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What’s in this Chapter?

Section 2.1 provides background information on the potential impacts of development on water resources
and cites scientiﬁc literature that supports the use of low impact development as an eﬀective solution.
Section 2.2 provides a brief overview of MS4 permit requirements for stormwater control and outlines
the overarching stormwater regulatory framework.
Section 2.3 outlines how the permanent control standards intersect with other state and federal permits
and programs.

Section 2.4 details a general compliance procedure for MS4s and other local stormwater programs to
administer the permanent control standards and the development community to meet these standards.

2.1 How Development Can Threaten Tennessee’s Water Resources
n

Clean water resources are essential to the economic viability of Tennessee, where we have over 60,000
miles of rivers and streams and over 570,000 acres of lakes and reservoirs. This section describes how
development can aﬀect receiving waters and threaten water resource sustainability.

Hydrology

Native Tennessee forests and meadows intercept, store, and slowly release rainfall through complex
hydrology. Water budget studies indicate that up to 50% of the annual rainfall is intercepted by foliage
and evaporated during the growing season in deciduous forest in the Southeastern United States (Wilson,
2001). Native soils also play a critical role in storing and conveying Tennessee rainfall. Further studies
have shown soil hydraulic properties to be compensating mechanisms of soil water supply to meet forest
transpiration demands (Luxmoore, 1983). These native landscape characteristics combine to construct
naturally functioning hydrology.

The transformation from native landscapes to a built environment increases the amount of impervious
surfaces, such as roads, parking areas, and rooftops. Native soils are altered during the construction
process such that their inﬁltration properties are generally degraded. These changes reduce, disrupt, or
eliminate natural drainage features, such as inﬁltratable soils, native vegetation, shallow depressions,
and native drainage patterns. As development progresses, the land area that contributes overland ﬂow
(or runoﬀ) in short time periods (minutes) increases, while the land area that stores, inﬁltrates, and
recharges groundwater over long periods of time (days, weeks) decreases (Booth, 2002). The cumulative
eﬀect of these changes on the water budget (Figure 2.1) results in destabilized stream channels, impacted
groundwater resources, degraded water quality, and more frequent ﬂooding.
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Figure 2.1: Water Cycle changes in response to development.

Streams

Development changes the permeability of land cover in watersheds, and this aﬀects the way water ﬂows
in streams and rivers. As explained in Figure 2.2 by using hydrographs (or a diagrams of ﬂow rate, or
discharge, over time), there are two major changes in surface water ﬂow patterns as a response to rainfall:
1) an increase in peak ﬂow rate, and 2) a shortened lag time (e.g. time of concentration) of peak ﬂow.
Runoﬀ is then accumulated in stream channels, where similar compounding eﬀects are seen (Figure 2.3).
These major physical changes in water ﬂow aﬀect stream channel shape and transport mechanisms for
sediment and generally translate to large-scale watershed degradation or persistent undesirable conditions
as described in Table 2.1. Often times, urban streams possess these degraded conditions, which is
documented as the urban stream syndrome. Symptoms of urban stream syndrome include: ﬂashy
hydrology, elevated concentrations of nutrients and pollutants, altered channel shape and stability, and
reduced biotic richness with an increased dominance of tolerant species (Walsh et al., 2005).
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Figure 2.3: Changes in stream hydrology in response to development
(From US EPA 2000 after Schuler, 1992).
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Figure 2.2: Comparison of hydrographs in a natural system (top) versus an urban system (bottom)
to show changes in hydrologic response to rainfall (Leopold, 1968).
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Table 2.1: Watershed conditions due to development and their respective impacts
on water resources (Modiﬁed from Hinman and Wulkan, 2012).
Change in Watershed Condition

Increased impervious area

Increased road networks, road
crossings, and stormwater
drainage pipes

Response

- Increased ﬂow volume from runoﬀ, peak ﬂow rate and frequency, and
channel erosion.
- Increased ﬁne sediment and urban stormwater runoﬀ pollutants.
- Potential reduction in local groundwater recharge and stream base
ﬂow conditions.
- Increased ﬂow volume from runoﬀ, peak ﬂow rate and frequency, and
channel erosion.
- Increased ﬁne sediment and urban stormwater runoﬀ pollutants.
- Increased ﬁsh passage barriers.
- Reduced interstitial space (between gravels/cobbles) dissolved
oxygen levels.
- Loss of ﬁsh spawning and macroinvertebrate habitat.

Increased ﬁne sediment
deposition

-

Loss or fragmentation of
riparian area

Increased pollutant
concentrations and loads

Reduced bank stability and loss of bank habitat structure.
Reduced shading and temperature buﬀer.
Increase potential for harmful algal blooms.
Decreased wildlife habitat.
Decreased beneﬁcial woody debris and organic matter inputs.

- Metals: increase toxicity to sensitive aquatic species.
- Nutrients: excessive aquatic plant growth and drastic diurnal oxygen
ﬂuctuations.
- Pesticides and herbicides: toxic to sensitive aquatic plants and animals.
- Synthetic organic compounds and trace elements: tumors in ﬁsh,
altered migration and spawning activities, synergistic inﬂuence of
multiple types of pollutants not well understood.

There are over 60,000 miles of streams and rivers in Tennessee. Every two years, TDEC publishes an
updated list of impaired waterways across the state (the 303(d) List) and a report on the status of water
resources (the 305(b) Report). In the 2012 305(b) Report, approximately 26% of total stream miles in the
state were identiﬁed as impaired to some degree. The sources of water pollution used in the report that
are commonly associated with development are municipal discharges, construction, and hydrologic
modiﬁcation. These three sources account for approximately 43% of the impacts to rivers and streams.
Municipal discharges alone account for 15% of the sources of water pollution, which is generally attributed
to storm sewer discharges, combined sewer overﬂows, municipal point source discharges, and sanitary
sewer overﬂows. Furthermore, approximately 30% of posted “Pathogen Contamination” stream miles
are attributed to urban runoﬀ/storm sewer.

