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Preface

Stormwater runoff from the built environment remains one of the great challenges of
modern water pollution control, as this source of contamination is a principal contributor to
water quality impairment of waterbodies nationwide. In addition to entrainment of chemical and
microbial contaminants as stormwater runs over roads, rooftops, and compacted land, stormwater
discharge poses a physical hazard to aquatic habitats and stream function, owing to the increase
in water velocity and volume that inevitably result on a watershed scale as many individually
managed sources are combined. Given the shift of the world’s population to urban settings, and
that this trend is expected to be accompanied by continued wholesale landscape alteration to
accommodate population increases, the magnitude of the stormwater problem is only expected to
grow.

In recognition of the need for improved control measures, in 1987 the U.S. Congress
mandated the U.S. Environmental Protection Agency (EPA), under amendments to the Clean
Water Act, to control certain stormwater discharges under the National Pollutant Discharge
Elimination System. In response to this federal legislation, a permitting program was put in
place by EPA as the Phase | (1990) and Phase 11 (1999) stormwater regulations, which together
set forth requirements for municipal separate storm sewer systems and industrial activities
including construction. The result of the regulatory program has been identification of hundreds
of thousands of sources needing to be permitted, which has put a strain on EPA and state
administrative systems for implementation and management. At the same time, achievement of
water quality improvement as a result of the permit requirements has remained an elusive goal.

To address the seeming intractability of this problem, the EPA requested that the
National Research Council (NRC) review its current permitting program for stormwater
discharge under the Clean Water Act and provide suggestions for improvement. The broad goals
of the study were to better understand the links between stormwater pollutant discharges and
ambient water quality, to assess the state of the science of stormwater management, and to make
associated policy recommendations. More specifically, the study was asked to:

(1) Clarify the mechanisms by which pollutants in stormwater discharges affect ambient
water quality criteria and define the elements of a “protocol” to link pollutants in stormwater
discharges to ambient water quality criteria.

(2) Consider how useful monitoring is for both determining the potential of a discharge
to contribute to a water quality standards violation and for determining the adequacy of
stormwater pollution prevention plans. What specific parameters should be monitored and when
and where? What effluent limits and benchmarks are needed to ensure that the discharge does
not cause or contribute to a water quality standards violation?
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(3) Assess and evaluate the relationship between different levels of stormwater pollution
prevention plan implementation and in-stream water quality, considering a broad suite of best
management practices (BMPs).

(4) Make recommendations for how to best stipulate provisions in stormwater permits to
ensure that discharges will not cause or contribute to exceedances of water quality standards.
This should be done in the context of general permits. As a part of this task, the committee will
consider currently available information on permit and program compliance.

(5) Assess the design of the stormwater permitting program implemented under the Clean
Water Act.

There are a number of related topics that one might expect to find in this report that are
excluded, because EPA requested that the study be limited to problems addressed by the
agency’s stormwater regulatory program. Specifically, nonpoint source pollution from
agricultural runoff, septic systems, combined sewer overflows, sanitary sewer overflows, and
concentrated animal feeding operations are not addressed in this report. In addition, alteration of
the urban base-flow hydrograph from a number of causes that are not directly related to storm
events (e.g., interbasin transfers of water, leakage from water supply pipes, lawn irrigation, and
groundwater withdrawals) is a topic outside the scope of the report and therefore not included in
any depth.

In developing this report, the committee benefited greatly from the advice and input of
EPA representatives, including Jenny Molloy, Linda Boornazian, and Mike Borst;
representatives from the City of Austin; representatives from King County, Washington, and the
City of Seattle; and representatives from the Irvine Ranch Water District. The committee heard
presentations by many of these individuals in addition to Chris Crockett, City of Philadelphia
Water Department; Pete LaFlamme and Mary Borg, Vermont Department of Environmental
Conservation; Michael Barrett, University of Texas at Austin; Roger Glick, City of Austin;
Michael Piehler, UNC Institute of Marine Sciences, Keith Stolzenbach, UCLA,; Steve Burges,
University of Washington; Wayne Huber, Oregon State University; Don Theiler, King County;
Charlie Logue, Clean Water Services, Hillsboro, Oregon; Don Duke, Florida Gulf Coast
University; Mike Stenstrom, UCLA; Gary Wolff, California Water Board; Paula Daniels, City of
Los Angeles Public Works; Mark Gold, Heal the Bay; Geoff Brosseau, California Stormwater
Quality Association; Steve Weisberg, Southern California Coastal Water Research Project; Chris
Crompton, Southern California Stormwater Monitoring Coalition; David Beckman, NRDC; and
Eric Strecker, GeoSyntec. We also thank all those stakeholders who took time to share with us
their perspectives and wisdom about the various issues affecting stormwater.

The committee was fortunate to have taken several field trips in conjunction with
committee meetings. The following individuals are thanked for their participation in organizing
and guiding these trips: Austin (Kathy Shay, Mike Kelly, Matt Hollon, Pat Hartigan, Mateo
Scoggins, David Johns, and Nancy McClintock); Seattle (Darla Inglis, Chris May, Dan Powers,
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Scott Bawden, Nat Scholz, John Incardona, Kate McNeil, Bob Duffner, Curt Crawford); and Los
Angeles (Peter Postimayr, Matthew Keces, Alan Bay, and Sat Tamarieuchi).

Completion of this report would not have been possible without the Herculean efforts of
project study director Laura Ehlers. Her powers to organize, probe, synthesize, and keep the
committee on track with completing its task were simply remarkable. Meeting logistics and
travel arrangements were ably assisted by Ellen De Guzman and Jeanne Aquilino.

This report has been reviewed in draft form by individuals chosen for their diverse
perspectives and technical expertise, in accordance with procedures approved by the NRC’s
Report Review Committee. The purpose of this independent review is to provide candid and
critical comments that will assist the institution in making its published report as sound as
possible and to ensure that the report meets institutional standards for objectivity, evidence, and
responsiveness to the study charge. The review comments and draft manuscript remain
confidential to protect the integrity of the deliberative process. We wish to thank the following
individuals for their review of this report: Michael Barrett, University of Texas; Bruce Ferguson,
University of Georgia; James Heaney, University of Florida; Daniel Medina, CH2ZMHILL,;
Margaret Palmer, University of Maryland Chesapeake Biological Laboratory; Kenneth Potter,
University of Wisconsin; Joan Rose, Michigan State University; Eric Strecker, Geosyntec
Consultants; and Bruce Wilson, Minnesota Pollution Control Agency.

Although the reviewers listed above have provided many constructive comments and
suggestions, they were not asked to endorse the conclusions and recommendations nor did they
see the final draft of the report before its release. The review of this report was overseen by
Michael Kavanaugh, Malcolm Pirnie, Inc., and Richard Conway, Union Carbide Corporation,
retired. Appointed by the NRC, they were responsible for making certain that an independent
examination of this report was carried out in accordance with institutional procedures and that all
review comments were carefully considered. Responsibility for the final content of this report
rests entirely with the authoring committee and institution.

Claire Welty,

Committee Chair
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Summary

Urbanization is the changing of land use from forest or agricultural uses to suburban and
urban areas. This conversion is proceeding in the United States at an unprecedented pace, and
the majority of the country’s population now lives in suburban and urban areas. The creation of
impervious surfaces that accompanies urbanization profoundly affects how water moves both
above and below ground during and following storm events, the quality of that stormwater, and
the ultimate condition of nearby rivers, lakes, and estuaries.

The National Pollutant Discharge Elimination System (NPDES) program under the Clean
Water Act (CWA) is the primary federal vehicle to regulate the quality of the nation’s
waterbodies. This program was initially developed to reduce pollutants from industrial process
wastewater and municipal sewage discharges. These point sources were known to be responsible
for poor, often drastically degraded conditions in receiving waterbodies. They were easily
regulated because they emanated from identifiable locations, such as pipe outfalls. To address
the role of stormwater in causing or contributing to water quality impairments, in 1987 Congress
wrote Section 402(p) of the CWA, bringing stormwater control into the NPDES program, and in
1990 the U.S. Environmental Protection Agency (EPA) issued the Phase | Stormwater Rules.
These rules require NPDES permits for operators of municipal separate storm sewer systems
(MS4s) serving populations over 100,000 and for runoff associated with industry, including
construction sites five acres and larger. In 1999 EPA issued the Phase 11 Stormwater Rule to
expand the requirements to small MS4s and construction sites between one and five acres in size.

With the addition of these regulated entities, the overall NPDES program has grown by
almost an order of magnitude. EPA estimates that the total number of permittees under the
stormwater program at any time exceeds half a million. For comparison, there are fewer than
100,000 non-stormwater (meaning wastewater) permittees covered by the NPDES program. To
manage the large number of permittees, the stormwater program relies heavily on the use of
general permits to control industrial, construction, and Phase 11 MS4 discharges. These are
usually statewide, one-size-fits-all permits in which general provisions are stipulated.

To comply with the CWA regulations, industrial and construction permittees must create
and implement a stormwater pollution prevention plan, and MS4 permittees must implement a
stormwater management plan. These plans documents the stormwater control measures (SCMs)
(sometimes known as best management practices or BMPs) that will be used to prevent
stormwater emanating from these sources from degrading nearby waterbodies. These SCMs
range from structural methods such as detention ponds and bioswales to nonstructural methods
such as designing new development to reduce the percentage of impervious surfaces.

A number of problems with the stormwater program as it is currently implemented have
been recognized. First, there is limited information available on the effectiveness and longevity
of many SCMs, thereby contributing to uncertainty in their performance. Second, the
requirements for monitoring vary depending on the regulating entity and the type of activity. For
example, a subset of industrial facilities must conduct “benchmark monitoring” and the results
often exceed the values established by EPA or the states, but it is unclear whether these
exceedances provide useful indicators of potential water quality problems. Finally, state and
local stormwater programs are plagued by a lack of resources to review stormwater pollution
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prevention plans and conduct regular compliance inspections. For all these reasons, the
stormwater program has suffered from poor accountability and uncertain effectiveness at
improving the quality of the nation’s waters.

In light of these challenges, EPA requested the advice of the National Research Council’s
Water Science and Technology Board on the federal stormwater program, considering all entities
regulated under the program (i.e., municipal, industrial, and construction). The following
statement of task guided the work of the committee:

(1) Clarify the mechanisms by which pollutants in stormwater discharges affect ambient water
quality criteria and define the elements of a “protocol” to link pollutants in stormwater
discharges to ambient water quality criteria.

(2) Consider how useful monitoring is for both determining the potential of a discharge to
contribute to a water quality standards violation and for determining the adequacy of
stormwater pollution prevention plans. What specific parameters should be monitored
and when and where? What effluent limits and benchmarks are needed to ensure that the
discharge does not cause or contribute to a water quality standards violation?

(3) Assess and evaluate the relationship between different levels of stormwater pollution
prevention plan implementation and in-stream water quality, considering a broad suite of
SCMs.

(4) Make recommendations for how to best stipulate provisions in stormwater permits to ensure
that discharges will not cause or contribute to exceedances of water quality standards.
This should be done in the context of general permits. As a part of this task, the
committee will consider currently available information on permit and program
compliance.

(5) Assess the design of the stormwater permitting program implemented under the CWA.

Chapter 2 of this report presents the regulatory history of stormwater control in the
United States, focusing on relevant portions of the CWA and the federal and state regulations
that have been created to implement the Act. Chapter 3 reviews the scientific aspects of
stormwater, including sources of pollutants in stormwater, how stormwater moves across the
land surface, and its impacts on receiving waters. Chapter 4 evaluates the current industrial and
MS4 monitoring requirements, and it considers the multitude of models available for linking
stormwater discharges to ambient water quality. Chapter 5 considers the vast suite of both
structural and nonstructural measures designed to control stormwater and reduce its pollutant
loading to waterbodies. In Chapter 6, the limitations and possibilities associated with a new
regulatory approach are explored, as are those of a more traditional but enhanced scheme. This
new approach, which rests on the broad foundation of correlative studies demonstrating the
effects of urbanization on aquatic ecosystems, would reduce the impact of stormwater on
receiving waters beyond any efforts currently in widespread practice.

THE CHALLENGE OF REGULATING STORMWATER

Although stormwater has been long recognized as contributing to water quality
impairment, the creation of federal regulations to deal with stormwater quality has occurred only
in the last 20 years. Because this longstanding environmental problem is being addressed so late

PREPUBLICATION

Copyright © National Academy of Sciences. All rights reserved.



Urban Stormwater Management in the United States
http://lwww.nap.edu/catalog/12465.html

Summary 3

in the development and management of urban areas, the laws that mandate better stormwater
control are generally incomplete and are often in conflict with state and local rules that have
primarily stressed the flood control aspects of stormwater management (i.e., moving water away
from structures and cities as fast as possible). Many prior investigators have observed that
stormwater discharges would ideally be regulated through direct controls on land use, strict
limits on both the quantity and quality of stormwater runoff into surface waters, and rigorous
monitoring of adjacent waterbodies to ensure that they are not degraded by stormwater
discharges. Future land-use development would be controlled to minimize stormwater
discharges, and impervious cover and volumetric restrictions would serve as proxies for
stormwater loading from many of these developments. Products that contribute pollutants
through stormwater—Ilike de-icing materials, fertilizers, and vehicular exhaust—would be
regulated at a national level to ensure that the most environmentally benign materials are used.

Presently, however, the regulation of stormwater is hampered by its association with a
statute that focuses primarily on specific pollutants and ignores the volume of discharges. Also,
most stormwater discharges are regulated on an individualized basis without accounting for the
cumulative contributions from multiple sources in the same watershed. Perhaps most
problematic is that the requirements governing stormwater dischargers leave a great deal of
discretion to the dischargers themselves in developing stormwater pollution prevention plans and
self-monitoring to ensure compliance. These problems are exacerbated by the fact that the dual
responsibilities of land-use planning and stormwater management within local governments are
frequently decoupled.

EPA’s current approach to regulating stormwater is unlikely to produce an
accurate or complete picture of the extent of the problem, nor is it likely to adequately
control stormwater’s contribution to waterbody impairment. The lack of rigorous end-of-
pipe monitoring, coupled with EPA’s failure to use flow or alternative measures for regulating
stormwater, make it difficult for EPA to develop enforceable requirements for stormwater
dischargers. Instead, the stormwater permits leave a great deal of discretion to the regulated
community to set their own standards and to self-monitor. Current statistics on the states’
implementation of the stormwater program, discharger compliance with stormwater
requirements, and the ability of states and EPA to incorporate stormwater permits with Total
Maximum Daily Loads are uniformly discouraging. Radical changes to the current regulatory
program (see Chapter 6) appear necessary to provide meaningful regulation of stormwater
dischargers in the future.

Flow and related parameters like impervious cover should be considered for use as
proxies for stormwater pollutant loading. These analogs for the traditional focus on the
“discharge” of “pollutants” have great potential as a federal stormwater management tool
because they provide specific and measurable targets, while at the same time they focus
regulators on water degradation resulting from the increased volume as well as increased
pollutant loadings in stormwater runoff. Without these more easily measured parameters for
evaluating the contribution of various stormwater sources, regulators will continue to struggle
with enormously expensive and potentially technically impossible attempts to determine the
pollutant loading from individual dischargers or will rely too heavily on unaudited and largely
ineffective self-reporting, self-policing, and paperwork enforcement.
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EPA should engage in much more vigilant regulatory oversight in the national
licensing of products that contribute significantly to stormwater pollution. De-icing
chemicals, materials used in brake linings, motor fuels, asphalt sealants, fertilizers, and a variety
of other products should be examined for their potential contamination of stormwater. Currently,
EPA does not apparently utilize its existing licensing authority to regulate these products in a
way that minimizes their contribution to stormwater contamination. States can also enact
restrictions on or tax the application of pesticides or other particularly toxic products. Even local
efforts could ultimately help motivate broader scale, federal restrictions on particular products.

The federal government should provide more financial support to state and local
efforts to regulate stormwater. State and local governments do not have adequate financial
support to implement the stormwater program in a rigorous way. At the very least, Congress
should provide states with financial support for engaging in more meaningful regulation of
stormwater discharges. EPA should also reassess its allocation of funds within the NPDES
program. The agency has traditionally directed funds to focus on the reissuance of NPDES
wastewater permits, while the present need is to advance the NPDES stormwater program
because NPDES stormwater permittees outnumber wastewater permittees more than five fold,
and the contribution of diffuse sources of pollution to degradation of the nation’s waterbodies
continues to increase.

EFFECTS OF URBANIZATION ON WATERSHEDS

Urbanization causes change to natural systems that tends to occur in the following
sequence. First, land use and land cover are altered as vegetation and topsoil are removed to
make way for agriculture, or subsequently buildings, roads, and other urban infrastructure.
These changes, and the introduction of a constructed drainage network, alter the hydrology of the
local area, such that receiving waters in the affected watershed experience radically different
flow regimes than prior to urbanization. Nearly all of the associated problems result from one
underlying cause: loss of the water-retaining and evapotranspirating functions of the soil and
vegetation in the urban landscape. In an undeveloped area, rainfall typically infiltrates into the
ground surface or is evapotranspirated by vegetation. In the urban landscape, these processes of
evapotranspiration and water retention in the soil are diminished, such that stormwater flows
rapidly across the land surface and arrives at the stream channel in short, concentrated bursts of
high discharge. This transformation of the hydrologic regime is a wholesale reorganization of the
processes of runoff generation, and it occurs throughout the developed landscape. When
combined with the introduction of pollutant sources that accompany urbanization (such as lawns,
motor vehicles, domesticated animals, and industries), these changes in hydrology have led to
water quality and habitat degradation in virtually all urban streams.

