in accordance with the percentages
presented in Table 3-7.

Table 3-7. Pan Evaporation Rates - Monthly Distribution

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov | Dec

3.1% | 4.0% | 7.1% | 10.0% | 11.9% | 12.8% | 12.7% | 12.0% | 10.4% | 8.1% | 4.6% | 3.2%

Figure 3-3. Average Annual Free Water Surface Evaporation (in inches)

(Source: NOAA, 1982
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Evapotranspiration (E;). Evapotranspiration consists of the combination of evaporation and
transpiration by plants. The estimation of E; for crops is well documented and has become
standard practice. However, the estimating methods for wetlands are not documented, nor are
there consistent studies to assist the designer in estimating the wetland plant demand on water
volumes. Literature values for various places in the United States vary around the free water
surface lake evaporation values. Estimating E; only becomes important when wetlands are being
designed and emergent vegetation covers a significant portion of the basin surface. In these cases
conservative estimates of lake evaporation should be compared to crop-based E; estimates and a
decision made. Crop-based E; estimates can be obtained from typical hydrology textbooks or from
the web sites mentioned above. A value of zero shall be assumed for E; unless the wetland design
dictates otherwise.

Overflow (Oy) — Overflow is considered as excess runoff, and in water balance design is either not
considered since the concern is for average precipitation values, or is considered lost for all
volumes above the maximum basin storage. Obviously, for long-term simulations of rainfall-runoff,
large storms would play an important part in basin design.

Example 3-7. Water Balance Calculation for Basin
Bristol Farms, a 26-acre site in Bristol, is being developed along with an estimated 0.5-acre surface area
basin. There is no baseflow. The desired basin volume to the overflow point is 2 acre-feet. Will the
site be able to support the basin volumer From the basic site data we find that the site is 75%
impervious with sandy clay loam soil.
Step 1: From Equation 3-5, Rv = 0.015 + 0.0092(75) = 0.71. With the correction factor of 0.9 the
watetrshed efficiency is 0.64.
The annual lake evaporation from Figure 3-3 is about 30 inches.
For a sandy clay loam the infiltration rate is Kh = 0.34 ft/day (Table 3-06).
From a grading plan, it is known that 10% of the total basin area is sloped greater than 4:1.
Monthly rainfall for the local area was found from the website provided above.

Step 2: The table below shows summary calculations for this site for each month of the year.

Value Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
| Dasper |og 1 og |3 30 | 31 | 30 | 31 31 | 30 | 31 30 | 31
Month
2 Pr(ie;;p' 352 | 34 | 391 | 323 | 432 | 380 | 421 | 3 | 308 | 23 | 3.08 | 3.39
Evap.
3 Dist. (%) 3.1 4 7.1 10 11.9 12.8 12.7 12 10.4 8.1 4.6 3.2
4 (a?—oft) 4.88 4.71 5.42 4.48 5.99 5.39 5.84 416 4.27 3.19 4.27 4.70
5 (azft) 0.15 0.14 0.16 0.13 0.18 0.16 0.18 0.13 0.13 0.10 0.13 0.14
6 (afft) 0.04 0.05 0.09 0.13 0.15 0.16 0.16 0.15 0.13 0.10 0.06 0.04
7 (acI-ft) 5.01 4.52 5.01 4.85 5.01 4.85 5.01 5.01 4.85 5.01 4.85 5.01
8 (iﬁt) -0.02 | 0.28 048 | -0.37 | 1.01 0.54 0.85 | -0.87 | -0.58 | -1.82 | -0.51 | -0.21
9 Rl(zz._g)al. 0.00 0.28 0.76 0.39 1.40 1.94 2.00 1.13 0.55 0.00 0.00 0.00
Explanation of Table:
1. Days per month
2. Monthly precipitation from website is shown in Table 3-5.
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3. Distribution of evaporation by month from Table 3-7.
4. Watershed efficiency of 0.64 x rainfall multiplied x site area and converted to ac-ft.

5. Precipitation volume directly into basin equals precipitation depth times basin surface area
Pv=PA.
6.  Evaporation volume equals percent evaporation by month (line 3) times 2.5 feet (Figure 3-

3 converted to feet) multiplied by pond area (AC).

7.  Infiltration volume equals the hydraulic conductivity (Table 36) times the pond area
multiplied by the composite hydraulic gradient for the pond times the number of days in
the month. I, = I (days per month).

8. Balance is Lines (4 + 5) minus lines (6 + 7).

9. Running Balance is accumulated total from line 8 keeping in mind that all volume above 2
acre-feet overflows and is lost in the trial design.

It can be seen that for this example the basin has potential to go dry in late fall. This can be remedied
in a number of ways including compaction of the basin bottom, placement of a clay or geosynthetic
liner, and modification of the basin geometry to decrease the surface area.

3.4 Channel Protection
3.4.1 Minimum Standard

Local ordinances require adherence to the channel protection standard for applicable new
development or redevelopments prior to discharge from the site. This requirement shall be
implemented in accordance with the Channel Protection Standard and associated policies
presented in items 1 and 2 below.

1. The runoff volume from the 1-year frequency, 24-hour storm, herein called the Channel
Protection Volume (CPv), shall be captured and discharged over no less than a 24-hour period
utilizing the design criteria and guidance provided in this manual. In the design of the channel
protection control, the 24-hour release period shall be measured from the approximate center-
of-mass of inflow to the approximate center-of-mass of outflow.

2. The local jurisdiction may approve downstream channel protection provided by an alternative
approach than that stated above if sufficient hydrologic and hydraulic analysis shows that the
alternative approach will offer adequate channel protection from erosion.

