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EXECUTIVE SUMMARY 

Project Overview.  This report summarizes the methods and results of data collected from the 
AquaShieldTM, Inc. Aqua-FilterTM (Aqua-Filter) Stormwater Treatment System installed at the 
Washington State Department of Transportation (WSDOT) Lake Union/Ship Canal Test Facility 
(Test Facility).  The Test Facility is located in a City of Seattle ultra-urban basin and receives 
runoff from 22.7 acres of pavement and 8.9 acres of roadside landscaping.  WSDOT, Seattle 
Public Utilities (SPU), and the City of Tacoma (COT) conducted the study to assess the ability of 
Aqua-Filter to remove contaminants, especially metals and organics, from stormwater.  Taylor 
Associates, Inc. (Taylor) was hired to facilitate development of the study design and implement 
the study.  A grant received by COT from the Federal Highway Administration Grant (Project 
No. E3WA02) paid for the study.   

Technology Description.  The Aqua-Filter technology is a stand-alone, custom-engineered, 
two-component structure that uses a treatment train approach for stormwater pollutant removal.  
The patented configuration of the Aqua-Filter always includes both pretreatment and filtration 
structures.  The Aqua-Filter installed at the Test Facility was model AF-4.2 which was filled with 
a proprietary blend of high conductivity filter media.  The overall treatment capacity of the 
system installed at the Test Facility was approximately 125 gpm.   

Sampling Approach.  Rainfall, flow, and water quality data were collected for 22 sampling 
periods1 across 15 separate storm events from March 2007 through October 20082.  Of the 22 
sampling periods, 19 were accepted for analysis because they either completely satisfied the 
Quality Assurance Project Plan (QAPP, Taylor 2006) criteria or only had minor deviations from 
the criteria.  For each sampling period, samples were collected following the Washington State 
Department of Ecology’s Technology Assessment Protocol (TAPE, Ecology 2008) discrete flow 
composite (DFC) sampling approach.  For each discrete sampling period, the system was 
operated at either 50% (62.8 gpm), 100% (125.7 gpm), or 125% (156.3 gpm) of the 
technology’s filtration capacity.   

Influent Concentrations.  When looking at all influent flow rates (50%, 100%, and 125%) 
collectively, a statistically significant (p < 0.05) difference (influent concentration greater than 
effluent concentration) was observed for total suspended solids, total volatile suspended solids, 
nitrate/nitrite, total phosphorus, NWTPH-Diesel, total and dissolved copper, total and dissolved 
lead, total zinc, and diethyl phthalate.   

Influent concentrations at the Test Facility compare reasonably well with stormwater data 
collected in Thea Foss Basins 237A and 243 (basins receiving significant runoff from 
roadways), with the exceptions of slightly higher values for bis(2-ethylhexyl)phthalate and di-n-
octyl phthalate at the WSDOT Test Facility. 

                                                 

1 Portion of the storm over which samples were collected at a target inflow rate. 
2 Five storm events were sampled by AquaShieldTM, Inc. during project startup.  These storm events were 
not included in this report since the results are not representative of the technology under normal 
operating conditions. 
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Removal Efficiencies.  Removal efficiencies were calculated for each storm and for the entire 
study.  Results, when looking at all flow rates (50%, 100%, and 125%) collectively, generally 
indicate: 

 Total Suspended Solids:  The Aqua-Filter technology removed between -47.1% and 
60.4% of TSS with a median removal rate of 9.3%.  Influent concentrations ranged 
from 18.8 to 112 mg/L with a median concentration of 52.8 mg/L. 

 Nutrients:  Median removal efficiencies for nitrogen and phosphorus species ranged 
from -5.7% to 3.1%. 

 Petroleum Hydrocarbons:  Median removal efficiencies for NWTPH-Diesel and 
NWTPH-Heavy Oil were -10.3% and 4.0% respectively. 

 Metals:  Median removal efficiencies for total copper and dissolved cadmium were 
12.6% and 25.0% respectively.  Median removal efficiencies for all other metals, 
including dissolved metals, were less than or equal to 10%. 

 PAHs:  The Aqua-Filter technology removed (median removal) less than 6% of all 
PAHs.   

 Phthalates:  Median removal efficiencies for phthalates were all less than 8%, with 
the exception of diethyl phthalate which had a median removal of 12.7%.     

Flow Rate Comparison.  Statistically significant (p < 0.05) differences in removal efficiencies 
were observed for total suspended solids, total volatile suspended solids, total phosphorus, total 
zinc, naphthalene, phenanthrene, benzo(a)anthracene, benzo(a)pyrene, benzo(g,h,i)perylene, 
benzofluoranthenes, chrysene, fluoranthene, indeno(1,2,3-cd)pyrene, pyrene, bis(2-
ethylhexyl)phthalate, butylbenzylphthalate, and di-n-octyl phthalate.  Post-hoc tests (Dunn’s or 
Tukey’s) identified statistically significant differences (p < 0.05) between the 50% flow and the 
100% flow rates for all of these analytes, except total phosphorus and total zinc.  Several 
statistically significant differences (p < 0.05) were also observed between the 50% and 125% 
flow rates.   

Costs.  The AquaShieldTM, Inc. unit installed at the Test Facility cost approximately $35,000 
excluding installation.  Installation costs for the unit were fairly minimal due to it being placed on 
an existing concrete pad.  The twelve replacement filter bags for the system cost approximately 
$2,900 plus taxes; cleaning of the unit during the study occurred on an annual basis. 

Recommendations.  Several statistically significant differences in removal efficiency were 
detected between flow rates during this study; additional sampling would be needed to 
determine if there are additional statistically significant differences between the other analytes 
based on flow rate.  Based on the overall low removal efficiencies seen by the Aqua-Filter unit, 
this unit is not recommended as a stormwater treatment device in stormwater basins with 
influent concentrations similar to the Test Facility or the Thea Foss Waterway.   
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1.0 PROJECT OVERVIEW 

This report summarizes the methods and results of data collected for the AquaShieldTM, Inc. 
Aqua-FilterTM Stormwater Treatment System (Aqua-Filter) installed at the Washington State 
Department of Transportation (WSDOT) Lake Union/Ship Canal Test Facility (Test Facility).  
The Aqua-Filter technology is a stand-alone, custom-engineered, two-component structure that 
uses a treatment train approach for stormwater pollutant removal.  The patented configuration of 
the Aqua-Filter always includes both pretreatment and filtration structures – an Aqua-SwirlTM 
(Aqua-Swirl) and an Aqua-Filter respectively.  

The purpose of this project was to evaluate the effectiveness of the Aqua-Filter technology to 
remove contaminants, especially metals and organics, from stormwater at selected flow rates.  
Removing these contaminants from stormwater will reduce potential impacts on our streams 
and waterways. 

1.1 PROBLEM STATEMENT 

The presence of metals and organics in receiving waters is a concern both locally and globally 
due to the threat they pose to ecosystems.  Metals are a common pollutant in urban runoff and 
can be toxic to the ecosystem in low concentrations.  The primary organic pollutants of interest 
during this study were polycyclic aromatic hydrocarbons (PAHs) and phthalates.  PAHs are 
commonly associated with coal, crude oil, and their by-products.  They are also commonly 
formed during the incomplete combustion of organic materials.  Phthalates are known to cause 
biological affects in the environment and have been widely used as plasticizers since the 1930s; 
they are found in a variety of products ranging from plastic materials to cosmetics.  

The Aqua-Filter technology received Pilot Use Level Designation (PULD) after writing of the 
Quality Assurance Project Plan (Taylor 2006) from the Washington State Department of 
Ecology (Ecology) for Basic, Enhanced, Phosphorus, and Oil treatment.  The PULD conditions 
required the following (Ecology 2009): 

 For Basic treatment: 

o Using a coarse perlite filter media as specified by AquaShieldTM, Inc. 

o Sized at an operating rate of no more than 5 gpm/ft2 per cartridge (surface 
area of about 4 square feet).  

 For Enhanced, Phosphorus, and Oil treatment: 

o Using Aqua-Blend™ C filter media as specified by AquaShieldTM, Inc.  

o Sized at an operating rate of no more than 5 gpm/ft2 per cartridge (surface 
area of about 4 square feet).  

AquaShieldTM, Inc. has also received General Use Level Designation (GULD) from the 
Washington State Department of Ecology (Ecology) for pretreatment (TSS) for the Aqua-Swirl 
concentrator.  The Aqua-Swirl is the pretreatment unit used in the Aqua-Filter system.  The 
GULD conditions for Aqua-Swirl (Ecology 2006) require that the unit either be used (a) ahead of 
infiltration treatment or (b) to protect and extend the maintenance cycle of a Basic or Enhanced 
Treatment device.  The Aqua-Swirl unit must be sized at an operating rate of no more than 23 
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GPM/sf at the Water Quality design flow rates as determined using the Western Washington 
Hydrology Model. 