The current state of the science has documented the characteristics of stormwater runoff,
including its quantity and quality from many different land covers, as well as the characteristics
of dry weather runoff. In addition, many correlative studies show how parameters co-vary in
important but complex and poorly understood ways (e.g., changes in macroinvertebrate or fish
communities associated with watershed road density or the percentage of impervious cover).
Nonetheless, efforts to create mechanistic links between population growth, land-use change,
hydrologic alteration, geomorphic adjustments, chemical contamination in stormwater, disrupted
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energy flows and biotic interactions, and changes in ecological communities are still in
development. Despite this assessment, there are a number of overarching truths that remain
poorly integrated into stormwater management decision-making, although they have been
robustly characterized for more than a decade and have a strong scientific basis that reaches even
farther back through the history of published investigations.

There is a direct relationship between land cover and the biological condition of
downstream receiving waters. The possibility for the highest levels of aquatic biological
condition exists only with very light urban transformation of the landscape. Conversely, the
lowest levels of biological condition are inevitable with extensive urban transformation of the
landscape, commonly seen after conversion of about one-third to one-half of a contributing
watershed into impervious area. Although not every degraded waterbody is a product of intense
urban development, all highly urban watersheds produce severely degraded receiving waters.

The protection of aquatic life in urban streams requires an approach that
incorporates all stressors. Urban Stream Syndrome reflects a multitude of effects caused by
altered hydrology in urban streams, altered habitat, and polluted runoff. Focusing on only one of
these factors is not an effective management strategy. For example, even without noticeably
elevated pollutant concentrations in receiving waters, alterations in their hydrologic regimes are
associated with impaired biological condition. More comprehensive biological monitoring of
waterbodies will be critical to better understanding the cumulative impacts of urbanization on
stream condition.

The full distribution and sequence of flows (i.e., the flow regime) should be taken
into consideration when assessing the impacts of stormwater on streams. Permanently
increased stormwater volume is only one aspect of an urban-altered storm hydrograph. It
contributes to high in-stream velocities, which in turn increase streambank erosion and
accompanying sediment pollution of surface water. Other hydrologic changes, however, include
changes in the sequence and frequency of high flows, the rate of rise and fall of the hydrograph,
and the season of the year in which high flows can occur. These all can affect both the physical
and biological conditions of streams, lakes, and wetlands. Thus, effective hydrologic mitigation
for urban development cannot just aim to reduce post-development peak flows to
predevelopment peak flows.

Roads and parking lots can be the most significant type of land cover with respect to
stormwater. They constitute as much as 70 percent of total impervious cover in ultra-urban
landscapes, and as much as 80 percent of the directly connected impervious cover. Roads tend to
capture and export more stormwater pollutants than other land covers in these highly impervious
areas, especially in regions of the country having mostly small rainfall events. As rainfall
amounts become larger, pervious areas in most residential land uses become more significant
sources of runoff, sediment, nutrients, and landscaping chemicals. In all cases, directly
connected impervious surfaces (roads, parking lots, and roofs that are directly connected to the
drainage system) produce the first runoff observed at a storm-drain inlet and outfall because their
travel times are the quickest.
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MONITORING AND MODELING

The stormwater monitoring requirements under the EPA Stormwater Program are
variable and generally sparse, which has led to considerable skepticism about their usefulness.
This report considers the amount and value of the data collected over the years by municipalities
(which are substantial on a nationwide basis) and by industries, and it makes suggestions for
improvement. The MS4 and particularly the industrial stormwater monitoring programs suffer
from a paucity of data, from inconsistent sampling techniques, and from requirements that are
difficult to relate to the compliance of individual dischargers. For these reasons, conclusions
about stormwater management are usually made with incomplete information. Stormwater
management would benefit most substantially from a well-balanced monitoring program that
encompasses chemical, biological, and physical parameters from outfalls to receiving waters.

Many processes connect sources of pollution to an effect observed in a downstream
receiving water—processes that can be represented in watershed models, which are the key to
linking stormwater dischargers to impaired receiving waters. The report explores the current
capability of models to make such links, including simple models and more involved mechanistic
models. At the present time, stormwater modeling has not evolved enough to consistently say
whether a particular discharger can be linked to a specific waterbody impairment. Some
guantitative predictions can be made, particularly those that are based on well-supported causal
relationships of a variable that responds to changes in a relatively simple driver (e.g., modeling
how a runoff hydrograph or pollutant loading change in response to increased impervious land
cover). However, in almost all cases, the uncertainty in the modeling and the data (including its
general unavailability), the scale of the problems, and the presence of multiple stressors in a
watershed make it difficult to assign to any given source a specific contribution to water quality
impairment.

Because of a 10-year effort to collect and analyze monitoring data from MS4s
nationwide, the quality of stormwater from urbanized areas is well characterized. These
results come from many thousands of storm events, systematically compiled and widely
accessible; they form a robust dataset of utility to theoreticians and practitioners alike. These
data make it possible to accurately estimate stormwater pollutant concentrations from various
land uses. Additional data are available from other stormwater permit holders that were not
originally included in the database and from ongoing projects, and these should be acquired to
augment the database and improve its value in stormwater management decision-making.

Industry should monitor the quality of stormwater discharges from certain critical
industrial sectors in a more sophisticated manner, so that permitting authorities can better
establish benchmarks and technology-based effluent guidelines. Many of the benchmark
monitoring requirements and effluent guidelines for certain industrial subsectors are based on
inaccurate and old information. Furthermore, there has been no nationwide compilation and
analysis of industrial benchmark data, as has occurred for MS4 monitoring data, to better
understand typical stormwater concentrations of pollutants from various industries.

Continuous, flow-weighted sampling methods should replace the traditional
collection of stormwater data using grab samples. Data obtained from too few grab samples
are highly variable, particularly for industrial monitoring programs, and subject to greater
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uncertainly because of experimenter error and poor data-collection practices. In order to use
stormwater data for decision making in a scientifically defensible fashion, grab sampling should
be abandoned as a credible stormwater sampling approach for virtually all applications. It
should be replaced by more accurate and frequent continuous sampling methods that are flow
weighted. Flow-weighted composite monitoring should continue for the duration of the rain
event. Emerging sensor systems that provide high temporal resolution and real-time estimates
for specific pollutants should be further investigated, with the aim of providing lower costs and
more extensive monitoring systems to sample both streamflow and constituent loads.

Watershed models are useful tools for predicting downstream impacts from
urbanization and designing mitigation to reduce those impacts, but they are incomplete in
scope and do not offer definitive causal links between polluted discharges and downstream
degradation. Every model simulates only a subset of the multiple interconnections between
physical, chemical, and biological processes found in any watershed, and they all use a grossly
simplified representation of the true spatial and temporal variability of a watershed. To speak of
a “comprehensive watershed model” is thus an oxymoron, because the science of stormwater is
not sufficiently far advanced to determine causality between all sources, resulting stressors, and
their physical, chemical, and biological responses. Thus, it is not yet possible to create a
protocol that mechanistically links stormwater dischargers to the quality of receiving waters.
The utility of models with more modest goals, however, can still be high—as long as the
questions being addressed by the model are in fact relevant and important to the functioning of
the watershed to which that model is being applied, and sufficient data are available to calibrate
the model for the processes included therein.

STORMWATER MANAGEMENT APPROACHES

A fundamental component of EPA’s stormwater program is the creation of stormwater
pollution prevention plans that document the SCMs that will be used to prevent the permittee’s
stormwater discharges from degrading local waterbodies. Thus, a consideration of these
measures—their effectiveness in meeting different goals, their cost, and how they are
coordinated with one another—is central to any evaluation of the stormwater program. The
statement of task asks for an evaluation of the relationship between different levels of stormwater
pollution prevention plan implementation and in-stream water quality. Although the state of
knowledge has yet to reveal the mechanistic links that would allow for a full assessment of that
relationship, enough is known to design systems of SCMs, on a site-scale or local watershed
scale, that can substantially reduce the effects of urbanization.

The characteristics, applicability, goals, effectiveness, and cost of nearly 20 different
broad categories of SCMs to treat the quality and quantity of stormwater runoff are discussed in
Chapter 5, organized as they might be applied from the rooftop to the stream. SCMs, when
designed, constructed, and maintained correctly, have demonstrated the ability to reduce runoff
volume and peak flows and to remove pollutants. A multitude of case studies illustrates the use
of SCMs in specific settings and demonstrates that a particular SCM can have a measurable
positive effect on water quality or a biological metric. However, the implementation of SCMs at
the watershed scale has been too inconsistent and too recent to be able to definitively link their
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performance to the prolonged sustainment—at the watershed level—of receiving water quality,
in-stream habitat, or stream geomorphology.

Individual controls on stormwater discharges are inadequate as the sole solution to
stormwater in urban watersheds. SCM implementation needs to be designed as a system,
integrating structural and nonstructural SCMs and incorporating watershed goals, site
characteristics, development land use, construction erosion and sedimentation controls,
aesthetics, monitoring, and maintenance. Stormwater cannot be adequately managed on a
piecemeal basis due to the complexity of both the hydrologic and pollutant processes and their
effect on habitat and stream quality. Past practices of designing detention basins on a site-by-site
basis have been ineffective at protecting water quality in receiving waters and only partially
effective in meeting flood control requirements.

Nonstructural SCMs such as product substitution, better site design, downspout
disconnection, conservation of natural areas, and watershed and land-use planning can
dramatically reduce the volume of runoff and pollutant load from a new development.
Such SCMs should be considered first before structural practices. For example, lead
concentrations in stormwater have been reduced by at least a factor of 4 after the removal of lead
from gasoline. Not creating impervious surfaces or removing a contaminant from the runoff
stream simplifies and reduces the reliance on structural SCMs.

SCMs that harvest, infiltrate, and evapotranspirate stormwater are critical to
reducing the volume and pollutant loading of small storms. Urban municipal separate
stormwater conveyance systems have been designed for flood control to protect life and property
from extreme rainfall events, but they have generally failed to address the more frequent rain
events (<2.5 cm) that are key to recharge and baseflow in most areas. These small storms may
only generate runoff from paved areas and transport the “first flush” of contaminants. SCMs
designed to remove this class of storms from surface runoff (runoff-volume-reduction SCMs—
rainwater harvesting, vegetated, and subsurface) can also help address larger watershed flooding
issues.

Performance characteristics are starting to be established for most structural and
some nonstructural SCMs, but additional research is needed on the relevant hydrologic
and water quality processes within SCMs across different climates and soil conditions.
Typical data such as long-term load reduction efficiencies and pollutant effluent concentrations
can be found in the International Stormwater BMP Database. However, understanding the
processes involved in each SCM is in its infancy, making modeling of these SCMs difficult.
Seasonal differences, the time between storms, and other factors all affect pollutant loadings
emanating from SCMs. Research is needed that moves away from the use of percent removal
and toward better simulation of SCM performance. Research is particularly important for
nonstructural SCMs, which in many cases are more effective, have longer life spans, and require
less maintenance than structural SCMs. EPA should be a leader in SCM research, both directly
by improving its internal modeling efforts and by funding state efforts to monitor and report back
on the success of SCMs in the field.
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The retrofitting of urban areas presents both unique opportunities and challenges.
Promoting growth in these areas is desirable because it takes pressure off the suburban fringes,
thereby preventing sprawl, and it minimizes the creation of new impervious surfaces. However,
it is more expensive than Greenfields development because of the existence of infrastructure and
the limited availability and affordability of land. Both innovative zoning and development
incentives, along with the careful selection SCMs, are needed to achieve fair and effective storm-
water management in these areas. For example, incentive or performance zoning could be used
to allow for greater densities on a site, freeing other portions of the site for SCMs. Publicly
owned, consolidated SCMs should be strongly considered as there may be insufficient land to
have small, on-site systems. The performance and maintenance of the former can be overseen
more effectively by a local government entity. The types of SCMs that are used in consolidated
facilities—particularly detention basins, wet/dry ponds, and stormwater wetlands—perform
multiple functions, such as prevention of streambank erosion, flood control, and large-scale
habitat provision.

INNOVATIVE STORMWATER MANAGEMENT AND REGULATORY PERMITTING

There are numerous innovative regulatory strategies that could be used to improve the
EPA’s stormwater program. The course of action most likely to check and reverse degradation
of the nation’s aquatic resources would be to base all stormwater and other wastewater
discharge permits on watershed boundaries instead of political boundaries. Watershed-
based permitting is the regulated allowance of discharges of water and wastes borne by those
discharges to waters of the United States, with due consideration of: (1) the implications of those
discharges for preservation or improvement of prevailing ecological conditions in the
watershed’s aquatic systems, (2) cooperation among political jurisdictions sharing a watershed,
and (3) coordinated regulation and management of all discharges having the potential to modify
the hydrology and water quality of the watershed’s receiving waters.

Responsibility and authority for implementation of watershed-based permits would be
centralized with a municipal lead permittee working in partnership with other municipalities in
the watershed as co-permittees. Permitting authorities (designated states or, otherwise, EPA)
would adopt a minimum goal in every watershed to avoid any further loss or degradation of
designated beneficial uses in the watershed’s component waterbodies and additional goals in
some cases aimed at recovering lost beneficial uses. Permittees, with support by the states or
EPA, would then move to comprehensive impact source analysis as a foundation for targeting
solutions. The most effective solutions are expected to lie in isolating, to the extent possible,
receiving waterbodies from exposure to those impact sources. In particular, low-impact design
methods, termed Aquatic Resources Conservation Design in this report, should be employed to
the fullest extent feasible and backed by conventional SCMs when necessary.

The approach gives municipal co-permittees more responsibility, with commensurately
greater authority and funding, to manage all of the sources discharging, directly or through
municipally owned conveyances, to the waterbodies comprising the watershed. This report also
outlines a new monitoring program structured to assess progress toward meeting objectives and
the overlying goals, diagnosing reasons for any lack of progress, and determining compliance by
dischargers. The proposal further includes market-based trading of credits among dischargers to
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achieve overall compliance in the most efficient manner and adaptive management to determine
additional actions if monitoring demonstrates failure to achieve objectives.

As a first step to taking the proposed program nationwide, a pilot program is
recommended that will allow EPA to work through some of the more predictable impediments to
watershed-based permitting, such as the inevitable limits of an urban municipality’s authority
within a larger watershed.

Short of adopting watershed-based permitting, other smaller-scale changes to the EPA
stormwater program are possible. These recommendations do not preclude watershed-based
permitting at some future date, and indeed they lay the groundwork in the near term for an
eventual shift to watershed-based permitting.

Integration of the three permitting types is necessary, such that construction and
industrial sites come under the jurisdiction of their associated municipalities. Federal and
state NPDES permitting authorities do not presently have, and can never reasonably expect to
have, sufficient personnel to inspect and enforce stormwater regulations on more than 100,000
discrete point source facilities discharging stormwater. A better structure would be one where
the NPDES permitting authority empowers the MS4 permittees to act as the first tier of entities
exercising control on stormwater discharges to the MS4 to protect water quality. The National
Pretreatment Program, EPA’s successful treatment program for municipal and industrial
wastewater sources, could serve as a model for integration.

To improve the industrial, construction, and MS4 permitting programs in their
current configuration, EPA should (1) issue guidance for MS4, industrial, and construction
permittees on what constitutes a design storm for water quality purposes; (2) issue guidance for
MS4 permittees on methods to identify high-risk industrial facilities for program prioritization
such as inspections; (3) support the compilation and collection of quality industrial stormwater
effluent data and SCM effluent quality data in a national database; and (4) develop numerical
expressions of the MS4 standard of “maximum extent practicable.” Each of these issues is
discussed in greater detail in Chapter 6.

*k%x

Watershed-based permitting will require additional resources and regulatory program
support. Such an approach shifts more attention to ambient outcomes as well as expanded
permitting coverage. Additional resources for program implementation could come from
shifting existing programmatic resources. For example, some state permitting resources may be
shifted away from existing point source programs toward stormwater permitting. Strategic
planning and prioritization could shift the distribution of federal and state grant and loan
programs to encourage and support more watershed-based stormwater permitting programs.
However, securing new levels of public funds will likely be required. All levels of government
must recognize that additional resources may be required from citizens and businesses (in the
form of taxes, fees, etc.) in order to operate a more comprehensive and effective stormwater
permitting program.
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Chapter 1
Introduction

URBANIZATION AND ITS IMPACTS

The influence of humans on the physical and biological systems of the Earth’s surface is
not a recent manifestation of modern societies; instead, it is ubiquitous throughout our history.
As human populations have grown, so has their footprint, such that between 30 and 50 percent of
the Earth’s surface has now been transformed (Vitousek et al., 1997). Most of this land area is
not covered with pavement; indeed, less than 10 percent of this transformed surface is truly
“urban” (Gribler, 1994). However, urbanization causes extensive changes to the land surface
beyond its immediate borders, particularly in ostensibly rural regions, through alterations by
agriculture and forestry that support the urban population (Lambin et al., 2001). Within the
immediate boundaries of cities and suburbs, the changes to natural conditions and processes
wrought by urbanization are among the most radical of any human activity.

