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Module 1 - Water Quality Fundamentals 
Estimated Reading Time: 45-60 minutes / Estimated Completion Time: ~ 1 hour                                                                                                                

Recommended Audience: Civil Engineers, Land Development Professionals, Stormwater Engineers, Municipal Officials,  
Contractors and Superintendents, Developers and Property Owners, Estimators and Project Managers, Sales Professionals,  
Students of Civil Infrastructure, Anyone seeking a foundational understanding of stormwater management and water quality 
 treatment. 

Understanding Why Stormwater Treatment Exists and Why It Matters to Modern Development 
 

Introduction 
Stormwater management is one of the most important and rapidly evolving disciplines within modern civil 
infrastructure. What was once viewed simply as drainage has become a complex intersection of engineering, 
environmental stewardship, municipal regulation, long-term maintenance, and watershed protection. 
 
Historically, stormwater systems were designed with one primary objective: move water away as quickly as 
possible. Roads, parking lots, developments, and drainage systems were engineered to rapidly collect runoff and 
discharge it downstream with very little consideration for what the runoff carried with it or how increased runoff 
volumes affected receiving waterways. 
 
As urbanization accelerated across the United States, the consequences became increasingly severe. Natural 
landscapes that once absorbed rainfall were replaced with impervious surfaces such as asphalt, concrete, 
rooftops, and compacted soils. Streams became unstable, flooding increased, sediment loads rose dramatically, 
and pollutants from vehicles, industrial activities, fertilizers, trash, and construction sites entered waterways 
unchecked. 
 
Over time, researchers, municipalities, and environmental agencies began to recognize that stormwater runoff 
itself had become one of the largest contributors to water pollution nationwide. This realization fundamentally 
changed how stormwater infrastructure is designed today. 
 
Across Tennessee and particularly throughout the rapidly growing Nashville and Middle Tennessee region,   
modern stormwater systems are no longer expected to simply convey water. They are expected to reduce flooding, 
improve runoff quality, reduce erosion, protect streams and rivers, improve watershed health, meet 
environmental regulations, support sustainable development, and function safely over long service lives. 
 
This shift led directly to the creation of the modern stormwater quality industry, including water quality units, 
hydrodynamic separators, media filtration systems, underground treatment trains, bioretention systems, 
advanced detention technologies, and proprietary stormwater treatment devices. 
 
Understanding why these systems exist is foundational to understanding modern civil construction itself. This 
curriculum is designed to provide not only product knowledge, but also the reasoning, engineering philosophy, 
regulatory framework, and practical field understanding behind modern stormwater quality management. 
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The goal is not simply to understand products. The goal is to understand why they exist, what problems they solve, 
how engineers use them, how municipalities regulate them, how contractors install them, how owners maintain 
them, and how they fit into long-term infrastructure strategy. 
This foundational understanding allows sales professionals, estimators, contractors, and municipalities to move 
beyond simply quoting structures and toward becoming knowledgeable infrastructure partners. 

 
 
Module Learning Objectives 
By the completion of Module 1, individuals should be able to explain why stormwater quality regulation became 
necessary, understand the role of the Clean Water Act, EPA, NPDES, MS4 programs, and TDEC, and recognize how 
regulations drive stormwater treatment requirements. 
 
Individuals should also understand how urbanization alters natural hydrology, identify major stormwater 
pollutants, and explain how runoff impacts waterways and infrastructure.  From a technical standpoint, we should 
understand the purpose of water quality treatment systems, recognize the major categories of stormwater 
treatment technologies, and understand the concepts of pretreatment and treatment trains. 
 
From a practical industry perspective, you should understand why municipalities require water quality treatment, 
recognize the importance of long-term maintenance, understand why different sites require different treatment 
approaches, and speak confidently about stormwater quality fundamentals with engineers, municipalities, 
contractors, and owners. 

 
 
 

Chapter 1 - The Story of Stormwater  
How Development Changed Water and Why It Matters Today 
 
Before widespread development, rainfall behaved very differently than it does today. Natural landscapes such as 
forests, grasslands, wetlands, and undeveloped soils absorbed and managed rainfall extremely efficiently. These 
natural systems acted like giant sponges, slowing runoff and filtering pollutants before water reached streams and 
rivers. 
 
When rain fell on an undeveloped watershed, a significant portion infiltrated into the soil while vegetation 
absorbed moisture and wetlands slowed and filtered runoff. Only a relatively small amount became direct surface 
runoff. This natural hydrologic cycle created relatively stable waterways with slower flows, cooler temperatures, 
lower erosion rates, and healthier aquatic ecosystems. 
 