Wetlands and Reservoirs

The 2012 305(b) Report identiﬁed approximately 32% of total lake and reservoir acres as impaired and
over 54,000 wetland acres lost or impaired. Development impacts reservoirs by creating discharges of
contaminated sediments and increasing sedimentation, nutrient runoﬀ, drainage, ﬁlling, and loss of
wetlands due to land clearing.
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Runoﬀ from the variety of land cover found in the urban environment carries pollutants to surface waters
and has great potential to degrade water quality and aquatic habitat. Common sources of pollutants
include industrial zones, commercial areas, and material handling/storage facilities. Table 2.2 lists the
potential parameter of concern that aﬀects water quality and its relative propensity to originate from
diﬀerent urban land uses.

Problem Parameter

High ﬂow rates
(energy)

Large runoﬀ volumes

Debris (ﬂoatables and
gross solids)
Sediment

Table 2.2: Relative Sources of Parameters of Concern
for Diﬀerent Land Uses in Urban Areas.
Residential

Commercial

Industrial

Freeway

Construction

Low

High

Moderate

High

Moderate

Low

High
Low

Inappropriate discharges
(mostly sewage and
Moderate
cleaning wastes)

High
High

Moderate

Moderate
Low
Low

High

Moderate
Low

Moderate
High

Very High

High

Moderate

Low

Low

Microorganisms

High

Moderate

Moderate

Low

Low

Nutrients
(eutrophication)

Moderate

Moderate

Low

Low

Moderate

High

Low

Low

Low

Moderate

Moderate

High

Moderate

High

Low

Toxicants (heavy
metals/organics)
Organic debris
(SOD and DO)

Heat (elevated water
termperature)

Low

Moderate

High

High

Moderate

NOTE: SOD, sediment oxygen demand; DO, dissolved oxygen. SOURCE: Summarized from Burton
and Pitt (2002), and CWP and Pitt (2008).

A national project was conducted to summarize water quality monitoring data collected by MS4s across
the country. The goal of the project was to characterize the chemical makeup of urban stormwater runoﬀ.
The National Stormwater Quality Database is available here:
http://unix.eng.ua.edu/~rpitt/Research/ms4/Paper/Mainms4paper.html

Water quality degradation due to urban runoﬀ also creates the need for costly water treatment at drinking
water plants, increased maintenance of municipal infrastructure, and increased risk to public health. A study
found that the estimated annual cost of waterborne illness in the U.S. is comparable to the long-term
capital investment needed for improved drinking water treatment and stormwater management (Gaﬃeld
et al., 2003). Preventative measures can alleviate impacts. For example, a downspout disconnection program
near Flint, MI, contributed to a reduction of over 25% of mean ﬂow volume in sanitary sewers during
rain events, which translates into fewer sewer overﬂows. This program was also credited for a signiﬁcant
cost reduction for wastewater treatment at the local facility (Kaufman and Wurtz, 1997).
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Low Impact Development as a Solution

In the mid-1990s, Prince George’s County, Maryland, Departmental of Environmental Resources began
to adopt an approach for stormwater management that used technology-based practices to ensure that
a site’s post-development hydrology mimicked those of the pre-development conditions, and they termed
this approach Low Impact Development (LID; Coﬀman, 2000). The goals of LID were to retain the land’s
hydrologic functions of groundwater recharge, inﬁltration, and frequency and volume of discharges. Figure
2.4 shows how incorporating LID into development re-establishes some of the lost hydrologic functions
of a traditionally developed urban environment and mimics the balance of a natural water cycle. The
recommended practices (according to Prince George’s County) that help create that shift back towards a
natural cycle are:
- Preserve open space and minimize land disturbance
- Protect sensitive natural features and natural processes
- Identify and link on- and oﬀ-site conservation lands
- Incorporate natural features (wetlands, riparian corridors, mature forests) into site designs
- Customize site design according to the site analysis
- Decentralize and micromanage storm water at its source

Figure 2.4: Comparison of the natural and urban water cycles and a depiction of how
low impact development creates opportunities in the urban environment to mimic
the natural cycle (modiﬁed from The Auckland City Council, 2010).

Copious volumes of scientiﬁc and technical literature support the use of LID and other policy and planning
avenues as a means to minimize the impact of development on surface and ground water resources.
Studies have found that preserving forested areas and limiting eﬀective impervious area (e.g. impervious
surface that drains into receiving waters) will lessen the risk of degradation to stream channels (Booth et
al, 2002, Konrad and Burges, 2001). Case studies further support that LID is practical in varied applications
and community scenarios. Several notable national examples are described below (from USEPA, 2013):
Alachua County, Florida – Driver: development pressures of a growing population. Through a
Comprehensive Plan and Land Development Code, the county has protected 31% of open space,
67% of tree canopy, 27% of upland habitat, 59% of strategic ecosystems, and 100% of wetlands.
This is captured in approximately 18,000 acres worth over $81 million.

Lenexa, Kansas – Driver: regulatory changes. Through their Rain to Recreation initiative, the
suburb of Lenexa purchases land in priority areas to provide ﬂood mitigation, stream protection,
water quality improvement, and recreational amenities. The funding for this project comes from
a combination of state and federal grants as well as a stormwater utility program and a 1/10
cent sales tax.
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Staﬀord County, Virginia – Driver: ﬂooding and water quality concerns. After policy review and
ordinance approval, almost 95% of developers are using bioretention, including rain gardens,
as the primary method of on-site stormwater management.