In the United States, population is growing at an annual rate of 0.9 percent (U.S. Census
Bureau, http://www.census.gov/compendia/statab/2007edition.html); the majority of the
population of the United States now lives in suburban and urban areas (Figure 1-1). Because the
area appropriated for urban land uses is growing even faster, these patterns of growth all but
guarantee that the influences of urban land uses will continue to expand over time. Cities and
suburbia obviously provide the homes and livelihood for most of the nation’s population. But, as
this report makes clear, these benefits have been accompanied by significant environmental
change. Urbanization of the landscape profoundly affects how water moves both above and
below ground during and following storm events; the quality of that stormwater (defined in Box
1-1); and the ultimate condition of nearby rivers, lakes, and estuaries. Unlike agriculture, which
can display significant interchange with forest cover over time scales of a century (e.g., Hart,
1968), there is no indication that once-urbanized land ever returns to a less intensive state.
Urban land, however, does continue to change over time; by one estimate, 42 percent of land
currently considered “urban” in the United States will be redeveloped by 2030 (Brookings
Institute, 2004). In their words, “nearly half of what will be the built environment in 2030
doesn’t even exist yet” (p. vi). This truth belies the common belief that efforts to improve
management of stormwater are doomed to irrelevancy because so much of the landscape is
already built. Opportunities for improvement have indeed been lost, but many more still await
an improved management approach.

Measures of urbanization are varied, and the disparate methods of quantifying the
presence and influence of human activity tend to confound analyses of environmental effects.
Population density is a direct metric of human presence, but it is not the most relevant measure
of the influence of those people on their surrounding landscape. Expressions of the built
environment, most commonly road density or pavement coverage as a percentage of gross land
area, are more likely to determine stormwater runoff-related consequences. An inverse metric,
the percentage of mature vegetation or forest across a landscape, expresses the magnitude of
related, but not identical, impacts to downstream systems. Alternatively, these measures of land
cover can be replaced by measures of land use, wherein the types of human activity (e.g.,
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FIGURE 1-1 Histogram of population for the United States, based on 2000 census data. The median
population density is about 1,000 people/km?®. SOURCE: Modified from Pozzi and Small (2005), who
place the rural-suburban boundary at 100 people/km?. Reprinted, with permission, from ASPRS (2005).
Copyright 2005 by the American Society for Photogrammetry and Remote Sensing.

BOX 1-1
What Is “Stormwater” ?

“Stormwater” is a term that is used widely in both scientific literature and regulatory documents. It
is also used frequently throughout this report. Although all of these usages share much in common, there
are important differences that benefit from an explicit discussion.

Most broadly, stormwater runoff is the water associated with a rain or snow storm that can be
measured in a downstream river, stream, ditch, gutter, or pipe shortly after the precipitation has reached
the ground. What constitutes “shortly” depends on the size of the watershed and the efficiency of the
drainage system, and a number of techniques exist to precisely separate stormwater runoff from its more
languid counterpart, “baseflow.” For small and highly urban watersheds, the interval between rainfall and
measured stormwater discharges may be only a few minutes. For watersheds of many tens or hundreds
of square miles, the lag between these two components of storm response may be hours or even a day.

From a regulatory perspective, stormwater must pass through some sort of engineered
conveyance, be it a gutter, a pipe, or a concrete canal. If it simply runs over the ground surface, or soaks
into the soil and soon reemerges as seeps into a nearby stream, it may be water generated by the storm
but it is not regulated stormwater.

This report emphasizes the first, more hydrologically oriented definition. However, attention is
focused mainly on that component of stormwater that emanates from those parts of a landscape that
have been affected in some fashion by human activities (“urban stormwater”). Mostly this includes water
that flows over the ground surface and is subsequently collected by natural channels or artificial
conveyance systems, but it can also include water that has infiltrated into the ground but nonetheless
reaches a stream channel relatively rapidly and that contributes to the increased stream discharge that
commonly accompanies almost any rainfall event in a human-disturbed watershed.
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residential, industrial, commercial) are used as proxies for the suite of hydrologic, chemical, and
biological changes imposed on the surrounding landscape.

All of these metrics of urbanization are strongly correlated, although none can directly
substitute for another. They also are measured differently, which renders one or another more
suitable for a given application. Land use is a common measure in the realm of urban planning,
wherein current and future conditions for a city or an entire region are characterized using
equivalent categories across parcels, blocks, or broad regions. Road density can be reliably and
rapidly measured, either manually or in a Geographic Information System environment, and it
commonly displays a very good correlation with other measures of human activity. “Land
cover,” however, and particularly the percentage of impervious cover, is the metric most
commonly used in studying the effects of urban development on stormwater, because it clearly
expresses the hydrologic influence and watershed scale of urbanization. Box 1-2 describes the
ways in which the percent of impervious cover in a watershed is measured.

There is no universally accepted terminology to describe land-cover or land-use
conditions along the rural-to-urban gradient. Pozzi and Small (2005), for example, identified
“rural,” “suburban,” and “urban” land uses on the basis of population density and vegetation
cover, but they did not observe abrupt transitions that suggested natural boundaries (see Figure
1-1). In contrast, the Center for Watershed Protection (2005) defined the same terms but used
impervious area percentage as the criterion, with such labels as “rural” (0 to 10 percent
imperviousness), “suburban” (10 to 25 percent imperviousness), “urban” (25 to 60 percent
imperviousness) and “ultra-urban” (greater than 60 percent imperviousness).

Beyond the problems posed by precise yet inconsistent definitions for commonly used
words, none of the boundaries specified by these definitions are reflected in either hydrologic or
ecosystem responses. Hydrologic response is strongly dependent on both land cover and
drainage connectivity (e.g., Leopold, 1968); ecological responses in urbanizing watersheds do
not show marked thresholds along an urban gradient (e.g., Figure 1-2) and they are dependent on
not only the sheer magnitude of urban development but also the spatial configuration of that
development across the watershed (Alberti et al., 2006). This report, therefore, uses such terms
as “urban” and “suburban” under their common usage, without implying or advocating for a
more precise (but ultimately limited and discipline-specific) definition.

Changing land cover and land use influence the physical, chemical, and biological
conditions of downstream waterways. The specific mechanisms by which this influence occurs
vary from place to place, and even a cursory review of the literature demonstrates that many
different factors can be important, such as changes to flow regime, physical and chemical
constituents in the water column, or the physical form of the stream channel itself (Paul and
Meyer, 2001). Not all of these changes are present in any given system—Iakes, wetlands, and
streams can be altered by human activity in many different ways, each unique to the activity and
the setting in which it occurs. Nonetheless, direct influences of land-use change on freshwater
systems commonly include the following (Naiman and Turner, 2000):

Altering the composition and structure of the natural flora and fauna,
Changing disturbance regimes,

Fragmenting the land into smaller and more diverse parcels, and
Changing the juxtaposition between parcel types.
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BOX 1-2
Measures of Impervious Cover

The percentage of impervious surface or cover in a landscape is the most frequently used
measure of urbanization. Yet this parameter has its limitations, in part because it has not been
consistently used or defined. Most significant is the distinction between total impervious area (TIA) and
effective impervious area (EIA). TIA is the “intuitive” definition of imperviousness: that fraction of the
watershed covered by constructed, non-infiltrating surfaces such as concrete, asphalt, and buildings.
Hydrologically, however, this definition is incomplete for two reasons. First, it ignores nominally “pervious”
surfaces that are sufficiently compacted or otherwise so low in permeability that the rate of runoff from them is
similar or indistinguishable from pavement. For example, Burges and others (1998) found that the
impervious unit-area runoff was only 20 percent greater than that from pervious areas—primarily thin sodded
lawns over glacial till—in a western Washington residential subdivision. Clearly, this hydrologic contribution
cannot be ignored entirely.

The second limitation of TIA is that it includes some paved surfaces that may contribute nothing to
the stormwater-runoff response of the downstream channel. A gazebo in the middle of parkland, for
example, probably will impose no hydrologic changes into the catchment except for a very localized elevation
of soil moisture at the edge of its roof. Less obvious, but still relevant, would be the different downstream
consequences of rooftops that drain alternatively into a piped storm-drain system with direct discharge into a
natural stream or onto splash blocks that disperse the runoff onto the garden or lawn at each corner of the
building. This metric therefore cannot recognize any stormwater mitigation that may result from alternative
runoff-management strategies, for example, pervious pavements or rainwater harvesting.

The first of these TIA limitations, the production of significant runoff from nominally pervious surfaces,
is typically ignored in the characterization of urban development. The reason for such an approach lies in the
difficulty in identifying such areas and estimating their contribution, and because of the credible belief that the
degree to which pervious areas shed water as overland flow should be related, albeit imperfectly, with the
amount of impervious area: where construction and development are more intense and cover progressively
greater fractions of the watershed, it is more likely that the intervening green spaces have been stripped and
compacted during construction and only imperfectly rehabilitated for their hydrologic functions during
subsequent “landscaping.”

The second of these TIA limitations, inclusion of non-contributing impervious areas, is formally
addressed through the concept of EIA, defined as the impervious surfaces with direct hydraulic connection to
the downstream drainage (or stream) system. Thus, any part of the TIA that drains onto pervious (i.e.,
“green”) ground is excluded from the measurement of EIA. This parameter, at least conceptually, captures
the hydrologic significance of imperviousness. EIA is the parameter normally used to characterize urban
development in hydrologic models.

The direct measurement of EIA is complicated. Studies designed specifically to quantify this
parameter must make direct, independent measurements of both TIA and EIA (Alley and Veenhuis, 1983;
Laenen, 1983; Prysch and Ebbert, 1986). The results can then be generalized either as a correlation
between the two parameters or as a “typical” value for a given land use. Sutherland (1995) developed an
equation that describes the relationship between EIA and TIA. Its general form is:

EIA = A (TIA)®
where A and B are a unique combination of numbers that satisfy the following criteria:

TIA =1 then EIA = 0%
TIA = 100 then EIA = 100%
A commonly used version of this equation (EIA = 0.15 TIA**") was based on samples from highly
urbanized land uses in Denver, Colorado (Alley and Veenhuis, 1983; Gregory et al., 2005). These results,
however, are almost certainly region- and even neighborhood-specific, and, although highly relevant to
watershed studies, they can be quite laborious to develop.
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Historically, human-induced alteration was not universally seen as a problem. In

particular, dams and other stream-channel “improvements” were a common activity of municipal
and federal engineering works of the mid-20" century (Williams and Wolman, 1984). “Flood
control” implied a betterment of conditions, at least for streamside residents (Chang, 1992). And

fisheries “enhancements,” commonly reflected by massive infrastructure for hatcheries or

artificial spawning channels, were once seen as unequivocal benefits for fish populations (White,

1996; Levin et al., 2001).

By almost any currently applied metric, however, the net result of human alteration of the
landscape to date has resulted in a degradation of the conditions in downstream watercourses.
Many prior researchers, particularly when considering ecological conditions and metrics, have
recognized a crude but monotonically declining relationship between human-induced landscape
alteration and downstream conditions (e.g., Figure 1-2; Horner et al., 1997; Davies and Jackson,
2006). These include metrics of physical stream-channel conditions (e.g., Bledsoe and Watson,
2001), chemical constituents (e.g., Figure 1-3; House et al., 1993), and biological communities
(e.g., Figure 1-4; Steedman, 1988; Wang et al., 1997).

The association between watercourse degradation and landscape alteration in general, and
urban development in particular, seems inexorable. The scientific and regulatory challenge of
the last three decades has been to decouple this relationship, in some cases to reverse its trend
and in others to manage where these impacts are to occur.

2) Biological Indicator
}
>

1) Urban Gradient of Stressors

Primary Biological Index
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0 20 40 60 80 100
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FIGURE 1-2 Conceptual model (left) and actual response (right) of a biological system’s

response to stress. The “Urban Gradient of Stressors” might be a single metric of urbanization,
such as percent watershed impervious or road density; the “Biological Indicator” may be single-
metric or multi-metric measures of the level of disturbance in an aquatic community. The right-
declining line traces the limits of a “factor-ceiling distribution” (Thomson et al., 1986), wherein
individual sites (i.e., data points) have a wide range of potential values for a given position along
the urban gradient but are not observed above a maximum possible limit of the biological index.
The right-hand graph illustrates actual biological responses, using a biotic index developed to

show responses to urban impacts plotted against a standardized urban gradient comprising

urban land use, road density, and population. SOURCE: Davies and Jackson (2006) (left) and
Barbour et al. (2006) (right). Left figure, reprinted, with permission, Davies and Jackson (2006).
Copyright by the Ecological Society of America. Right figure, reprinted, with permission, Barbour

et al. (2006). Copyright by the Water Environment Research Foundation.
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FIGURE 1-3 Example relationships between road density (a surrogate measure of urban
development) and common water quality constituents. Direct causality is not necessarily
implied by such relationships, but the monotonic increase in concentrations with increasing
“urbanization,” however measured, is near-universal. SOURCE: Reprinted, with permission,
from Chang and Carlson (2005). Copyright 2005 by Springer.
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FIGURE 1-4 Plots of Effective Impervious Area (EIA, or “connected imperviousness”) against
metrics of biologic response in fish populations. SOURCE: Reprinted, with permission, from
Wang et al. (2001). Copyright 2001 by Springer.
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WHAT’S WRONG WITH THE NATION’S WATERS?

Since passage of the Water Quality Act of 1948 and the Clean Water Act (CWA) of
1972, 1977, and 1987, water quality in the United States has measurably improved in the major
streams and rivers and in the Great Lakes. However, substantial challenges and problems
remain. Major reporting efforts that have examined state and national indicators of condition,
such as CWA 305(b) reports (EPA, 2002) and the Heinz State of the Nation’s Ecosystem report
(Heinz Center, 2002), or environmental monitoring that was designed to provide statistically
valid estimates of condition (e.g., National Wadeable Stream Assessment; EPA, 2006), have
confirmed widespread impairments related to diffuse sources of pollution and stressors.

The National Water Quality Inventory (derived from Section 305b of the CWA) compiles
data in relation to use designations and water quality standards. As discussed in greater detail in
Chapter 2, such standards include both (1) a description of the use that a waterbody is supposed
to achieve (such as a source of drinking water or a cold water fishery) and (2) narrative or
numeric criteria for physical, chemical, and biological parameters that allow the designated use
to be achieved. As of 2002, 45 percent of assessed streams and rivers, 47 percent of assessed
lakes, 32 percent of assessed estuarine areas, 17 percent of assessed shoreline miles, 87 percent
of near-coastal ocean areas, 51 percent of assessed wetlands, 91 percent of assessed Great Lakes
shoreline miles, and 99 percent of assessed Great Lakes open water areas were not meeting water
quality standards set by the states (2002 EPA Report to Congress).*

The U.S. Environmental Protection Agency (EPA) has also embarked on a five-year
statistically valid survey of the nation’s waters
(http://www.epa.gov/owow/monitoring/guide.pdf). To date, two waterbody types—coastal areas
and wadeable streams—have been assessed. The most recent data indicate that 42 percent of
wadeable streams are in poor biological condition and 25 percent are in fair condition (EPA,
2006). The overall condition of the nation’s estuaries is generally fair, with Puerto Rico and
Northeast Coast regions rated poor, the Gulf Coast and West Coast regions rated fair, and the
Southeast Coast region rated good to fair (EPA, 2007). These condition ratings for the National
Estuary Program are based on a water quality index, a sediment quality index, a benthic index,
and a fish tissue contaminants index.

The impairment of waterbodies is manifested in a multitude of ways. Indeed, EPA’s
primary process for reporting waterbody condition (Section 303(d) of the CWA—see Chapter 2)
identifies over 200 distinct types of impairments. As shown in Table 1-1, these have been
categorized into 15 broad categories, encompassing about 94 percent of all impairments. 59,515
waterbodies fall into one of the top 15 categories, while the total reported number of waterbodies
impaired from all causes is 63,599 (which is an underestimate of the actual total because not all
waterbodies are assessed). Mercury, microbial pathogens, sediments, other metals, and nutrients
are the major pollutants associated with impaired waterbodies nationwide. These constituents
have direct impacts on aquatic ecosystems and public health, which form the basis of the water
quality standards set for these compounds. Sediments can harm fish and macroinvertebrate
communities by introducing sorbed contaminants, decreasing available light in streams, and
smothering fish eggs. Microbial pathogens can cause disease to humans via both ingestion and
dermal contact and are frequently cited as the cause of beach closures and other recreational

L EPA does not yet have the 2004 assessment findings compiled in a consistent format from all the states. EPA is
also working on processing the states 2006 Integrated Reports as the 303(d) portions are approved and the states
submit their final assessment findings. Susan Holdsworth, EPA, personal communication, September 2007.
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water hazards in lakes and estuaries. Nutrient over-enrichment can promote a cascade of events
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in waterbodies from algal blooms to decreases in dissolved oxygen and associated fish Kills.