To assess the ability of the Aqua-Filter technology to remove phthalates and PAHs from 
stormwater, WSDOT, SPU, and COT conducted a study at the Test Facility using the Aqua-
Filter technology.  Taylor worked with WSDOT, SPU, and COT on developing the study design 
and was responsible for implementing the study.  This study was designed to assess the ability 
of the Aqua-Filter to remove phthalates and PAHs from stormwater at 50, 100, and 125 percent 
of design capacity.  Data collection was targeted for fifteen storm events.  Funding received by 
COT from a Federal Highway Administration Grant (Project No. E3WA02) paid for sample 
collection. 

1.2 MONITORING OBJECTIVES 

The objectives of this study, as outlined in the Quality Assurance Project Plan (QAPP) (Taylor 
2006) were to: 

1. Evaluate pollutant removal efficiencies, especially for metals and organics, for the 
Aqua-Filter.  This was accomplished by collecting influent and effluent samples and 
flow data during storm events.   

2. Conduct a maintenance needs evaluation based on qualitative maintenance 
inspections in the Aqua-Filter chamber and sediment depth measurements in the 
Aqua-Swirl.  This was accomplished by conducting routine maintenance inspections.  
In addition, sediment samples were collected and analyzed prior to the removal of 
accumulated sediments from the filtration bay and at the end of the study period. 
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2.0 PROJECT DESCRIPTION 

This section describes the Test Facility site, the Aqua-Filter technology, and the Aqua-Filter 
installation at the Test Facility.  

2.1 TEST FACILITY DESCRIPTION 

The Test Facility is located in Seattle, Washington in the Interstate 5 right-of-way beneath the 
north side of the Lake Union Ship Canal Bridge (Figure 1).  The drainage area contributing to 
the site is approximately 31.6 acres, with 22.7 acres of pavement and 8.9 acres of roadside 
landscaping.  The WSDOT stormwater collection system is separate from the City of Seattle 
collection system, and it includes runoff from the Interstate 5 northbound, southbound, express 
lanes, and the on- and off-ramps.  All runoff in the drainage basin pass through catch basins 
prior to entering the stormwater collection system.  The drainage basin contains 15 Type 1 and 
53 Type 2 catch basins (EvTEC 2001).  

WSDOT constructed the Test Facility to allow the simultaneous testing of up to four ultra-urban 
stormwater treatment technologies.  This is accomplished by diverting stormwater flow from the 
30-inch pipe to the site using a “draw-bridge” half-pipe structure.  Once flow passes the 
upstream monitoring station, flow enters an adjustable flow splitter that diverts stormwater to 
test bays 1 and 2 or test bays 3 and 4 (Figure 2).  A second flow splitter is located upstream of 
each set of test bays and is used to partition flow between the two test bays.  Flow to each test 
bay is controlled through the use of a gate valve, which is located at the inflow to each test bay.  
A detailed description of the Test Facility site is provided in the EvTEC Evaluation Plan (EvTEC 
2001). 

2.2 AQUA-FILTER TECHNOLOGY DESCRIPTION 

The Aqua-Filter is a stand-alone, custom-engineered, two-component structure that utilizes a 
treatment-train approach for stormwater pollutant removal.  The Aqua-Filter system is a rapid or 
high flow rate filtration device that has no moving parts and operates on gravity flow or 
movement of stormwater runoff through the system.  The unit always includes both pretreatment 
and filtration structures.  The unit is constructed of high-density polyethylene (HDPE) materials, 
which allows for fast and simple installation in a variety of locations.   

The Aqua-Filter system typically operates in an “off-line” configuration as recommended by most 
municipalities to provide for full treatment of the designed water quality flow rate.  The off-line 
configuration requires the use of a separate diversion structure or weir device up-stream of the 
system to direct only the designated water quality flow rate for treatment.  The Aqua-Filter 
system can also be installed in-line, when desired, with the stormwater conveyance pipe 
allowing for the complete storm event to flow through the system.   

2.2.1 Aqua-Swirl Concentrator (Pretreatment) 

The pretreatment structure is the Aqua-Swirl Concentrator which uses hydrodynamic vortex 
enhanced sedimentation technology (Figure 3).  The inlet pipe is welded to the Swirl 
Concentrator on a tangent, which induces the circular motion needed for vortex enhanced 
sedimentation.  Quiescent settling also occurs within the Aqua-Swirl Concentrator between 
storm events.   
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The diameter of the Swirl Chamber varies from 2.5 to 12 feet depending on the (1) peak storm 
event and (2) the intended water quality treatment flow rates for the site.  A typical unit varies 
from 8.67 to 9.5 feet in height with the length of the access risers influenced by the site’s final 
design and drainage pipe elevations.  The bottom of the Swirl Chamber is approximately 5.67 
feet below the invert of the inlet pipe; this provides water and sediment storage within the 
chamber.  Multiple Aqua-Swirl units can also be combined in parallel to process very high flow 
rates. 

2.2.2 Filter Chamber 

Once pretreated stormwater leaves the Aqua-Swirl Concentrator, the runoff enters the Filter 
Chamber (Figure 4).  The chamber is designed to remove dissolved oils, finer sediments, 
nutrients, and organically bound heavy metals through media filtration technology.  Water is 
distributed evenly along the filter bed.  The filtration process is accomplished by gravity, similar 
to sand filters.  Sediment is trapped in the interstitial spaces throughout the media as 
stormwater moves through the fibers.  Depending on the type of media used in the chamber, ion 
exchange and absorption may also occur within the chamber. 

The Filter Chamber has an inside diameter of approximately 72 inches (an outside diameter of 
80.75 inches) with porous filter containers positioned horizontally in the center of the chamber 
and perpendicular to the water flow.  There are three filter holders per row that have a surface 
area of approximately four square feet, therefore supplying a total of 12 square feet of surface 
area per row of filters.  There are open grates on the bottom of each filter hold where four, 6-
inch thick filters are placed to form two layers in a compact pattern to avert short-circuiting of the 
water flow.  Accordingly, there is approximately 12 cubic feet of filter media per row of filters.  
Similar 1-inch thick open grates are firmly fixed above the filters to facilitate distribution of the 
pretreated water across the filter bed. The length of the Filter Chamber can be extended up to 
35 feet to accommodate additional rows of filters increasing the surface area based on the 
calculated water quality flow rate to be treated.  Filter Chambers have also been customized in 
parallel design to process exceptionally large flow rates. 
 
The inside of the Filter Chamber is designed to facilitate distribution of the pretreated water 
above the filter bed and control the flow rate to each row using proprietary post-filtration 
hydraulic restraints.  The design includes two bulkheads, one at each end of the Filter Chamber.  
The bulkhead just upstream of the filter bed event distributes stormwater across the filters and 
the downstream bulkhead restrains incoming stormwater which creates gravitational pressure 
for water to permeate the underlying filters.  The bulkhead inside the Filter Chamber allows for a 
maximum of 10-inch water level above the filters.  The post-filtration hydraulic restraints ensure 
each row of filters receives a flow of 60 gpm per row (20 gpm per filter) for fine silt particles (<50 
microns) or a flow of 240 gpm per row (80 gpm per filter) for typical sediment (<150 microns). 

2.2.3 Aqua-Filter Sizing 

The Aqua-Filter is sized according to the calculated water quality flow rate, the individual 
drainage area entering the stormwater conveyance system, and the anticipated particle size 
distribution of the sediment in the runoff.  Depending on the model installed, the water quality 
flow rate for a single Swirl Concentrator ranges from 0.22 to 5.8 cfs (AquaShield™, Inc. 2005a). 
For a single Filter Chamber, the water quality flow rate ranges from 0.13 to 1.6 cfs, depending 
on the model installed (AquaShield™, Inc. 2005b).  Multiple Filter Chambers and/or Swirl 
Concentrators can be installed in parallel to achieve greater treatment flow rates.  
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2.2.4 Filter Media 

The two types of media commonly used in the Aqua-Filter are the Aqua-BlendTM C and a natural 
medium-to-course grain perlite.  The perlite media is used most often in the Aqua-Filter unit due 
to its overall performance characteristics.  Other filtration media, such as granular activated 
carbon and zeolite, are used when requested for certain pollutants.   

2.3 AQUA-FILTER INSTALLED AT THE TEST FACILITY 

The Aqua-Filter selected for evaluation at the Test Facility was a Model AF-4.2 filled with a 
proprietary blend of high conductivity filter media (Aqua-BlendTM C).  Detailed drawings of the 
Model AF-4.2 installed at the Test Facility as well as a typical Model AF-6.12 are provided in 
Appendix D of the QAPP (Appendix B). 

