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1 Introduction 

1.1 Permit Overview 

On March 6, 2014, the Washington State Department of Ecology (Ecology) reissued a National 
Pollutant Discharge Elimination System (NPDES) and State Waste Discharge Municipal 
Stormwater General Permit (permit) (Ecology 2014) to the Washington State Department of 
Transportation (WSDOT), effective April 5, 2014 to April 5, 2019. Under Special Condition S7 of 
the permit, WSDOT must continue a monitoring program to evaluate the effectiveness of 
highway vegetated filter strip (VFS) and modified VFS best management practices (BMPs), and 
develop a monitoring program to evaluate BMP effectiveness at three facilities (rest areas, 
maintenance facilities, or ferry terminals). In addition, WSDOT must continue a monitoring 
program to establish baseline stormwater discharge information from its existing highway 
runoff characterization sites. 

Under Special Conditions S7.B–D of the permit, monitoring reports are required for information 
collected at the department’s stormwater BMP effectiveness and highway runoff monitoring 
sites. The following report helps satisfy these requirements and provides a summary of 
monitoring activities completed at VFS and modified VFS BMP effectiveness monitoring sites 
from October 1, 2012, through September 30, 2013 (water year 2013). This report also provides 
status on preparations to develop and implement BMP effectiveness monitoring programs at 
future highway and facility sites. A separate report covers ongoing monitoring activities 
completed at WSDOT highway runoff characterization sites. 

1.2 Monitoring Requirements (S7.C and S7.D) 

In accordance with the permit, WSDOT must continue to evaluate the effectiveness of its 
highway VFS and modified VFS stormwater treatment and hydrologic management BMPs. 
Monitoring must continue until statistical goals in the Technical Guidance Manual for 
Evaluating Emerging Stormwater Treatment Technologies: Technology Assessment Protocol – 
Ecology (TAPE) (Ecology 2011) are met. If the statistical goals in TAPE cannot be met, the 
2014 permit requires a maximum sampling effort of 35 sampling events. 

In addition, WSDOT must develop and implement a monitoring program to evaluate the 
effectiveness of stormwater treatment and hydrologic management BMPs at three facilities 
(rest areas, maintenance facilities, or ferry terminals).  

Under the previous 2009 WSDOT NPDES municipal stormwater permit (Ecology 2009a), 
seasonal first flush toxicity sampling was required from three BMP effluent locations in water 
year 2013 (WY13). Although toxicity testing is not a requirement under the current 2014 
permit, this report includes a description of toxicity sampling requirements under the 
2009-issued permit.  
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In accordance with the 2009-issued permit, toxicity samples were collected from the effluent 
of VFS and modified VFS BMPs based on the following annul average daily traffic (AADT): 

 One highly urbanized site (≥ 100,000 AADT) 

 One urbanized site (≤ 100,000 and ≥ 30,000 AADT) 

 One rural site (≤ 30,000 AADT) 

Results from toxicity sampling conducted in WY13 are summarized in the WSDOT NPDES 
Municipal Stormwater Permit Highway Runoff Characterization Report (S7.B) Water Year 2013 
(WSDOT 2014a). 

1.3 Monitoring Schedule 

WSDOT submitted a Quality Assurance Project Plan (QAPP) for WSDOT Roadway Stormwater 
Treatment Evaluation: Best Management Practices (WSDOT 2011a) to Ecology for approval on 
September 2, 2011.1  Ecology sent WSDOT a QAPP approval letter on September 16, 2011. This 
QAPP describes the objectives of the VFS and modified VFS effectiveness monitoring programs 
and the procedures to be used to ensure the quality and integrity of collected data. The QAPP 
also identifies the project timelines and schedule. 

Under the 2009 permit, WSDOT was required to fully implement the stormwater BMP 
effectiveness monitoring program no later than September 6, 2011. However, unanticipated 
challenges, including government hiring and equipment purchase freezes in effect through 
early summer 2011, delayed implementation of the monitoring program. 

On October 20, 2011, as required under the 2009 permit, WSDOT notified Ecology that it would 
be unable to fully comply with monitoring program implementation timelines and that toxicity 
sampling would be deferred until August 2012. 

In a letter to Ecology on January 13, 2012, WSDOT proposed a revised schedule and phased 
approach for initiating the BMP effectiveness monitoring component of its program. The 
phased approach provided time for the iterative learning and adaptation necessary to fully and 
successfully implement the program. The letter proposed sampling at one BMP monitoring site 
beginning May 1, 2012, with the remainder of the sites operational by June 15, 2012. Ecology 
concurred, and WSDOT successfully met the revised timelines and schedule. 

In October 2013 and March 2014, WSDOT submitted its first BMP effectiveness monitoring 
reports (WSDOT 2013a and 2014c). Those reports describe the development and status of the 
program through the first two years of monitoring. This report updates information from the 
previous reports. Appendix A summarizes BMP stormwater sampling data from WY13. 

 
 

  

                                                           

1
 The QAPP for WSDOT Roadway Stormwater Treatment Evaluation: Best Management Practices was recently 

revised and updated (WSDOT 2014b). 
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2 Monitoring Program Implementation 

2.1 Site Selection Strategy 

The first step in selecting BMP effectiveness evaluation sites was a thorough review of the 
monitoring program’s objectives and permit requirements. WSDOT used the program’s 
objectives and permit requirements to establish the number and types of sites needed for 
monitoring.  

Guidance from the California Department of Transportation (Caltrans 2003) and the following 
evaluation criteria helped ensure WSDOT selected the most appropriate sites: 

 Property ownership 

 Site representativeness 

 Personnel safety 

 Site accessibility 

 Equipment security 

 Discharge measurement capability 

 Site design limitations 

2.1.1 Property Ownership 

Only properties owned and operated by WSDOT were considered during the site evaluation and 
selection process. 

2.1.2 Site Representativeness 

Monitoring was required from two treatment BMPs, at no less than two sites per BMP. 
Screening criteria for representativeness meant study sites had to be minimally influenced by 
unique contributing sources of pollution. The following factors were important in assessing 
BMP effectiveness site locations: 

 Long-Term Location – Based on information available during the site selection 
process, sites that had the potential to be developed or redeveloped in the near 
future were avoided. 

 Uniform Flow – Runoff flows need to be well mixed, but not turbulent. Sites with 
slopes greater than 33 percent or slopes with abrupt grade changes were not 
selected. 

 Erosion Potential – Extremely steep slopes or cut and fill areas where the land 
surface had not been stabilized were avoided. 