Metals like mercury, pesticides, and other organic compounds that enter waterways can be taken

up by fish species, accumulating in their tissues and presenting a health risk to organisms

(including humans) that consume the fish.

However, Table 1-1 can be misleading if it implies that degraded water quality is the
primary metric of impairment. In fact, many of the nation’s streams, lakes, and estuaries also
suffer from fundamental changes in their flow regime and energy inputs, alteration of aquatic

habitats, and resulting disruption of biotic interactions that are not easily measured via pollutant

concentrations. Such waters may not be listed on State 303(d) lists because of the absence of a
corresponding water quality standard that would directly indicate such conditions (like a
biocriterion). Figure 1-5A, B, and C show examples of such impacted waterbodies.

Over the years, the greatest successes in improving the nation’s waters have been in

abating the often severe impairments caused by municipal and industrial point source discharges.

The pollutant load reductions required of these facilities have been driven by the National

Pollutant Discharge Elimination System (NPDES) permit requirements of the CWA (see Chapter
2). Although the majority of these sources are now controlled, further declines in water quality

remain likely if the land-use changes that typify more diffuse sources of pollution are not
addressed (Palmer and Allan, 2006). These include land-disturbing agricultural, silvicultural,
urban, industrial, and construction activities from which hard-to-monitor pollutants emerge
during wet-weather events. Pollution from these landscapes has been almost universally
acknowledged as the most pressing challenge to the restoration of waterbodies and aquatic

TABLE 1-1 Top 15 Categories of Impairment Requiring CWA Section 303(d) Action

Cause of Impairment

Number of Waterbodies

Percent of the Total

Mercury 8,555 14%
Pathogens 8,526 14%
Sediment 6,689 11%
Metals (other than mercury) 6,389 11%
Nutrients 5,654 10%
Oxygen depletion 4,568 8%
pH 3,389 6%
Cause unknown - biological integrity 2,866 5%
Temperature 2,854 5%
Habitat alteration 2,220 4%
PCBs 2,081 3%
Turbidity 2,050 3%
Cause unknown 1,356 2%
Pesticides 1,322 2%
Salinity/TDS/chlorides 996 2%

Note: “Waterbodies” refers to individual river segments, lakes, and reservoirs. A single waterbody can

have multiple impairments. Because most waters are not assessed, however, there is no estimate of the

number of unimpaired waters in the United States. SOURCE: EPA, National Section 303(d) List Fact

Sheet (http://iaspub.epa.gov/waters/national_rept.control). The data are based on three-fourths of states

reporting from 2004 lists, with the remaining from earlier lists and one state from a 2006 list.

Copyright © National Academy of Sciences. All rights reserved.
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FIGURE 1-5A Headwater tributary in Philadelphia suffering from Urban Stream Syndrome.
SOURCE: Courtesy of Chris Crockett, City of Philadelphia Water Department (2007).

FIGURE 1-5B A destabilized stream in Vermont. SOURCE: Courtesy of Pete LaFlamme,
Vermont Department of Environmental Conservation.
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FIGURE 1-5C An urban stream, the Lower Oso Creek in Orange County, California, following a
storm event. Oso Creek was formerly an ephemeral stream, but heavy development in the
contributing watershed has created perennial flow—stormwater flow during wet weather and
minor wastewater discharges and authorized non-stormwater discharges such as landscape
irrigation runoff during dry weather. Courtesy of Eric Stein, Southern California Coastal
Research Water Project.

ecosystems nationwide. All population and development forecasts indicate a continued
worsening of the environmental conditions caused by diffuse sources of pollution under the
nation’s current growth and land-use trajectories.

Recognition of urban stormwater’s role in the degradation of the nation’s waters is but
the latest stage in the history of this byproduct of the human environment. Runoff conveyance
systems have been part of cities for centuries, but they reflected only the desire to remove water
from roads and walkways as rapidly and efficiently as possible. In some arid environments,
rainwater has always been collected for irrigation or drinking; elsewhere it has been treated as an
unmetered, and largely benign, waste product of cities. Minimal (unengineered) ditches or pipes
drained developed areas to the nearest natural watercourse. \Where more convenient, stormwater
shared conveyance with wastewater, eliminating the cost of a separate pipe system but
commonly resulting in sewage overflows during rainstorms. Recognition of downstream
flooding that commonly resulted from upstream development led to construction of stormwater
storage ponds or vaults in many municipalities in the 1960s, but their performance has typically
fallen far short of design objectives (Booth and Jackson, 1997; Maxted and Shaver, 1999;
Nehrke and Roesner, 2004). Water-quality treatment has been a relatively recent addition to the
management of stormwater, and although a significant fraction of pollutants can be removed
through such efforts (e.g., Strecker et al., 2004; see http://www.bmpdatabase.org), the
constituents remaining even in “treated” stormwater represent a substantial, but largely
unappreciated, impact to downstream watercourses.

PREPUBLICATION

Copyright © National Academy of Sciences. All rights reserved.



Urban Stormwater Management in the United States
http://lwww.nap.edu/catalog/12465.html

Introduction 21

Of the waterbodies that have been assessed in the United States, impairments from urban
runoff are responsible for about 38,114 miles of impaired rivers and streams, 948,420 acres of
impaired lakes, 2,742 square miles of impaired bays and estuaries, and 79,582 acres of impaired
wetlands (2002 305(b) report). These numbers must be considered an underestimate, since the
urban runoff category does not include stormwater discharges from municipal separate storm
sewer systems (MS4s) and permitted industries, including construction. Urban stormwater is
listed as the “primary” source of impairment for 13 percent of all rivers, 18 percent of all lakes,
and 32 percent of all estuaries (2000 305(b) report). Although these numbers may seem low,
urban areas cover just 3 percent of the land mass of the United States (Loveland and Auch,
2004), and so their influence is disproportionately large. Indeed, developed and developing areas
that are a primary focus of stormwater regulations contain some of the most degraded waters in
the country. For example, in Ohio few sites with greater than 27 percent imperviousness can
meet interim CWA goals in nearby waterbodies, and biological degradation is observed with
much less urban development (Miltner et al., 2004). Numerous authors have found similar
patterns (see Meyer et al., 2005).

Although no water quality inventory data have been made available from the EPA since
2002, the dimensions of the stormwater problem can be further gleaned from several past
regional and national water quality inventories. Many of these assessments are somewhat dated
and are subject to the normal data and assessment limitations of national assessment methods,
but they indicate that stormwater runoff has a deleterious impact on nearly all of the nation’s
waters. For example:

e Harvesting of shellfish is prohibited, restricted, or conditional in nearly 40 percent of all
shellfish beds nationally due to high bacterial levels, and urban runoff and failing septic
systems are cited as the prime causes. Reopening of shellfish beds due to improved
wastewater treatment has been more than offset by bed closures due to rapid coastal
development (NOAA, 1992; EPA, 1998).

e In 2006 there were over 15,000 beach closings or swimming advisories due to bacterial
levels exceeding health and safety standards, with polluted runoff and stormwater cited as
the cause of the impairment 40 percent of the time (NRDC, 2007).

e Pesticides were detected in 97 percent of urban stream water samples across the United
States, and exceeded human health and aquatic life benchmarks 6.7 and 83 percent of the
time, respectively (USGS, 2006). In 94 percent of fish tissues sampled in urban areas
nationwide, organochlorine compounds were detected.

e Urban development was responsible for almost 39 percent of freshwater wetland loss
(88,960 acres) nationally between 1998 and 2004 (Dahl, 2006), and the direct impact of
stormwater runoff in degrading wetland quality is predicted to affect an even greater
acreage (Wright et al., 2006).

e Eastern brook trout are present in intact populations in only 5 percent of more than
12,000 subwatersheds in their historical range in eastern North America, and urbanization
is cited as a primary threat in 25 percent of the remaining subwatersheds with reduced
populations (Trout Unlimited, 2006).
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e Increased flooding is common throughout urban and suburban areas, sometimes as a
consequence of improperly sited development (Figure 1-6A) but more commonly as a
result of increasing discharges over time resulting from progressive urbanization farther
upstream (Figure 1-6B). According to FEMA (undated), property damage from all types
of flooding, from flash floods to large river floods, averages $2 billion a year.

e The chemical effects of stormwater runoff are pervasive and severe throughout the
nation’s urban waterways, and they can extend far downstream of the urban source.
Stormwater discharges from urban areas to marine and estuarine waters cause greater
water column toxicity than similar discharges from less urban areas (Bay et al., 2003).

e A variety of studies have shown that stormwater runoff is a vector of pathogens with
potential human health implications in both freshwater (Calderon et al., 1991) and marine
waters (Dwight et al., 2004; Colford et al., 2007).

FIGURE 1-6 (A) New residential construction in the path of episodic stream discharge
(Issaquah, Washington); (B) recent flooding of an 18™-century tavern in Collegeville,
Pennsylvania following a storm event in an upstream developing watershed. SOURCES: Derek
Booth, Stillwater Sciences, Inc., and Robert Traver, Villanova University.

WHY IS IT SO HARD TO REDUCE THE IMPACTS OF STORMWATER?

“Urban stormwater” is the runoff from a landscape that has been affected in some fashion
by human activities, during and immediately after rain. Most visibly, it is the water flow over
the ground surface, which is collected by natural channels and artificial conveyance systems
(pipes, gutters, and ditches) and ultimately routed to a stream, river, lake, wetland, or ocean. It
also includes water that has percolated into the ground but nonetheless reaches a stream channel
relatively rapidly (typically within a day or so of the rainfall), contributing to the high discharge
in a stream that commonly accompanies rainfall. The subsurface flow paths that contribute to
this stormflow response are typically quite shallow, in the upper layers of the soil, and are
sometimes termed “interflow.” They stand in contrast to deeper groundwater paths, where water
moves at much lower velocities by longer paths and so reaches the stream slowly, over periods
of days, weeks, or months. This deeper flow sustains streamflow during rainless periods and is
usually called baseflow, as distinct from “stormwater.” A formal distinction between these types
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of runoff is sometimes needed for certain computational procedures, but for most purposes a
qualitative understanding is sufficient.

These runoff paths can be identified in virtually all modified landscapes, such as
agriculture, forestry, and mining. However, this report focuses on those settings with the
particular combination of activities that constitute “urbanization,” by which we mean to include
the commonly understood conversion (whether incremental or total) of a vegetated landscape to
one with roads, houses, and other structures.

Although the role of urban stormwater in degrading the nation’s waters has been
recognized for decades (e.g., Klein, 1979), reducing that role has been notoriously difficult. This
difficulty arises from three basic attributes of what is commonly termed “stormwater”:

1. Itis produced from literally everywhere in a developed landscape;

2. Its production and delivery are episodic, and these fluctuations are difficult to attenuate;
and

3. It accumulates and transports much of the collective waste of the urban environment.

Wherever grasslands and forest are replaced by urban development in general, and
impervious surfaces in particular, the movement of water across the landscape is radically altered
(see Figure 1-7). Nearly all of the associated problems result from one underlying cause: loss of
the water-retaining function of the soil and vegetation in the urban landscape. In an undeveloped,
vegetated landscape, soil structure and hydrologic behavior are strongly influenced by biological
activities that increase soil porosity (the ratio of void space to total soil volume) and the number
and size of macropores, and thus the storage and conductivity of water as it moves through the
soil. Leaf litter on the soil surface dissipates raindrop energy; the soil’s organic content reduces
detachment of small soil particles and maintains high surface infiltration rates. As a
consequence, rainfall typically infiltrates into the ground surface or is evapotranspired by
vegetation, except during particularly intense rainfall events (Dunne and Leopold, 1978).

In the urban landscape, these processes of evapotranspiration and water retention in the soil
may be lost for the simple reason that the loose upper layers of the soil and vegetation are gone—
stripped away to provide a better foundation for roads and buildings. Even if the soil still exists, it
no longer functions if precipitation is denied access because of paving or rooftops. In either case, a
stormwater runoff reservoir of tremendous volume is removed from the stormwater runoff system;
water that may have lingered in this reservoir for a few days or many weeks, or been returned
directly to the atmosphere by evaporation or transpiration by plants, now flows rapidly across the
land surface and arrives at the stream channel in short, concentrated bursts of high discharge.

This transformation of the hydrologic regime from one where subsurface flow once
dominated to one where overland flow now dominates is not simply a readjustment of runoff flow
paths, and it does not just result in a modest increase in flow volumes. It is a wholesale
reorganization of the processes of runoff generation, and it occurs throughout the developed
landscape. As such, it can affect every aspect of that runoff (Leopold, 1968)—not only its rate of
production, its volume, and its chemistry, but also what it indirectly affects farther downstream
(Walsh et al., 2005a). This includes erosion of mobile channel boundaries, mobilization of once-
static channel elements (e.g., large logs), scavenging of contaminants from the surface of the urban
landscape, and efficient transfer of heat from warmed surfaces to receiving waterbodies. These
changes have commonly inspired human reactions—typically with narrow objectives but carrying
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FIGURE 1-7 Schematic of the hydrologic pathways in humid-region watersheds, before and
after urban development. The sizes of the arrows suggest relative magnitudes of the different
elements of the hydrologic cycle, but conditions can vary greatly between individual catchments
and only the increase in surface runoff in the post-development condition is ubiquitous.
SOURCE: Adapted from Schueler (1987) and Maryland Department of the Environment;
http://www.mde.state.md.us/Programs/WaterPrograms.

additional, far-ranging consequences—such as the piping of once-exposed channels, bank
armoring, and construction of large open-water detention ponds (e.g., Lieb and Carline, 2000).

This change in runoff regime is also commonly accompanied by certain land-use activities
that have the potential to generate particularly harmful or toxic discharges, notably those
commercial activities that are the particular focus of the industrial NPDES permits. These include
manufacturing facilities, transport of freight or passengers, salvage yards, and a more generally
defined category of “sites where industrial materials, equipment, or activities are exposed to
stormwater” (e.g., EPA, 1992).

Other human actions are associated with urban landscapes that do not affect stormwater
directly, but which can further amplify the negative consequences of altered flow. These actions
include clearing of riparian vegetation around streams and wetlands, introduction of atmospheric
pollutants that are subsequently deposited, inadvertent release of exotic chemicals into the
environment, and channel crossings by roads and utilities. Each of these additional actions further
degrades downstream waterbodies and increases the challenge of finding effective methods to
reverse these changes (Boulton, 1999). There is little doubt as to why the problem of urban
stormwater has not yet been “solved”—because every functional element of an aquatic
ecosystem is affected. Urban stormwater has resulted in such widespread impacts, both physical
and biological, in aquatic systems across the world that this phenomenon has been termed the
“Urban Stream Syndrome” (see Figure 1-5; Walsh et al., 2005b).

Of the many possible ways to consider these conditions, Karr (1991) has recommended a
simple yet comprehensive grouping of the major stressors arising from urbanization that
influence aquatic assemblages (Figure 1-8). These include chemical pollutants (water quality
and toxicity); changes to flow magnitude, frequency, and seasonality of various discharges; the
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physical aspects of stream, lake, or wetland habitats; the energy dynamics of food webs, sunlight,
and temperature; and biotic interactions between native and exotic species. Stormwater and
stormwater-related impacts encompass all of these categories, some directly (e.g., water
chemistry) and some indirectly (e.g., habitat, energy dynamics). Because of the wide-ranging
effects of stormwater, programs to abate stormwater impacts on aquatic systems must deal with a
broad range of impairments far beyond any single altered feature, whether traditional water-
chemistry parameters or flow rates and volumes.

Altered environmental

features .
L Endpoint
Urbanization Urbanization
drivers effects Habitat
structure
e Human Stream Flow
population Stressors regime
* Impervious » Direct effects . .
area {e.q., channelization, ater qua“t B|0|Oglca|
¢ Vegetation alien taxa) and toxicit response
loss .
* Indirect effects
° Road_ (e.9., pollution, Energy
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FIGURE 1-8 Five features that are affected by urban development and, in turn, affect biological
conditions in urban streams. SOURCES: Modified from Karr (1991), Karr and Yoder (2004), and Booth
(2005). Reprinted, with permission, from Karr (1991). Copyright 2001 by Ecological Society of America.
Reprinted, with permission, from Karr and Yoder (2004). Copyright 2004 by American Society of Civil
Engineers. Reprinted, with permission, from Booth (2005). Copyright 2005 by the North American
Benthological Society.

The broad spatial scale of where and how these impacts are generated suggests that
solutions, if effective, should be executed at an equivalent scale. Although the “problem” of
stormwater runoff is manifested most directly as an altered hydrograph or elevated
concentrations of pollutants, it is ultimately an expression of land-use change at a landscape
scale. Symptomatic solutions, applied only at the end of a stormwater collection pipe, are not
likely to prove fully effective because they are not functioning at the scale of the original
disturbance (Kloss and Calarusse, 2006).

