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Chapter 1 Introduction 

The existing State Route 520 (SR 520) Evergreen 
Point floating bridge across Lake Washington is 
proposed for replacement due to structural concerns 
and limited capacity. The bridge is located on Lake 
Washington between Seattle’s west shoreline and 
Medina’s east shoreline. Figure 1.1 shows the project 
location and surrounding features. This report 
updates the previous All Known, Available and 
Reasonable Technology (AKART) and Water 
Quality Studies for SR 520 Replacement Floating 
Bridge published in 2002 (2002 AKART) and 
amended in 2006 (2006 Addendum).  

Background and Objectives 
The Washington State Department of Transportation 
(WSDOT) is developing design alternatives and 
environmental documentation to replace the SR 520 
floating bridge. In February 2002, WSDOT met with 
various federal and state resource agencies—
Washington State Department of Ecology (Ecology), 
United States Fish and Wildlife Service (USFW), 
Washington Department of Fish and Wildlife 
(WDFW), and National Marine Fisheries Service 
(NMFS)—to discuss design features, limitations, and 
water quality treatment options for an SR 520 
replacement floating bridge. Following this meeting, 
Ecology sent a memo to WSDOT specifying the 
analyses the department would require to come to a 
decision regarding stormwater treatment on the 
bridge. Ecology requested that two detailed studies be prepared: 1) a water quality study, which 
examines potential water quality impacts of stormwater discharges from the replacement bridge to 
Lake Washington, and 2) an AKART study, which documents the feasibility of and justification for 
the proposed water quality protection measures.  

The 2002 AKART was prepared for WSDOT under Task 8.4.1 of Supplement 14 Work Order 7 for 
the State Route (SR) 520 Trans-Lake Washington Project. The objectives of that report were to 
accomplish the following:  

• Develop and implement a project approach that met WSDOT objectives for stormwater 
treatment and discharge options, and also met with Ecology approval; 

• Develop an AKART report that would evaluate stormwater treatment options, and define and 
document the design constraints and feasible stormwater engineering options for a 
replacement floating bridge; 
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• Develop a water quality report that would evaluate the water quality of the stormwater runoff 
from a new bridge, and document how the stormwater discharges would meet state water 
quality standards; and  

• Communicate the results of the AKART and water quality studies to WSDOT, Ecology, and 
other federal and state resource agencies. WSDOT wanted to obtain concurrence from 
stakeholders regarding the chosen method for water quality treatment to facilitate the design 
of bridge elements affected by that decision.  

The 2006 Addendum addressed further resource agency comments regarding pollutant-loading 
assumptions (CH2M HILL 2006). The original 2002 AKART and 2006 Addendum were based on a 
double-pontoon configuration, specific roadway widths, and pollutant-loading data available at that 
time. 

WSDOT and its engineering consultants are currently developing final design plans and 
environmental documentation to replace the SR 520 floating bridge using a new bridge design 
configuration. The new SR 520 floating bridge design configuration uses main pontoons to support 
the roadway, with lateral pontoons for stability, stormwater dilution, and spill containment. Due to the 
significant design changes to the bridge, the design team concluded that the original 2002 AKART 
and the 2006 Addendum were not representative of the actual anticipated bridge configuration. As 
part of the I-5 to Medina: Bridge Replacement and HOV Project, this report updates the 2002 
AKART by evaluating stormwater treatment options for the new bridge design configuration. During 
the construction of the six-lane bridge, an interim four-lane bridge configuration will be constructed to 
allow continued traffic flow on SR 520 during construction. Because the interim four-lane 
configuration would occur during the construction phase, it is not evaluated in this AKART update. 

The project team met again with Ecology staff in December 2009 and January 2010 to further discuss 
an Agency Draft of this updated report and to address Ecology comments on the draft. 

Copies of Ecology’s 2002 memorandum, final project team scope of work for this update and 
responses to Ecology comments are included in Appendix A. 

Report Structure 
Section 2 describes the characteristics of floating bridges that influence stormwater runoff conditions 
and the design, construction, and maintenance of water quality treatment facilities. Section 3 reports 
the findings of the AKART study and Section 4 summarizes the results of the water quality study. 
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Chapter 2 Floating Bridge and Stormwater Characterization 

Stormwater drainage systems on Washington’s existing floating bridges vary depending on the age of 
the structure and pontoon geometry. The following discussion presents a characterization of the 
proposed SR 520 replacement floating bridge and its stormwater runoff.  

Physical and Structural Constraints 
Floating bridges present unique physical and design constraints due to their movement, geometry, 
maintenance requirements, and location in an aquatic environment. The physical and structural 
constraints associated with floating bridges across Lake Washington increase the technical difficulty 
of traditional approaches to onsite water quality treatment.  

Movement 

Floating bridges must be capable of withstanding movements resulting from wind and wave actions. 
The SR 520 replacement floating bridge will be designed to accommodate wind speeds up to 92 mph, 
4.6-feet vertical lake-level fluctuations, wind-induced currents up to 3 feet per second, and seismic 
forces up to 75 percent of gravity loads. To accommodate the large pontoon deflections resulting from 
these loads and forces, the elevated structure will be designed with concrete and steel structures with 
open joints in the deck and barrier that allow it to flex. 

Bridge Geometry 

Because the roadway profile drops in grade onto the pontoons on the west end of the bridge and 
elevates in grade to leave the pontoons on the east end, a sag roadway profile is created. This profile is 
opposite of the one needed to convey stormwater off a bridge naturally. The floating portion of the 
replacement bridge will be over 7,000 feet long, making stormwater conveyance off the ends of the 
bridge difficult at best. At each end of the floating portion of the bridge, a transition span will allow 
the pontoons to rise and fall with lake level changes and twist and roll with wind and wave loading, 
while maintaining a smooth surface for vehicular traffic. The floating portion of the bridge must also 
allow for the wide range of vehicular loads on the structure; these loads increase the draft of the 
floating pontoons (i.e., the distance of the pontoons underwater). (Appendix B provides the 
Preliminary Bridge Layout Drawings.)  

The roadway deck will be elevated above the pontoons to allow waves from moderate to small storms 
to break across the pontoon deck without splashing vehicles. This design eliminates solid barriers 
from the pontoon deck that impede the rapid drainage of stormwater. It was determined that the solid 
barriers on the original Hood Canal bridge contributed to the sinking of the west half of the bridge 
during a severe storm in 1979. The solid barriers retained large amounts of water on the deck which 
forced its way through hatches and increased loading on the bridge. Even though the elevated 
roadway will not be subjected to the same wave loading as the pontoon deck, it will need numerous 
large grated drains to allow rapid drainage of wave and rainwater during storms. 

Floating Bridge Maintenance 
Floating bridges require unique practices to meet their maintenance requirements. Most significantly, 
the proposed column-supported roadway deck for the bridge will allow a majority of maintenance 
operations to take place below the roadway without closing the bridge to traffic. This configuration is 
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intended to minimize traffic disruptions and to reduce maintenance staff’s exposure to traffic hazards. 
Maintenance of floating bridge systems includes monitoring and maintaining numerous elements such 
as cable anchors, ballast, pontoon cell interiors, and detection systems.  

The Blue Ribbon Panel Report (1991), which documented the investigation of the sinking of the 
Lacey V. Murrow (LVM) floating bridge, states “WSDOT should make provisions for inspection and 
maintenance that exceed standard construction practices and reflect the floating nature of the bridges.” 
The report also requires that WSDOT install a monitoring and piping system that allows detection and 
removal of water from flooded pontoon cells. In addition, the report states “the emphasis is placed on 
the water-tightness of the bridge and the reliability of electrical and mechanical systems.” 

As a result, the design of a stormwater drainage system must consider the bridge’s water-tightness and 
electrical and mechanical systems when selecting a water quality treatment method. Bridge drainage 
features that allow staff to efficiently and safely maintain the bridge are important considerations and 
factors in evaluating options. Maintenance-friendly drainage systems will maximize the success of 
pollutant removal from a bridge’s stormwater runoff.  

In addition to the severe loading, the bridge will be subject to a highly corrosive environment due to 
its constant contact with lake water. 

Spill Control and Stormwater Systems 
Because SR 520 is a designated trucking route, trapping petroleum spills and other floating pollutants 
are a particular concern for protecting Lake Washington and its aquatic species. The proposed 
replacement bridge design creates separate enclosed spill containment lagoons within “supplemental 
stability pontoons” or SSPs (refer to Appendix B). The SSPs are designed to provide (1) structural 
stability, (2) an area where roadway spill of petroleum or floatable substances would be contained and 
allow for efficient cleanup, and (3) additional dilution of stormwater prior to discharge beneath the 
bridge. 

Figure 2.1 provides a schematic plan view drawing of the discharge containment lagoon for the 
6 Lane Alternative, which is currently being considered under the I-5 to Medina: Bridge Replacement 
and HOV Project. The proposed stormwater drainage system is designed to discharge all runoff flows 
into the lagoons within the SSPs. This report considers two types of drainage system configurations 
for the replacement bridge; bridge drawings of these two systems are provided in Appendix B. One 
system would use larger catch basins with vertical discharge pipes that terminate below the surface of 
the containment lagoons. The number and location of catch basins is shown schematically on 
Figure 2.1 and defined on the drawings in Appendix B. A different system would use vaults located 
on the pontoons, which would each collect runoff from the roadway above the pontoon. The vaults 
would then discharge into the containment lagoons (Figure 2.1). The volume of stormwater collected 
and discharged into the lagoons is the same for both of these drainage systems. Table 2.1 summarizes 
the stormwater discharge systems at two locations in the bridge that were modeled. This water quality 
study evaluated discharges for their effect in the lagoon and the adjacent lake. 
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Table 2.1 

Stormwater Discharge Configurations and Dimensions for 6-Lane Configuration By Lagoon Size 

Bridge Segment or 
 Catchment 

a 

Tributary 
Area 

(acres) 
Lagoon Size 

Option 

Dimensions of Containment Lagoon Per 
Pontoon Section (ft) 

Length Width Draft (ft)b Volume (ft3) 

Mid-Span (Near 
Supplemental Stability 
Pontoons) 

0.61 1 29 16 21 9,744 

2 29 18 21 10,962 

3 29 20 21 12,180 

East Approach Span 2.57 1 29 16 21 9,744 

2 29 18 21 10,962 

3 29 20 21 12,180 

3.07c 4  
(3 lagoons) 

87 20 21 36,540 

a Catchments analyzed are largest bridge deck areas tributary to lagoons in supplemental stability pontoons. (See Volume 4 
of Conceptual Engineering Plans) (HDR et al. 2009).  
b The pontoon draft (lagoon depth below surface) is 21 feet based on information from WSDOT engineers (28 feet deep with 
7 feet of freeboard = 21 feet); and this is the minimum unloaded depth. 
c East Approach Span Tributary Area is 2.57 acres (tributary to 1st lagoon) plus 0.50 acres (tributary to 2nd and 3rd lagoon, 
bridge segment 370 ft long, 61 ft wide). 

Hydrology 
The project is located in the Seattle area, which is characterized by approximately 36 inches of annual 
precipitation. Consistent with the Stormwater Management Manual for Western Washington 
(SWMMWW (Ecology 2005), the design treatment storm for the project is defined as the volume 
associated with 91 percent of the total runoff volume over the period of the historical record. The 
design treatment storm is also referred to as the “water quality treatment storm.” 

Flow rates were estimated in accordance with the SWMMWW. Based on the SWMMWW, the water 
quality design storm flow is computed using the Western Washington Hydrology Model (WWHM 
v1.25e) with a 15-minute time step.  

For estimating stormwater design volumes (6-month, 24-hour storm), the National Conservation 
Service (formerly Soil Conservation Service or SCS) Curve Number method was used (72 percent of 
the 2-year volume) with the following parameters: 

• 100 percent impervious (Curve Number = 98) 

• 2-year depth = 1.8 inches 

The estimated treatment volumes for portions of the 6-Lane Alternative that were modeled are 
summarized in Appendix C. 
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Hydraulics 
Flow characteristics on the replacement floating bridge present a few constraints that should be 
acknowledged. Precipitation initially sheet flows from the roadway surface to the inside gutter. Along 
the transition spans, flow will be conveyed down the gutter first into catch basins and then into storm 
drains, eventually discharging to the first spill lagoon. Between transition spans, the roadway profile 
will be essentially level and requires consideration of weir flow into the grates (i.e., ponding at the 
grate inlets). Larger, depressed inlet grates that maximize efficient drainage of the outside shoulders 
will be used. Estimated spacing is indicated on initial layouts (Appendix B). Vertical bridge 
movement would result in flow directions that could reverse along the gutterline. The flat hydraulic 
profile along the gutterline would also result in higher-than-average debris/sediment deposition on the 
shoulder prior to conveyance into the catch basins. 

Stormwater Quality and Pollutant Loads 
Stormwater quality data from highways has been the subject of various research studies with little 
data available for bridges specifically (FHWA 1996; CH2M HILL 2001). These studies acknowledge 
that highway pollutant loadings are site-specific and are influenced by factors such as impervious 
surface, traffic, precipitation characteristics, and amount of offsite “run-on” contribution. Since 
publication of the 2002 AKART, additional and more relevant information about pollutant data 
sources has become available. 

The original 2002 AKART used mean pollutant concentrations from California highways (Kayhanian 
2002; Gupta et al. 1981). The 2006 Addendum also used those sources, but revised concentrations to 
mean pollutant concentrations data plus one standard deviation (SD) to provide a conservative 
estimate of maximum concentrations.  

Most recently, WSDOT has collected western Washington pollutant data for total suspended solids 
(TSS), dissolved copper, and dissolved zinc, and calculated untreated concentrations from a number 
of highway sites (as cited in Herrera 2009). Table 2.2 summarizes the untreated concentrations used in 
this report and compares them to the values used in the 2006 Addendum. It should be noted that this 
report uses cadmium, lead, and oil and grease concentrations and data sources from the 2006 
Addendum (due to the limited data collected) and includes the following assumptions: 

• Uniform pollutant-loading on floating bridge deck and approaches 
• Uniform precipitation on the floating bridge deck and approaches 

The parameters evaluated are TSS; oil and grease; and total and dissolved copper, lead, zinc, and 
cadmium. Consistent with the 2002 AKART and the 2006 Addendum, the pollutant loads are 
estimated using the following two methods: 

• The updated AKART portion of this report uses the Federal Highway Administration 
(FHWA)-WSDOT method to estimate comparative annual pollutant loads for the treatment 
alternatives (FHWA 1996).  

• The updated water quality portion of this report uses stormwater volumes calculated from the 
National Resources Conservation Service (formerly Soil Conservation Service [SCS]) single-
event hydrograph method (SCS 1986) and pollutant concentrations described below. 
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Table 2.2 
Updated Concentrations Compared to 2006 Addendum Concentrations (milligrams/liter) 

Pollutant  Mean  
Standard 
Deviation 

Updated 
Concentrations 
(EMC + 1 SD) 

2006 
Addendum 

TSS 106.4a 149.8a 256.2 264.3 

Dissolved Copper 0.0051a 0.0050a 0.010 0.025 

Total Copper 0.0219a 0.0216a 0.0435 0.049 

Dissolved Zinc 0.0423a 0.0507a 0.0930 0.138 

Total Zinc 0.1348a 0.1353a 0.2701 0.299 

Dissolved Cadmiumb -- -- 0.0007 0.0007 

Total Cadmiumb -- -- 0.0013 0.0013 

Dissolved Leadb -- -- 0.0092 0.0092 

Total Leadb -- -- 0.066 0.066 

Oil and Greasec 9.47 9.47 18.9 18.9 
a Source: Herrera (2009). 
b Source: Kayhanian (2002). 
c Source: Gupta et al. (1981). 

Results in Table 2.3 show estimates of pollutant-loading by highway pollutant constituents per catch 
basin, vault, lane mile, and total bridge deck. 



Units TSS Oil/Grease Cadmium Copper Lead Zinc Parameters/Assumptions
Average Event Mean Concentration (EMC), 
Cm mg/L 106.4 9.47 0.0007 0.0219 0.0219 0.1348 Herrera 2009; Gupta 1981
Standard Deviation (σ) 149.8 9.47 0.0006 0.0216 0.044 0.1353 Herrera 2009; Gupta 1981
Average Event Mean Concentration (EMC), 
Cm plus one Standard Deviation (σ) mg/L 256.2 18.9 0.0013 0.0435 0.066 0.2701 Calculated (Cm + σ) or Kayhanian M. et al, 2002

Runoff Coefficient, RV 0.8 0.8 0.8 0.8 0.8 0.8

fRV = 0.007 * % Impervious Area + 0.10, % Imp Area = 
100%

Rainfall Volume for the Mean Storm Event, 
Hms mm 11.7 11.7 11.7 11.7 11.7 11.7 Table 13, p. 55, Seattle
Area, A ha per catch basin 0.082 0.082 0.082 0.082 0.082 0.082 6-Lane , 1 CB per 180 ft length, 49 ft. width

ha per vault 0.327 0.327 0.327 0.327 0.327 0.327
6-Lane.; 1 vault/ pontoon; 360 ft length, 49 ft.; both 
directions 

ha per lane-mile 0.59 0.59 0.59 0.59 0.59 0.59 12 feet lane width, 1 mile length of bridge
ha for 6-lane total bridge 9.61 9.61 9.61 9.61 9.61 9.61 6-Lane Alt., 120 ft total width, 8640 ft length

Volume of Runoff for Mean Storm Event, Vms m3 per catch basin 7.7 7.7 7.7 7.7 7.7 7.7 fEq 7:  Vms = RV * Hms * A *10
m3 per vault 30.6 30.6 30.6 30.6 30.6 30.6
m3 per lane-mile 55.0 55.0 55.0 55.0 55.0 55.0
m3 for 6-lane total bridge 899.7 899.7 899.7 899.7 899.7 899.7

Mean Event Mass Load, Lm kg/event per catch basin 0.815 0.073 0.000 0.000 0.000 0.001 fEq 9:  Lm = Cm * Vms/1000
kg/event per vault 3.259 0.290 0.000 0.001 0.001 0.004
kg/event per lane-mile 5.852 0.521 0.000 0.001 0.001 0.007
kg/event for 6-lane total bridge 95.732 8.520 0.001 0.020 0.020 0.121

No. of Storms Per Year, Ns events/yr 86.7 86.7 86.7 86.7 86.7 86.7
Ns = 24 * 365/Ts where Ts = interval mean = 101, 
Table 13,   p. 55, Seattle

Annual Mass Loading La (Metric Units) kg/yr per catch basin 70 66 6 29 0 00 0 01 0 01 0 09 fEq 10: La = Lm *Ns

Pollutants & Total Metals

Table 2.3
Estimate of Pollutant Loading 6-Lane Configuration 

Annual Mass Loading, La (Metric Units) kg/yr per catch basin 70.66 6.29 0.00 0.01 0.01 0.09 fEq 10:  La = Lm *Ns
kg/yr per vault 282.63 25.16 0.00 0.06 0.06 0.36
kg/yr per lane-mile 507.59 45.18 0.00 0.10 0.10 0.64
kg/yr per bridge deck 8303.05 739.00 0.05 1.71 1.71 10.52

Annual Mass Loading, La (English Units) lb/yr per catch basin 157.02 13.98 0.00 0.03 0.03 0.20 1 lb force = 4.45 N = 1 kg * 9.8 m/s^2
lb/yr per vault 628.07 55.90 0.00 0.13 0.13 0.80
lb/yr lane-mile 1127.97 100.39 0.01 0.23 0.23 1.43
lb/yr total bridge deck 18,451 1,642 0.12 3.80 3.80 23.38

d  Source: Federal Highway Administration. March 1985. Effects of Highway Runoff on Receiving Waters, Vol. III, Resource Document for Environmental Assessments. Publication No. FHWA/RD-84/064. 

e  Oil and Grease Standard Deviation not reported in data source. Estimated here based on minimum (1 mg/L), mean (9.47 mg/L), maximum (104 mg/L) and number of data points (n=66)

Abbreviations:
    ha = hectare
    m3 = cubic meter
    kg = kilograms
    lb = pound
    mg/L = milligrams per liter
    mm = millimeters
    yr = year

f  Source:  Federal Highway Administration. June 1996. Evaluation and Management of Highway Runoff Water Quality. Pub. No. FHWA-PD-96-032.  Federal Highway Administration Method for Estimating Pollutant Loading, Section 3.2.3, p. 52.

   Table 1. Summary of highway runoff quality data for six monitoring sites and typical urban runoff quality based on data from 28 cities: Average Pollutant Concentration.

g  Source:  Federal Highway Administration. June 1996. Evaluation and Management of Highway Runoff Water Quality. Pub. No. FHWA-PD-96-032.  Federal Highway Administration Method for Estimating Pollutant Loading, Section 3.2.3, p. 52.

c  Source: Gupta, M.K. et al. 1981. Constituents of Highway Runoff. Volume IV: Characteristics of Runoff From Operating Highways, Research Report. Publication FHWA/RD-81/045. February 1981.

a  Source: Herrera Environmental Consultants Inc. 2009. Highway Runoff Dilution and Loading Model Documentation; Analysis of Stormwater Highway Water Quality Effects for Endangered Species Act Consultations. January 7, 2009.
b  Source: Kayhanian M., L. Hollingsworth, M. Spongberg, L. Regenmorter, and K. Tsay. 2002. Characteristics of Stormwater Runoff from Caltrans Facilities. Transportation Research Board, Annual Conference, Washington D.C. January 2002
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Chapter 3 AKART Study 

This section reviews the initial screening process used to identify the known and available 
technologies compared in this section, and describes the factors used to compare alternative 
technologies and the results of the comparison.  

Identification and Screening of Known and Available Technologies 
This section describes the process used to identify and screen known and available technologies. 

Literature Search 

In 2002, a literature search was conducted to identify known stormwater treatment technologies and 
sources of information on highway water quality. The information sources used in the search was 
from a broad base. A draft list of information sources was reviewed by stakeholders prior to further 
screening. The information sources included Internet journal search, Dialogue databases, 
Transportation Research Service, several transportation agencies (WSDOT, MDOT, WISDOT, 
Oregon Department of Transportation, Caltrans), U.S. Environmental Protection Agency (EPA), and 
Washington State Department of Ecology.  

For this AKART update, the 2005 Stormwater Management Manual for Western Washington 
(Ecology 2005) and its associated Web site for emerging technologies (http://www.ecy.wa.gov/ 
programs/wq/stormwater/newtech/index.html) were reviewed to identify specific treatment 
technologies approved since the 2002 AKART was prepared. Vendors were also consulted for 
additional information. The treatment technologies were grouped into a series of 16 categories; see 
Appendix D. 

Screening Process 

Following the literature search in 2002, the known treatment technologies went through an initial 
screening. This AKART update screens additional technologies identified since 2002. The screening 
identified and eliminated technologies considered technically infeasible on a floating bridge (based on 
information gathered to date and common knowledge of the technologies). This screening process 
was conducted by an interdisciplinary team of design and environmental staff. In summary, the issues 
of safety, maintenance, engineering, environment, and cost were evaluated by asking a series of 
questions for each known treatment technology. The screening identified and eliminated technologies 
considered technically infeasible on a floating bridge (based on information gathered to date and 
common knowledge of the technologies).  

For this update, the same criteria used in the 2002 AKART was applied to a list of new emerging 
technologies. As a result of the updated screening process, treatment technologies were placed into 
the following categories: 

• Previously screened-out technology’ 
• New technology, but screened out and dropped from further consideration; or 
• New or existing technology and not screened out.  

Technologies considered to be new or existing and not screened out were considered potentially 
feasible and further evaluated in this AKART update as either a separate alternative or combined with 
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an existing alternative. The responses were summarized in a 2002 memo and in an updated matrix 
provided in Appendix D. 

In this AKART update, nine new technologies developed since 2002 were identified. One technology 
was considered a new category but screened out. The remaining eight technologies were classified in 
the existing 2002 categories. 

Description of Screening Results 

The 2002 technology screening resulted in reducing the initial 15 categories of technologies to 
4 categories for further evaluation. 

The four technology categories are as follows: 

• Media filtration—vaults  
• Catch basin media filtration 
• High-efficiency sweeping 
• Modified catch basins /cleaning 

Media Filtration—Vaults 

Slow media filtration technology consists of conveying untreated stormwater through media beds, or 
canisters of enclosed media. Different types of media target specific pollutants. For example, sand and 
pearlite target finer sediments, while peat and zeolite target metal removal. Because media filtration is 
generally poor at trapping large particles and oil and grease, it requires pre-treatment of these 
pollutants. Three configurations of media filtration are possible: 

• Configuration 1: A horizontal media bed is installed in enclosed vaults on the pontoon deck. 
Stormwater filtration moves in a vertical direction by gravity and permeability of the media. 

• Configuration 2: Media vaults with cartridges are another variation of media filtration. This 
consists of installing pre-engineered StormFilter™ vaults on the pontoon deck. Flows are 
treated in each cartridge when a plastic float is raised, priming a siphon, and then drawing 
stormwater through the cartridges. Flows are controlled with small diameter orifice plates in 
the outlet piping, and discharge through the vault floor in 3- to 4-inch-diameter pipe to the 
discharge location. 

• Configuration 3: This is a new configuration identified for this 2009 update. It consists of 
porous concrete slab inside a precast manhole. This technology uses several treatment 
processes, including swirl concentration, gravity separation, filtration, chemical precipitation, 
and adsorption. 

All three configurations would use media vaults placed on the pontoon deck below the roadway 
surface.  

Catch Basin Media Filtration 

This alternative consists of media filtration placed inside individual catch basins on the bridge. 
Sediments are deposited within the media, which is replaced when saturated/plugged. Three 
configurations of catch basin filtration are possible: 

• Configuration 1: Units with disposable filter/absorbent media pillows 
• Configuration 2: Units with replaceable filter bags 
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• Configuration 3: Units with replaceable media cartridges 

The first two configurations are commonly known as “catch basin inserts,” and operate on the 
principle of gravity filtration of untreated flows through media pillows and geotextile-type fabric, 
respectively. Configuration 3 involves the siphoning of untreated flows through a submerged media 
cartridge and small-diameter pipe in each catch basin (similar to Configuration 2 of vault filtration.) 
These media cartridges have treatment flow limits. When the flow limits are reached, or the media are 
plugged, flows bypass the cartridges.  

High-Efficiency Sweeping 

An “emerging technology” in the SWMMWW, this alternative uses “new generation” sweeping 
equipment to prevent pollutants from entering the drainage systems and receiving waters. The 
technology consists of high-pressure air circulation and vacuuming of pollutants from the bridge road 
surface into a sweeping vehicle. Pollutants are collected in the sweeping vehicle and driven off the 
bridge. A bridge deck sweeping program would be established; pollutants would be swept from the 
roadway and shoulders on a scheduled basis correlated to predicted removal rates. 

Modified Catch Basin Sweeping/Cleaning 

This technology category consists of combining larger than standard catch basin drainage structures 
(sized for increased sediment trapping capability) with a scheduled cleaning of trapped pollutants. 
Larger than standard sumps would provide increased residence time for sediments to collect prior to 
removal. In addition, oil/grease trapping could be provided with submerged outlets. (Schematics of 
the modified catch basins are presented in Appendix B.) 

Evaluation of Screened Alternatives 
The four technology categories were examined for possible stand-alone or combination treatment 
alternatives appropriate for the floating bridge. Any one alternative can be composed of one or more 
treatment technologies. The following four combination alternatives were developed:  

• Alternative 1: Media filtration vaults with conventional sweeping 
• Alternative 2: Catch basin filtration with conventional sweeping 
• Alternative 3: Modified catch basins/cleaning with conventional sweeping 
• Alternative 4: High-efficiency sweeping and modified catch basin/cleaning 

Each alternative was developed based on the premise that at least two technologies would be 
employed for pollutant removal. (Note that conventional sweeping, also referred to as “mechanical” 
or “mechanical broom” sweeping, although not identified as a best management practice [BMP], is 
also assumed for Alternatives 1, 2, and 3. This is an existing strategy on WSDOT’s floating bridges to 
minimize cleaning frequency required of other BMPs). 

Discussion of Alternatives 

This section describes each treatment alternative’s technical feasibility, estimated effectiveness, and 
cost. Alternatives were evaluated against technical feasibility criteria as low, medium, or high 
(Table 3.1). Effectiveness of each alternative was characterized in terms of annual pollutant-loading 
reduction versus the untreated roadway case. Pollutant-loading reduction was calculated for each 
alternative based on the combined pollutant-loading reduction of the treatment technologies that are  

 



Table 3.1 
Comparison of Alternatives 

Alternative 1 Alternative 2 Alternative 3 Alternative 4 

Media Filtration 
Vaults  Catch Basin Filtration 

Modified Catch 
Basin/Cleaning  

High-Efficiency 
Sweeping and Modified 
Catch Basin/Cleaning 

Technical Feasibility Parameters 

Configuration 2 
Media Filtration 

Cartridge 

Configuration 3  
Replaceable Media 

Cartridges 

  

Technical Feasibility  
TSS Removal Medium Medium Low Medium 
Metals Removal Medium Medium Low Medium 
Commercially Available With Long-Term 
Availability Medium Medium High High 

Installation or Its Parts Non-Proprietary Low Low High Medium 
Function in the Bridge Environment Medium Medium High High 
Reliability Low Low High Medium 
Accessible and Reasonable to Maintain Low Low Medium High 
Acceptable Risk of Flooding Roadway High  Medium High High 

Overall Technical Feasibility Rating Low Low Medium High 

Measures of Cost 

Overall Cost High Medium Low Medium 

Cost Effectiveness  Low Low Low High 
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part of that alternative. Pollutant removal efficiencies were taken from the literature for each treatment 
technology that passed the initial screening. The computed effectiveness of the technologies should 
only be used for purposes of comparison. Both high and low estimates for effectiveness were 
developed for each pollutant for each alternative. Table 3.2 shows the range of effectiveness for each 
of the four alternatives for each of the parameters included in this AKART and water quality study.  

Alternative costs are presented as 20-year life-cycle costs in present-day (2009) terms. These 
life-cycle costs include both capital and operations and maintenance costs. Effectiveness and cost 
information for each alternative is evaluated graphically in terms of cost-benefit. Table 3.3 shows the 
estimated costs of each alternative. 

Alternative 1: Media Filtration Vaults  

Three configurations are discussed for Alternative 1. All configurations would incorporate 
conventional street sweeping and modified catch basins as initial sediment removal.  

Technical Feasibility  
Configuration 1  
Horizontal media vaults would be located on the lower pontoon deck and discharge to the lagoons in 
the SSPs on each side of the bridge. Vaults would be placed near each SSP (180-foot spacing) to 
allow for adequate conveyance of stormwater from the bridge deck. Estimated vault size is 
approximately 20 feet x 20 feet x 3 feet of sand media, with over 25 tons of water weight when full 
(based on the SWMMWW Sand Filter Simple Sizing Method). As documented in the Screening 
Memo (see Appendix D), storing large quantities of water on the bridge would create irregular 
dynamic responses, risking the structural integrity of the bridge.  

Media bed footprint would be approximately 10 feet x 5 feet based on permeability of 2.5 gallons per 
minute (gpm) per square foot (sf) (Snohomish County Public Works 1999). The author of that report 
cited several hydraulic capacity problems in the systems studied due to biological growth fouling the 
piping system (Bill Leif, Water Quality Engineer, Snohomish County Surface Water Management 
Division. Personal Communication. October 25, 2002.) Frequent maintenance and monitoring will be 
required (once every 2 to 3 months for the first year) to check that it is operating properly on the 
bridge. Media beds would require hand removal and replacement due to size and difficult access. In 
addition, movement of media beds would be expected on the bridge, with possible bypassing of flows 
and premature plugging. Based on these technical limitations, Configuration 1 (horizontal media 
vaults) is considered infeasible for the replacement floating bridge.  

Configuration 2  
Media filtration vaults with cartridges (Configuration 2) were further evaluated. Similar to media 
beds, vaults containing media cartridges would be located on the lower pontoon decks, and would 
discharge to the spill lagoons. It is estimated that one 6-foot x 8-foot vault or equivalent manhole 
would be located at each SSP (one for eastbound drainage, the other for westbound drainage). These 
pre-engineered units are manufactured by only one company, Contech Construction Products Inc. 
(formerly Stormwater 360, Inc. or Stormwater Management, Inc.). As a result, there is a sole source 
for cartridges, media, and associated hardware. Operation and maintenance of treatment systems with 
one source of replacement hardware and media presents a risk of potentially not being available, or 
higher costs on such a large scale project as a floating bridge. Based on the General Use Level 
Designation (GULD) for the StormFilter (Ecology 2005), and vendor design information, an 
estimated 274 compost media-filter cartridge filters would be needed for the bridge. 
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Vaults would have to be covered to protect media from wave action. Maintenance of the media vaults 
would require accessing them from the edge of the bridge by boat and barge. Deposited sediment in 
vault beds and cartridges would require removal by hand and crane respectively. Barge transport of 
material to/from a truck on land would be needed. Mechanical performance of the filters on a 
moving/vibrating bridge has not been evaluated and is unknown. Biological fouling of moving parts 
and piping system were observed in a StormFilter system in Snohomish County, where systems 
required frequent inspection and maintenance (Bill Leif, Water Quality Engineer, Snohomish County 
Surface Water Management Division. Personal Communication. October 25, 2002.) Primarily due to 
its moving parts, reliability of the system was generally low. Caltrans (2002) also cited maintenance 
concerns where mosquito larvae formation caused regular maintenance of StormFilter systems. 
Though feasible, StormFilter systems present a high technical risk.  