 Tidal and Backwater Influences – Backwater or tidally-influenced sites were not 
selected. 
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 High Groundwater Table – A high groundwater table sometimes influences 
stormwater runoff if the groundwater reaches the surface and mixes with runoff. 
Therefore, sites where groundwater influence was suspected or confirmed were 
avoided. 

 Illegal Discharges – Sites where there were signs of illegal discharges or dumping of 
wastes were not considered. 

 Surrounding Land Uses – Sites where the surrounding land use heavily influenced 
the quality of runoff through aerial deposition were avoided.  

2.1.3 Personnel Safety 

For any WSDOT highway project, staff safety is a high priority. Hazards from traffic, explosive or 
toxic gasses, poor footing on slopes, slippery conditions, and poor visibility due to adverse 
weather or night work were minimized or avoided whenever possible. 

The following site attributes expose monitoring field teams to potentially unsafe conditions: 

 Sites located along a highway shoulder 

 Sites that require traffic diversions 

 Sites with poor access 

 Sites close to waterways 

To minimize the effect(s) of these hazards, members of the field team had to be capable of 
performing all tasks required for sample collection and be familiar with WSDOT’s Safety 
Procedures and Guidelines Manual (WSDOT 2013b) and Work Zone Traffic Control Guidelines 
(WSDOT 2012). Site-specific Pre-Activity Safety Plans were developed for each monitoring site 
to further minimize the effect of these hazards. 

2.1.4 Site Accessibility 

Monitoring sites were selected to provide safe and feasible access. Highway shoulder width and 
site visibility from the roadway had to be sufficient to allow safe access for vehicles leaving and 
reentering the highway. 

Due to the nature of highway BMP effectiveness monitoring, locating sites away from the 
highway shoulder was not an option. To improve fieldwork safety, staff sought access to 
freeway sites from frontage roads or other off-site locations. When sample timing or site 
retrofit needs made off-site access impracticable, field teams followed WSDOT safety guidelines 
and minimized time spent working along the highway. 

To make sure personnel could quickly locate and access monitoring sites, site-specific Health 
and Safety Plans were developed to include a description of parking and work zone safety 
procedures. Information in the Health and Safety Plans included lists of physical and biological 
hazards, standard emergency procedures, site maps, and directions. 

http://www.wsdot.wa.gov/Publications/Manuals/M75-01.htm
http://www.wsdot.wa.gov/Publications/Manuals/M75-01.htm
http://www.wsdot.wa.gov/Publications/Manuals/M54-44.htm
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2.1.5 Equipment Security 

Selected sites had to provide adequate level space for monitoring station installation in areas 
that did not stand out visually. Data collection equipment was installed in locked metal 
enclosures on level ground or concrete platforms to reduce the risk of tampering.  

Locked metal enclosures provided a secure location as well as protection from wind, rain, and 
snowfall. Signs applied to the outside of the enclosures identified the monitoring stations as 
WSDOT property, and they appear to have deterred site vandalism. 

2.1.6 Discharge Measurement Capability 

Monitoring sites were selected in locations that allowed accurate discharge measurement and 
automatic sample collection. In order to effectively monitor sheet flow runoff from WSDOT 
highways, conveyance systems were constructed to collect, direct, and measure stormwater 
runoff from sections of the roadway. Stormwater monitoring conveyance systems had to 
provide suitable water depth for measuring discharge and collecting representative stormwater 
samples during storm events. 

2.1.7 Site Design Limitations  

To meet permit requirements, BMP monitoring stations had to be established to enable 
collection of water quality and quantity data from influent and effluent sampling locations. 
The following site design limitations were considered when establishing monitoring stations 
for BMP effectiveness evaluation:  

 The physical space needed for monitoring infrastructure and data collection 
platform (DCP) establishment. 

 The monitoring site design needs that would provide easy access for BMP influent 
and effluent sampling. 

 Monitoring equipment and site infrastructure that would need to be installed to 
enable accurate flow measurements, and reduce the amount of maintenance 
required. 
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2.2 Addressing Resource and Logistical Constraints 

To maximize resources and address logistical challenges in implementing the stormwater BMP 
effectiveness monitoring program, WSDOT staff developed a strategy to optimize the number 
of monitoring locations needed to meet permit requirements. To address logistical challenges 
and reduce team mobilization costs, monitoring study sites were localized to reduce staff travel 
time and associated costs. Whenever possible, staff co-located BMP effectiveness and highway 
runoff characterization sites to further reduce the number of locations and total number of 
sites required for monitoring. 

Figure 1 shows the location of the highway runoff characterization and BMP effectiveness 
monitoring sites across the state. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Highway runoff and BMP effectiveness monitoring sites.    

2.3 BMP Effectiveness Monitoring Sites 

WSDOT combined permit-required highway runoff characterization and BMP effectiveness 
monitoring sites at two locations along Interstate 5 (I-5). The following types of biofiltration 
BMPs were selected for monitoring: 

 Vegetated filter strips (VFS) 

 A compost-amended vegetated filter strip (CAVFS) 

 Experimental or modified vegetated filter strips (modified VFS) 
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Vegetated filter strips (VFS) are sloping land areas with planted vegetation and amended soils 
used to treat stormwater sheet flow from roads and highways. These BMPs function by slowing 
runoff velocities, filtering sediment and other pollutants, and providing some biologic uptake 
and infiltration into underlying soils (WSDOT 2014d).  

A basic vegetated filter strip (VFS) is a compacted roadside embankment that is hydroseeded 
with an established grass seed mix. A compost-amended vegetated filter strip (CAVFS) is a 
variation of the basic VFS that incorporates soil amendments (compost) into the top 12 inches 
of soil to enhance infiltration characteristics, increase surface roughness, and improve plant 
growth and cover (WSDOT 2014d). Basic VFSs and CAVFSs are preferred filter strip designs. 
Both BMPs are also approved for use by the Washington State Department of Ecology (Ecology) 
and described in detail in the Highway Runoff Manual (WSDOT 2014d). 

The modified vegetated filter strip (modified VFS) is an experimental BMP that has not yet 
received approval from Ecology. The modified VFS includes a 3-inch compost blanket that is 
applied to the surface of the soil. In comparison to CAVFS, the modified VFS does not require 
heavy equipment to till compost into the top 12 inches of the soil, making the cost of 
installation less expensive. 

Modified VFS designs reduce costs for construction because compost blanket applications 
require minimal ground disturbance, fewer traffic impacts, and less traffic control. In addition, 
compost blankets may be applied on steeper slopes, over broader areas, and as erosion control 
earlier in the construction process. Modified VFSs can also be applied in confined spaces, such 
as urban areas, where CAVFS installations are usually not possible.  