Urban development dramatically changed this balance. As cities expanded, natural landscapes were replaced 
with asphalt, concrete, rooftops, parking lots, sidewalks, and compacted soils. These surfaces, commonly 
referred to as impervious surfaces, prevent rainfall from infiltrating into the ground. 
Instead of slowly soaking into the earth, stormwater rapidly flows across developed surfaces and into drainage 
systems. This seemingly simple change creates major downstream consequences. 
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In developed areas, significantly more rainfall becomes direct runoff, increasing the total amount of water entering 
storm sewer systems and streams during storm events. Because storm sewer systems are highly efficient at 
moving water quickly, runoff velocities increase substantially. Pipes, inlets, curb systems, and channels rapidly 
convey water downstream, increasing erosive force and destabilizing stream channels. 
 
Over time, this leads to streambank erosion, channel widening, sediment transport, infrastructure undermining, 
and habitat destruction. Many urban streams today are deeply incised largely because of uncontrolled runoff 
velocity. 
 
As runoff travels across developed surfaces, it also collects pollutants such as sediment, oil, trash, fertilizers, 
metals, and organic debris. Stormwater effectively becomes a transportation system for pollution. 
 
Urban runoff also increases flooding frequency and severity because large volumes of water reach streams more 
quickly than they would in natural conditions. At the same time, paved surfaces absorb heat, causing runoff 
temperatures to rise before entering streams and negatively impacting aquatic ecosystems. 
 
Historically, engineers designed stormwater systems around one primary objective: remove water quickly. Older 
systems prioritized conveyance efficiency, pipe capacity, rapid discharge, and flood reduction. Very little 
consideration was given to water quality, watershed health, stream stability, environmental impacts, or long-term 
ecological consequences. 
 
As environmental damage became more obvious nationwide, this philosophy began to change.  Today, 
stormwater management is viewed much differently. Modern systems attempt to balance quantity control, quality 
treatment, velocity reduction, erosion prevention, environmental protection, long-term maintenance, and 
regulatory compliance. Stormwater is now understood as both a drainage issue and an environmental issue.  
Today, this more comprehensive approach continues to shape infrastructure planning throughout Nashville and 
Middle Tennessee. 
 
This shift created the need for modern stormwater quality infrastructure. 
 

Historic Stormwater Design Modern Stormwater Design 
Move water away quickly Manage water responsibly 
Conveyance focused Watershed focused 
Pipe sizing priority Water quality + quantity 
Flood reduction only Environmental protection 
Immediate drainage Long-term sustainability 
Minimal treatment Pollutant reduction 

 
 
Real-World Example 
Consider a large commercial development with extensive parking areas, large rooftops, and heavy vehicle traffic. 
During a rain event, runoff may collect oil residue, brake dust, tire particles, trash, sediment, and fertilizer residue. 
Without treatment, these pollutants discharge directly into nearby waterways. 
 
Modern regulations now require many developments to incorporate treatment systems that reduce pollutant 
discharge before runoff leaves the site. 
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Key Teaching Point 
Modern stormwater infrastructure is no longer designed only to move water. It is designed to protect waterways, 
reduce pollutants, reduce erosion, improve sustainability, meet environmental regulations, and protect 
downstream infrastructure. This shift created the modern stormwater quality industry. 

 
 
 

Chapter 2 - Understanding Stormwater Pollution 
How Runoff Impacts Nashville, Middle Tennessee and Watersheds Nationwide 
 
What Is Stormwater Pollution? 
Stormwater pollution occurs when runoff collects contaminants from developed surfaces and transports them 
into waterways. Unlike sanitary sewer systems, most stormwater systems discharge directly into the environment 
with little or no treatment. 
 
This means pollutants collected during runoff events often flow directly into streams, rivers, lakes, wetlands, 
reservoirs, and coastal waters. Stormwater runoff has become one of the largest sources of water pollution in the 
United States. 
 
Stormwater pollution is commonly referred to as non-point source pollution because it does not originate from 
one easily identifiable discharge point. Instead, pollution comes from many dispersed sources across a 
watershed, including roads, parking lots, construction sites, industrial yards,  
 
residential neighborhoods, landscaped areas, vehicle traffic, and commercial developments. 
Because stormwater pollution is widespread and diffuse, it is much more difficult to control than a single 
industrial discharge pipe. 

 
 
Major Stormwater Pollutants 
 
Total Suspended Solids (TSS) 
TSS refers to small particles suspended in runoff, including sediment, soil particles, dust, organic matter, and fine 
debris. TSS is one of the most important stormwater quality metrics because many pollutants attach themselves 
to sediment particles. 
 
High TSS levels contribute to reduced water clarity, habitat degradation, stream sedimentation, and pollutant 
transport. Many hydrodynamic separators and water quality units are specifically designed around TSS removal. 
 