The model at the Test Facility consisted of a Swirl Concentrator with a 4-foot inside diameter 
and a Filter Chamber with an approximate diameter of 6.5 feet by 12 feet in length.  The storage 
capacity of the Swirl Concentrator and the Filter Chamber was approximately 517 gallons (69 
cubic feet) and 476 gallons (64 cubic feet) respectively.  The total storage capacity of the Aqua-
Filter installed at the Test Facility was the storage capacity of the Swirl Concentrator and the 
Filter Chamber.  This equates to approximately 993 gallons (133 cubic feet) for the entire 
treatment train. 

The Aqua-BlendTM C media is enclosed in 24 filter containers aligned in two rows on the Filter 
Chamber’s bed.  This allows the system installed at the Test Facility to have an overall 
treatment capacity (100 percent filtration capacity) of approximately 0.28 cfs (125 gpm).  This 
specific media was selected for the Test Facility because of the expected sediment particle size 
and the anticipated pollutants in the runoff.   

Cost for the Aqua-Filter technology installed at the Test Facility including shipping was 
approximately $35,000.  This cost was for the unit only and did not include installation.  The unit 
was placed on an existing concrete slab when it was installed, so installation costs were fairly 
minimal.   

Facility maintenance and bag replacement must be conducted periodically.  The frequency of 
maintenance activities is dependent on the site conditions.  Replacement of the twelve bags in 
the Aqua-Filter unit installed at the Test Facility cost (material cost only) approximately $2,900 
plus taxes.   
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3.0 MONITORING METHODS 

This section provides an overview of the monitoring methods, including sampling approach, 
qualifying events, stormwater quality parameters, sample collection, sample handling, quality 
control procedures, and equipment maintenance.  A more detailed description of the monitoring 
methods is provided in the Quality Assurance Project Plan (QAPP, Appendix B) developed for 
this project (Taylor 2006).  The monitoring approach for this study was adapted from the EvTEC 
Evaluation Plan (EvTEC 2001) and from the Technology Assessment Protocol – Ecology 
(TAPE, Ecology 20083).   

3.1 SAMPLING APPROACH 

Sampling approaches considered for this Aqua-Filter technology as outlined by TAPE (Ecology 
2008) were: 

 Event Mean Concentration (EMC) - The EMC sampling approach collects samples 
over the duration of a storm event and composites them in proportion to flow.  This 
method involves sampling throughout a storm hydrograph (the rising and falling 
limbs) and generates a removal efficiency associated with the entire storm event.   

 Discrete Flow Composite (DFC) - The DFC sampling approach involves collecting 
flow-weighted composite samples over relatively constant inflow periods, which 
enables the assessment of removal efficiencies at specific flow conditions.   

Because the volume of runoff generated in the drainage basin for the Test Facility 
(approximately 1,980 gpm for a 6-month storm) is much larger than the capacity of the test 
system (125 gpm), the EMC sampling approach would have required that the Test Facility’s flow 
splitters partition off 1/24 (approximately 4 percent) of the inflow received at the facility during a 
storm event.  Based on the results of a hydraulic evaluation for a stormwater treatment 
technology installed previously at this site (Tacoma 2008), this cannot be accomplished using 
the existing flow splitters in their current configuration.  Therefore, testing of the Aqua-Filter 
technology was conducted using the DFC method.   

To assess the average influent and effluent water quality under varying operating conditions, 
samples were collected at flow rates equivalent to 50 percent (62.8 gpm), 100 percent (125.7 
gpm), and 125 percent (156.3 gpm) of the system’s design flow rate.  These target inflow rates 
encompassed the range suggested by the TAPE guidelines (Ecology 2008).   

When storm conditions allowed (that is, a storm event’s duration and intensity were at least 5 
hours and 0.03 inches per hour), two inflow rates were sampled during the storm event.  
Because 15 storm events were targeted during the course of the study, it was hoped that the 
data set would contain 30 paired influent and effluent stormwater samples.  If the samples were 
evenly distributed among the three target inflow rates, ten paired influent and effluent 
stormwater samples would have been collected for each target inflow rate. 

                                                 

3 The QAPP was developed based on the 2004 version of the TAPE.  Minimal changes have occurred in 
the sampling design in the 2008 version of TAPE. 
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Because different portions of the storm hydrograph are sampled using the DFC approach 
(compared to the entire storm hydrograph with the EMC approach), pollutant concentrations are 
expected to be different for each sampling period within each storm and between different 
storms.  Since pollutant removal efficiencies may be affected by the influent concentration, 
comparison of removal efficiencies between storms and between flow rates within storms may 
be difficult.  Graphical presentations (box and whisker plots) were used for this analysis in 
addition to numerical calculations.   

Relatively constant inflow rates were maintained through the use of the upstream gate valve 
and splitter.  A constant inflow rate was maintained by closing down the gate valve to force the 
upstream flow splitter to overflow into the flow splitter’s vertical, overflow standpipe.  This 
creates a relatively constant hydraulic head upstream of the gate valve.  The gate valve is 
manually adjusted (gradually opened or closed) to maintain the inflow rate targeted for the 
sampling period.  This inflow management technique could only be achieved if inflow rates to 
the Test Facility were great enough to maintain overflow conditions in the gate valve’s upstream 
flow splitter.   

To control inflow rates during the sampling period, sampling personnel were on-site during the 
storm event to monitor and adjust the gate valve position and to remove debris when the gate 
valve opening clogged.  Having staff on-site during the storm event also enabled the reset of 
samplers for sample collection during a second target inflow rate.  Two sampling periods per 
storm event only occurred if runoff flows to the site were adequate for the targeted inflow rate.    

3.2 QUALIFYING EVENTS 

3.2.1 Qualifying Storm Event 

A qualifying storm event was defined for this project as having a minimum of 0.15 inches of rain 
over a five hour period.  This average intensity (0.03 inches per hour) and duration were 
selected to (1) be great enough to mobilize pollutants and (2) provide adequate duration and 
storm runoff rates for testing the Aqua-Filter at a minimum of two target inflow rates.   

The required antecedent dry period for this project was defined as a minimum of 24 hours with 
less than 0.10 inches of rainfall and an antecedent dry period of at least 6 hours with no more 
than 0.04 inches of rain.  These requirements were made based on a combination of the EvTEC 
(2001) and the TAPE (Ecology 2008) recommendations.  Antecedent rain data was collected 
from a rooftop rain gauge on top of the Atmospheric Sciences (ATG) building at the University of 
Washington.  The ATG gauge measured rainfall in 0.01 inch increments and logged in 1 minute 
intervals. 

3.2.2 Qualifying Sampling Period 

A qualifying sampling period (portion of the storm over which samples were collected at a target 
inflow rate) was defined in the QAPP as: 

1. Runoff volume was sufficient to provide the target inflow rate; 

2. Target inflow rate was within a 20% variation from the median flow throughout the 
sampling period; and 
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3. Duration of the storm allowed a minimum of eight storage volumes to pass through 
the Aqua-Filter. 

Although the beginning of the storm and periods of high intensity were specifically targeted for 
sample collection, samples collected during any portion of the storm qualified.  

3.3 WATER QUALITY AND SEDIMENT PARAMETERS 

Water quality parameters evaluated as part of this study were selected by study participants for 
several reasons.  Typical stormwater runoff parameters (e.g., TSS, zinc, lead, copper) were 
included in the study due to their common occurrence in urban runoff and their potential for 
impact to receiving waters.  Additional metals and organics parameters (e.g., PAHs, phthalates) 
were included in this study because study participants are facing challenges in their urban 
drainage basins with one of more of these parameters.  Water quality parameters selected for 
evaluation are listed in Table 1.   

Sediment samples were collected from the Swirl Concentrator and the Filter Chamber prior to 
accumulated sediment removal (Aqua-Filter maintenance) and at the end of the study period.  
The sediment parameters evaluated as part of this study were based on TAPE’s 
recommendations (Ecology 2008).  These parameters are listed in Table 2. 

3.4 SAMPLING EQUIPMENT AND COLLECTION 

3.4.1 Flow and Water Level Monitoring 

Flow was monitored using ISCO low-profile, A-V sensors which measure both water depth and 
water velocity.  This data was used in conjunction with the conveyance structure dimensions to 
calculate flow rate.  The A-V sensors were interfaced with ISCO 6712 samplers and 750 A-V 
module to measure and record flow rates in the inlet and outlet pipes of the Aqua-Filter system. 

Inflow was measured in the 12-inch pipe between the upstream mixing tank and inlet to the 
Swirl Concentrator.  Outflow was measured in the 12-inch pipe downstream of the Filter 
Chamber.  Flows were logged for both the inlet and outlet at one minute intervals during each 
sampling period and inlet flow monitored at five-minute periods during non-sampling periods.  
Outflow was not monitored during non-sample periods. 