The landscape-scale generation of stormwater has a number of consequences for any
attempt to reduce its effects on receiving waters, as described below.

Sources and VVolumes

The “source” of stormwater runoff is dispersed, making collection and centralized
treatment challenging. To the extent that collection is successful, however, the flip side of this
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condition—very large volumes—becomes manifest. Either an extensive infrastructure brings
stormwater to centralized facilities, whose operation and maintenance may be relatively
straightforward (e.g., Anderson et al., 2002) but of modest effectiveness, or stormwater remains
dispersed for management, treatment, or both across the landscape (e.g., Konrad and Burges,
2001; Holman-Dodds et al., 2003; Puget Sound Action Team, 2005; Walsh et al., 2005a; Bloom,
2006; van Roon, 2007), better mimicking the natural processes of runoff generation but requiring
a potentially unlimited number of “facilities” that may have their own particular needs for space,
cost, and maintenance.

Treatment Challenges

Regardless of the scale at which treatment is attempted, technological difficulties are
significant because of the variety of “pollutants” that must be addressed. These include physical
objects, from large debris to microscopic particles; chemical constituents, both dissolved and
immiscible; and less easily categorized properties such as temperature. Wastewater treatment
plants manage a similarly broad range of pollutants, but stormwater flows have highly unsteady
inflows and, when present, typically much greater volumes to treat.

Industrial sources of stormwater pose a particularly challenging problem because
potential generators of polluted or toxic runoff are widespread and are regulated under NPDES
permitting by their activities, not by the specific category of industrial activity under which they
fall. This complicates any systematic effort to identify those entities that should be regulated
(Duke et al., 1999). Even for the limited number of regulated generators, pollution prevention
measures are of uncertain effectiveness.

Soil erosion from construction sites is another pollution source that has proven difficult to
effectively control. Although most bare sites are relatively small and only short-lived, at any
given time there can be many sites under construction, each of which can deliver sediment loads
to downstream waterbodies at rates that exceed background levels by many orders of magnitude
(e.g., Wolman and Schick, 1967). Relatively effective approaches and technologies exist to
dramatically reduce the magnitude of these sediment discharges (e.g., Raskin et al., 2005), but
they depend on conscientious installation and regular maintenance. Enforcement of such
requirements, normally a low-priority activity of local departments of building or public works,
is commonly lacking.

Another difference between the stormwater and wastewater streams is that stormwater
treatment must address not only “pollutants” but also physically and ecologically deleterious
changes in flow rate and total runoff volume. Treating these changes constitutes a particularly
difficult task for two reasons. First, there is simply more runoff, as a rule, and so replicating the
predevelopment hydrograph is not an option—the increased volume of runoff guarantees that
some discharges, some of the time, must be allowed to increase. Second, there is little agreement
on what constitutes “adequate” or “effective” treatment for the various attributes of flow. Even
the most basic metrics, such as the magnitude of peak flow, can require extensive infrastructure
to achieve (e.g., Booth and Jackson, 1997); other flow metrics that correlate more directly with
undesired effects on physical and biological systems can require even greater efforts to match.
In many cases, the urban-induced transformation of the flow regime makes true “mitigation”
virtually impossible.

PREPUBLICATION

Copyright © National Academy of Sciences. All rights reserved.



Urban Stormwater Management in the United States
http://lwww.nap.edu/catalog/12465.html

Introduction 27

Widespread Cause and Effects

The spatial scale of stormwater generation and its impacts is wide-ranging. “Generators”
are literally landscape-wide, and impacts can occur at every location in the path followed by
urban runoff, from source to receiving waterbody (Hamilton et al., 2004). There are few ways to
demonstrate causal connections between distributed landscape sources and cumulative
downstream effects (Allan, 2004), and so site-specific mitigation typically provides little lasting
improvement in the watershed as a whole (Maxted and Shaver, 1997).

Stormwater Measurements

The desired attributes of stormwater runoff are normally expressed through a
combination of physical and chemical parameters. These parameters are commonly presumed to
have direct correlation to attributes of human or ecological concern, such as the condition of
human or fish communities, or the stability of a stream channel, even though these parameters do
not directly measure those effects. The most commonly measured physical parameters are
hydrologic and simply measure the rate of flow past a specified location. Both the absolute,
instantaneous magnitude of that flow rate (i.e., the discharge) and the variations in that rate over
multiple time scales (i.e., how rapidly the discharge varies over an hour, a day, a season, etc.) can
be captured by analysis of a continuous time series of a flow. Obviously, however, a nearly
unlimited number of possible metrics, capturing a multitude of temporal scales, could be defined
(Poff et al., 1997, 2006; Cassin et al., 2004; Konrad et al., 2005; Roy et al., 2005; Chang, 2007).
Commonly only a single parameter—the peak storm discharge for a given return period (Hollis,
1975)—has been emphasized in the past. Mitigation of urban-induced flow increases have
followed this narrow approach, typically by endeavoring to reduce peak discharge by use of
detention ponds but leaving the underlying increase in runoff volumes—and the associated
augmentation of both frequency and duration of high discharges—untouched. This partly
explains why evaluation of downstream conditions commonly document little improvement
resulting from traditional flow-mitigation measures (e.g., Maxted and Shaver, 1997; Roesner et
al., 2001; May and Horner, 2002).

Other physical parameters, less commonly measured or articulated, can also express the
conditions of downstream watercourses. Measures of size or complexity, particularly for stream
channels, are particularly responsive to the changes in flow regime and discharge. Booth (1990)
suggested that discriminating between channel expansion, the proportional increase in channel
cross-sectional area with increasing discharge, and channel incision, the catastrophic vertical
downcutting that sometimes accompanies urban-induced flow increases, captures important end-
members of the physical response to hydrologic change. The former (proportional expansion) is
more thoroughly documented (Hammer, 1972; Hollis and Luckett, 1976; Morisawa and LaFlure,
1982; Neller, 1988; Whitlow and Gregory, 1989; Booth and Jackson, 1997; Moscrip and
Montgomery, 1997; Booth and Henshaw, 2001); the latter (catastrophic incision) is more
difficult to quantify but has been recognized in both urban and agricultural settings (e.g., Simon,
1989). Both types of changes result not only in a larger channel but also in substantial
simplification and loss of features normally associated with high-quality habitat for fish and
other in-stream biota. The sediment released by these “growing channels” also can be the largest
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component of the overall sediment load delivered to downstream waterbodies (Trimble, 1997,
Nelson and Booth, 2002).

Chemical parameters (or, historically, “water-quality parameters”; see Dinius, 1987;
Gergel et al., 2002) cover a host of naturally and anthropogenically occurring constituents in
water. In flowing water these are normally expressed as instantaneous measurements of
concentration. In waterbodies with long residence times, such as lakes, these may be expressed
as either concentrations or as loads (total accumulated amounts, or total amounts integrated over
an extended time interval). The CWA defined a list of priority pollutants, of which a subset is
regularly measured in many urban streams (e.g., Field and Pitt, 1990). Parameters that are not
measured may or may not be present, but without assessment they are rarely recognized for their
potential (or actual) contribution to waterbody impairment.

Other attributes of stormwater do not fit as neatly into the categories of water quantity or
water quality. Temperature is commonly measured and is normally treated as a water quality
parameter, although it is obviously not a chemical property of the water (LeBlanc et al., 1997;
Wang et al., 2003). Similarly, direct or indirect measures of suspended matter in the water
column (e.g., concentration of total suspended solids, or secchi disk depths in a lake) are
primarily physical parameters but are normally included in water quality metrics. Flow velocity
is rarely measured in either context, even though it too correlates directly to stream-channel
conditions. Even more direct expressions of a flow’s ability to transport sediment or other
debris, such as shear stress or unit stream power, are rarely reported and virtually never
regulated.

*k*k

Urban runoff degrades aquatic systems in multiple ways, which confounds our attempts
to define causality or to demonstrate clear linkages between mitigation and ecosystem
improvement. It is generally recognized from the conceptual models that seek to describe this
system that no single element holds the key to ecosystem condition. All elements must be
functional, and yet every element can be affected by urban runoff in different ways. These
impacts occur at virtually all spatial scales, from the site-specific to the landscape; this breadth
and diversity challenges our efforts to find effective solutions.

This complexity and the continued growth of the built environment also present
fundamental social choices and management challenges. Stormwater control measures entail
substantial costs for their long-term maintenance, monitoring to determine their performance,
and enforcement of their use—all of which must be weighed against their (sometimes unproven)
benefits. Furthermore, the overarching importance of impervious surfaces inextricably links
stormwater management to land-use decisions and policy. For example, where a reversal of the
effects of urbanization cannot be realized, more intensive land-use development in certain areas
may be a paradoxically appropriate response to reduce the overall impacts of stormwater. That
IS, increasing population density and impervious cover in designated urban areas may reduce the
creation of impervious surface and the associated ecological impacts in areas that will remain
undeveloped as a result. In these highly urban areas (with very high percentages of impervious
surface), aquatic conditions in local streams will be irreversibly changed and the Urban Stream
Syndrome may be unavoidable to some extent. Where these impacts occur and what effort and
cost will be used to avoid these impacts are both fundamental issues confronting the nation as it
attempts to address stormwater.
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IMPETUS FOR THE STUDY AND REPORT ROADMAP

In 1972 Congress amended the Federal Water Pollution Control Act (subsequently
referred to as the Clean Water Act) to require control of discharges of pollutants to waters of the
United States from point sources. Initial efforts to improve water quality using NPDES permits
focused primarily on reducing pollutants from industrial process wastewater and municipal
sewage discharges. These point source discharges were clearly and easily shown to be
responsible for poor, often drastically degraded conditions in receiving waterbodies because they
tended to emanate from identifiable and easily monitored locations, such as pipe outfalls.

As pollution control measures for industrial process wastewater and municipal sewage
were implemented and refined during the 1970s and 1980s, more diffuse sources of water
pollution have become the predominant causes of water quality impairment, including
stormwater runoff. To address the role of stormwater in causing water quality impairments,
Congress included Section 402(p) in the CWA; this section established a comprehensive, two-
phase approach to stormwater control using the NPDES program. In 1990 EPA issued the Phase
I Stormwater Rule (55 Fed. Reg. 47990; November 16, 1990) requiring NPDES permits for
operators of municipal separate storm sewer systems (MS4s) serving populations over 100,000
and for runoff associated with industrial activity, including runoff from construction sites five
acres and larger. In 1999 EPA issued the Phase Il Stormwater Rule (64 Fed. Reg. 68722;
December 8, 1999), which expanded the requirements to small MS4s in urban areas and to
construction sites between one and five acres in size.

Since EPA’s stormwater program came into being, several problems inherent in its
design and implementation have become apparent. As discussed in more detail in Chapter 2,
problems stem to a large extent from the diffuse nature of stormwater discharges combined with
a regulatory process that was created for point sources (the NPDES permitting approach). These
problems are compounded by the shear number of entities requiring oversight. Although exact
numbers are not available, EPA estimates that the number of regulated MS4s is about 7,000,
including 1,000 Phase | municipalities and 6,000 from Phase Il. The number of industrial
permittees is thought to be around 100,000. Each year, the construction permit covers around
200,000 permittees each for both Phase I (five acres or greater) and Phase 11 (one to five acres)
projects. Thus, the total number of permittees under the stormwater program at any time
numbers greater than half a million. There are fewer than 100,000 non-stormwater (meaning
wastewater) permittees covered by the NPDES program, such that stormwater permittees
account for approximately 80 percent of NPDES-regulated entities. To manage this large
number of permittees, the stormwater program relies heavily on the use of general permits to
control industrial, construction, and Phase Il MS4 discharges, which are usually statewide, one-
size-fits-all permits in which general provisions are stipulated.

An example of the burden felt by a single state is provided by Michigan (David
Drullinger, Michigan Department of Environmental Quality Water Bureau, personal
communication, September 2007). The Phase | Stormwater regulations that became effective in
1990 regulate 3,400 industrial sites, 765 construction sites per year, and five large cities in
Michigan. The Phase Il regulations, effective since 1999, have extended the requirements to
7,000 construction sites per year and 550 new jurisdictions, which are comprised of about 350
“primary jurisdictions” (cities, villages, and townships) and 200 “nested jurisdictions” (county
drains, road agencies, and public schools). Often, only a handful of state employees are
allocated to administer the entire program (see the survey in Appendix C).
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In order to comply with the CWA regulations, permittees must fulfill a number of
requirements, including the creation and implementation of a stormwater pollution prevention
plan, and in some cases, monitoring of stormwater discharges. Stormwater pollution prevention
plans document the stormwater control measures (SCMs; sometimes known as best management
practices or BMPs) that will be used to prevent or slow stormwater from quickly reaching nearby
waterbodies and degrading their quality. These include structural methods such as detention
ponds and nonstructural methods such as designing new development to reduce the percentage of
impervious surfaces. Unfortunately, data on the degree of pollutant reduction that can be
assigned to a particular SCM are only now becoming available (see Chapter 5).

Other sources of variability in EPA’s stormwater program are that (1) there are three
permit types (municipal, industrial, and construction), (2) some states and local governments
have assumed primacy for the program from EPA while others have not, and state effluent limits
or benchmarks for stormwater discharges may differ from the federal requirements, and (3)
whether there are monitoring requirements varies depending on the regulating entity and the type
of activity. For industrial stormwater there are 29 sectors of industrial activity covered by the
general permit, each of which is characterized by a different suite of possible contaminants and
SCMs.

Because of the industry-, site-, and community-specific nature of stormwater pollution
prevention plans, and because of the lack of resources of most NPDES permitting authorities to
review these plans and conduct regular compliance inspections, water quality-related
accountability in the stormwater program is poor. Monitoring data are minimal for most
permittees, despite the fact that they are often the only indicators of whether an adequate
stormwater program is being implemented. At the present time, available monitoring data
indicate that many industrial facilities routinely exceed “benchmark values” established by EPA
or the states, although it is not clear whether these exceedances provide useful indicators of
stormwater pollution prevention plan inadequacies or potential water quality problems. These
uncertainties have led to mounting and contradictory pressure from permittees to eliminate
monitoring requirements entirely as well as from those hoping for greater monitoring
requirements to better understand the true nature of stormwater discharges and their impact.

To improve the accountability of it Stormwater Program, EPA requested advice on
stormwater issues from the National Research Council’s (NRC’s) Water Science and
Technology Board as the next round of general permits is being prepared. Although the drivers
for this study have been in the industrial stormwater arena, this study considered all entities
regulated under the NPDES program (municipal, industrial, and construction). The following
statement of task guided the work of the committee:

(1) Clarify the mechanisms by which pollutants in stormwater discharges affect ambient
water quality criteria and define the elements of a “protocol” to link pollutants in
stormwater discharges to ambient water quality criteria.

(2) Consider how useful monitoring is for both determining the potential of a discharge
to contribute to a water quality standards violation and for determining the adequacy of
stormwater pollution prevention plans. What specific parameters should be monitored
and when and where? What effluent limits and benchmarks are needed to ensure that the
discharge does not cause or contribute to a water quality standards violation?

PREPUBLICATION

Copyright © National Academy of Sciences. All rights reserved.



Urban Stormwater Management in the United States
http://lwww.nap.edu/catalog/12465.html

Introduction 31

(3) Assess and evaluate the relationship between different levels of stormwater pollution
prevention plan implementation and in-stream water quality, considering a broad suite of
SCMs.

(4) Make recommendations for how to best stipulate provisions in stormwater permits to
ensure that discharges will not cause or contribute to exceedances of water quality
standards. This should be done in the context of general permits. As a part of this task,
the committee will consider currently available information on permit and program
compliance.

(5) Assess the design of the stormwater permitting program implemented under the
CWA.

The report is intended to inform decision makers within EPA, affected industries, public
stormwater utilities, other government agencies and the private sector about potential options for
managing stormwater.

EPA requested that the study be limited to those issues that fall under the agency’s
current regulatory scheme for stormwater, which excludes nonpoint sources of pollution such as
agricultural runoff and septic systems. Thus, these sources are not extensively covered in this
report. The reader is referred to NRC (2000, 2005) for more detailed information on the
contribution of agricultural runoff and septic systems to waterbody impairment and on
innovative technologies for treating these sources. Also at the request of EPA, concentrated
animal feeding operations and combined sewer overflows were not a primary focus. However,
the committee felt that in order to be most useful it should opine on certain critical effects of
regulated stormwater beyond the delivery of traditional pollutants. Thus, changes in stream
flow, streambank erosion, and habitat alterations caused by stormwater are considered, despite
the relative inattention given to them in current regulations.