Trash and Floatables 
Urban runoff frequently carries plastic bottles, food wrappers, Styrofoam, packaging, and organic debris. Trash 
removal has become an increasingly important municipal focus, especially in dense urban environments where 
visible pollution strongly affects public perception and waterway health. 
Many water quality units are designed specifically to capture floatable debris. 
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Hydrocarbons and Oils 
Vehicles deposit motor oil, fuel residue, brake fluid, grease, and tire particles onto paved surfaces. These 
pollutants accumulate over time and wash into drainage systems during rainfall.  Hydrocarbon pollution is 
especially common in parking lots, fueling facilities, industrial sites, and transportation corridors. 
 
Nutrients 
Nitrogen and phosphorus are common stormwater pollutants originating primarily from fertilizers, landscaped 
areas, organic waste, and agricultural runoff. Excess nutrients contribute to algae blooms, oxygen depletion, fish 
kills, and long-term water quality impairment.  Nutrient reduction is heavily emphasized in some regions of the 
country, especially around sensitive watersheds and reservoirs. 
 
Heavy Metals 
Stormwater may contain zinc, copper, lead, and cadmium originating from vehicle wear, brake pads, industrial 
activities, and roofing materials. Heavy metals can accumulate in aquatic ecosystems over time and may become 
increasingly difficult to remove once introduced into sediment systems. 
 
Construction Sediment 
Construction activity is one of the largest contributors to sediment pollution nationwide. Without proper erosion 
control, exposed soils wash into drainage systems, overload streams with sediment, clog infrastructure, and 
degrade water quality.  This is one reason construction stormwater regulations are so heavily enforced. 

 
 
Why Pollutants Matter 
Stormwater pollutants impact drinking water supplies, aquatic ecosystems, municipal infrastructure, reservoir 
storage capacity, recreational waterways, and flood control systems. Poor stormwater quality also increases long-
term maintenance costs for municipalities and property owners. 
 
Different stormwater treatment systems target different pollutants. Hydrodynamic separators commonly target 
sediment and floatables, oil-grit separators focus on hydrocarbons and sediment capture, while media filtration 
systems may target nutrients, metals, and fine particles. 
 
No single system solves every problem. Understanding pollutants helps engineers select the correct treatment 
strategy for each site. 

 
 
Real World Perspective 
A storm drain is not a treatment plant. Most municipal storm systems discharge directly into local waterways. 
Anything entering a storm drain may ultimately enter a creek, river, reservoir, lake, or downstream ecosystem. 
 
This is one of the most important conceptual realizations in stormwater management. 

 
 
Key Teaching Point 
Stormwater runoff is not simply rainwater. By the time runoff reaches a storm drain, it has often collected 
sediment, trash, oil, nutrients, metals, and organic debris from developed surfaces. 
Modern stormwater treatment systems exist because uncontrolled runoff became a major source of water 
pollution nationwide. 
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Chapter 3 – Stormwater Regulations 
Understanding the Clean Water Act, EPA, NPDES, MS4 Programs, and TDEC 
 
Why Regulation Became Necessary 
By the late 1960s and early 1970s, water pollution in the United States had become a national concern. Industrial 
discharge, untreated wastewater, and uncontrolled stormwater runoff severely degraded waterways across the 
country. Rivers became heavily polluted, aquatic ecosystems deteriorated, and many communities faced 
declining water quality. 
 
As urban development accelerated, researchers and regulators began to recognize that stormwater runoff itself 
had become a major source of pollution. Runoff flowing across developed surfaces collected sediment, oils,  
 
metals, trash, fertilizers, and other pollutants before discharging directly into streams and rivers. 
Public pressure for environmental reform ultimately led to the development of major federal environmental 
legislation. 

 
 
The Clean Water Act 
The Clean Water Act, passed in 1972, became the foundational federal law governing water pollution in the United 
States. Its primary purpose was to restore and maintain the chemical, physical, and biological integrity of the 
nation’s waters. 
 
The law fundamentally changed how water pollution was regulated. Instead of allowing uncontrolled discharge 
into waterways, the federal government established permit systems, enforcement mechanisms, and water quality 
standards designed to reduce pollution nationwide. 
 
The Clean Water Act established the legal framework for regulating industrial discharge, wastewater treatment, 
municipal stormwater systems, construction runoff, and pollutant discharge into waters of the United States. 
Although the law initially focused heavily on wastewater and industrial discharge, stormwater regulation became 
increasingly important as urban runoff impacts became better understood. 

 
 
The EPA – Environmental Protection Agency 
The Environmental Protection Agency, commonly referred to as the EPA, was established in 1970 and became the 
primary federal agency responsible for implementing and enforcing environmental regulations. 
 