The department’s VFS effectiveness study sites were established along roadside embankments 
adjacent to the northbound lanes of I-5 (MPs 197.27 and 197.35) and southbound lanes of I-5 
(MPs 210.71 and 210.85). These sites provide a paired study for comparison of a low-impact 
development (LID) treatment approach, as required by the permit. A CAVFS was installed along 
the southbound lanes of I-5 at MP 210.78 for additional comparison.  

The SR 9 study site is different in that it addresses only one permit requirement—it provides a 
“rural” sampling location for BMP effluent toxicity testing. Highway runoff characterization is 
also collected from the edge of pavement at the SR 9 study site, but this data is not included in 
the VFS effectiveness evaluation. 

Table 1 provides a list of the BMPs, with their locations, average slopes, and average grades. 
Figure 2 shows the BMP effectiveness study site locations. 
  

http://www.wsdot.wa.gov/Publications/Manuals/M31-16.htm
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Table 1 Highway characterization monitoring sites. 

BMP Study Location BMP Type 
Traffic 

Designation
[1] 

Average Slope 
(H:V)

[2] 
Average % 

Grade 

I-5  VFS Study 

I-5, Everett 
MP197.27 

 Basic VFS 
Highly urbanized 
126,000 AADT 

3.70:1 27 

I-5, Everett 
MP 197.35

[3] Modified VFS 3.85:1 26 

I-5 Pilchuck
 

MP 210.71 
Basic VFS 

Urbanized 
76,000 AADT 

4.00:1 25 

1-5 Pilchuck 
MP 210.78 

CAVFS 3.85:1
[4] 26 

I-5 Pilchuck 
MP 210.85

[3] Modified VFS 3.70:1 26 

SR 9 Rural  
VFS Study 

SR9 Marysville 
MP 17.92

[3]
   

VFS 
Rural 
20,000 AADT 

4.00:1 25 

[1] Annual average daily traffic (AADT). AADT values were obtained from the WSDOT “Annual Traffic Report” (WSDOT 2013c). 
[2] Horizontal: Vertical (H:V) 
[3] Toxicity samples collected from influent and effluent sampling points. 
[4] Estimated slope. 

 

Figure 2

 BMP locations and types for stormwater monitoring. 
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2.4 Highway Runoff Characterization and BMP 

Effectiveness Study Design 

The I-5 BMP effectiveness studies evaluate and compare highway treatment performance of 
basic VFS, modified compost-blanket VFS, and CAVFS designs. Stormwater collectors (4-inch-
diameter high-density polyethylene pipes) are positioned along each VFS at the edge of 
pavement, and at 6.6 feet (2 meters) and 13.1 feet (4 meters) downslope from the pavement 
edge. Each collector is notched along its length to allow free flow of surface water into the 
pipes, but prevent rainfall from contributing to discharge volumes. WSDOT staff will evaluate 
and compare treatment performance from the pavement edge (influent samples) and 
downslope collection points (effluent samples). 

As part of the study’s sampling design, WSDOT staff established effluent sample collection 
points 6.6 feet downslope, because highways in highly urbanized areas often have limited space 
to locate stormwater treatment along the road shoulder. Some studies suggest much of the 
flow reduction and water quality treatment performance of VFSs may occur close to the edge 
of pavement (Ebihara et al., 2009; Kaighn and Yu 1996). 

The effluent collection points located 13.1 feet downslope are included in this study to further 
evaluate the treatment performance of the BMPs on the road shoulder embankment. Sampling 
from the 6.6- and 13.1-foot locations provides an opportunity to assess to what extent, if any, 
performance is enhanced by increasing the distance. 

Aerial views of the I-5 Everett and I-5 Pilchuck Creek BMP effectiveness monitoring study sites 
are shown in Figures 3 and 4. 

Figure 5 shows an aerial view of the SR 9 Marysville monitoring study site. This site provides a 
monitoring location for rural highway runoff and BMP effluent toxicity sampling. Thus, this site 
is not part of the BMP effectiveness evaluation. 
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Figure 3 I-5 Everett BMP effectiveness monitoring study sites. 
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Figure 4 I-5 Pilchuck Creek BMP effectiveness monitoring study sites. 
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Figure 5 SR 9 Marysville highway and BMP effluent monitoring site. 
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2.4.1 Time of Concentration 

WSDOT staff programmed automatic flow-weighted composite samplers to begin sampling as 
early in a storm runoff event as feasible, and to continue sampling past the longest estimated 
time of concentration. For highway runoff characterization and BMP effectiveness monitoring 
sites, time of concentration is the time necessary for surface runoff to reach the edge of 
pavement collector from the hydraulically most distant point of each drainage area. Time of 
concentration estimates provide a baseline to ensure pacing of the monitoring equipment is set 
to obtain a representative sample and to evaluate whether contributions from the entire basin 
are represented.  

Each monitoring site’s times of concentration were based on a range of rainfall depths typical in 
Washington State. Flow lengths were estimated from hydraulics reports, field estimates, as-
built drawings, aerial photography, or WSDOT’s GIS Workbench (WSDOT 2011b). Drainage 
areas were calculated by multiplying the flow length by the length of the pavement edge 
collectors. 

For further information regarding each site’s time of concentration, refer to the March 2014 
revision of the Quality Assurance Project Plan for WSDOT Roadway Stormwater Treatment 
Evaluation: Best Management Practices (WSDOT 2014b). 

2.4.2 Monitoring Site Set-Up and Sampling Design Details 

WSDOT staff installed high-density polyethylene (HDPE) pipe collectors along the pavement at 
the I-5 Everett, I-5 Pilchuck Creek, and SR 9 Marysville highway runoff characterization and BMP 
effectiveness monitoring sites. Each collector is notched along its length to allow free flow of 
surface water into the pipes, but prevent rainfall from contributing to discharge volumes. 

Staff buried pipes and mortared them to the edge of the pavement. Collector pipes slope 
slightly downhill to promote directional flow for measurement. Figure 6 shows the pavement 
edge collector pipe and highway shoulder in cross section. 
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Figure 6 Cross section of the pavement edge collector. 

Collector pipes installed at 6.6 feet and 13.1 feet along the VFS embankments were recessed 
into the surface of the soil and positioned to collect surface runoff flowing through the BMP 
from the edge of pavement. Similar to the pavement edge collector, the 6.6- and 13.1-foot 
collectors were sloped slightly to promote directional flow for measurement. Figure 7 shows 
the downslope collector in cross section. 
 

