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EXECUTIVE SUMMARY

The Puget Sound Partnership Action Agenda of May 2009 states: “Surface water and
stormwater runoff in urban and rural areas are the primary transporters of toxic, nutrient, and
pathogen pollutants to surface and groundwater resources throughout the Puget Sound basin.”
Three out of the top four priorities in the Action Agenda for reducing sources of water
pollution involve stormwater runoff. Yet, a complete assessment of the financial investment
required to reduce stormwater pollutant degradation of Puget Sound has not been done to
date. This technical memorandum for the Puget Sound Partnership is a preliminary attempt
on a coarse scale to quantify two components of urban stormwater pollution control: (1) the
needs of cities and counties to fully implement the Municipal National Pollutant Discharge
Elimination System (NPDES) Phase I and Phase Il permit programs, and (2) the need for
stormwater retrofits. The intended audiences are policy makers at the federal, state, and local
levels. The key “take away” points from this work are:

e Puget Sound permittees invested between $160 million to $170 million in 2009 to
implement the NPDES municipal stormwater permits, which represent a significant
portion of the total amount they spend on overall stormwater control.

e This investment removed 234,000 tons of contaminated sediment that did not reach
Puget Sound or its tributary watersheds

e The costs of retrofitting impervious surfaces developed prior to stormwater quality
controls in the Puget Sound basin range from $3 billion to $16 billion depending on
how the work is prioritized

It is important to keep in mind that this report provides coarse, conservative estimates for the
Puget Sound basin only. Moreover, the NPDES municipal stormwater permits are focused
largely in urban areas. Stormwater runoff remains largely unaddressed for much of the ex-
urban and rural Puget Sound landscape.

The Clean Water Act, first adopted in 1972, sets the policy and regulatory framework for
stormwater pollution control in the nation. The NPDES permit is the primary instrument to
control urban stormwater. The Washington State Department of Ecology (Ecology) issues
municipal, industrial, and construction permits as the primary method of regulating
stormwater. Permits for municipal separate storm sewer systems (MS4s) cover about half of
the Puget Sound basin geographically through the Phase I permit for large systems (5 largest
cities and counties) and the Phase II permit for small systems (76 permittees). The Phase I
permit includes requirements for maintaining existing systems, the approval of new systems,
inspections of potentially polluting land uses, investigations of illicit connections and
enforcement, public education programs, retrofit planning, and monitoring activities. The
Phase II permit does not include requirements for inspections of potentially polluting land
uses, retrofit planning, and monitoring activities.

Twenty permittees (5 Phase Is and 15 Phase IlIs) voluntarily provided data for this study,
which were used to extrapolate to the remainder of the permittees within the Puget Sound
basin. Permittees invested between $160 to $170 million in 2009 when implementing their
permits at an estimated average cost of $40 per capita/year. This estimate is conservative (i.e.
low) because many Phase Il permittees are still ramping into their programs. It is also
conservative because property and other stormwater related capital costs are not included.
This level of investment represents from 50 to 80 percent of the total annual local investments
in stormwater. The remainder is invested in drainage controls to reduce or prevent flood
damage.
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Phase I permittees were further able to provide an estimate of costs spent on stormwater
system cleaning, and the approximate amount of material (total solids) removed by these
practices (234,000 tons in 2009). Solids were used as a surrogate metric for estimating
pollutant loadings and reductions to Puget Sound. The polluting potential of solids is
qualitatively linked to other pollutants of concern (nutrients, pathogens, and toxic
compounds) showing that solids reduction is an effective strategy for reducing pollutant
loads.

The permittees reported large legacy loads of sediment (i.e. solids that have accumulated over
years) as a result of past underfunded maintenance of transportation and associated
stormwater systems. Based on limited data from some of the Phase I permittees, removing the
legacy load would require their current maintenance budgets to be doubled or tripled, or
about an additional $60 to $120 million annually over 5 years for all the permittees
throughout Puget Sound. The City of Tacoma’s experience on the Thea Foss and
Wheeler-Osgood Waterways are good demonstrations of the value of such a program.

The permittees were able to demonstrate that without retrofits, the removal cost per ton of
contaminated solids from the urban stormwater system is currently an effective tool for
reducing pollutant loads from existing systems largely designed and built without water
quality features. Inasmuch as these systems are not funded for retrofits in most cases,
accelerating M&O programs that remove contaminated sediment may be the most immediate,
cost effective and direct measure to remove pollutant loads from stormwater to Puget Sound
until retrofits and source control programs are fully implemented.