The EPA develops national stormwater policies, establishes environmental standards, oversees permitting 
programs, and delegates regulatory authority to state agencies.  While the EPA establishes federal requirements, 
many day-to-day regulatory responsibilities are administered by state environmental agencies such as TDEC in 
Tennessee. 

 
 
NPDES - National Pollutant Discharge Elimination System 
One of the most important programs created under the Clean Water Act is the National Pollutant Discharge 
Elimination System, commonly referred to as NPDES. 
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The NPDES program regulates pollutant discharges into waters of the United States through permit systems. 
Initially, NPDES primarily regulated wastewater treatment plants and industrial discharge. Over time, however, 
regulators recognized that stormwater runoff from developed areas was also contributing significant pollution 
loads to waterways. 
 
Today, NPDES permits commonly apply to construction sites, industrial facilities, municipal storm sewer systems, 
transportation systems, and many large developments. 
 
NPDES permits often establish requirements related to erosion and sediment control, stormwater pollution 
prevention, post-construction runoff treatment, inspection and maintenance procedures, and long-term BMP 
performance expectations. 
 
These permit requirements directly influence how modern stormwater infrastructure is designed and maintained. 

 
 
MS4 Programs 
MS4 stands for Municipal Separate Storm Sewer System. An MS4 system includes publicly owned stormwater 
infrastructure such as storm drains, inlets, pipes, culverts, ditches, channels, and outfalls. 
 
Unlike sanitary sewer systems, MS4 systems generally discharge runoff directly into local waterways without 
treatment.  Municipalities operating MS4 systems are required to obtain permits and implement stormwater 
management programs designed to reduce pollutants entering receiving waters. 
 
MS4 programs commonly require municipalities to implement post-construction stormwater treatment 
standards, long-term BMP maintenance programs, municipal inspection procedures, public education efforts, 
illicit discharge detection programs, and construction runoff controls. 
 
MS4 programs are one of the primary reasons water quality treatment systems are specified today. 
Many municipalities require developers to incorporate stormwater treatment BMPs before runoff can leave a site. 

 
 
TDEC - Tennessee Department of Environment and Conservation 
In Tennessee, many stormwater regulatory responsibilities are administered by the Tennessee Department of 
Environment and Conservation, commonly referred to as TDEC. 
 
TDEC oversees Construction General Permits, stormwater compliance programs, municipal permitting, water 
quality enforcement, environmental inspections, and post-construction stormwater requirements throughout 
Tennessee. 
 
For engineers, contractors, developers, and municipalities in Tennessee, TDEC requirements heavily influence 
project design, permitting, construction sequencing, inspection procedures, and long-term maintenance 
expectations. 
 
Tennessee municipalities operating under MS4 permits often establish additional local standards beyond 
minimum state requirements.
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Municipal Standards and Local Requirements 
One of the most important realities in stormwater management is that requirements often vary significantly 
between municipalities.  Cities and counties may establish approved product lists, minimum treatment 
requirements, pretreatment standards, maintenance agreement requirements, inspection accessibility 
standards, and proprietary device acceptance criteria that exceed state minimum requirements. 
 
This means a product accepted in one municipality may not automatically be accepted in another. 
Understanding local municipal preferences is often just as important as understanding broader state and federal 
regulations. 

 
 
How Regulation Created the Modern Water Quality Industry 
Modern water quality manufacturers largely exist because regulations became increasingly strict over time. 
As municipalities and environmental agencies demanded better pollutant removal performance, manufacturers 
responded by developing increasingly advanced treatment technologies. 
 
This regulatory pressure helped drive the development of hydrodynamic separators, media filtration systems, 
underground treatment trains, oil-grit separators, nutrient reduction systems, and increasingly sophisticated 
verification testing programs. 
 
Manufacturers such as ADS, Contech, Oldcastle Infrastructure, Hydro International, and others evolved alongside 
increasingly sophisticated regulatory expectations. 
Today, stormwater treatment systems are no longer viewed as optional enhancements on many projects. In many 
jurisdictions, they are required infrastructure. 

 
 
Key Teaching Point 
The modern stormwater quality industry exists largely because environmental regulations demanded better 
protection of waterways. 

Understanding regulations is critical because regulations directly influence: 
• Product demand 
• Engineering design 
• Municipal standards 
• Maintenance expectations 
• Construction requirements 
• Long-term ownership responsibilities 

 
 
 



 
 

© 2026 Terrain Civil                                                      All rights reserved.      
No portion of this publication may be reproduced, distributed, transmitted, displayed, published, or used for commercial purposes without the express written permission 
of Terrain Civil University and Terrain Civil, LLC.    This publication is intended solely for educational purposes and authorized internal use. 