An ISCO 6700 sampler with 730 bubbler module was installed in the Filter Chamber upstream 
of the filter bed’s flow spreader to measure water level inside the Filter Chamber.  Water level 
inside the chamber was logged at one minute intervals during each sample period and was not 
monitored during non-sampling periods. This meter was used to determine when and if flow 
bypassed the filter bed.  Based on the hydraulic evaluation (Appendix F of the QAPP), the unit 
was not expected to go into bypass until flows exceeded approximately 250 gpm.   

3.4.2 Sample Collection Locations 

The influent sample was collected within the upstream mixing tank from a point just below the 
invert of the tank’s outlet pipe.  An ISCO 6712 sampler equipped with a 3/8-inch diameter Teflon 
sample line and four, 4-liter (approximately) bottles (two plastic, two glass) were used to collect 
the composite samples.  Two composite samples were collected; one for conventional 
parameters and one for organic parameters.  The inlet sampler was flow paced by the inlet flow 
monitoring equipment.   
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A second ISCO 6712 was used to collect field duplicate samples.  The duplicate sampler was 
setup similar to the primary sampler and an ISCO SPA 1026 sampler trigger cable was used to 
link the primary sampler to the secondary (field duplicate) sampler.  The cable was used to 
transmit a “sample” pulse from the primary to the secondary sampler.  This pulse triggered the 
secondary sampler to collect a sample at the same time as the primary sampler collected a 
sample.  

Effluent samples were collected from within the Filter Chamber just below the invert of the Filter 
Chamber’s outlet pipe.  This location was selected because: 

 Flow depths in the outlet conveyance pipe (downstream of the Filter Chamber outlet) 
were too low to reliably collect an effluent sample. 

 Adequate flow depth always existed at the invert elevation of the outlet pipe for 
sample collection. 

 At the invert elevation of the outlet pipe, filtered and unfiltered water (stormwater that 
bypassed the Filter Chamber’s filtration bed) had mixed and thus the effluent sample 
was representative of the stormwater flowing out of the technology. 

 Access to the inside of the Filter Chamber allowed for ease of installation and 
maintenance of the sample lines. 

This outlet sampler was also equipped with a 3/8-inch diameter Teflon sample line and four, 4-
liter (approximately) bottles (two plastic, two glass) were used to collect the composite samples.  
Two composite samples were collected; one for conventional parameters and one for organic 
parameters.  The outlet sampler was flow paced by the outlet flow meter described in Section 
3.4.1. 

In accordance with TAPE protocols (Ecology 2008), all organics samples were collected through 
Teflon® intake lines into 1-gallon glass jars with Teflon®-lined lids.  This approach was used 
because these materials are known to be the most inert in terms of adsorption and desorption of 
organic compounds (CDOT 2000).  Sample bottles were cleaned by the analytical laboratory 
using a dilute sulfuric acid rinse followed by a deionized (DI) water rinse.  

This sampling method, however, did not allow for the collection of manual grab samples for 
NWTPH samples.  NWTPH samples were instead collected using the automatic samplers, 
which may have resulted in some additional error in these measurements because some TPH 
may have adhered to the sampling equipment.  This could have resulted in analytical results 
that were lower than would otherwise be measured and could have complicated comparisons of 
removal efficiencies. 

3.4.3 Sampling Methods 

3.4.3.a Influent and Effluent Sample 

During storm events, Taylor staff visited the site to open the gate valve and allow 
flow to flow through the Aqua-Filter device at the flow rate being tested.  The 
samplers were not activated until two detention volumes passed through the unit and 
inflow was relatively constant.  Once the samplers were activated, field staff stayed 
onsite to adjust the gate valve, as needed, during the sampling period.  The 
samplers were then manually started and flow paced to collect a 500 mL subsample 
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every 332 gallons4.  The 500 mL subsample was equally distributed into four 4-liter 
plastic and four 4-liter glass bottles (a 125 mL subsample in each bottle).  The pacing 
rate of 332 gallons allowed for the collection of at least 24 subsamples over the 
minimum sampling duration needed to allow eight sample volumes to pass through 
the Aqua-Filter unit.  At the end of the sampling period, the glass bottles were 
composited into an 8 liter glass bottle for analysis of organic parameters and the two 
plastic bottles were composited into an 8 liter plastic bottle for analysis of 
conventional parameters. 

As recommended by TAPE (Ecology 2008), each composite sample was collected 
throughout a time period during which the volume of water passing through the 
technology was equal to or greater than eight times the storage volume in the Aqua-
Filter.  This addresses the lag time within the device that affects the comparability of 
the influent and effluent data.  By selecting eight storage volumes, the potential error 
introduced to the paired influent and effluent composite samplers is approximately 25 
percent.  The Aqua-Filter that was tested holds about 993 gallons of water between 
the inlet to the vault and the effluent sample location. 

3.4.3.b Particle Size Distribution 

A portion of the influent and effluent composite sample was submitted for particle 
size distribution (PSD) analysis whenever the composite sample had sufficient 
volume and the TSS concentration was high enough.  A PSD sample size of 500 mL 
is the volume required by SPECTRA for analysis using the laser defraction method 
recommended by TAPE (Ecology 2008).   
 
Prior to splitting off the PSD sample, the composite sample was thoroughly mixed 
and during splitting was continuously agitated.  This was performed to ensure a 
representative sample was submitted for analysis.   

 
3.4.3.c Sediment Samples 

Sediment samples were collected at the end of the project and anytime sediment 
was removed from the unit for maintenance.  Sediment samples were collected from 
both the Swirl Concentrator and the Filter Chamber.  For each sample collection, a 
minimum of six sediment subsamples were collected.  Sampling locations were 
selected with consideration of where the greatest sediment depths exist to ensure 
the sample is representative of the total sediment volume in the technology (Ecology 
2008).   

3.5 SAMPLE HANDLING 

Proper sample collection, handling, preservation, transport, and custody procedures were 
followed as described in the QAPP (Appendix B).  Sample containers were appropriately 
labeled and logged on the chain-of-custody forms.  Samples were iced during sample collection 

                                                 

4 Refer to the QAPP (Appendix B) for additional information on the automated sampling programs used 
during the project. 
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(by adding ice to the sampler base).  No sample preservation was done prior to delivery to the 
laboratory. 

Samples were composited in the on-site trailer prior to delivery at the laboratory.  All samples 
were delivered to the laboratory within 24 hours of the onset of sample collection to ensure 
holding times for pH and metals were not exceeded.  A detailed description of sample handling 
procedures, container types, and holding times is provided in the QAPP (Appendix B). 

3.6 QUALITY CONTROL PROCEDURES 

Quality control samples were collected and analyzed for field and laboratory activities to 
estimate bias and precision.  The quality control procedures were conducted to determine if any 
of the sample containers, preservation methods, handling procedures, or sampling equipment 
contributed constituents to the sample.  This section provides a brief description of the field and 
laboratory quality control samples and their associated frequency, acceptance criteria, and 
corrective actions. 

3.6.1 Field Quality Control 

Quality control samples consisted of field blanks and field duplicates collected at the inlet to the 
Aqua-Filter technology.  Because the influent sample point should receive higher pollutant 
concentrations than the effluent sample point, Ecology’s TAPE guidelines (Ecology 2008) 
recommend that equipment rinse blanks and duplicates be collected at this point.   

Field duplicates were collected for two of the 19 sampling events accepted for analysis, which 
met the requirement of 10 percent of the total number of sampling periods defined in the QAPP.  
Relative percent differences were calculated for the field duplicates and compared to the 
guidelines in the QAPP.  In general, a little over 30% of the analytes exceeded the QAPP 
criteria (less than 20 relative percent difference (RPD) for concentrations greater than five times 
the detection limit).  This is indicative of the inherent variability of stormwater data. 

Equipment rinse blanks were collected two times over the course of the study (beginning of the 
project and midway through the sampling timeline).  The equipment rinse blanks collected had a 
few exceedances with several parameters (Table 3).   

The same quality control procedures were implemented for blank sample collection as were in 
place for all other sample collection: the sample line was rinsed to clean it before each sampling 
period.  The sample line was rinsed with DI water by running the sampler pump in reverse with 
a volume of DI water equal to at least three times the suction line volume.  After cleaning the 
sample line, the field blank was collected by drawing DI water through the cleaned sample 
intake line.   

3.6.2 Laboratory Quality Control 

Samples were submitted to the City of Tacoma’s Environmental Services laboratory and 
Spectra Laboratories.  Both laboratories are accredited by the Washington State Department of 
Ecology, for analysis.  Laboratory procedures followed those developed and currently 
implemented as described in the City of Tacoma Science and Engineering QA Manual (City of 
Tacoma, 2005) and in the Spectra Laboratories’ Quality Assurance Manual, Revision 3 (Spectra 
2002) for sample analysis and reporting. 
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Laboratory quality control checks included method blanks, laboratory replicates, laboratory 
control samples, and matrix spikes.  Quality control results for laboratory activities were 
reviewed by the Laboratory Quality Assurance Officer and summarized in a case narrative.  
Laboratory reports included the case narrative which identified any discrepancies with analysis 
or QC samples, a laboratory QC results summary, and laboratory results for both storm and QC 
samples.  Data were deemed acceptable for use. 