Permittees also reported that additional resources are needed to complete 100 percent of
source control inspections and illicit discharge investigations, and to strengthen enforcement
capability. Based on limited data from the permittees, additional funding of $11 to
$18 million annually is a conservative estimate of resources needed to achieve 100 percent
inspections and 85 percent compliance throughout the Puget Sound basin, within 5 years.

The Stormwater Work Group on Monitoring estimates that the 5-year cost of a regional
stormwater monitoring program ranges from $42 to $73 million with permittees contributing
from $45 to $50 million. A separate body of work lead by Ecology is addressing low impact
development (LID) standards for new and re- development The results of the LID work was
not available at this writing.

State and federal programs have provided some resources to date to assist in implementation
of the existing MS4 permit programs but the amount, while helpful, is about 6 percent of the
current annual funding needed for the Phase Il permittees.

Two state departments (Ecology and Washington State Department of Transportation) report
their own needs to implement NPDES permits programs as $11 million and $22 million,
respectively. As the permits administrator, Ecology has the responsibility to oversee the
issuance of the permits and related processes and resource materials that support them,
receipt and review of the reporting of permit compliance including evaluation of the
monitoring data, enforcement of referred violations by the permittees and related duties. For
Ecology, permittees include not only municipal agencies, but also industrial and construction
permittees. The State Department of Transportation is a permittee and needs resources to
undertake programs similar to those of the municipal permittees on their vast transportation
infrastructure statewide. Both these agencies report that about 70% of their NPDES programs
are within the Puget Sound basin.

The MS4 permits for the Phase I permittees require they plan for retrofits for stormwater
facilities but do not require a funding level. Phase II permittees do not yet have a retrofit
planning requirement. Most of the development that exists in the Puget Sound basin occurred

October 2010 | 558-5881-002



Final Review Draft- Task 1: Urban Stormwater Runoff
Preliminary Needs Assessment

Technical Memorandum

The Puget Sound Partnership

prior to the adoption of the Ecology 1992 Stormwater Management Manual, which is
presumed to be lacking water pollution control features. While optimally maintaining existing
facilities and controlling new development can prevent pollutant loads from increasing, they
cannot by themselves reverse the current pollutant loadings from untreated stormwater.

To assess the need for retrofits, geographic information system (GIS) data sets for 1996 and
2006 were compared for the Puget Sound basin to estimate 0 to 19 percent, 20 to 49 percent,
50 to 79 percent, and 80 to 100 percent impervious acreage [please refer to the body of the
report for references and citations]. Impervious areas as of 1996 were presumed to be without
water pollution controls. Thirteen best management practices for retrofits, without allowance
for land acquisition due to high site-specific variability, were applied to these acreages,
averaged, and estimates of capital and maintenance costs were developed. Table ES-1
summarizes the results of this effort. The costs are conservative (i.e. low) because they do not
include land acquisition and full flow controls costs

Table ES-1. Increasing Level of Potential Average Capital Investment to Retrofit
Land from Most to Least Impervious

Range of Imperviousness Addressed 80-100% 50-100% 20-100% 0-100%

Acres with Impervious Area Addressed 60,206 162,201 282,663 319,409

Potential Capital Investment (Average of
Low and High Estimate in Appendix A,

Table 1-2) $3,010M $8,110M $14,133M  $15,645M

Potential Annual Maintenance
Investment (Average of Low and High
Estimate in Appendix A, Table 1-2) $111M $300M $523M $561M

Using literature values, solids loadings from retrofit implementation were also estimated.
Values for retrofits costs and solids load reductions are reported both on a county and Water
Resource Inventory Area (WRIA) basis for the Puget Sound basin. The impervious area
estimates include both public and private properties. Based on road area data from
two counties, adjusted slightly upward for public buildings, roughly half of the impervious
acres are estimated to be public. If only these public areas were to be funded for retrofit, the
cost would be about half of what is included in Table ES-1. However, land acquisition will
increase these costs.

Given the level of investment that could be made in retrofits, prioritization is necessary.
Options to prioritize retrofits are included in the recent MS4 Permit Improvement Guide
completed by the U.S. Environmental Protection Agency in April 2010; a watershed
characterization methodology being developed by Ecology; in-progress studies in the Juanita
and WRIA 9 watersheds, and the re-activation and funding of Section 208 Plans under the
Clean Water Act.