 

Chapter 4 - Why Water Quality Units Matter 
Protecting Waterways Through Modern Stormwater Treatment  
 
The Challenge of Modern Development 
Modern development often creates difficult stormwater management conditions. Large parking lots, dense urban 
sites, transportation corridors, industrial facilities, and redevelopment projects generate substantial runoff while 
offering limited space for traditional stormwater BMPs. 
 
Historically, stormwater ponds and open treatment systems were commonly used to manage runoff quality. 
However, many modern developments lack the available land area needed for large surface treatment systems. 
This created demand for compact underground treatment technologies.

 
 
What Is a Water Quality Unit? 
A water quality unit, commonly referred to as a WQU, is a stormwater treatment structure designed to remove 
pollutants from runoff before discharge. 
 
Most water quality units target pollutants such as sediment, trash, floatables, hydrocarbons, and fine suspended 
solids.  Many systems are installed underground and integrated directly into storm sewer systems.

 
 
Why Engineers Specify Water Quality Units 
Engineers commonly specify water quality units because they provide compact treatment solutions that fit 
modern development constraints. 
 
These systems are frequently used because they save valuable surface space, fit dense urban developments, 
provide pretreatment, improve downstream BMP performance, help satisfy municipal requirements, support 
retrofit applications, and improve maintenance accessibility. 
 
Water quality units are especially valuable on sites where surface BMPs are impractical or insufficient. 

 
 
Pretreatment 
One of the most important concepts in stormwater treatment design is pretreatment. 
Pretreatment refers to removing larger pollutants before runoff reaches downstream treatment systems. 
Pretreatment protects downstream systems such as detention systems, bioretention systems, media filters, 
infiltration systems, and underground storage systems from excessive sediment loading and premature 
maintenance issues. 
 
Without adequate pretreatment, downstream systems may clog, lose effectiveness, or require significantly more 
maintenance. 
 
This is one reason hydrodynamic separators are frequently installed upstream of more advanced treatment BMPs.
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Water Quality Units as Part of a Treatment Train 
One of the biggest misconceptions in stormwater management is the belief that a single structure solves every 
runoff problem.  In reality, most successful stormwater systems operate as treatment trains, meaning multiple 
BMPs work together to improve overall performance. 
 
A typical treatment train might include a catch basin for debris collection, a hydrodynamic separator for sediment 
and floatables removal, underground detention for flow control, and bioretention for polishing treatment before 
discharge.  Each component serves a different purpose.

 
 
Real-World Application 
Consider a dense commercial redevelopment site in downtown Nashville. The property may have limited available 
land area, high impervious coverage, municipal treatment requirements, and strict utility conflicts. 
Traditional ponds or large open BMPs may not be feasible. 
 
In these situations, engineers often rely on underground water quality units because they provide treatment within 
compact footprints while preserving valuable developable space. 

 
 
Key Teaching Point 
Water quality units are rarely standalone solutions. They are typically one component within a broader stormwater 
management strategy designed around pollutant reduction, site constraints, maintenance accessibility, 
regulatory compliance, and long-term system performance. 

 
 
 

Chapter 5 – Modern Stormwater Treatment Technologies  
Understanding Water Quality Units and Best Management Practices 
 
Understanding Different Treatment Technologies 
One of the most important lessons in stormwater management is understanding that not all water quality systems 
solve the same problem. 
 
Different technologies target different pollutants, site constraints, maintenance expectations, and regulatory 
goals.  Understanding the strengths and limitations of each system type is critical.

 
 
Hydrodynamic Separators 
Hydrodynamic separators use vortex flow, swirl concentration, gravity separation, or internal baffles to remove 
pollutants from runoff.  These systems commonly target sediment, trash, floatables, and hydrocarbons. 
 
 
Hydrodynamic separators are widely used because they fit underground, require relatively small footprints, 
provide effective pretreatment, integrate easily into storm sewer systems, and are familiar to many municipalities. 
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Examples include ADS Barracuda systems, Contech CDS systems, Downstream Defender units, and Hydro 
International products. 
 
Hydrodynamic separators are especially common on commercial developments, transportation projects, and 
urban sites throughout Nashville and Middle Tennessee.

 
 
Media Filtration Systems 
Media filtration systems generally provide higher pollutant removal performance than standard hydrodynamic 
separators. 
 
These systems commonly target fine sediment, nutrients, metals, hydrocarbons, and smaller suspended particles 
that may not be effectively removed by traditional pretreatment devices.  Media filtration systems often use 
engineered cartridges or specialized filtration media. 
 
Examples include StormFilter systems, Jellyfish Filters, and other advanced proprietary filtration technologies. 
These systems are especially common in regions with stricter nutrient and metals regulations.