 

 

 

 

 

 

 

 

 

Figure 7 Cross section of the downslope collector. 
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Figure 8 shows a generalized drawing of a combined highway runoff and BMP effectiveness 
monitoring site. The diagram illustrates how collectors were positioned to collect sheet flow 
runoff from the surface of the highway and downslope through the VFS. The data collection 
platform (DCP) with rain gage, solar panel, transmitting antennae, and enclosures was installed 
at the lower end of the roadside embankment. 

Figure 8

 Generalized sampling design. 

Figures 9, 10, and 11 depict the I-5 Everett, I-5 Pilchuck Creek, and SR 9 Marysville monitoring 
sites. Since the SR 9 Marysville monitoring site is not part of the BMP effectiveness evaluation, 
only one collector was installed along the slope of the VFS embankment.  
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Figure 9 I-5 Everett Highway and BMP effectiveness monitoring site. 
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Figure 10 I-5 Pilchuck Creek Highway and BMP effectiveness monitoring site. 
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Figure 11 SR 9 Marysville monitoring site.  
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3 Sampling and Monitoring Procedures 

3.1 Monitoring Stations 

Monitoring stations at best management practice (BMP) effectiveness monitoring sites typically 
include an equipment enclosure with lock, Global Positioning System (GPS), antenna, solar 
panel, and rain gage. The antenna, solar panel, and rain gage are attached to a mounting pole 
that is installed along the side of the equipment enclosure. 

The equipment enclosure houses a data logger; refrigerated automatic sampler; sample tubing; 
an analog module to run a thermistor (temperature sensor); stage measuring devices, including 
a depth pressure transducer (PT) and compact bubble sensor (CBS); and a 12-volt battery. 
Sample tubing runs from the automatic sampler through protective conduit located outside the 
enclosure to the designated sampling point. The thermistor and PT wires as well as the CBS line 
run through conduit to a stilling well where stage and temperature are recorded. The locked 
enclosure provides a secure location for equipment as well as protection from wind, rain, and 
snowfall.  

3.1.1 Precipitation Measurement 

At each monitoring station, WSDOT installed a pole-mounted tipping bucket rain gage to 
accurately capture on-site rainfall measurements. Rain gages were leveled and installed 
in a secure location where no trees, buildings, overpasses, or other objects obstructed or 
diverted precipitation prior to entering the rain gage. WSDOT used National Weather Service 
criteria as guidance for rain gage installation (NWS 2010). 

WSDOT collected rain gage data every 15 minutes and stored it in the data logger’s memory. 
WSDOT used these data, transmitted telemetrically to a WSDOT database, to track and record 
site-specific precipitation measurements. 

3.1.2 Temperature Measurement 

Water temperature measurements are recorded to fulfill permit requirements and monitor 
freezing conditions at each of the BMP effectiveness monitoring sites. Sensors were installed 
at each of the sampling points for every station to record temperature measurements 
continuously. These data are recorded by the data logger every 15 minutes and transmitted 
hourly to WSDOT’s database. If temperatures approach freezing, the data logger discontinues 
sample collection. 

Sample event tables in Appendix B provide minimum and maximum temperature values 
recorded during sampling events. 
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3.2 Weather Tracking 

WSDOT uses weather information—from satellite imagery, prediction models, the National 
Oceanic and Atmospheric Administration (NOAA) National Weather Service (NWS), and private 
forecasters—to forecast potentially qualifying storm events on a daily basis. As candidate 
storms approach, radar observations and hourly reports from land-based weather stations help 
track and evaluate storm potential. Staff use telemetered data transmitted from individual 
monitoring stations to track the progress of a storm event and the beginning of runoff. The 
stormwater monitoring team uses this information to direct field team deployments for sample 
collection. 

To qualify, storms have to meet rainfall depth and antecedent dry period criteria. Table 2 lists 
storm event criteria in effect for BMP effectiveness monitoring sites through WY13. 

Table 2 Storm event criteria for BMP effectiveness monitoring. 

Criteria BMP Effectiveness Monitoring BMP Effluent First-Flush Toxicity Monitoring 

Monitoring Period
 

Year round Annual (Aug 1 – Oct 31) 

Rainfall Depth
 

0.15” minimum; no fixed maximum Not specified 

Rainfall Duration 1-hour minimum; no fixed maximum Not specified 

Antecedent Dry Period < 0.04” rain in the previous 6 hours < 0.04” rain in the previous week (168 hours) 

Inter-Event Dry Period Not specified Not specified 

Minimum Intensity 
Lowest intensity that qualifies as a 

rainfall event
[1] Not specified 

[1] Average intensities should exceed 0.03 inches per hour for at least half the sampled storms. 

A one-week antecedent dry period was required prior to seasonal first flush toxicity sampling 
at the three BMP effluent monitoring locations in western Washington. The first flush sampling 
event had to occur in August or September. If unsuccessful in August or September, a first flush 
toxicity sample was collected in October, irrespective of the antecedent dry period. 

To make the best use of limited resources, WSDOT combined western Washington highway 
runoff characterization and BMP effectiveness monitoring sites. Where storm criteria for 
highway characterization and BMP effectiveness monitoring differed, the most inclusive storm 
criteria were followed. For example, the antecedent dry period criteria for highway monitoring 
required more time between storms. In this case, antecedent dry period criteria for highways 
were followed for both highway runoff characterization and BMP effectiveness monitoring 
sites. 
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3.3 Sampling Parameters 

Sampling requirements listed in S7.C.4 and S7.E.5 of the 2009 permit specify parameters for 
seasonal first flush toxicity testing and BMP effectiveness monitoring, respectively. These 
parameters are listed in Table 3, in the priority order of analysis. If insufficient sample volume 
existed, the department processed samples for the highest priority pollutants in accordance 
with laboratory volume requirements. 

Table 3 Sampling water quality parameters listed in order of priority. 

BMPs Toxicity 

TSS Cu, Zn, Cd, Pb (total) 

PSD Cu, Zn, Cd, Pb (dissolved) 

pH triclopyr (not applied)
[1]

  

total phosphorus 2, 4-D (not applied) 

orthophosphate clopyralid (not applied) 

hardness diuron (not applied) 

Cu, Zn (total) dichlobenil (not applied) 

Cu, Zn (dissolved) picloram (not applied) 

 glyphosate 

 TSS 

 chlorides 

 Hardness
[2] 

 MBAS 

 PAHs 

 phthalates 

 TPH-Dx and TPH-Gx 

[1] Herbicides were only required for monitoring if applied in the site drainage area. 
[2] Hardness was not a permit-required parameter. It is included in this list by Ecology recommendation and because of the 

effect of hardness on the bioavailability of metals in solution. 