Configuration 3  
Similar to media beds and vaults containing media cartridges, vaults containing the porous concrete 
media technology would be located on the lower pontoon decks; these vaults would discharge to the 
spill lagoons. This technology uses several treatment processes already classified in different 
categories in this AKART, including swirl concentration, gravity separation, filtration, chemical 
precipitation, and adsorption. During the initial screening process, technologies using exclusively 
gravity separation and swirl concentration processes were screened out as being infeasible due to 
movement and vibration. This would prevent proper settlement of pollutants compromising the 
treatment process of the units. Therefore, this configuration is considered infeasible for use on the 
floating bridge.  

Estimated Effectiveness This alternative combines the effectiveness of conventional sweeping, 
modified catch basins, and media filtration vaults. Conventional sweeping will be necessary to 
remove roadside debris and keep the cleaning maintenance of catch basins to a minimum. Modified 
catch basins are included as initial sediment removal for the media filtration. The composite estimated 
effectiveness of the treatments used in series (conventional sweeping, catch basins and media 
filtration) is calculated in Table E.1 (Appendix E). 

The estimated effectiveness of media filtration was the subject of several studies including Snohomish 
County (1999) and Caltrans (2002). For total suspended solids (TSS), assumed removal efficiencies 
ranged from 81 percent to 99 percent. For oil and grease, removal efficiencies ranged from 46 percent 
to 90 percent. Total cadmium, copper, lead, and zinc have respectively, wide effectiveness from 
45 percent to 90 percent, 44 percent to 98 percent, 60 percent to 97 percent, and 39 percent to 
97 percent (see Table 3.2 and Table E.1 in Appendix E). Caltrans (2002) reported dissolved copper, 
lead, and zinc efficiencies as 15, 15, and 16 percent, respectively. Differences in influent 
concentrations and particulate make-up primarily affect this large range of removal. Tobiason et.al. 
(year), in a laboratory zinc removal test using leaf compost (CFS) media, zeolite/pearlite mix, and a 
polyamine sponge, found that zinc removal was inconsistent and decreased with increasing influent 
concentration for the zeolite/pearlite and CFS media.  

Estimated Cost The 20-year present-worth cost of Alternative 1 is estimated between $8,509,000 to 
$9,400,000. The cost includes the capital investment cost of a maintenance barge and the operation 
and maintenance cost of using the barge.  
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Alternative 2: Catch Basin Filtration  

Technical Feasibility Catch basin inserts (Configurations 1 and 2) are predominantly manufactured for 
smaller, standard catch basins (i.e., WSDOT Types 1 and 2) instead of the larger grate inlet drainage 
structures proposed for the bridge. If catch basin inserts are placed inside the larger bridge inlets, 
non-standard reducing collars are needed to concentrate flow into the smaller filters. This 
concentration of flow down the collar and along the inside rim of the insert could cause preferential 
flow patterns and a concentration of pollutants along the perimeter of the insert. The Santa Monica 
Cities Consortium (1998) found that density in pillows was an important consideration. As sorbents 
become coated with oil and grease, flow will tend to channelize and create areas of unsaturated 
sorbent. This action, coupled with differential flow patterns created by use of non-standard reducing 
collars, could lead to increased maintenance requirements and have not been documented in the 
literature to assure pollutant removal performance. Maintenance needs are highly unpredictable, and 
they cannot be operated unattended. Continual monitoring to prevent plugging and flooding is 
expected. Caltrans (2002) further observed that timing of maintenance is critical, right before and 
during storm events to keep them clean, since available storage volumes are low. Based on these 
technical limitations, Configurations 1and 2 are considered infeasible on the bridge.  

Catch basin media filtration with cartridges (Configuration 3) was further evaluated. These units are 
manufactured by only one company, Contech Construction Products, and hence require dependence 
on a single source for cartridges, media, and associated hardware. Units are typically sold in a two 
treatment system—a pre-settling catch basin chamber connected to a separate chamber containing the 
cartridge filters. A modified catch basin, as described under Alternative 3 below, would be used as the 
pre-settling chamber. Since ponding on the bridge shoulder near the gutter is characteristic of the 
floating bridge drainage system, larger grate inlets are required to facilitate the weir flow hydraulics of 
the system. This configuration would require a custom in-line design to allow for the large grate inlet 
and catch basin media-filter chambers. Based on vendor data, a chamber downstream of a bridge 
catch basin would need two to four cartridge filters depending on the catchment area to handle flows 
and estimated pollutant loads. The use of a catch basin filter cartridge raises maintenance problems 
similar to those cited above for StormFilter vault cartridges, including moving parts and biological 
reliability of the system, and is unpredictable primarily due to its moving parts. Caltrans (2002) also 
observed increased vector habitat in the stagnant water of the systems.  

Configuration 3 is feasible though it comes with its own difficulties. Approximately 100 catch basin 
units containing 273 media cartridges would need to be maintained. Maintenance would require an 
estimated 600 hours per year for replacements and inspections. Maintenance workers would have to 
work within the 10-foot, outside shoulder adjacent to traffic.  

Estimated Effectiveness Similar to Alternative 1, this alternative combines the effectiveness of 
conventional sweeping, modified catch basins, and media filtration vaults. Conventional sweeping 
will be necessary to remove roadside debris and to keep catch basins free of larger debris. Modified 
catch basins provide removal of larger particles prior to media filtration. The composite estimated 
effectiveness of these treatments used in series (conventional sweeping, modified catch basins, and 
media filtration vaults) is calculated in Table E.1 (Appendix E). 
Catch basin inserts primarily target hydrocarbons in oil and grease. Configurations 1 and 2 have been 
specified as BMPs in effectiveness studies (Caltrans, King County, and Snohomish County). These 
studies conclude that catch basin inserts are only effective for larger particles of TSS, are not effective 
for metals, are prone to plugging due to low storage, and do not function unattended. In addition, the 
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SWMMWW specifies that these units be used for oil control measures, but not for sediment or metal 
control.  

The composite estimated effectiveness of Configuration 3 is 81 percent to 99 percent for TSS, 
46 percent to 90 percent for oil and grease, 45 percent to 90 percent for cadmium, 44 percent to 
98 percent for copper, 60 percent to 97 percent for lead, and 39 percent to 97 percent for zinc (see 
Appendix E).  

Estimated Cost Implementation of Alternative 2 is estimated with a 20-year present-worth cost 
between $6,548,000 to $6,988,000.  

Alternative 3: Modified Catch Basins/Cleaning  

Technical Feasibility Because modified catch basins/cleaning would involve variations from 
conventional drainage structures, it would not require a new treatment technology applied to the 
bridge. Pollutants are deposited and collected in the catch basin sumps. Conventional sweeping is 
assumed as part of this BMP to reduce shoulder deposition and collect larger debris. This alternative 
is considered technically feasible. 

The catch basins would be cleaned using conventional bridge cleaning equipment (Vactor truck).  

Estimated Effectiveness This alternative combines the effectiveness of using a conventional sweeper 
to remove roadside debris in series with modified catch basins. The composite removal efficiencies 
for the Alternative 3 treatments used in series are shown in Table E.1 (Appendix E).  

Catch basin effectiveness studies in the literature have been modest to date. However, the technology 
has largely remained consistent over the years. U.S. EPA (1977) documented the effectiveness of 
catch basins as a function of sump size and cleaning frequency. From an annual to a biannual cleaning 
frequency, estimated total solids removed were 39 percent to 75 percent. Leif (1998) found that the 
removal efficiency for a 19-inch catch basin sump with 25 gpm was 82 percent to 98 percent for 
medium sand. The water quality design flow for typical catch basins on the floating bridge is 
approximately 18 gpm. Pitt (1985) concluded that catch basins can capture sediments up to 
approximately 60 percent of the sump volume. Modified catch basins on the bridge are assumed with 
approximately 32 cf total volume. Composite estimated effectiveness of Alternative 3 treatment 
measures is 49 percent to 93 percent for TSS. This accounts for the variability in efficiency between 
bi-annual and annual cleaning frequency. 

Estimated efficiencies for heavy metal removal was calculated by using a mass balance approach 
where only the particulate fraction of total metals was used to estimate the pollutant removal load. An 
FHWA (1990) document indicates that total copper and total zinc are typically found to be 60 percent 
particulate and 40 percent soluble in composition. Total lead is typically found in urban runoff as 
90 percent particulate and 10 percent soluble. These estimates are similar to findings from Caltrans 
(2002) that observed the soluble fraction of lead, copper, and zinc to be 51 percent, 15 percent, and 
46 percent, respectively. The soluble fraction of cadmium was observed to be 57 percent of total 
cadmium. The more conservative Caltrans study was used to estimate the percentage of particulate 
metal in estimating the removal efficiency of modified catch basins (43 percent particulate cadmium, 
49 percent particulate copper, 85 percent particulate lead, and 54 percent particulate zinc). This 
methodology employing an estimate of the particulate fraction of metals was also used to calculate 
conventional sweeping efficiencies (see Table E.1).  
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The composite estimated pollutant removal effectiveness of Alternative 3 using modified catch 
basin/cleaning is 49 percent to 93 percent for TSS, 25 percent to 71 percent for oil and grease, 
23 percent to 53 percent for cadmium, 25 percent to 59 percent for copper, 43 percent to 86 percent 
for lead, and 28 percent to 64 percent for zinc (see Table 3.2 and also Table E.1 in Appendix E.).  

Estimated Cost Implementation of Alternative 3 is estimated with a 20-year present-worth cost 
between $1,155,000 to $1,545,000. 

Alternative 4: High-Efficiency Sweeping and Modified Catch Basin/Cleaning 

Technical Feasibility The existing floating bridges are currently swept with mechanical sweepers as a 
means to reduce the amount of pollutants entering the drainage systems and receiving waters. No 
problems have been identified in their ability to perform and operate on a floating bridge. This 
alternative would require the procurement and maintenance of a new sweeping vehicle, staff training, 
and a specified sweeping schedule to meet target removals. This alternative rates high in technical 
feasibility for reasons of maintenance, safety, non-proprietary nature, and functionality on the bridge. 
This alternative also minimizes maintenance staff exposure to traffic on the bridge. Some issues of 
concern relate to slow sweeper speeds necessary for high-efficiency sweepers over mechanical 
sweepers and also driver comfort, but these issues may be addressed in future sweeper models. This 
alternative is considered technically feasible. 

Estimated Effectiveness Several studies on newer “high-efficiency” sweeper technology (Sutherland 
1998) indicate their effectiveness is comparable to treatment BMPs (up to 77 percent removal), and 
significantly more effective than older mechanical sweeping technology in earlier research (U.S. EPA 
1983). Table E-1 in Appendix E summarizes the percent removal effectiveness of high-efficiency 
sweeper technology.  

Effectiveness depends on several factors sweeping frequency prior to conveyance of pollutants off the 
roadway. The most relevant study to highways (Wisconsin Department of Transportation 2002) 
examined high efficiency sweeper effectiveness on an interstate highway in Milwaukie, with a wide 
range of removals. The more definitive and conservative effectiveness (Sutherland and Jelen, 1997) 
were assumed for this AKART study. 

The composite estimated effectiveness of Alternative 4 using high-efficiency sweeping with modified 
catch basin/cleaning is 70 percent to 94 percent for TSS, 55 percent to 72 percent for cadmium, 
47 percent to 70 percent for copper, 64 percent to 85 percent for lead, and 45 percent to 70 percent for 
zinc (see Table E.1 in Appendix E).  

Estimated Cost The 20-year present-worth cost of Alternative 4 is between $1,368,000 to $2,829,000. 
The range includes the cost of a regenerative sweeper (low end) to a vacuum sweeper (high end). 

Ranking of Alternatives 

This section summarizes and ranks the reasonableness of each alternatives as defined by technical 
feasibility, effectiveness, and estimated cost. The alternatives are ranked according to technical 
feasibility and cost-effectiveness. With this information, an AKART determination is made. 

Technical Feasibility 

A technically feasible alternative meets the following criteria for siting, operation, and maintenance:  
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• The alternative should operate and perform when subjected to the SR 520 floating bridge 
environment, where movement during storms and normal bridge vibrations does not decrease 
the performance of the alternative. 

• The alternative should not require storage of large volumes of water on the bridge, 
compromising structural integrity. 

• Maintenance workers should not be exposed to undue safety risks. 

• The alternative should not create water ponding on the roadway surface, leading to undue 
vehicular and pedestrian safety risks. 

• The alternative should be consistent with the conclusions of the Blue Ribbon Panel report. 

• The alternative should operate passively and not require attendance of WSDOT personnel 
during operation. 

• The long-term maintenance requirements and costs for the alternative must be known.  

Table 3.1 identifies the technical feasibility of each alternative evaluated. Alternatives 1 and 2 (media 
filtration in vaults and catch basin media filtration, both with conventional sweeping) are 
characterized as possessing a low technical feasibility due to low reliability and high maintenance 
requirements to ensure proper functioning in a dangerous environment.  

A higher degree of technical feasibility is associated with Alternatives 3 and 4 (modified catch basin 
cleaning with conventional sweeping and high-efficiency sweeping and modified catch 
basin/cleaning, respectively), primarily due to their functionality on the bridge, maintenance 
requirements, and safety. 

Cost Effectiveness  

The estimated pollutant removal of each alternative is summarized in Table 3.2. The 20-year present-
worth costs are summarized in Table 3.3. The cost assumptions used to prepare the estimates are 
provided in Appendix E (Table E.3). The cost effectiveness of the treatment alternatives can be 
expressed by plotting the estimated annual pollutant load discharged to Lake Washington versus the 
estimated treatment cost. These are shown for each pollutant of concern (TSS, oil and grease, copper, 
lead, and zinc) in Figures 3.1 through 3.6.  

The cost-effective analysis illustrates the principal of “diminishing returns” for most pollutants when 
examining the alternative that appears most effective (i.e., media filtration).  

Comparison of Alternatives 

A comparison of alternatives based on effectiveness, technical feasibility, cost, and cost effectiveness 
appears in Table 3.1. 

Alternative 1 (media filtration vaults with conventional sweeping) would provide moderate removal 
of TSS and metals, but the removal of metals is subject to a large range of uncertainty. Alternative 1 
has low technical feasibility due to uncertain performance, low reliability, and excessive and frequent 
maintenance requirements on the bridge. This alternative has the highest cost and is least cost-
effective due to low incremental removal capability. 
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Alternative 2 (catch basin filtration with conventional sweeping) has moderate removal of TSS and 
metals, but the removal of metals is subject to a large range of uncertainty. Alternative 2 also has low 
technical feasibility due to uncertain performance, lower reliability, and frequent and unsafe 
maintenance requirements on the bridge. Alternative 2 has a moderate to low cost effectiveness. 

Alternative 3 (modified catch basin/cleaning with conventional sweeping) provides relatively low 
removal of TSS and metals, has high technical feasibility, low cost, and low cost effectiveness. 

Alternative 4 (high-efficiency sweeping and modified catch basin/cleaning) provides moderate 
amount of TSS and metal removal, high degree of technical feasibility, and appears the most cost 
effective for TSS and metals. 

Conclusions and Discussion of Proposed Treatment Alternative 

The four technology alternatives were compared for reasonableness (technical feasibility and 
cost-effectiveness). They are ranked as follows: 

• Alternative 4: High-efficiency sweeping and modified catch basin/cleaning 

• Alternative 3: Modified catch basins/cleaning (with conventional sweeping) 

• Alternative 2: Catch basin filtration (with conventional sweeping) 

• Alternative 1: Media filtration vaults and modified catch basins/cleaning (with conventional 
sweeping) 

Based on the ranking, Alternative 4: High-Efficiency Sweeping and Modified Catch Basin/Cleaning is 
the technology proposed for the floating bridge. This alternative appears to offer the most reasonable 
technologies for addressing water quality on the floating bridge based on technical feasibility and cost 
effectiveness. Alternative 4 has the following benefits for the proposed floating bridge: 

• It can provide an effective level of removal of sediments and metals from stormwater. 

• It is more readily apparent to observers than infrequent cleaning of catch basins under the 
bridge, or other less frequent practices. 

• It takes advantage of the bridge’s flat gutterlines, which make it possible to retain sediments 
for longer periods, increasing the opportunity for their removal before they are discharged 
into catch basins. 

It does not have an unreasonable or unknown level of risk associated with operation and 
maintenance—a characteristic of the other technologies. 
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Chapter 4 Water Quality Study 

This section of the report presents the methods and results of modeling stormwater discharges from 
the bridge into the lake, as well as the water quality compliance evaluation of these discharges. The 
approach, assumptions, and limitations of the modeling and water quality study are also reviewed.  

Approach, Assumptions and Limitations 

Study Approach 

This project approach has been developed to respond to Ecology’s request to WSDOT for 
documentation of AKART and water quality analyses, and documentation of compliance with water 
quality standards (White 2002). Based on Ecology’s 2008 303(d) listing of impaired water bodies in 
the state, Lake Washington waters are listed as Category 5 (requiring a total maximum daily load, or 
TMDL) only for fecal coliform bacteria pollution. Lake Washington waters are not listed for cleanup 
action of water quality standards violations for any metals or other constituents that may be 
contributed by stormwater runoff from the replacement floating bridge. Therefore, this study has 
assumed that Lake Washington has assimilative capacity for the stormwater runoff from the 
replacement for the SR 520 floating bridge. 

The study approach and elements of this water quality study have included the following:  

• Collect, summarize, and review relevant stormwater and Lake Washington water quality data. 
A technical memorandum listing available and relevant stormwater runoff data and Lake 
Washington water quality data was developed and submitted for review by WSDOT, 
Ecology, and other resource agencies for concurrence. 

• Develop dilution models representing potential bridge stormwater discharges for the 
WSDOT’s replacement floating bridge designs. All stormwater runoff has been designed to 
discharge into spill containment lagoons located in the SSPs (supplemental stability 
pontoons); dilution modeling methods have included volume-based calculations and dilution 
modeling, as well as dispersion calculations. Dilution calculations and modeling have been 
developed for a range of stormwater lagoon sizes and for three storm runoff scenarios—the 
low-volume storm (10 percentile), mean annual storm (50 percentile), and the water quality 
treatment storm (91 percentile). 

• Stormwater runoff discharge concentrations have been developed based on FHWA protocols 
for highway runoff and recent WSDOT stormwater runoff data for copper and zinc (Herrera 
2009), as well as Caltrans stormwater runoff data for cadmium and lead (Kayhanian 2002). 

• Stormwater runoff discharge concentrations have been evaluated using dissolved metals data. 
The stormwater runoff dissolved metals data have been compared with the ambient water 
quality criteria for the protection of aquatic organisms (which are based on dissolved metals).  

• Stormwater discharges to the receiving water body have been evaluated for compliance with 
acute and chronic chemical criteria in the state water quality standards. Stormwater runoff has 
been evaluated for a range of bridge stormwater lagoon sizes. Analyses have been limited to 
those parameters that FHWA lists as constituents of highway runoff.  
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• An Updated AKART Technologies Summary and Data Sources Technical Memorandum was 
prepared to define the updated study approach and data sources. This technical memorandum 
was submitted for review by WSDOT and resource agencies.  

Assumptions and Limitations 

This modeling and water quality study is based on the assumptions and limitations as documented in 
the project Scope of Work (Appendix A). The key assumptions and limitations are summarized 
below: 

• The analyses and conclusions are specific to the proposed SR 520 replacement floating bridge 

• The pollutants of concern from highways are typically total suspended solids (TSS), oil and 
grease, cadmium, copper, lead, and zinc. The replacement SR 520 floating bridge would 
discharge stormwater runoff to Lake Washington, a SWMMWW-listed “basic receiving water 
body”; therefore, the target pollutant for treatment is TSS. TSS removal directly correlates to 
particulate metal removal. WSDOT stormwater runoff data on organic compounds such as 
petroleum hydrocarbons and polynuclear aromatic hydrocarbons were not available in the 
data sources for this study.  

• The Water Quality Standards for the Surface Waters of the State of Washington (WAC 173-
201A) are the appropriate reference for determining water quality compliance of stormwater 
runoff. After treatment on the bridge, stormwater is mixed with the lake waters, and 
compliance is determined at appropriate distances from the point of discharge, referred to as 
mixing zone boundaries.  

• Projected discharge concentrations were compared with acute and chronic chemical criteria 
defined in the state water quality standards to provide an evaluation of protection of aquatic 
species (including salmonids) at the mixing zone boundaries. The bridge will discharge all 
stormwater into the stormwater lagoons in the SSPs, and this will necessitate designation of 
mixing zones at distances from the point of discharge (i.e., where lagoons open at the base of 
the pontoons below the surface of the water).  

• The water quality treatment storm volume is based on the SWMMWW definition and is as 
estimated by the National Resource Conservation Service (formerly SCS). The 6-month storm 
volume (72 percent of the 2-year volume) is used. 

• The portion of the bridge subject to the study is the roadway surface (vehicle lanes and 
shoulders) of the floating bridge. The proposed pedestrian/bicycle trail and pontoon deck 
were not considered to be pollution-generating, and were therefore not included in this 
analysis. 

Modeling Analyses of Stormwater Discharges 
The proposed stormwater drainage system for the replacement bridge is designed to discharge all 
runoff flows into the stormwater lagoons located inside of the SSPs (refer to Figure 2.1). Table 2.1 
provides a summary of the stormwater discharge system configurations and dimensions for three SSP 
lagoon sizes and for the Mid-Span and East Approach Span regions of the bridge. This water quality 
study evaluated discharges from the Mid-Span and East Approach Span regions of the bridge for their 
effect in the lagoons and the adjacent lake. 
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Stormwater Discharge Scenarios 

The proposed stormwater drainage system for the new floating portion of the Evergreen Point Bridge 
is designed to discharge all runoff into stormwater lagoons (referred to as “lagoons”) located in the 
SSPs. Stormwater from treatment catch basins or vaults on the bridge would be piped to discharge 
below the water surface inside the lagoons. The lagoon size (and number of lagoons) needed to 
receive the water quality treatment storm has been evaluated as part of this study for the two bridge 
regions (mid-span and approach regions).  

Three specific stormwater runoff scenarios were developed to represent a low-volume storm, a mean 
annual storm, and the water quality treatment storm. The low-volume storm is 10 percent of the 
discharge volume of the water quality treatment storm; this represents a dry season rainfall event. The 
mean annual storm is modeled to represent an average rainfall runoff event (approximately one-half 
inch of rainfall). The water quality design storm volume is the amount of runoff predicted from the 
6-month, 24-hour storm.  

As described in Section 2, flow rates were estimated in accordance with the SWMMWW water 
quality flow rate from the Western Washington Hydrology Model (WWHM) with its 15-minute time 
step. The stormwater quality design volumes (6-month, 24-hour storm) were calculated using the SCS 
Curve Number method (72 percent of the 2-year volume).  

Table 4.1 shows the stormwater runoff and discharge scenarios for the mid-span and east approach 
span regions of the bridge, and these apply for both catch basin and vault stormwater systems. Three 
incremental lagoon sizes have been evaluated for both mid-span and east approach regions of the 
bridge (referred to as lagoon size options), and there is an additional fourth option for the east 
approach region. The fourth option for the east approach region is the use of three lagoons to receive 
the stormwater runoff due to the large surface area and runoff volume. These scenarios have been 
used in the dilution modeling analyses for this water quality study. Table 4.1 also provides the 
dimensions of the lagoons and the volume-based dilution of the entire storm event flow in the lagoon. 
The total storm volumes have been used to calculate the volume-based dilutions in the lagoons. For all 
three stormwater runoff scenarios and all lagoon size options, the entire storm discharge volume is 
captured within the lagoons. It is also important to note that the lagoon depths (or drafts) used to 
calculate the lagoon volumes are the minimum lagoon depths, and therefore these are considered to 
provide a conservative representation of stormwater dilution in these lagoons.  

The SWMMWW defines the water quality treatment storm as the storm runoff flow that necessitates 
traditional volume-based BMPs. Flow above the water quality treatment storm cannot be expected to 
be effectively treated and further, the concentrations of runoff constituents rapidly decrease with 
increasing storm event volumes. Table 4.2 shows the stormwater runoff volumes predicted for non-
treatment storm events including 2-year, 10-year, 50-year, and 100-year return period storm events. 
Table 4.2 shows that all three potential lagoon sizes are sufficiently large to capture the entire 
stormwater runoff volumes for the mid-span bridge region. For the east approach region, only lagoon 
option 4 (with three lagoons) is sufficiently large enough to capture the entire stormwater runoff 
volumes for the 2-year, 10-year, and 50-year return period storm events. 



A
K

A
R

T
 a

nd
 W

at
er

 Q
ua

lit
y 

S
tu

di
es

 f
or

 S
R

 5
20

 R
ep

la
ce

m
en

t 
Fl

oa
ti

ng
 B

ri
dg

e 

34
 

C
H

A
P

T
E

R
 4

 W
A

T
E

R
 Q

U
A

LI
T

Y
 S

T
U

D
Y

 

Ta
bl

e 
4.

1 
S

to
rm

w
at

er
 R

un
of

f a
nd

 D
is

ch
ar

ge
 S

ce
na

rio
s 

fo
r D

ilu
tio

n 
M

od
el

in
g 

 

 B
rid

ge
 S

eg
m

en
t 

or
 C

at
ch

m
en

t  
La

go
on

 
Si

ze
 O

pt
io

n 
R

un
of

f S
ce

na
rio

 

To
ta

l V
ol

um
e 

pe
r S

to
rm

 
Ev

en
t (

ft3 )a  

D
im

en
si

on
s 

of
 C

on
ta

in
m

en
t L

ag
oo

n 
(ft

) 
Vo

lu
m

e-
B

as
ed

 
D

ilu
tio

n 
Fa

ct
or

 o
f 

To
ta

l S
to

rm
 F

lo
w

 
In

to
 L

ag
oo

nc  
Le

ng
th

 
W

id
th

 
D

ra
ft 

(ft
)b  

Vo
lu

m
e 

(ft
3 ) 

M
id

-S
pa

n 
(N

ea
r 

Su
pp

le
m

en
ta

l 
S

ta
bi

lit
y 

Po
nt

oo
ns

) 

1 
10

%
 W

Q
 T

re
at

m
en

t 
23

9 
29

 
16

 
21

 
9,

74
4 

41
 

 
M

ea
n 

An
nu

al
 S

to
rm

 
64

1 
29

 
16

 
21

 
9,

74
4 

15
 

 
W

Q
 T

re
at

m
en

t 
2,

38
9 

29
 

16
 

21
 

9,
74

4 
4 

 
2 

10
%

 W
Q

 T
re

at
m

en
t 

23
9 

29
 

18
 

21
 

10
,9

62
 

46
 

 
 

M
ea

n 
An

nu
al

 S
to

rm
 

64
1 

29
 

18
 

21
 

10
,9

62
 

17
 

 
 

W
Q

 T
re

at
m

en
t 

2,
38

9 
29

 
18

 
21

 
10

,9
62

 
5 

 
3 

10
%

 W
Q

 T
re

at
m

en
t 

23
9 

29
 

20
 

21
 

12
,1

80
 

51
 

 
 

M
ea

n 
An

nu
al

 S
to

rm
 

64
1 

29
 

20
 

21
 

12
,1

80
 

19
 

 
 

W
Q

 T
re

at
m

en
t 

2,
38

9 
29

 
20

 
21

 
12

,1
80

 
5 

E
as

t A
pp

ro
ac

h 
Sp

an
 

1 
10

%
 W

Q
 T

re
at

m
en

t 
1,

01
0 

29
 

16
 

21
 

9,
74

4 
10

 

 
M

ea
n 

An
nu

al
 S

to
rm

 
2,

71
1 

29
 

16
 

21
 

9,
74

4 
4 

 
 

W
Q

 T
re

at
m

en
t 

10
,0

99
 

29
 

16
 

21
 

9,
74

4 
1 

 
2 

10
%

 W
Q

 T
re

at
m

en
t 

1,
01

0 
29

 
18

 
21

 
10

,9
62

 
11

 

 
 

M
ea

n 
An

nu
al

 S
to

rm
 

2,
71

1 
29

 
18

 
21

 
10

,9
62

 
4 

 
 

W
Q

 T
re

at
m

en
t 

10
,0

99
 

29
 

18
 

21
 

10
,9

62
 

1 

 
3 

10
%

 W
Q

 T
re

at
m

en
t 

1,
01

0 
29

 
20

 
21

 
12

,1
80

 
12

 

 
 

M
ea

n 
An

nu
al

 S
to

rm
 

2,
71

1 
29

 
20

 
21

 
12

,1
80

 
4 

 
 

W
Q

 T
re

at
m

en
t 

10
,0

99
 

29
 

20
 

21
 

12
,1

80
 

1 



 
 

A
K

A
R

T
 a

nd
 W

at
er

 Q
ua

lit
y 

S
tu

di
es

 f
or

 S
R

 5
20

 R
ep

la
ce

m
en

t 
Fl

oa
ti

ng
 B

ri
dg

e 

C
H

A
P

T
E

R
 4

 W
A

T
E

R
 Q

U
A

LI
T

Y
 S

T
U

D
Y

 
35

 

Ta
bl

e 
4.

1 
S

to
rm

w
at

er
 R

un
of

f a
nd

 D
is

ch
ar

ge
 S

ce
na

rio
s 

fo
r D

ilu
tio

n 
M

od
el

in
g 

 

 B
rid

ge
 S

eg
m

en
t 

or
 C

at
ch

m
en

t  
La

go
on

 
Si

ze
 O

pt
io

n 
R

un
of

f S
ce

na
rio

 

To
ta

l V
ol

um
e 

pe
r S

to
rm

 
Ev

en
t (

ft3 )a  

D
im

en
si

on
s 

of
 C

on
ta

in
m

en
t L

ag
oo

n 
(ft

) 
Vo

lu
m

e-
B

as
ed

 
D

ilu
tio

n 
Fa

ct
or

 o
f 

To
ta

l S
to

rm
 F

lo
w

 
In

to
 L

ag
oo

nc  
Le

ng
th

 
W

id
th

 
D

ra
ft 

(ft
)b  

Vo
lu

m
e 

(ft
3 ) 

E
as

t A
pp

ro
ac

h 
S

pa
n 

(C
on

t.)
 

4 
 

(3
 la

go
on

s)
 

10
%

 W
Q

 T
re

at
m

en
t 

1,
20

8 
87

 
20

 
21

 
36

,5
40

 
30

 

M
ea

n 
An

nu
al

 S
to

rm
 

3,
24

3 
87

 
20

 
21

 
36

,5
40

 
11

 

 
W

Q
 T

re
at

m
en

t 
12

,0
82

 
87

 
20

 
21

 
36

,5
40

 
3 

a 
To

ta
l f

lo
w

 v
ol

um
es

 fo
r e

ac
h 

st
or

m
 e

ve
nt

 w
er

e 
ca

lc
ul

at
ed

 u
si

ng
 th

e 
N

R
C

S
 (f

or
m

er
ly

 S
C

S
) M

et
ho

d 
 

b 
Th

e 
po

nt
oo

n 
dr

af
t (

la
go

on
 d

ep
th

 b
el

ow
 s

ur
fa

ce
) i

s 
21

 fe
et

 b
as

ed
 o

n 
in

fo
rm

at
io

n 
fro

m
 W

S
D

O
T 

en
gi

ne
er

s.
 (2

8 
fe

et
 d

ee
p 

w
ith

 7
 fe

et
 o

f f
re

eb
oa

rd
 =

 2
1 

fe
et

). 
 

c  D
ilu

tio
n 

va
lu

es
 a

ss
um

e 
en

tir
e 

st
or

m
 v

ol
um

e 
is

 re
ta

in
ed

 a
nd

 m
ix

ed
 in

to
 th

e 
co

nt
ai

nm
en

t l
ag

oo
n 

vo
lu

m
e,

 a
nd

 o
ne

 d
is

ch
ar

ge
 p

ip
e 

in
to

 e
ac

h 
la

go
on

.  