3.4.2 Estimation of the Channel Protection Volume

The Simplified SCS Peak Runoff Rate Calculation approach can be used for estimation of the
channel protection volume (CPv) prior to storage facility design. For the calculation of CPv, this
approach must be modified to determine the volume for a 1-year frequency, 24-hour duration
design storm event. The calculation procedure is as follows.

Step 1. The 1-year, 24-hour rainfall depth (P, in inches) is determined for the selected location.
Consult your local jurisdiction to determine the amount of rainfall to utilize for this
calculation.

Step 2. A runoff curve number (CN) is then estimated using standard SCS Runoff Curve Number
estimation techniques.

Step 3. The CN value is used to determine the initial abstraction (l,) from Table 3-4, and the ratio
I,/P is computed.

Step 4. The accumulated runoff (Qq, inches) can then be calculated using the SCS method.
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Qd:M I, =0.2S S:@—lO
(P—1,)+S CN

Step 5. Compute the drainage area time of concentration (t.) for the post-development land use
using standard SCS methods.

Step 6. Use t. with the ratio 1,/P to obtain the unit peak discharge, q,, from Figure 3-2 for the Type
Il rainfall distribution. If the ratio I,/P lies outside the range shown in the figure, either use
the limiting values or use another peak discharge method.

Step 7. Knowing q, and T (extended detention time, minimum of 24 hours and maximum of 72
hours); the q,/q; ratio (peak outflow discharge/peak inflow discharge) can be estimated
from Figure 3-4.

Figure 3-4. Detention Time vs. Discharge Ratios
(Source: Maryland Department of the Environment, 1998)
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Step 8. V/V, is then determined using the SCS detention basin routing formula of Equation 3-14 or
using Figure 3-5. Equation 3-15 is suspect when the expression q./q; approaches the
limits of 0.1 and 0.8.

2 3
V
Equation 3-15 Ys _ 0682 —1.43(q—°j +1.64(q—°J - 0.804(‘1—0]
Vi g g g
where:
Vs = required storage volume (acre-feet)
V. = runoff volume (acre-feet)
Jo = peak outflow discharge (cfs)
q; = peak inflow discharge (cfs)
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Step 9. The required storage volume (CPv in this case) can then be calculated using Equation 3-
16. To check the CPv estimate, the volume must be incorporated into a BMP design and
the 1-year 24-hour storm routed through the BMP. The CPv is adequate when the 1-year
24-hour design storm is detained for 24 hours, measured from the centroid of the inflow
hydrograph to the centroid of the outflow hydrograph.

VS
(vJQdA
V =~/

Equation 3-16

) 12
where:
Vs and Vr are defined above
Qd = the developed runoff depth for the design storm (inches)
A = total drainage area (acres)

Figure 3-5. Approximate Detention Basin Routing for Rainfall Types I, IA, II, and IlI
(Source: USDA SCS TR-55, 1986)
6 - — ;

VS
Vi

Storage volum
Runoff volume

Peak outflow discharge Qo
Peak inflow discharge qj

Example 3-8. Estimation of CPv
Estimate the CPv necessary for a 50-acre wooded watershed, which will be developed as follows:

Forest land - good cover (hydrologic soil group B) = 10 ac
Forest land - good cover (hydrologic soil group C) = 10 ac
Residential with 1/3 acre lots (hydrologic soil group B) = 20 ac
Industrial development (hydrological soil group C) = 10 ac

Other data include the following:
Total impervious area = 18 acres
% of pond and swamp area = 0

Chapter 3: Water Quality Standards Page 3-23
February 2008



ol!

Northeast Tennessee ll ll
Water Quality BMP Manual

Step 1 Determine the rainfall depth for the 1-vear 24-hour design storm for the local jurisdiction.
The 1-year, 24 hour rainfall = 2.5 inches = P

Step 2 Determine the weighted runoff coefficient as in the table below.

Dev. # Area (ac) % Total CN Composite CN!
1 10 20 55 11
2 10 20 70 14
3 20 40 72 28.8
4 10 20 91 18.2
Total 50 100 - 72

1 — Composite CN = % Total * CN./100

Step 3 Calculate I,/P for CN= 72,
I, = 0.778 (Table 3-4)
L/P =(0.778/2.5) = 0.31

Step 4 Calculate Qd for 1-year 24-hour storm using SCS equation
Qd = (2.5-0.778)2/(2.5-0.778+5*0.778) = 0.53 inches

Step 5 Calculate Tc.
Utilizing standard methods for overland, shallow concentrated and channel flow:
Tc = 0.35 hours (assumed)

Step 6 Calculate unit discharge from Figure 3-2 using Tc and Ia/P from previous steps
Unit dischatrge from Figure 3-2 = qq (1-year) = 540 csm/in

Step 7 Estimate channel protection volume (CPv = Vy)
Knowing qu (1-year) = 540 csm/in from Step 6 and T (extended detention time of 24 hours),
find qo/q; from Figure 3-4.
q/q  =0.035

Step 8 Estimate storage/runoff using Equation 3-15,
V/V: =0.682-1.43(q0/q) + 1.64(q0/qi)? — 0.804(q0/ q3)>
V/V, =0.682-1.43(0.035) + 1.64(0.035)2 — 0.804(0.035)3 = 0.63

Step 9 The necessary detention volume is then calculated using Equation 3-16
CPv =V, = (Vs/V)*Qd*A/12 = (0.63)(0.53)(50)/12 = 1.39 ac-ft