WSDOT was required to sample and analyze herbicides at toxicity monitoring sites where listed 
herbicides were applied in the monitoring site vicinity. The stormwater monitoring team 
annually checked herbicide applications for all monitoring site drainage areas.   

WSDOT staff used these annual reviews to update the list of herbicides monitored at each site. 
On the west side of the state, only glyphosate was applied in or near the monitoring study sites. 

The permit also required sediment sampling for BMP effectiveness monitoring sites. However, 
the BMPs the department selected for monitoring (i.e., basic VFS, CAVFS, and modified VFS) are 
infiltration-type BMPs that use grass and soil, or compost, grass, and soil, as filtration media. 
Sediment samples from these BMPs were not collected since there is no technique to ensure 
collected sediment would represent only stormwater-carried sediments and not components of 
the soil or compost. Ecology approved this deviation from permit requirements during the 
QAPP approval process. 
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3.4 Sampling Methods 

BMP effectiveness monitoring sites were established to measure stormwater quality and 
quantity. Table 4 lists parameter categories, sampling frequency, and methods. 

Table 4 Sampling methods overview.   

Parameter Category Sampling Frequency Sampling Method Telemetered Data? 

Rainfall Continuous, year round Rain gage yes 

Stage (flow) Continuous, year round Stage measuring device yes 

Temperature Continuous, year round In situ probe yes 

Chemical, except TPH Discrete storm events Autosampler no 

TPH Discrete storm events Grab sample no 

For further information regarding field work activities, sample processing details, and analytical 
requirements for BMP effectiveness evaluation and toxicity water quality sampling, see the 
March 2014 revision of the Quality Assurance Project Plan for WSDOT Roadway Stormwater 
Treatment Evaluation: Best Management Practices (WSDOT 2014b). 

3.5 Station Maintenance 

In water year 2013 (WY13), WSDOT staff provided regular station maintenance every six to 
eight weeks or after sampled storm events. Monitoring staff performed a visual inspection 
of the monitoring site to identify possible damage to equipment and any new or unsafe 
conditions. Staff checked equipment enclosures for signs of tampering or forced entry. Unusual 
odors and the presence of water or debris were noted for the record and addressed through 
further investigation and site retrofit or rehabilitation, when necessary.  

Staff inspected and cleaned outlet pipes, sampling basins, and the conveyance system to ensure 
the monitoring station was in good condition prior to a sampled storm event. Field staff 
followed this inspection and cleaning procedure to ensure representative data collected from 
the system was unaffected by accumulated debris and sensor drift.  

Following the Standard Operating Procedure for Equipment Maintenance and Cleaning (WSDOT 
2011c), field staff conducted station checks that included equipment inventory, inspections, 
testing, and replacement of worn or missing parts. Monitoring staff inspected internal wires 
and cables to evaluate wear and ensure cable connections to the data logger were in good 
condition. Station antennae declinations and bearings were checked, and solar panels were 
cleaned to remove accumulated debris. When servicing or calibration of scientific equipment 
at monitoring stations was required, trained technicians followed manufacturers’ specifications 
and conducted servicing and calibration of equipment on site or in a controlled environment, 
as appropriate. 
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3.6 Equipment Decontamination 

Unless certified as precleaned from the equipment source, WSDOT staff or a contract lab 
decontaminated pump tubing, churners, sample containers, filters, or other materials that 
came into contact with sampled stormwater prior to each use. Intake tubing was cleaned prior 
to installation and changed once each year. 

For more detailed descriptions of decontamination procedures, see the March 2014 revision of 
the Quality Assurance Project Plan for WSDOT Roadway Stormwater Treatment Evaluation: Best 
Management Practices (WSDOT 2014b). 

3.7 Staff Roles and Responsibilities 

WSDOT used Stormwater and Watersheds Program staff in the Headquarters (HQ) 
Environmental Services Office (ESO) and staff from the department’s region offices to 
implement its monitoring program. In WY13, seven staff from the HQ ESO played key roles in 
the stormwater monitoring strategy. Staff from a field office in Mount Vernon supported ESO 
efforts on a part-time basis and participated in stormwater monitoring at different levels. 
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4 Quality Assurance and Quality Control 

The Quality Assurance Project Plan for WSDOT Roadway Stormwater Treatment Evaluation: 
Best Management Practices (WSDOT 2014b) includes a comprehensive description of quality 
assurance and quality control activities.  

During the water year 2013 (WY13) sampling season, WSDOT implemented quality control 
(QC) procedures through all phases of data collection and analyses. Quality control procedures 
included field collection and laboratory processing for all permit-required samples. Additionally, 
verification and validation of both field- and laboratory-generated data occurred as part of data 
management activities. The quality of raw, unprocessed, and processed data was subject to 
review and management using established protocols, including the following areas of work: 

1. Field quality control 

 Implementation of standard operating procedures 

 Field instrument inspection, calibration, and maintenance 

 Site water conveyance systems inspection and maintenance 

 Collection of field notes and maintenance documentation 

 Collection of composite field duplicate/grab field replicate samples 

 Collection of field equipment blanks 

 Field audits of monitoring staff 

2. Laboratory quality control 

 Laboratory instrument maintenance and calibration 

 Analysis of laboratory duplicate/split samples 

 Analysis of laboratory matrix spike and matrix spike duplicate samples 

 Analysis of laboratory blanks and standards 

3. Data management 

 Hydrology and precipitation data review and verification 

 Field data review and verification 

 Reviewing and adjusting for data gaps, data anomalies, and data qualifiers in 

precipitation and hydrology data 

 Laboratory data review and validation 

 Self-assessment and audit of project processes 

As part of data management and in addition to implementing field and laboratory quality 
control activities, WSDOT utilized third-party data validators to perform validation on the 
analytical data. 
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WSDOT’s data quality consultant prepared an analytical data quality assessment report 
(Appendix C) for WSDOT. This report provides an overview of the analytical scheme, data 
verification and validation procedures, and the quality of analytical data collected. The quality 
of data was assessed and discussed in terms of measurement quality objectives (MQOs) (i.e., 
precision, accuracy, representativeness, comparability, sensitivity, and completeness). The 
analytical data quality assessment report includes data collected from all WSDOT monitoring 
sites, including the department’s highway runoff characterization and best management 
practice (BMP) effectiveness monitoring sites. 
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5 Monitoring Results 

5.1 WY13 BMP Monitoring 

WSDOT collected water quality, hydrological, and meteorological data at vegetated filter strip 
(VFS) best management practice (BMP) effectiveness monitoring sites in water year 2013 
(WY13). Appendix A summarizes BMP stormwater sampling data, and Appendix B presents 
monitoring storm reports. Appendix C provides the data quality assessment report. 