Green infrastructure and stormwater control measures (SCMs) are an integral part of the LID approach.
SCMs are deﬁned by the USEPA (1999) as “a technique, measure, or structural control that is used for a
given set of conditions to manage the quantity and improve the quality of stormwater runoﬀ in the most
cost-eﬀective manner.” SCMs can be engineered or constructed facilities, such as bioinﬁltration basins
and constructed wetlands, or preventative measures, such as education and better site design policies.
Case studies have shown that structural SCMs; such as bioretention, green roofs, permeable pavements,
and vegetated swales; can be implemented to achieve LID goals (USEPA 2000). Through the remainder
of this manual, discussion of SCMs will be limited to strictly the engineered structural facilities used for
runoﬀ reduction, water quality treatment, or stormwater detention. Chapter 5 describes in depth the
breath of practices that are available and their eﬀective application and design.

2.2 Overview of Permanent Stormwater Management Requirements in Tennessee and
n
National Guidance

Permanent stormwater is the runoﬀ generated from impervious surfaces and other non-native land
surfaces in development projects after site construction has been completed. This section provides a
brief overview of permanent stormwater control requirements in Tennessee MS4 permits for the
development, implementation and enforcement of permanent stormwater management programs for
new development and redevelopment projects.

National Green Infrastructure Permit Language

The US EPA guides the creation of permits related to water pollution control at the state level. According
to their MS4 Permit Writers’ Manual and Improvement Guide, permits can be written to foster green
infrastructure implementation by “establishing performance standards for post- construction stormwater
volume control for sites undergoing development/redevelopment. Performance standards to control the
volume of discharges and to mimic the pre-construction hydrology of a site will lead to implementation of
SCMs and green infrastructure to inﬁltrate, evapotranspirate, and/or harvest and beneﬁcially use stormwater.”
Tennessee utilized the guidance and selected runoﬀ reduction as the preferred control practice for
permanent stormwater management performance standards. The standard was expressed as a volume
capture approach (rather than a percentile storm approach) in an eﬀort to create universal, consistent and
straight forward requirements statewide.

Permanent Stormwater Management Requirements in Tennessee

Under authority of the Tennessee Water Quality Control Act of 1977 and approval from the US EPA under
the Federal Water Pollution Control Act, as amended by the Clean Water Act of 1977 and Water Quality
Act of 1987, operators are authorized to discharge stormwater runoﬀ into waters of the State of Tennessee
in accordance with the various eligibility criteria, administrative procedures, program requirements,
reporting requirements set forth in Tennessee MS4 permits. These permits require operators to develop,
implement and enforce a Stormwater Management Program designed to reduce the discharge of
pollutants from the MS4 to protect water quality. The Stormwater Management Program must include
management practices; control techniques, system design and engineering methods; and such other
provisions as determined appropriate for the control of pollutants of concern.
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Olympia, Washington – Driver: regulatory changes. Olympia’s stormwater regulations require
development to inﬁltrate 91% of runoﬀ on site. The city began to use permeable streets and
sidewalks, and found that construction and maintenance of pervious sidewalks ($54/yd2) was
lower than that of traditional sidewalks ($101/yd2).
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To obtain permit compliance with permanent stormwater management requirements, MS4 operators must:
• Develop, implement, and enforce a program to address permanent stormwater runoﬀ management
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, that
are within the MS4 jurisdiction instead of discharge into the MS4;
• Develop and implement strategies which include a combination of structural and/or non- structural
SCMs appropriate for the MS4 community;
• Develop and implement a set of requirements to establish, protect, and maintain a permanent water
quality buﬀer along all waters of the state at new development and redevelopment projects; and
• Use an ordinance or other regulatory mechanism to address permanent runoﬀ from new development
and redevelopment projects to the extent allowable under state or local law. All stormwater SCMs,
including SCMs used at mitigation projects, installed and implemented to meet the permit
performance standards must be maintained in perpetuity. The MS4 must ensure the long-term
maintenance of these stormwater SCMs through a local ordinance or other enforceable policy.

MS4 performance standards inﬂuence the ordinance and policy for project-level permanent stormwater
management plans. The MS4 operators must implement and enforce permanent stormwater controls
that are comprised of runoﬀ reduction and pollutant removal. If runoﬀ reduction and pollutant removal
cannot be fully accomplished onsite, then the MS4 may propose alternatives of oﬀ-site mitigation and/or
payment into a fund for public stormwater projects. The MS4 must develop and apply conditions for
determining the circumstances under which these alternatives will be available. These conditions cannot
be based solely on the diﬃculty or cost of implementing measures, but must include multiple criteria
that would rule out an adequate combination of inﬁltration, evapotranspiration, and reuse. Examples of
such site conditions are lack of available area to create necessary inﬁltration, a site use that is inconsistent
with capture and reuse of stormwater, or physical conditions that preclude use of these practices.

Figure 2.5: Decision Diagram of Permanent Stormwater Control requirements and the
determination criteria for allowable alternative management methods.