A
bb

re
vi

at
io

ns
:  

   
 a

vg
. =

 a
ve

ra
ge

  
   

 c
fs

 =
 c

ub
ic

 fe
et

 p
er

 s
ec

on
d 

   
 ft

3  =
 c

ub
ic

 fe
et

 
   

 N
o.

 =
  n

um
be

r 
   

 R
eq

'd
 =

 re
qu

ire
d 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  



A
K

A
R

T
 a

nd
 W

at
er

 Q
ua

lit
y 

S
tu

di
es

 f
or

 S
R

 5
20

 R
ep

la
ce

m
en

t 
Fl

oa
ti

ng
 B

ri
dg

e 

36
 

C
H

A
P

T
E

R
 4

 W
A

T
E

R
 Q

U
A

LI
T

Y
 S

T
U

D
Y

 

Ta
bl

e 
4.

2 
S

to
rm

w
at

er
 R

un
of

f a
nd

 D
is

ch
ar

ge
 S

ce
na

rio
s 

fo
r O

th
er

 P
ea

k 
S

to
rm

 E
ve

nt
s 

 

B
rid

ge
 S

eg
m

en
t o

r 
C

at
ch

m
en

t  

 
La

go
on

 
Si

ze
 

R
un

of
f S

ce
na

rio
 

To
ta

l V
ol

um
e 

pe
r S

to
rm

 
Ev

en
t (

ft3 )a  

D
im

en
si

on
s 

of
 C

on
ta

in
m

en
t L

ag
oo

n 
pe

r P
on

to
on

 
Se

ct
io

n 
(ft

) 
Vo

lu
m

e-
B

as
ed

 
D

ilu
tio

n 
Fa

ct
or

s 
of

 
To

ta
l S

to
rm

 F
lo

w
 

In
to

 L
ag

oo
nc  

Le
ng

th
 

W
id

th
 

D
ra

ft 
(ft

)b  
Vo

lu
m

e 
(ft

3 ) 

M
id

-S
pa

n 
(N

ea
r 

Su
pp

le
m

en
ta

l 
S

ta
bi

lit
y 

P
on

to
on

s)
 

1 
2-

yr
 R

et
ur

n 
Pe

rio
d 

3,
47

6 
29

 
16

 
21

 
9,

74
4 

2.
8 

 
10

-y
r R

et
ur

n 
Pe

rio
d 

5,
44

6 
29

 
16

 
21

 
9,

74
4 

1.
8 

 
25

-y
r R

et
ur

n 
Pe

rio
d 

6,
43

3 
29

 
16

 
21

 
9,

74
4 

1.
5 

 
 

10
0-

yr
 R

et
ur

n 
Pe

rio
d 

7,
97

2 
29

 
16

 
21

 
9,

74
4 

1.
2 

 
2 

2-
yr

 R
et

ur
n 

Pe
rio

d 
3,

47
6 

29
 

18
 

21
 

10
,9

62
 

3.
2 

 
 

10
-y

r R
et

ur
n 

Pe
rio

d 
5,

44
6 

29
 

18
 

21
 

10
,9

62
 

2.
0 

 
 

25
-y

r R
et

ur
n 

Pe
rio

d 
6,

43
3 

29
 

18
 

21
 

10
,9

62
 

1.
7 

 
 

10
0-

yr
 R

et
ur

n 
Pe

rio
d 

7,
97

2 
29

 
18

 
21

 
10

,9
62

 
1.

4 

 
3 

2-
yr

 R
et

ur
n 

Pe
rio

d 
3,

47
6 

29
 

20
 

21
 

12
,1

80
 

3.
5 

 
 

10
-y

r R
et

ur
n 

Pe
rio

d 
5,

44
6 

29
 

20
 

21
 

12
,1

80
 

2.
2 

 
 

25
-y

r R
et

ur
n 

Pe
rio

d 
6,

43
3 

29
 

20
 

21
 

12
,1

80
 

1.
9 

 
 

10
0-

yr
 R

et
ur

n 
Pe

rio
d 

7,
97

2 
29

 
20

 
21

 
12

,1
80

 
1.

5 

Ea
st

 A
pp

ro
ac

h 
Sp

an
 

1 
2-

yr
 R

et
ur

n 
Pe

rio
d 

14
,6

92
 

29
 

16
 

21
 

9,
74

4 
0.

7 

 
 

10
-y

r R
et

ur
n 

Pe
rio

d 
23

,0
18

 
29

 
16

 
21

 
9,

74
4 

0.
4 

 
 

25
-y

r R
et

ur
n 

Pe
rio

d 
27

,1
94

 
29

 
16

 
21

 
9,

74
4 

0.
4 

 
 

10
0-

yr
 R

et
ur

n 
Pe

rio
d 

33
,6

98
 

29
 

16
 

21
 

9,
74

4 
0.

3 

 
2 

2-
yr

 R
et

ur
n 

Pe
rio

d 
14

,6
92

 
29

 
18

 
21

 
10

,9
62

 
0.

7 

 
 

10
-y

r R
et

ur
n 

Pe
rio

d 
23

,0
18

 
29

 
18

 
21

 
10

,9
62

 
0.

5 

 
 

25
-y

r R
et

ur
n 

Pe
rio

d 
27

,1
94

 
29

 
18

 
21

 
10

,9
62

 
0.

4 



 
 

A
K

A
R

T
 a

nd
 W

at
er

 Q
ua

lit
y 

S
tu

di
es

 f
or

 S
R

 5
20

 R
ep

la
ce

m
en

t 
Fl

oa
ti

ng
 B

ri
dg

e 

C
H

A
P

T
E

R
 4

 W
A

T
E

R
 Q

U
A

LI
T

Y
 S

T
U

D
Y

 
37

 

Ta
bl

e 
4.

2 
S

to
rm

w
at

er
 R

un
of

f a
nd

 D
is

ch
ar

ge
 S

ce
na

rio
s 

fo
r O

th
er

 P
ea

k 
S

to
rm

 E
ve

nt
s 

 

B
rid

ge
 S

eg
m

en
t o

r 
C

at
ch

m
en

t  

 
La

go
on

 
Si

ze
 

R
un

of
f S

ce
na

rio
 

To
ta

l V
ol

um
e 

pe
r S

to
rm

 
Ev

en
t (

ft3 )a  

D
im

en
si

on
s 

of
 C

on
ta

in
m

en
t L

ag
oo

n 
pe

r P
on

to
on

 
Se

ct
io

n 
(ft

) 
Vo

lu
m

e-
B

as
ed

 
D

ilu
tio

n 
Fa

ct
or

s 
of

 
To

ta
l S

to
rm

 F
lo

w
 

In
to

 L
ag

oo
nc  

Le
ng

th
 

W
id

th
 

D
ra

ft 
(ft

)b  
Vo

lu
m

e 
(ft

3 ) 

E
as

t A
pp

ro
ac

h 
S

pa
n 

(C
on

t.)
 

2 
(C

on
t.)

 
10

0-
yr

 R
et

ur
n 

Pe
rio

d 
33

,6
98

 
29

 
18

 
21

 
10

,9
62

 
0.

3 

3 
2-

yr
 R

et
ur

n 
Pe

rio
d 

14
,6

92
 

29
 

20
 

21
 

12
,1

80
 

0.
8 

 
 

10
-y

r R
et

ur
n 

Pe
rio

d 
23

,0
18

 
29

 
20

 
21

 
12

,1
80

 
0.

5 

 
 

25
-y

r R
et

ur
n 

Pe
rio

d 
27

,1
94

 
29

 
20

 
21

 
12

,1
80

 
0.

4 

 
 

10
0-

yr
 R

et
ur

n 
Pe

rio
d 

33
,6

98
 

29
 

20
 

21
 

12
,1

80
 

0.
4 

 
4 

   
   

   
(3

 
La

go
on

s)
 

2-
yr

 R
et

ur
n 

Pe
rio

d 
17

,5
77

 
87

 
20

 
21

 
36

,5
40

 
2.

1 

 
10

-y
r R

et
ur

n 
Pe

rio
d 

27
,5

38
 

87
 

20
 

21
 

36
,5

40
 

1.
3 

 
25

-y
r R

et
ur

n 
Pe

rio
d 

32
,5

33
 

87
 

20
 

21
 

36
,5

40
 

1.
1 

 
 

10
0-

yr
 R

et
ur

n 
Pe

rio
d 

40
,3

14
 

87
 

20
 

21
 

36
,5

40
 

0.
9 

a  T
ot

al
 fl

ow
 v

ol
um

es
 fo

r e
ac

h 
st

or
m

 e
ve

nt
 w

er
e 

ca
lc

ul
at

ed
 u

si
ng

 th
e 

N
R

C
S

 (f
or

m
er

ly
 S

C
S

) M
et

ho
d 

b 
Th

e 
po

nt
oo

n 
dr

af
t (

la
go

on
 d

ep
th

 b
el

ow
 s

ur
fa

ce
) i

s 
21

 fe
et

 b
as

ed
 o

n 
in

fo
rm

at
io

n 
fro

m
 W

S
D

O
T 

en
gi

ne
er

s.
 (2

8 
fe

et
 d

ee
p 

w
ith

 7
 fe

et
 o

f f
re

eb
oa

rd
 =

 2
1 

fe
et

). 
 

c  D
ilu

tio
n 

va
lu

es
 a

ss
um

e 
en

tir
e 

st
or

m
 v

ol
um

e 
is

 re
ta

in
ed

 a
nd

 m
ix

ed
 in

to
 th

e 
co

nt
ai

nm
en

t l
ag

oo
n 

vo
lu

m
e,

 a
nd

 o
ne

 d
is

ch
ar

ge
 p

ip
e 

in
to

 e
ac

h 
la

go
on

. 

A
bb

re
vi

at
io

ns
: 

   
 E

co
lo

gy
 =

 W
as

hi
ng

to
n 

S
ta

te
 D

ep
ar

tm
en

t o
f E

co
lo

gy
  

   
 ft

3  =
 c

ub
ic

 fe
et

 
   

 S
C

S
 =

 S
oi

l C
on

se
rv

at
io

n 
S

er
vi

ce
 

   
 W

S
D

O
T 

= 
W

as
hi

ng
to

n 
S

ta
te

 D
ep

ar
tm

en
t o

f T
ra

ns
po

rta
tio

n 
   

 W
W

H
M

 =
 W

es
te

rn
 W

as
hi

ng
to

n 
H

yd
ra

ul
ic

 M
an

ua
l 

 



AKART and Water Quality Studies for SR 520 Replacement Floating Bridge 

38 CHAPTER 4 WATER QUALITY STUDY 

Discharge Modeling 

Geometry and Processes 

The stormwater lagoons in the SSPs of the replacement bridge present a somewhat unique condition 
for discharge modeling, with mixing processes involving several active and passive stages. The 
mixing process stages are described in this section and a schematic of the mixing processes is 
presented in Figure 4.1. There are essentially three regions where several mixing processes will occur: 
(1) within the lagoon, (2) at the interface of the lagoon bottom and the lake, and (3) between the 
interface region and the defined mixing zone boundary. Figure 4.2 provides a schematic plan view of 
the bridge layout with main pontoon and SSPs (with stormwater lagoons) for the mid-span bridge 
regions.  

The stormwater constituents in the bridge deck runoff will be treated for solids (particulates) removal 
and then discharged directly into the lagoons. The stormwater discharges into each lagoon will be 
conveyed directly below the lagoon surface through an 8-inch or larger vertical pipe. The vertical drop 
from catch basins or vaults under the roadway deck to the pipe terminus below the water surface will 
range from 20 feet to 30 feet in sections of the bridge. These significant distances will create a 
gravity-induced discharge jet velocity for the stormwater discharged into the lagoons. This discharge 
jet velocity will provide immediate turbulent mixing of stormwater with lagoon water. In addition, the 
density differences between stormwater and lagoon water will enable entrainment of lagoon water 
into the stormwater (dilution), as well as density-driven diffusion in the lagoon. The lagoon depths 
(pontoon drafts) will be a minimum of 21 feet, and greater with the bridge loaded. The vertical 
discharge velocities will not be sufficient for the discharge plume to reach the bottom of the lagoon 
immediately.  

Stormwater discharged into the lagoons will rapidly mix with the waters near the pipe ends, and will 
gradually diffuse throughout the entire contained volume through density-driven diffusion. At the 
same time that stormwater is discharged into the lagoon, water at the bottom of the lagoon will be 
displaced out the bottom of the lagoon and drawn into the ambient lake transport currents. The greater 
the discharge flow into the lagoons, the higher the displacement of lagoon water. Further, the higher 
the storm event winds, the higher the lake transport currents. Lake currents traveling across the base 
of the main pontoons will also generate turbulent flows or eddies across the bottom of the lagoons, 
and these will increase mixing and displacement (refer to Figure 4.1). The lagoon water displaced or 
exiting the lagoon by turbulent mixing and diffusion will be rapidly diluted with the background lake 
water; the area where this dilution occurs is referred to as the interface region. Because the lagoons 
are positioned perpendicular to the lake axis, the predominant lake currents will transport the diluted 
“plume” in a fashion similar to what is referred to as a “line plume” in dilution modeling. However, 
the line plume will be subject to turbulent mixing and vertical diffusion (downward) upon exiting the 
lagoon.  

Ambient current measurements were recorded in Lake Washington as part of the King County 
Department of Natural Resources (KCDNR) monitoring program in 2003 and 2004. As part of this 
program, current, temperature, and fluorescence (chlorophyll a) profiles were measured at several 
stations in the north, central, and south basins of Lake Washington. One of the stations located in the 
central basin was at mid-span of the SR 520 floating bridge. A Sontek 1,500-kilohertz Acoustic 
Doppler Profiler was attached to the bridge and oriented in a downward direction. These data were 
recorded along with atmospheric observations (i.e., wind speed, direction, and air temperature) 
collected by WSDOT at a station located on the I-90 floating bridge. KCDNR provided the raw and  
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unpublished current and wind data for use in the modeling. Appendix H includes a summary table and 
figures representing the current data at mid-span of the SR 520 floating bridge during March 2003, 
and these data have been used to represent average lake currents during wet season conditions.  

The dilutions predicted at the lagoon interface with the lake are based on dilution modeling of the 
lagoon discharge into the lake water, and these represent the dilutions at a distance of 5 feet from the 
lagoon opening. EPA’s model (UOUTPLM) was used to model a representation of the vertical 
discharge from the lagoon into the lake. Since ambient lake currents under the bridge pontoons will 
essentially draw the stormwater discharge plume out of the lagoon along a portion of the opening, an 
equivalent port area equal to 30 percent of the total opening was assumed in the model. This 
representation of the initial discharge provides conservative dilution predictions (underestimate actual 
turbulent mixing processes and rates). 

Beyond the interface region (first 5 to 10 feet), the diluting plume will be subject to vertical mixing 
and diffusion. Since the plume is discharged at a minimum depth of 21 feet below the lake surface 
from the bottom of the bridge pontoon, the primary vertical mixing will be downward until the outer 
edge of the pontoon is reached. The greater the difference in density between the plume and the 
background lake water, the greater the rate of vertical mixing. A modification of the Brooks method 
to include vertical diffusion has been developed and applied in specific cases without vertical 
confinement, such as this project. This formulation has been incorporated into an Excel spreadsheet 
application by CH2M HILL and refined for application to near-surface or submerged plumes. The 
formulation, consistent with the Brooks method, assumes a discharge line source of constant strength. 
The model accounts for vertical diffusion by applying a non-dimensional concentration reduction factor 
based on a Fickian diffusion coefficient (Kv). The lateral and vertical dispersion coefficients applied in 
modeling were developed through large-scale field dye tracer studies conducted in Lake Washington in 
1974 and 1975 (CH2M HILL 1974 and 1975). The lagoon interface mixing and vertical mixing model 
approach and model input/output have been included in Appendix G. 

Modeling Results 

Table 4.3 presents dilution modeling results for the three storm runoff phases for both the mid-span 
and east approach span regions of the bridge. Three lagoon sizes have been evaluated for both mid-
span and east approach regions of the bridge (referred to as lagoon size options), as well as an 
additional fourth option for the east approach region (three lagoons). Within the lagoons, dilutions are 
shown for three phases during a storm event: after 25, 50, and 100 percent of the storm flow has 
mixed into the lagoon. This progressive series of dilutions in the containment lagoon shows the 
gradual decrease in constituent dilution until the storm event is concluded. The dilution results are the 
ratio of the receiving water to stormwater. For example, the results for the water quality treatment 
storm into mid-span lagoon size 3 shows the dilution inside the containment lagoon starting at 10:1 
and ending at 5:1 at the storm completion. The predicted dilutions are conservative since it assumes 
that none of the stormwater is lost from the lagoon. In actual conditions, the lagoon water displaced 
by the stormwater discharge would include an increasing portion of the stormwater that would mix 
and exit the lagoon during the storm event. 
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The dilutions predicted at the lagoon interface with the lake are based on dilution modeling of the 
lagoon discharge into the lake water, and these represent the dilutions at a distance of 5 feet from the 
lagoon opening. The model prediction of this interface mixing process using average currents yields a 
dilution factor of 1.2, which is a very conservative value since it does not account for turbulent 
mixing. Following the immediate mixing at the interface region (5 to 10 feet from edge of lagoon 
opening), the vertical mixing process and diffusion expand the plume downward. The 50-foot distance 
to a proposed mixing zone boundary is assumed in this analysis, and this represents a minimal mixing 
zone distance. 

Predicted total dilution at the mixing zone boundary (50 feet from the lagoon) for the water quality 
treatment storm event ranges from 37 to 46 for mid-span lagoon sizes 1 to 3 (Table 4.3). Predicted 
total dilution at the mixing zone boundary for the water quality treatment storm event ranges from 9 to 
11 for the east approach lagoon sizes 1 to 3 (Table 4.3). For option lagoon size 4 (3 lagoons), the 
predicted total dilution at the mixing zone boundary for the water-quality treatment storm event is 27 
for the east approach. These results indicate that the three-lagoon option is necessary for the east 
approach to have dilutions comparable to the mid-span region. The following sections on water 
quality evaluation will discern the appropriate lagoon size for the regions.  

Mixing Zones 

Based on the dilution modeling analyses developed in this water quality study, the replacement bridge 
for SR 520 will require defined mixing zones for acute and chronic criteria compliance to address 
stormwater treatment upset conditions and maximum storm flow loads. In accordance with WAC 
173-201A-100(10)(b), the WSDOT replacement bridge would qualify for an exemption to the 
numeric size criteria for lake mixing zones. Ecology could permit mixing zones for the replacement 
bridge if the following are demonstrated to Ecology satisfaction: 

“(i) All appropriate best management practices established for stormwater pollutant control 
have been applied to the discharge; [recognizing floating bridge constraints] 

(ii) The proposed mixing zone shall not have a reasonable potential to result in a loss of 
sensitive or important habitat, substantially interfere with the existing or characteristic uses of 
the water body, result in damage to the ecosystem, or adversely affect public health as 
determined by the department; and  

(iii) The proposed mixing zone shall not create a barrier to the migration or translocation of 
indigenous organisms to a degree that has the potential to cause damage to the ecosystem. 

The analyses presented in this water quality report show that the acute and chronic criteria can be met 
through the application of the selected AKART stormwater treatment alternative and reasonably small 
areas for acute and chronic mixing zones. Figure 4.3 provides a schematic section view of the 
replacement SR 520 floating bridge, including the main pontoon, the supplemental stability pontoons 
with enclosed lagoons, and the proposed acute and chronic mixing zone boundaries. The proposed 
stormwater chronic mixing zone is a 50-foot distance from each side of the lagoon opening. The 
location and size of a proposed zone of acute criteria exceedance would extend a distance of 5 feet 
from each side of the bottom edge of the lagoon openings (Figure 4.3). The mixing zones are shown 
in Figure 4.3, and these depict the full radius of the mixing zones for each lagoon; however, the 
ambient currents will transport the discharge plume to one side (north or south) of the bridge lagoons 
depending on the wind and current conditions. Typical wet weather event are accompanied by winds  
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from the southwest, and these winds would transport the stormwater discharge plumes to the 
northeast.  

Discharge Water Quality Evaluation 
The stormwater runoff data, background receiving water data, and dilution modeling results are 
applied in this section to evaluate the stormwater discharge compliance with acute and chronic criteria 
for the protection of aquatic life in Lake Washington. 

Stormwater Runoff and Background Data 

Stormwater Event Concentrations 

As described in Section 2, stormwater runoff discharge concentrations have been developed based on 
available data and FHWA protocols for highway runoff and the stormwater runoff chemistry data 
(Herrera, 2009; and Kayhanian, 2002). The stormwater EMC plus one standard deviation values for 
copper, lead, and zinc have been used to represent the bridge stormwater discharge concentrations in 
this study. These are considered to be reasonable and conservative metals estimates. The available 
database of stormwater cadmium values is more limited than for other constituents, and to be 
conservative the maximum cadmium value from the Caltrans highway stormwater runoff data was 
used. The stormwater runoff discharge concentrations used in this study are listed below: 

• Cadmium: 1.3 micrograms per liter (µg/L) 
• Copper: 43.5 µg/L 
• Lead: 66 µg/L 
• Zinc: 270.1 µg/L 

Background Lake Washington Data 

KCDNR has conducted substantial and detailed water quality sampling throughout Lake Washington. 
Three of the KCDNR routine sampling sites are located in the central basin of the lake and away from 
shoreline runoff sources: one is north of the I-90 bridge (Site 890), another is north of the elevated 
structure on the Evergreen Point bridge (Site 852), and the other is located off Sand Point (Site 826). 
Seasonal sampling at these sites has included water column vertical profile measurements and water 
samples at surface, middle, and near-bottom depths for nutrients, metals, and chlorophyll. Ambient 
monitoring data for autumn 2000 (dry season) and winter 2001 (wet season) were provided by 
KCDNR. Metals data (total and dissolved) for these three sampling sites in central basin of Lake 
Washington are summarized in Appendix H of this report. The median total metals data have been 
used in this evaluation to represent background metals concentrations in the lake because these total 
metals data represent the highest potential metals concentration and not just the bioavailable dissolved 
fraction. The total metals values that were used in this analysis and assumed to be dissolved metals 
values are listed below along with the actual dissolved metals concentrations measured by KCDNR: 

• Total cadmium—0.01 µg/L; dissolved cadmium—0.01 µg/L 
• Total copper—0.99 µg/L; dissolved copper—0.86 µg/L 
• Total lead—0.025 µg/L; dissolved lead—0.025 µg/L 
• Total zinc—0.7 µg/L; dissolved zinc—0.7 µg/L 
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Stormwater Discharge Evaluations  

Stormwater constituent metals of concern include cadmium, copper, lead, and zinc. These metals have 
various sources from roadway vehicular traffic. Stormwater runoff metals concentrations have been 
applied in a series of spreadsheets to calculate the metals concentrations predicted within the 
containment lagoons for bridge alternatives, and at selected distances away from the containment 
lagoon. This screening level evaluation applies the dilution predictions developed in the previous 
sections. Stormwater treatment of the bridge runoff was assumed to be Alternative 4 (high-efficiency 
sweeping and modified catch basin/cleaning) shown in Table 3.2. Background metals data for Lake 
Washington have been added to the stormwater runoff concentration to represent the combined 
concentration.  

Stormwater runoff discharge concentrations have been evaluated using dissolved metals data, since 
the ambient water quality criteria for the protection of aquatic organisms are based on dissolved 
metals. The acute and chronic chemical criteria have been calculated using the method defined in 
WAC 173-201A-040, assuming the minimum ambient lake water hardness of 38 milligrams per liter 
(mg/L). These calculated acute and chronic criteria for cadmium, copper, lead, and zinc have been 
compared directly with the predicted metals concentrations within the lagoons for the bridge 
alternatives, and at selected distances away from the lagoons.  

Cadmium 

EPA published a 2001 Update of Ambient Water Quality Criteria for Cadmium (EPA 2001). This 
new document specifies lower acute and chronic criteria for the protection of aquatic life than the 
existing acute and chronic chemical criteria defined in the Surface Water Quality Standards for 
Washington (WAC 173-201A-040). EPA’s new criteria will become part of the state water quality 
standards by direct incorporation or by default in future years. Both the existing criteria in the state 
water quality standards and the new EPA cadmium criteria have been presented in Table 4.4 to assess 
current and future compliance with cadmium criteria. 

The predicted cadmium concentrations following discharge to the lagoons are summarized in 
Table 4.4. These results show that for the mid-span region of the bridge the predicted dissolved 
cadmium runoff concentrations from the water quality treatment storm could result in concentrations 
less than either existing or the EPA-revised acute and chronic criteria. For the east approach span, 
these results show that with lagoon size 3 or option 4 (three lagoons), the predicted dissolved 
cadmium concentrations would be below the existing acute and chronic criteria at the acute zone 
boundary. Table 4.4 shows that the predicted cadmium concentrations at 5 feet beyond the lagoon and 
50 feet beyond the lagoon would be less than both acute and chronic criteria with the application of 
the largest lagoon size and the three-lagoons option for the east approach span. 

Copper 

Copper concentrations following discharge to the lagoons and beyond the lagoons are summarized in 
Table 4.5. These analyses show that the copper concentrations from the water quality treatment storm 
would not exceed either the acute or chronic criteria for copper for any of the lagoon sizes in the mid-
span bridge region. For the east approach region, these analyses show that the water quality treatment 
storm flows would exceed acute and chronic criteria for copper at the acute zone distance, except with 
the three lagoon option (Option 4).  
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Table 4.5 also shows that the predicted copper concentrations would diminish rapidly at 5 feet and 50 
feet beyond the lagoon, and the copper concentrations would meet acute and chronic criteria for all 
discharge scenarios with the large lagoons and the use of the three-lagoon option 4 for the east 
approach region. 

Lead 

Predicted lead concentrations following discharge to the lagoons are summarized in Table 4.6. These 
analyses show that the acute criteria for lead would not be exceeded under any of the storm flow 
scenarios. The stormwater runoff concentrations of lead could exceed the chronic criteria inside the 
lagoons at mid-span and east approach regions of the bridge with water quality treatment storm flows 
and partial storm flows. Any of the three lagoon sizes is sufficient in the mid-span region for the 
discharges to meet the acute and chronic criteria for lead. For the east approach region, these analyses 
show that the large lagoon size or three-lagoon option (option 4) are necessary for the water quality 
treatment storm flows to meet chronic criteria for lead at the mixing zone boundary.  

Zinc 

Zinc concentrations following discharge to the lagoons are summarized in Table 4.7. These analyses 
show that the water quality treatment storm flows into the mid-span lagoons would not exceed acute 
and chronic criteria for zinc. For the east approach region, these analyses show that the three-lagoon 
option (option 4) is necessary for the water quality treatment storm flows to meet acute criteria for 
zinc at the acute zone boundary (5 feet). These results also show that the chronic criteria for zinc can 
be achieved with all lagoon size options.  

Lagoon Plume Overlap 

The SSPs with stormwater lagoons will be located on opposite sides of the main bridge pontoon, 
located north and south of each other with greater than 100 feet of separation (refer to Figures 4.2 and 
4.3). Plumes of stormwater mixed with lake water will be transported away from each SSP lagoon by 
lake currents that are predominantly wind-driven during rainfall events. Winds during rainfall events 
are typically from the southwest causing the lagoon stormwater plumes to be transported northeast 
away from the floating bridge. However, there is potential for some periods of time that the plumes 
from one stormwater lagoon could be transported in a direction that would overlap with some portion 
of the nearest stormwater lagoon. The potential effect of lagoon plume overlap has been evaluated 
assuming complete overlap of one lagoon stormwater plume with another, which is the most 
conservative representation.  

Stormwater runoff metals concentrations discharged from an up-current SSP lagoon and mixed over a 
distance of 100 feet were applied as the background metals concentration for the down-current SSP 
lagoon, and the results at the down-current SSP lagoon mixing zone (50 feet from lagoon), were 
evaluated. The results of these analyses for the mid-span large lagoon size and the east approach 3 
large lagoons are as follows: cadmium, no increase; copper, 1% greater at mid-span and 2.5% greater 
at east approach; lead, <1% greater at mid-span and 2.4% greater at east approach; and zinc, <1% 
greater at mid-span and 1.8% greater at east approach. None of the changes in mixed stormwater 
concentrations of dissolved metals assuming a complete plume overlap causes the acute or chronic 
water quality criteria for the protection of aquatic organisms to be exceeded. Therefore, lagoon plume 
overlap does not cause a risk for violation of water quality standards in Lake Washington. 
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Review of Stormwater Runoff and AKART Treatment Effectiveness 

A series of analyses have been developed in this section to delineate clearly where the stormwater 
discharge meets water quality criteria both with and without the application of the four AKART 
treatment alternatives and for dissolved metals in the stormwater discharge. These analyses have been 
developed using the discharge flows and dilutions for the water quality treatment storm assuming the 
large lagoon size is applied at mid-span and the three large lagoons are applied for the east approach 
region. In addition, an analysis has been developed that provides a direct comparison of the estimated 
loading rates of pollutants for the existing SR 520 bridge with the proposed replacement bridge 
alternatives, using equivalent bridge section lengths. 

As a first step in the evaluation of stormwater runoff treatment requirements and effectiveness needed 
to meet the state water quality standards, a screening analysis was prepared for the discharge of 
untreated stormwater runoff from the proposed replacement bridge (Table 4.8). The screening 
analyses for untreated stormwater were developed using the discharge flows and dilutions for the 
water quality treatment storm and the largest stormwater lagoon sizes.  

Table 4.8a shows the acute and chronic water quality criteria, and Table 4.8b summarizes the 
dissolved metals concentrations in the untreated stormwater runoff, in the discharge pipe entering the 
mid-span large lagoon, in the mid-span large lagoon (at the end of the storm event), at the proposed 
acute mixing zone boundary (5 feet beyond the bottom of the lagoon opening), and at the proposed 
chronic mixing zone boundary (50 feet beyond the lagoon opening). The shaded cells in Table 4.8b 
identify those metals and locations that do not meet water quality criteria, and the unshaded cells 
represent attainment of the water quality criteria. The screening evaluation results show that the 
untreated stormwater runoff levels of copper and zinc could meet the acute and chronic water quality 
criteria after mixing in the lagoon, and that cadmium (assuming future criteria) and lead could meet 
the acute and chronic water quality criteria with the dilutions achieved at the acute and chronic mixing 
zone distances. 

Table 4.8c represents the east approach region of the bridge with three large lagoonsthis table 
summarizes the dissolved metals concentrations in the untreated stormwater runoff, in the discharge 
pipe entering the large lagoons, in the large lagoons (at the end of the storm event), at the proposed 
acute mixing zone boundary (5 feet beyond the bottom of the lagoon opening), and at the proposed 
chronic mixing zone boundary (50 feet beyond the lagoon opening). The shaded cells in Table 4.8c 
identify those metals and locations that do not meet water quality criteria, and the unshaded cells 
represent attainment of the water quality criteria. This screening evaluation shows that the untreated 
stormwater runoff levels of copper and zinc could not meet the acute and chronic water quality criteria 
after mixing in the lagoon, and that cadmium (assuming future criteria) could meet the acute and 
chronic water quality criteria with the dilutions achieved at the acute zone distance. 