5.2 Sampling Logistics and Challenges 

WSDOT field staff used storm event criteria and guidelines detailed in WSDOT’s NPDES 
municipal stormwater permit and Ecology’s Technical Assessment Protocol (TAPE) (Ecology 
2011) to deploy for forecast qualifying storm events. Collecting BMP stormwater data was 
challenging due to the dynamic and unpredictable nature of storm forecasts and rainfall. 
Section 3.2 details the storm event criteria used to determine team deployments.  

Sample collection requirements included a minimum of 10 equal-volume samples (aliquots)2 
collected during each sampled storm event and combined to create a single composite sample. 
For storm events lasting less than 24 hours, samples had to be collected for 75 percent of the 
storm hydrograph (by volume). For storm events lasting more than 24 hours, samples had to 
be collected for at least 75 percent of the first 24 hours of the storm (Ecology 2011).   

Frequently, storm event patterns that meet one permit requirement contribute to not meeting 
another requirement. For example: 

 WSDOT uses industry standard remote autosamplers that collect sample aliquots 
based on the amount of stormwater volume flowing out of the respective BMPs. 
WSDOT autosamplers can only hold a certain amount of stormwater, 9.4 liters (2.5 
gallons), which limits the number of aliquots that can be collected during a storm. 
Autosamplers are programmed based on forecast rainfall amounts and predicted 
volume of stormwater runoff. However, actual storm event rainfall and volume 
often differ from forecast amounts. With an event that produces greater than 
predicted amounts of runoff, autosamplers may fill prematurely, limiting their ability 
to capture 75 percent of a storm. Conversely, events that produce less than the 
predicted amount may fail to meet the 10 aliquot requirement set by TAPE and the 
permit.  

  

                                                           

2
 Seven to nine aliquots may be accepted; however, the Technical Evaluation Report (TER) must include an 

explanation and justification as to why less than 10 aliquots were collected.  
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 Rain-to-runoff patterns often differ based on many contributing variables. A storm 
event that occurs in close proximity to another event may display different surface 
runoff characteristics than a storm event occurring after weeks of no precipitation. 
In addition, a high-intensity, short-duration rain event will display different 
stormwater runoff dynamics than a low-intensity storm occurring over a long 
duration.  

Despite the challenges in collecting qualified storm event samples, WSDOT successfully 
collected multiple events at all of the BMP sites in WY13. Field observations and data regarding 
site hydrology and soils (e.g., soil saturation levels, structure, and composition) conducted 
during the year improved sampling success by improving the predictability of runoff occurring 
from a forecast storm event. WSDOT anticipates using these site feedback loops, paired with 
consistent improvements in the understanding of the science of stormwater, to further improve 
sampling efficacy. 

5.3 Stormwater Sample Collection 

WSDOT is in the process of collecting enough stormwater samples to meet permit and Ecology’s 
Technology Assessment Protocol (TAPE) requirements. TAPE guidelines specify the number of 
samples, sampling procedures, and type of data assessment needed to meet the required 
statistical goals for BMP approval. When sampling and statistical goals are met, a Technical 
Evaluation Report (TER) will be compiled and submitted to Ecology. The TER will present the 
results and discussion of WSDOT’s VFS BMP performance. 

Appendix B details all storm event sampling dates and parameter sample values. The numbers 
of storm events sampled in WY13 at WSDOT’s 14 BMP sample collection points are presented 
below: 

I-5 Everett, MP 197.27, VFS: 

 Five events collected at site pavement edge (PE) (Everett 01) 

 Three events collected 6.6 feet (2 meters) from PE (Everett 02) 

 Four events collected 13.1 feet (4 meters) from PE (Everett 03) 

I-5 Everett, MP 197.35, Modified VFS  

 Seven events collected at site PE (Everett 04) 

 Four events collected 6.6 feet from PE (Everett 05) 

 Three events collected 13.1 feet from PE (Everett 06) 
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I-5 Pilchuck, MP 210.71, VFS 

 Nine events collected at site PE (Pilchuck 01) 

 Four events collected 6.6 feet from PE (Pilchuck 02) 

 Seven events collected 13.1 feet from PE (Pilchuck 03) 

I-5 Pilchuck, MP 210.78, Compost-Amended VFS (CAVFS) 

 Two events collected 6.6 feet from PE (Pilchuck 04) 

 Seven events collected 13.1 feet from PE (Pilchuck 05) 

I-5 Pilchuck, MP 210.85, Modified VFS 

 Nine events collected at site PE (Pilchuck 06) 

 Two events collected 6.6 feet from PE (Pilchuck 07) 

 Four events collected 13.1 feet from PE (Pilchuck 08) 

5.4 Monitoring Trends 

A primary goal of WSDOT’s BMP effectiveness monitoring is to compare sample parameter and 
surface runoff values between influent and effluent points of each VFS BMP. TAPE currently 
requires a minimum of 12 paired influent and effluent samples. A minimum two years of 
monitoring is generally recommended. WSDOT did not successfully collect 12 paired influent 
and effluent samples in WY13. Therefore, the data collected at WSDOT’s BMP monitoring sites 
in WY13 has not yet been analyzed for statistical relevance, though a general trend of flow 
reduction has been noticed at most of WSDOT’s VFS BMPs. Once 12 paired samples have been 
collected, the statistical analysis will be conducted. 

5.5 Toxicity Sampling 

WSDOT field staff collected toxicity monitoring stormwater samples in September and 
October in WY12 and WY13. Toxicity monitoring requirements involved both highway runoff 
characterization and BMP effectiveness monitoring sites. Results from both years show no 
significant toxic effect and a high survival rate for Hyalella azteca, a small aquatic crustacean 
and the target species for toxicity testing. Data summaries are presented in the WSDOT NPDES 
Municipal Stormwater Permit Highway Runoff Monitoring Reports (WSDOT 2013a and 2014a). 
Some VFS storm event data were collected during toxicity monitoring and will be added to the 
data presentation and analyses in the final VFS BMP effectiveness monitoring report. 
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5.6 Changes to the Monitoring Program 

WSDOT staff evaluated the effectiveness of monitoring practices in WY13 and recorded their 
observations. These observations helped refine existing monitoring methods and procedures. 
These changes should improve the accuracy and efficiency of data collection, and make more 
effective use of limited staff time and resources.  