Acceleration of the maintenance, inspection, and pollutant source investigation elements of
the MS4 permit program, in combination with addressing the highest priority retrofits, is
recommended as the best catalyst for a significant recovery action in the Puget Sound basin
by 2020 due to urban stormwater impacts from existing development.
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1. INTRODUCTION

The Puget Sound Partnership (PSP) Action Agenda of May 2009 states: “Surface water and
stormwater runoff in urban and rural areas are the primary transporters of toxic, nutrient, and
pathogen pollutants to surface and groundwater resources throughout the Puget Sound basin.”
Three out of the top four priorities in the Action Agenda for reducing sources of water
pollution involve stormwater runoff. Much has been written about storm and surface water,
and how human activities change its natural quality and hydrologic character. Rather than
repeat this discussion herein, the reader is referred to the many policy and scientific papers on
the subject starting with the references list in the PSP Action Agenda (2009) and the PSP
State of the Sound (2010) reports.

A complete assessment of the financial investment required to reduce such stormwater
degradation has not been done to date. Task 1 is a preliminary attempt on a coarse scale to
quantify two components of urban stormwater: (1) the need for stormwater retrofits, and
(2) the needs of cities, counties, and the Washington State Department of Ecology (Ecology)
to fully implement the Municipal National Pollutant Discharge Elimination System (NPDES)
Phase I and Phase II permit programs. The intended audiences are policy makers at the
federal, state, and local levels.

October 2010 | 558-5881-002 1-1






Final Review Draft- Task 1: Urban Stormwater Runoff
Preliminary Needs Assessment

Technical Memorandum

The Puget Sound Partnership

2. SCOPE OF TASK

The stormwater system is an open pathway or conveyance for pollutants from all landscapes:
pervious and impervious, urban and rural, surface and groundwater. For a good definition of
stormwater, see the Draft Stormwater Monitoring and Assessment Strategy for the Puget
Sound Region, Volume 1: Scientific Framework and Volume 2: Implementation Plan (Puget
Sound Stormwater Work Group 2010). Unlike a separated wastewater system, which is
closed and sources of pollution identified and regulated as “point sources,” the stormwater
system is open to the entire landscape, carrying pollutants from street and building surfaces,
failed septic tanks, leaky sewers, landscape and agricultural products such as fertilizers and
pesticides, spills, construction erosion, illicit connections, and air pollution. In most cases,
these pollutant inputs to stormwater are neither identified nor regulated, hence the term
“non-point source” of pollution.

Urban stormwater is in a separate class inasmuch as it has characteristics of both “point” (an
end-of-pipe discharge) and “non-point” sources (open system). The Clean Water Act (CWA)
deems urban stormwater a “point source” and regulates it through the NPDES permit
program or NPDES permit. It is the urban part of the stormwater mosaic that is the focus of
this task. This task is further limited to municipal urban stormwater regulated by the NPDES
permit program, sometimes termed the Municipal Separate Storm Sewer System, or MS4
program. Much of the information herein was provided by individual Phase I and Phase II
NPDES permittees. It does not include industrial, construction, or combined sewer permit
programs. A subsequent phase is intended to address these additional NPDES programs and
stormwater pollution from non-point sources.

This work attempts to assess the need for added investments to improve municipal urban
stormwater quality controls. This assessment was done by developing coarse metrics on the
costs and pollutant load reductions of the urban stormwater programs currently implemented,
or being considered for implementation, in the Puget Sound basin. These programs are the
municipal MS4 NPDES permit program and, as yet, loosely identified stormwater retrofit
program. Finally, the scope of this work does not duplicate that being accomplished by other
studies such as-the Ecology lead LID work group, and the Stormwater Monitoring
Work Group.
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3. STORMWATER AS AN OPEN POLLUTANT PATHWAY

The purpose of the CWA is to “...restore and maintain the chemical, physical, and biological
integrity of the Nation’s waters.” Since its initial adoption in 1972, this Act has driven
investments and regulations to improve the quality of water nationwide. In Puget Sound,
great strides were made retrofitting existing wastewater treatments plants to provide
secondary treatment and, consequently, reducing pollutant loadings from these sources to
Puget Sound. Today, several wastewater treatment plants are moving to advanced treatment
and producing reclaimed water, which further decreases pollutant loadings to Puget Sound,
and in the process provides another source of water supply for the region.