3.7 EQUIPMENT INSPECTIONS AND MAINTENANCE 

Maintenance inspections were performed to document the sediment and debris accumulation in 
the Aqua-Filter and to evaluate the maintenance needs during the course of this study.  Base 
and storm flows were allowed to pass through the Aqua-Filter during non-sampling events in 
order to help create a better picture of the maintenance needs of the unit.  During non-sampling 
events, the upstream flow splitters were set to direct partial flow to the unit and the gate valve 
was opened to a setting to prevent overflow with the unit.   

The flow monitoring and water quality sampling equipment were inspected prior to each 
sampling period to make sure they were operational.  Inspections and preventative maintenance 
activities on the automated samplers and A-V sensors occurred as part of the pre-storm setup 
activities and during monthly site visits for routine data downloads.  Maintenance records and 
calibration activities were documented on field sheets kept on file in both the field and office 
notebooks.  A summary of the maintenance activities were documented in regular maintenance 
reports prepared by Taylor and submitted to the COT project manager (Appendix C). 

3.8 INSTRUMENT CALIBRATION 

Calibration of the flow monitoring equipment was conducted prior to each storm event and as 
needed based on field inspection and data review.  Prior to initiation of the first sample for each 
storm event, the water level and the upstream and downstream A-V sensor locations were 
measured and checked against the monitoring equipment readings.  The level in the Filter 
Chamber was measured and checked against the 730 module reading.  The subsample volume 
collected by each sampler was checked immediately prior to the start of the first sample period.  
All equipment was recalibrated as needed and recorded in the field notebook. 

3.9 SITE MAINTENANCE 

To prevent debris from clogging the partially open gate valve during the sampling period, regular 
maintenance to clean out the debris accumulations in the flow splitter and inlet pipe was 
conducted.  Maintenance occurred as needed (no more than once per week) during the wet 
season and prior to each sampled storm event.  Clogging of the flow splitter during sampling 
was an issue during the hydraulic testing for both the Aqua-Filter and other treatment 
technologies tested at the site.  
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4.0 DATA VALIDATION, ANALYSIS, AND USABILITY 

This section provides an overview of the data validation and analysis procedures that occurred 
during and after collection of the field data.  The application of these procedures to data 
collected during this study is provided in Section 5.0.  

4.1 DATA REVIEW, VERIFICATION, AND VALIDATION 

Rainfall, flow, Filter Chamber level, water quality, sediment, and maintenance inspection data 
underwent data review, verification, and validation as described below.   

4.1.1 Data Review 

Rainfall, flow, and Filter Chamber level data were reviewed by the site manager for gross errors 
such as spikes or data gaps to determine the completeness of the data set.  Rainfall and flow 
measurements were verified by comparing the hyetograph and hydrograph at the Test Facility’s 
most upstream flow monitoring station for consistency during the sampled storm event as well 
as consistency with previously collected rainfall and flow data for the Test Facility.  Flow 
measured at the upstream and downstream A-V sensors was compared for consistency.  Filter 
Chamber level was compared with inflow for consistency between overflow conditions and 
inflow rate. 

4.1.2 Data Verification 

The Laboratory Quality Assurance Officer verified that all laboratory Quality Control results were 
in compliance with acceptable criteria.  The site manager verified that field water quality QC 
results were in compliance with acceptance criteria.  The site manager validated project data by 
determining whether procedures in the QAPP were followed during data collection. 

4.1.3 Data Validation 

The site manager validated that the stormwater samples were collected in accordance with the 
target inflow rate for the sampling period.  The COT reviewed all laboratory data to ensure that 
results were appropriately qualified.  All results were suitable for use as qualified. 

4.2 DATA ANALYSIS 

This section describes the data analysis conducted on the storm events and on the water quality 
and sediment data.   

4.2.1 Storm Event Data 

Hydrologic data from sampled storms were analyzed for the following information: 

 Storm Event Antecedent Conditions (measured rainfall, duration); 

 Storm Event Conditions (total precipitation, duration); and 

 Sampling Period Conditions (precipitation, duration, water volume through treatment 
technology). 
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This information was then compared to the storm and sampling period criteria in the QAPP 
to determine what sampling periods should be accepted.  Water quality data from accepted 
sampling periods were analyzed using the methods discussed below.  

4.2.2 Water Quality 

4.2.2.a Influent and Effluent Data 

Influent and effluent concentrations for each analyte were analyzed to determine if a 
statistically significant difference (p < 0.05) exists between the two values.  A two-
tailed test was conducted for hardness because a change in either direction 
(increase or decrease) between the influent and effluent concentrations was 
possible.  All other analytes were analyzed using a one-tailed test because the 
effluent concentration was expected to be less than, but not greater than, the influent 
concentration. 

The following tests were performed using SYSTAT® Version 11 (SYSTAT) based on 
the distribution of the influent and effluent concentrations:   

 Normal Distribution (Shapiro-Wilks p-value ≥ 0.10):  Paired t-test 

 Non-Normal Distribution (Shapiro-Wilks p-value < 0.10):  Sign test5.  

4.2.2.b Pollutant Removal Calculations and Statistical Methods 

Removal efficiencies were calculated using Method #4 as recommended by TAPE 
(Ecology 2008) and EvTEC (2001) for a DFC sampling approach.  Method #4 is a 
modified application of TAPE Method #1 to the DFC approach since it applies 
Method #1 to “partial storm data”.  It compares influent and effluent discrete flow 
composites for relatively steady-state flow periods within storms to evaluate the 
removal efficiency at a specific flow rate.  Removal efficiencies are reported along 
with mean influent and effluent concentrations for each target inflow rate sampled.   

Method #4:  Individual Storm Pollutant Removal Efficiency (SRE) 

The individual storm pollutant removal efficiency (SRE) method is used to 
calculate the removal efficiency for each water quality parameter during each 
individual storm. 

ini
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5 A Sign test was used instead of a Wilcoxon Signed Rank test because the majority of the distributions 
were asymmetric.   
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Where: 

i = partial storm number 

iniC , = flow-weighted influent concentration for partial storm i  

effiC , = flow-weighted effluent concentration for partial storm i  

Results were analyzed to determine if a statistically significant difference in removal 
efficiency (SRE) exists between flow rates.6  The following statistical tests were used 
based on the distribution of SRE:  

 Normal Distribution (Shapiro-Wilks p-value ≥ 0.10):  Parametric ANOVA 
with a Tukey post-hoc test; and 

 Non-Normal Distribution (Shapiro-Wilks p-value < 0.10):  Non-parametric 
ANOVA (Kruskal-Wallis) with a Dunn post-hoc test.   

The ANOVA analysis looks to see if a statistically significant difference in mean SRE 
exists in flow rate combinations.  If a statistically significant difference is found using 
an ANOVA analysis, a post-hoc test on the mean SRE values is used to determine 
which flow rates are significantly different from each other.  The Dunn test was 
performed in Excel using the equations in Zar (1999).  The ANOVA tests and the 
Tukey test were performed using SYSTAT.  

Box plots were also used to visually look at the differences in removal efficiency 
between flow rates.7   

4.2.3 Sediment Data 

Sediment samples were collected from the Swirl and Filter Chamber before sediment was 
removed from unit for maintenance and at the end of the study period.  The samples were 
analyzed to determine pollutant concentrations on a dry weight basis.  Sediment accumulation 
volumes in the Swirl and Filter Chamber were also determined at least once per month for the 
entire study duration (Appendix C).   

4.2.4 Maintenance Data 

Maintenance inspections conducted at least once per month and the maintenance summary 
reports document the volume of flow through the technology, sediment accumulation, and 
provide a qualitative description of the field conditions (Appendix C).   

                                                 

6 Since a maximum of 6 pairs of influent and effluent samples were collected for each target inflow rate, 
statistically significant results are not expected for this project. 
7 Section 10.2 of the QAPP (Taylor 2006) suggests that pollutant removal efficiency be plotted against 
flow rate, inflow concentration, and technology deployment time.  Box plots were deemed a better way of 
comparing the data due to the low removal efficiencies seen for almost all analytes. 
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5.0 RESULTS 

This section summarizes the data collected at the Test Facility.  Results presented include 
storm event characteristics, water quality data, removal efficiencies, sediment data, and 
maintenance data.  Section 6.0 provides a more detailed discussion of the data collected for 
each type of analyte (i.e., PAHs, phthalates). 

5.1 STORM EVENTS 

Twenty storms were sampled between June 2006 and December 2008, resulting in the 
collection of 30 stormwater samples.  Table 4 summarizes the storm and sampling period 
characteristics and identifies whether or not each sampling period met the criteria outlined in the 
QAPP (Taylor 2006).   Detailed storm event summaries are provided in Appendix D. 