3.4.3 The Design of Channel Protection Outlets

The previous example provides an estimate of the volume required for channel protection storage.
In order for the downstream channel to be protected, an orifice must next be sized to accomplish
the detention criteria. The purpose of channel protection outlets is to prevent the erosive channel-
forming flows that occur during the 1 to 2 year storm. This purpose is accomplished by extending
the detention of the 1-year 24-hour design storm to 24 hours. The detention time is measured from
the centroid of the inflow hydrograph to the centroid of the outflow hydrograph as shown in Figure
3-6.
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Figure 3-6. lllustration of the Channel Protection Standard
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3.4.3.1 Channel Protection Outlet Sizing

Channel protection outlets, then, must be sized using hydrograph routing techniques. The channel
protection volume estimated in Section 3.4.2 will have a channel protection outlet placed at the
bottom of it. The size of the outlet can only be estimated initially. Routing the 1-year 24-hour
inflow hydrograph through the pond will provide an outflow hydrograph. If the centroid to centroid
detention time is less than 24 hours, the channel protection orifice must be made smaller. The
water quality orifice may preclude reaching the CPv 24 hour detention time, in which case, the
water quality orifice must be made smaller. The water quality and channel protection orifices can
be combined so long as both water quality and channel protection criteria are met.

3.5 Downstream Impact Analysis
3.5.1 Background

Local jurisdiction’s stormwater design criteria may require the design to control peak discharges at
the outlet of a site, such that the post-development peak discharge does not exceed the pre-
development peak discharge. Typically, this peak discharge control is achieved through
construction of one or more on-site detention facilities. Peak discharge control does not always
provide effective water quantity control from the site, and may actually exacerbate flooding
problems downstream of the site. Moreover, master plans have shown that a development site’s
location within a watershed may preclude the requirement for overbank flood control from a
particular site.

A major reason for negative impacts due to stormwater detention facilities involves the timing of the
peak discharge from the site in relation to the peak discharges in the receiving stream and/or its
tributaries. If detention structures are indiscriminately placed in a watershed without consideration
of the relative timing of downstream peak discharges, the structural control may actually increase
the peak discharge downstream. An example of this situation is presented in Figure 3-7, which
shows a comparison of the total downstream flow on a receiving stream (after development) with
and without detention controls. In Figure 3-7, the smaller dashed-dot and solid lines denote the
runoff hydrograph for a development site with and without detention, respectively. These runoff
hydrographs will combine with a larger runoff hydrograph of the receiving stream (not shown). The
combined discharges from the site and receiving stream are shown in the larger solid and dashed
lines.
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Figure 3-7. Potential Effect of On-Site Detention on Receiving Streams
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Figure 3-7 conveys a possible consequence of detention. The post-development flow from the site
is reduced as required by flood protection design criteria to result in the detained flow (the smaller
dashed-dot hydrograph). However, the timing of the peak discharge for the detained post-
development flow, while reduced in magnitude, corresponds more closely with the timing of the
peak discharge of the receiving stream (not shown) than the peak discharge of the post-
development flow that was not detained. Therefore, the combination of the detained flow with the
flow in the receiving stream is actually higher than would occur if no detention were required, as
shown in the larger dashed hydrograph. Hence, there is a peak flow increase that is caused by
detention.

Poor peak discharge timing can have an even greater impact when one considers all the
developments located in a watershed and the cumulative effects of increases in runoff volume and
the duration of high volume runoff in the channel, as well as peak discharge timing. Even if peak
discharges are handled effectively at the site level and immediately downstream, the longer
duration of higher flows due to the increased volume from many developments located on or near a
stream may combine with downstream tributaries and receiving streams to dramatically increase
the downstream peak flows.

Figure 3-8 illustrates this concept. The figure shows the pre- and post-development hydrographs
at the confluence of two tributaries. Development occurs, meets the local flood protection criteria
(i.e., the post-development peak flow is equal to the pre-development peak flow at the outlet from
the site), and discharges to Tributary 1. When the post-development detained flow from Tributary 1
combines with the first downstream tributary (Tributary 2), it causes a peak flow increase when
compared to the pre-development combined flow. This is due to the increased volume and timing
of runoff from Tributary 1, relative to the peak flow and timing in Tributary 2. In this case, the
detention volumes on Tributary 1 would have to have been increased to account for the
downstream timing of the combined hydrographs to mitigate the impact of the increased runoff
volume.
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Figure 3-8. Potential Effect of Cumulative Detention Basins
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Potential problems such as those described above are quite common, but can be avoided through
the use of a stormwater master plan and/or downstream analysis of the effects of a planned
development. Studies have shown that if a developer is required to assess the impacts of a
development downstream to the point where the developed property is 10% of the total drainage
area, and there are no adverse impacts (i.e., stream peak discharge increases), then there is
assurance that there will not be significant increases in flooding problems further downstream. For
example, for a 10-acre site, the assessment would have to take place down to a point where the
total accumulated drainage area is 100 acres.

While this assessment does require some additional labor on the part of the design engineer, it
allows smart stormwater management within a watershed. The assessment provides the
developer, the local jurisdiction and downstream property owners with a better understanding (and
corresponding documentation) of the potential downstream impacts of development. In turn, this
information identifies those developments for which waivers or reductions in the flood protection
requirements may prove beneficial.

3.5.2 Minimum Standard

Policies pertaining to the downstream impact analysis, if required by the local jurisdiction, are listed
below.

1. Downstream impact analysis shall be required for all developments and redevelopments for
which a water quality management plan is required. The analysis shall determine if the
proposed development or redevelopment causes an increase in peak discharge as compared
to pre-development runoff rates for the same site, or has the potential to cause downstream
channel and streambank erosion. This analysis must be done for all storm events that are
required for peak flow control by the local jurisdiction. Peak flows must be analyzed at the
outfall(s) of the site, and at each downstream tributary junction and each public or major private
downstream stormwater conveyance structure to the point(s) in the stormwater system where
the area of the portion of the site draining into the system is less than or equal to 10% of the
total drainage area above that point.