The same success story cannot be told of stormwater for several reasons. First, the federal,
state, and local investments made to retrofit wastewater facilities have not been
commensurately made to retrofit stormwater facilities. From 1970 to 1995, $61.1 billion in
Federal Construction Grant Program funds were made available nationally. From 1988 to
2000, $16.1 billion in State Revolving Loan funds were made available for investments in
wastewater quality improvement (see Appendix A, Section'5). While recently significant
state and federal investments are being made in stormwater controls ($54 million in the
current biennium), the level of investment has not yet reached the scale of historical
investment in wastewater.

Until relatively recently, stormwater was considered “clean water” and separated from many
wastewater systems. The large number of stormwater facilities constructed prior to the
promulgation of the first Stormwater Management Manual for Western Washington in 1992
(and its gradual subsequent implementation and subsequent revisions) cannot be expected in
most cases to include water quality control features. The majority (Appendix A) of urban
stormwater discharged to Puget Sound comes from these old systems.

Second, even though treated under the law as a “point source,” no stormwater utility operator
has knowledge or control over the inputs to their system that a wastewater utility operator has
due to the open nature of the stormwater system.

While the technologies for treating wastewater are highly advanced, similar technologies are
less advanced or being developed for treating the much larger, intermittent, dilute volumes of
urban stormwater to meet water quality standards. The best management practices (BMPs)
promulgated in the Stormwater Management Manual for Western Washington (revised 2005)
are presumed to meet water quality standards when implemented.

An Ecology report, Focus on Toxic Chemicals in Puget Sound (Ecology 2010a), draws the
following conclusions:

The most recent calculations confirm the state’s previous findings that surface runoff
is the main pathway for toxic chemicals getting into Puget Sound. Ecology currently
estimates that Puget Sound receives between 14 and 94 million pounds of toxic
pollutants annually, which include oil and grease, PCBs, phthalates (a plasticizer),
PBDEs (flame retardants), as well as toxic heavy metals such as copper, lead, and
zinc....Toxic chemicals are getting into the Sound mostly from developed land, such
as residential, commercial, and industrial areas...The findings indicate that as the
region develops into the future, we will need a combination of pollution prevention
and better stormwater controls to protect Puget Sound’s health.

The Stormwater Management Manual for Western Washington (revised 2005) contains
presumptive removal efficiencies for solids loadings, which may or may not have a
relationship to individual toxic chemicals. Examples include dissolved zinc from tires and
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building materials; dissolved copper from building materials, herbicides, and automobiles;
pesticides, phthalates from plastic containers and cosmetics, and polybrominated diphenyl
ethers (PBDESs) used in flame retardants (Booth et al. 2006).

Based on the experience of MS4 permittees, it is difficult for local governments to fulfill their
responsibilities for cleaning up stormwater because they do not have the following: an ability
to control pollutant inputs, or a clear statement of hypotheses or metrics and monitoring to
know what is being accomplished, or technological treatment that can achieve water quality
standards with confidence, or the necessary level of investment to maintain and retrofit old
systems. Without the ability to demonstrate that a given level of investment in capital
facilities and/or maintenance and operations will result in cleaner surface waters, it has been
difficult to convince the public and policy makers that stormwater deserves additional
funding.
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4. STORMWATER CHANGES TO THE NATURAL HYDROLOGY

The changes to the natural hydrology and stream ecology associated with land development,
and in particular impervious surfaces, has been well studied for decades (see Puget Sound
Action Agenda [2009] and State of the Sound [2010] report references).

Given the precipitation pattern, topography, and soils of the Puget Sound basin, controlling
flooding, erosion, and landslides has been a priority that predates the NPDES MS4 permit
requirements. The first fully functioning drainage utility in the nation was established by the
City of Bellevue in the mid-1970s to retain its many small streams in an open drainage
system, and to control urban flooding through on-site and regional detention facilities.
Bellevue’s utility formation was later followed by many counties and cities to the point that
most significant urban areas in the Puget Sound basin at this time have some type of drainage
utility or designated stormwater funding. These early approaches that preceded the NPDES
permits focused almost completely on flow controls and small urban streams, but did not
include rivers.