AKART Alternatives Treatment Effectiveness and Water Quality Criteria 

Dissolved metals are the bioavailable form of metals in water, and the acute and chronic criteria for 
the protection of aquatic organisms are based on dissolved metals. An analysis was developed to 
focus specifically on the dissolved metals portion of stormwater runoff. The partitioning of metals in 
highway runoff has been presented in the WSDOT stormwater data (Herrera 2009), in the Caltrans 
2000-2002 study (Kayhanian et. al. 2002), and in a technical report developed by the U.S. Geological 
Survey (Breault and Granato 2000). The WSDOT and Caltrans studies report both dissolved and total 
metals concentrations for the stormwater runoff samplings. The percent dissolved metals to total  



Cadmium Copper Lead Zinc
WA WQ Standards (Present Criteria) Acute 1.3 6.84 22.20 50.41

Chronic 0.5 4.97 0.87 46.04
EPA Revised Standards (Future Criteria) Acute 0.83
Applies only to cadmium Chronic 0.13

Cadmium 
(present 
criteria)

Cadmium
 (future criteria) Copper Lead Zinc

Stormwater Runoff concentration a 0.70 0.70 10.00 9.24 93.0
At Discharge Pipe to Spill Control Lagoon 0.70 0.70 10.0 9.24 93.0
In Spill Control Lagoon
(at end of WQ Treatment Storm event)
At Acute Zone Boundaryc

(located 5 ft beyond lagoon boundary)
At Mixing Zone Boundaryc

(located 50 ft beyond lagoon boundary)

Coding
Does not meet Acute Water Quality Criteria (dissolved metals) X.X
Does not meet Chronic Water Quality Criteria (dissolved metals) X.X

a  Source: (Kayhanian,  2002) and (Herrera, 2009). 
b Large lagoon size (20' wide, 29' long, 21' depth) selected for mid-span of bridge.   
c Dilution assumes 6-lane bridge configurtion during WQ Treatment Storm Event where all stormwater is conveyed to spill lagoon.   
  Dilution factor of 5 in the spill control lagoon, 6 at the acute zone boundary, and 46 at the mixing zone boundary

Cadmium 
(present 
criteria)

Cadmium
 (future criteria) Copper Lead Zinc

Stormwater Runoff a 0.70 0.70 10.00 9.24 93.0

At Discharge Pipe to Spill Control Lagoon 0.70 0.70 10.0 9.24 93.0
In Spill Control Lagoon
(at end of WQ Treatment Storm event)
At Acute Zone Boundaryc

(located 5 ft beyond lagoon boundary)
At Mixing Zone Boundaryc

(located 50 ft beyond lagoon boundary)

Coding
Does not meet Acute Water Quality Criteria (dissolved metals) X.X
Does not meet Chronic Water Quality Criteria (dissolved metals) X.X

a  Source: (Kayhanian,  2002) and (Herrera, 2009). 
b Large lagoon size (20' wide, 29' long, 21' depth) selected for East-approach of bridge & three lagoons will be used to capture stormwater in this region.   
c Dilution assumes 6-lane bridge  configurtion during WQ Treatment Storm Event where all stormwater is conveyed to three spill lagoons.   
  Dilution factor of 3 in the spill control lagoon, 4 at the acute zone boundary, and 27 at the mixing zone boundary

Table 4.8a

Table 4.8b

Dissolved Metal Concentration, µg/L

Summary of Dissolved Metals in Stormwater Runoff with No Treatment - Mid-Span & Large Lagoonb

Water Quality Criteria for Dissolved Metals (at Critical Receiving Water Condition)

Dissolved Metal Concentration, µg/L
 (No Treatment Applied)

Location of Pollutant Concentration

2.00.14 0.14 1.85 18.6

2.00.20

0.23 3.3

Summary of Dissolved Metals in Stormwater Runoff with No Treatment - East Approach Span & Large Lagoonb

3.1

Location of Pollutant Concentration

Dissolved Metal Concentration, ug/L
 (No Treatment Applied)

31.00.23

Table 4.8c

1.7

0.02 0.220.02

0.12 0.12 15.51.54

2.3 23.3

0.03 0.03 0.37 0.3 3.4

2.50.18 0.18



AKART and Water Quality Studies for SR 520 Replacement Floating Bridge 

CHAPTER 4 WATER QUALITY STUDY 55 

metals in the WSDOT study data are copper 23 percent and zinc 34 percent. The percent dissolved 
metals to total metals in the Caltrans study are cadmium 57 percent and lead 14 percent. When these 
dissolved/total metals ratios are compared to a wide range of stormwater studies reviewed in the U.S. 
Geological Survey report (Breault and Granato 2000), these ratios prove to be mid-range for each 
metal. Therefore, these dissolved to total metals ratios are a good representation of average 
stormwater metals. Table 4.9 presents a series of five tables (4.9a, 4.9b, 4.9c, 4.9d, and 4.9e) that have 
been used to calculate the estimated dissolved metals concentrations in the stormwater runoff using 
the estimated dissolved metals fraction in runoff and average dissolved metals treatment removal 
efficiencies for the four AKART alternatives. Table 4.9a shows the acute and chronic water quality 
criteria. Table 4.9b applies the measured percent dissolved metals to total metals to calculate the 
dissolved metals concentration assumed in the stormwater runoff. Table 4.9c lists dissolved metals 
removal efficiencies for each AKART treatment alternative, and these range from zero removal for 
Alternatives 3 and 4, to 15 or 16 percent removal for Alternatives 1 and 2. These estimates of 
dissolved metals concentrations and removal efficiencies were applied to calculate the dissolved 
metals concentrations in the stormwater runoff for the water quality treatment storm.  

Table 4.9d (mid-span region) and 4.9e (east approach region) summarizes the calculated dissolved 
metals concentrations in the untreated stormwater runoff, in the discharge pipe entering the lagoons 
(immediately following treatment), in the lagoons (at the end of the storm event), at the proposed 
acute mixing zone boundary (5 feet beyond the bottom of the lagoon opening), and at the proposed 
chronic mixing zone boundary (50 feet beyond the lagoon opening). These analyses assume that the 
large lagoon size is applied at mid-span and the three large lagoons are applied for the east approach 
region.  

The shaded cells in Table 4.9d (mid-span region) identify the metals and locations that do not meet 
the acute or chronic water quality criteria, and the unshaded cells represent attainment of the water 
quality criteria. These results demonstrate that once the dissolved metals in the stormwater runoff 
have been treated on the bridge (applying any of the four treatment alternatives) and discharged into 
the lagoon, then the dissolved metals are estimated to be below the acute criteria level in all cases and 
below the chronic criteria level for all metals except cadmium (future criteria) and lead. At the 
proposed acute zone boundary all dissolved metals are calculated to meet the acute and chronic 
criteria.  

The shaded cells in Table 4.9e (east approach region) identify the metals and locations that do not 
meet the acute or chronic water quality criteria, and the unshaded cells represent attainment of the 
water quality criteria. These results demonstrate that once the dissolved metals in the stormwater 
runoff have been treated (applying any of the four treatment alternatives) and discharged into the spill 
containment lagoon, then the dissolved metals are estimated to be below the acute criteria level in all 
cases and below the chronic criteria level for all metals except cadmium (future criteria) and lead. At 
the proposed acute zone boundary, all dissolved metals are calculated to meet the acute criteria, and at 
the proposed chronic zone boundary all dissolved metals would meet the chronic criteria.  
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Comparison of Stormwater Loading Rates – Existing and Future 

An analysis has been developed that provides a direct comparison of the estimated loading rates of 
pollutants for the existing SR 520 floating bridge compared with the proposed replacement bridge 
alternatives. This analysis used equivalent bridge section lengths (540 feet) and bridge widths that 
were specific to the existing bridge and the 6-lane replacement bridge. The BMP removal efficiencies 
applied in this analysis assume bi-monthly conventional roadway sweeping on the existing SR 520 
Bridge, and the average removal for AKART Alternative 4 with the replacement bridge. Table 4.10 
shows the complete series of pollutant-loading calculations for this analysis and the bottom section of 
the table (annual mass loading) presents the results for TSS, oil and grease, and four metals.  

TSS in stormwater runoff from the existing SR 520 floating bridge is estimated at 200 lb/yr (per 
section) compared to 85 lb/yr for the 6-lane replacement bridge (Table 4.10). The estimated oil and 
grease loads are equal for the 6-lane replacement bridge compared to the existing SR 520 floating 
bridge. The estimated mass loads for cadmium, copper, and zinc do not show an increase for the 6-
lane replacement bridge compared to the existing SR 520 floating bridge. The estimated mass load for 
lead on the 6-lane replacement bridge shows a projected 50 percent decrease over the existing load on 
the existing SR 520 floating bridge. It is important to recognize that road surface area of the 6-lane 
replacement bridge is greater than the road surface area of the existing SR 520 floating bridge.  

These large increases in road surface areas with no increase in annual mass loadings illustrates the 
effectiveness of the proposed AKART Alternative 4 treatment measures. 

Conclusions 

The key objective of this water quality study was to provide an evaluation of the water quality of the 
stormwater runoff from a new bridge, and document whether the stormwater discharges are projected 
to meet state water quality standards. The conclusions of this study are as follows: 

• Stormwater lagoons in the replacement floating bridge designs will meet the high priority of 
roadway spill containment without compromising the bridge structural limitations. 

• Stormwater lagoons will provide a benefit in stormwater discharge management by capturing 
the runoff and then metering the diluted stormwater into the lake over time. 

• The largest lagoon size (20 feet x 29 feet) provides potentially greater benefit in the mid-span 
bridge region than the smaller-sized lagoons because of the additional containment volume 
and mixing of storm runoff. 

• Three of the largest lagoon sizes (20 feet x 29 feet) are preferred for the east approach region 
of the bridge because of the additional runoff volume from the approach roadway. 

• The result of the modeling analyses and discharge evaluations of key stormwater metals 
shows that copper and lead concentrations require the greatest treatment to meeting water 
quality standards, and these will require stormwater treatment as defined in the AKART 
evaluation as well as the application of acute and chronic mixing zones. 

• Acute and chronic criteria for metals can be met through the application of the selected 
AKART stormwater treatment alternatives and reasonably sized acute and chronic mixing 
zone regions, as proposed. 
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• The replacement bridge alternatives would have no increase in annual mass loadings of TSS 
and metals, compared to the existing SR 520 floating bridge, because of the effectiveness of 
the proposed AKART Alternative 4 treatment measures. 
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Chapter 5 Conclusions 

The four technology alternatives were compared for reasonableness (technical feasibility and cost- 
effectiveness). They are ranked as follows: 

• Alternative 4: High-efficiency sweeping and modified catch basin/cleaning 

• Alternative 3: Modified catch basins/cleaning (with conventional sweeping) 

• Alternative 2: Catch basin filtration (with conventional sweeping) 

• Alternative 1: Media filtration vaults and modified catch basins/cleaning (with conventional 
sweeping) 

Based on the ranking, Alternative 4 - High-Efficiency Sweeping and Modified Catch Basin/Cleaning 
is the technology proposed for the floating bridge. This alternative appears to offer the most 
reasonable technologies for addressing water quality on the floating bridge based on technical 
feasibility and cost effectiveness. Alternative 4 has the following benefits for the proposed floating 
bridge: 

• It can provide an effective level of water quality protection for sediments and metals. 

• Its implementation is more visually apparent. 

• It takes advantage of the bridge’s flat gutterlines, which make it possible to retain sediments 
for longer periods increasing the opportunity for their removal before they are discharged into 
catch basins. 

• It does not have an unreasonable or unknown level of risk associated with operation and 
maintenance—a characteristic of the other technologies. 

Since all treatment BMPs depend on good operational and maintenance to be effective, a site specific 
sweeping program will be developed for the bridge based on operational elements of sweeping 
frequency, sweeper driving paths and speeds to meet predictions in the AKART. The strategy will 
include a monthly sweeping frequency. This frequency may need to be adjusted depending upon local 
seasonal precipitation patterns, pollutant loads and monitoring results. 

The water quality study portion of this report concluded that: 

• Stormwater lagoons in the replacement floating bridge designs will meet the high priority of 
roadway spill containment without compromising the bridge structural limitations; 

• Stormwater lagoons will provide a benefit in stormwater discharge management by capturing 
the runoff and then metering the diluted stormwater into the lake over time; 

• The largest lagoon size (20 feet x 29 feet) provides potentially greater benefit in the mid-span 
bridge region than the smaller-sized lagoons, because of the additional containment volume 
and mixing of storm runoff; 

• Three of the largest lagoons (20 feet x 29 feet) are preferred for the east approach region of 
the bridge because of the additional runoff volume from the approach roadway; 
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• The result of the modeling analyses and discharge evaluations shows that copper and lead 
concentrations require treatment as defined in the AKART evaluation, as well as the 
application of acute and chronic mixing zones to meeting water quality standards; 

• Acute and chronic criteria for metals can be met through the application of the selected 
AKART stormwater treatment alternatives and reasonably sized acute and chronic mixing 
zone regions, as proposed; 

• The replacement 6-lane bridge would have no increase in annual mass loadings of TSS and 
metals, compared to the existing SR 520 floating bridge, because of the effectiveness of the 
proposed AKART Alternative 4 treatment measures. 



AKART and Water Quality Studies for SR 520 Replacement Floating Bridge 

CHAPTER 6 REFERENCES 65 

Chapter 6 References 

Blue Ribbon Panel. May 2, 1991. Investigation into the Sinking of the I-90 Lacey V. Murrow Bridge. 

Breault, Robert F. and Gregory E. Granato. 2000. A Synopsis of Technical Issues of Concern for 
Monitoring Trace Elements in Highway and Urban Runoff. Open File Report 00-422. U.S. Geological 
Survey. 

Caltrans (California Department of Transportation). 2002. BMP Retrofit Pilot Program. Report 
CTSW-RT-01-050. Sacramento, CA. April 2002. 

CH2M HILL. 1974(b). Stormwater Outfall Study of Lake Washington: Report on Circulation Studies 
and Water Quality Measurements at Four Proposed and One Existing Stormwater Outfall Sites Along 
the Western Shoreline of Lake Washington, 1 March 1973. Prepared for the City of Seattle, 
Washington. 

CH2M HILL. 1975. Water Circulation Studies of Lake Washington. Prepared for the City of Seattle, 
Municipality of Metropolitan Seattle, Washington. 

CH2M HILL. December 1994. AKART Analysis. Cadman, Inc. Bellevue, WA. 

CH2M HILL. October 1996. Engineering Report Treatment and Disposal of Process Wastewaters 
from Weyerhaeuser’s Raymond Operations. 

CH2M HILL. December 2001. Assessment of Impacts of Bridge Deck Runoff Contaminants in 
Receiving Waters. Final Report. Project 25-13. Prepared by CH2M HILL for the National 
Cooperative Highway Research Program.  

CH2M HILL. December 2001. Practitioner’s Handbook in Support of Assessment of Impacts of 
Bridge Deck Runoff Contaminants in Receiving Waters. Final Report. Project 25-13. Prepared by 
CH2M HILL for the National Cooperative Highway Research Program.  

CH2M HILL, 2002. AKART and Water Quality Studies for an SR 520 Replacement Floating Bridge. 
December 2002. 

CH2M HILL. 2006. Addendum to AKART and Water Quality Studies for SR 520 Replacement 
Floating Bridge. January 2006.  

City of Olympia. 2000.EV-1 Sweeper Issue Report. Prepared By Mark Blosser. Olympia, WA. May 
22, 2000. 

Ecology (Washington State Department of Ecology). 2001. Stormwater Management Manual for 
Western Washington (Publication numbers 99-11 to 99-15). Olympia, WA. August 2001. 

Ecology (Washington State Department of Ecology). 2005. General Use Level Designation For Basic 
(TSS) Stormwater Management, Inc.’s StormFilter. January, 2005. 

Ecology (Washington State Department of Ecology). 2005. Stormwater Management Manual for 
Western Washington Volume V Runoff Treatment BMPs. February 2005. 

FHWA (Federal Highway Administration). 1984. Sources and Migration of Highway Runoff 
Pollutants Volume III: Research Report. Publication No. FHWA/RD-84/059. May 1984. 

FHWA (Federal Highway Administration). 1985. Effects of Highway Runoff on Receiving Waters. 
Publication FHWA/RD-84/064. March 1985. McLean, Virginia. 



AKART and Water Quality Studies for SR 520 Replacement Floating Bridge 

66 CHAPTER 6 REFERENCES 

FHWA (Federal Highway Administration). 1990. Pollutant loadings and impacts from highway 
stormwater runoff, Volumes 1-4. Publication 90-257551. April 1990. McLean, Virginia. 

FHWA (Federal Highway Administration). 1996. Evaluation and Management of Highway Runoff 
Water Quality. Publication FHWA/PD-96/032. June 1996. Washington, D.C. 

FHWA (Federal Highway Administration). 2000. Stormwater best management practices in an ultra-
urban setting: selection and monitoring. Publication FHWA-EP-00-002. May 2000. Washington, D.C. 

Hart Crowser, Inc. 1997. Shipyard AKART Analysis for the Treatment of Stormwater. Seattle, WA. 
May 7, 1997.  

HDR, Parametrix, Parsons Brinkerhoff. 2009. Floating Bridge Site Data (Volume 4 of Conceptual 
Engineering Plans). January 2009. 

Herrera Environmental Consultants, Inc. 2009. Highway Runoff Dilution and Loading Model 
Documentation; Analysis of Stormwater Highway Water Quality Effects for Endangered Species Act 
Consultations. January 7, 2009. 

Interagency Catch Basin Insert Committee. 1995. Evaluation of Commercially Available Inserts for 
the Treatment of Stormwater Runoff from Developed Sites. October, 1995. 

Karalius, B.K., and C.W. Morgan. 1967. A Study of Surface and Thermocline Slopes and Seiches in 
Lake Washington during September and October of 1966. Project Report for Department of 
Oceanography, University of Washington, Seattle, Washington. 

Kayhanian M., L. Hollingsworth, M. Spongberg, L. Regenmorter, and K. Tsay. January 2002. 
Characteristics of Stormwater Runoff from Caltrans Facilities. Transportation Research Board, 
Annual Conference, Washington D.C.  

King County Department of Natural Resources. Major Lakes Monitoring Program: Lake Washington 
Data. 1999 to present. 

King County Department of Natural Resources. 1995. King County runoff times series software. 
Version 4.40g. Seattle, Washington. 

King County Department of Natural Resources. Unpublished current and wind data for Lake 
Washington – recorded in 2003 and 2004. 

Leif, Bill. 1999. Compost Stormwater Filter Evaluation. Snohomish County Public Works. January 
1999. 

Pitt, R. 1985. Bellevue Urban Runoff Project. Final Report. 

Santa Monica Cities Consortium c/o City of Santa Monica, 1998. Santa Monica Bay Area Municipal 
Storm Water / Urban Runoff Pilot. Project Evaluation of Potential Catchbasin Retrofits. Prepared by 
Woodward-Clyde. Project No 9653001F-6000. 

Schock, K. 2003. An Analysis of a Persistent Isotherm Tilt During Early-Spring and Its Effect on the 
Diatom Bloom: Lake Washington, Seattle, Washington. Prepared in partial fulfillment of the 
requirements of a degree of Doctor of Philosophy, University of Washington, Department of Civil and 
Environmental Engineering. 

SCS (Soil Conservation Service). 1986. Urban Hydrology for Small Watersheds (Technical Release 
55). United States Department of Agriculture. Washington, D.C. 



AKART and Water Quality Studies for SR 520 Replacement Floating Bridge 

CHAPTER 6 REFERENCES 67 

SCS (Soil Conservation Service). 1973. Soil survey of King County, Washington. United States 
Department of Agriculture. Washington, D.C. 

Snohomish County Public Works, Surface Water Management Division. 1998. Sediment Removal in 
Catch Basins and Catch Basin Inserts. March 1998. 

Sutherland, Jelen, and Minton. 1998. High efficiency sweeping as an alternative to the use of wet 
vaults for stormwater treatment. In Computational Hydraulics, International’s, Advances in Modeling 
the Management of Stormwater Impacts – Volume 6. February 1998. Guelph, Ontario, Canada. 

Sutherland, R.C., and S.L. Jelen. 1997. “Contrary to Conventional Wisdom, Street Sweeping Can be 
an Effective BMP,” Advances in Modeling the Management of Stormwater Impacts, Vol. 5. Ed., W. 
James. Computational Hydraulics International. Guelph, Ontario. pp. 179-190.  

Tobiason, et al. (2006). Stormwater Filtration Media Testing for Metal Removals an Toxicity 
Reduction. Scott A. Tobiason, Port of Seattle; Linda R.J. Logan, Parametrix Inc.; and Curtis 
Nickerson, Taylor Associates. Seattle, WA. 2006. 

University of Washington. 2000. Technology Review: Ultra-Urban Stormwater Treatment 
Technologies. Prepared by Dr. Christopher Burke, Department of Civil and Environmental 
Engineering. September 1, 2000. 

USEPA (United States Environmental Protection Agency). 1977. Catchbasin Technology Overview 
and Assessment. Publication EPA-600/2-77-051. May 1977. EPA Municipal Environmental Research 
Laboratory, Office of Research and Development. Cincinnati, Ohio. Prepared by Metcalf and Eddy, 
Inc., Palo Alto, California. 

USEPA (United States Environmental Protection Agency). 1983. Results of the Nationwide Urban 
Runoff Program Vol.1 Final Report. Office of Water, USEPA, Publication PB84-185552. December, 
1983.  

USEPA (United States Environmental Protection Agency). 1994. Stormwater pollution abatement 
technologies. Publication EPA/600/R-94/129. EPA Center for Environmental Research Information. 
September 1994. Cincinnati, Ohio. 

USEPA (United States Environmental Protection Agency). 1999. Preliminary Data Summary of 
Urban Stormwater Best Management Practices. Publication EPA-821-R-99-012. August 1999. EPA 
Office of Water, Washington, D.C. 

Washington State Department of Ecology. 2008. Evaluation of Emerging Stormwater Treatment 
Technologies. http://www.ecy.wa.gov/programs/wq/stormwater/newtech/index.html. Last accessed 
February 23, 2009. 

WSDOT (Washington State Department of Transportation). 2008. Highway Runoff Manual. Olympia 
WA. June 2008. 

WSDOT (Washington State Department of Transportation). 1997. Stormwater Management Plan. 
Olympia, WA. March 25, 1997 

White, Megan. 2002. Personal Communication. Letter from Megan White, WSDOE Water Quality 
Program Manager to Bruce Smith, WSDOT. Re: Comments on Guidance on Early Action Mitigation 
Proposal for I-405. March 14, 2002 



AKART and Water Quality Studies for SR 520 Replacement Floating Bridge 

68 CHAPTER 6 REFERENCES 

Wisconsin Department of Transportation. 2002. Pollutant Loading to Stormwater Runoff from 
Highways: The Impact of a Freeway Sweeping Program. WISDOT Highway Research Study WI-11-
01. June, 2002 

Woodward Clyde. 1998. Santa Monica Bay Area Municipal stormwater /Urban Runoff Pilot Project- 
Evaluation of Potential Catchbasin Retrofits. September 24, 1998.



 

 

Appendix A  
Ecology Memorandum, Project Team Scope of Work, and 

Responses to Ecology Review Comments 





WSDOE MEMORANDUM 

Following the February 28, 2002 meeting between Ecology and WSDOT to discuss stormwater 
treatment for the SR-520 Bridge, WSDOT agreed to develop two reports:   

1) An AKART analysis of the options for treating stormwater from the Bridge; and 2) A water 
quality report detailing the water quality of the expected runoff from the Bridge.  The following 
provides information regarding the two reports. 

1. AKART Report:   

The first report is a top-down AKART analysis of water pollution control technology that can 
be used to treat and minimize stormwater pollution in Lake Washington from the 520 Bridge 
wastewater discharges.  This includes: the traditional methods known and available to treat 
stormwater; and methods found through a literature search.  A principal source for the 
technologies that should be reviewed may be the technologies contained in the Stormwater 
Management Manual for Western Washington. 

If Ecology is assured that a pollution control technology is not applicable to the floating portion 
of the Bridge then the next level of treatment technology will be reviewed. 

NOTE!  For the AKART report, Ecology agrees to a few design constraints that are 
unique to floating bridges that could narrow down the AKART analysis.  The agreement 
is subject to adequate documentation by WSDOT.   

  Treatment options that could lead to ponding of water on the roadway surface do 
not need to be considered.  (This is based on WSDOT documenting traffic safety 
considerations and possibly bridge structural/stability considerations.) 

 Treatment options that involve storing significant volumes of water on the bridge do 
not need to be extensively considered.  (This is based on WSDOT documentation of 
bridge structural and integrity problems as well as the Blue ribbon report.) 

 Treatment options that rely in settling of solids do not need to be extensively 
considered.  (This is based on WSDOT documentation of typical bridge movement 
during storms and under normal operations would hinder settling.)   

 Treatment options that rely on collecting and pumping stormwater do not need to be 
extensively considered. (This is based on WSDOT documentation of the O&M costs 
in addition to the difficulty of collecting/storing water to make a pump system work.)  

Details of the AKART analysis:  

Step 1--Identify All Control Technologies,  

This includes not only existing controls for floating bridges but also through technology transfer 
controls applied to similar source categories e.g. floating dry docks. This includes technologies 
employed outside the United States.  For example, Caltrans treats pollution in highway 
stormwater discharges with catch basins, settling chambers, oil sorbent pads using sand 
followed by ion exchange. 



Step 2--Eliminate Technically Infeasible Options   

A demonstration of technical infeasibility should be clearly documented and should show, based 
on physical, chemical and engineering principles, that the technical difficulties would preclude 
the successful use of the control option for the floating portion of the bridge.  

Step 3--Rank Remaining Control Technologies by Control Effectiveness  

This list includes control effectiveness for each pollutant characterized for the contaminated 
wastewater and should include the following types of information.  

 A. control efficiencies (percent pollutant removed) 

 B. expected discharge concentrations 

 C. expected pollutant reduction 

D. An analysis of pollutant removal costs in terms of cost per pound of pollutant 
removed. 

Step 4 Evaluate Most Effective Control and Document Results 

Upon completion of the AKART analysis, Ecology will evaluate the report and, if any of the steps 
are incomplete, then the analysis is incomplete and Ecology will not commit to the proposed 
stormwater treatment design.  

2. Water Quality Report:   

The second report is a water quality report detailing the water quality of the expected runoff 
from the bridge.  WSDOT should use pollutant values for untreated stormwater runoff based on 
the ADT for the different bridge options.  The untreated runoff values would be reduced based on 
the treatment option proposed as part of the AKART report to produce treated stormwater 
pollutant loadings/concentrations discharged to the lake.  Using dilution models and any 
available information on background concentrations in the Lake, WSDOT then needs to estimate 
pollutant concentrations at points 10 feet and 100 feet from the bridge and compare the 
estimated lake concentrations against the state water quality standards. 

Next Steps:  Following completion of the above two reports, WSDOT will submit them to Kevin 
Fitzpatrick at Ecology’s NW Regional office and Bill Moore at Ecology’s Headquarters who will be 
responsible for disseminating the information to the other Ecology staff. 

Terry Swanson will work with Paul Krueger to arrange a field trip to the Hood Canal Bridge (for 
comparison purposes) and the SR-520 Bridge.  The field trip will occur following receipt of the 
stormwater treatment documents. 

Terry Swanson will organize a resource agency meeting to discuss the two reports and the field 
trip.   

Following that meeting, the resource agencies will meet with WSDOT to discuss the information.  
Terry and Paul will organize that meeting. 

At that meeting, or shortly thereafter, WSDOT hopes for a commitment from the resource 
agencies regarding the proposed stormwater treatment design. 

















 

 



WSDOT Team Responses to Department of Ecology Comments  
on the Agency Draft AKART and Water Quality Studies  

(September, 2009) 
 

April 08, 2010 
 

A. Specific Report References 
 

1. Table 2.2:  It appears that the updated concentration for total lead is a typo; it should be 0.066 
rather than 0.66. 

 
Response: Yes, this is a typo that will be corrected in the final report. 

 
2. Table 2.3:  Under the row labeled “Area,” with six Catch Basins (CB) per segment (three on each 

side of the road), each CB would be collecting 0.1 ha rather than 0.2 ha.  Similar comment for 
next line down, are there two vaults per segment (one on each side of road) each collecting 0.3 ha 
or just one vault collecting 0.6 ha? 

 
Response: This will be clarified in the final report.  

 
3. Table 3.2:  Recent research literature (“Evaluation of Street Sweeping as a Stormwater-Quality-

Management Tool in Three Residential Basins in Madison Wisconsin”, USGS, 2007; “Deriving 
reliable pollutant removal rates for municipal street sweeping and storm drain cleanout 
programs in the Chesapeake Bay Basin,” Law et al, 2008) suggests that high-efficiency street 
sweeping and catch basins do not produce the water quality benefits assumed in this table.  Please 
update the table’s assumptions or propose a long-term monitoring plan that would demonstrate 
the effectiveness of the proposed BMPs. 

 
Response: Thank you for the comment.  The project proposes to work with Ecology staff and other 
interested parties to develop a suitable monitoring plan that will be implemented when the full 6-lane 
floating bridge replacement has been constructed and accepted by the Department of Transportation.  
At this time we do not agree that the referenced studies are directly applicable to the proposed project 
or that their results can be equated to the SR 520 project.  Please see separate analysis of these reports 
and the project at the end of this Response to Comments document.   
 
4. Table 3.3:  Mechanical and high-efficiency sweepers should have replacement costs included in 

the 20-year present worth, as these mechanical items would not be expected to be serviceable for 
the full 20-year period. 

 
Response: The O&M costs for both types of sweepers include WSDOT-provided hourly rates to 
cover operation, maintenance, and also replacement of the sweeper equipment at the end of its useful 
life (typically 10 years or 6000 hours). See bottom of Table E-3.    

 
5. Given the flat gutter profile and the open bridge joints, how will you ensure runoff near the bridge 

joints flows into the catch basins and not out through the bridge joints? 
 



Response: Design of the bridge joints will incorporate water-tight seals between the bridge sections 
on each pontoon.  These will prevent runoff from leaking down through the bridge joints. 
 

 
B. Final Report Requirements 

 
1. The report must clearly explain why the USGS “Sweeping Report” is not applicable to the SR-

520 Floating Bridge and demonstrate that WSDOT’s sweeping method is superior.  Additionally, 
WSDOT must clearly reject the Maryland and USGS study findings and provide numbers/data, 
where appropriate, to validate their conclusions.  

 
Response: These reports were published after development of the AKART and WQ study and, 
therefore, were not available for review previously.  An assessment of these reports has been done 
and is covered in a separate analysis at the end of this document.  In discussion with Ecology staff, it 
was agreed that inclusion of this analysis would accompany the response memorandum and be 
included in the report in an appendix only.  Validation of assumptions in the AKART and WQ study 
would come through development and implementation of the monitoring plan.   

 
2. The report must include a discussion relating to sweeping frequency; i.e. how does WSDOT plan 

to arrive at a reasonable number for sweeping frequency?  The plan must be based on numbers 
and valid arguments.  

 
Response: The AKART and WQ study acknowledges high efficiency sweeper performance will be 
affected by a variety of operational factors such as sweeping frequency, specific sweeper paths, 
sweeper speeds, etc.  The report summarizes several sweeping frequencies and different catch basin 
cleaning schedules in Appendix E.  The text will also be expanded to clarify the frequency strategy to 
be used.  To summarize, a site-specific sweeping program will be developed for the bridge based on 
operational elements of sweeping frequency, sweeper driving paths, and speeds to meet predictions in 
the AKART.  The strategy will include a monthly sweeping frequency.  This frequency may need to 
be adjusted depending upon local seasonal precipitation patterns, pollutant loads, and monitoring 
results.  
 
3. WSDOT must discuss the pollution falling off cars' tires and undercarriages, and eventually into 

Lake Washington, that will occur between sweeping periods.  This pollution may result in 
exceedances of the Lake’s water quality criteria regardless of the Bridge surface’s apparent 
“cleanliness.”  WSDOT must clearly demonstrate how the Lake’s water quality will remain 
protected despite the perception that the Bridge is clean.  This discussion will assist Ecology in 
evaluating and giving final approval of the AKART report. 

 
Response: Current water quality sampling data collected by WSDOT and others do not discern the 
fraction of pollutants coming off of vehicles during storm events vs. that residing on the roadway 
surface due to deposition between events.  The concentrations used in this study from WSDOT were 
collected typically at the edge of pavement or in pipes right before either treatment or direct 
discharge.  It is acknowledged that some pollutants will collect between sweepings and will end up as 
either catch basin particulates or will directly discharge to the spill containment lagoons, primarily as 
dissolved pollutants.  The catch basin removal mechanism will occur at each storm event, as will 
dilution in the spill containment lagoons.   
 
Pollutant loading is typically looked at in terms of particulates and dissolved fractions.  Particulate 
transport is affected by many different mechanisms, including wash-off from vehicles during events, 



impact erosion from rain droplets, erosive transport across surfaces and within gutter lines from 
flowing water, disturbance by mechanical abrasion (e.g. broom sweepers and tires), as well as 
contaminants deposited by wind or precipitation.  The analysis assumes a “worst case” or unswept 
scenario for pollutant loadings and provides reductions for each BMP treatment mechanisms.  It is 
reasonable to assume that post-sweeping, the pollutant loadings on the bridge deck available for 
disturbance and transport would be less. 
 
Based on our current understanding of road runoff, it is not possible to break out different pollutants 
according to contribution rates, timing of contributions, and the overall impact on pollutant loading.  
The conservative nature of our assumptions on removal efficiencies should provide some reassurance 
regarding these unknowns and uncertainties.  Further, the monitoring plan that will be developed will 
either validate these assumptions on removal or provide an opportunity for adaptively managing the 
treatment BMPs over time. 
 

4. If, after applying AKART, the WQ standards are exceeded at the edge of proposed mixing zones, 
Ecology may authorize expanded mixing zones based on the water quality standards for Mixing 
Zones within Lakes.  The standards’ “10-10-15 criteria” must be followed; which, in summary, 
state that mixing zones: 

a) Shall not exceed 10% of volume of lake; 
b) Shall not exceed 10% of the surface area of the lake; and 
c)  Shall not exceed 15% of the width of the lake.  