Runoﬀ Reduction and Pollutant Removal with Smart Site Design

Site design standards for all new development and redevelopment require management measures that
are designed, built, and maintained to inﬁltrate, evapotranspire, harvest and/or reuse, at a minimum,
the ﬁrst inch of every rainfall event preceded by 72 hours of no measurable precipitation. The ﬁrst inch
of rainfall must be 100% managed with no stormwater runoﬀ being discharged to surface waters. For
site design and assessment purposes, this manual expresses the ﬁrst inch standard in terms of a timing
component and an overall volume, as discussed in detail in Chapter 3, Section 3.4.
Limitations to the application of runoﬀ reduction requirements include, but are not limited to:
• Where a potential for introducing pollutants into the groundwater exists, unless pretreatment
is provided;
• Where pre-existing soil contamination is present in areas subject to contact with inﬁltrated runoﬀ;
• Presence of sinkholes or other karst features.
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Elements of Smart Site Design may be useful in minimizing total management volume for runoﬀ reduction
requirements and are described in detail in Chapter 3. Permanent SCMs can be used to meet the
performance standard for runoﬀ reduction and pollutant removal. Pre-development inﬁltrative capacity
of soils at the project site must be taken into account in selection of runoﬀ reduction management
measures. For projects that cannot meet the runoﬀ reduction requirement, the remainder of the
stipulated volume of rainfall must be treated prior to discharge with a technology reasonably expected
to remove 80% total suspended solids. Runoﬀ reduction and treatment design targets for structural SCMs
are discussed in Chapter 4. Ensure that your local MS4 recognizes the practices you intend to use at your
project site as approved for use and appropriate for your project location.

2.3 Other State and Federal Programs that Inﬂuence Local Stormwater Programs
n

MS4 Permits do not function alone. There are several other state and/or federal regulatory drivers that
will inﬂuence how stormwater is managed by an MS4 or other local program. While the MS4 is not
responsible for administering or enforcing state or federal permits, it may be placed in the role of
integrating or coordinating state and federal permits with local stormwater ordinances and standards for
certain new development and redevelopment projects. For instance, the MS4 may need to be aware of
approval of the stormwater plan with other approvals for activities in streams and wetlands, underground
injection, or dam safety.

Responsible
Agency

TDEC-DWR

Table 2.3: Regulatory Programs and Drivers that inﬂuence or intersect
with site design and stormwater management.
Program Name

Construction
Stormwater
General Permit

How it interacts with permanent stormwater management

Applies to all sites with disturbance of one acre or greater to regulate
sediment discharges into waters of the state. Projects disturbing at
least one acre are required to submit a Notice of Intent applications
and Stormwater Pollution Prevention Plan (SWPPP). The permit is
reissued on a periodic basis (e.g. every ﬁve years) The permit program
is accompanied by the Tennessee Erosion and Sediment Control
Handbook (2012).
Link With Stormwater Program: This permit provides an opportunity for
local programs to coordinate construction and post-construction
stormwater in plan review, inspection and maintenance.
Contact: Tennessee Department of Environment and Conservation (TDEC),
Division of Water Resources:

http://www.tn.gov/environment/permits/conststrm.shtml

Tennessee Permanent Stormwater Management and Design Guidance Manual

17

Chapter 2 – Why Green Infrastructure as a Stormwater Solution for Tennessee

Incentive standards and credits may be developed by an MS4 for redevelopment sites. The MS4 may
provide a 10% reduction in the volume of rainfall to be managed for any of the following types of development.
These credits can be additive such that a maximum reduction of 50% of the volume of rainfall to be
managed is possible for a project that meets all 5 criteria:
1) Redevelopment projects;
2) Brownﬁeld redevelopment;
3) High density (>7 units per acre);
4) Vertical density (Floor to Area Ratio (FAR) of 2 or >18 units per acre); and
5) Mixed use and transit oriented development (within ½ mi of transit).
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Responsible
Agency

TDEC-DWR

TDEC-DWR

Program Name

Multi-Sector
Stormwater
General
Permits
(Industrial
Activities)

Aquatic
Resources
Alteration
Permit (ARAP)

How it interacts with permanent stormwater management

In order to minimize the impact of stormwater discharges from industrial
facilities, the National pollutant Discharge Elimination System (NPDES)
program includes an industrial stormwater permitting component.
Operators of industrial facilities that discharge or have the potential to
discharge stormwater to an MS4 or directly to waters of the state are
required to obtain coverage under the TMSP by submitting a NOI
application to TDEC.
Link With Stormwater Program: This permit provides an opportunity
for local programs to coordinate stormwater review and inspections
for industrial operators.
Contact: Tennessee Department of Environment and Conservation (TDEC),
Division of Water Resources:

http://www.tn.gov/environment/permits/tmsp.shtml

Persons who wish to make an alteration to a stream, river, lake or
wetland must ﬁrst obtain a water quality permit. Physical alterations
to properties of waters of the state requires an Aquatic Resource
Alteration Permit (ARAP) or a §401 Water Quality Certiﬁcation (§401
certiﬁcation). Examples of stream alterations that require a permit from
the Tennessee Division of Water Pollution Control (division) include:
• Dredging, excavation, channel widening, or straightening
• Bank sloping; stabilization
• Channel relocation
• Water diversions or withdrawals
• Dams, weirs, dikes, levees or other similar structures
• Flooding, excavating, draining and/or ﬁlling a wetland
• Road and utility crossings
• Structural ﬁll
A federal permit may also be required from the U. S. Army Corps of
Engineers (Corps) for projects that include the discharge of dredged or
ﬁll material into waters of the U.S. including wetlands. This permit is
called a §404 permit. When a §404 is required from the Corps, a §401
certiﬁcation must ﬁrst be obtained from the division. A §401
certiﬁcation aﬃrms that the discharge would not violate Tennessee's
water quality standards. The application process for a §401 certiﬁcation
is the same as the ARAP process.
Link With Stormwater Program: Often construction stormwater and
permanent stormwater control measures and related activities could
involve some physical alteration of a water bodies and would require
coverage under the ARAP program.
Contact: Tennessee Department of Environment and Conservation
(TDEC), Division of Water Resources

http://www.tn.gov/environment/permits/arap.shtml
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TDEC-DWR