Initial designs to mitigate the impacts of increased flows and velocities on the natural system
tended to be mostly structural, such as hard-surface detention facilities, vaults, and pipes. The
concept of these designs was to collect and store stormwater, and attenuate its flow into or
within the natural or structural system so as to avoid flooding and property damage, generally
through off-stream or in-stream detention facilities. A consequence of the combination of
increased impervious surface and many drainage system structural designs was to reduce
groundwater recharge, which resulted in reducing flows from streams during dry weather and
depleting aquifers. As the water quality and low flow impacts of stormwater facilities became
more of a concern, designs changed to include more non-structural options such as vegetated
swales, open detention facilities both wet and dry, and recharge and infiltration facilities.

Today, the design criteria for flow mitigation and water pollution abatement for stormwater
are contained in the Stormwater Management Manual for Western Washington, first adopted
in 1992, and last updated in 2005. NPDES permittees are required to adopt the Manual or its
equivalent as a permit condition. For a summary of information on the types and benefits of
the various stormwater control designs, please see the PSP Discussion Paper: Water Quality
Topic Forum, July 11, 2008.

The advent of listings of salmonids in the Puget Sound basin under the Endangered Species
Act (ESA) in 1998 added a new impetus to controlling stormwater impacts to stream and
river hydrology and ecology. Habitat was added as an important dimension and changed
again the manner in which stormwater mitigation was viewed. Rivers began to be included in
what heretofore were primarily local drainage stormwater programs. River structures to
control large-scale flooding such as levees, dikes, gabions, and dams that destroyed salmonid
habitat became candidates for restoration. Hard-surface structures began to give way to large
woody debris for stream and river bank stabilization. While significant progress has been
made, one intractable barrier has been the lack of coordination and conflict resolution
between the U.S. Army Corps of Engineers (which certifies many of the region’s dikes and
levees) and the National Oceanic and Atmospheric Administration (NOAA) (which
administers the ESA for migrating salmonids) over the issue of levee vegetation management
on rivers.
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Despite this barrier, current views are progressing to consider and treat the watershed
ecological system as a whole process rather than focusing on individual actions on pieces of
the system (Fischenish 2006; Ecology 2010b). This maturing focus on watersheds ushered in
a more holistic approach to stormwater impacts and controls to include prevention of
re-contamination of remediated sediments; the protection of shellfish beds, shorelines, and
wetlands; and contribution to lake trophic status. An outcome of this progress is that flow,
water quality, and habitat have converged to create new ways to think about, preserve, and
restore the Puget Sound basin’s ecology from stormwater impact.
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5. IMPLEMENTATION OF THE NPDES PERMIT PROGRAM

This section discusses the policy and regulatory framework in which urban stormwater is
managed in the Puget Sound basin, and how these regulations (CWA and NPDES permit
programs) influence the actions of governmental entities.

5.1 REGULATORY FRAMEWORK FOR URBAN STORMWATER

Although many regulations affect the practice of stormwater management at the local
jurisdictional level, the primary driver is the CWA, first adopted in 1972, which sets the
policy and regulatory framework for stormwater pollution control in the nation. The NPDES
permit is the primary instrument to control urban stormwater. To understand the NPDES
permit program for urban stormwater today requires going back some decades. Prior to the
advent of the CWA in 1972, urban stormwater focus was on prevention of flooding, and from
a municipal standpoint usually street flooding. Stormwater was considered “clean” and
eventually separated from the wastewater system into two separate piped systems. The
existing combined sewer systems are a remnant of the past, and remain usually because they
were too expensive to separate.

Even after the CWA was implemented, it took almost 20 years before stormwater was
recognized and regulated as a point source through significant national litigation. Since the
State of Washington was delegated authority by the U.S. Environmental Protection Agency
(EPA) to implement the NPDES permit system, Ecology initiated the first municipal
stormwater NPDES MS4 permit program in 1995, combined with the State Waste Discharge
Permit, for jurisdictions having population greater than 100,000. These became the first
Phase I permittees. Later (2007), Ecology issued the Phase Il-permits to jurisdictions that
owned or operated regulated small MS4s.

5.2 APPLICABILITY AND GEOGRAPHIC COVERAGE

Today, the Phase I municipal permittees in the Puget Sound basin are King, Pierce, and
Snohomish Counties, as well as the Cities of Tacoma and Seattle. The Ports of Seattle and
Tacoma are secondary permittees to the Phase I permits [Phase I Municipal Stormwater
Permit; 2007]. There are 76 Phase II cities and counties in the Puget Sound basin [Western
Washington Phase II Municipal Stormwater Permit, 2007]. The Municipal Stormwater
Permits are renewed every 5 years with the next re-issuance in 2012,

While these Phase I and Phase II permittees represent about 45 to 50 percent of the land base
in the Puget Sound basin, the permits only address areas with structural stormwater systems
generally associated with impervious surfaces. Because only about 4 percent of the Puget
Sound basin is impervious, the impact of urban lands is either disproportionately large
compared to other land uses, or significant efforts will also be needed to address agricultural,
timber, and other non-urban land uses.