Stormwater discharges may be granted an exemption to the above numeric size limitation when 
certain criteria are met as specified in WAC 173-201A-400(10) (b). 

Response: We appreciate this comment and if the monitoring shows a larger mixing zone is warranted 
in the future, this information will be used in the evaluation and request to Ecology.  Regarding 
compliance with the state water quality standards for mixing zones in lakes, the proposed mixing 
zones for the replacement SR 520 floating bridge will comply with the state standards as follows: 

a) Total volume of all mixing zones for all lagoons on replacement floating bridge will be less than 
0.01% of the lake volume; 

b) Total surface area of all mixing zones for all lagoons on the replacement floating bridge will be 
less than 0.01% of the lake surface area; and 

c) Total width of the mixing zones for all the lagoons along the replacement floating bridge will be 
approximately 11% of the width of the lake along the bridge alignment.  



 

 

Discussion of Sweeping Studies  

 

The two studies mentioned in Ecology comments A-3 and B-1 above were examined for similarities and 
differences with the sweeping proposed on the SR520 floating bridge.   

Deriving Reliable Pollutant Removal Rates for Municipal Street Sweeping and Storm Drain Cleanout 
Programs in the Chesapeake Bay Basin (Center for Watershed Protection, 2008) 

This study examines the effect of street sweeping on water quality in two residential basins using a 
conceptual model with sweeper effectiveness from a literature review.  The study used regenerative air 
sweepers similar to the ones described in the AKART/WQ study.  A number of study-specific “discount 
factors” are described in the study that explain their lower sweeping effectiveness of 31% for a vacuum 
sweeper, compared to the effectiveness used in the AKART /WQ study (50-77%).  These factors are 
summarized below:  

Run-on from Non Street Sources  
The study was conducted in two residential basins where streets/alleys comprise only 26% of the total 
basin area.  Additional pollutant contributions from areas other than public streets and roadways are 
significant pollutant sources that are unaffected by the sweepers used in the streets.  These additional 
pollutant contribution sources include erodible pervious areas such as yards, landscaped areas, and gravel 
parking areas; unswept impervious surfaces include driveways, parking areas, and alleys.  Runoff from 
the erodible pervious areas and unswept surfaces was comingled in the storm drains that were sampled.  
The study estimates the effect from these additional pollutant contribution sources represented a 20% 
reduction in effectiveness, although a larger effect is possible.  Sediment from these additional pollutant 
contribution sources can obscure the effect sweeping has on reducing sediment from streets. The SR520 
bridge will not have run-on from any of these additional pollutant contribution sources since 100% of the 
area contributing runoff is impervious and will be swept.  This represents a significant difference between 
the CWP Chesapeake Bay Basin Study and the SR 520 AKART/WQ Study. 
 
Wash-off 
This is runoff that washes off between storms, and is a function of storm frequency and the slope of the 
street’s swept surface.  The basins studied have relatively steeper slopes that carry pollutants into storm 
drains more readily than the bridge will.  Because the bridge will be level on the lake surface , the flat 
gutter lines will increase retention of pollutants at the curbline, resulting in increased opportunity to 
collect sediment between storms.  This will reduce the effect of wash-off from the bridge. 
 
Lack of Access to Curb 
Vehicles parked against the curblines prevent sweepers from collecting and removing pollutants where 
they build up the most.  This results in more areas of unswept pavement.  To account for this effect, the 
study assumed a 20% reduction in sweeper effectiveness, further lowering the assumed sweeper 
effectiveness.  On SR 520, parked or stalled vehicles on the floating bridge that could obstruct sweeping 
will be quickly removed for safety and to minimize traffic congestion.  As a result, the wide shoulders 
will be unobstructed when the bridge is swept, providing full access to the target surface.  This represents 



another significant difference between the Chesapeake Bay Basin Study and the SR 520 AKART/WQ 
Study. 
 
Pavement Condition  
Poor pavement condition on residential streets such a rough surfaces, cracks, and joints also reduce 
sweeper effectiveness by providing areas for pollutants to collect and be missed.  The pavement quality in 
residential streets is generally in poorer condition than on a bridge deck, which has remained sealed to 
water penetration.  On SR 520, the surface will be a broomed concrete, which will provide a much 
smoother and more efficient surface for sweeping with most of the sediment being removed during 
sweeping, unlike on residential streets. 

Evaluation of Street Sweeping as a Stormwater-Quality-Management Tool in Three Residential Basins 
(USGS, 2007)  

Similar to the CWP Chesapeake Bay Basin Study, this USGS Study also examined sweeper performance 
in three residential basins in Madison, Wisconsin.  The same discount factors that reduce the observed 
water quality benefits described above in the CWP Study also affect the results of the USGS Study, and 
represent significant differences between the USGS Study and the SR 520 AKART/WQ Study.  In 
addition, this study also indicated too few samples were collected to determine a detectible variation in 
the collected pollutant loads needed for the data variation observed.  Specifically, the study concludes as 
follows:  
 

“With high variability in stormwater-quality loads, a much larger number of water 
samples would have to be collected in order to detect any significant change due to street 
sweeping. For example, an estimated 200 paired stormwater-quality samples would have 
been required to detect a 25-percent change between the calibration and treatment 
periods.  Only about 40 paired stormwater-quality samples were collected during this 
study.” 

 
Other explanations for the high data variations in this study were attributed to offsite runoff sources, 
sanding of streets, leaf drop in the collection system, and difficulties in measuring representative samples 
within the storm drains.  
 
 
In addition to these two studies, another relevant sweeping study was briefly examined: 

Seattle Street Sweeping Pilot Study Monitoring Report (Seattle Public Utilities, 2009) 

A local street sweeping study was also recently conducted in three residential basins by Seattle Public 
Utilities (SPU) to examine the effectiveness of street sweeping on catch basin cleaning frequencies.  The 
study used a high-efficiency (regenerative air) sweeper. Recognizing the other studies’ limitations in 
detecting measurable effects basin-wide, SPU examined the effects of sweeping on street sediment 
quantity and quality (the change in street dirt yield), instead of “basin-wide, end-of-pipe” water quality.  
This study’s measurement protocols focused on the change in sediment discharged from the street only 
where the sweeping occurs.  The study had better success in measuring actual street sediment removals by 
collecting enough statistically significant samples, studying completely curbed streets, better managing 
sweeper access to the curbs, and using paired basins with similar/representatives loads.  The results of the 
study indicate a 48, 74, and 90 percent reduction in the 3 basins’ monthly street dirt yields (the first being 
an industrial basin with half the swept events).  



In summary, there are significant differences between the CWP and USGS studies relative to the SR 520 
AKART/WQ Study, and the SR 520 project team does not believe the CWP and USGS studies are 
representative of the proposed conditions and sweeping on SR 520.  Many factors that reduced the observed 
water quality benefits in the CWP and USGS studies (i.e., parked vehicles, run-on, etc.) will not be present in 
the SR 520 highway environment, and higher sweeper effectiveness is anticipated.  Results of the CWP and 
USGS studies show measured changes in downstream water quality is limited by the amount of the pollutants 
originating from the surface actually being swept.  Sweeping is more effective in situations such as the 
SR 520 bridge, where the targeted PGIS is the major source of contaminants and no run-occurs.  In addition, 
although it was conducted in a residential basin, the SPU Study methods and basin conditions more closely 
represent the conditions in sweeping highways, with measured reductions more similar to those used in the 
AKART/WQ Study. 
 



 

 

Appendix B Bridge Drawings 
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Appendix C Hydrology 

 





units

High rise (high point)/start of west end transition
End of west end transition/start of level bridge
End of level bridge/start of east end transition
East of east end transition/start of fixed structure
End of east end of bridge/start of land based alignment
Length of bridge analysis 8,637 ft
Length of pontoon 360 ft
Draft of pontoon 7 ft

width of roadway eastbound 49 ft
width of roadway westbound 49 ft

180 ft
49 vaults
100 catch basins

Table C.1
Bridge Assumptions

spacing between catch basins

6 lane alternative

All Alternatives



10% WQ Treatment Storm 0.607 239
Mean Annual Storm 0.607 0.47 98 0.204 0.3 641
WQ Treatment Design Volume 0.607 1.30 98 0.204 1.1 2,389
2-yr Return Period 0.607 1.80 98 0.204 1.6 3,476
10-yr Return Period 0.607 2.70 98 0.204 2.5 5,446
25-yr Return Period 0.607 3.15 98 0.204 2.9 6,433
100-yr Return Period 0.607 3.85 98 0.204 3.6 7,972

10% WQ Treatment Storm 2.568 1,010
Mean Annual Storm 2.568 0.47 98 0.204 0.3 2,711
WQ Treatment Design Volume 2.568 1.30 98 0.204 1.1 10,099
2-yr Return Period 2.568 1.80 98 0.204 1.6 14,692
10-yr Return Period 2.568 2.70 98 0.204 2.5 23,018
25-yr Return Period 2.568 3.15 98 0.204 2.9 27,194
100-yr Return Period 2.568 3.85 98 0.204 3.6 33,698

10% WQ Treatment Storm 3.072 1,208
Mean Annual Storm 3.072 0.47 98 0.204 0.3 3,243
WQ Treatment Design Volume 3.072 1.30 98 0.204 1.1 12,082
2-yr Return Period 3.072 1.80 98 0.204 1.6 17,577
10-yr Return Period 3.072 2.70 98 0.204 2.5 27,538
25-yr Return Period 3.072 3.15 98 0.204 2.9 32,533
100-yr Return Period 3.072 3.85 98 0.204 3.6 40,314

Impervious 
Area        
(ac)

P        
(in) CN

Table C.2
National Conservation Service (aka SCS) Curve Number Method Results

Volume     
(cf)

Ultimate 6-Lane--Near Supplemental Stability Pontoons

Ultimate 6-Lane--East Approach Span (with 3 lagoons)

Ultimate 6-Lane--East Approach Span (1 lagoon)

S
Qd       
(in)
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Technical Memorandum 

Date: September 16, 2002 
 

To: Les Rubstello/WSDOT 

Paul Krueger/WSDOT 
 

From: Guy Caley/CH2M HILL 

Tawni Hoang/CH2M HILL 

Jim Mavis/CH2M HILL 
 

Subject: AKART Study 

Literature Search and Draft Unscreened Water Quality Treatment Technology List 
 

cc: Dave Hilderbrant/Parametrix 

Jeff Peacock/Parametrix 

Steve Kennedy/Sound Transit 
 

E-File ID:  
 

Filing Code: 08040504 

As a first order of work for the AKART Study task, we conducted a literature search of methods, 
technologies, and other topics related to water quality treatment options for the State Route 520 
(SR 520) floating bridge. Based on the literature search, we prepared a list of specific methods and 
technologies to be screened for further evaluation (see Table 1). 

Technical publications and vendor information relating to highway runoff/treatment (specifically for 
bridges, when available) were searched, listed, and then evaluated for their relevance to the SR 520 
project. The focus of the literature search was limited to data sources from the past 10 years (since 
1992); these data sources are listed below. Table 1 (attached) lists the specific water quality treatment 
technologies for further evaluation. 

• Commercial databases available through DIALOG Corporation:  

Ei Compendex* for engineering literature 

Pollution Abstracts* for environmental/water pollution literature 

Enviroline for environmental/water pollution literature 

Water Resources Abstracts* for environmental/water pollution literature 

NTIS (National Technical Information Service) and GPO Monthly Catalog for government 
and technical reports. 

• Bibliographic Internet databases:  
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TRIS Online, a database of transportation literature developed by the Transportation Research 
Board  

ASCE Civil Engineering Database, a database of all ASCE publications since 1972.  

• Government agency web sites including:  

U.S. Environmental Protection Agency National Stormwater Best Management Practices 
Database 

Washington State Department of Ecology 

Washington State Department of Transportation 

California Department of Transportation (Caltrans) 

Maryland Department of Transportation 

Maryland Department of the Environment, Stormwater Management Program  

Chesapeake Bay Program, Innovative Technology Clearinghouse 

City of Los Angeles Stormwater Management Division  

Santa Monica Cities Consortium, Municipal Stormwater Urban Runoff Pilot Project. 

• Online library catalogs of various universities and agencies:  

Washington State Department of Transportation Library  

University of Washington Libraries  

MELVYL (the University of California library system)  

Northwestern University Transportation Library  

National Transportation Library 

British Library.* 

• Vendor publications and data of specific technologies. 

Note that an asterisk indicates an international data source 

Please review these sources of information and the list of technologies in Table 1. If there are 
additional information references or technologies that should be included in this list, please reference 
them for a final list. The final list of technologies will then be screened to eliminate the infeasible and 
design-constrained options, leaving the technologies for further evaluation.  

To facilitate the project schedule, please provide review and feedback by September 19. If you have 
any questions about this request, please contact Guy Caley at 425-233-3567. 

Attachment 
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TECHNICAL MEMORANDUM D-3 

Technical Memorandum 

Date: October 9, 2002 

To: Les Rubstello/WSDOT 

Paul Krueger/WSDOT 

From: Guy Caley/CH2M HILL 

Tawni Hoang/CH2M HILL 

Jim Mavis/CH2M HILL 

Subject: SR 520 Floating Bridge 

AKART Study-Initial Technology Screening  

cc: Dave Hilderbrant/Parametrix 

Jeff Peacock/Parametrix 

Steve Kennedy/Sound Transit 

E-File ID:  

Filing Code: 080504 

This memorandum documents the initial screening portion of the AKART report, which examines 
options for treating stormwater on the SR 520 floating bridge. The proposed bridge presents unique 
design constraints when considering appropriate stormwater treatment options. The intent of the 
screening effort is to use initial information about the known treatment options to eliminate those that 
are considered infeasible or “fatally flawed” due to these constraints.  

Screening Methodology 
An 8-hour screening workshop was conducted on September 24, 2002, at the Trans-Lake Washington 
Project Office. Participating in the screening process was an interdisciplinary team of WSDOT and 
consultant staff, representing the areas of environmental/water quality, bridge design, bridge 
maintenance, stormwater design, and project management. 

The list of known and available technologies used in the screening was developed from a literature 
and vendor search, and reviewed by stakeholders. Technologies were grouped into appropriate 
treatment categories for screening based on function. This allowed efficient evaluation of groups of 
specific technologies that perform similarly and/or have similar limitations. Treatment categories 
screened were gravity separation, swirl concentration, media filtration in vaults, biofiltration, catch 
basin media filtration with pillows or cartridges, catch basin filtration with screens or filter bags, 
chemical coagulation, electrical coagulation, high-efficiency sweeping, modified catch 
basins/cleaning, pump/conveyance systems, separate floating structures, covered roadway, wheelwash 
stations, and mechanical filtration. 

A list of criteria to evaluate the feasibility of each treatment category was then established. These 
criteria took the form of questions that covered the areas of engineering, maintenance, safety, 
environment, and cost. The screening questions were applied to each treatment category to assess if it 
was a candidate for further evaluation in the AKART, or was infeasible for use on the floating bridge 
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(fatally flawed). A category was considered to be infeasible/fatally flawed if negative response(s) to 
the questions indicated that implementation on the bridge would be unsuccessful or would involve 
unacceptable risk or unreasonable requirements to install and maintain the technology. The first four 
questions were initially addressed for fatal flaw responses (Screening Phase 1). These questions were 
deemed most critical to meet immediate and long-term water quality treatment goals on the bridge. If 
the treatment category was not considered flawed based on these initial questions, the remaining 
questions were then answered for the category (Screening Phase 2). 

The team discussed, derived, and validated the following screening questions: 

Screening Phase 1 Questions 

• Does it remove highway pollutants of concern (TSS, oil/grease, metals) 

• Is it functional during bridge movement, vibration, and wave action? (Does this technology 
function in the bridge environment?) 

• Is it commercially available and does it have long-term availability? (Assurance that the 
technology is available now and in the future) 

• Is the installation or its parts proprietary? (Assurance that the technology can be properly 
maintained in the future without reliance on potentially unavailable parts) 

Screening Phase 2 Questions 

• Are there other potential ecosystem impacts? (Consideration of additional impacts to land and 
air) 

• Is the performance data available? (Although no data are available for treatment on floating 
bridges.) 

• How safe is it to maintain on the bridge? (Low, Medium, High) 

• How accessible and reasonable is it to maintain? (Low, Medium, High) 

• Is it dependent on automated mechanical and electrical systems? 

• Is it reliable long-term? (Can it hold up to the bridge environment?) 

• Degree of risk of flooding roadway? (Low, Medium, High) 

• Degree of risk of flooding pontoons? (Low, Medium, High) 

• Is it structurally feasible? (Compatible with the bridge design?) 

• Are there special cost considerations? 

• Are there other potential adverse impacts (i.e., noise, aesthetics)? 

• Are there compatibility issues with spill control systems? 

The attached matrix was developed and contains the collective responses of the team. The following 
discussion summarizes each screened treatment category.  
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Infeasible Categories 

The following treatment categories were considered to be infeasible for use on the floating bridge and 
will be dropped from further consideration. Several treatment categories were screened out in Phase 1 
due to fatal flaw responses (Swirl Concentration, Chemical Coagulation, Electrical Coagulation, and 
Separate Floating Structure). Brief discussions and justification are presented for all screened 
categories.  

Gravity Separation 

This treatment category is designed to retain the treatment storm volume in a vault that allows gravity 
settlement of suspended solids. For a 6-lane bridge, the stored water volume on a typical pontoon is 
estimated to be 5,200 ft3. WSDOT has experienced dynamic response problems on the existing 
SR 520 bridge when these water volumes were maintained in the ballast cells. Placement of large, 
gravity separation tanks on the bridge pontoons would create similar load problems and affect the 
structural integrity of the bridge. 

In addition, this method is considered to be ineffective on the floating bridge from a performance 
perspective. Under normal traffic loading, the pontoons are expected to move with wind and wave 
action. Since this category of treatment requires tranquil, laminar flow, the expected, multi-directional 
bridge movements would prevent effective settlement of solids. 

For these reasons, technologies using large water volumes for gravity separation as a treatment 
process were deemed an infeasible option for use on the floating bridge. 

Swirl Concentration 

Treatment devices in this category remove pollutants from stormwater by vorticity (circular motion) 
and gravity settling with laminar flow, and hence require stationary units. The vortex motion of the 
stormwater hydraulics required in these units would be interrupted during the bridge motion described 
above and would prevent settlement of pollutants. These devices are also proprietary and would 
require dependence on a single manufacturer for long-term maintenance. For these reasons, this 
treatment category is considered infeasible.  

Biofiltration 

Biofiltration requires vegetation and biological contact with stormwater to treat stormwater pollutants. 
Vegetation on the bridge could not be properly installed and maintained, and would not survive on the 
bridge. Plant growth also risks damaging the structure of the bridge by plant root intrusion. Plant 
viability under shaded pontoons, wave action, and during dry seasons would prevent its success on the 
bridge. For these reasons, coupled with excessive capital investment cost and long-term maintenance 
problems, biofiltration as a treatment category was deemed infeasible for use on the floating bridge. 

Chemical Coagulation 

This treatment category uses a chemical coagulant applied to settleable solids using storage tanks. 
Chemical coagulation also requires subsequent gravity separation of coagulated particles. Gravity 
settlement has been discussed as an infeasible option for use on a vibrating, moving bridge (see 
Gravity Separation). For pollutant removal, chemical coagulation also requires a waste solids 
recovery and disposal method, which would involve complex mechanical and electrical systems. In 
addition, coagulants have not been approved for direct discharge to receiving waters. For these 
reasons, this treatment category was deemed an infeasible option.  
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Electrical Coagulation 

Similar to chemical coagulation, this treatment category uses gravity separation for settlement of 
coagulated particles. Gravity settlement has been discussed as an infeasible option for use on a 
vibrating, moving bridge (see Gravity Separation). For pollutant removal, electrical coagulation also 
requires a waste solids recovery and disposal method. This would involve complex mechanical and 
electrical systems. For these reasons, this treatment category was deemed infeasible. 

Pump/Conveyance System 

This option involves constructing and maintaining a pipe network to convey stormwater off the bridge 
to treat flows elsewhere. Based on WSDOT experience with pump and conveyance systems on the I-
90 and Hood Canal floating bridges, this approach is excessive and unreliable, and involves an 
unacceptable level of risk. For example, the runoff from a 2-year storm on a 6-lane SR 520 bridge of 
this length would require approximately 154 97-gpm pumps, each powered by a 5.5 horsepower 
motor. In the event of a power and pump system failure, provisions would have to be made for 
allowing runoff water to spill off the bridge. The Lacey V. Murrow Bridge had a pumping system to 
control ballast water and this system was plagued with pump and piping failures that led to 
decommissioning of the system. Due to its unreliability, this treatment category was deemed an 
infeasible option. 

Separate Floating Structure 

This technology involves constructing separate pontoons, barges, or other floating structures adjacent 
to the proposed bridge to support the treatment method. This would require pumping stormwater from 
the bridge across or under the water (another infeasible option), and constructing and maintaining 
additional engineered elements such as ballast, monitoring systems, and anchors. Anchors would 
conflict with the bridge anchors. All components of the floating structure would require individual 
design, construction, and inspection. This technology would require access from a custom boat and 
the transfer of materials and pollutants to and from shore. For these reasons, a separate floating 
structure as a treatment option was deemed infeasible for use on the floating bridge. 

Covered Roadway 

Enclosing the roadway surface was considered. By protecting the bridge from wet weather flows, 
pollutants of concern would remain on the bridge deck. This would require extensive ventilation, 
lighting, and security systems, as well as additional buoyancy in the bridge pontoons, thereby 
introducing larger structural elements and excessive cost. For these reasons, a covered roadway was 
deemed infeasible on the floating bridge. 

Wheelwash Stations 

This treatment method involves stopping vehicles and removing sediments with pressurized water. 
Wheelwash stations could reduce total suspended solids, but would do little to remove oil and grease 
from the bridge deck. Additionally, this treatment category would require separate land-based 
treatment of pollutants. With a high risk of roadway flooding, high maintenance, and the expected 
traffic delays, the team deemed this treatment option infeasible for the floating bridge. 

Mechanical Filtration 

Stormwater treatment using this proprietary technology has had limited application. These systems are 
complex to construct, operate and maintain. Due to their dependence on mechanical and electrical 
systems such as multiple booster pumps, the nature of the target contaminants, and excessive 
maintenance demands, this treatment category was deemed infeasible for use on the floating bridge. 
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Potentially Feasible Treatment Catagories 

Based on the initial screening process, these treatment categories are considered potentially feasible 
and will be further examined in the AKART report.  

Media Filtration – Vaults 

This treatment category involves filtering stormwater through media beds or cartridges. Although this 
treatment category was not initially seen as infeasible by the screening team, some considerations for 
advanced screening will be required. These include the proprietary nature of the media, the difficulty 
in maintenance/accessibility of vaults on the pontoons, and initial capital and long-term maintenance 
costs.  

Catch Basin Media Filtration – Pillows/Cartridges 

This treatment category involves filtration of pollutants in individual catch basins on the bridge deck. 
Some of these proprietary technologies are sold with filter cartridges and others with media pillows. 
Some considerations for additional screening include maintenance and safety concerns along the 
highway shoulder, risk of roadway flooding due to media clogging, and initial capital and long-term 
maintenance costs. 

Catch Basin Filtration – Screen/Filter Bags 

This treatment category involves filtration of pollutants in individual catch basins on the bridge deck 
with screens or geotextile filter bags. The considerations for additional screening are similar as above. 

High-Efficiency sweeping 

This treatment category involves removing pollutants from the roadway surface with advanced 
roadway sweeping methods such as vacuuming and regenerative air. This prevents pollutants from 
entering the bridge drainage system instead of treating collected pollutants. Some considerations for 
additional screening include the sweeping frequency to remove pollutants of concern to target levels, 
removal efficiency rates, and long-term operation and maintenance costs. 

Modified Catch Basins/Cleaning 

This treatment category consists of trapping pollutants in larger than standard catch basins along the 
bridge deck with modified elements such as sumps and outlets elbows. Frequency of cleaning and 
maintenance are important to prevent the basins from filling and keeping pipes clear.  

Conclusion 

The initial screening of the 15 technology categories identified 10 that were considered infeasible for 
use on the SR 520 floating bridge, which will not be further considered. The five remaining categories 
will be further evaluated for a selected alternative in the AKART report. 

Attachment: Screening Matrix  



 



TABLE 1 Identification of Unscreened Water Quality Treatment Technologies (DRAFT)
 =  Technology added in 2009 update 
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Gravity Separation

Stormvault Jensen Precast Vendor; ASCE VG X X X X X X X X X X Large precast vault

BaySaver BaySaver, Inc. Vendor; EPA VG X X X X X X Two  manhole chambers

Inlet/Submerged StormCeptor Rinker Materials (formerly CSR) Vendor; EPA VG X X X X X
Economically replaces inlet catch basin in small basins (48-inch 
diameter), using dual chamber for normal flow treatment and high 
flow bypass

StormGate Separator Contech Stormwater Solutions Vendor G X X X X X X Used in conjunction with StormFilter

Stormwater Quality Unit II Hancor Vendor G X X X X X X Three manhole chambers.  Cleaned annually at minimum.

ecoSep Royal Environment Systems, Inc. Vendor, EPA G X X X X X X Two  manhole chambers

Swirl Concentration

Stormtreat System V2B1 Environment 21, LLC Vendor; EPA VG X X X X X X X Two manhole chambers

Downstream Defender Hydro International (H.I.L.) Vendor; EPA VG X X X X X X X

Continuous Deflective Separation Contech Stormwater Solutions Vendor; EPA VG X X X X X X X X Special curb casting, large screen

Vortechs Stormwater Treatment System Contech Stormwater Solutions Vendor; EPA VG X X X X X X X

Aqua-Swirl Concentrator AquaShield Inc. Vendor; EPA VG X X X X X X X

In-line/Series StormCeptor Rinker Materials (formerly CSR) Vendor; EPA VG X X X X X X X

Media Filtration - Vault

Aquafilter AquaShield Inc. Vendor G X X X X X X X X X X X Vault requires proprietary filter bag replacement 

Stormwater Management StormFilter Contech Stormwater Solutions Vendor; UW VG X X X X X X X X X X X X X X Vault requires proprietary filter cartridge replacement 

Peat Beds Aero Terra Aqua Inc., Peat Technologies Vendor; Shipyard AKART and permit G X X Requires pretreatment of TSS and O/G and peat replacement 

Sand Beds N/A Ecology VG X X X Requires pretreatment of TSS and O/G 

Zeolyte Ion Exchange Contech Stormwater Solutions CalTrans; Vendor VG X X Requires proprietary filter media replacement 

CDS Media Filter Contech Stormwater Solutions Vendor, EPA G X X X X X Requires proprietary filter cartridge replacement 

BioFiltration

Stormtreat Stormtreat Systems Vendor; EPA VG X X X X X X X X X X X X Multiple large diameter tanks holding six sedimentation chambers 
and constructed wetland; low design flow rate

Filterra Americast Vendor; EPA VG X X X X X X X X X X X X X Uses a unique plant/soil/microbe treatment system in which the 
units are placed in the curb line of parking lots and roadways.

Media Filtration - Catch basins

Catchbasin StormFilter Stormwater Management, Inc. Vendor; UW VG X X X X X X X X X X X X X X Requires proprietary filter cartridge replacement 

Ultra Urban Filter AbTech Industries Vendor; EPA VG X X X X X X X Requires replacement of proprietary filter box

Hydro-Kleen Hydro Compliance Vendor G X X X X X X Requires proprietary filter bag replacement 

Aqua Guard AquaShield Inc. Vendor; EPA VG X X X X X X X X X X X Requires proprietary filter bag replacement 

Enviro-Drain Enviro-Drain, Inc. Vendor G X X X X X X Requires replacement of loose media in trays

FlowGuard KriStar Vendor; UCLA G X X X X X X

Inceptor Stormdrain Solutions, RDI Vendor; EPA VG X X X X X X Requires proprietary filter bag replacement 

SIFT Filter Revel Environmental Marketing, Inc. Vendor G X X X X X X

BayFilter BaySaver, Inc. Vendor, EPA VG X X X X X X X X X Requires pretreatment for oil & gas removal maintenance requires 
filter replacement

ecoStorm plus Royal Environment Systems, Inc. Vendor, EPA G X X X X X X X X X X X X X Porous concrete filter in large MH; Requires filter 
cleaning/replacement

Up-Flo Filter Hydro International (H.I.L.) Vendor, EPA G X X X X X X X X X X X Baffle and filters in large MH; Requires filter replacement

Comments

Oxygen 
Demanding 
Substances

Solids Nutrients Metals

Category of Pollutants Treated

Information Sources Information 
Quality

Organics

Option Type

Technology

Manufacturer(s) /  Vendor(s)

SEA\147164\App_D_Screening MatrixTable2009Update_0422_KA.xls Page 1 of 2
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Oxygen 
Demanding 
Substances

Solids Nutrients Metals

Category of Pollutants Treated

Information Sources Information 
Quality

Organics

Option Type

Technology

Manufacturer(s) /  Vendor(s)

Catch Basin Filter with Screen/Filter Bags

DrainPac Storm Drain Filter United Stormwater, Inc. Vendor G X X X X X Geotextile bag

Curb/Grate Inlet Basket Bio Clean Vendor G X X X X X

StormScreen Contech Stormwater Solutions Vendor G X X X Pretreatment device

Jellyfish Filter Imbrium Systems Vendor, EPA G X X X X

Chemical Coagulation 

PAM Agro-Tech, Chemco WSDOT VG X X X X Used as soil stabilization only; not approved for direct discharge; 
requires downstream treatment; experimental 

Electrical Coagulation 

Electrical coagulation Water Techtonics Inc. Vendor VG X X X Requires power source and downstream treatment 

High Efficiency Sweeping

High Efficiency Sweeping Tennant, Elgin, Schwarze FHA; Vendor; CHI G X X X X X X X X Regenerative air and vacuum 

Modified Catch Basins / Cleaning

Catch Basin Cleaning N/A Los Angeles Stormwater Management 
Division; EPA

G X X X X X X X

The Snout Best Management Products, Inc Vendor; EPA VG X X X X X

Pump / conveyance System

Pump/conveyance System Various Vendor G X X X X X X X Requires power source 

Separate Floating Structures

Separate Floating Structures N/A WSDOT P Requires off-bridge conveyance system and anchoring system

Covered Roadway

Covered Roadway N/A WSDOT P Major additional structural requirements

Wheelwash Stations

Wheel Wash Stations Interclean, VEWI Unknown P Never used on roadways, requires power source and slow speeds

Mechanical Filtration

Synthetic Ion Exchange US Filter Vendor G X Requires power source, pretreatment of TSS and O/G 

Micro Filtration US Filter; Koch Membrane Vendor P X X X X Requires power source and  pressurized flow (booster pump) 

Reverse Osmosis US Filter Vendor G X X X X X X X X Requires power source,  pressurized flow (booster pump) and 
downstream treatment/disposal

Linear Flow-Through Filtration

WSDOT Ecology Embankment N/A WSDOT VG X X X X X X X X X X X Used in roadside applications such as highway side-slopes, 
medians, borrow ditches, or other linear depressions.

P = Poor (no cost or effectiveness data)
F = Fair (limited cost and effectiveness data)
G = Good (cost and effectiveness data from one source)
VG = Very Good (cost and effectiveness data from multiple sources)
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SR520 AKART  Initial Screening Matrix 

Indicates team deems this treatment category infeasible (fatally flawed) for the bridge
Indicates team deems this question a basis for infeasibility
Indicates additional information for feasibility determination

A B C D E F G H I J K L M N O P

ID Treatment Category

Does it Remove 
Highway Pollutants of 

Concern (TSS, 
oil/grease, metals)? 

(Y/N)

Is it Commercially 
Available and does it 

have long term 
availability?    (Y/N)

Is the Installation or its 
Parts Proprietary? (Y/N)

Does it Function On The 
Bridge - i.e. During 
Bridge Movement, 

Vibration and Wave 
Action?-  (Y/N)

Are there other 
Potential Ecosystems 

Impacts? (Y/N)

Is the Performance Data 
Available? No data 

available for SW 
treatment on floating 

bridges (Y/N)

How Safe Is It To  
Maintain On The 

Bridge? (Low, Medium 
High)

How Accessible and 
Reasonable Is it to 

Maintain? (Low, 
Medium, High)

Is it Dependent on 
Automated Mechanical 

and Electrical Systems? 
(Y/N)

Is it Reliable long-term?  -
Can it hold up to the Bridge 

Environment? (Y/N)

Degree of Risk of 
Flooding Roadway? 
(Low, Medium, High)

Degree of Risk of 
Flooding Pontoons? 
(Low, Medium, High)

Is it Structurally 
Feasible? -Compatible 

With the Bridge Design? 
(Y/N)

Are There Special Cost 
Considerations? (Y/N)

Are There Other 
Potential Adverse 

Impacts -Noise, 
Aesthetics? (Y/N)

Are There Compatibility 
Issues With Spill 
Control Systems?