 
 
Oil-Grit Separators 
Oil-grit separators focus primarily on hydrocarbon separation and sediment capture. 
These systems are often used at fueling facilities, industrial sites, transportation facilities, maintenance yards, 
and other locations where hydrocarbon exposure is elevated.

 
 
Baffle Boxes 
Baffle boxes use internal chambers and baffles to slow runoff and capture sediment and debris. 
These systems are frequently used for pretreatment applications and trash capture.

 
 
Biofiltration Systems 
Biofiltration systems use vegetation and engineered soils to improve runoff quality. 
Examples include rain gardens, bioretention systems, and bioswales. 
 
These systems may provide pollutant reduction, infiltration benefits, urban greening, and improved aesthetics. 
However, they also require adequate surface space and long-term maintenance.

 
 
Choosing the Correct Technology 
No single technology is ideal for every project.  The correct treatment approach depends on site constraints, 
municipal requirements, pollutant targets, maintenance accessibility, available footprint, construction cost, and 
long-term ownership responsibilities.  Understanding these variables is critical for engineers, municipalities, 
contractors, and distributors.
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Key Teaching Point 
Different stormwater technologies solve different problems. Understanding how and why each technology is used 
is foundational to successful stormwater management. 

 
 
 

Chapter 6 – Stormwater Treatment Trains 
Why Multiple Systems Work Better Than One 
 
What Is a Treatment Train? 
A treatment train is a combination of stormwater BMPs working together to improve overall runoff treatment 
performance.  Instead of relying on one structure to solve every problem, treatment trains distribute treatment 
responsibilities across multiple systems. 
 
This approach improves redundancy, pollutant removal performance, maintenance efficiency, and long-term 
reliability.

 
 
Example Treatment Train 
A typical commercial site treatment train may include: 
1. Catch basins for large debris collection 
2. Hydrodynamic separators for sediment and floatables removal 
3. Underground detention systems for flow control 
4. Bioretention or polishing BMPs for additional treatment 
5. Outfall protection for erosion reduction 
Each stage serves a different purpose.

 
 
Why Pretreatment Matters 
Pretreatment is one of the most important concepts within treatment train design. 
Removing larger pollutants early protects downstream systems from excessive sediment accumulation and 
maintenance burdens. 
 
Without pretreatment, systems such as media filters, infiltration BMPs, and bioretention areas may fail 
prematurely.  This is one reason hydrodynamic separators are frequently used upstream of more advanced 
treatment systems.

 
 
Long-Term Performance 
Treatment trains are often more successful long-term because maintenance responsibilities are distributed 
across multiple systems rather than concentrated within a single structure. 
This improves overall lifecycle performance.
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Key Teaching Point 
Pretreatment protects downstream systems. Many stormwater failures occur because systems were installed 
without adequate pretreatment or maintenance planning. 

 
 
 
 

Chapter 7 – Stormwater Maintenance 
Protecting Long-Term Infrastructure Performance 
 
Stormwater Systems Require Maintenance 
Stormwater treatment systems are not install-and-forget infrastructure.  Every treatment system accumulates 
pollutants over time. Without maintenance, sediment accumulates, structures clog, treatment performance 
declines, and pollutants bypass systems entirely. 
 
Maintenance is one of the most overlooked aspects of stormwater infrastructure and many Tennessee 
municipalities now require long-term inspection and maintenance documentation.

 
 
Common Maintenance Activities 
Typical maintenance activities include inspections, sediment removal, vacuum truck cleaning, debris removal, 
outlet inspection, structural inspection, and documentation. 
 
Many underground treatment systems are specifically designed to accommodate vacuum truck maintenance 
access.

 
 
Why Maintenance Is Often Neglected 
Maintenance failures commonly occur because ownership responsibilities are unclear, long-term budgets are 
insufficient, access is difficult, inspection programs are inconsistent, and maintenance agreements are poorly 
enforced. 
 
Municipalities have increasingly recognized that poorly maintained BMPs eventually become ineffective. 
As a result, many jurisdictions now require long-term maintenance agreements and inspection documentation.

 
 
Municipal Perspective 
From a municipal standpoint, maintainability is often just as important as treatment performance. 
A highly advanced treatment system provides little value if nobody maintains it. 
 
This is one reason many municipalities strongly prefer systems with simple maintenance procedures, good 
access, proven performance histories, and familiar operating requirements.
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Lifecycle Perspective 
Stormwater infrastructure should be evaluated across its entire lifecycle, not simply at installation. 
A lower-cost system with poor maintenance accessibility may ultimately cost significantly more over time. 
Understanding lifecycle performance is critical when evaluating stormwater treatment systems.

 
 
Key Teaching Point 
Even the best stormwater treatment system in the world will fail if maintenance is neglected. Long-term 
maintenance planning is one of the most important aspects of successful stormwater management. 