5.3 MEETING WATER POLLUTION CONTROL STANDARDS
The Municipal Stormwater NPDES permit (Sections S4 and S5) states:

e The NPDES permit “...does not authorize a violation of Washington State surface
water quality standards...ground water quality standards...sediment management
standards...”
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e Requires that the permittee “...shall reduce the discharge of pollutants to the
maximum extent practicable (MEP).”

e Requires “all known, available, and reasonable methods of prevention, control and
treatment (AKART) to prevent and control pollution of waters of the State of
Washington.”

e Additional requirements may exist in areas that have an established Total maximum
Daily Load (TMDL).

BMPs are promulgated as minimum requirements to meet MEP and AKART. The NPDES
permits require adoption of the 2005 Stormwater Management Manual for Western
Washington, which is presumed to meet AKART. The 2005 edition contains water quality
design criteria based on 80 percent total suspended solids (TSS) removal. According to the
Manual, these presumptive practices do not guarantee that stormwater discharges will meet
receiving water quality standards. The monitoring requirements for the Phase I permittees
have not yet yielded sufficient data to determine whether receiving water quality standards
are being met, or to determine removal efficiencies of nutrients, pathogens, or toxic
chemicals. Phase I permittees could produce quantitative data only on what volume of solids
loadings are being removed from the system through their maintenance and operation (M&O)
programs on existing stormwater facilities. Phase Il permittees do not yet have a monitoring
requirement.

While solids loadings do not necessarily relate directly to receiving water pollutant
concentrations, they are the best quantitative measure currently available to assess the
pollution control benefits of the NPDES permit program. Moreover, they are the metric
selected by the Manual for water quality, i.e., 80 percent TSS reduction. For the remainder of
this task, solid loadings, rather than concentrations will be analyzed as a surrogate for
pollutant loadings due to stormwater. Hopefully, scientific research will eventually make the
necessary relationships among solids loadings and other pollutants of concern, and loadings
and receiving water concentrations for stormwater (Puget Sound Stormwater Work
Group 2010).

5.4 NPDES PROGRAM PERMITTEE CURRENT COSTS (TOTAL AND M&O COSTYS)

5-2

AND POLLUTANT LOAD REDUCTIONS

The scope of this task, in part, is to assess the needs of cities and counties for full
implementation of the NPDES permit program in the Puget Sound basin. In order to assess
the need, the existing investment in NPDES implementation was assembled directly from
municipal Phase I and Phase II permittees in the Puget Sound basin. To sum the costs across
the Puget Sound basin, the year 2009 was selected. Where cost information for permittees
was not available or not provided, estimates were made based on available Phase I and II
costs and normalized by population to fill the gaps (population data taken from
www.ofm.wa.gov/pop/popden/default.asp).

The cost numbers should be considered only on a very coarse scale to demonstrate overall
permittee spending to implement their NPDES permits in 2009. Cities generally have more
concentrated stormwater systems serving denser levels of development that are generally
more efficient to maintain as contrasted to counties with less dense development and higher
travel costs. Disposal costs are variable. Phase | permittees have more requirements to meet
than Phase II permittees, such as monitoring, retrofit plans, and a source control program for
stormwater discharges from existing development. No jurisdiction calculates its M&O costs
in the same manner. The costs also do not include land and capital costs and therefore are not
only coarse estimates but conservatively low. The purpose of collecting this information was
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not to compare costs among permittees but to determine the existing level of investments
being made specifically in implementing the elements of the NDPES permit. Estimates of
total urban stormwater spending reported by others are higher inasmuch as they include local
urban stormwater program revenues and costs for local drainage controls, capital and land
costs (personal communication: Dave Williams, Assoc. of Washington Cities). Therefore, the
costs included in this study should be considered conservative estimates by local
governments in controlling urban stormwater in Puget Sound.