Comments

1 Gravity Separation

Yes Yes N/A No (baffles are not 
effective) (provide 
documentation)

Yes; need to build a pond 
on land

Yes, for land applications High for traveling public, 
but maintenance and 
bridge safety depends on 
location, intent is to place 
them on the pontoon deck

Low; a confined space, 
and requires a specially 
constructed boat

No Yes Low Could be moderate risk No, if large tanks of water 
are used, they create 
dynamic response 

Yes, larger structural 
components needed for 
additional pontoon 
buoyancy

No, but must consider 
aesthetics in design

No

No. WSDOT testing Yes Yes, but replacement No, because the

Phase 1  Questions
Screening Questions Screening Questions

Phase 2  Questions Phase 2  Questions (cont.)

2 Swirl Concentration

No. WSDOT testing 
shows poor pollutant 
removal performance. 

Yes Yes, but replacement 
would be minimal

No, because the 
hydraulics (swirl action) 
depends on stationary 
geometry to trap 
sediments

3 Media Filtration - Vaults

Yes Some Yes, but is based 
upon the media type

Some yes Some yes, some media 
may be unstable, move 
during treatment and be 
subject to clogging

No; may have impacts 
only if land-based

Yes No, needs a special boat Low; access is difficult 
and frequency is high; 
Requires large transfer of 
media  from barge to 
bridge

No Yes, if media are changed 
frequently

Low No, low risk Yes Yes, high initial capital 
investment (including pre-
treatment) and 
maintenance costs

No, are considerations 
during design

Yes- after large spills, 
these technologies would 
plug and by-pass)

Are no other current 
applications of this 
technology by WSDOT; 
Pretreatment required 

4 Biofiltration

Yes, but because of 
hydraulic loading rate is 
prohibitively low, it will 
require too much space 
than the bridge structure 
allows

Yes Yes for installation, but No 
for replacement and 
maintenance

No, plant viability on 
shaded, concrete 
structure is questionable

No Yes Low; would require 
removal of  contaminated 
plants and maintenance of 
plants during dry season

No No, plants are in the shade, 
dormant during the wet 
season, may be damaged 
during storm events

Low There are documented 
cases of plants damaging 
integrity of concrete 
structures

Yes, will require significant 
costs with building 
additional structures to 
hold these devices

Does not include bio-
swales

5 Catch Basin Media Filtration- Pillows/Cartridges 

Yes, but low (may remove 
small particles depending 
on filter media)

Yes Yes Yes No Yes Low; requires access from 
the roadway

Low; Only accessible from 
the roadway shoulder

No Yes, only if maintained 
properly

Medium-High;  can clog 
rapidly and frequently 
under right conditions

No Yes Requires frequent 
maintenance with a high 
capital cost (media and 
equipment)

No Yes; is a function of the 
size of the catch basin

6 Catch Basin Filtration- Screen/Filter Bags

Yes, but low (does not 
remove small particles)

Yes Yes (can provide a 
treatment method similar 
to the commercially 
available technologies)

Yes (because it focuses 
on large grit material)

No Yes Low; requires access from 
the roadway

Low; Is accessible from 
the roadway shoulder

No Yes, only if maintained 
properly

Medium-High;  can clog 
rapidly and frequently 
under right conditions

No Yes Requires frequent 
maintenance with a high 
capital cost (media and 
equipment)

No Yes; is a function of the 
size of the catch basin

7 Chemical Coagulation 

Yes, but requires a post-
treatment and disposal 
method

Yes No Yes will coagulate during 
movement, but depends 
upon gravity separation for 
settlement

8 Electrical Coagulation 

No- incomplete removal of 
O/G, requires a post-
treatment and disposal 
method

Yes No Yes; will coagulate during 
movement, but requires 
gravity separation 
settlement (post 
treatment))

9 High Efficiency Sweeping

Yes, but requires a 
method to pick up larger 
material first; dependent 
on frequency

Yes No Yes No Yes, removes pollutants at 
the source

High (likely the safest 
option)

High N/A Yes Low No Yes Yes, commercially 
available sweeper units

No No

10 Modified Catch Basins/ Cleaning

Yes for large particles and 
floatables; depends on 
maintenance 

No No Yes; for large particles 
only

No Yes Medium, less time spent 
on roadway, but still 
requires access from the 
roadway 

Medium; Is accessible 
from the roadway shoulder

No Yes, only if maintained 
properly

Low No Yes Requires frequent 
maintenance 

No Yes, is a function of the 
size of the catch basin and 
only if equipped with oil 
separators

11 Pump/Conveyance System

Yes (in conjunction with  
standard land-based 
BMPs)

Yes, but need to be 
modified for floating 
bridges

No Yes, but reliability 
questionable

Yes, requires land-based 
treatment ponds or vaults 
possibly  in wetlands

Yes; WSDOT has 
experience with pumping 
systems on floating 
bridges

High Low; Pump reliability is 
historically poor

Yes (more so than any 
other option). Reliability on 
floating bridges is 
historically poor because 
of marine environment

No; Pumping and piping 
systems have historically 
proven to be unreliable, even 
with high levels of 
maintenance

Low No Yes Requires generator back-
up, requires 150+ pumps 
and must be constructed 
with holding tanks or 
vaults

Must consider aesthetics 
with pipes hanging from 
brige deck

12 Separate Floating Structures

Yes, but similar limitations 
as bridge pontoons

No (all components 
would have to be 
designed and 
constructed)

No No, infeasible to convey 
runoff from bridge to 
floating structure; requires 
pumping

13 Covered Roadway

No, leaves them on the 
bridge deck  

No No Yes Yes; Ventilation systems 
may require land-based 
application

No Low, Illumination 
maintenance/ replacement 
requires closed roadways

Low Yes, lights and ventilation 
systems, fire control, 
phone system

Unknown Low No Yes Yes (Significantly) - Extra 
buoyancy, jet-fan 
ventilation system, 
security systems required

Yes; view issues, lighting 
issues

14 Wheelwash Stations

No, may reduce TSS but 
not others

Yes No N/A Yes; requires land-based 
application that raises 
questions of handling 
pollutants

Yes, but limited to 
construction sites

Medium High Yes N/A High No N/A Construction of adequate 
flow-through and 
continuous maintenance 
issues

Runoff from the washing 
stations, higher  traffic 
congestion

N/A Defeats the purpose of the 
project

15 Mechanical Filtration

Yes, some but poor O/G 
removal, requires pre- or 
post-treatment

Yes No Yes N/A Yes Low,  requires use of a 
boat

Low; Requires constant 
maintenance because of 
system complexity

Yes, requires multiple 
booster pumps with filters

Unknown; has limited or no 
applications to stormwater 
treatment

Low No Size of the facility may 
exceed the capacity of the 
pontoons

Yes, requires pre- or post 
treatment and special 
filters

Aesthetic considerations 
for large facility

Not compatible with spill 
control.  Requires 
separate system for spill 
control. 

16 Linear Flow-Through Filtration

Yes. No No No,intended for highway 
side-slopes, medians, 
ditches, or other linear 
areas with available space

No Yes, for land applications 
only.

Low Low, it would require 
sediment removal on 
vegetated strip, grass 
should be mowed 
regularly, and excavation 
and replacement of all of 
the ecology mix when 
needed.

No No, grass will be in the 
shade, dormant during the 
wet season, may be damaged 
during storm events

Low No No, because the hydraulic 
loading rate is prohibitively 
low, it will require too 
much space than the 
bridge allows

Yes, significant 
maintenance is required.

No Yes, Spills would kill 
vegetation 

Elements screening questions must consider:
Safety
Maintenance
Engineering
Environmental
Cost



 



 

 

Appendix E BMP Performance and Cost Data 

 





Pollutant Alternative

Initial 
Pollutant 

Load BMP 1

Intermediate 
Pollutant 

Load BMP 2

Intermediate 
Pollutant 

Load BMP 3

Final 
Pollutant 

Load

Pounds of 
Pollutants 
Removed

Composite 
Removal 
Efficiency

lbs/yr % removal lbs/yr % removal lbs/yr % removal lbs/yr lbs/yr %
TSS Alt 1 range low 18,451 17% 15,315 39% 9,327 63% 3,451 15,000 81%

Alt 1 range high 18,451 72% 5,166 75% 1,292 84% 207 18,245 99%
Alt 2 range low 18,451 17% 15,315 39% 9,327 63% 3,451 15,000 81%
Alt 2 range high 18,451 72% 5,166 75% 1,292 84% 207 18,245 99%
Alt 3 range low 18,451 17% 15,315 39% 9,327 0% 9,327 9,125 49%
Alt 3 range high 18,451 72% 5,166 75% 1,292 0% 1,292 17,160 93%
Alt 4 range low 18,451 50% 9,226 39% 5,618 0% 5,618 12,833 70%
Alt 4 range high 18,451 77% 4,244 75% 1,061 0% 1,061 17,390 94%

Oil and Grease Alt 1 range low 1,642 14% 1,412 13% 1,229 28% 885 758 46%
Alt 1 range high 1,642 61% 640 26% 474 64% 171 1,472 90%
Alt 2 range low 1,642 14% 1,412 13% 1,229 28% 885 758 46%
Alt 2 range high 1,642 61% 640 26% 474 64% 171 1,472 90%
Alt 3 range low 1,642 14% 1,412 13% 1,229 0% 1,229 414 25%
Alt 3 range high 1,642 61% 640 26% 474 0% 474 1,168 71%
Alt 4 range low 1,642 20% 1,314 13% 1,143 0% 1,143 499 30%
Alt 4 range high 1,642 80% 328 26% 243 0% 243 1,399 85%

Cadmium Alt 1 range low 0.1 7% 0.1 17% 0.1 29% 0.1 0.1 45%
Alt 1 range high 0.1 31% 0.1 32% 0.1 78% 0.0 0.1 90%
Alt 2 range low 0.1 7% 0.1 17% 0.1 29% 0.1 0.1 45%
Alt 2 range high 0.1 31% 0.1 32% 0.1 78% 0.0 0.1 90%
Alt 3 range low 0.1 7% 0.1 17% 0.1 0% 0.1 0.0 23%
Alt 3 range high 0.1 31% 0.1 32% 0.1 0% 0.1 0.1 53%
Alt 4 range low 0.1 46% 0.1 17% 0.1 0% 0.1 0.1 55%
Alt 4 range high 0.1 59% 0.0 32% 0.0 0% 0.0 0.1 72%

Copper Alt 1 range low 3.8 8% 3.5 19% 2.8 25% 2.1 1.7 44%
Alt 1 range high 3.8 35% 2.5 37% 1.6 96% 0.1 3.7 98%
Alt 2 range low 3.8 8% 3.5 19% 2.8 25% 2.1 1.7 44%
Alt 2 range high 3.8 35% 2.5 37% 1.6 96% 0.1 3.7 98%
Alt 3 range low 3.8 8% 3.5 19% 2.8 0% 2.8 1.0 25%
Alt 3 range high 3.8 35% 2.5 37% 1.6 0% 1.6 2.2 59%
Alt 4 range low 3.8 34% 2.5 19% 2.0 0% 2.0 1.8 47%
Alt 4 range high 3.8 53% 1.8 37% 1.1 0% 1.1 2.7 70%

Lead Alt 1 range low 3.8 15% 3.2 33% 2.2 29% 1.5 2.3 60%
Alt 1 range high 3.8 61% 1.5 64% 0.5 78% 0.1 3.7 97%
Alt 2 range low 3.8 15% 3.2 33% 2.2 29% 1.5 2.3 60%
Alt 2 range high 3.8 61% 1.5 64% 0.5 78% 0.1 3.7 97%
Alt 3 range low 3.8 15% 3.2 33% 2.2 0% 2.2 1.6 43%
Alt 3 range high 3.8 61% 1.5 64% 0.5 0% 0.5 3.3 86%
Alt 4 range low 3.8 46% 2.1 33% 1.4 0% 1.4 2.4 64%
Alt 4 range high 3.8 59% 1.6 64% 0.6 0% 0.6 3.2 85%

Zinc Alt 1 range low 23.4 9% 21.3 21% 16.8 15% 14.3 9.1 39%
Alt 1 range high 23.4 39% 14.3 41% 8.4 91% 0.8 22.6 97%
Alt 2 range low 23.4 9% 21.3 21% 16.8 15% 14.3 9.1 39%
Alt 2 range high 23.4 39% 14.3 41% 8.4 91% 0.8 22.6 97%
Alt 3 range low 23.4 9% 21.3 21% 16.8 0% 16.8 6.6 28%
Alt 3 range high 23.4 39% 14.3 41% 8.4 0% 8.4 15.0 64%
Alt 4 range low 23.4 31% 16.1 21% 12.7 0% 12.7 10.6 45%
Alt 4 range high 23.4 49% 11.9 41% 7.0 0% 7.0 16.3 70%

Notes:
Alternative 1:  Conventional Sweeping (BMP 1) + Modified Catch Basin/Cleaning (BMP 2)+ Media Filtration Vault (BMP 3) 
Alternative 2:  Conventional Sweeping (BMP 1) + Modified Catch Basin/Cleaning (BMP 2) + Catch Basin Filtration (BMP3)
Alternative 3:  Conventional Sweeping (BMP 1) + Modified Catch Basin/Cleaning (BMP 2)
Alternative 4:  High Efficiency Sweeping (BMP 1) + Modified Catch Basin/Cleaning (BMP 2)

Sources:
Initial Pollutant Loading:
     Kayhanian M., Hollingsworth L., Spongberg M., Regenmorter L., and K. Tsay.  Jan. 2002.  Characteristics of Stormwater Runoff from CalTrans Facilities.
    Transportation Research Board, Annual Conference, Washington D.C.  Table 3. 

     Federal Highway Administration,  March 1985.  Effects of Highway Runoff on Receiving Waters, Vol. III, Resource Document for Environmental Assessments. 
     Publication No. FHWA/RD-84/064.  Table 1.  Summary of highway runoff quality data for six monitoring sites and typical urban runoff quality based on data from 28 cities: 
     Average Pollutant Concentration.

Conventional Sweeping:
     FHWA, 1984.  Sources and Migration of Highway Runoff Pollutants  Volume III: Research Report. Publication No. FHWA/RD-84/059.  May 1984

     Kayhanian M., Hollingsworth L., Spongberg M., Regenmorter L., and K. Tsay.  Jan. 2002.  Characteristics of Stormwater Runoff from CalTrans Facilities.
    Transportation Research Board, Annual Conference, Washington D.C.  Table 3. 

Table E.1
Multiple BMP in Series Pollutant Removal Calculations 
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Table E.1
Multiple BMP in Series Pollutant Removal Calculations 

Modified Catch Basin:
    EPA, 1977.  Catchbasin Technology Overview and Assessment.  EPA 600/2-77-051.  PB-270 092.  May 1977.  pp. 84.

    FHWA, 1990.  Pollutant Loadings and Impacts from Highway Stormwater Runoff.  Volume I:  Design Procedure.  Publication No. FHWA-RD-88-006.  April 1990. pp. 15.

     Kayhanian M., Hollingsworth L., Spongberg M., Regenmorter L., and K. Tsay.  Jan. 2002.  Characteristics of Stormwater Runoff from CalTrans Facilities.
    Transportation Research Board, Annual Conference, Washington D.C.  Table 3. 

Media Filtration:
     SMI.  2000.  Total Suspended Solids Removal Using StormFilter Technology.  Portland.  OR.

     CalTrans.  2000.  California Department of Transportation BMP Retrofit Pilot Program.  San Diego.  CA.

     SMI.  2000.  Oil, Grease, and Hydrocarbom Removal Using StormFilter Technology.  Portland.  OR.

High Efficiency Sweeping:
     Sutherland, R.C., and S.L. Jelen.  1997.  "Contrary to Conventional Wisdom, Street Sweeping can be an Effective BMP."  Advances in Modeling the Management of
     Stormwater Impacts, Vol. 5.  Ed., W. James.   Computational Hydraulics International.  Guelph, Ontario.  Pp. 179-190.

    Sutherland, R.C., S.L. Jelen, and G. Minton.  1998.  High Efficiency Sweeping as an Alternative to the Use of Wet Vaults for Stormwater Treatment.  Advances in
     Modeling the Management of Stormwater Impacts - Vol 6. W. James, Ed. Pub. By CHI, Guelph, Canada 1998.  ISBN 0-9697422-8-2.  pp.  369-370.
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Sweeping 
Frequency

Catch Basin 
Cleaning 

Frequency
Initial

Pollutant Loadb BMP 1c
Intermediate

Pollutant Load BMP 2d
Final

Pollutant Load
Pounds of Pollutant 

Removed
Final Removal 

Efficiency
lbs % removal lbs % removal lbs lbs/yr %

TSS
weekly annual 18,451 77% 4243.8 39.1% 2584.5 15866.8 86%

bi-weekly annual 18,451 60% 7380.5 39.1% 4494.7 13956.5 76%
monthly annual 18,451 50% 9225.6 39.1% 5618.4 12832.8 70%

weekly bi-annual 18,451 77% 4243.8 75.0% 1060.9 17390.3 94%
bi-weekly bi-annual 18,451 60% 7380.5 75.0% 1845.1 16606.1 90%
monthly bi-annual 18,451 50% 9225.6 75.0% 2306.4 16144.8 88%

Cadmium
weekly annual 0.1 59% 0.0 39.1% 0.0 0.1 75%

bi-weekly annual 0.1 52% 0.1 39.1% 0.0 0.1 71%
monthly annual 0.1 46% 0.1 39.1% 0.0 0.1 67%

weekly bi-annual 0.1 59% 0.0 75.0% 0.0 0.1 90%
bi-weekly bi-annual 0.1 52% 0.1 75.0% 0.0 0.1 88%
monthly bi-annual 0.1 46% 0.1 75.0% 0.0 0.1 87%

Copper
weekly annual 3.8 53% 1.8 39.1% 1.1 2.7 71%

bi-weekly annual 3.8 42% 2.2 39.1% 1.3 2.5 65%
monthly annual 3.8 34% 2.5 39.1% 1.5 2.3 60%

weekly bi-annual 3.8 53% 1.8 75.0% 0.4 3.4 88%
bi-weekly bi-annual 3.8 42% 2.2 75.0% 0.6 3.2 86%
monthly bi-annual 3.8 34% 2.5 75.0% 0.6 3.2 84%

Lead
weekly annual 3.8 59% 1.6 39.1% 0.9 2.8 75%

bi-weekly annual 3.8 52% 1.8 39.1% 1.1 2.7 71%
monthly annual 3.8 46% 2.1 39.1% 1.2 2.5 67%

weekly bi-annual 3.8 59% 1.6 75.0% 0.4 3.4 90%
bi-weekly bi-annual 3.8 52% 1.8 75.0% 0.5 3.3 88%
monthly bi-annual 3.8 46% 2.1 75.0% 0.5 3.3 87%

Zinc
weekly annual 23.4 49% 11.9 39.1% 7.3 16.1 69%

bi-weekly annual 23.4 39% 14.3 39.1% 8.7 14.7 63%
monthly annual 23.4 31% 16.1 39.1% 9.8 13.6 58%

weekly bi-annual 23.4 49% 11.9 75.0% 3.0 20.4 87%
bi-weekly bi-annual 23.4 39% 14.3 75.0% 3.6 19.8 85%
monthly bi-annual 23.4 31% 16.1 75.0% 4.0 19.3 83%

a Alternative 4:  High Efficiency Sweeping (BMP 1) + Modified Catch Basin/Cleaning (BMP 2)
b   Initial load based on drainage 6-Lane Alternative
c Source:   
      Sutherland, R.C., and S.L. Jelen.  1997.  "Contrary to Conventional Wisdom, Street Sweeping can be an Effective BMP."  Advances in Modeling
      the Management of Stormwater Impacts, Vol. 5.  Ed., W. James.   Computational Hydraulics International.  Guelph, Ontario. pp. 179-190.
d Source:  
      EPA, 1977.  Catchbasin Technology Overview and Assessment.  EPA 600/2-77-051.  PB-270 092.  May 1977.  pp. 84.

Table E.2
Alternative 4a - Comparison of Maintenance Frequency Using Multiple BMP Pollutant Removal 
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Cost Details/Assumptions:
Quantity Unit Unit Price Notes

Modified Catch Basin 100 each $6,000 WSDOT bridge design estimate
Vault with Media (48 in. MH) 47 each $23,140 Vendor estimate
Vault with Media (8' x 16') 2 each $71,500 Vendor estimate
Pretreatment vault 49 each $6,000 Vendor estimate

Conveyance Piping 0 ft; $120 WSDOT bridge design estimate; 12-inch galv. Steel
StormFilter Catch Basin Unit 100 each $10,000 Vendor estimate
High Efficiency Sweeper 1 each $240,000 Vendor estimate, Schwartz A-series, Elgin Cross Wind (regenerative air)

$300,000 Vendor estimate, Schwartz vacuum sweeper
Conventional Sweeper 1 each $215,000 Vendor estimate

O&M Cost Details/Assumptions

Conventional Sweeping 12 hrs labor (8 hr sweeping shift + 4 hr load/unload)
$864 tech 2 (2)
$444 tech 3 (1)
$192 conventional sweeper
$240 advance warning truck and attenuator truck

$1,740 Total

Vacuum Sweeping 12 hrs labor (8 hr sweeping shift + 4 hr load/unload)
$1,296 tech 2 (3)

$444 tech 3 (1)
$192 conventional sweeper
$312 vacuum sweeper 
$240 advance warning truck and attenuator truck

$2,484 Total

Catch Basin Cleaning 20 hrs labor (100 CBs, 10 min./CB, 3 hr load/unload ,):
$1,440 tech 2 (2)

$740 tech 3 (1)
$400 advance warning truck and attenuator truck
$340 vactor truck

$2,920 Total
info source

$70 /cartridge exchange cost Vendor estimate, $70/cartridge,
Media Vault Cartridge Exchange $57,540 274 cartridges

3 times/year replaced
Catch Basin Cartridge Exchange $57,540 274 cartridges

3 times/year replaced
Catch Basin Cartridge Maintenance

Catch Basin Cartridge Replacements 79 hrs labor (100 CBs, 45 min./CB, 3 hr load/unload):
$8,532 tech 2 (3)
$2,923 tech 3 (1)
$1,343 truck/crane 
$1,580 advance warning truck and attenuator truck
$1,343 vactor truck

$15,721 Total

CB Inspections 18 hrs labor ( 100 CBs, 10 min./CB, ):
$1,296 tech 2 (2)

$666 tech 3 (1)
$108 pickup 

$3,000 advance warning truck and attenuator truck
$5,070 Total

Vault Maintenance

Vault Cartridge Replacements 150 hrs Labor (49 vaults, 3 hr/vault, 3 hr load/unload)
$16,200 tech 2 (3)

$5,550 tech 3 boat pilot (1)
$2,550 vactor truck  

$24,300 Total

Vault Inspections 24 hrs Labor (49 vaults, 30 min/vault )
$768 tech 2 (2)
$624 tech 3 (1)
$144 pickup 
$480 advance warning truck and attenuator truck

$2,016 Total
Hourly Rates
Tech 2 $36 per hour
Tech 3 $37 per hour
Truck/Crane $17 per hour
advance warning & attenuator $20 per hour
vactor truck $17 per hour
pickup $6 per hour
conventional sweeper $16 per hour
high efficiency sweeper (vacuum) $26 per hour



 

 



 

 

Appendix F Vendor Data 
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Aqua-Fi l terTM, S t o r m w a t e r  F i l t r a t i o n  S y s t e m  

Stormwater  Menu 
The Aqua-FilterT"' Stormwater Filtration System is designed for sites that 
require advanced treatment of runoff stormwater that may discharge 
into sensitive receiving waters. 

The Aqua-FilterT" is not only unique because of its modular design, and 
HDPE construction, but also because of the ease of installation. The 

Aqua-GuardianTM 
system can be designed for new construction projects or be retrofit for 
existing storm drainage structures. 

Introduction 

Aqua-FilterTM Introduction 

Each Aqua-FilterT" system is custom engineered and utilizes a unique approach for pollutant removal. This patented 
configuration begins with the removal of gross pollutants by the Swirl Concentrator, followed by the removal of fine sediments 
and water-borne pollutants by the Filtration Chamber. 

The Aqua-FilterT" System is engineered such that the filtration capacity complies with established water quality treatment 
requirements. This means that the system filters the initial movement of fine sediment pollutants that can be particularly 
harmful. 

The Aqua-FilterT" Stomwater Filtration System operates under gravitational and 
hydrodynamic forces with no moving parts or valves, which simplifies the treatment 
process. The Aqua-FilterT" System also nomally operates in an off-line configuration 
as recommended by the Center for Watershed Protection and most municipalities; 
fully treating the more frequent 6-month to 1-year design storms (or roughly 90% - 
95% of the annual rainfall on a given site). 

Perfomance testing is a nomal  part of our quality assurance program. Third party 
testing has demonstrated TSS removals of greater than 80% and the effective 
removal of additional pollutants including hydrocarbons (i.e. light and heavy oils and 
grease), phosphorus, and various heavy metals (i.e. copper, zinc). 

The Aqua-FilterT" systems unique treatment method is illustrated in the drawing 
shown below and described in the following steps. 

Step 1. - Pre-treatment 

Peripheral pretreatment of contaminated stomwater is not necessary when using the Aqua- 
FilterTM Stomwater Filtration System. I n  fact, each Aqua-FilterTM system is custom 
engineered to  utilize a unique treatment sequence where both the course and fine 
pollutants are removed. 

This sequence begins with the Swirl Concentrator designed to  target the removal of Total 
Suspended Solids (TSS), and free-floating oil and debris. The addition of the Swirl 
Concentrator allows for larger debris to  settle before filtration and increases filtration 
effectiveness. 

Step 2. - Filtration 

The filtration chamber in the Aqua-FilterT" System is designed to refine and enhance the 
stormwater quality prior to discharge into sensitive receiving waters. The peak filtration flow 

mhtml~f;l0-/A\cimha\nm~\Param0t~v\1 Qnl71 \AT( A R T - T X 7 n  C T T  TnV\3nn0 T  TnAot0\7 3n C; </I 3/3nn0 
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rate is based on the calculated water quality treatment requirements desired for the site. 
The Sizing Chart provided in the catalog indicates the peak filtration flow rate for the specific Aqua-FitterTM model. 

As the pre-treated water enters the filtration chamber, i t  is evenly distributed across the filter bed and allowed to permeate 
through the filter media. The filter media are contained in individual containers, which are layered in a pattern to avoid short- 
circuiting. 

Benefits 

Retrofit Applications 

The Aqua-FitterTM system is designed so that i t  can be used for retrofit applications. The filtration system can be installed both 
above and below grade, and can be used for industrial applications to meet new, more stringent permit requirements. 

Fast Installations 

The Aqua-FilterTM system has been designed and fabricated to 
facilitate easy installation of the system. 

Due to the lightweight durable nature of HDPE, typically no special 
lifting equipment is required to off load the Aqua-FitterTM System. 
Lifting supports or cables are provided on each unit, and typically 
installation can be accomplished with an excavator or track-hoe. 
Compared to concrete systems, using an Aqua-FitterTM can 
significantiy reduce installation costs. 

I n  addition, stub-outs for the inlet and outlet are provided. 
AquaShieldTM will furnish the coupling between the Swirl 
Concentrator and Filter Chamber. This requires the contractor to 
simply attach the pipes to the Stormwater Filtration System with 
rubber couplings for the system to function properly. Typically, an 
AquaShieldTM representative is present on-site to assist in the 
installation process. 

Easy Maintenance 

Maintenance of the Aqua-FitterTM Stormwater Filtration System is two-fold. First, inspect the swirl concentrator, then inspect the 
filtration chamber. 

The first step is to inspect and cleanout the Swirl Concentrator pre-treatment chamber. Free-floating oil and floatable debris can 
be directly observed and removed through the 32-inch service access provided. I f  cleanout is needed, a vacuum truck can be 
used to remove the accumulated sediment and debris. 

The second step is to inspect and cleanout the Aqua-FitterTM filtration chamber. Inspection of the filtration chambers can be 
performed from the surface by observing the color change of the fitter media from its original light color to dark brown. I f  the 
filter bags need replacing, entry into the system is required. The spent filter containers are lifted from the chamber as shown 
below. 

Replacement filters are then lowered into the system and set into position. The filters are placed into two foot by two foot 
holders that should be overlapped such that the lower two bags are parallel to the length of the filtration chamber, and the 
upper two are perpendicular to  the length of the chamber. Care must be taken to ensure that the containers are seated into 
position to promote good contact with the walls on all sides. 

Typically, the spent filters do not require any special treatment or handling for disposal. AquaShieldTM recommends that all 
materials removed be handled and disposed of in accordance with local and state requirements. 

An Inspection and Maintenance Manual is provided with the Aqua-Fitter'" system for more detailed maintenance procedures. 

Filter media 

Filter Media 

The variety of natural filter media utilized are capable of removing 
waterborne pollutants such as oil, fine-grained sediment, and heavy 
metals as particulate. Perlite is the most commonly used filter media. 
Other filter media and blends that contain zeolite, leaf compost and 
granulated activated carbon are also available. 
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Photo Gallery 

Aqua-FilterTM Photo Gallery 

Downloads 

Aqua-FilterTM Downloads 

,s Aqua-FilterT" Brochure (1.8 MB) 
I 

:,t Aqua-FilterT" Complete Manual (3.53 MB) - * 3 
:a Aqua-Filter'" Installation Procedures (2.41 MB) 

$2 Aqua-Filter'" Maintenance Manual (182.71 kB) 

-2 Aqua-FilterTw Specifications (74.27 kB) - 
$ 2  Aqua-Filter" Worksheet (72.19 kB) 

Animation 

Aqua-FilterTM Animation 

Related Article 

Stormwater Treatment: Field Demonstration and Evaluation 

Case Study: The Conasauga River 

University of  New Hampshire Field Verification 

Second Aquashield System Certified by NJDEP 

Case Study: Water Treatment Using Mobile Treatment System 

The Project Design Assistant 

PathexTM, Antimicrobial Filter Media 

AquaShieldTM Makes Maintenance Easy 

Aqua-GuardianTM, Catch Basin Insert for Stormwater Quality 

Aqua-SwirlTM, Stormwater Hydrodynamic Grit Separator 
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Stormwater Solutions 

About Us Products 

Filtration 

Home I lnfo by State 1 DYO Project I News ( Events I Frequently Requested lnfo I Careers 

Login I Register C o r ~ o r a t e  Information 1 Contact Us 

Bridge Solutions 

Drainage Solutions 

Earth Stabilization Solutions 

Search by. 

Stormwater Solutions 

1 GO / ~ d v a n c e d  Search 

I 

Technologies CaseStudies Resources 
I 

I I Specify 

MFS 

StorrnFilter 

Siphon-actuated Fi l trat ion 

Designed to meet stringent regulatory requirements. The 
Stormwater Management StormFilter@ targets a full range of 
pollutants in urban runoff, including TSS, soluble heavy metals. oil 
and grease, and total nutrients. Its patented, surface-cleaning 
system prevents surface blinding, which extends the cartridge life 
cycle. The field-proven performance of the StorrnFilter has led to 
hundreds of regulatory agency approvals nationwide as a 
standalone BMP. This cost-effective, passive filtration system is 

EJ Oilwater Separation highly reliable and easy to install 

EJ CMP Detention 
- - 

EI Concrete Detent~on StorrnFilter Benefits 

EJ Plastic Detent~on 

EJ Flow Control 

EJ Catch Basin Inserts 

B Permeable Pavement 

B B~oFlltrat~on 

Various filtration media available to target site-specific pollutants 
Increased cartridge longevity due to uniform sediment loading 
Six configurations optimized for different applications 
Cartridge based system provides exact sizing 
Dry sump means no water to remove during maintenance 

Specify Engineering Estimates Quotes Download Drawings 

Tools and Related Documents Click category LO view downloads 

3 An~mat~onIMov~es 

El Brochures 

B Techn~cal DocumentslNotes 

E Wh~te Papers 

Condition of Sale Sales Representation Opportunities Our Brands Site Map Legal DisclaimerlPrivacy 

O 2009 CONTECH Construct~on Products. Inc All rights reserved 
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Stormwater Solutions 

Home I lnfo by State I DYO Project I News I Events I Frequently Requested lnfo I Careers 

Login I Register 

Search by 

Corporate ln format~on / Contact Us 

B r ~ d g e  Solut~ons 

Drainage Solutions 

Earth Stabilization Solutions 

Stormwater Solutions 

GO /Advanced Search 

I I 
! About Us 
i 

) Products Technologies j Casestudies Resources Specify 
I I I 

Triton Catch Basin Insert 

Flexible catch basin inlet protection 

The Tr~ton Insert traps hydrocarbons and other contam~nants 
such as metals sand, slit, trash, and debr~s from stormwater 
runoff Easy to install ~n new and exlstlng drop and curb lnlets 
the Inserts meet best ava~lable technoloqy standards for 

O Plastic Detention 
srormwarer Desr m 
o.lrs, rn.l;nton.lnro 

E Permeable Pavement 

Triton Catch Basin Insert Benefits 

Tools and Related Documents Click category to view downloads 

- 
.?I Brochures 

FL Product Spec1 Ica ~ons 

Condition of Sale Sales Representation Opportunities Our Brands Site Map Legal Disclaimer/Privacy 

@ 2009 CONTECH Construct~on Products. liic. All r~ghts reserved. 