 
 
 
 

Local Perspective 
Stormwater Management in Nashville and Middle Tennessee 

Stormwater management takes on unique importance throughout Nashville and Middle Tennessee because of the 
region's rapid growth, rolling topography, clay-rich soils, and increasing amount of impervious surface created by 
commercial, residential, and transportation development. Major projects such as the East Bank redevelopment, 
Oracle campus, Nashville International Airport expansion, and continued growth along the I-24, I-40, and I-65 
corridors all require thoughtful stormwater planning to protect local waterways while supporting economic 
development. 

Many municipalities throughout Middle Tennessee—including Nashville, Franklin, Murfreesboro, Hendersonville, 
Clarksville, Gallatin, Smyrna, and Mt. Juliet—operate under MS4 permits and enforce stormwater quality 
requirements that influence project design from the earliest planning stages. Understanding these regional 
requirements allows engineers, contractors, developers, and property owners to make better decisions while 
supporting long-term watershed protection throughout the Cumberland River Basin.

 

 
Engineer’s Perspective 
Successful stormwater design extends beyond hydraulic calculations. Engineers must balance runoff quantity, 
water quality, constructability, available land area, regulatory compliance, maintenance accessibility, and 
lifecycle costs while designing systems that will perform reliably for decades. Understanding these competing 
priorities helps every project stakeholder contribute to a more successful outcome.
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Contractor’s Perspective 
Stormwater treatment systems are often installed under demanding field conditions that include utility conflicts, 
groundwater, weather delays, traffic control, and limited working space. Contractors who understand how these 
systems function are better equipped to identify potential issues before installation, improve constructability, and 
reduce costly field modifications.

 

 
Owner’s Perspective 
For property owners, the responsibility for stormwater management does not end when construction is complete. 
Long-term inspection, maintenance, and regulatory compliance become ongoing responsibilities that directly 
influence system performance, operating costs, and environmental stewardship. Selecting systems that are 
durable, maintainable, and accessible often provides greater value over the life of the property.

 

 
Distributor’s Perspective 
The most valuable distributor is not simply the one who delivers products on time, but the one who understands 
how those products fit within the larger stormwater management system. By understanding engineering intent, 
construction practices, maintenance requirements, and evolving regulations, distributors can become trusted 
project partners who help improve outcomes long before materials arrive on site.

 
 

Module 1 Conclusion 
 
Stormwater management has evolved far beyond the traditional objective of simply moving water away from developed 
areas. What was once viewed primarily as a drainage challenge is now recognized as a critical component of 
environmental stewardship, infrastructure resilience, regulatory compliance, and long-term watershed protection. 
 
Throughout this module, we explored how urbanization fundamentally altered the natural hydrologic cycle by replacing 
permeable landscapes with impervious surfaces that increase runoff volume, velocity, and pollutant transport. We 
examined how stormwater became one of the largest sources of non-point source pollution in the United States and why 
protecting waterways requires more than simply conveying runoff downstream. 
 
We also reviewed the regulatory framework that drives modern stormwater management, including the roles of the Clean 
Water Act, the Environmental Protection Agency, the National Pollutant Discharge Elimination System, municipal MS4 
programs, and the Tennessee Department of Environment and Conservation. These programs established the foundation 
for many of the stormwater treatment requirements that exist today and continue to influence how projects are designed, 
permitted, constructed, and maintained. 
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Finally, we introduced the concept of water quality treatment systems, treatment trains, pretreatment, and long-term 
maintenance. While the technologies themselves vary widely, they all exist to accomplish the same fundamental goal: 
reducing the impact of development on downstream waterways and protecting the health of the watershed. 
 
Perhaps the most important takeaway from this module is that stormwater infrastructure is not simply a collection of 
pipes, structures, and treatment devices. It is a system of interconnected components designed to manage water 
responsibly, protect natural resources, and support sustainable growth for future generations. 
 
As we move into the next module, we will begin examining the specific technologies, manufacturers, and treatment 
approaches that make modern stormwater quality management possible. With a clear understanding of why stormwater 
treatment exists, we can now focus on how these systems function, where they are most effectively applied, and the role 
they play within a complete stormwater management strategy. 
 
The question is no longer whether stormwater should be managed. The question is how it can be managed most effectively 
to balance development, infrastructure, environmental protection, and long-term performance. 
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Frequently Asked Questions 
 
What is an MS4 permit? 
MS4 stands for Municipal Separate Storm Sewer System. Municipalities operating storm drainage systems often maintain 
permits requiring them to manage stormwater quality and reduce pollutant discharges. 
 