The following changes were made in WY13: 

1. Frequency of site storm event preparation: Staff originally prepared sites for sampling 
immediately before storm events, with the intention of calibrating the systems as close 
to the start of the sampling events as possible. Unfortunately, short notice prior to many 
sampled storm events created rushed and potentially inaccurate site configurations, 
occasionally resulting in missed or rejected storm data. Switching storm preparation to 
a two-week cycle allowed for more thorough sampling conveyance system cleanout and 
equipment calibration, and better data quality.  

2. Monitoring station maintenance staff: In WY12 and WY13, the field team lacked sufficient 
staff to manage the significant site maintenance workload. Most field team time was 
devoted to obtaining samples, with little time left for maintaining and improving the 
structural components of the sampling conveyance systems and equipment. Late in WY13, 
WSDOT hired a staff member whose primary duty was site maintenance. This staff member 
was able to implement many infrastructure efficiencies in addition to maintaining system 
operations on a tighter schedule. 

3. WSDOT region staff support: Staff support from region maintenance and environmental 
offices was critically important during the initial phase of stormwater BMP effectiveness 
monitoring. However, with recent reductions in work force, these region staff have limited 
availability for stormwater monitoring due to other work priorities. Shifting the majority 
of region staff responsibilities to stormwater monitoring staff at WSDOT Headquarters 
helped focus team efforts, eliminated reliance on region staff with limited availability, and 
improved consistency of work. 

4. Sample naming and labeling: The original naming and labeling conventions for laboratory 
samples were complex and non-intuitive, creating problems in often-challenging field 
conditions. These sample names were replaced by a simple date-based naming convention 
that staff could easily generate and follow in the field. This change drastically reduced time 
in the field and improved sample labeling accuracy. 

5. New forecasting tool: In WY13, staff deployed a WSDOT Storm Event Reporting and 
Forecasting (SERF) tool. This tool provided a direct link to NOAA regional forecasts and 
created a communication email chain to alert staff when a qualifying storm approached. 
The SERF tool significantly shortened the time needed to generate a daily forecast, making 
faster and more efficient deployments for storm event sampling possible. To meet permit 
requirements, SERF also saved a record of all forecasts and deployment decisions. 
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5.7 Lessons Learned 

WSDOT found that developing the VFS BMP effectiveness monitoring program was a complex 
endeavor. Following are some of the lessons learned from implementing the monitoring 
program:   

1. Sample conveyance system cleaning: Clogging of stormwater sampling infrastructure by 
debris was found to be more significant than expected. Changes in cleanout routines, re-
design of sampling systems for easy cleanout, and development of special tools for cleanout 
were all employed as adaptive strategies to solve this problem. 

2. Storm forecasting: A decision matrix is needed to guide and manage storm deployments 
for the monitoring field team. The decision matrix must be developed using permit storm 
criteria, but details need to be included to effectively manage the daily decision-making 
process and ensure consistency. 

3. Storm deployments: Sampling teams need to be available to respond to storms with short 
notice. In case individuals from the monitoring field team are unavailable, alternate staff 
should be available to sample, if they are needed. Forecasts need to be rechecked 
immediately prior to sampling events and team deployments. The SERF tool should be used 
to track sampling attempts more frequently.  

4. Standard operating procedures (SOPs): SOPs ensure reliable and representative monitoring 
data are collected. Reliable monitoring data facilitates early problem detection. SOPs are 
needed to document all steps in the monitoring process, from sample collection in the field 
to data management and validation in the office.  

5.8 Projected Work and Future Monitoring Projects  

WSDOT’s VFS effectiveness monitoring continues, with the goal of obtaining enough samples to 
satisfy permit requirements and produce useful data for decision making. WSDOT will analyze 
WY14 data to assess whether statistical goals in TAPE have been met. If statistical goals are 
met, WSDOT will produce a final BMP effectiveness report in October 2015. 

Within one year following submittal of the VFS BMP effectiveness studies final report or no 
later than October 2017, WSDOT in consultation with Ecology must begin implementation of 
new highway BMP effectiveness studies. The selection of highway BMP effectiveness studies 
must be based on WSDOT’s stormwater research priorities and the stormwater treatment 
needs of the agencies, and must be at approximately the same level of monitoring effort and 
cost as the current VFS BMP effectiveness studies. 

The 2014 WSDOT NPDES municipal stormwater permit also requires implementation of a 
monitoring program to evaluate the effectiveness of stormwater treatment and hydrologic 
management BMPs at rest areas, maintenance facilities, or ferry terminals. The stormwater 
BMPs (operational or structural) selected for monitoring should address concerns identified 
from WY12 and WY13 baseline facilities monitoring data. WSDOT must evaluate BMPs at two 
facilities in western Washington, and one facility east of the Cascades. Monitoring staff are 
currently involved in a site-selection process. 
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Glossary 

analyte – An element, ion, compound, or chemical moiety (pH, alkalinity) that is to be 
determined. The definition can be expanded to include organisms, such as fecal coliform 
(Kammin 2010). 

annual average daily traffic (AADT) – The average, over a year, of the number of vehicles 
passing a point on a highway in both directions each day (Mohamad et al., 1998). Counts are 
estimated using Trip Generation, published by the Institute of Transportation Engineers, or 
using a traffic study prepared by a professional engineer or transportation specialist with 
expertise in traffic volume estimation (WSDOT 2014d).  

best management practices (BMPs) – The structural devices, maintenance procedures, 
managerial practices, prohibitions of practices, and schedules of activities that are used singly 
or in combination to prevent or reduce the detrimental impacts of stormwater, such as 
pollution of water, degradation of channels, damage to structures, and flooding (WSDOT 
2014d). 