U.S. Army Corps
of Engineers
TDEC-DWR

Program Name

Underground
Injection
Control Permits
(UIC)

Clean Water Act
Section 404
Permit and 401
Certiﬁcation

How it interacts with permanent stormwater management

TDEC-DWR Groundwater Section regulates Class V injection wells (shallow
non-hazardous) under the Underground Injection Control (UIC) program.
There are cases where stormwater inﬁltration practices are regulated as
Class V wells. The division encourages the use of inﬁltration practices and
notes that when designed to manage only the treatment volume speciﬁed
in MS4 permits, these practices do not meet the Class V deﬁnition and can
be installed without requiring UIC permits. Any additional volumes must
daylight or bypass the inﬁltration practice.
There are two general exceptions, with the following practices requiring
UIC permits:
1) Commercially manufactured stormwater devices include a variety
of pre-cast or pre-built proprietary subsurface detention vaults,
chambers or other devices designed to capture and inﬁltrate
stormwater runoﬀ. These devices are Class V wells since their
designs often meet the Class V deﬁnition of subsurface ﬂuid
distribution.
2) Improved sinkholes include any bored, drilled, driven, or dug shaft
or naturally occurring karst feature where stormwater is inﬁltrated.
A naturally occurring karst feature receiving runoﬀ that has been
modiﬁed in volume or quantity is also considered an improved
sinkhole. These practices are Class V wells since their designs
often meet the Class V deﬁnition of subsurface ﬂuid distribution.
Link with Stormwater program: At the local level, a UIC program integrated
with careful planning and the utilization of SCMs and other ground water
protection initiatives can signiﬁcantly reduce the threat to drinking water
supplies.
Contact: Tennessee Department of Environment and Conservation (TDEC),
Division of Water Resources, Groundwater Management Section

http://www.tn.gov/environment/permits/injetwel.shtml

A federal permit may be required from the U. S. Army Corps of Engineers
(Corps) for projects that include the discharge of dredged or ﬁll material
into waters of the U.S. including wetlands. This permit is called a §404
permit. When a §404 is required from the Corps, a §401 certiﬁcation must
ﬁrst be obtained from the division. A §401 certiﬁcation aﬃrms that the
discharge would not violate Tennessee's water quality standards. The
application process for a §401 certiﬁcation is the same as the ARAP process.
Link With Stormwater Program: See above for ARAP. The eﬀort on behalf
of the MS4 to avoid or prevent hydromodiﬁcation of stream and other
water bodies overlaps with the intent of the Section 404 permit to avoid
and minimize impacts.
Contact: U.S. Army Corps of Engineers, TDEC-DWR
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Agency
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Responsible
Agency

U.S.
Environmental
Protection
Agency

Program Name

Section 438 of
the Energy
Independence
and Security
Act (EISA)

How it interacts with permanent stormwater management

Section 438 of EISA states that “the sponsor of any development or
redevelopment project involving Federal facility with a footprint that
exceeds 5,000 square feet shall use site planning design, construction,
and maintenance strategies for the property to maintain or restore, to
the maximum extent technically feasible the predevelopment hydrology
of the property with regard to the temperature, rate, volume, and
duration of ﬂow.” In 2009, the U.S. Environmental Protection Agency
(EPA) issued technical guidance for implementing this provision of EISA.
Link With Stormwater Program: The local program should be aware of
the EISA requirements and guidance for federal facilities that may be
constructed or redeveloped within the community. The local program
may not have the authority to review federal projects, but these federal
facilities can often seek to coordinate with any local requirements. In
addition, federal facilities can often discharge into an MS4; therefore
the MS4 should be aware of this discharge and have the ability to
address adverse impacts to their system.
Contact: U.S. Environmental Protection Agency

http://www.epa.gov/owow/NPS/lid/section438/

Tennessee
Department of
Economic and
Community
Development
Tennessee
Emergency
Management
Agency
Local
governments

Floodplain
Permits

The National Flood Insurance Program (NFIP) in Tennessee works
closely with private insurance companies to oﬀer ﬂood insurance to
property owners and renters. In order to qualify for ﬂood insurance, a
community must join the NFIP and agree to enforce sound ﬂoodplain
management standards.
The National Flood Insurance Program (NFIP) is a federal program created
in 1968 that allows citizens in participating communities to purchase
insurance coverage for potential property damage as a result of ﬂooding.
This voluntary program for local communities is administered by the
Mitigation Division of the Federal Emergency Management Agency
(FEMA). The three components of the NFIP are:
• Flood Insurance
• Floodplain Management
• Flood Hazard Mapping
In return for a local community adopting and enforcing local ﬂoodplain
management regulations, ﬂood insurance is available in the community.
Currently, nearly 400 Tennessee communities participate in the NFIP. Of
all natural disasters, ﬂooding is historically responsible for the most loss
of life and the greatest damage to property in the state. There are
currently more than 21,000 stream miles that have identiﬁed ﬂood
hazard risks in Tennessee.
Link With Stormwater Program: The local program will have to coordinate
reviews for any controls that are authorized to be located in the
ﬂoodplain. Also preservation, protection, and/or restoration of
ﬂoodplains and riparian corridors can be very beneﬁcial for stormwater
management.
Contact: Tennessee Department of Economic & Community Development

http://www.tn.gov/ecd/CD_ﬂood_insurance_prg.shtml
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TDEC-DWR