2. If the downstream impact analysis shows that the development or redevelopment causes an
increase in peak discharges, downstream flood protection shall be provided such that the
calculated peak discharges for the locally specified storm events after development of the site
are not greater than that which would result from the same duration storms in the same
downstream analysis area prior to development or redevelopment. These criteria must be
applied throughout the 10% downstream analysis area.

3. Downstream flood protection can be provided by downstream conveyance improvements
and/or purchase of flow easements in lieu of peak discharge controls subject to prior approval
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by the local jurisdiction and satisfaction of the following requirements:

(1) Sufficient hydrologic and hydraulic analysis must be presented that shows that the
alternative approach will offer adequate protection from downstream flooding for all
potentially affected downstream property owners.

(2) The applicant is responsible for submittal and approval of any necessary CLOMR prior to
construction, and a LOMR upon completion of construction.

(3) The applicant is responsible for all State and Federal permits that may be applicable to the
site including TDEC NPDES and ARAP permits, US Army Corps of Engineers Section
404 permits, and TVA Section 26A permits.

4. Developments and redevelopments that do not cause an increase in peak discharges are not
exempt from conformance with the minimum standards for water quality treatment (WQv) and
channel protection (CPv), presented earlier in this chapter.

5. The downstream analysis should be performed after any WQv reductions for better site design
practices have been taken into consideration in the calculation of peak discharges leaving the
site. While there are no reductions for flood protection criteria, the use of better site design
practices will inherently reduce runoff volumes and potentially reduce post-development peak
discharges, both on-site and downstream of the site.

6. The data and results of the downstream analysis must be presented to the local jurisdiction
as part of the water quality management plan.

Typical steps in the application of the ten-percent rule are:

1. Using a topographic map determine the lower limit of the “zone of influence” (i.e., the 10%
point), and determine all 10% rule comparison points (at the outlet of the site and at all
downstream tributary junctions or other points of interest).

2. Using a hydrologic model determine the pre-development peak discharges for the storms
specified by the local jurisdiction and the timing of those peaks at each ftributary junction
beginning at the pond outlet and ending at the next tributary junction beyond the 10% point.

3. Change the site land use to post-development conditions and determine the post-development
peak discharges and timing for the same storms. Design the structural control facility such that
the post-development peak discharges from the site for all storm events do not increase the
pre-development peak discharges at the outlet of the site and at each downstream tributary
junction and each public or major private downstream stormwater conveyance structure
located within the zone of influence.

4. If post-development conditions do increase the peak flow within the zone of influence, the
structural control facility must be redesigned or conveyance improvements/flow easements
may be allowed by the local jurisdiction (see item 3 in the previous section).

Example 3-9. Ten Percent Rule Example

Figure 3-9 illustrates the concept of the ten-percent rule for two sites in a watershed.

Site A is a development of 10 acres, all draining to a wet ED stormwater pond. Looking downstream
at each tributary in turn, it is determined that the analysis should end at the tributary marked “120
acres.” The 100-acre (10%) point is in between the 80-acre and 120-acre tributary junction points.

The designer constructs a simple HEC-1 (HEC-HMS) model of the 120-acre areas using single existing
condition sub-watersheds for each tributary. Key detention structures existing in other tributaries
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must be modeled. An approximate curve number is used since the actual peak flow is not the key for
initial analysis; only the increase or decrease is important. The accuracy in curve number
determination is not as significant as an accurate estimate of the time of concentration. Since flooding
is an issue downstream, the pond is designed (through several iterations) until the peak flow does not
increase at junction points downstream to the 120-acre point.

Figure 3-9. 10% Rule Example
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Site B is located downstream at the point where the total drainage area is 190 acres. The site itself is
only 6 acres. The first tributary junction downstream from the 10% point is the junction of the site
outlet with the stream. The total 190 acres is modeled as one basin with care taken to estimate the
time of concentration for input into the hydrologic model of the watershed. The model shows that a
detention facility, in this case, will actually increase the peak flow in the stream.
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DESIGN AND MAINTENANCE OF
STRUCTURAL BMPS

Structural stormwater best management practices (BMPs) are engineered facilities that are
intended to treat stormwater runoff. This chapter provides detailed descriptions and design
specifications for the structural stormwater BMPs that can be used to address the minimum
stormwater management standards outlined in Chapter 1 and the design criteria cited in Chapter 3.

Sites must be designed and constructed so that the BMPs, used:
e treat the Water Quality Volume (WQV);
¢ control the Channel Protection Volume (CPv); and,

e create no adverse impact on downstream properties.

4.1 Design Standards Policy

The State of Tennessee's NPDES Phase Il regulation requires regulated municipalities to
implement a post-construction stormwater treatment program. To comply with this regulation, local
governments require that stormwater runoff be treated for pollutants prior to discharge from the
site. Chapters 1 and 3 of this manual sets the minimum design standard for stormwater treatment
as removal of 80% of the average annual post-development total suspended solids (TSS) load.
The structural BMPs presented in this chapter, used alone or in series, can be used to meet this
minimum design standard. For purposes of compliance with local and State regulations, it is
presumed that developments and redevelopments are meeting the 80% TSS removal standard so
long as water quality management systems are designed, constructed, and maintained in
accordance with the design criteria and specifications discussed in this manual.