Clean Water Act (CWA) – A federal act passed in 1972, formerly referred to as the Federal 
Water Pollution Control Act, which contains provisions to restore and maintain the quality of 
the nation’s waters. Major amendments to the CWA in 1987 addressed stormwater pollution 
by extending the National Pollutant Discharge Elimination System (NPDES) permit program to 
include stormwater discharges. Section 402 of the CWA governs the NPDES permit program. 

data collection platform (DCP) – A collection of instruments or sensors that operate and report 
to a central data logger. A DCP is collectively housed in a central location or “platform” at the 
monitoring site. 

first flush – Typically, the first 30 to 60 minutes of runoff from a rainfall event (Caltrans 2003). 
A first-flush rain event for toxicity is defined in Special Condition S7.C.1 of the 2009 WSDOT 
NPDES municipal stormwater permit as the first qualifying rain event that occurs after July 31, 
with a one-week antecedent dry period (or October, irrespective of the antecedent dry period, 
if unsuccessful in August and September) (Ecology 2009a). 

flow-weighted compositing – Samples of equal volume are taken at equal increments of flow 
volume and composited (Ecology 2009b) 

Global Positioning System (GPS) – A satellite navigation system used to determine ground 
position and velocity (location, speed, and direction). 

hydrograph – A graph of flow versus time for a given point (Caltrans 2003). 

hyetograph – A graph of rainfall to a monitoring station versus time (Caltrans 2003). 

Jersey barrier – A tapered concrete structure installed in the median or along the roadside 
shoulder to prevent vehicle crossovers.   

low-impact development (LID) – An evolving approach to land development and stormwater 
management that uses a site’s natural features and specially designed BMPs to manage 
stormwater; it involves assessing and understanding the site, protecting native vegetation and 
soils, and minimizing and managing stormwater at the source. Low-impact development 
practices are appropriate for a variety of development types (WSDOT 2014d). 
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National Pollutant Discharge and Elimination System (NPDES) – The national program for 
issuing, modifying, revoking and reissuing, terminating, monitoring, and enforcing permits, and 
imposing and enforcing pretreatment requirements, under sections 307, 402, 318, and 405 of 
the Federal Clean Water Act, for the discharge of pollutants to surface waters of the state from 
point sources. These permits are referred to as NPDES permits and, in Washington State, are 
administered by the Washington State Department of Ecology (Ecology 2014). 

parameter – A specified characteristic of a population or sample. Also, an analyte or grouping 
of analytes. Benzene, nitrate+nitrite, and anions are all parameters (Kammin 2010; Ecology 
2004). 

pavement edge (PE) collector – A 6-inch high-density polyethylene pipe or similar device that is 
installed to collect runoff from an impervious roadway. PE collectors also act as conveyance 
systems for stormwater from the road surface to pass through a flow measurement device and 
allow for composite sample collection. 

pH – A measure of the acidity or alkalinity of water. A low pH value (0 to 7) indicates that an 
acidic condition is present, while a high pH (7 to 14) indicates a basic or alkaline condition.   
A pH of 7 is considered to be neutral. Since the pH scale is logarithmic, a water sample with 
a pH of 8 is ten times more basic than one with a pH of 7. 

Quality Assurance Project Plan (QAPP) – A document that describes the objectives of a 
monitoring project and the procedures necessary to ensure the quality and integrity of the 
collected data (Ecology 2004). 

representativeness – The state or quality of being accurately representative of something. 
Expresses the degree to which sample data accurately and precisely represent a characteristic 
of a population, parameter variations at the sampling point, or an environmental condition 
(USEPA 2006). 

stormwater – That portion of precipitation that does not naturally percolate into the ground or 
evaporate, but flows via overland flow, interflow, pipes, and other features of a stormwater 
drainage system into a defined surface water body or a constructed infiltration facility (WSDOT 
2014d). 

thermistor – A temperature-sensing probe that displays large changes in resistance in 
proportion to small changes in temperature. 

stilling well – A well or chamber that is connected to the main flow channel by a small inlet. 

time of concentration – The time necessary for surface runoff to reach the edge of pavement 
collector from the hydraulically most remote point of the drainage area (WSDOT 2014d). Time 
of concentration provides a measure to ensure time pacing of the monitoring equipment is set 
to obtain a representative sample and to evaluate whether contributions from the entire basin 
are represented. 

water year (WY) – The 12-month period beginning October 1 for any given year through 
September 30 of the following year. The water year is designated by the calendar year in which 
it ends. For example, the water year ending September 30, 2012, is called the “2012” water 
year (USGS 2013). 
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Acronyms, Abbreviations, and Units of Measurement 

Acronyms and Abbreviations 

AADT  annual average daily traffic 

BMP  best management practice 

CAVFS  compost-amended vegetated filter strip 

Cd  cadmium 

CBS  compact bubble sensor 

COC  chain of custody 

Cu  copper 

CWA  Clean Water Act 

DCP  data collection platform 

Ecology Washington State Department of Ecology 

ESO  Environmental Services Office 

GIS  geographical information system 

GPS  Global Positioning System 

HDPE  high-density polyethylene 

HQ  WSDOT Headquarters  

I-5  Interstate 5 

LID  low-impact development 

MBAS  methylene blue active substances 

MEL  Manchester Environmental Laboratory 

MP  milepost 

MQO  measurement quality objective 

NB  northbound 

NPDES  National Pollutant Discharge Elimination System 

NOAA  National Oceanic and Atmospheric Association 

NWS  National Weather Service 

OP  orthophosphate 

PAH  polycyclic aromatic hydrocarbons 

Pb  lead 

PE  pavement edge 

pH  measure of alkalinity or acidity 

PSD  particle size distribution 

PT  pressure transducer 

QAPP  Quality Assurance Project Plan 
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QA  quality assurance 

QC  quality control 

SB  southbound 

SERF  Storm Event Reporting and Forecasting tool 

SOP  standard operating procedure 

SR  state route 

TAPE  Technology Assessment Protocol – Ecology (TAPE) 

TC  time of concentration 

TP  total phosphorus 

TPH  total petroleum hydrocarbon 

TSS  total suspended solids 

USEPA  United States Environmental Protection Agency 

VFS  vegetated filter strip 

WSDOT Washington State Department of Transportation 

WY  water year 

Zn  zinc 

Units of Measurement 

ac  acre 

°C  degrees centigrade 

°F  degrees Fahrenheit 

ft  feet 

g  gram, a unit of mass 

in  inch 

gal/min gallons per minute 

L/min  liters per minute 

mg  milligrams 

mg/Kg  milligrams per kilogram (parts per million) 

mg/L  milligrams per liter (parts per million) 

mL  milliliters 

Qp  gallons/minute 

Tc  time of concentration 

µg/Kg  micrograms per kilogram (parts per billion) 

µg/L  micrograms per liter (parts per billion) 

µm  micrometer 

oz  ounce 
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Appendix A: 

Analytical Data 
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Appendix B: 

WY13 Storm Reports 
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Appendix C: 

Analytical Data Quality Assessment Report 
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