Storms #1 through #5 were rejected since they occurred while AquaShieldTM, Inc. was testing 
the technology and media installation to ensure proper operation.  The flow and water quality 
results for these storms are not representative of the unit’s operation during normal operating 
conditions.  Therefore, these events were excluded from analysis. 

5.1.1 Target Inflow 

TAPE guidelines (Ecology 2008) recommend that DFC sampling be conducted during relatively 
constant inflow periods (less than 20% variation from the median flow).  Table 4 shows that only 
a small number of sampling periods met this criterion 100% of the time.  This was due to 
difficulties in maintaining a constant flow at the Test Facility due to the facility setup and 
clogging that occurred near the inflow.   

Flow was within 20% of the median flow during a majority (greater than 60%) of the sampling 
period for all of the sampling periods.  All storms (#6 - #20) were accepted for analysis based on 
flow. 

5.1.2 Flow Volume 

TAPE (Ecology 2008) recommends selecting only storms that generate more than eight times 
the storage volume of the test system.  For this project, however, volumes greater than seven 
times the storage volume were included because the increase in error introduced by this change 
(increase to 28.6% potential error from 25% potential error) is minimal.  All storms (#6 - #20) 
were accepted for analysis based on the flow volume criteria. 

5.1.3 Storm Depth and Duration 

The QAPP (Taylor 2006) defines a qualifying storm event as having a minimum depth of 0.15 
inches over 5 hours.  However, the TAPE guidelines (Ecology 2008) recommend that total 
rainfall during the storm event have a minimum depth of 0.15 inches with a duration greater than 
1 hour and that the average rainfall intensity should exceed 0.03 inches per hour for at least half 
of the sampled storms.   

The QAPP developed for this project set stricter guidelines for storm duration to allow the 
collection of at least two flow rates during each storm.  This allowed for a greater number of 
samples to be collected at a lower cost.  For data analysis, however, all storms that met the 
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TAPE duration guidelines (minimum 1-hour storm duration) were accepted for analysis.  No 
storms were excluded based on storm duration.   

Storms with less than 0.10 inches were not accepted for analysis because these storms were 
considered too small to mobilize pollutants.  This resulted in Storm #6, Storm #14, and Storm 
#17 being excluded because only 0.03, 0.07, and 0.09 inches of rainfall fell respectively during 
those storm events (Table 4).  All other storm events were accepted based on this criterion of 
greater than 0.10 inches during the storm event. 

5.1.4 Antecedent Rainfall 

All storms (#6 - #20) met the criteria of an antecedent dry-period with less than 0.10 inches in 
the 24 hours prior to the event and with less than 0.04 inches in the 6 hours prior to the storm 
event.   

5.2 WATER QUALITY DATA 

5.2.1 Influent and Effluent Data – Water Quality 

Table 5 provides the summary statistics for accepted storms for each water quality parameter.   

Influent concentrations observed at the Test Facility were compared to Thea Foss Basins 237A 
and 243 (Table 6) because these Thea Foss basins collect significant runoff from highways and 
other high traffic roadways.  Concentrations at both locations are generally similar with the 
exception of slightly higher bis(2-ethylhexyl)phthalate (DEHP) and di-n-octyl phthalate 
concentrations at the Test Facility.  Median DEHP was 12.7 ug/L at the Test Facility and 2.8 
ug/L and 1.9 ug/L at the Thea Foss Basins 237A and 243 respectively.  Median di-n-octyl 
phthalate was 3.56 ug/L at the Test Facility and less than 0.5 ug/L at the Thea Foss basins.   

A statistical comparison (paired t-test or sign test as described in Section 4.2.2.a) of influent and 
effluent concentrations for each analyte is provided in Table 7.  Censored data (i.e., pollutants 
that were below analytical reporting limits) were included in the analysis using the analytical 
detection limit for all censored values.  Among the various approaches to dealing with censored 
data (i.e., using the detection limit, one half the detection limit, a random number between zero 
and one times the detection limit), the detection limit was used in these analyses because this is 
what was specified in the QAPP (Appendix B, Taylor 2006).   

If both the influent and effluent concentration were below the detection limit, samples were 
excluded from all calculations because it is not possible to look for any differences between 
influent and effluent concentrations.  P-values less than 0.05 were considered significant 
enough to reject the null hypothesis (influent concentration = effluent concentration [two-tailed 
analysis] or influent concentration ≤ effluent concentration [one-tailed analysis]).   

Statistically significant (p < 0.05) differences (influent concentration greater than effluent 
concentration) were observed for total suspended solids, total volatile suspended solids, 
nitrate/nitrite, total phosphorus, NWTPH-Diesel, total and dissolved copper, total and dissolved 
lead, total zinc, and diethyl phthalate.  This indicates that the Aqua-Filter was effective in 
removing these types of compounds.  The absence of a statistical difference between inlet and 
outlet concentrations for other parameters was likely related to the relatively small sample size 
and the number of samples that were collected that were below the detection limit. 
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5.2.2 Removal Efficiencies – Water Quality 

Removal efficiencies were calculated for each parameter as described in Section 4.2.2.b.  
Concentrations reported as less than the detection limit were included in the analysis by using 
the detection limit as the concentration as recommended by the QAPP.  If both the influent and 
effluent concentration were below the detection limit, samples were excluded from all removal 
efficiency analyses.   

Table 8 provides summary statistics for SRE for all parameters.  Analysis of variance (ANOVA) 
was performed on SRE (see Section 4.2.2.b) to determine whether or not statistically significant 
differences exist between flow rates.  Statistically significant differences (p < 0.05) between flow 
rates were observed for total suspended solids, total volatile suspended solids, total 
phosphorus, total zinc, naphthalene, phenanthrene, benzo(a)anthracene, benzo(a)pyrene, 
benzo(g,h,i)perylene, benzofluoranthenes, chrysene, fluoranthenes, indeno(1,2,3-cd)pyrene, 
pyrene, bis(2-ethylhexyl)phthalate, butylbenzylphthalate, and di-n-octyl phthalate.  Post-hoc 
tests (Tukey or Dunn as described in Section 4.2.2.b) were then conducted on these analytes to 
determine the differences between the individual flow rates (Table 9).  The post-hoc tests 
identified a statistically significant difference (p < 0.05) in flow for all of these analytes, except 
total phosphorus and total zinc, between the 50% and the 100% flow rates.  Several statistically 
significant differences (p < 0.05) were also observed between the 50% and 125% flow rates.  A 
larger sample size is needed to determine if additional differences in treatment effectiveness 
exist between flow rates. 

5.2.3 Influent and Effluent Data – Particle Size Distribution 

Figure 5 shows the mean particle size for influent and effluent samples collected for accepted 
storms.  The mean particle size for all the accepted storms ranged from 6.38 µm to 14.71 µm for 
the influent samples and from 6.50 µm to 12.81 µm for the effluent samples.  The data 
(Appendix E) shows that that the influent stormwater had a significant silt fraction as expected 
for stormwater in the Pacific Northwest.   

As can be seen in Figure 5, the Aqua-Filter technology did not appear to affect the mean 
particle size of the stormwater as it passed through the treatment device.  Since the Aqua-Filter 
technology relies heavily on gravity/mechanical filtration, the technology struggled to remove the 
small silt particles that were present in the influent stormwater.  Given that the Aqua-Filter 
technology is not a water retention device and small silt particles exhibit low settling velocities, 
the influent particles did not have adequate time for effective settling within the technology.   

Since the Aqua-Filter technology exhibited a limited ability to remove the small silt particles 
present in the influent stormwater at the test site, the low removal efficiencies observed for 
various pollutants (Table 8) are not unexpected.   

5.3 SEDIMENT DATA 

Sediment was collected from the AquaSwirl and the Filter Chamber just prior to cleaning as 
described in the QAPP (Taylor 2006).  Results are presented in Table 10.  Since only two 
samples were collected at each location, no statistical analyses were performed.   
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5.4 MAINTENANCE DATA 

The Aqua-Filter technology generally underwent maintenance inspections at least once per 
month.  Reports summarizing observations and sediment depth during the inspections are 
included in Appendix C.  The AquaSwirl and filter media were replaced in September 2006, 
March 2007, and March 2008. 

Figure 6 and Figure 7 show the sediment accumulation in the AquaSwirl versus date and 
cumulative flow since the last cleaning.  As can be seen in the figures, minor sediment 
accumulation (less than 0.3 foot) occurred in the approximately one year period between 
cleaning.  The low sediment accumulation observed is likely due to the small size of the 
particles seen in the influent stormwater. 
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6.0 TREATMENT ANALYSIS 

This section provides a more detailed discussion of the impact of the Aqua-Filter technology on 
each type of analyte.  Where appropriate, the implications of these removal efficiencies were 
applied to the Thea Foss basin.   