All municipal Phase I permittees in the Puget Sound basin provided estimates of total NPDES
implementation costs, M&O costs, and solids removed. Based on these consolidated
estimates, Phase I permittees invested $62.8 million in implementing their NPDES permit
programs in 2009. Phase I permittees spent on the average about $40 per capita in 2009
within their jurisdictions for permit implementation activities. The M&O costs averaged
35 percent of the total NPDES costs (range 23 to 51 percent).

Metrics were sought that would provide a measure of the benefits of the existing NPDES
MS4 permit program. The NPDES MS4 permit program has many good programs but few at
this stage have associated performance metrics directly related to pollutant loadings. Direct
measurements of load reductions currently available are the solids removed (TSS load
reductions) from the systems through municipal M&O programs. Such practices include
routine maintenance of pipes, inlets, and catch basin cleaning; street cleaning; detention
system and vault cleaning; ditch maintenance; road striping and repair; snow, ice, and dust
control; utility installations; landscape maintenance; sediment and erosion control; and
similar “house-keeping” practices Phase 1 permittees removed 233,700 tons of TSS with their
M&O programs costing $22.4 million. The cost per ton of TSS removed was highly variable
and appeared to be more a function of the data collection methodology used by each
jurisdiction than anything else.

Communications with <many public stormwater agencies (NPDES permittees) and
Washington State Department of Transportation (WSDOT) suggest that the transportation
system, comprising the street surface and associated stormwater systems (catch basins,
detention facilities, inlets, pipes, vaults, etc.), has a substantial load of solids that has
accumulated over the years due to underfunded maintenance programs; this underfunding has
resulted inreduced maintenance of the stormwater systems. This accumulation of materials in
the stormwater system is referred to as “the legacy load.” For example, the Phase I permittees
alone in aggregate removed in 2009 about half the annual modeled load of solids from all
impervious surfaces for the Puget'Sound basin (Appendix A). The large legacy load is
deemed to be from past long-term underfunded maintenance of these transportation and
stormwater systems. All agencies participating in this work reported insufficient funding to
accelerate the removal of the legacy loads.

The best and most recent local data (water quality and cost) found on the issue of legacy
loads was from the City of Tacoma for the Thea Foss and Wheeler-Osgood Waterways (City
of Tacoma 2010). According to this report under the EPA Superfund Program, contaminated
bottom sediments were remediated in these waterways at a cost of $105 million. The City
engaged in a source control and stormwater monitoring strategy to provide long-term
protection of sediment quality in the waterways. When source controls alone were not
achieving the level of results necessary to protect the waterways, Tacoma initiated an
intensive basin-wide cleaning program of the storm sewer lines discharging to the waterways
tributary for the three entire drainage basins. The goal was to remove legacy loads from
periods prior to the source controls implementation. In 2007 over a 2-month period, the
municipal storm systems tributary to the waterways were cleaned and inspected via television
monitoring at a cost of $300,000. This work included cleaning 80,000 feet of 8-inch to
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56-inch lines and removing 220 cubic yards of storm sediments from the conveyance lines,
laterals, and catch basins.

Good results were obtained for some pollutants of concern. Sewer line cleaning appears to
have been most effective at removing lead (approximately 30 percent reduction in two out of
three areas) and polycyclic aromatic hydrocarbons (PAHs) (40 to 60 percent reduction in all
three areas, including both light and heavy PAH fractions) from stormwater. For future cost
estimating purposes, Tacoma staff estimate the cost of such a program to be $10,000/pipe
mile for pipe cleaning and about $600 to 800/ton for sediment removal. As a result of
Tacoma’s program, the stormwater quality in the waterways continues to improve. Their
program demonstrates the clear benefits and the relatively low cost of good stormwater
facility maintenance (City of Tacoma, 2010).

Working with three of the Phase I permittees that had sufficient experience to make
estimates, it appears that legacy loads could be removed at an estimated range of costs of
$10,000 per pipe mile, $600 to $900 per catch basin, or $6,000 per road mile using a variety
of techniques for flushing, vactoring, and high efficient street cleaning. Based on the limited
Phase I permittee data available, to address the legacy loads would require a doubling to
tripling of their M&O budgets each year for 5 years. To apply this estimate for all the
permittees could be conservative because many of the Phase IIs are ramping up their M&O
programs in this first period of experience with their permits (see the following paragraphs);
however, some of the Phase Is have already removed some fraction of the legacy loads. If
such an extrapolation were to be made, it would require roughly an additional $60 million to
$120 million annually for M&O to remove legacy loads throughout the Puget Sound basin.