Program Name

Total
Maximum
Daily Load
(TMDL)

How it interacts with permanent stormwater management

Section 303(d) of the Clean Water Act establishes the Total Maximum
Daily Load (TMDL) program. TMDLs provide a system to develop studies
and plans for stream segments that do not meet water quality
standards.
A TMDL is a study that: 1) quantiﬁes the amount of a pollutant in a
stream, 2) identiﬁes the sources of the pollutant, and 3) recommends
regulatory or other actions that may need to be taken in order for the
stream to cease being polluted.
Some of the actions that might be taken involve re-allocation of limits
on the sources of pollutants documented as impacting streams. It might
be necessary to lower the amount of pollutants being discharged under
NPDES permits or to require the installation of other control measures,
if necessary, to ensure that water quality standards will be met.
Link With Stormwater Program: If an MS4 discharges into a water body
with an approved or established TMDL, then the Stormwater
Management Program must include BMPs (SCMs) speciﬁcally targeted
to achieve the wasteload allocations and requirements prescribed by
the TMDL.
Contact: Tennessee Department of Environment and Conservation (TDEC),
Division of Water Resources

http://www.tn.gov/environment/wpc/tmdl/

Local policy and ordinances speciﬁc for MS4 jurisdictions may also guide or dictate permanent stormwater
management planning and design. Examples of these include land use codes, right-of-way easements,
roadway setbacks, impervious surface ratios and a suite of other policies that aﬀect how development is
distributed. Check local municipal oﬃces for more information on development codes and policy.

2.4 General Compliance Procedure for New Development and Redevelopment Projects
n
in Tennessee

The MS4 Permit establishes general standards for plan review, approval, and enforcement of permanent
stormwater management programs to control runoﬀ from new development and redevelopment.
Successful implementation requires coordinated eﬀorts by both the MS4 operator and the owner or
applicant for new development or redevelopment projects. The program elements include preparation,
submittal, review, and approval of stormwater management plans as well as construction, inspection,
and maintenance of permanent stormwater SCMs.
Figure 2.6 illustrates the general order of recommended actions for both the MS4 program and the project
applicant in order to be compliant with the MS4 permit provisions. The left side lists the responsibilities
of the MS4 program, and the right side those of the project applicant. This is the typical order of actions,
but individual local programs may have alternative plan review and inspection procedures that take
precedence. Local governments can adapt or modify individual components of this process if the local
program deems alternatives more eﬀective.
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Responsible
Agency
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Figure 2.6: Typical Compliance Pathway for Permanent Stormwater Runoﬀ
Management for New Development and Redevelopment Projects.

22

Tennessee Permanent Stormwater Management and Design Guidance Manual

Step 1

Step 2

Step 3

Implement Program Through Ordinance or other Regulatory Mechanisms
Who Does This Step?
• The MS4 or local stormwater program
When Does This Step Occur?
• At initial program development prior to plans being submitted
Description: The MS4 Permit contains provisions for the development, implementation and
enforcement of a local program to address permanent stormwater runoﬀ management from
new development and redevelopment projects This program should include strategies which
use a combination of structural and/or non-structural stormwater control measures (SCMs)
appropriate for your community, requirements to establish, protect and maintain a permanent
water quality buﬀer along all waters of the state and the use of ordinances or other regulatory
mechanisms to address permanent runoﬀ from new development and redevelopment projects.

Develop Pre-Application Stormwater Concept Plan
Who Does This Step?
• The owner/applicant/design engineer for a new development or redevelopment project
that disturbs one-acre or greater, including projects of less than one acre that are part of
a common plan of development.
When Does This Step Occur?
• Very early in the site planning process before infrastructure and lot conﬁgurations are
locked down.
Description: The Concept Plan provides the opportunity for the applicant to put basic stormwater
design ideas and measures on paper before expending time and resources preparing complex
engineered plans and computations. This step can help both the local stormwater program
and the developer avoid problems that could occur if the plan is submitted later in the process.
Pre-Application Meeting
Who Does This Step?
• Both the MS4/local stormwater program AND the owner/applicant along with the project
design engineer.
When Does This Step Occur?
• Soon after the owner/applicant prepares the Concept Plan outlined in Step 2. However, it
may be advantageous for the parties to meet in the oﬃce or in the ﬁeld prior to the
completion of the Concept Plan if site design and stormwater discussions would aid the
applicant in preparing the Concept Plan.
Description: The intent of this meeting is to discuss compliance issues and allow for constructive
interaction between the parties. It is hoped that this meeting will result in a higher quality
submittal and a faster compliance schedule. The meeting is particularly relevant to discuss
site design issues that could reduce the volume of rainfall to be managed on the site,
application of site design incentives, and the most applicable SCMs for the site.

Step 4a Review & Approve Concept Plan; Coordinate with Other Departments & Agency Reviews
Who Does This Step?
• MS4/local stormwater program
When Does This Step Occur?
• Within the speciﬁed time for review of the Concept Plan after accepting the submittal as
complete
Description: The approval to the Concept Plan should mean that there is enough information
to conﬁrm that the Final Stormwater Management (Step 5) is very likely to achieve compliance.
This is the time to coordinate with other internal reviews such as roads and drainage plans,
Tennessee Permanent Stormwater Management and Design Guidance Manual
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The following are recommended steps in Permanent Stormwater Management Control Implementation
and Project-Level Compliance:
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plats, water and sewer, ﬂoodplains, erosion and grading. This is the chance to vet and resolve
possible internal conﬂicts that may limit or omit the use of certain measures. The plan reviewer
should also coordinate the review with external reviews, especially for plans subject to state
or federal reviews, such as wetlands and stream permits, and other discharge permits required
for the site.