The data is presented in a “box and whiskers” plot format.  The bottom of the lower “whisker” 
represents the smallest non-outlier observation of the ranked SRE values, the lower end of the 
box represents the 25th percentile, the heavy horizontal line in the middle of the box is the 
median of the values, the upper end of the box is the 75th percentile, and the top of the upper 
whisker is the largest non-outlier observation.  Outliers were defined as anything greater than 
1.5 times the interquartile range (75% percentile value minus the 25% percentile value) away 
from either the 25% percentile or 75% percentile value.  Outliers are not shown on the box plots.  
This format presents the range of values in a convenient manner. 

6.1 CONVENTIONAL PARAMETERS 

Figure 8 shows box plots for the conventional analytes (hardness, solids, total suspended solids 
(TSS), total volatile suspended solids (TVSS), and turbidity).  The Aqua-Filter technology does 
not appear to significantly impact hardness, total solids, or turbidity with median SREs less than 
10%.  At the 50% flow rate, the Aqua-Filter technology removes a portion of the TSS and TVSS 
(median 26.1% and 32.3% respectively) of the influent concentration.  The removal for TSS and 
TVSS at the 50% flow rate was significantly (p < 0.05) higher than the removal rates at the 
100% and 125% flow rates (Table 9).   

TSS in the influent ranged from 18.8 mg/L to 112 mg/L with a median concentration of 52.8 
mg/L (Table 5).  This value is very similar to values observed in Thea Foss Basins 237A and 
254 (median 40 mg/L and 58 mg/L respectively) and to other stormwater data from the region.  
Median SRE for the Aqua-Filter technology for TSS for all flows was 9.3%. 

Due to the low TSS numbers seen in the influent to the Aqua-Filter, additional TSS and TVSS 
samples were collected from the (1) flow-splitter (up-stream of the gate valve), (2) the mixing 
tank inlet, and the (3) mixing tank outlet during the August 19, 2008 and the October 6, 2008 
sampling events.  Results are presented in Table 11.  From the limited data collected, it does 
not appear that the upstream configuration (flow-splitter, small gate-valve opening, and mixing 
tank) was causing sediment particles to settle out prior to reaching the Aqua-Filter technology. 

Ecology’s basic treatment performance goals (Ecology 2008) are an effluent concentration of 
less than 20 mg/L for influent concentrations less than 100 mg/L and 80% TSS removal for 
influent concentrations between 100 mg/L and 200 mg/L.  These performance goals are meant 
to apply to stormwater with a typical particle size distribution and to the water quality design 
storm volume or flow rate.  The particle size distribution results (Appendix E and Section 5.2.3) 
show that the influent stormwater had a significant silt fraction as expected for stormwater in the 
Pacific Northwest.   

Table 12 provides a comparison of the data to Ecology’s basic treatment performance goals.  
This comparison is for informational purposes only, because this project was not designed to 
test the ability of the technology to meet Ecology’s basic treatment goals.  For influent TSS 
concentrations less than 100 mg/L, the mean effluent concentration was 49.7 mg/L.  Based on 
the limited number of samples collected (18 paired data sets), this technology does not appear 



AquaShieldTM, Inc. Aqua-FilterTM Stormwater Filtration System  23 

Final Report 

to satisfy Ecology’s performance requirement of less than 20.0 mg/L effluent TSS concentration.  
Only one paired data set was collected for influent concentrations greater than 100 mg/L; this 
single event did not meet Ecology’s goal of 80% TSS removal. 

6.2 NUTRIENTS 

Figure 9 shows box plots for the nutrient analytes (nitrate/nitrite, total nitrogen, ortho-phosphate, 
and total phosphorus).  Median removal efficiencies for all flow rates combined were near zero 
for all nutrients (Table 8).  These results do not show significant nutrient removal.   

The removal of total phosphorus at the 50% flow rate was significantly (p < 0.05) higher than the 
removal rates at the 125% flow rate (Table 9).   

6.3 PETROLEUM HYDROCARBONS 

Figure 10 shows box plots for NWTPH-Diesel and NWTPH-Heavy Oil.  These samples were not 
collected as grab samples as suggested by TAPE.  The samples were collected as composites 
throughout the storm in glass bottles along with the other organic parameters.  This deviation 
from TAPE recommendations may have resulted in some additional error in these 
measurements because some TPH may have adhered to the sampling equipment.  If TPH did 
adhere to the sampling equipment, the analytical results would be lower than would otherwise 
be measured and would have affected removal efficiency calculations. 

NWTPH-Heavy Oil influent concentrations were significantly (p << 0.05) higher than effluent 
concentrations (Table 7).  No statistically significant difference between influent and effluent 
concentrations was observed for NWTPH-Diesel.   

Median SRE for NWTPH-Diesel and NWTPH-Heavy Oil were near or below zero (Table 8).  No 
statistically significant differences in SRE between flow rates were observed for these analytes 
(Table 8).   

6.4 METALS 

Figure 11 shows box plots for the metal analytes (cadmium, copper, lead, and zinc).  Copper 
(total and dissolved), lead (total and dissolved), and zinc (total only) were significantly (p < 0.05) 
greater than effluent concentrations (Table 7).   

Statistically significant differences (p < 0.05) in removal efficiencies between flow rates were 
only observed for total zinc.  Total zinc at the 50% flow rate was significantly (Table 9) different 
than the 125% flow rate.  Cadmium (total and dissolved) had four or fewer paired samples that 
were above the detection limit which hindered the statistical analysis (Table 8).    

Median removal rates for all metals (dissolved and total) were less than 13% with the exception 
of dissolved cadmium which had a median removal rate of 25.0%.  Dissolved cadmium, 
however, only had three paired samples for analysis which makes this removal number 
unreliable (Table 8).   
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6.5 PAHS 

Figure 12 and Figure 13 show box plots for low and high molecular weight PAHs (LPAHs and 
HPAHs).  The influent concentrations when looking at all flows collectively were not significantly 
(p < 0.05) higher than effluent concentrations (Table 7) for all analytes.  Removal efficiencies for 
all PAHs were generally near or less than zero when looking at all flows collectively (Table 8).  
Acenapththene had only six paired samples that were above the detection limit (Table 8) which 
hindered the statistical analysis and likely led to the wide range of removal efficiencies 
(minimum -670%, maximum 3.8%) observed.  

There were several statistically significant (p < 0.05) differences between flow rates for PAHs 
(Table 8).  Napthalene, phenanthrene, benzo(a)anthracene, benzo(g,h,i)perylene, chrysene, 
and indeno(1,2,3-cd)pyrene had statistically significant differences between the 50% and the 
100% flow rates (Table 9).  Benzo(a)pyrene, benzofluroanthenes, fluoranthene, and pyrene had 
statistically significant (p < 0.05) differences between the 50% and 100% and the 50% and the 
125% flow rates (Table 9). 

Influent concentrations at the Test Facility compare fairly well with Thea Foss Basins 237A and 
243 (Table 8).  Similar removal efficiencies would be expected for the Aqua-Filter technology 
installed in either of these Thea Foss basins. 

6.6 PHTHALATES 

Box plots for phthalate analytes are shown in Figure 14.  Influent concentrations were not 
significantly (p < 0.05) higher than effluent concentrations (Table 7) for all analytes except for 
diethyl phthalate.  Median removal efficiencies when looking at all flow rates collectively were 
less than 13% for all phthalates (Table 8), but were higher (range of 11.2% to 23.2%) when just 
looking at the 50% flow rate.  A statistically significant difference (p < 0.05) exists (Table 9) 
between the 50% and the 100% flow rates for bis(2-Ethylhexyl)phthalate, butylbenzylphthalate, 
and di-n-octyl phthalate.      

Influent concentrations at the Test Facility compare reasonably well with Thea Foss Basins 
237A and 253 with the exception of bis(2-ethylhexyl)phthalate (DEHP) and di-n-octyl phthalate 
which are slightly higher at the Test Facility.  Because median DEHP levels in Thea Foss are 
approximately 4 ug/L compared to approximately 17 ug/L at the Test Facility, removal 
efficiencies for an Aqua-Filter unit in Thea Foss may be lower than those seen at the Test 
Facility due to increased difficulties in reducing concentrations at very low values.  Median SRE 
for DEHP at the Test Facility for all flow rates combined was only 0.9%. 
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7.0 CONCLUSIONS 

This section discusses the overall results of the project, including a discussion on removal 
efficiencies, maintenance requirements, and the applicability of the treatment technology to the 
Thea Foss basin.       

7.1 REMOVAL EFFICIENCIES 

Removal efficiencies for the Aqua-Filter technology were generally fairly low (25% or less) when 
looking at all flow rates collectively.  In general, the technology appeared to perform better at the 
50% flow rate than at the 100% and 125% flow rates with statistically significant differences in 
removal efficiencies for 17 of the analytes.  Additional sampling would be required to determine 
if additional differences actually exist between flow rates. 