Chapter 2 presents the regulatory history of stormwater control in the United States,
focusing on relevant portions of the CWA and the regulations that have been created to
implement the Act. Federal, state, and local programs for or affecting stormwater management
are described and critiqued. Chapter 3 deals with the first item in the statement of task. It
reviews the scientific aspects of stormwater, including sources of pollutants in stormwater, how
stormwater moves across the land surface, and its impacts on receiving waters. It reflects the
best of currently available science, and addresses biological endpoints that go far beyond
ambient water quality criteria. Methods for monitoring and modeling stormwater (the subject of
the second item in the statement of task) are described in Chapter 4. The material evaluates the
usefulness of current benchmark and MS4 monitoring requirements, and suggestions for
improvement are made. The latter half of the chapter considers the multitude of models
available for linking stormwater discharges to ambient water quality. This analysis makes it
clear that stormwater pollution cannot yet be treated as a deterministic system (in which the
contribution of individual dischargers to a waterbody impairment can be identified) without
significantly greater investment in model development. Addressing primarily the third item in
the statement of task, Chapter 5 considers the vast suite of both structural and nonstructural
measures designed to control stormwater and reduce its pollutant loading to waterbodies. It also
takes on relevant larger-scale concepts, such as the benefit of stormwater management within a
watershed framework. In Chapter 6, the limitations and possibilities associated with a new
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regulatory approach are explored, as are those of an enhanced but more traditional scheme.
Numerous suggestions for improving the stormwater permitting process for municipalities,
industrial sites, and construction are made. Along with Chapter 2, this chapter addresses the
final two items in the committee’s statement of task.
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Chapter 2
The Challenge of Regulating Stormwater

Although stormwater has long been regarded as a major culprit in urban flooding, only in
the past 30 years have policymakers appreciated the significant role stormwater plays in the
impairment of urban watersheds. This recent rise to fame has led to a cacophony of federal,
state, and local regulations to deal with stormwater, including the federal Clean Water Act
(CWA) implemented by the U.S. Environmental Protection Agency (EPA). Perhaps because this
longstanding environmental problem is being addressed so late in the development and
management of urban watersheds, the laws that mandate better stormwater control are generally
incomplete and were often passed for other purposes, like industrial waste control.

This chapter discusses the regulatory programs that govern stormwater, particularly the
federal program, explaining how these programs manage stormwater only impartially and often
inadequately. While progress has been made in the regulation of urban stormwater—from the
initial emphasis on simply moving it away from structures and cities as fast as possible to its role
in degrading neighboring waterbodies—a significant number of gaps remain in the existing
system. Chapter 6 returns to these gaps and considers the ways that at least some of them may
be addressed.

FEDERAL REGULATORY FRAMEWORK FOR STORMWATER

The Clean Water Act

The CWA is a comprehensive piece of U.S. legislation that has a goal of restoring and
maintaining the chemical, physical, and biological integrity of the nation’s waters. Its long-term
goal is the elimination of polluted discharges to surface waters (originally by 1985), although
much of its current effort focuses on the interim goal of attaining swimmable and fishable
waters. Initially enacted as the Federal Water Pollution Control Act in 1948, it was revised by
amendments in 1972 that gave it a stronger regulatory, water chemistry-focused basis to deal
with acute industrial and municipal effluents that existed in the 1970s. Amendments in 1987
broadened its focus to deal with more diffuse sources of impairments, including stormwater.
Improved monitoring over the past two decades has documented that although discharges have
not been eliminated, there has been a widespread lessening of the effects of direct municipal and
industrial wastewater discharges.

A timeline of federal regulatory events over the past 125 years relevant to stormwater,
which includes regulatory precursors to the 1972 CWA, is shown in Table 2-1. The table reveals
that while there was a flourish of regulatory activity related to stormwater during the mid-1980s
to 1990s, there has been much less regulatory activity since that time.

39

Copyright © National Academy of Sciences. All rights reserved.



Urban Stormwater Management in the United States
http://lwww.nap.edu/catalog/12465.html

40

Urban Stormwater Management in the United States

TABLE 2-1 Legal and Regulatory Milestones for the Stormwater Program

1886

Rivers and Harbors Act. A navigation-oriented statute that was used in the 1960s and 1970s to
challenge unpermitted pollutant discharges from industry.

1948
1952
1955

Federal Water Pollution Control Act. Provided matching funds for wastewater treatment
facilities, grants for state water pollution control programs, and limited federal authority to act
against interstate pollution.

1965

Water Quality Act. Required states to adopt water quality standards for interstate waters subject
to federal approval. It also required states to adopt state implementation plans, although failure to
do so would not result in a federally implemented plan. As a result, enforceable requirements
against polluting industries, even in interstate waters, was limited.

1972

Federal Water Pollution Control Act. First rigorous national law prohibiting the discharge of
pollutants into surface waters without a permit.

Goal is to restore and maintain health of U.S. waters

Protection of aquatic life and human contact recreation by 1983
Eliminate discharge of pollutants by 1985

Wastewater treatment plant financing

Clean Water Act Section 303(d)

e Contains a water quality-based strategy for waters that remain polluted after the
implementation of technology-based standards.

e Requires states to identify waters that remain polluted, to determine the total maximum
daily loads that would reverse the impairments, and then to allocate loads to sources. If
states do not perform these actions, EPA must.

Clean Water Act Section 208

e Designated and funded the development of regional water quality management plans
to assess regional water quality, propose stream standards, identify water quality
problem areas, and identify wastewater treatment plan long-term needs. These plans
also include policy statements which provide a common consistent basis for decision
making.

1977
1981

Clean Water Act Sections 301 and 402
e Control release of toxic pollutants to U.S. waters
e Technology treatment standards for conventional pollutants and priority toxic pollutants.
¢ Recognition of technology limitations for some processes.

1977

NRDC vs. Costle. Required EPA to include stormwater discharges in the National Pollution
Discharge Elimination System (NPDES) program.

1987

Clean Water Act Amended Sections 301 and 402
e Control toxic pollutants discharged to U.S. waters.
e Manage urban stormwater pollution.
e Numerical criteria for all toxic pollutants.
e Integrated control strategies for impaired waters.
e Stormwater permit programs for urban areas and industry.
e Stronger enforcement penalties.
e Anti-backsliding provisions.
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1990 EPA’s Phase | Stormwater Permit Rules are Promulgated
e Application and permit requirements for large and medium municipalities

e Application and permit requirements for light and heavy industrial facilities based on
Standard Industrial Classification (SIC) Codes, and construction activity > 5 acres

1999 EPA’s Phase 1l Stormwater Permit Rules are Promulgated
e Permit requirements for census-defined urbanized areas
e Permit requirements for construction sites 1 to 5 acres

1997- Total Maximum Daily Load (TMDL) Program L.itigation

2001 e Courts order EPA to establish TMDLs in a number of states if the states fail to do so.
The TMDLs assign Waste Load Allocations for stormwater discharges which must be
incorporated as effluent limitations in stormwater permits.

2006- Section 323 of the Energy Policy Act of 2005

2008 e EPA promulgates rule (2006) to exempt stormwater discharges from oil and gas
exploration, production, processing, treatment operations, or transmission facilities
from NPDES stormwater permit program.

e In 2008, courts order EPA to reverse the rule which exempted certain activities in the
oil and gas exploration industry from storm water regulations. In Natural Resources
Defense Council vs. EPA (9" Cir. 2008), the court held that it was “arbitrary and
capricious” to exempt from the Clean Water Act stormwater discharges containing
sediment contamination that contribute to a violation of water quality standards.

2007 Energy Independence and Security Act of 2007

e Requires all federal development and redevelopment projects with a footprint above
5,000 square feet to achieve predevelopment hydrology to the “maximum extent
technically feasible.”

The Basic NPDES Program: Regulating Pollutant Discharges

The centerpiece of the CWA is its mandate “that all discharges into the nation’s waters
are unlawful, unless specifically authorized by a permit” [42 U.S.C. §1342(a)]. Discharges do
not include all types of pollutant flows, however. Instead, “discharges” are defined more
narrowly as “point sources” of pollution, which in turn include only sources that flow through a
discrete conveyance, like a pipe or ditch, into a lake or stream [33 U.S.C. 8§ 1362(12) and (14)].
Much of the focus of the CWA program, then, is on limiting pollutants emanating from these
discrete, point sources directly into waters of the United States. Authority to control nonpoint
sources of pollution, like agricultural runoff (even when drained via pipes or ditches), is
generally left to the states with more limited federal oversight and direction.

All point sources of pollutants are required to obtain a National Pollutant Discharge
Elimination System (NPDES) permit and ensure that their pollutant discharges do not exceed
specified effluent standards. Congress also commanded that rather than tie effluent standards to
the needs of the receiving waterbody—an exercise that was far too scientifically uncertain and
time-consuming—the effluent standards should first be based on the best available pollution
technology or the equivalent. In response to a very ambitious mandate, EPA has promulgated
very specific, quantitative discharge limits for the wastewater produced by over 30 industrial
categories of sources based on what the best pollution control technology could accomplish, and
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it requires at least secondary treatment for the effluent produced by most sewage treatment
plants. Under the terms of their permits, these large sources are also required to self-monitor
their effluent at regular intervals and submit compliance reports to state or federal regulators.

EPA quickly realized after passage of the CWA in 1972 that if it were required to
develop pollution limits for all point sources, it would need to regulate hundreds of thousands
and perhaps even millions of small stormwater ditches and thousands of small municipal
stormwater outfalls, all of which met the technical definition of “point source”. It attempted to
exempt all these sources, only to have the D.C. Circuit Court read the CWA to permit no
exemptions [NRDC vs. Costle, 568 F.2d 1369 (D.C. Cir. 1977)]. In response, EPA developed a
“general” permit system (an “umbrella” permit that covers multiple permittees) for smaller
outfalls of municipal stormwater and similar sources, but it generally did not require these
sources to meet effluent limitations or monitor their effluent.

It should be noted that, while the purpose of the CWA is to ensure protection of the
physical, biological, and chemical integrity of the nation’s waters, the enforceable reach of the
Act extends only to the discharges of “pollutants” into waters of the United States [33 U.S.C. 8
1311(a); cf. PUD No. 1 of Jefferson County v. Washington Department of Ecology, 511 U.S.
700 (1994) (providing states with broad authority under section 401 of the CWA to protect
designated uses, not simply limit the discharge of pollutants)]. Even though “pollutant” is
defined broadly in the Act to include virtually every imaginable substance added to surface
waters, including heat, it has not traditionally been read to include water volume [33 U.S.C. §
1362(6)]. Thus, the focus of the CWA with respect to its application to stormwater has
traditionally been on the water quality of stormwater and not on its quantity, timing, or other
hydrologic properties. Nonetheless, because the statutory definition of “pollutant” includes
“industrial, municipal, and agricultural waste discharged into water,” using transient and
substantial increases in flow in urban watersheds as a proxy for pollutant loading seems a
reasonable interpretation of the statute. EPA Regions 1 and 3 have considered flow control as a
particularly effective way to track sediment loading, and they have used flow in TMDLSs as a
surrogate for pollutant loading (EPA Region 3, 2003). State trial courts have thus far ruled that
municipal separate storm sewer system (MS4) permits issued under delegated federal authority
can impose restrictions on flow where changes in flow impair the beneficial uses of surface
waters (Beckman, 2007). EPA should consider more formally clarifying that significant,
transient increases in flow in urban watersheds serve as a legally valid proxy for the loading of
pollutants. This clarification will allow regulators to address the problems of stormwater in more
diverse ways that include attention to water volume as well as to the concentration of individual
pollutants.

Stormwater Discharge Program

By 1987, Congress became concerned about the significant role that stormwater played in
contributing to water pollution, and it commanded EPA to regulate a number of enumerated
stormwater discharges more rigorously. Specifically, Section 402(p), introduced in the 1987
Amendments to the CWA, directs EPA to regulate some of the largest stormwater discharges—
those that occur at industrial facilities and municipal storm sewers from larger cities and other
significant sources (like large construction sites)—by requiring permits and promulgating
discharge standards that require the equivalent of the best available technology [42 U.S.C. §
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1342(p)(3)]. Effectively, then, Congress grafted larger stormwater discharges onto the existing
NPDES program that was governing discharges from manufacturing and sewage treatment
plants.

Upon passage of Section 402(p), EPA divided the promulgation of its stormwater
program into two phases that encompass increasingly smaller discharges. The first phase,
finalized in 1990, regulates stormwater discharges from ten types of industrial operations (this
includes the entire manufacturing sector), construction occurring on five or more acres, and
medium or large storm sewers in areas that serve 100,000 or more people [40 C.F.R. §
122.26(a)(3) (1990); 40 C.F.R. § 122.26 (b)(14) (1990)]. The second phase, finalized in 1995,
includes smaller municipal storm sewer systems and smaller construction sites (down to one
acre) [60 Fed. Reg. 40,230 (Aug. 7, 1995) (codified at 40 C.F.R. Parts 122, 124 (1995)]. If these
covered sources fail to apply for a permit, they are in violation of the CWA.

Because stormwater is more variable and site specific with regard to its quality and
quantity than wastewater, EPA found it necessary to diverge in two important ways from the
existing NPDES program governing discharges from industries and sewage treatment plants.
First, stormwater discharge limits are not federally specified in advance as they are with
discharges from manufacturing plants. Even though Congress directed EPA to require
stormwater sources to install the equivalent of the best available technology or “best
management practices,” EPA concluded that the choice of these best management practices
(referred to in this report as stormwater control measures or SCMs) would need to be source
specific. As a result, although EPA provides constraints on the choices available, it generally
leaves stormwater sources with responsibility for developing a stormwater pollution prevention
plan and the state with the authority to approve, amend, or reject these plans (EPA, 2006a, p. 15).

Second, because of the great variability in the nature of stormwater flow, some sources
are not required to monitor the pollutants in their stormwater discharges. Even when monitoring
is required, there is generally a great deal of flexibility for regulated parties to self-monitor as
compared with the monitoring requirements applied to industrial waste effluent (not stormwater
from industries). More specifically, for a small subset of stormwater sources such as Phase |
MS4s, some monitoring of effluent during a select number of storms at a select number of
outfalls is required (EPA, 19964, p. VIII-1). A slightly larger number of identified stormwater
dischargers, primarily industrial, are only required to collect grab samples four times during the
year and visually sample and report on them (so-called benchmark monitoring). The remaining
stormwater sources are not required to monitor their effluent at all (EPA, 1996a). States and
localities may still demand more stringent controls and rigorous stormwater monitoring,
particularly in areas undergoing a Total Maximum Daily Load (TMDL) assessment, as discussed
below. Yet, even for degraded waters subject to TMDLs, any added monitoring that might be
required will be limited only to the pollutants that cause the degraded condition [40 C.F.R. 8§
420.32-420.36 (2004)].

Water Quality Management
Since technology-based regulatory requirements imposed on both stormwater and more
traditional types of discharges are not tied to the conditions of the receiving water—that is, they

require sources only to do their technological best to eliminate pollution—basic federal effluent
limits are not always adequate to protect water quality. In response to this gap in protection,
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Congress has developed a number of programs to ensure that waters are not degraded below
minimal federal and state goals [e.g., 33 U.S.C. §§ 1288, 1313(e), 1329, 1314(I)]. Among these,
the TMDL program involves the most rigorous effort to control both point and nonpoint sources
to ensure that water quality goals are met [33 U.S.C. § 1313(d)].

Under the TMDL program, states are required to list waterbodies not meeting water
quality standards and to determine, for each degraded waterbody, the “total maximum daily
load” of the problematic pollutant that can be allowed without violating the applicable water
quality standard. The state then determines what types of additional pollutant loading reductions
are needed, considering not only point sources but also nonpoint sources. It then promulgates
controls on these sources to ensure further reductions to achieve applicable water quality goals.

The TMDL process has four separate components. The first two components are already
required of the states through other sections of the CWA: (1) identify beneficial uses for all
waters in the state and (2) set water quality standards that correlate with these various uses. The
TMDL program adds two components by requiring that states then (3) identify segments where
water quality goals have not been met for one or more pollutants and (4) develop a plan that will
ensure added reductions are made by point and/or nonpoint sources to meet water quality goals
in the future. Each of these is discussed below.

Beneficial Uses. States are required to conduct the equivalent of “zoning” by
identifying, for each water segment in the state, a beneficial use, which consists of ensuring that
the waters are fit for either recreation, drinking water, aquatic life, or agricultural, industrial, and
other purposes [33 U.S.C. 8 1313(c)(2)(A)]. All states have derived “narrative definitions” to
define the beneficial uses of waterbodies that are components of all water quality standard
programs. Many of these narrative criteria are conceptual in nature and tend to define general
aspects of the beneficial uses. For categories such as aquatic life uses, most states have a single
metric for differentiating uses by type of stream (e.g., coldwater vs. warmwater fisheries). In
general, the desired biological characteristics of the waterbody are not well defined in the
description of the beneficial use. Some states, such as Ohio, have added important details to
their beneficial uses by developing tiered aquatic life uses that recognize a strong gradient of
anthropogenic background disturbance that controls whether a waterbody can attain a certain
water quality and biological functioning (see Box 2-1; Yoder and Rankin, 1998). Any aquatic
life use tier less stringent than the CWA interim goal of “swimmable—fishable” requires a Use
Attainability Analysis to support a finding that restoration is not currently feasible and recovery
is not likely in a reasonable period of time. This analysis and proposed designation must
undergo public comment and review and are always considered temporary in nature. More
importantly, typically one or more tiers above the operative interim goal of “swimmable—
fishable” are provided. This method typically will protect the highest attainable uses in a state
more effectively than having only single uses.