Ultra Urban Filter I Ultra-UrbanBFilter with Smart Sponge@ developed, manufactured by ... Page 1 of 2 

Engineers Consultants Developers Contractors 

Company Products Smart TIPS Sales/Distributors Information Request 

Contact 

The u l t r a - ~ r b a n ~ ~ i l t e r  with Smart SpongeM developed and manufactured by AbTech 
Industries, is an innovative low-cost BMP that helps meet NPDES requirements with 
effective filtration, efficient application, and low maintenance. It is a genuine water filter 
that ensures that the water flowing through the system is properly and completely treated. 
This solution is used to treat stormwater runoff for new or retrofitted sites by absorbing oil 
and grease and capturing trash and sediment, making it a truly comprehensive solution 
geared at removing key contaminants and pollutants from stormwater runoff. In addition, 
AbTech's Smart Sponge""1us incorporates an intra-filter antimicrobial to promote and 
prolong the effective and efficient functioning of the filter. 

The Ultra-Urbanx' Filter is ideal for municipal, industrial, and construction applications 
ensuring compliance with stormwater regulations. The filter comes in two standard 
designs; one a modular unit geared toward curb inlet openings, and the other, a single 
unit designed for typical drop-in catch basin drains. 

Applications 

AbTech's Ultra-Urban"'Filter is an ideal solution for new or existing applications. It can be 
deployed in: 

Municipal Stormwater Drains 

Shopping Center Parking Lot Drains 

Parking Structures 

- Airport Tarmac Drains and Fuel Farms 

Commercial Fuel Distributor Facilities 

Commercial and/or Residential Developments 

- Truck Stops 

Click here to request CAD drawings 

m h h l - ~ F ; l o - l A \ o ; m h o \ n r n ~ \ P o r o m o t 4 ~ \  1 Q n l 7 1 \  A TC A R T - T X T n  C T T  T n V \ 9 n n O  T  T n A o t o \ 7  9n /; < / 1 9 1 9 n n 0  



U-ltra Urban Filter ( Ultra-UrbanBFilter with Smart Sponge@ developed, manufactured by ... Page 2 of 2 

Top of Page 

Home I Company I Products I SmartTlPS I Information Request / Distributors I Contact ( Sitemap I User Agreement 
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Storm Water Filtration System 

The patented Hydro-Kleenrhq Filtra- 
Units are designed to trcv 

tioil Systein is a cost-effective Stonn 
Water compliance technology for use cor~tarninc~nts contained in 

the ':fil-st.jl~tsh ".fi.onl stornl 
with storm water catch basins and 

events. 
drains. It traps hydrocarbons, metals, 
sediments, and other contaminants con- • Provides overjlow protection 
taincd in stonn water and other surface to help eliminatejlnoditzg. 

runoff. High jlow.~ 0f')vater are 

diverted to bypass olttlets. 
The multimcdia filtratioil system 
contains design features that effectively Unitfilters zp to 1/2" ofrain 

filter out hydrocarbons and other con- per koltr in a properlj~ 
taminants while alleviating coneenls ciesigrled drain. 
with water flow. 

The Hydro-KlecnT" Filtration Systein 
is an effective Best Management gr~.:' 
Practice (BMP). It assists end users A m  
in con~plying with the NPDES Phase ENVIRONMENTAL 

I1 requircincnts for protccting storm 
water runoff quality. 





Hydro-KleenTM Specification 
Storm Water Filtration System 

Features and Benefits 

Removes 11-vdrocarbons, organically 
bound metals, sediments and other 
organic chemicals from wet weather 
indz/st~-ial n/no& 

Utilizes pre-settling sed;ment 
chamber 

Patented dual media filtration system 
provides consistent lrnloval ejjicien- 
cies between change-outs. 

Bypass system prevents flooding or- 
ponding during high flow storm 
events. 

Units custom built for retrofit or new 
sites. 

Excellent post constrzlction control 
for 'Hot Spot' applications. 

Pretreatment device for groz/ndwate~- 
protection and injiltration practices. 

U.S. Patent #5,820,762 

Unit available for use in round or sqt~ure catch basin p t e s .  

ACF I SI Combine Forces for Solution Implementation 
A Partnership for Water Quality 

P-G 

srL=ce 
2831 Cardwell Road 
Rlchrnond, Virg~n~a 23234 
(800) 448-3636 . FAX (804) 743-7779 

www acfenvrronmental.corn 

D~str~buted by. 

A sr ~~asdutiims 
4019 Industry Dr~ve 

Chattanooga, TN 37416 
(800) 621-0444 . FAX (423) 899-7619 

www s~geosolut~ons.corn 
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AquaShie Select Language 

A ..- - A  c z T D . E A T b . I N T  S S L l  

Home Stormwater Industr ial  Antimicrobial Resources Contact Us 

Stormwater Menu 
AquaShield Inc. has improved the patented Aqua-Guardian Catch Basin 
Insert by increasing the treatment flow rates while maintaining TSS and 

Aqua-Filter'" debris removal efficiency. F~ltration o f  fine sediment and associated 
pollutants transported du r~ng  the first flush o f  the storm continues t o  be 

Aqua-Swirl'" the initial level o f  treatment. 

Aqua-GuardianT" 
Each Aqua-Guardian Insert includes a sediment collection/storage area 
within the HDPE structure. Traditionally, the filter media utilized in the 

Go-Filter'" Aqua-Guardian Insert is 100% reclaimed hydrophobic cellulose. Perlite 
and other natural filter materials are also available in easy t o  remove 
filter containers. 

Related Article 

Stormwater Treatment: Field Demonstration and Evaluation 

Case Study: The Conasauga River 

University of New Hampshire Field Verification 

Second AquaShield System Certified by NJDEP 

Case Study: Water Treatment Using Mobile Treatment System 

The Project Design Assistant 

AquaShieldTM Makes Maintenance Easy 

Aqua-FilterT", Stormwater Filtration System 

Aqua-SwirlT", Stormwater Hydrodynamic Grit Separator 

2705 Kanasita Drive, Chattanooga, TN 37343 1 To l l  Free: 888.344.9044 1 Phone: 423.870.8888 1 Fax: 423.826.2112 

@ 2005-2007 AquaShield"", Inc.  All r igh t  reserved. 
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HOME ABOUT U S  SOLUTIONS PRODUCTS MY TERRAFIX 

Products > ~ n v i r o d r a i n ~  

envirodratnQ is a preventive oil-stop system, 
designed to avoid the huge costs associatedd 
with transformer and coolant oil env~ronmental 
cleanup. enrirodrainD is installed at a fraction of 
the cost of mechanical pump separator systems, 
with greatly reduced maintenance costs. 

Features 

Polyethylene leak-tight construction for long 
life 
Oil-water separator 
Low placement of filter ensures high driving 
head 
Slte-specific custom-built sump with custom 
inlets 
Custom covers, OSHA ladders (if required) and other appurtenances 

Benefits 

. -- - - . . - - - - - 50 years mtntmum service life for system 

Request a Quote Easy to lnstali filter unlts 
-- 100% removal of target hydrocarbons 

Askan Expert Low maintenance, non-mechan~cal 
- H~gh base flow capaclty for storm events 

Search Easy to fit wtth~n exlstlng slte grades 
Safe, rel~able system 

Contact Us 
Download Li terature 

terraf ix"  
Biaxial 
Geogrids 
A simple, cost 
effective 
solution for 
soil 
reinforcement. 

m o r e  details 

FEATUTURED PROJECTS 

w 

PiDes 

MTO Ell iot Lake 





Stormwater Treatment and Management Products: BayFilter, Bayseparator, BMP, Baysa ... Page 1 of 1 

@ B A Y S A V E R  

Working With Us Products News & Events About Us Contact Us Home 

Home > Pro1 > Parametr~x > 180171 > AKART-WQ STUDY > 2009 Update > 7 20 6U/~20%20AgencyU/~20Draft%20AKART > Report > Append~ces > Append1xO/~20F : 
BayF~lter 

After more than seven years of research and development BaySaver Technologies introduces BayFilter, 
the most efficient, effective, economical, and easy-to-use stormwater treatment filter on the market today. 

Utilizing concrete vaults, an easy-to-handle cartridge design, a proven mixed media sand filter, and a 
proprietary spiral wrapped layered construction, BayFilter removes very fine sediment and nutrient 
pollutants at an astounding maximum flow of 30 GPM per cartridge. 

Over 42 square feet of surface area per cartridge assures greater than 80% TSS removal, greater than 
50% reduction in total phosphorous, greater than 12% reduction in dissolved phosphorous, and greater 
than 50% reduction in turbidity*. 

Easy to specify, install, and maintain, the up-flow technology designed into BayFilter employs a unique self-cleaning 
backwash component that dislodges pollutants and restores the porosity of the media. A dedicated drain-down cartridge 
assures no standing water between storms. 

*All claims are derived from 1200 data points using mass-balanced testing methodology 

How BayFilter Works 

9 Specifying BayFilter 

Configurations 

Easv lnstallat~on 

* Easy Inspect~on~Easy Ma~ntenance 

* BaySaver Case Studles 

9 H a s  an Engineering Question? 

9 Find a Local BaySaver Technologies Representative 

9 L S  & Canada 

Other International 

PART 
Pr~vacy Pol~cy Webrnaster Site-Map 

Storrnwater Treatment Systems 1 -800-BAYSAVER 1229.7283) ~nfoabaysaver com 01 997-2007 BaySaver Technologies Inc 
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ecoStorm plus Stormwater Filtration: Removal of sediments, heavy metals, nutrients 

Solutions for  ... News Contact Home Deutsch 

Survey 
General 
Working Principle 
Animation 
Fields of Applicalio 
Slz~ng 
Performance 
All Clear? 

@ sfi'L-=a 
Test certificates. 
specifications. 
brochures. ... 

e c o S t o r m  p l u s T M  
A n  a f fo rdab le  s t o r m w a t e r  f i l t ra t ion  s y s t e m  d e s i g n e d  t o  
r e m o v e  sed iments ,  h e a v y  m e t a l s  a n d  nu t r ien ts .  

Run-off from trafficable areas and metal roofs contains significant 
concentrations of heavy metals and other soluble pollutants. 
Structural stormwater treatment systems are effective in removing 
sediments, but have tremendous shoricom~ngs in removing solubles 
like heavy metals and nutrients (phosphates and nitrates). 

ecoStorm nlus is the onlv available svstem with full size laboralow 
and field test results performed by renbwn European Univesities. ' 
The ecoStorm nlus svstems taraets on treatment of stormwater lo 
protect watercobrses and grouniwater in the long run. 
By the use of special porous concrete filter, cost savings in comparison 
to conventional systems are significant. 

The ecoStorm plus Stormwater Treatment System removes both 
solids and d~ssolved substances: 

I heavy metals (zinc, copper, lead, cadmium, chromium. 
nickel, arsenic) 

I hydrocarbons (mineral oils, polycyclic aromatic 
hydrocarbons) 

I nutrients such as phosphates and nitrates. 

Preview a short introduction video: ecoStor.m.pLus.a_n~aS!o.n 

Stormwater F~ltrat~on 

Page 1 of 1 
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MME Proudly Offers the Schwarze Industries, Inc. Line of Sweeping Equipment 

is Our Goa 

Page 1 of 7 

, The heavy duty Schwarze Industries sweeper 
line offers unparalleled performance, 

\ technology and diversity. 

Quick Links To: 

NlME is proud to represent America's 
leading sweepers. Schwarze Industries, 
Inc. is a 30 year old, publicly-traded 
company (NYSE:ALG) that produces a 
wide range of power sweeping 
equipment. As a result, you can be 
assured of getting the type of sweeper 
that best fits your application. As an 
authorized Schwarze dealer you can 
count on our organization to provide you with a complete package of 
support services on each of your Schwarze-built sweepers throughout 
their long usable lifetime. 

Following is an overview of Schwarze Industries' municipal and industrial 
sweeper line. Although Schwarze Industries also makes America's leading 
parking area sweepers, the S-series sweeper line, that portion of the line 
is sold factory-direct. 
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All Schwarze models tested to date by California's South 
Coast Air Quality Management District have been AQMD 
Rule 11 86 Certified as being efficient in the pickup and 
containment of small-micron (PM-10) particles. Some 
models are also available in CNG configurations, in 
compliance with AQMD Rule 11 90, and all air models are 
equipped with the latest generation of Schwarze's 

industry-leading WhisperWheelsM fan system. 

Schwarze sweepers are known around the world for their performance, 
durability and ease of operation. The following overviews on each 
Schwarze model include direct links to the Schwarze website for each 
model. For your convenience, the latest brochure on most models is 
available in Adobe's Acrobat PDF format. For answers to your questions, 
please give us a call or send us an email. We'll be glad to provide you with 
complete information and/or arrange for a personal demonstration at your 
location. 

Schwarze Regenerative Air Sweepers 
Scroll to see entire tzgcnerative air line. 

The 9.6 cubic yard capacity Schn arze A9000, introduced in 2003, is 
W M E '  one of the largest and most powerful regenerative air sweepers in the 
tiwsmE5 world. The A9000 is designed for locales where dumping frequency 

needs to be minimized, and for holding material such as leaves that 
weigh relatively little but take up lots of room during removal. 

The A9000 sweeper unit is based on the industry- 
leading Schwarze A7000 design, which has had 
over 15 years of very successful operation 
throughout the United States and around the world. 
The A9000 is a low-dumping sweeper, with a 
dump angle of 53 degrees. Sweeper power is 
provided by a 140 hp turbocharged John Deere 
diesel engine, and up to 470 gallons of dust 

. . 
suppression water may be carried at a time. 

Schwarze-exclusi\~e standard features include the industry-leading 
J.Y/zilzispcrIV/~cclsh' fan system. S~$eeps-in-Re~,e~-se~~ capability, and 12 volt 
backup hydraulics. Available options include Schwarze's Gzltter Br.oon1 
LA-tension Ovcrr-icles" (GEOS" allows the curb brooms to operate directly in 
front ofthe sweeping head), twin remote cameras with in-cab monitors, 8" 
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auxiliary hand hose. in-cab tilt for gutter brooms and much more. For more information. 
enlail us. 

The _S_ch\varxe ,4&000, introduced in 2000, is a 5.8 cubic yard, 
* variable high-dumping regenerative air sweeper. 

This sweeper unit uses the sweeping systein 
of the widely acclaimed Schwarze A7000, 
however the A8000's duinping height may be 
adjusted from 3G to 116 inches, with a dump 
angle of 45 degrees. Sweeper power is 
provided by a turbocharged 4.5-liter, inodel 
4045T John Deere diesel engine, and up to 
470 galloils of dust suppression water inay be 
carried at a time. The A8000 is ideal for 
those wanting a thorough, environn~entally- 
frieildly sweep with the capability of 
offloading into a dump truck. 

Schwarze-exclusive standard features include 
the industiy-leading P/lzispcrVeels fan 
systein, S~t*ceps-i~z-Reverse~~ capability, and 12 volt backup hydraulics. 

Available options include Schwarze's Gutter Brooni EA-tensioli O ~ l e ~ * r i d e ~ ~ ,  
which allows the curb brooms to operate directly in front of the sweeping head, 
twin remote cameras with in-cab monitors, 8" auxiliary hand hose, in-cab tilt for 
gutter brooms, water spray bars and much more. In addition, a CNG A8000 
versioil is available. For more infoi-nlation, email us. 

The 8.4 cubic yard Sch~yarze A7000 regenerative air sweeper is one 
of the most powerful air sweepers available in the street sweeping 

m i E S  industry, and is considered by many to be the best all-purpose 
regenerative air road sweeper on the market. 

The A7000 is a sweeper that can haildle 
most jobs traditionally done by a 
mechanical broom machine, and it does so & 

1 l;?F&Z m - at a lower long-run cost and in a much ,**- O 
1 = ><&* :" k 
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more envirorunentally-friendly manner. Sweeper power is provided by either an SO hp or 
1 15 hp. turbocharged John Deere diesel engine, and up to 440 gallons of dust suppression 
water may be cairied at a time. 

Schwarze-exclusive standard features include the inclustry-leading 
?t'I1ispe1.J_t7zecl~~' fan system, Svt?eeps- i~.~-Re~)erse~~ capability and 12 volt backup 
hyclraulics. 

Available oytioils include Schwarze's Gutter Broonz Extensiorl 0ver.r-ideSM, dual 
steering, twin remote cameras with in-cab monitors. 8" auxiliaiy hand hose, in-cab tilt for 
gutter brooms, water spray bars and much more. For more infoilation, email us. 

The 4.3 cubic yard Schwarze A4000 regenerative air sweeper 
* provides solid performance at breakthrough pricing. 

Because of its 
relatively compact size, this machine is 
very maneuverable and requires no 
Conlnlercial Drivers License to operate. It 
is in widespread usage for smaller cities 
and municipalities, universities and private 
sweeping contractors. Power is provicled 
by an 80.5 hp Perl<ins auxiliary engiile, and 
water capacity is 130 gallons. 

Schwarze-exclusive standard 
features include the industry- 
leading tt'17ispel-iYI1eclSM fan 
sys@nm, Svi~ec~p~-in-Re~*e~-se~" 
capability and 12 volt backup 
hydraulics. 

Available options include Schwarze's Gutter- BI-oom Exle17sion OIJCI-~~GEC~~, dual steering, 
twin remote cameras with in-cab monitors, 5" auxiliary hand hose, in-cab tilt for gutter 
brooms, water spray bars and much more. For inore information, _elnail..us. 

Schwarze Mechanical Broom Sweepers 
Scroll to scc cnti1.e lnechanicnl broom line. 

Clet Brochure 
As PlSF Fife 
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The 5 cubic yard capacity Schwarze R116000, introduced in 2002, is a mechanical 
broom sweeper model that offers single- or dual-engine design and mounting on a 
variety of conventional and cabover chassis. 

1 I The Schwarze M6OOO is perhaps the most 
versatile and rugged broom sweeper line in 
America. Although new in 2002, the 
M6000 is built around the time-tested 
M5000 sweeping system that utilizes a 
squeegee-type elevator. However, the 

W n k d u J m q l l s )  M6000 has a wider elevator and cloes not 
use the M5000's auger system. On twin- 

engine inodel M6000s, sweeper functioils are powered by a durable Dietz diesel auxiliary 
engine. Single-engine sweepers are powered by the chassis engine via a World 
Transmission. 

For the utmost in versatility, the M6000's variable height offloading design 
allows collected debris to be dumped at any height froin as little as 16" up to a 
whopping 1 I '  6". This latter height is sufficient to allow users to offload even 
into a highway hauler with sideboards. The addition of forward-facing, digger- 
type gutter brooms makes the Schwarze M6000 one of the most powerful, cost- 
effective and versatile broom sweepers in the world. 

In 2003, the MGOOO line was updated to offer a 
CNG-powered single engine MGOOO on a 
Freightliner FL70 chassis. Also, dual- and single- 
engine conventioilal M6000 models mouilted on 
IHC 4300 chassis became available. In addition, for 
the first time. M6OOO cabover models are being 
offered. The latter, called the MGOOOTEICO model, 
are mounted oilto a Sterling SC8000 chassis. A wide range of standard features and options 
me available for the entire line. For inore infoinlation, email us. 

The 5-yard Schbvarze b45000 mechanical broom sweeper has long 
" been a top choice for heavy duty road sweeping, construction 

cleanup, cleanup after milling operations, etc. 

One reason this inachinc is considered by 
inany to be the best available for milling 
applications is the M5000's unique auger 
system and 24" elevator. The auger center- 
loads the hopper for better stability and 
usable capacity. Because the cle\,ntor is 
24" wide, i t  can handle extremely 11eavy 
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loading without bending the flights, a common occurrence with brooin sweepers used for 
milling and heavy construction cleanup work. 

The M5000 also features castcr wheels instead of skids on the inain broom. and - + !  ""-4 
2,. i?*-Y 

offers an optioilal side and rear view camera system. If you need a rugged * Q 7 
'-- 

-. 
r3 

mechanical broom sweeper, espccially in milling operations, you'll find the i ~ .  ,I-+o&,,& p 
Schwarze M5000 to be an excellcilt choice. For inore information, email us. "'5 :, J . 

Schwarze High-Efficiency Environmental Sweepers 

Schwarze Industries' E-V_lseri_e_s ai_r_-andsurt3ce cleaners offer the 
leading technology available for collection and disposal of small 
micron materials from pavement surfaces. 

Although their pickup 
ability for standard street debris rivals that 
of large regenerative air sweepers, the 
Schwarze EV-seiies machines also collect 
inaterial as sinall as 2.5 inicroils (1128 the 
width of a human hair). Since no water is 
used in the process, the machines are ideal 
for industrial uses where raw materials 
need to be reused or recycled, and for 
cleailup of EPA-targeted pollutioil 
substances like heavy metals, phosphates, 
etc. 

To our knowledge, Schwarze EV-series sweepers are the only machines in 
existence that meet or exceed the pickup and retention standards of both the 
U.S. EPA Clean Air and Clean Water Acts. If you have industrial, hazardous 
waste or toxic material sweeping, or for locations seeking to remove as much 
PM-10 material as possible. you should learn more about this breakthrough 
technology. For more information, em a1 '1 us. 

After the Sale: You can always count on our experienced support personilel to provide you 
with follow-up services, including replacement parts and product information. 

Please call or email with questions. 

For more information about any of our lines of street sweeping equipment, 
give us a call at 916-922-1 101 or send-us an enlag. 
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Sacramento Oftice Anaheim Office 
2360 Harvard St. 1061 North Shepherd St., Unit B 
Sacra~nento, CA 958 15 Anaheim, CA 92806 
Phone: 91 6-932- 1 101 Phone: 714-632-2871 
Email: f ~ ~ ~ l ~ e e l e r @ s o u r c e - j n ~ n e c ~  Email: fiyheeler@2ource-n~me.con~ 
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ELGIN, ILL. (Jan. 30, 2008) - Elgin Sweeper, the leading manufacturer of street 

sweepers, has released results of a rigorous sweeper test performed by an 

independent group of storm water control experts, that demonstrate the 

efficiency of Elgin Sweeper street sweepers in removing storm water pollutants. 

The test was conducted on four Elgin Sweeper models - a prototype Crosswind 

NX high-performance filter regeneration sweeper with dust control, the 

regenerative air Crosswind@, the vacuum Whirlwind@ MV and the mechanical 

Waterless Eagle@ FW. 

"In today's economy, everybody has to do more with fewer resources," said Brian Giles, sweeper products 

manager at Elgin Sweeper. "Municipalities are required to put best management practices in place to reduce 

storm water pollution, and many are using structural treatment devices like underground vaults and drain catch 

basin inserts that are expensive to install and maintain." However municipalities are spending their money, 

Giles emphasized the importance of getting a measurable return. "From the standpoint of dollars per pound of 

pollutant removed from the storm water, these test results confirm what we already knew - that nothing comes 

close to matching the effectiveness of Elgin Sweeper street sweepers in removing storm water pollutants," 

Giles added. 

The sweeping industry has long been looking for a way to quantify repeatable effectiveness of sweepers on 

picking up street debris. "Over the last 20 years, several tests have been conducted to try to determine if street 

sweepers reduce storm water pollution," Giles said. "A number of sweeper manufacturers are making claims 

about what their machines can do to reduce storm water pollution without any supporting data." 

Elgin Sweeper made a significant investment in conducting an independent, credible, repeatable test to 

measure the sweeping efficiency of its sweepers. "Now we can provide our customers and the industry with 

solid, factual data on the efficiency of our sweepers in picking up street debris and removing storm water 

pollutants," Giles said. 

According to Giles, Elgin Sweeper wanted quantifiable results of what the storm water experts say about the 

performance of its street sweepers. The company sought out Pacific Water Resources, Inc. (PWR), one of the 

most credible, recognized independent experts on storm water control in the United States. 

"PWR has developed a state-of-the art load estimation procedure called 

SIMPTM (simplified particulate transport model) that can quantify urban 

pollution loadings and accurately estimate optimum cleaning practices for 

streets and catch basins," Giles said. Developed and refined over a period of 

approximately 20 years, SIMPTM has been used on numerous occasions to 

predict pollutant loading and wash-off processes and is considered by many 

industry experts to be the most credible storm water quality modeling package in the United States. 

"Roger Sutherland, the president of PWR and a leading storm water control expert in his own right, was 

directly involved in the test conducted on our sweepers," Giles said. Sutherland is a senior water resources 

mhtml-Gle-//\\cimha\nmi\Param~tt-i~\ 1 Qnl71\ A T (  ART-TX7n CTT TnV\3nn0 TTnrlate\7 3n f ;  </I 3/3nn0 
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engineer with 30 years of professional engineering experience in drainage master planning, water quality 

management planning, riverine hydraulics, flood management and water quality facility design. 

Using modeling tools that accurately simulate the sediment accumulation and wash-off behaviors and their 

interaction with cleaning practices. Sutherland and PWR designed and implemented a series of controlled 

street dirt pick-up performance tests for the four Elgin Sweeper models. The purpose of the field test was to 

measure the efficiency of the Elgin Sweeper machines operating under conditions typically found throughout 

the United States. 

According to PWR's test results. Elgin Sweeper's prototype Crosswind NX high-performance filter regeneration 

sweeper with dust control removed 97.5 percent of the pollutants: the standard regenerative air Crosswind 

removed 96.4 percent of the pollutants; the vacuum Whirlwind MV removed 93.5 percent of the pollutants; and 

Applicat~on Stories the mechanical Waterless Eagle FW removed 91.5 percent of the pollutants. The Waterless Eagle with water 
~ 

spray was also tested and removed 81.0 percent of the pollutants 
Tradeshow 

Careers Giles said Elgin Sweeper encourages other sweeper manufacturers to take this independent test and see what 

Other Federal Signal results their sweepers achieve. "We would like the sweeper industry to consider making this a standard test to 
Sites measure the efficiency of all sweepers on the market." 

Legal 

Used Sweepers 

As part of the field test, five controlled pick-up performance tests were 

conducted by PWR on the four Elgin Sweeper models over a three-day period at 

a curbed test track. Giles said the controlled street dirt accumulations were 

formulated to simulate average street dirt. Each test was based on initial street 

dirt accumulation of approximately 792 pounds per curb mile - 7.5 pounds (3405 

g) spread evenly over a 50-foot by 2-foot track. The street dirt loadings used for 

these tests were well within the range of both accumulated mass and particle 

size distributions (PSDs) observed as part of the Nationwide Urban Runoff 

Program conducted more than 20 years ago. 

The average forward sweeping speeds for these tests were specified at 5 mph and were measured from 4.7 to 

5.1 mph. The use of water spray for dust suppression was not used in five of the six tests. One test with the 

Eagle Waterless FW sweeper was conducted with the use of water spray. The same unit was also tested 

without the use of water. 

Overall pick-up efficiency for each sweeper tested was computed as a percentage of the initial weight removed 

and was based on the weight of the remaining material collected after the sweeping operation, compared to 

the known weight of stimulant spread evenly among the test track. A sieve analysis was conducted by a 

certified third-party soils lab on each of the six remaining material samples collected after each test and on a 

single sample of the stimulant itself. The results of these analyses allowed PWR to estimate the overall pick-up 

efficiency of each sweeper test and the pick-up efficiencies for each of the eight particle size groups used in 

the sieve analysis. 

"Elgin Sweeper is committed to providing municipalities with environmental solutions that reduce storm water 

and air pollution." Giles said. "From our alternative fuel-powered sweepers and waterless dust control 

sweepers, to our regenerative filtration systems, Elgin Sweeper is a technology leader in developing innovative 

products that result in cleaner streets, water and air." 

Located in Beaverton, Ore., Pacific Water Resources, Inc. is an engineering 

consulting firm specializing in the fields of hydraulics, hydrology, water 

quality modeling and evaluation, fluvial geomorphology, sediment transport, 

and computer-aided mapping. Recognized as a leader in watershed 

management planning and design, PWR's technical expertise has been at 



Elgin Sweeper Test Results Highlight Positive Impact Of Sweeping On Reducing Storm ... Page 3 of 3 

the forefront of every major regulatory and technical advancement for 

assessing, enhancing and protecting water resources since 1978. For more company information, or to learn 

more about the SIMPTM test procedure, visit www.pacificwr.com. 

To learn more about Elgin Sweeper's role in reducing air and storm water pollution, find out how to make Elgin 

Sweeper's proven waterless sweeping technology part of your community's best management practices, or 

download a free white paper outlining the results of the sweeper efficiency test, please visit 

www.elginsweeper.comlairandwater. For additional information on Elgin Sweeper's line of sweepers or to 

schedule a demonstration, please visit www.elginsweeper.com or see your local Elgin Sweeper dealer. 

Sold and serviced through a network of more than 100 dealer locations worldwide, Elgin products are the 

sweepers of choice for a variety of general street maintenance, special industrial and airport applications. With 

more than 90 years of experience, Elgin Sweeper offers municipalities, contractors and industries the most 

sweeper options in the country, using the latest sweeping technologies-mechanical, pure vacuum, 

regenerative air, alternative fuel and waterless dust control. Elgin Sweeper is a subsidiary of Federal Signal 

Corporation's Environmental Solutions Group. For more information, visit www.elginsweeper.com. 

Federal Signal Corporation (NYSE: FSS) is a leader in advancing security and well-being for communities and 

workplaces around the world. The company designs and manufactures a suite of products and integrated 

solutions for municipal, governmental, industrial and airport customers. Federal Signal's portfolio of trusted, 

high-priority products include Bronto aerial devices, Elgin and Ravo street sweepers. Federal Signal safety and 

security systems, Guzzler industrial vacuums. Jetstream waterblasters and Vactor sewer cleaners and vacuum 

excavators. Federal Signal was founded in 1901 and is based in Oak Brook. Ill. For more information. visit 

www.federalsignal.com. 

Elgin Sweeper Company 
A Subsidiary of Federal Signal Corporation 

1300 West Bartlett Road 
Eigin, IL 60120-7529 

Phone: (847)741-5370 Fax: (847)742-3035 

http_&w elg~nsweeoer comi E-mall sales@eb~nsweeper corn 
Copyr~ght Elg~n Sweeper Company O 2009 All r~ghts reserved rriorldw~de 
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Tennant Sweepers 
Depend on quality Tennant sweepers to deliver superior, long-lasting results even in the 
harshest environments. Trust durable, heavy-duty models with advanced dust control, 
continuous uptime and powerful sweeping performance to help you succeed. 

, 110 - Manual Push Sweeper 

fgg+ A compact walk-beh~nd sweeper QL I IC~  and effortless hlgh performance at  low cost, effective on hard surfaces. 

S8 - Walk-behind Sweeper 

A highly efficient sweeper! The three-wheel turning system and easy controls are ~~ser - f r iend ly  for low operator 

fatigue. 

S12 - Battery powered sweeper 

The Tennant S12 IS a very compact battery-drrven r~de -on  sweeper wlth a sweeplng path o f  90cm. Due to  ~ t s  

h ~ g h  manoeuvrabil~ty and the retractable slde brushes i t  can eas~ ly  reach t ~ g h t  corners 

6100 - Compact rider sweeper 

Compact and h~gh l y  manoeuvrable. Especially des~gned to  qulckly sweep up dust and deb r~s  in areas too large 

for manual sweeplng 

6200 - Compact rlder sweeper 

The perfect comb~na t~on  of h ~ g h  effrclency and compact srze. This compact machlne IS able to  match the 

product lv~ty and performance of m ~ ~ c h  larger machines. 

6400 - Rider sweeper 

Designed t o  handle the toughest cleaning assignments, manoeuvres easily and features T-beam frame 

construction. 