Therefore, the local jurisdictions require that all of the structural BMPs presented in this section be
designed, constructed and maintained in accordance with the criteria, standards, and specifications
presented in this manual. Proprietary, new, and other BMPs not included in this manual may be
approved by the local jurisdiction for treatment of stormwater quality on a case-by-case basis
provided that the conditions outlined in Chapter 2 of this manual are met.

4.2 BMP Description and Selection Information

The structural stormwater BMPs recommended in this manual have been placed into two
categories, general application and limited application, based upon each generalized acceptance
criteria set by the local jurisdictions. These categories are described below.

4.2.1 General Application BMPs

A listing of general application BMPs can be found in Table 4-1 below. The local jurisdictions will
accept these BMPs for use with a wide variety of land uses and development types. General
application BMPs have a demonstrated ability to treat the WQv and many are presumed able to
achieve the 80% TSS removal standard when designed, constructed and maintained in
accordance with recommended specifications. Several of the general application BMPs can also
be designed to comply with other stormwater criteria such as for downstream channel protection.
Developers and engineers are encouraged to use the general application BMPs wherever feasible
and practical. A detailed discussion of each of the general application BMPs, as well as design
criteria and procedures can be found later in this chapter.
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Table 4-1. Descriptions of General Application BMPs

Structural BMP

Description

Stormwater Basins

e WetBasin

e Wet ED Basin

e  Micropool ED Basin

e  Multiple Basin Systems

Stormwater basins are constructed stormwater retention basins that
have a permanent pool (or micropool) of water. Runoff from each rain
event is detained and treated in the pool. ED = Extended Detention.
ED is the detention of stored runoff for a minimum of 24 hours.

Detention Basins

e  Dry Detention Basin
e Dry ED Basin

Dry detention basins and dry extended detention (ED) basins are
surface facilities intended to provide for the temporary storage of
stormwater runoff to reduce downstream water quantity impacts and
will have to be combined with another BMP to achieve the 80% TSS
removal goal.

Stormwater Wetlands
Shallow Wetland

ED Shallow Wetland
Basin/Wetland Systems
Pocket Wetland

Stormwater wetlands are constructed wetland systems used for
stormwater management. Stormwater wetlands consist of a
combination of shallow marsh areas, open water and semi-wet areas
above the permanent water surface.

Bioretention Areas

Bioretention areas are shallow stormwater basins or landscaped areas
which utilize engineered soils and vegetation to capture, infiltrate and
treat stormwater runoff. Runoff may be returned to the conveyance
system, or allowed to partially infiltrate into the soil.

Sand Filters
e  Surface Sand Filter
e  Perimeter Sand Filter

Sand filters are multi-chamber structures designed to treat stormwater
runoff through filtration, using a sand bed as its primary filter media.
Filtered runoff may be returned to the conveyance system, or allowed
to partially infiltrate into the soil.

Infiltration Trench

An infiltration trench is an excavated trench filled with stone aggregate
used to capture and allow infiltration of stormwater runoff into the
surrounding soils from the bottom and sides of the trench.

Enhanced Swales
e  WQ Dry Swale
e Wet Swale

Enhanced swales are vegetated open channels that are explicitly
designed and constructed to capture and treat stormwater runoff within
dry or wet cells formed by check dams or other means.

Biofilters
e  Filter Strip
e  Grass Channel

Both filter strips and grass channels provide “biofiltering” of stormwater
runoff as it flows across the grass surface. However, by themselves
these controls cannot meet the 80% TSS removal performance goal.
Consequently, both filter strips and grass channels should only be
used as pretreatment measures or as part of a treatment train
approach. Grass channels are open channel practices that are not
designed specifically for water quality.

Modular Porous Paver
Systems and Porous
Pavement/Concrete

Porous surfaces are permeable pavement surfaces with an underlying
stone reservoir to temporarily store surface runoff before it infiltrates
into the subsoil. These practices are considered source control BMPs
rather than treatment BMPs. Areas where porous surfaces have been
applied are included in the WQV calculations as pervious surfaces,
rather than impervious surfaces. Porous concrete is the term for a
mixture of course aggregate, portland cement and water that allows for
rapid infiltration of water. Modular porous paver systems consist of
open void paver units laid on a gravel subgrade. Both porous concrete
and porous paver systems provide water quality and quantities
benefits, but may have high workmanship and maintenance
requirements.
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4.2.2 Limited Application BMPs

Limited application BMPs will be allowed only when the use of general application BMPs is not
feasible because special site or design conditions prohibit their use and will be approved for use in
the local jurisdictions on a site-by-site basis. In general, limited application BMPs are intended to
address hotspot or specific land use constraints or conditions requiring pretreatment, and may
have high installation costs or special maintenance requirements that may preclude their use for
most general applications. Limited application BMPs are typically used for water quality treatment
only and do not provide additional control for channel or flood protection. Limited application BMPs
should be considered primarily for commercial, industrial or institutional developments.

Table 4-2 lists the limited application BMPs, along with the rationale for limited use. These
structural BMPs are recommended for use with particular land uses and densities, to meet certain
water quality requirements, for limited usage on larger projects, or as part of a stormwater
treatment train. A detailed discussion of each of the limited application BMPs, as well as design
criteria and procedures can be found later in this chapter.

Table 4-2. Descriptions of Limited Application BMPs

Structural BMP Description and Rationale for Limited Use
o ] Organic filters are surface sand filters where organic materials such
Filtering Practices as a leaf compost or peat/sand mixture are used as the filter media.
These media may be able to provide enhanced removal of some
e Organic Filter contaminants, such as heavy metals and nutrients. Given their

potentially high maintenance requirements, they should only be used
in environments that warrant their use.

e Underground Sand Filter Underground sand filters are sand filter systems located in an
underground vault. These systems should only be considered for
extremely high density or space-limited sites.