Step 4b Revise Concept Plan in Response to Comments
Who Does This Step?
• Owner/applicant and design engineer
When Does This Step Occur?
• After receiving comments, if any, from the plan reviewer
Description: The design engineer revises the Concept Plan components in response to the
reviewer comments. The objective at this point is to ensure that there is enough information
to develop a complete and compliant Final Stormwater Management Plan. Engineering details
and ﬁnal computations are not expected at the concept plan stage.

Step 5

Develop Final Stormwater Management Plan
Who Does This Step?
• Owner/applicant and design engineer
When Does This Step Occur?
• After approval of Concept Plan
Description: Using the approved Concept Plan, as a framework, the Final Stormwater
Management Plan is developed. A typical plan submittal package would include the items listed
in Table 2.4. It should be noted that the ﬁnal stormwater management plan is often coordinated
with other ﬁnal plan such as grading and drainage, erosion control, utilities and road plans.
The actual content for the ﬁnal plans is dictated by the local program requirements, the items
in Table 2.4 are guidelines.

Step 6a Review and Approve Final Stormwater Management Plan; Coordinate with Other
Departments & Agency Review; Issue Permit; Collect Bond;
Who Does This Step?
• MS4/local stormwater program
When Does This Step Occur?
• Within the speciﬁed time for the review of the Final Stormwater Management Plan after
accepting the submittal as complete.
Description: This is a detailed review to verify compliance with the standards in the MS4 permit
and the local ordinance. The reviewer should verify that the information submitted matches
up with the information shown on the plan sheets, the engineering design speciﬁcs, narrative
and computational elements of the plan. The plan reviewer can at this point develop speciﬁc
comments that need to be addressed in order for the plan to receive approval. Final plan
approval requires coordination with other internal and external reviews for the project. Some
programs specify that a performance bond be posted as a condition of ﬁnal approval.
Step 6b Revise Final Plan in Response to Comments
Who Does This Step?
• Owner/applicant and design engineer.
When Does This Step Occur?
• After receiving comments from the plan reviewer.
Description: The design engineer responds to comments from the reviewer. This is an iterative
step with Step 6a.
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Component

Graphical

Narrative and
Computations

Supporting
Documents

Component Items

• Vicinity map
• Plan view showing SCM locations, sizing, post-development drainage areas, and
layout with storm sewer and other utilities
• For each SCM necessary, cross-sections and proﬁle details with elevations of
critical components
• Graphical portrayal of coordination with erosion prevention and sediment control
SCMs (i.e. how will they transition)
• Typical details and notes
• Soil survey, geology, slope, land cover, and other relevant maps for design

• Cover: Project Title, client, nature of computations
• Copy of summary of Design Compliance Spreadsheet
• Table of proposed SCMs with target treatment volume per drainage area, storage
volume, and sizing
• Contributing area delineation for pre- and post-development conditions with times
of concentrations, land use, and soils
• Narrative of stormwater management systems
• Summary of hydrology and hydraulics
• Table of drainage areas, curve numbers, time of concentration, and peak discharge
(pre-and post-development) that summarizes the performance of proposed
stormwater SCMs
• Detailed hydraulic calculations
• Hydrologic analyses
• Supporting calculations (i.e. channel sizing, outfall channel, downstream analyses,
structural calculations)
• Site photographs
• List of permit requirements and how project is in compliance (including other
pertinent permits)
• Soil test pits or borings; results of inﬁltration tests
• Pollutant monitoring data
• Groundwater table elevation
• Habitat evaluations
• Tree surveys
• Threatened and endangered species
• Receiving waters classiﬁcation
• Topographic maps
•
•
•
•
•
•
•
•

Maintenance agreements
Maintenance plan for each SCM
Submittal fees
Engineer’s certiﬁcation statement
Documentation of other permits
Performance bond
Other permits applied for
Land use restrictions or deed restrictions
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Table 2.4: Recommended Components of a Comprehensive Stormwater Management Plan
(Adapted from Claytor, 2006).
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Step 6c Install Erosion Prevention and Sediment Control
Who Does This Step?
• Owner/applicant and site contractor.
When Does This Step Occur?
• After receiving comments from the plan reviewer.
Description: The design engineer responds to comments from the reviewer. This is an iterative
step with Step 6a.
Step 6d Preserve and Protect Functioning Permanent Natural Hydrologic Features from Construction
Impacts
Who Does This Step?
• Owner/applicant and site contractor.
When Does This Step Occur?
• After receiving comments from the plan reviewer.
Description: Mark and protect these permanent natural hydrologic features from construction
impacts using proper fencing materials with signage.
Step 7

Step 8

Once Site is Stable, Construct Post-Construction Stormwater Management Controls
Who Does This Step?
• Owner/applicant and site contractor
When Does This Step Occur?
• After receiving ﬁnal approval of the Stormwater Management Plan. Posting performance
bond (if required by the local program), receiving all necessary permits and approvals, and
following the proper construction/SCM installation sequence as speciﬁed in the plan.
Description: Depending on the SCM, a very speciﬁc construction sequence should be followed.
In particular, SCMs that have a ﬁlter media, rely on inﬁltration into the underlying soil, and/or
that are vulnerable to construction sediments should only be installed once the contributing
drainage areas reach a speciﬁc level of stabilization. The Final Stormwater Management Plans
should be coordinated with the grading and drainage and erosion and sediment plans to
ensure that the installation of permanent stormwater SCMs follows the proper sequence. It
is often helpful for the design engineer to have a role in ensuring that post-construction
SCMs are built according to the plan.