What is a watershed? 
A watershed is an area of land where all rainfall and surface runoff drain to a common outlet, such as a creek, river, lake, or 
reservoir. Every property, roadway, parking lot, and development exists within a watershed. Activities occurring upstream 
can directly affect water quality, flooding, and erosion downstream, making watershed management one of the 
fundamental principles of modern stormwater engineering. 
 
Why are storm drains different from sanitary sewers? 
Storm drains and sanitary sewers serve two very different purposes. Storm drainage systems are designed to collect 
rainfall and stormwater runoff and typically discharge directly into nearby streams, rivers, or other receiving waters with 
little or no treatment. Sanitary sewer systems, on the other hand, collect wastewater from homes, businesses, and 
industries before transporting it to a wastewater treatment plant for cleaning. Understanding this distinction is important 
because anything that enters a storm drain may ultimately flow directly into the natural environment. 
 
Who maintains water quality units after construction? 
Maintenance responsibilities vary depending on the project and local regulations. In many commercial and private 
developments, the property owner or homeowners' association is responsible for inspecting and maintaining stormwater 
treatment systems. On publicly owned infrastructure, maintenance is often performed by municipalities, transportation 
agencies, or utility authorities. Many Tennessee municipalities require long-term maintenance agreements and periodic 
inspections to ensure water quality units continue operating as designed throughout their service life. 
 
Are water quality units required on every development? 
No. The need for a water quality unit depends on several factors, including project size, land use, municipal requirements, 
watershed sensitivity, and applicable stormwater regulations. Some developments may satisfy water quality requirements 
through bioretention areas, detention ponds, infiltration practices, or other Best Management Practices (BMPs), while 
others require proprietary stormwater treatment systems such as hydrodynamic separators or media filtration units. The 
appropriate solution is determined during the engineering and permitting process. 
 
How do stormwater regulations affect construction projects in Tennessee? 
Stormwater regulations influence nearly every stage of project development in Tennessee, from initial site design through 
construction and long-term maintenance. Projects may be subject to requirements established by the Clean Water Act, 
the National Pollutant Discharge Elimination System (NPDES), the Tennessee Department of Environment and 
Conservation (TDEC), and local MS4 municipalities. These regulations often require erosion and sediment control during 
construction, stormwater quality treatment after construction, and ongoing inspection and maintenance to protect 
Tennessee's rivers, streams, lakes, and other receiving waters. 
 
Why is pretreatment important in a stormwater management system? 
Pretreatment removes larger pollutants such as sediment, trash, floatables, and debris before stormwater reaches 
downstream treatment systems. By reducing the pollutant load entering detention systems, media filters, or bioretention 
areas, pretreatment helps extend system life, improve overall treatment performance, and reduce long-term maintenance 
costs. For this reason, hydrodynamic separators and other pretreatment devices are commonly installed at the front of a 
stormwater treatment train. 
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What is a hydrodynamic separator? 
A hydrodynamic separator is an underground stormwater treatment device that uses vortex flow, gravity separation, and 
internal chambers to capture sediment, trash, floatables, and hydrocarbons from stormwater runoff. These systems are 
frequently specified on commercial developments, transportation projects, and municipal infrastructure because they 
provide effective pretreatment while requiring relatively little surface area. Examples include the ADS Barracuda, Contech 
CDS, and Oldcastle Downstream Defender. 
 
What are Best Management Practices (BMPs)? 
Best Management Practices, commonly referred to as BMPs, are structural and non-structural measures used to improve 
stormwater quality and reduce runoff impacts. Examples include water quality units, detention systems, bioretention 
areas, bioswales, infiltration systems, erosion control measures, and treatment trains. Engineers select BMPs based on 
site conditions, regulatory requirements, maintenance considerations, and long-term performance objectives. 
 
Why does stormwater management matter in Nashville and Middle Tennessee? 
Rapid growth throughout Nashville and Middle Tennessee continues to increase the amount of impervious surface created 
by roads, parking lots, rooftops, and commercial development. As runoff volumes increase, communities face greater 
challenges related to flooding, stream erosion, infrastructure maintenance, and water quality protection. Effective 
stormwater management helps balance continued development with environmental stewardship while supporting 
compliance with TDEC and local municipal stormwater requirements. 
 
How can Terrain Civil help with stormwater management projects in Nashville and Middle Tennessee? 
Terrain Civil partners with engineers, contractors, municipalities, developers, and property owners by providing technical 
product knowledge, stormwater treatment solutions, constructability support, and guidance throughout the project 
lifecycle. From water quality units and hydrodynamic separators to drainage infrastructure, erosion control, and 
geosynthetics, our goal is to help customers select practical, maintainable solutions that support both project success 
and long-term watershed protection.

 
 

 

 

 

 

 

 

 

 