The concept of tiered beneficial uses and use attainability is especially important with
regard to urban stormwater because of the potential irreversibility of anthropogenic development
and the substantial costs that might be incurred in attempting to repair degraded urban
watersheds to “swimmable—fishable” or higher status. Indeed, it is important to consider what
public benefits and costs might occur for different designated uses. For example, large public
benefits (in terms of aesthetics and safety) might be gained from initial improvements in an
urban stream (e.g., restoring base flow) that achieve modest aquatic use and protect secondary
human contact. However, achieving designated uses associated with primary human contact or
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BOX 2-1
Ohio’s Tiered Aquatic Life Uses

“Designated” or “beneficial” uses for waterbodies are an important aspect of the CWA because
they are the explicit water quality goals or endpoints set for each water or class of waters. Ohio was one
of the first states to implement tiered aquatic life uses (TALUS) in 1978 as part of its water quality
standards (WQS). Most states have a single aquatic life use for a class of waters based on narrative
biological criteria (e.g., warmwater or coldwater fisheries) although many states now collect data that
would allow identification of multiple tiers of condition. EPA has recognized the management advantages
inherent to tiered aquatic life uses and has developed a technical document on how to develop the
scientific basis that would allow States to implement tiered uses (EPA, 2005a; Davies and Jackson,
2006).

Ohio’s TALUs reflect the mosaic of natural features across Ohio and over 200 years of human
changes to the natural landscape. Widespread information on Ohio’s natural history (e.g., Trautman’s
1957 Fishes of Ohio) provided strong evidence that the potential fauna of streams was not uniform, but
varied geographically. Based on this knowledge, Ohio developed a more protective aquatic life use tier to
protect streams of high biological diversity that harbored unique assemblages of rare or sensitive aquatic
species (e.g., fish, mussels, invertebrates). In its WQS in 1978, Ohio established a narrative Exceptional
Warmwater Habitat (EWH) aquatic life use to supplement its more widespread general or “Warmwater
Habitat” aquatic life use (WWH) (Yoder and Rankin, 1995).

The CWA permits states to assign aquatic life uses that do not meet the baseline swimmable-
fishable goals of the CWA under specific circumstances after conducting a Use Attainability Analysis
(UAA), which documents that higher CWA aquatic life use goals (e.g., WWH and EWH in Ohio) are not
feasibly attainable. These alternate aquatic life uses are always considered temporary in case land use
changes or technology changes to make restoration feasible. The accrual of more than ten years of
biological assessment data by the late 1980s and extensive habitat and stressor data provided a key link
between the stressors that limited attainment of a higher aquatic life use in certain areas and reaches of
Ohio streams. This assessment formed the basis for several “modified” (physical) warmwater uses for
Ohio waters and a “limited” use (limited resource water, LRW) for mostly small ephemeral or highly
artificial waters (Yoder and Rankin, 1995). Table 2-2 summarizes the biological and physical
characteristics of Ohio TALUs and the management consequences of these uses. Channelization
typically maintained by county or municipal drainage and flood control efforts, particularly where such
changes have been extensive, are the predominant cause of Modified and Limited aquatic life uses.
Extensive channel modification in urban watersheds has led to some modified warmwater habitat (MWH)
and LRW uses in urban areas. There has been discussion of developing specific “urban” aquatic life
uses; however the complexity of multiple stressors and the need to find a clear link between the sources
limiting aquatic life and feasible remediation is just now being addressed in urban settings (Barbour et al.,
2006).

The TALUs in Ohio (EWH->LRW) reflect a gradient of landscape and direct physical changes,
largely related to changes to instream habitat and associated hydrological features. Aquatic life uses and
the classification strata based on ecoregion and stream size (headwater, wadeable, and boatable
streams) provide the template for the biocriteria expectations for Ohio streams (see Box 2-2).
Identification of the appropriate tiers for streams and UAA are a routine part of watershed monitoring in
Ohio and are based on biological, habitat, and other supporting data. Any recommendations for changes
in aquatic life uses are subject to public comment when the Ohio WQS are changed.

continues next page
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BOX 2-1 Continued

Aquatic Life

Why a Waterbody Would Be

Practical Impacts

Use Key Attributes Designated (compared to a baseline of WWH)
Warmwater |Balanced assemblages of Either supports biota consistent with | Baseline regulatory requirements
Habitat fish/invertebrates comparable to numeric biocriteria for that ecoregion | consistent with the CWA “fishable™
(WWH) least impacted regional reference | or exhibits the habitat potential to and “protection & propagation”
condition support recovery of the aquatic fauna | goals: criteria consistent with EPA
guidance with State/regional
modifications as appropriate
Exceptional | Unique and/or diverse Attainment of the EWH biocriteria More stringent criteria for D.O.,
Warmwater |assemblages: comparable to upper | demonstrated by both organism temperature, ammonia, and nutrient
Habitat quartile of sfafewide reference groups targets; more stringent restrictions
(EWH) condition on dissolved metals translators;

restrictions on nationwide dredge &
fill permits; may result in more
stringent wastewater treatment
requirements

Coldwater

Sustained presence of Salmonid or

Bioassessment reveals coldwater

Same as above except that common

analysis is required

Habitat non-salmonid coldwater aquatic species as defined by Ohio EPA metals criteria are more stringent;
(CWH) organisms: bonafide trout fishery | (1987): put-and-take trout fishery may result in more stringent
managed by Ohio DNR wastewater treatment requirements
Modified | Warmwater assemblage dominated | Impairment of the WWH biocriteria; | Less stringent criteria for D.O..
Warmwater | by species tolerant of low D.O.. existence and/or maintenance of ammonia, and nutrient targets: less
Habitat excessive nutrients, siltation, hydrological modifications that restrictive applications of dissolved
(MWH) and/or habitat modifications cannot be reversed or abated to attain | metals translators: Nationwide
the WWH biocriteria; a use permits apply without restrictions or
attainability analysis is required exception; may result in less
restrictive wastewater treatment
requirements
Limited Highly degraded assemblages Extensive physical and hydrological | Chemical criteria are based on the
Resource | dominated exclusively by tolerant | modifications that cannot be reversed | prevention of acutely lethal
Waters species: should not reflect acutely | and which preclude attainment of conditions: may result in less
(LRW) toxic conditions higher uses: a use attainability restrictive wastewater treatment

1‘equi1'e111enrs

TABLE 2-2 Key features associated with tiered aquatic life uses in the Ohio WQS. SOURCE: EPA
(2005a Appendix B).

Ohio’s water quality standards contain specific listings by stream or stream reach with notations
about the appropriate aquatic life use as well as other applicable uses (e.g., recreation). Much of the
impact of tiered uses on regulated entities or watershed management efforts arises from the tiered
chemical and stressor criteria associated with each TALU. Criteria for compounds such as ammonia and
dissolved oxygen vary with aquatic life use (see Table 2-2). Furthermore, application of management
actions in Ohio, ranging from assigning antidegradation tiers, awarding funding for wastewater
infrastructure and other projects, to issuing CWA Section 401/404 permits, are influence by the TALU and
the biological assemblages present.

Ohio has been expanding its use of tiered uses by proposing tiered uses for wetlands
(http://www.epa.state.oh.us/dsw/rules/draft_1-53 feb06.pdf) and developing new aquatic life uses for very
small (primary headwater, PHW) streams. Both of these water types have a strong intersection with
urban construction and stormwater practices. In Ohio this is especially so because the proposed
mitigation standards for steams and wetlands are linked to TALUs (Ohio EPA, 2007).

Davies and Jackson (2006) present a good summary of the Maine rationale for TALUs: “(1)
identifying and preserving the highest quality resources, (2) more accurately depicting existing conditions,
(3) setting realistic and attainable management goals, (4) preserving incremental improvements, and (5)
triggering management action when conditions decline” (Davies et al., 1999). Appendices A and B of
EPA (2005a) provide more detailed information about the TALUs in Maine and Ohio, respectively.
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exceptional aquatic habitat may be much more costly, such that the perceived incremental public
gains may be much lower than the costs that must be expended to achieve that more ambitious
designation.

Water Quality Criteria. Once a state has created a list of beneficial uses for its waters,
water quality criteria are then determined that correspond with these uses. These criteria can
target chemical, biological, or physical parameters, and they can be either numeric or narrative.

In response to the acute chemical water pollution that existed when the CWA was
written, the primary focus of water quality criteria was the control of toxic and conventional
pollutants from wastewater treatment plants. EPA developed water quality criteria for a wide
range of conventional pollutants and began working on criteria for a list of priority pollutants.
These were generally in the form of numeric criteria that are then used by states to set their
standards for the range of waterbody types that exist in that state. While states do not have to
adopt EPA water quality criteria, they must have a scientific basis for setting their own criteria.
In practice, however, states have promulgated numerical water quality standards that can vary by
as much as 1,000-fold for the same contaminant but are still considered justified by the available
science [e.g., the water quality criteria for dioxin—Natural Resources Defense Council, Inc. vs.
EPA, 16 F.3d 1395, 1398, 1403-05 (4™ Cir. 1993)].

The gradual abatement of point source impairments and increased focus on ambient
monitoring and nonpoint source pollutants has led to a gradual, albeit inconsistent, shift by states
toward (1) biological and intensive watershed monitoring and (2) consideration of stressors that
are not typical point source pollutants including nutrients, bedded sediments, and habitat loss.
For these parameters, many states have developed narrative criteria (e.g., “nutrients levels that
will not result in noxious algal populations”), but these can be subjective and hard to enforce.

The use of biological criteria (biocriteria) has gained in popularity because traditional
water quality monitoring is now perceived as insufficient to answer questions about the wide
range of impairments caused by activities other than wastewater point sources, including
stormwater (GAO, 2000). As described in Box 2-2, Ohio has defined biocriteria in its water
quality standards based on multimetric indices from reference sites that quantify the baseline
expectations for each tier of aquatic life use.

Antidegradation. The antidegradation provision of the water quality standards deals
with waters that already achieve or exceed baseline water quality criteria for a given designated
use. Antidegradation provisions must be considered before any regulated activity can be
authorized that may result in a lowering of water quality which includes biological criteria.
These provisions protect the existing beneficial uses of a water and only allow a lowering of
water quality (but never lower than the baseline criteria associated with the beneficial use) where
necessary to support important social and economic development. It essentially asks the
question: is the discharge or activity necessary? States with refined designated uses and
biological criteria have used these programs to their advantage to craft scientifically sound,
protective, yet flexible antidegradation rules (see Ohio and Maine). Antidegradation is not a
replacement for tiered uses, which provide a permanent floor against lowering water quality
protection. Tiered beneficial uses and refined antidegradation rules can have substantial
influence on stormwater programs because they influence the goals and levels of protection
assigned to each waterbody.
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BOX 2-2
Ohio’s Biocriteria

After it implemented tiered aquatic life uses in 1978, Ohio developed numeric biocriteria in 1990
(Ohio WQS; Ohio Administrative Code 3745-1) as part of its WQS. Since designated uses were
formulated and described in ecological terms, Ohio felt that it was natural that the criteria should be
assessed on an ecological basis (Yoder, 1978). Subsequent to the establishment of the EWH tier in its
WQS, Ohio expanded its biological monitoring efforts to include both macroinvertebrates and fish (Yoder
and Rankin, 1995) and established consistent and robust monitoring methodologies that have been
maintained to the present. This core of consistently collected data has allowed the application of
analytical tools, including multimetric indices such as the Index of Biotic Integrity (IBl), the Invertebrate
Community Index (ICl), and other multivariate tools. The development of aquatic ecoregions (Omernik,
1987, 1995; Gallant et al., 1989), a practical definition of biological integrity (Karr and Dudley, 1981),
multimetric assessment tools (Karr, 1981; Karr et al., 1986), and reference site concepts (Hughes et al.,
1986) provided the basis for developing Ohio’s ecoregion-based numeric criteria.

Successful application of biocriteria in Ohio was dependent on the ability to accurately classify
aguatic ecosystem changes based on primarily natural abiotic features of the environment. Ohio’s
reference sites, on which the biocriteria are based, reflect spatial differences that were partially explained
by aquatic ecoregions and stream size. Biological indices were calibrated and stratified on this basis to
arrive at biological criteria that present minimally acceptable baseline ecological index scores (e.g., 1B,
ICI). Ohio biocriteria stratified by ecoregion aquatic life use and stream size are depicted in Figure 2-1.

Huron Erie Lake Plain g—fELPé
Use Size 1Bl Mlwl ICI
WWH H 28 NA 34

28 NA Erie Ontario Lake Plain (EQLP)
w 312 73 34 Use  Size IBI Miwb ICi
B 34 88 34 WWH H 40 NA 34
MWH-C H 20 NA 22 W o8 79 M
w 2 55 22 B 40 87 34
B 20 57 22 MWH-C H 24 NA 22
MWH-I B 30 57 NA W 24 62 22
B 24 58 2
/ Erie- Dntario MWH- B 30 66 NA
Lake Plain
Eastern Com Bek Plains (ECBP) /
Use sSize 1Bl Miwb  ICI f
WWH H 40 NA 36 |
W 40 83 36 /
B 42 85 36 T Easten ;
MWHC H 24 NA 22 Com Bt \ Alegheny 1
w24 62 22 [ECER) ( Rlateau }5 Waestern Allegheny Plateau {WAP)
B 24 58 22 ey Use Size IBI Miwb ICI
MWH1 B 30 66 NA Ve WWH H 44 NA 34
e W44 84 34
. P @r MWHCE| 22 gﬁ g;
- ate - -
Interior Piateau (F) NG P W 4 62 3
Use  Size 1Bl Miwb  ICI b, 8 B 24 58 29
WWH H 40 NA 30 A MWH-A H 24 NA 30
CRE O R
: B 24 55 30
MAWH-C H 24 NA 22 MWH- B 30 66 NA
W 24 62 22 Statewide Exceptional Criteria
B 24 58 22 Use .Size IEI Miwb IC|
MWH-I B 30 66 NA EWH —H 50 NA 4t

W 50 94 46
B 48 968 46

FIGURE 2-1 Numeric biological criteria adopted by Ohio EPA in 1990, using three biological indices [IBI,
ICI, and the Modified Index of well-being (Mlwb), which is used to assessed fish assemblages] and
showing stratification by stream size, ecoregion, and designated use (warmwater habitat, WWH; modified
warmwater habitat-channelized, MWH-C; modified warmwater habitat-impounded, MWH-I; and
exceptional warmwater habitat, EWH). SOURCE: EPA (2006, Appendix B). The basis for the Ohio
biocriteria and sampling methods is found in Ohio EPA (1987, 1989a,b), DeShon (1995), and Yoder and
Rankin (1995).
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Monitoring Programs to Identify Degraded Segments. Monitoring strategies by the
states generally follow the regulatory efforts of EPA and seek to identify those waterbodies
where one or more water quality standards are not being met. Much of the initial ambient
monitoring (i.e., monitoring of receiving waterbodies) was chemical based and focused on
documenting changes in pollutant concentrations and exceedances of water quality criteria.
Biological monitoring techniques have a long history of use as indicators of water quality
impacts. However, it was not until such tools became more widespread—initially in states like
Maine, North Carolina, and Ohio—that the extent of stormwater and other stressor effects on
waterbodies became better understood. The biological response to common nonpoint stressors
has driven the consideration of new water quality criteria (e.g., for nutrients, bedded sediments)
that were not major considerations under an effluent-dominated paradigm of water management.

In parallel with the increase in biocriteria has been the development of biological
monitoring to measure beneficial use attainment. Integrated biological surveys have revealed
impairments of waterbodies that go beyond those caused by typical point sources (EPA, 1996b;
Barbour et al., 1999a). The substantial increase in biological assemblage monitoring during the
1980s was enhanced by the development of more standard methods (Davis, 1995; Barbour et al.,
1999a,b; Klemm et al., 2003) along with conceptual advances in the development of assessment
tools (Karr, 1981; Karr and Chu, 1999). Development of improved classification tools (e.g.,
ecoregions, stream types), the reference site concept (Stoddard et al., 2006), and analytical
approaches including multivariate (e.g., discriminant analysis) and multimetric indices such as
IBI and ICI (see Box 2-3; Karr et al., 1986; DeShon, 1995) resulted in biological criteria being
developed for several states. Biological monitoring approaches are becoming a widespread tool
for assessing attainment of aquatic life use designation goals inherent to state water quality
standards. Development of biocriteria represents a maturation of the use of biological data and
provides institutional advantages for states in addressing pollutants without numeric criteria (e.qg.,
nutrients) and non-chemical stressors such as habitat (Yoder and Rankin, 1998).

Setting Loads and Restricting Loading. Section 303d of the CWA requires that states
compare existing water quality data with water quality standards set by the states, territories, and
tribes. For those waters found to be in violation of their water quality standards, Section 303d
requires that the state develop a TMDL. Currently, approximately 20,000 of monitored U.S.
waters are in non-attainment of water quality standards, as evidenced by not meeting at least one
specific narrative or numeric physical, chemical, or biological criterion, and thus require the
development of a TMDL.