??3> 
6550 - Power sweeper 

The Tennant 6550 1s deslgned for cont~nuous work ~n really tough app l~cat~ons Use the Tennant 6550 power 

sweeper to remove everything from f ~ n e  dust and powders t o  bulky debr~s, ~ndoors  and outdoors. 

6650 - Power rider sweeper 

Operatrng a power sweeper is as easy as d l v~ng  your car Just start the englne, press the 1StepU1 button, 

control the machrne speed vra 1 foot pedal and steer 

S30- New - Mid-slzed Rlder Sweeper 

The quietest, most productive ~ndoor/outdoor sweeper ava~lable 

800 - Large, Industrial Rider Sweeper 

The 800 is designed to deal with very tough industrial indoor and outdoor sweeping applications. 
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'The Snout Structure is a Nyloplast catch basin with a plastic composite hood device 
attached to the inside wall of the catch basin structure designed to cover the outlet pipe in 

such a manner to prevent the exit of floating debris and oil. 

Swoul Structure Specifications: 

How the Snout S'truc'ture Works: 
Contaminated storm water is captured in the Nyloplast catch 
basin structure. 
Majonty of floatable trash and debris, and some free oils and 
grease, separate from water and float to top. 
Portion of the suspended solids settle to the bottom. 
Cleaner water from beneath surface flows through outlet pipe. 

Snout Structure Benefits: 
Effective low cost simple solution for storm water treatment. 
Captures up to 95% of floatables, while providing significant 
capture of free oils and suspended solids. 
Easy to clean. 
Very low head loss. 
Highly corrosion resistant for long service life. 
Prevents siphoning of trapped contaminants. 

Design Tip: To increase water quality benelit, use a larger structure size for a smaller pipe, or 
increase the sump depth. A bigger deeper structure means more volume for settling and less frequent 
maintenance. 

Maintenance: 
Normal maintenance consists of routine inspection and rinsing with a hose or pressure washer during 
the cleaning sequence of the catch basin and flushing the anti-siphon vent with water or air to verify that 
it is clear. Trapped debris and sediments are typically removed with a vac truck. 

31 30 Verona Avenue Buford, Georgia 3051 8 (866) 888-8479 / (770) 932-2443 - Fax: (770) 932-2490 

Nyloplast@ is a registered trademark of Nyloplast. 
Snout@ is a registered trademark of BMP, Inc. and is protected by US Patent #6126817. 0 2 0 0 6  Nyloplast 
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APPENDIX G DISCHARGE MODELING G-1 

Basis of the Nearfield & Farfield Dilution Modeling 
The dilutions predicted at the lagoon interface with the lake (over a distance of 10 feet from the 
lagoon opening) are based on dilution modeling. The U.S. EPA model UOUTPLM was used to model 
a representation of the vertical discharge from the lagoon into the lake. UOUTPLM was selected to 
apply because of the large size of the discharge opening and the low discharge velocities. Ambient 
lake currents under the bridge pontoons are across the lagoon opening, and these currents will 
essentially draw the stormwater discharge plume out of the lagoon along a portion of the opening. An 
equivalent port area equal to twenty-five percent of the total opening (29’ x 6’, or an equivalent 15’ 
round vertical port in deep water) was assumed in the model, based on sensitivity runs. The 
UOUTPLM modeling predicts a 1.8 dilution factor at 10 feet distance for the discharge flow rate of 
the water quality treatment storm (WQTS). For the 10th-percentile and 50th-percentile WQTS, a 
conservative assumption of no dilution has been assumed at 10 feet distance, and all dilution is 
assumed to be by means of farfield mixing and diffusion in these cases. 

During and following a rainfall event, the lagoon water mixture will be gradually discharged from the 
bottom of the lagoon. The lagoon water displaced or exiting the lagoon by turbulent mixing and 
diffusion will be rapidly diluted with the background lake water, and this is referred to as the interface 
region. Since the lagoons are long and positioned perpendicular to the lake axis, then the predominant 
lake currents will transport the diluted “plume” similar to what is referred to as a “line plume” in 
dilution modeling. However, the line plume will be subjected to turbulent mixing at the lagoon/lake 
interface, and then vertical diffusion (downward) upon exiting the lagoon. 

Beyond the interface region (first 10 feet), the plume will be subject to vertical mixing and diffusion. 
Since the plume is discharged at a minimum depth of 21 feet below the water surface (under the 
bridge pontoon), the primary vertical mixing will be downward until the outer edge of the pontoon is 
reached. The greater the difference in water density between the plume and the background lake 
water, the greater the rate of vertical mixing. A modification of the Brooks method has been 
developed to include vertical diffusion and this has been applied in specific cases without vertical 
confinement, such as this project. This formulation has been incorporated into an Excel spreadsheet 
application by CH2M HILL and refined for application to near-surface or submerged plumes. The 
formulation, consistent with the Brooks method, assumes a discharge line source of constant strength. 
The model accounts for vertical diffusion by applying a non-dimensional concentration reduction factor 
based on a Fickian diffusion coefficient (Kv).  

A modification of the Brooks method to include vertical diffusion has been applied. The basic 
relationship is first described below and then the modification to account for vertical mixing is 
presented.  

The Brooks Method 

The Brooks method specifies the intensity of lateral diffusion by application of a diffusion coefficient 
(Brooks, 1959; Fischer et al., 1979). This coefficient is held constant, or scaled by a length scale of 
the plume width, or by the 4/3 power of this length. The latter (the 4/3 power law) is generally applied 
to systems that are not influenced by lateral boundaries. As in any diffusion model, the specification 
of the diffusion coefficient is the most difficult aspect of applying the method. This coefficient can 
range over many orders of magnitude for different systems and environmental conditions. Since it is 
difficult to determine and justify an appropriate value for the coefficient, extremely conservative 
values are often used. The values used for this application are described in detail below. 
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The basic formulation of the approach results in a relationship of the form: 
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where 

CMAX/C0 = the ratio of the centerline plume concentration to the initial concentration,  

L = is the plume width parameter, 

A = the horizontal dissipation coefficient equal to the horizontal turbulent diffusion coefficient (ε) 
divided by L4/3 with dimensions of [L]2/3/[t], 

t = the travel time of the plume from the initial line source to the point of interest, 

and 

erf indicates the error function. 

The initial concentration is taken as a line source of arbitrary vertical dimension and uniform 
concentration along the source of C0. The approach provides a prediction of the resulting centerline 
dilution. The flux average dilution across the plume is given by multiplying the centerline dilution by 
(approximately) 1.414. 

The Modified Brooks Method 

As discussed above, one of the well recognized limitations of the Brooks method is that only lateral 
dispersion is considered and the plume is assumed not to mix in the vertical direction. This is often 
not considered a serious limitation, since vertical diffusion may be much weaker than horizontal 
diffusion (typically one to two orders of magnitude) in areas of vertical confinement. However, for a 
plume that is much wider in the lateral direction than thicker in the vertical direction as is the case 
with the lagoon discharge to the lake, neglecting vertical diffusion would be incorrect. A wide plume 
(relative to vertical thickness), with a large surface area for vertical diffusion, may have vertical 
mixing processes as important as mixing in the lateral direction in terms of dilution as the plume 
moves along with the ambient current. This is the case for the floating bridge stormwater discharge, 
where a plume width many times (an order of magnitude) the plume thickness is predicted and the 
plume will remain submerged. 

A modification of the Brooks method to include vertical diffusion was developed during an 
assessment of the effects of open ocean waste disposal (EPA, 1989). This formulation has been 
incorporated into an Excel spreadsheet application by CH2M HILL and applied to submerged plumes 
such as the planned floating bridge stormwater discharge. The formulation, consistent with the Brooks 
method, assumes a line source of constant strength. The model accounts for vertical diffusion by applying 
a non-dimensional concentration reduction factor based on a Fickian diffusion coefficient (Kv). The 
reduction factor for a surface (or bottom) plume, with one later surface available for vertical mixing, is 
given by a dimensionless expression of the form: 
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where 

H is the initial vertical plume dimension defined as the vertical extent of the plume at the starting 
point of the plume, and Kv is the vertical turbulent diffusivity with dimensions of [L]2/[t]. 

The multiplier factor is applied to the calculated centerline concentration (Cmax) predicted by the 
Brooks equation to obtain an adjusted value. For a submerged plume, the factor is applied for both the 
top and bottom surfaces of the plume. The plume will no longer resemble a line plume, but will tend 
to become expanded and elliptical. 

Parameter Selection 

A number of parameters must be selected for the analysis. These parameters fall into two categories 
dependent on the plume geometry and the characteristics of the ambient receiving water. Selection of 
the geometric parameters is relatively straightforward. However, the selection of the diffusion 
coefficients to be applied, which depend on characteristics of the receiving water, and the interactions 
of the plume and the receiving water, are difficult to measure, often poorly understood, and highly 
variable. Both sets of parameters are discussed below, and the values selected for the farfield 
conditions are described. 

Plume Geometry 

The parameters that depend on the plume geometry are generally easy to specify. Nearfield 
concentration (dilution), plume length (lateral dimension), and plume height (vertical dimension) are 
based on results of the nearfield interface mixing calculations. The number of horizontal surfaces 
involved in vertical mixing is based on whether the plume is on the surface, bottom attached, or 
submerged within the water column. The nearfield mixing results describe the lagoon plume 
trajectory and location, and therefore provides the information required (for the case considered here 
the plume has one horizontal surface). The distance from the end of nearfield or interface mixing 
dilution to the mixing zone boundary is 100 feet. The farfield calculations were done with an initial 
concentration specified as one (1) and farfield dilution was calculated on a relative basis as described 
in more detail below.  

Ambient Parameters 

Three ambient parameters must be specified for the farfield calculation: ambient current speed, a 
horizontal diffusion coefficient in terms of the dissipation parameter (A), and a vertical diffusion 
coefficient (KV). The ambient current speed is selected based on the range of calculated current speeds 
for a range of wind conditions on the lake. The ranges of reported diffusion coefficients for both 
lateral (horizontal diffusion of clouds) and vertical diffusion is large. The values selected are 
discussed below. Horizontal diffusion coefficient (KH) of clouds in large bodies of water is generally 
assumed to be proportional to the cloud (or plume) dimension (L) following the “4/3 - law”, expressed 
functionally as: 

K A LH = ⋅
4

3  
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where A is the dissipation coefficient discussed above and used in the Brooks method. Fischer et al 
(1979) shows data with values of A ranging from 0.01 to 0.002 cm2/3/sec. The calculations of farfield 
dilution described below use the range presented by Fischer et al. (1979). As the reasonable extremes 
(0.0001 to 0.0005 m2/3/sec) with 0.0002 m2/3/sec as the selected nominal value, which is near the low 
end of the range. 

Vertical diffusion in a saline environment is generally much weaker than horizontal diffusion because 
of both scale effects and damping by density gradients, however, vertical diffusion in a lake without 
significant density gradients can be significant for a near surface discharge when the water depth scale 
is large. The diffusion coefficient KV as a function of density gradient (ε), in the functional form: 

K B
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V = ⋅

= ⋅

ε

ε
ρ

∂ ρ
∂

1  

where B is a constant (slope of the line in the figure), ρ is density, and z distance in the vertical 
direction. For non-stratified or extremely weak density gradients the relationship above cannot hold 
(an infinite value would be predicted) and an alternate specification must be used. Bowden (1967), 
given in Fischer et al. (1979), presents a relation of the form: 

K d UV A= ⋅ ⋅0 0025.  
where UA is the depth averaged current speed over the depth of flow d. The approach taken in the 
farfield calculations presented below included an upper value of K V of 110 cm2/sec based on the 
weakly stratified formulation of Bowden and a lower value of 25 cm2/sec based on Koh and Fan 
(1970). The lower value was calculated using B = 10-4, which is the average value for density gradient 
in a lake. The lateral and vertical dispersion coefficients applied in modeling were measured through 
large-scale field dye tracer studies conducted in Lake Washington in 1974 and 1975 (CH2M HILL, 1974 
and 1975).  
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Table H-1 
Background Metals in Lake Washington 

 
Average Value 

(µg/L) 
Median Value 

(µg/L) 
90th Percentile

(µg/L) 
Total Metals 
Mercury, Total, CVAF 0.000427 0.000425 0.000602 
Cadmium, Total, ICP-MS 0.0050 0.0100 N/A 
Chromium, Total, ICP-MS 0.1725 0.1700 0.2100 
Copper, Total, ICP-MS 1.0052 0.9880 1.0700 
Lead, Total, ICP-MS 0.0659 0.0250 0.3350 
Nickel, Total, ICP-MS 0.5038 0.4930 0.5710 
Zinc, Total, ICP-MS 0.7609 0.7100 1.1000 
Hardness, Calculated - (mg/L) 37.97 37.60  
Filtered Metals - Values in µg/L 
Mercury, Dissolved, CVAF 0.000261 0.000250 0.000350 
Cadmium, Dissolved, ICP-MS 0.0050 0.0100 N/A 
Chromium, Dissolved, ICP-MS 0.1316 0.1300 0.1650 
Copper, Dissolved, ICP-MS 0.8903 0.8695 0.9470 
Lead, Dissolved, ICP-MS 0.0125 0.0250 N/A 
Nickel, Dissolved, ICP-MS 0.4705 0.4675 0.5070 
Zinc, Dissolved, ICP-MS 0.7022 0.7000 0.8180 

Notes:  
Data provided by METRO/King County Department of Natural Resources Water and Land Resources 
Division. Data used in this analysis is from DNR-Lake Washington sampling stations 0826, 0850, and 
0890. 
 
1<MDL - all values less than Method Detection Limit-value reported is 1/2 the MDL 
2 Data set includes values reported as less than the MDL. Calculation used 1/2 the MDL for those 
values. 
3 Data set includes values with a B qualifier indicating Blank contamination for that analyte. 
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Table H-2 
Filtered Metals: Lake Washington Surface Samples Collected Autumn 2000 

PROJECT: 423478  Locator 0826 Locator 0852 Locator 0890 

  (LAKE WASHINGTON//M)a (Madison Park)b (Lake Washington)c 

Parameters  
Value 
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Mercury, Dissolved, CVAF EPA 
1631 

2.2E-07 <RDL 1E-07 5E-07 2E-07 <RDL 1E-07 5E-07 1.6E-07 <RDL 1E-07 5E-07 

Cadmium, Dissolved, ICP-
MS 

EPA 
200.8 

 <MDL 0.00001 0.00005  <MDL 0.00001 0.00005  <MDL 0.00001 0.00005 

Chromium, Dissolved, ICP-
MS 

EPA 
200.8 

0.00013 <RDL,B 0.00005 0.00025 0.00018 <RDL 0.00005 0.00025 0.00012 <RDL 0.00005 0.00025 

Copper, Dissolved, ICP-MS EPA 
200.8 

0.00091  0.0001 0.0005 0.00089  0.0001 0.0005 0.00085  0.0001 0.0005 

Lead, Dissolved, ICP-MS EPA 
200.8 

 <MDL 0.000025 0.000125  <MDL 0.000025 0.000125  <MDL 0.000025 0.000125

Nickel, Dissolved, ICP-MS  EPA 
200.8 

0.00047  0.00005 0.00025 0.00046  0.00005 0.00025 0.00043  0.00005 0.00025 

Zinc, Dissolved, ICP-MS EPA 
200.8 

0.00072 <RDL,B 0.00015 0.00075 0.00057 <RDL,B 0.00015 0.00075 0.0005 <RDL,B 0.00015 0.00075 

a Sampled: Sep 20, 2000 
Lab ID: L18728-11 
Matrix: Filter water 
Sample depth: 1 meter below water surface 

b Sampled: Sep 21, 2000 
Lab ID: L18729-1 
Matrix: Filter water 
Sample depth: 1 meter below water surface 

c Sampled: Sep 21, 2000 
Lab ID: L18729-19 
Matrix: Filter water 
Sample depth: 1 meter below water surface 

Abbreviations 
MDL = Method detection limit 
RDL = Regulatory detection limit 
B =  
mg/L =  milligrams per liter 
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Table H-3 

Filtered Metals: Lake Washington Mid-Depth Samples Collected Autumn 2000 

PROJECT: 423478  Locator 0826 Locator 0852 Locator 0890 

  (LAKE WASHINGTON//M)a (Madison Park)b (Lake Washington)c 

Parameters  
Value 
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Mercury, Dissolved, CVAF EPA 
1631 

4.8E-07 <RDL 1E-07 5E-07 6.4E-07  1E-07 5E-07 6E-07  1E-07 5E-07 

Cadmium, Dissolved, ICP-
MS 

EPA 
200.8 

 <MDL 0.00001 0.00005  <MDL 0.00001 0.00005  <MDL 0.00001 0.00005 

Chromium, Dissolved, ICP-
MS 

EPA 
200.8 

0.00012 <RDL 0.00005 0.00025 0.00017 <RDL 0.00005 0.00025 0.00023 <RDL 0.00005 0.00025 

Copper, Dissolved, ICP-MS EPA 
200.8 

0.00095  0.0001 0.0005 0.00098  0.0001 0.0005 0.00103  0.0001 0.0005 

Lead, Dissolved, ICP-MS EPA 
200.8 

5.1E-05 <RDL 0.000025 0.000125 0.00011 <RDL 0.000025 0.000125 0.00014  0.000025 0.000125

Nickel, Dissolved, ICP-MS  EPA 
200.8 

0.00049  0.00005 0.00025 0.00049  0.00005 0.00025 0.00051  0.00005 0.00025 

Zinc, Dissolved, ICP-MS EPA 
200.8 

0.00071 <RDL 0.00015 0.00075 0.00088  0.00015 0.00075 0.00093  0.00015 0.00075 

a Sampled: Sep 20, 2000 
Lab ID: L18728-12 
Matrix: Filter water 
Sample depth: 47 meters below water surface 

b Sampled: Sep 21, 2000 
Lab ID: L18729-2 
Matrix: Filter water 
Sample depth: 62 metesr below water surface 

c Sampled: Sep 21, 2000 
Lab ID: L18729-20 
Matrix: Filter water 
Sample depth: 53 meters below water surface 

Abbreviations 
MDL = Method detection limit 
RDL = Regulatory detection limit 
B =  
mg/L =  milligrams per liter 
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Table H-4 

Filtered Metals: Lake Washington Surface Samples Collected Winter 2000/2001 

PROJECT: 423478  Locator 0826 Locator 0852 Locator 0890 

  (LAKE WASHINGTON//M)a (Madison Park)b (Lake Washington)c 

Parameters  
Value 
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

  - Wet Weight Basis - Wet Weight Basis - Wet Weight Basis 
Mercury, Dissolved, CVAF EPA 

1631 
3.4E-07 <RDL 1E-07 5E-07 2.6E-07 <RDL 1E-07 5E-07 1.8E-07 <RDL 1E-07 5E-07 

Cadmium, Dissolved, ICP-
MS 

EPA 
200.8 

 <MDL 0.00001 0.00005  <MDL 0.00001 0.00005  <MDL 0.00001 0.00005 

Chromium, Dissolved, ICP-
MS 

EPA 
200.8 

0.00015 <RDL 0.00005 0.00025 0.00011 <RDL,B 0.00005 0.00025 0.00011 <RDL 0.00005 0.00025 

Copper, Dissolved, ICP-MS EPA 
200.8 

0.00087  0.0001 0.0005 0.00095 B 0.0001 0.0005 0.00104  0.0001 0.0005 

Lead, Dissolved, ICP-MS EPA 
200.8 

 <MDL 0.000025 0.000125  <MDL 0.000025 0.000125  <MDL 0.000025 0.000125

Nickel, Dissolved, ICP-MS  EPA 
200.8 

0.00051  0.00005 0.00025 0.00049  0.00005 0.00025 0.00046  0.00005 0.00025 

Zinc, Dissolved, ICP-MS EPA 
200.8 

0.0007 <RDL 0.00015 0.00075 0.00061 <RDL,B 0.00015 0.00075 0.00082 B 0.00015 0.00075 

a Sampled: Dec 12, 2000 
Lab ID: L22780-11 
Matrix: Filter water 
Sample depth: 1 meter below water surface 

b Sampled: Jan 31, 2001 
Lab ID: L19685-1 
Matrix: Filter water 
Sample depth: 1 meter below water surface 

 

c Sampled: Jan 29, 2001 
Lab ID: L19685-19 
Matrix: Filter water 
Sample depth: 1 meter below water surface 

Abbreviations 
MDL = Method detection limit 
RDL = Regulatory detection limit 
B =  
mg/L =  milligrams per liter 
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Table H-5 

Filtered Metals: Lake Washington Mid-Depth Samples Collected Winter 2000/2001 

PROJECT: 423478  Locator 0826 Locator 0852 Locator 0890 

  (LAKE WASHINGTON//M)a (Madison Park)b (Lake Washington)c 

Parameters  
Value 
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

  - Wet Weight Basis - Wet Weight Basis - Wet Weight Basis 
Mercury, Dissolved, CVAF EPA 

1631 
3.2E-07 <RDL 1E-07 5E-07 2.4E-07 <RDL 1E-07 5E-07 1.9E-07 <RDL 1E-07 5E-07 

Cadmium, Dissolved, ICP-
MS 

EPA 
200.8 

 <MDL 0.00001 0.00005  <MDL 0.00001 0.00005  <MDL 0.00001 0.00005 

Chromium, Dissolved, ICP-
MS 

EPA 
200.8 

0.00015 <RDL 0.00005 0.00025 9.9E-05 <RDL,B 0.00005 0.00025 0.00011 <RDL 0.00005 0.00025 

Copper, Dissolved, ICP-MS EPA 
200.8 

0.00088  0.0001 0.0005 0.00086 B 0.0001 0.0005 0.00087  0.0001 0.0005 

Lead, Dissolved, ICP-MS EPA 
200.8 

 <MDL 0.000025 0.000125  <MDL 0.00002
5 

0.000125  <MDL 0.000025 0.000125

Nickel, Dissolved, ICP-MS  EPA 
200.8 

0.00052  0.00005 0.00025 0.00048  0.00005 0.00025 0.00045  0.00005 0.00025 

Zinc, Dissolved, ICP-MS EPA 
200.8 

0.0007 <RDL 0.00015 0.00075 0.00071 <RDL,B 0.00015 0.00075 0.00064 <RDL,B 0.00015 0.00075 

a Sampled: Dec 12, 2000 
Lab ID: L22780-12 
Matrix: Filter water 
Sample depth: 47 meters below water surface 

b Sampled: Jan 31, 2001 
Lab ID: L19685-2 
Matrix: Filter water 
Sample depth: 62 meters below water surface 

 

c Sampled: Jan 29, 2001 
Lab ID: L19685-20 
Matrix: Filter water 
Sample depth: 47 meters below water surface 

Abbreviations 
MDL = Method detection limit 
RDL = Regulatory detection limit 
B =  
mg/L =  milligrams per liter 
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Table H-6 

Total Metals: Lake Washington Surface Samples Collected Autumn 2000 

PROJECT: 423478  Locator 0826 Locator 0852 Locator 0890 

  (LAKE WASHINGTON//M)a (Madison Park)b (Lake Washington)c 

Parameters  
Value 
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Mercury, Dissolved, CVAF EPA 1631 3.6E-07 <RDL 1E-07 5E-07 3.3E-07 <RDL 1E-07 5E-07 2.4E-07 <RDL 1E-07 5E-07 

Cadmium, Dissolved, ICP-
MS 

EPA 
200.8 

 <MDL 0.00001 0.00005  <MDL 0.00001 0.00005  <MDL 0.00001 0.00005 

Chromium, Dissolved, ICP-
MS 

EPA 
200.9 

0.00012 <RDL 0.00005 0.00025 0.00015 <RDL 0.00005 0.00025 0.00017 <RDL 0.00005 0.00025 

Copper, Dissolved, ICP-MS EPA 
200.10 

0.00107  0.0001 0.0005 0.00098  0.0001 0.0005 0.00102  0.0001 0.0005 

Lead, Dissolved, ICP-MS EPA 
200.11 

 <MDL 0.000025 0.000125  <MDL 0.000025 0.000125 2.7E-05 <RDL 0.000025 0.000125 

Nickel, Dissolved, ICP-MS  EPA 
200.12 

0.00047  0.00005 0.00025 0.00046  0.00005 0.00025 0.00047  0.00005 0.00025 

Zinc, Dissolved, ICP-MS EPA 
200.13 

0.0006 <RDL 0.00015 0.00075 0.00041 <RDL 0.00015 0.00075 0.00071 <RDL 0.00015 0.00075 

Hardness, Calc  
(units = mg CaCO3/L) 

SM2340
B.ED19 

37.6  0.2 1.25 37.6  0.2 1.25 37.6  0.2 1.25 

a Sampled: Sep 20, 2000 
Lab ID: L18728-12 
Matrix: Fresh water 
Sample depth: 47 meters below water surface 

b Sampled: Sep 21, 2000 
Lab ID: L18729-2 
Matrix: Fresh water 
Sample depth: 62 metesr below water surface 

c Sampled: Sep 21, 2000 
Lab ID: L18729-20 
Matrix: Fresh water 
Sample depth: 53 meters below water surface 

Abbreviations 
MDL = Method detection limit 
RDL = Regulatory detection limit 
B =  
mg/L =  milligrams per liter 
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Table H-7 

Total Metals: Lake Washington Mid-Depth Samples Collected Autumn 2000 

PROJECT: 423478  Locator 0826 Locator 0852 Locator 0890 

  (LAKE WASHINGTON//M)a (Madison Park)b (Lake Washington)c 

Parameters  
Value 
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Mercury, Dissolved, CVAF EPA 
1631 

4.8E-07 <RDL 1E-07 5E-07 6.4E-07  1E-07 5E-07 6E-07  1E-07 5E-07 

Cadmium, Dissolved, ICP-
MS 

EPA 
200.8 

 <MDL 0.00001 0.00005  <MDL 0.00001 0.00005  <MDL 0.00001 0.00005 

Chromium, Dissolved, ICP-
MS 

EPA 
200.9 

0.00012 <RDL 0.00005 0.00025 0.00017 <RDL 0.00005 0.00025 0.00023 <RDL 0.00005 0.00025 

Copper, Dissolved, ICP-MS EPA 
200.10 

0.00095  0.0001 0.0005 0.00098  0.0001 0.0005 0.00103  0.0001 0.0005 

Lead, Dissolved, ICP-MS EPA 
200.11 

5.1E-05 <RDL 0.000025 0.000125 0.00011 <RDL 0.000025 0.000125 0.00014  0.000025 0.000125

Nickel, Dissolved, ICP-MS  EPA 
200.12 

0.00049  0.00005 0.00025 0.00049  0.00005 0.00025 0.00051  0.00005 0.00025 

Zinc, Dissolved, ICP-MS EPA 
200.13 

0.00071 <RDL 0.00015 0.00075 0.00088  0.00015 0.00075 0.00093  0.00015 0.00075 

Hardness, Calc  
(units = mg CaCO3/L) 

SM2340
B.ED19 

36  0.2 1.25 37  0.2 1.25 37.3  0.2 1.25 

a Sampled: Sep 20, 2000 
Lab ID: L18728-12 
Matrix: Fresh water 
Sample depth: 1 meter below water surface 

b Sampled: Sep 21, 2000 
Lab ID: L18729-1 
Matrix: Fresh water 
Sample depth: 1 meter below water surface 

 

c Sampled: Sep 21, 2000 
Lab ID: L18729-19 
Matrix: Fresh water 
Sample depth: 1 meter below water surface 

Abbreviations 
MDL = Method detection limit 
RDL = Regulatory detection limit 
B =  
mg/L =  milligrams per liter 
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Table H-8 
Total Metals: Lake Washington Surface Samples Collected Winter 2000/2001 

PROJECT: 423478  Locator 0826 Locator 0852 Locator 0890 

  (LAKE WASHINGTON//M)a (Madison Park)b (Lake Washington)c 

Parameters  
Value 
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

  - Wet Weight Basis - Wet Weight Basis - Wet Weight Basis 
Mercury, Dissolved, CVAF EPA 

1631 
4.5E-07 <RDL 1E-07 5E-07 3.5E-07 <RDL 1E-07 5E-07 3.6E-07 <RDL 1E-07 5E-07 

Cadmium, Dissolved, ICP-
MS 

EPA 
200.8 

 <MDL 0.00001 0.00005  <MDL 0.00001 0.00005  <MDL 0.00001 0.00005 

Chromium, Dissolved, ICP-
MS 

EPA 
200.8 

0.00019 <RDL 0.00005 0.00025 0.00018 <RDL 0.00005 0.00025 0.00017 <RDL 0.00005 0.00025 

Copper, Dissolved, ICP-MS EPA 
200.8 

0.00097  0.0001 0.0005 0.00115  0.0001 0.0005 0.00098  0.0001 0.0005 

Lead, Dissolved, ICP-MS EPA 
200.8 

6.5E-05 <RDL 0.000025 0.000125 7.4E-05 <RDL 0.000025 0.000125 5.4E-05 <RDL 0.000025 0.000125

Nickel, Dissolved, ICP-MS  EPA 
200.8 

0.00057  0.00005 0.00025 0.00051  0.00005 0.00025 0.00049  0.00005 0.00025 

Zinc, Dissolved, ICP-MS EPA 
200.8 

0.0011  0.00015 0.00075 0.0007 <RDL 0.00015 0.00075 0.00057 <RDL 0.00015 0.00075 

Hardness, Calc  
(units = mg CaCO3/L) 

SM2340
B.ED19 

40.9  0.2 1.25 38.2  0.2 1.25 37.1  0.2 1.25 

a Sampled: Dec 12, 2000 
Lab ID: L22780-11 
Matrix: Fresh water 
Sample depth: 1 meter below water surface 

b Sampled: Jan 31, 2001 
Lab ID: L19685-1 
Matrix: Fresh water 
Sample depth: 1 meter below water surface 

 

c Sampled: Jan 29, 2001 
Lab ID: L19685-19 
Matrix: Fresh water 
Sample depth: 1 meter below water surface 

Abbreviations 
MDL = Method detection limit 
RDL = Regulatory detection limit 
B =  
mg/L =  milligrams per liter 
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Table H-9 

Total Metals: Lake Washington Mid-Depth Samples Collected Winter 2000/2001 

PROJECT: 423478  Locator 0826 Locator 0852 Locator 0890 

  (LAKE WASHINGTON//M)a (Madison Park)b (Lake Washington)c 

Parameters  
Value 
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

Value
(mg/L) Qual 

MDL 
(mg/L) 

RDL 
(mg/L) 

  - Wet Weight Basis - Wet Weight Basis - Wet Weight Basis 
Mercury, Dissolved, CVAF EPA 

1631 
4.7E-07 <RDL 1E-07 5E-07 4.3E-07 <RDL 1E-07 5E-07 4.2E-07 <RDL 1E-07 5E-07 

Cadmium, Dissolved, ICP-
MS 

EPA 
200.8 

 <MDL 0.00001 0.00005  <MDL 0.00001 0.00005  <MDL 0.00001 0.00005 

Chromium, Dissolved, ICP-
MS 

EPA 
200.8 

0.00021 <RDL 0.00005 0.00025 0.0002 <RDL 0.00005 0.00025 0.00016 <RDL 0.00005 0.00025 

Copper, Dissolved, ICP-MS EPA 
200.8 

0.00101  0.0001 0.0005 0.001  0.0001 0.0005 0.00092  0.0001 0.0005 

Lead, Dissolved, ICP-MS EPA 
200.8 

7.4E-05 <RDL 0.000025 0.000125 0.00011 <RDL 0.00002
5 

0.000125 6.4E-05 <RDL 0.000025 0.000125

Nickel, Dissolved, ICP-MS  EPA 
200.8 

0.00057  0.00005 0.00025 0.00052  0.00005 0.00025 0.00049  0.00005 0.00025 

Zinc, Dissolved, ICP-MS EPA 
200.8 

0.00116  0.00015 0.00075 0.00076  0.00015 0.00075 0.00061 <RDL 0.00015 0.00075 

Hardness, Calc  
(units = mg CaCO3/L) 

SM2340
B.ED19 40.6  0.2 1.25 37.4  0.2 1.25 38.3  0.2 1.25

a Sampled: Dec 12, 2000 
Lab ID: L22780-12 
Matrix: Fresh water 
Sample depth: 47 meters below water surface 

b Sampled: Jan 31, 2001 
Lab ID: L19685-2 
Matrix: Fresh water 
Sample depth: 62 meters below water surface 

 

c Sampled: Jan 29, 2001 
Lab ID: L19685-20 
Matrix: Fresh water 
Sample depth: 47 meters below water surface 

Abbreviations 
MDL = Method detection limit 
RDL = Regulatory detection limit 
B =  
mg/L =  milligrams per liter 
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