Inspection & Veriﬁcation of Post-Construction Stormwater Management Controls
Who Does This Step?
• MS4/local stormwater program
When Does This Step Occur?
• Permanent SCMs should be inspected at critical stages during installation, and a ﬁnal
inspection should be conducted to verify that the SCM is installed in accordance with the
plan and/or any approved ﬁeld changes.
Description: Many SCMs do not perform as intended due to improper installation and
construction issues. Figure 2.7 illustrates several common construction and installation
pitfalls, using bioretention as an example. Inspection frequency depends on the type of
measure. Measures with multiple materials and layers, subgrade construction, and multiplestep construction sequences usually require more interim inspections. One of the most
important roles of inspectors during SCM installation is to ensure that the drainage areas
are adequately stabilized in order to install permanent SCMs. For instance, premature
installation of bioretention soil media is one of the major causes of failure of these measures.
Appendix F of this manual contains checklists for various SCMs that can be used as a tool for
the inspection process.
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Bioretention area does not drain because of
improper soil media, soils compacted during
installation, and/or ﬁlter fabric under media.

Curb inlets to bioretention swale have eroded
because of improper sizing of stone.

High plant mortality has occurred because
improper species were substituted
during construction.

Site runoﬀ bypasses bioretention swale
because of small elevation changes
during construction.

Some site runoﬀ bypasses bioretention
because of inadequate slope of ﬁlter strip.

Figure 2.7: Common issues with installation of permanent SCMs, using bioretention
as an example (Adapted from West Virginia, 2012).
Tennessee Permanent Stormwater Management and Design Guidance Manual
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Bioretention swale, installed too early during
active construction, has become clogged
with sediment.
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Step 9

Develop & Submit As-Built Certiﬁcation and/or Plan Documents
Who Does This Step?
• Owner/applicant, site contractor and/or design engineer.
When Does This Step Occur?
• Once the ﬁnal sign-oﬀ occurs from the inspector. The MS4 General Permit requires a
veriﬁcation process to ensure that permanent SCMs have been installed per design
speciﬁcations, that includes enforceable procedures for brining noncompliant projects into
compliance. It is recommended that MS4 communities require the submittal of “as-built
certiﬁcations” be submitted within 90 days of completion of the project
Description: Once the SCM installation is complete, as veriﬁed by the inspector, the applicant’s
design consultant prepares an as-built plan for each SCM based on actual site conditions.
This plan can take the form of a “red-lining” approved design plan to note any discrepancies.
The design professional also certiﬁes that the constructed SCM meets or exceeds plan
speciﬁcation. It is important for the as-built plan to conﬁrm:
• Placement of SCMs within easements
• Proper sizing, dimensions, and materials
• Elevations of inlets, outlets, risers, embankments, etc.
• Vegetation per the planting plan and any approved substitutions
• Location of permanent access easements for maintenance

Step 10a Inventory of SCMs, tracking, and reporting
Who Does This Step?
• MS4/local stormwater program
When Does This Step Occur?
• Ongoing, as part of an SCM maintenance, tracking, and reporting program.
Description: The proper installation of a permanent SCM is only the beginning of its life-cycle.
Long-term maintenance and operation are needed to ensure continued performance and
functioning. In this regard, the MS4 General Permit contains provisions for maintenance
agreements, inventory, inspection and tracking of SCMs. Table 2.5 outlines the MS4 General
Permit sections for each of these topics. The MS4 General Permit should be consulted for
full details concerning these programs requirements.
Step 10b Ongoing Maintenance of Landscapes and Structural Controls
Who Does This Step?
• Owner/applicant or as determined by MS4/local stormwater program
When Does This Step Occur?
• Ongoing, as part of an SCM maintenance, tracking, and reporting program.
Description: Long-term maintenance and operation are needed to ensure continued performance
and functioning. In this regard, the MS4 General Permit contains provisions for maintenance
agreements, inventory, inspection and tracking of SCMs. Table 2.5 outlines the MS4 General
Permit sections for each of these topics. The MS4 General Permit should be consulted for full
details concerning these programs requirements.
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Topic

MS4 General
Permit Section

BMP (SCM)
Maintenance

Section 4.2.5.5

Inventory and
Tracking
Management
Practices

Section 4.2.5.6

Owner/Operator
Inspections

Section 4.2.5.7

Brief Description

All stormwater BMPs (SCMs) must be maintained in perpetuity. The
MS4 must ensure the long-term maintenance of these stormwater SCMs
through a local ordinance or other enforceable policy. Speciﬁes that
owners/operators must develop and implement a maintenance agreement
addressing maintenance requirements and provide veriﬁcation of
maintenance for the approved stormwater BMPs (SCMs). Authorizes
MS4 to perform necessary maintenance or take corrective actions if
necessary.
Requires MS4 to establish an inventory and tracking system (e.g.
database or GIS) of BMPs (SCMs) deployed at new development and
redevelopment projects. It is recommended to begin during the plan
review and approval process through to long-term maintenance. It
speciﬁes minimum content for the database or tracking system.

MS4 is to require owners/operators to perform a minimum annual
to ensure that the BMPs (SCMs) and other stormwater management
facilities are properly functioning. Once every ﬁve years, at minimum,
owners/operators will perform comprehensive inspections with a
professional engineer or landscape architect. Owners or operators
shall maintain documentation of these inspections. The MS4 may
require submittal of this documentation.
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Table 2.5: Outline of MS4 General Permit Sections Pertaining to Long-Term BMP (SCM) Maintenance,
Inventory and Tracking Management Practices and Owner/Operator Inspections.
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