Submerged gravel wetlands systems use wetland plants in a
Wetland Systems submerged gravel or crushed rock media to remove stormwater
pollutants. These systems should only be used in mid- to high-

e  Submerged Gravel Wetlands density environments where the use of other structural controls may
be precluded. The long-term maintenance burden of these systems
is uncertain.

Alum treatment provides for the removal of suspended solids from
stormwater runoff entering a wet basin by injecting liquid alum. Alum
treatment should only be considered for large-scale projects where
high water quality is desired and where other BMPs do not provide
the level of pollutant removal required for the receiving water.

Chemical Treatment

e  Alum Treatment

Proprietary BMPs are manufactured structural control systems
available from commercial vendors designed to treat stormwater
runoff and/or provide water quantity control. Proprietary systems
often can be used on small sites and in space-limited areas, as well
as in pretreatment applications. However, proprietary systems are
often more costly than other alternatives, may have high
maintenance requirements, and often lack adequate independent
performance data, particularly for use in local conditions.

Proprietary Systems

e Commercial Stormwater
BMPs

Gravity separators, (also called hydrodynamic BMPs) use the
movement of stormwater runoff through a specially designed
structure to remove target pollutants. They are typically used on
Gravity (oil-grit) Separator smaller impervious commercial sites and urban hotspots. These
BMPs typically do not meet the 80% TSS removal performance goal,
and therefore, should only be used as a pretreatment measure and
as part of a treatment train approach.
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4.2.3 Pollutant Removal Capabilities

Research has shown that the use of the structural BMPs discussed in this chapter will have
benefits for the removal of TSS and other pollutants (i.e., phosphorous, nitrogen, fecal coliform and
heavy metals). The ability for both general and limited application BMPs to remove pollutants
varies by structural BMP type and by pollutant type. Pollutant removal capabilities for a given BMP
are based on a number of factors including the physical, chemical and/or biological processes that
take place in the BMP and the design and sizing of the facility. In addition, pollutant removal
efficiencies for the same BMP type and facility design can vary widely depending on the tributary
land use and area, incoming pollutant concentration, rainfall pattern, time of year, maintenance
frequency and numerous other factors.

Table 4-3 provides design removal efficiencies assigned to each of the general and limited
application BMPs. It should be noted that these values are median pollutant reduction percentages
for design purposes that have been derived from existing sampling data, modeling and research. A
structural BMP design may be capable of exceeding these performances; however, the values in
the table are considered median values that can be assumed to be achieved when the structural
BMP is sized, designed, constructed and maintained in accordance with recommended specifications
in this manual.

Where the pollutant removal capabilities of an individual structural stormwater BMP are not
sufficient for a given site application, additional controls may be used in series in a “treatment train”
approach. More detail on the use of stormwater BMPs in series is provided later in this chapter.

4.2.4 Screening Process for General Application BMPs

Outlined below is a process used in the selection of general application BMPs. This process is
intended to assist the site developer and design engineer in determining the most appropriate
structural BMP for a development site, and to provide guidance on factors to consider in their
location. The goal of 80% TSS removal is the primary factor in the selection process of BMPs or
BMP treatment trains. Information on selection factors related to pollutants other than TSS are
provided for informational purposes, and may be useful in the future depending upon local, state
and federal water quality regulations at that time.

In general, the following four criteria should be evaluated in order to select the appropriate
structural BMP(s) or group of BMPs for a development:

e stormwater treatment suitability;
e water quality performance;
e site applicability;

e implementation considerations.

In addition, for a given site, the following factors should be considered and any specific design
criteria or restrictions need to be evaluated:

e physiographic factors;
e soils;
e special watershed or stream considerations.

Finally, environmental regulations that may influence the location of a structural BMP on site, or
may require a permit, need to be considered.
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Table 4-3. Design Pollutant Removal Efficiencies (in %) for Structural BMPs

Structural BMP TSS Total P* | Total N? Fecal Metals
Coliform

General Application Structural BMPs
Stormwater Basins
(Wet ED Basin, Micropool ED Basin, 80 55 30 70* 50
and Multiple Basin Systems)
Conventional Dry Detention Basin 10 -—- --- --- -—-
Dry Extended Detention Basin 60 35 25 --- 25
Stormwater Wetlands
(Shallow Wetlands, ED Wetlands, %
Basin/Wetland System, Pocket ol 45 30 0 50
Wetland)
Bioretention Areas 85 60 50 --- 80
Sand Filters 80 50 30 40 50
Infiltration Trench 90 60 60 90 90
Water Quality (WQ) Dry Swale 90 50 50 40
Wet Swale 75 25 40 20
Filter Strip 50 20 20 40
Grass Channel® 30 25 20 30
Modular Porous Paver Systems o - - - -
and Porous Pavement/Concrete
Limited Application Structural BMPs
Organic Filter 80 60 40 50 75
Underground Sand Filter 80 50 25 40 50
Submerged Gravel Wetland 80 50 20 70 50
Alum Treatment 90 80 60 90 75
Proprietary Systems ek il rhk ek il
Gravity (oil-grit) Separator 30 5 5

1 Total phosphorus

2 Total nitrogen

3 Refers to open channel practices not designed specifically for water quality.

* If no resident waterfowl population is present.

ki These practices are source controls and are not designed as pollutant removal devices.
rkk The performance of specific proprietary commercial devices and systems must be provided by the

manufacturer and should be verified by independent third-party sources and data.
Insufficient data to provide design removal efficiency.
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Guidance on a selection process for comparing and evaluating various general application
structural stormwater BMPs using two screening matrices and a list of location and permitting
factors is presented below. These tools are provided to assist the design engineer in selecting the
subset of structural BMPs that will meet the stormwater management and design objectives for a
development site or project.