The TMDL process includes an enforceable pollution control plan for degraded waters
based on a quantification of the loading of pollutants and an understanding of problem sources
within the watershed [33 U.S.C. 8 1313(d)(1)(C)]. Both point and nonpoint sources of the
problematic pollutants, including runoff from agriculture, are typically considered and their
contributions to the problem are assessed. A plan is then developed that may require these
sources to reduce their loading to a level (the TMDL) that ensures that the water will ultimately
meet its designated use. Most of the TMDL requirements have been developed through
regulation. Additional effluent limits for point sources discharging into segments subject to
TMDLs are incorporated into the NPDES permit.
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BOX 2-3
Commonly Used Biological Assessment Indices

Much of the initial work using biological data to assess the effects of pollution on inland streams
and rivers was a response to Chicago’s routing of sewage effluents into the Illinois River in the late
1800s. Early research focused on the use of indicator species, singly or in aggregate, and how they
changed along gradients of effluent concentrations (Davis, 1990, 1995). In the 1950s Ruth Patrick used
biological data to assess rivers by observing longitudinal changes in taxonomic groups, and later in the
1950s and 1960s “diversity indices” (e.g., Shannon-Wiener index, Shannon and Weaver, 1949) were
used to assess aquatic communities (Washington, 1984; Davis 1990, 1995). These indices were various
mathematical constructs that measured attributes such as richness and evenness of species abundance
in samples and are still widely used today in ecological studies. Similarity indices are another approach
that is used to compare biological assemblages between sites. There are a wide multitude of such
indices (e.g., Bray-Curtis, Jaccard) and all use various mathematical constructs to examine species in
common and absent between samples.

Biotic indices are generally of more recent origin (1970s to the present). Hilsenhoff (1987, 1988)
assigned organic pollution tolerances to macroinvertebrate taxa and then combined these ratings in a
biotic index that is still widely used for macroinvertebrates. Karr (1981) developed the Index of Biotic
Integrity (IBI), a “multimetric” index that is composed of a series of 12 metrics of a Midwest stream fish
community. This approach has been widely adopted and adapted to many types of waterbodies
(streams, lakes, rivers, estuaries, wetlands, the Great Lakes, etc.) and organism groups and is probably
the most widely used biotic index approach in the United States. Examples include the periphyton IBI
(P1BI; Hill et al., 2000) for algal communities, the Invertebrate Community Index (ICI; DeShon, 1995) and
benthic IBI (B-IBI, Kerans and Karr, 1994) for macroinvertebrates, a benthic IBI for estuaries (B-IBI;
Weisberg et al., 1997), and a vegetative IBI for wetlands (VIBI-E; Mack, 2007).

Various multivariate statistical approaches have also been used to assess aquatic assemblages,
often concurrently with multimetric indices. Maine, for example, uses a discriminant analysis that
assesses stream stations by comparison to reference sites (Davies and Tsomides, 1997). Predictive
modeling approaches, incorporating both biotic and environmental variables, have been widely used in
Great Britain and Europe (River Invertebrate Prediction and Classification System, RIVPACS; Wright et
al., 1993), Australia (AUSRIVAS; Simpson and Norris, 2000), and more recently in the United States by
Hawkins et al. (2000).

All of these approaches now have a wide scientific literature supporting their use and application.
EPA (2002a) reports that most states have a biomonitoring program with at least one organism group to
assess key waters in their states, although the level of implementation and sophistication varies by state.
For example, only four states have numeric biocriteria in their state water quality standards, although 11
more are developing such biocriteria based on one or more of the above monitoring approaches (EPA,
2002a). The key to implementation of any of these approaches is to set appropriate goals for waters that
can be accurately measured and then to use this type of information to identify limiting stressors (e.g.,
EPA Stressor Identification Process; EPA, 2000a).
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Total Maximum Daily Load Program and Stormwater

The new emphasis on TMDLs and the revelation that impacts are primarily from diffuse
sources has increased the attention given to stormwater. If a TMDL assigns waste load
allocations to stormwater discharges, these must be incorporated as effluent limitations into
stormwater permits. In addition, the TMDL program provides a new opportunity for states to
regulate stormwater sources more vigorously. In degraded waterbodies, effluent reductions for
point sources are not limited by what is economically feasible but instead include requirements
that will ensure that the continued degradation of the receiving water is abated. If a permitted
stormwater source is contributing pollutants to a degraded waterbody and the state believes that
further reductions in pollution from that source are needed, then more stringent discharge
limitations are required. For example, in City of Arcadia vs. State Water Resources Control
Board [135 Cal. App. 4" 1392 (Ca. Ct. App. 2006)], the court held in part that California’s zero
trash requirements for municipal storm drains, resulting from state TMDLS, were not
inconsistent with TMDL requirements or the CWA. Thus, the maximum-extent-practicable
standard for MS4s, as well as other technology-based requirements for other stormwater
permittees, are a floor, not a ceiling, for permit requirements when receiving waters are impaired
(Beckman, 2007). Finally, since the TMDL program expects the states to regulate any source—
point or nonpoint—that it considers problematic, any source of stormwater is fair game,
regardless of whether it is listed in Section 402p, and regardless of whether it is a “point source.”
Nonpoint source runoff from agricultural and silvicultural operations is in fact a common target
for TMDL-driven restrictions [see, e.g., Pronsolino vs. Nastri, 291 F.3d 1123, 1130 (9th Cir.
2002), upholding restrictions on nonpoint sources, such as logging, compelled by State’s
TMDLSs)].

Despite the potential for positive interaction between stormwater regulation and the
TMDL program, there appears to be little activity occurring at the stormwater—TMDL interface.
This is partly because the TMDL program itself has been slow in developing. In 2000, the
National Wildlife Federation applied 36 criteria to the 50 states’ water quality programs and
concluded that 75 percent of the states had failed to develop meaningful TMDL programs
(National Wildlife Federation, 2000, pp. 1-2). The General Accounting Office (GAO, 1989)
identified the lack of implementation of TMDLs as a major impediment to attaining the goals of
the CWA, which led to a spate of lawsuits filed by environmental groups to reverse this pattern.
The result was numerous settlements with ambitious deadlines for issuing TMDLSs.

Commentators blame the delays in these TMDL programs on inadequate ambient
monitoring data and on the technical and political challenges of causally linking individual
sources to problems of impairment. In a 2001 report, for example, the National Research
Council (NRC) noted that unjustified and poorly supported water quality standards, a lack of
monitoring, uncertainty in the relevant models, and a failure to use biocriteria to assess beneficial
uses directly all contributed to the delays in states’ abilities to bring their waters into attainment
through the TMDL program (NRC, 2001). Each of these facets is not only technically
complicated but also expensive. The cost of undertaking a rigorous TMDL program in a single
state has been estimated to be about $4 billion per state, assuming that each state has 100
watersheds in need of TMDLs (Houck, 1999, p. 10476).

As a result, the technical demands of the TMDL program make for a particularly bad fit
with the technical impediments already present in monitoring and managing stormwater. As
mentioned earlier, the pollutant loadings in stormwater effluent vary dramatically over time and
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stormwater is notoriously difficult to monitor for pollutants. It is thus difficult to understand
how much of a pollutant a stormwater point source contributes to a degraded waterbody, much
less determine how best to reduce that loading so that the waterbody will meet its TMDL. As
long as the focus in these TMDLs remains on pollutants rather than flow (a point raised earlier
that will be considered again), the technical challenges of incorporating stormwater sources in a
water quality-based regulatory program are substantial. Without considerable resources for
modeling and monitoring, the regulator has insufficient tools to link stormwater contributions to
water quality impairments.

These substantial challenges in linking stormwater sources back to TMDLs are reflected
by the limited number of reports and guidance documents on the subject. In one recent report,
for example, EPA provides 17 case studies in which states and EPA regions incorporated
stormwater control measures into TMDL plans, but it is not at all clear from this report that these
efforts are widespread or indicative of greater statewide activity (EPA, 2007a). Indeed, it almost
appears that these case studies represent the universe of efforts to link TMDLs and stormwater
management together. The committee’s statement of task also appears to underscore, albeit
implicitly, EPA’s difficulty in making scientific connections between the TMDL and stormwater
programs. This challenge is returned to in Chapter 6, which suggests some ways that the two can
be joined together more creatively.

Other Statutory Authorities that Control Stormwater

Although the CWA is by far the most direct statutory authority regulating stormwater
discharges, there are other federal regulatory authorities that could lead to added regulation of at
least some stormwater sources of pollution.

Critical Resources

If there is evidence that stormwater flows or pollutants are adversely impacting either
endangered species habitat or sensitive drinking water sources, federal law may impose more
stringent regulatory restrictions on these activities. Under the Endangered Species Act,
stormwater that jeopardizes the continued existence of endangered species may need to be
reduced to the point that it no longer threatens the endangered or threatened populations in
measurable ways, especially if the stormwater discharge results from the activity of a federal
agency [16 U.S.C. §8 1536(a), 1538(a)].

Under the Safe Drinking Water Act, a surface water supply of drinking water must
conduct periodic “sanitary surveys” to ensure the quality of the supply (see 40 C.F.R. § 142.16).
During the course of these surveys, significant stormwater contributions to pollution may be
discovered that are out of compliance or not regulated under the Clean Water Act because they
are outside of an MS4 area. Such a discovery could lead to more rigorous regulation of
stormwater discharges. For a groundwater source that supplies 50 percent or more of the
drinking water for an area and for which there is no reasonably available alternative source, the
aquifer can be designated as a “Sole Source Aquifer” and receive greater protection under the
Safe Drinking Water Act [42 U.S.C. § 300(h)-3(e)]. Stormwater sources that result from
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federally funded projects are also more closely monitored to ensure they do not cause significant
contamination to these sole source aquifers.

Some particularly sensitive water supplies are covered by both programs. The Edwards
Aquifer underlying parts of Austin and San Antonio, Texas, for example, is identified as a “Sole
Source Aquifer.” There are also several endangered species of fish and salamander in that same
area. As a result, both the Safe Drinking Water Act and the Endangered Species Act demand
more rigorous stormwater management programs to protect this delicate watershed.

Stormwater is also regulated indirectly by floodplain control requirements promulgated
by the Federal Emergency Management Agency (FEMA). In order for a community to
participate in the FEMA National Flood Insurance Program, it must fulfill a number of
requirements, including ensuring that projects will not increase flood heights, including flood
levels adjacent to the project site [see, e.g., 44 C.F.R. § 60.3(d)].

Contaminated Sites

Continuous discharges of contaminated stormwater and other urban pollutants
(particularly through combined sewer overflows) have led to highly contaminated submerged
sediments in many urban bays and rivers throughout the United States. In several cases where
the sediment contamination was perceived as presenting a risk to human health or has led to
substantial natural resource damages, claims have been filed under the federal hazardous waste
cleanup statute commonly known as Superfund (42 U.S.C. § 9601 et seq.). This liability under
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
technically applies to any area—whether submerged or not—as long as there is a “release or a
threat of release of a hazardous substance” and the hazardous substances have accumulated in
such a way as to lead to the “incurrence of response [cleanup] costs” or to “natural resource
damages” [42 U.S.C. §9607(a)]. Although only a few municipalities and sewer systems have
been sued, Superfund liability is theoretically of concern for possibly a much larger number of
cities or even industries whose stormwater contains hazardous substances and when at least some
of the discharges were either in violation of a permit or unpermitted. The National Oceanic and
Atmospheric Administration brought suit against the City of Seattle and the Municipality of
Metropolitan Seattle alleging natural resource damages to Elliott Bay resulting from pollution in
stormwater and combined sewer overflows; the case was settled in 1991 (United States vs. City
of Seattle, No. C90-395WD, http://www.gc.noaa.gov/natural-officel.html). While some of the
elements for liability remain unresolved by the courts, such as whether some or all of the
discharges are exempted under the “federally permitted release” defense of CERCLA [42 U.S.C.
§ 9601(10)(H)], which exempts surface water discharges that are covered by a general or
NPDES permit from liability, the prospect of potential liability is still present.

Diversion of Stormwater Underground or into Wetlands
In some areas, stormwater is eliminated by discharging it into wetlands. If done through
pipes or other types of point sources, these activities require a permit under the CWA.. Localities

or other sources that attempt to dispense with their stormwater discharges in this fashion must
thus first acquire an NPDES permit.

PREPUBLICATION

Copyright © National Academy of Sciences. All rights reserved.



Urban Stormwater Management in the United States
http://lwww.nap.edu/catalog/12465.html

54 Urban Stormwater Management in the United States

Even without a direct discharge into wetlands, stormwater can indirectly enter wetland
systems and substantially impair their functioning. In a review of more than 50 studies, the
Center for Watershed Protection found that increased urbanization and development increased
the amount of stormwater to wetlands, which in turn “led to increased ponding, greater water
level fluctuation and/or hydrologic drought in urban wetlands” (Wright et al., 2006). They found
that, in some cases, the ability of the wetlands to naturally remove pollutants became
overwhelmed by pollutant loadings from stormwater.

An even more common method of controlling stormwater is to discharge it underground.
Technically, these subsurface discharges of stormwater, including dry wells, bored wells, and
infiltration galleries, are considered by EPA to be infiltration or “Class V" wells, which require a
permit under the CWA as long as they are in proximity to an underground source of drinking
water (40 C.F.R. Parts 144, 146). While EPA’s definition excludes surface impoundments and
excavated trenches lined with stone (provided they do not include subsurface fluid distribution
systems or amount to “improved sinkholes” that involve the man-made modification of a
naturally occurring karst depression for the purpose of stormwater control), most other types of
subsurface drainage systems are covered regardless of the volume discharged (40 C.F.R. §
144.81(4)).

Given EPA’s recent description of SCMs considered to be Class V injection wells (EPA,
2008), most SCMs that rely on infiltration are exempted. For example, if an infiltration trench is
wider than it is deep, it is exempted from the Class V well regulations. Residential septic
systems are also exempted [see 40 C.F.R. 8§88 144.1(g)(1)(ii) and (2)(iii)]. However, those that
involve deeper dry wells or infiltration galleries appear to require Class V well permits under the
Safe Drinking Water Act. Because the use of these SCMs is likely to involve expensive
compliance requirements, dischargers may steer away from them.

Air Contaminants

Air pollutants from vehicular exhaust and industrial sources that precipitate on roads and
parking lots can also be collected in stormwater and increase pollutant loading (see Chapter 3
discussion of atmospheric deposition). While the Clean Air Act regulates these sources of air
contamination, it does not eliminate them. Stormwater that is contaminated with air pollutants
may consist of both “legal” releases of air pollutants, as well as “illegal” releases emitted in
violation of a permit, although the distinction between the two groups of pollutants is effectively
impossible to make in practice.

Pesticides and Other Chemical Products Applied to Land and Road Surfaces

EPA regulates the licensing of pesticides as well as chemicals and chemical mixtures,
although its actual authority to take action, such as restricting product use or requiring labeling,
varies according to the statute and whether the product is new or existing. Although EPA
technically is allowed to consider the extent to which a chemical is accumulating in stormwater
in determining whether additional restrictions of the chemical are needed, EPA is not aware of
any instances in its Toxic Substances Control Act (TSCA) chemical regulatory decision-making
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in which it actually used this authority to advance water quality protection (Jenny Molloy, EPA,
personal communication, March 13, 2008).

In its pesticide registration program, EPA does routinely consider a pesticide’s potential
for adverse aquatic effects from stormwater runoff in determining whether the pesticide
constitutes an unreasonable risk (Bill Jordan, EPA, personal communication, March 14, 2008).
EPA has imposed use restrictions on a number of individual pesticides, such as prohibiting aerial
applications, requiring buffer strips, or reducing application amounts. Presumably states and
localities are tasked with primary enforcement responsibility for most of these use restrictions.
EPA has also required a surface water monitoring program as a condition of the re-registration
for atrazine and continues to evaluate available surface water and groundwater data to assess
pesticide risks (Bill Jordan, EPA, personal communication, March 14, 2008).

EPA STORMWATER PROGRAM

Stormwater is defined in federal regulations as *“storm water runoff, snow melt runoff,
and surface runoff and drainage” [40 CFR 8122.26(b)(13)]. EPA intended that the term describe
runoff from precipitation-related events and not include any type of non-stormwater discharge
(55 Fed. Reg. 47995). A brief discussion of the evolution of the EPA’s stormwater program is
followed by an explanation of the permitting mechanisms and the various ways in which the
program has been implemented by the states. As shown in Figure 2-2, the entire NPDES
program has grown by almost an order of magnitude over the past 35 years in terms of the
number of regulated entities, which explains the reliance of the program on general rather than
individual permits. Both phases of the stormwater program have brought a large number of new
entities under regulation.

Historical Background

States like Florida, Washington, Maryland, Wisconsin, and Vermont and some local
municipalities such as Austin, Texas, Portland, Oregon, and Bellevue, Washington, preceded the
EPA in implementing programs to mitigate the adverse impacts of stormwater quality and
quantity on surface waters. Th