Permittees recognize that their MS4s receive TSS loadings from pervious landscapes,
particularly construction-related loads, and also that 2009 produced an extraordinary load
from snow and ice safety practices. Therefore, a direct comparison of NPDES removal
efficiencies and those modeled for retrofits cannot be made.

There are 76 Phase II permittees in the Puget Sound basin. Because these permittees only
received their first permits in 2007 and are still developing their programs, they did not have
as much data as the Phase I permittees. They were asked only for their total NPDES
implementation costs. Fifteen Phase II permittees responded ranging from small to large
populations, including cities and counties, which were fairly representative throughout the
Puget Sound basin (Clallam, King, Kitsap, Pierce, Skagit, Snohomish, and Thurston Counties
represented). An interesting point is that based on the 15 Phase II permittees responding, the
same level of spending of about $40 per capita was made as the Phase I permittees for
2009 NPDES permit implementation. Their total NPDES implementation costs were
normalized by population, averaged, and then used to extrapolate the remaining permittee
costs to obtain a coarse consolidated estimate of the level of investment of the Phase Il
permittees of $103 million in 2009. No estimates of TSS removal could be made.

The approximate $40/capita/year investment by permittees in NPDES permit implementation
is confirmed by a case study published last year (Costs and Benefits of Storm-Water
Management: Case Study of the Puget Sound Region, Visitacion, Booth, and Steinemann
2009). The case study consolidated cost data for stormwater management, including capital
costs. The case study for 2007 reports that NPDES Phase I Municipal Stormwater
Expenditures average $36/capita annually for NPDES costs, and total stormwater related
costs average about $100/capita. The case study states:

The relative costs of different types of storm-water management improvements vary
widely, but systematically, between different jurisdictions. Efforts to reduce flooding
and improve drainage are the largest costs among all jurisdictions, regardless of
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population or area. Overall, our data show that program-area spending, region wide,
range from 25-100% for program budgets for flooding reduction and drainage
improvement, 0-15% for landslide mitigation, 0-52% for habitat improvement, and
0-37% for improved water quality.

Interestingly, given the opinions of the 47 interviewees who participated in their study, the
expenditure pattern is inverse to what they believe are or should be the priorities.
Interviewees for the case study included municipal jurisdiction and state agency personnel
charged with stormwater and MS4 responsibilities, environmental organizations, researchers,
private consulting firms, and tribes. These interviewees were asked what they thought were
the most significant stormwater impacts; the case study summarizes their response: “Overall,
the interviewees felt that storm water has most significantly impacted water quality, with
effects on biota and habitat being the second and third most significant.impacts. The fourth
most significant storm-water impact identified by the interviewees was flooding.”

Because both Phase I and Phase II permittees spent about $40/person/year (2009), this was
used with the total population in the Puget Sound basin NPDES permitted area to estimate the
total local NPDES implementation investment in 2009: $ 165.8 million. Given the level of
precision and conservatism in this estimate, the range of investment by permittees in 2009 is
at least $160 to $170 million.

If the relationship is known between TSS and other pollutants of concern, such as nutrients,
pathogens, and toxics, the reduction in their loadings from reduced TSS loadings could be
estimated. Unfortunately, very few studies of the relationship between stormwater solids and
adsorbed pollutants are available (Table 5-1). For example, what is known about the
effectiveness of catch basins is limited to a few studies.

Table 5-1. Pollutants Addressed in Catch Basin Studies

Study TSS COoD BOD TN TP Metals

Pitt et al. 1997 32 - - - -

Aronson et al. 1983 60-97 10-56 54-88 - - -

Pitt and Shawley 1982 10-25 5-10 - 5-10 (TKN)  5-10 10-25 (Pb)

5-10 (Zn)

Mineartand Singh 1994 - - - - - For Copper:
3-4*
15**

The toxic loadings study released by Ecology this year (Ecology 2010a) advances the
knowledge of toxic chemical loadings from stormwater to Puget Sound, but does not
associate the toxic doadings with solids loadings. Suspended solids in stormwater are
associated with both heavy metals and PAHs (Lau & Stenstrom 2005). Removing suspended
solids from stormwater will, at a minimum, remove solids-associated pollutants.

A body of work performed in the mid-1990s with an objective of characterizing vactor and
street sweeping wastes does provide some data on the polluting potential of solids in
stormwater and the benefit of removing them from the stormwater system. An Ecology study,
Data Summary of Catch Basin and Vactor Waste C