Step 1: Evaluate Overall Applicability

Through the use of Table 4-4, the site designer evaluates and screens the overall applicability of
the full set of general application structural BMPs as well as the constraints of the site in question.
The discussion following the table presents an explanation of the various screening categories and
individual characteristics used to evaluate the structural BMPs.

Stormwater Management Suitability

The first columns of Table 4-4 examine the capability of each structural BMP option to provide
water quality treatment, downstream channel protection and flood protection. A blank entry means
that the structural BMP cannot or is not typically used to meet the aforementioned criteria. This
does not necessarily mean that it should be eliminated from consideration, but rather is a reminder
that more than one structural BMP may be needed at a site (e.g., a bioretention area used in
conjunction with dry detention storage).

Ability to treat the Water Quality Volume (WQv). This indicates whether a structural BMP
provides treatment of the WQv and provides the TSS reduction amount assigned to each
BMP type.

Ability to provide Channel Protection (CPv). This indicates whether the structural BMP can
be used to provide the extended detention of the CPv. The presence of a check mark
indicates that the structural control can be used to meet CPv requirements. A diamond
indicates that the structural control may be sized to provide channel protection in certain
situations, for instance on small sites.

Ability to provide Flood Protection. This indicates whether a structural BMP can be used to
meet flood protection criteria. The presence of a check mark indicates that the structural
control can be used to provide peak reduction of the locally regulated storm event.

Relative Water Quality Performance

The second group of columns in Table 4-4 provides an overview of the pollutant removal
performance of each structural control option, when designed, constructed and maintained
according to the criteria and specifications in this manual.

Ability to provide TSS Removal. This column indicates the capability of a structural BMP to
remove TSS from runoff.

Ability to accept Hotspot Runoff. This last column indicates the capability of a structural
BMP to treat runoff from designated hotspots. Hotspots are land uses or activities with
higher potential pollutant loadings. Examples of hotspots might include: gas stations,
convenience stores, marinas, public works storage areas, vehicle service and maintenance
areas, commercial nurseries, and auto recycling facilities. A check mark indicates that the
structural BMP may be used on hotspot site. However, it may have specific design
restrictions. Please see Section 4.3 for the specific design criteria of the structural BMP for
more details.
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Table 4-4. General Application BMP Screening Matrix — Overall BMP Applicability
STORMWATER TREATMENT WATER QUALITY
SUITABILITY PEREORMANCE* SITE APPLICABILITY IMPLEMENTATION CONSIDERATIONS
STRUCTURAL BMP S
STRUCTURAL BMP ; : pace L . . .
CATEGORY Water Channel Flood T2 SRz Hotspot IS Req'd (% of . llullad DERINEE RisehleiE i Capital Maintenance
: ) . Removal S Area ) Site Slope Head Water Subdivision Density /
Quality Protection Protection R Application tributary : Cost Burden
ate (acres) n Required Table Use Ultra-Urban
imp. Area)
Wet Basin v v v v Low Low
25 min**
Wet ED Basin v v v 2 feet, if v Low Low
Stormwater
. 80% 2-3% 15% max 6to 8ft hotspot or
Basins . . ; i
Micropool ED Basin v v v 10 min** aquifer v Low Moderate
Multiple Basins v v v 25 min** v Low Low
Extended Detention v v v 60% No min 4-5% 15% max 2 feet min v Low Low
Detention Basins
Conventional Detention v v v 10% No min 4-5% 15% max 2 feet min v Low Low
Shallow Wetland v v v v Moderate Moderate
3to5ft 2 feet, if
Shallow ED Wetland v v v 25 min hotspot or v Moderate Moderate
Stormwater :
80% 3-5% 8% max aquifer
Wetlands ]
Basin/Wetland v v v 6to 8 ft v Moderate Moderate
Pocket Wetland v v 5 min 2t03ft | below WT v v Moderate High
Bioretention Bioretention Areas v ¢ 85% 5 max*+* 5% 6% max 5 ft 2 feet v v Moderate Moderate
Surface Sand Filter v ¢ v 10 max*** 5 ft v High High
Sand Filters 80% 2-3% 6% max 2 feet
Perimeter Sand Filter v ¢ v 2 maxr* 2to 3 ft v High High
Infiltration Infiltration Trench v ¢ 90% 5 max 2-3% 6% max 11t 4 feet v v High High
Dry Swale v ¢ 90% 5 max 3to5ft 2 feet v Moderate Low
Enhanced Swales 10-20% 4% max
Wet Swale v ¢ 75% 5 max 1ft below WT v High Low
Filter Strip v 50% 2 max 20-25% | 2-6% max 2-4 feet v Low Moderate
Biofilters
Grass Channel v 30% 5 max 10-20% 4% max 2 feet v Low Low
Modular Porous Paver Porous Pavers, Pavement
Systems and Porous and Conerete v b 5 max varies 5% 2 ft 4 feet v v Moderate High
Pavement/Concrete
v This BMP meets suitability criteria.
¢ This BMP can be incorporated into the structural control in certain situations.
* TSS pollutant removal rates must be used for design purposes. See Volume 1 Chapter 3 for guidance on calculating the % TSS removal for a development site.
*k Smaller drainage areas may be approved by the local jurisdiction with adequate water balance and anti-clogging device.
rokk The use of this BMP for larger drainage areas may be approved by the local jurisdiction if design calculations show that the BMP will achieve its design intentions given a larger drainage area.
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Site Applicability

The third group of columns in Table 4-4 provides an overview of the specific site conditions or
criteria that must be met for a particular structural BMP to be suitable. In some cases, these values
are recommended values or limits that can be exceeded or reduced with proper design or
depending on specific circumstances. Refer to the specific criteria section of the structural BMP in
Section 4.3 for more details.

Drainage Area. This column indicates the approximate minimum or maximum drainage
area that is considered suitable for the structural BMP. The local jurisdiction may approve
exceptions to the drainage area maximum or minimum depending on the site conditions
and the structural BMP(s) being proposed. The drainage areas indicated for basins and
wetlands should not be considered inflexible limits, and may be increased or decreased
depending on water availability (baseflow or groundwater), the mechanisms employed to
prevent outlet clogging, or design variations used to maintain a permanent pool (e.g.,
liners).

Space Required (Space Consumed). This comparative index expresses how much space
a structural BMP typically consumes at a site in terms of the approximate area required as
a percentage of the area draining to the control.

Slope. This column evaluates the effect of slope on the structural BMP. Specifically, the
slope restrictions refer to how flat the area where the facility is installed must be and/or
how steep the contributing drainage area or flow length can be.

Minimum Head. This column provides an estimate of the minimum elevation difference
needed at a site (from the inflow to the outflow) to allow for gravity operation within the
structural BMP.

Water Table. This column indicates the minimum depth to the seasonally high water table
from the bottom or floor of a structural BMP.

Implementation Considerations
The last group of columns of Table 4-4 provides additional considerations for the applicability of
each structural BMP option.

Residential Subdivision Use. This column identifies whether or not a structural BMP is
suitable for typical residential subdivision development (not including high-density or ultra-
urban areas).

Ultra-Urban. This column identifies those structural BMPs that are appropriate for use in
very high-density (ultra-urban) areas, or areas where space is a premium.

Construction Cost. The structural BMPs are ranked according to their relative construction
cost per impervious acre treated as determined from cost surveys.

Maintenance. This column assesses the relative maintenance effort needed for a
structural stormwater BMP, in terms of three criteria: frequency of scheduled maintenance,
chronic maintenance problems (such as clogging) and reported failure rates. It should be
noted that all structural BMPs require routine inspection and maintenance.

Step 2: Specific Criteria
Table 4-5 provides an overview of various design criteria, specifications, and exclusions for a

structural BMP that may be present due to a site’s general physiographic character, soils, or
location in a watershed with special water resources considerations.
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Table 4-5. General Application BMP Screening Matrix — Specific Criteria

STRUCTURAL

PHYSIOGRAPHIC FACTORS

Geotechnical tests

SOILS
BMP Low Relief High Relief Karst
Limit maximum
normal pool depth Require poly or “A” soils may
to about 4 feet clay liner require basin liner
Stormwater (dugout) Embankment
Basins height restrictions | Max ponding depth “B” soils may
Providing basin require infiltration
drain can be Geotechnical tests testing
problematic
Require poly or “A” soils may
clay liner require basin liner
Detention * Embankment
Basins height restrictions | Max ponding depth “B” soils may
require infiltration
Geotechnical tests testing
Stormwater * Embankment Require poly-liner “A” soils may
Wetlands height restrictions require basin liner

Several design

Use poly-liner or

Clay or silty soils

Bioretention & | variations will likely impermeable .
: - * may require
Sand Filters be limited by low membrane to seal
head bottom pretreatment
Maximum slope of
ini i 0,
. . Minimum distance 6% Generally not Infiltration rate >
Infiltration to water table of 2 .
allowed 0.5 inch/hr
feet Trenches must
have flat bottom
Generally feasible
Enhanced however slope Often infeasible if
<1% may lead to slopes are 4% or »* *
Swales . X
standing water in greater
dry swales
Biofilters
(Filter Strips & * * * *
Grass
Channels)
Modular Maximum slope of Underdrain system
Pavers/Porous »* 50 P »* required for C and
Pavement 0 D soils

#* - These BMPs typically have no limiting factors or constraints for physiographic factors or soils.

Physiographic Factors

Three key factors to consider are low-relief, high-relief, and karst terrain. In local areas, low relief
(very flat) areas and high relief (steep and hilly) areas are found throughout.

Karst and major

carbonaceous rock areas are found throughout portions of the local area. Special geotechnical
testing requirements may be needed in karst areas. The local jurisdiction should be consulted to
determine if a project is subject to terrain constraints.
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e Low relief areas need special consideration because many structural BMPs require a hydraulic
head to move stormwater runoff through the facility.

e High relief areas may limit use of some structural BMPs that need flat or gently sloping areas to
settle out sediment or to reduce velocities. In other cases high relief may impact embankment
heights to the point that a structural BMP becomes infeasible.

e Karst areas can limit the use of some structural BMPs as the infiltration of polluted waters
directly into underground streams found in karst areas may be prohibited. In addition, ponding
areas may not reliably hold water in karst areas.

Soils

The key evaluation factors are based on an initial investigation of the Natural Resources
Conservation Service (NRCS) hydrologic soils groups at the site. Note that more detailed
geotechnical tests are usually required for infiltration feasibility and during design to confirm
permeability and other factors.

Additionally, the design of structural stormwater controls is fundamentally influenced by the nature
of the downstream water body that will be receiving the stormwater discharge. In some cases,
higher pollutant removal or environmental performance is needed to fully protect aquatic resources
and/or human health and safety within a particular watershed or receiving water. Special design
criteria for a particular structural control or the exclusion of one or more controls may need to be
considered within these watersheds or areas. An important watershed factor to consider is the
protection of drinking water sources, wellheads and surface reservoirs. Wellhead protection areas
that recharge existing public water supply wells present a unique management challenge. The key
design