7.2 MAINTENANCE 

The Aqua-Filter technology required periodic maintenance during the study to maintain the 
technology’s performance.  The twelve filter bags were all replaced annually during the study 
with an approximate cost of $2,900 plus tax each time.  Overall, the maintenance efforts for the 
Aqua-Filter system are similar to those of other stormwater treatment devices.   

7.3 IMPLICATIONS TO THEA FOSS  

Removal efficiencies for DEHP, one of the primary concerns for the Thea Foss basin, ranged 
from -108.3% to 55.8% with a median of 0.9%.  Influent concentrations in the Thea Foss basin 
are generally slightly lower than those seen at the Test Facility, which may result in lower 
removal rates if the technology was applied in the Thea Foss basin.  Since we are looking for a 
regional treatment system in the Thea Foss basin, this technology is not an appropriate choice.  
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TABLES 

 



Conventionals Nutrients
Petroleum 

Hydrocarbons Metals Phthalates
LPAHs HPAHs

Hardness Nitrate/Nitrite NWTPH-Dx Total Cadmium 2-Methylnaphthalene Benzo(a)anthracene bis(2-Ethylhexyl)phthalate
pH Ortho-Phosphorus NWTPH-HO Total Copper Acenaphthene Benzo(a)pyrene Butylbenzylphthalate

Total Solids (TS) Total Phosphorus 
(TP)

Total Lead Acenaphthylene Benzo(g,h,i)perylene Diethyl phthalate

Total Volatile 
Suspended Solids

Total Nitrogen 
(TN)

Total Zinc Anthracene Benzofluoranthenes Dimethyl phthalate

Total Suspended 
Solids (TSS)

Cadmium, 
dissolved

Fluorene Chrysene Di-n-butylphthalate

Turbidity Copper, dissolved Naphthalene Dibenz(a,h)anthracene Di-n-Octyl phthalate
Lead, dissolved Phenanthrene Fluoranthene
Zinc. Dissolved Indeno(1,2,3-cd)pyrene

Pyrene

PAHS

Table 1.  Water Quality Parameters



Conventionals Nutrients
Petroleum 

Hydrocarbons Metals Phthalates
LPAHs HPAHs

Total Solids (TS) Total Phosphorus 
(TP)

NWTPH-Dx Total Cadmium 2-Methylnaphthalene Benzo(a)anthracene bis(2-Ethylhexyl)phthalate

Volatile  Solids (VS) Total Organic 
Carbon (TOC)

NWTPH-HO Total Copper Acenaphthene Benzo(a)pyrene Butylbenzylphthalate

Grain Size Total Lead Acenaphthylene Benzo(g,h,i)perylene Diethyl phthalate
Total Zinc Anthracene Benzofluoranthenes Dimethyl phthalate

Fluorene Chrysene Di-n-butylphthalate
Naphthalene Dibenz(a,h)anthracene Di-n-Octyl phthalate
Phenanthrene Fluoranthene

Indeno(1,2,3-cd)pyrene
Pyrene

Table 2.  Sediment Quality Parameters

PAHS



Date TestID
Reported 
Results Units Flag Qualifier MDL 2 x MDL

10% of lowest 
samp reported

Meet QC 
Protocols

?
6/13/2007 pH 4.5 Std. Units 0.1 0.2 0.65 N
6/13/2007 NWTPH-Diesel 0.2 mg/L U 0.05 0.1 0.021 N
6/13/2007 NWTPH-Heavy Oil 0.4 mg/L U 0.1 0.2 0.15 N
6/13/2007 Cadmium 0.221 ug/L U 0.078 0.156 0.0078 N
6/13/2007 Diethylphthalate 0.84 ug/L 0.1 0.2 0.022 N
6/13/2007 Dimethyl phthalate 0.027 ug/L 0.01 0.02 0.0045 N
9/28/2007 pH 5.5 Std. Units 0.1 0.2 0.65 N
9/28/2007 Zinc, Dissolved 5 ug/L U 0.6 1.2 2.44 N

Table 3.  Equipment Rinsate Blank QC Exceedances



Table 4.  Storm Event Characteristics

target 
inflow

test 
duration

median 
Qin mean Qin max Qin min Qin 

flow 
volume 
through 

AF during 
test

# of 
detention 
vol. (993 

gal) 
through 

unit during 
test storm event antecedant conditions

ttl precip duration intensity ttl precip duration intensity 24 hr 6 hr

1 6/1/06 156 40 176 176 201 141 85% 7385 7.4 N 0.19 2.7 0.07 N 0.43 13.5 0.03 Y 0.13 N 0.00 Y

Used SPU rain gauge at UW (RG3). UW Rain 
Gauge not reporting correctly due to improper 
relocation of gauge. Did not realize until an 
SPU rain gauge was checked after the storm 
that we hadn't met the antecedent. Gauge 
relocated on 6/7/06. Started sampling 125 
gpm flow rate, after sample equipment 
problems were detected abadoned sampling 
of first flow rate. Reset samplers to sample at 
156 gpm. 

63 141 64 69 305 21 48% 10088 10.2 Y
Used SPU rain gauge at UW (RG3). See 
notes for Storm #1.

126 75 131 128 173 87 44% 9963 10.0 Y

125 72 126 126 141 71 97% 9460 9.5 Y
63 130 68 69 81 62 100% 9368 9.4 Y

156 62 146 147 187 107 69% 9445 9.5 Y
125 74 126 128 166 97 58% 9839 9.9 Y

5 12/20/06 156 67 123 133 460 87 45% 9238 9.3 Y 0.00 1.3 0.00 N 0.61 7.5 0.08 Y 0.00 Y 0.00 Y UW Rain Gauge not reporting correctly.

6 3/10/07 125 68 134 135 153 125 97% 9508 9.6 Y 0.02 0.75
0.03

N 0.03 1.50
0.02

N 0.00 Y 0.00 Y

Pineapple Express that was predicted 
"petered" out when it hit Seattle. Expecting 
much higher quantities.

7 6/9/07 63 141 64 64 87 55 96% 9342 9.4 Y 0.04 2.0 0.02 N 0.12 5.5 0.02 N 0.00 Y 0.00 Y

8 7/18/07 126 69 127 130 227 87 80% 9290 9.4 Y 0.01 1.0 0.01 N 0.19 9.0 0.02 Y 0.00 Y 0.00 y

9 7/20/07 126 84 108 109 116 104 100% 9176 9.2 Y 0.07 1.0 0.07 N 0.24 9.25 0.03 Y 0.00 Y 0.00 Y Inflow data taken from outlet flume.

126 71 127 127 135 118 100% 9047 9.1 Y
156 66 138 139 159 106 85% 9169 9.2 Y

156 63 152 156 250 124 68% 10188 10.3 Y
63 161 58 56 76 38 63% 9324 9.4 Y

12 11/17/07 63 139 65 64 71 45 94% 8943 9.0 Y 0.90 2.15 0.42 Y 0.19 2 0.09 N 0.00 Y 0.00 Y

156 63 158 155 169 135 86% 9752 9.8 Y
63 134 60 60 62 54 98% 8008 8.1 Y

14 12/13/07 156 46 157 155 160 125 91% 7263 7.3 N 0.01 0.45 0.02 N 0.07 1 0.06 N 0.00 Y 0.00 Y

156 63 158 158 161 154 100% 9949 10.0 Y
63 153 59 59 63 58 100% 9045 9.1 Y

63 130 65 63 75 30 87% 8282 8.3 Y
125 76 129 129 139 120 100% 9772 9.8 Y

samp 
event No.

sample 
date

portion of 
test period 

within 
20% 

variation 
of median 

Qin

qualifying 
sampling 
period? 
(>=8)

sampling period characteristics

gpm (min) (gpm) (gpm) (gpm) (gpm)

storm characteristics                           
(criteria: precip >= 0.15 inches and duration 
>= 5 hrs)

count meet crit meet crit(gal)

(inches) (hrs) (in/hr) (inches) (hrs) (in/hr) (inches) (inches)

meet crit meet crit

Notes

Y

0.00 Y

3 11/15/06 0.26 4.8 0.05 N 0.95 13.8

0.53 11.7 0.05 Y 0.00 Y2 6/4/06 0.51 7.3 0.07 Y

0.55 5.0 0.11 Y

0.07 Y 0.00 Y 0.00

0.06 Y 0.00 Y 0.00 Y

0.00 Y

10 9/27/07 0.24 2.5 0.10 Y 0.32 5.5

1.82 14.5 0.13 Y 0.00 Y4 12/14/06

Y

0.00 Y

13 11/28/07 0.10 4.00 0.03 Y 0.19 6.75

0.33 9.10 0.04 Y 0.00 Y11 11/12/07 0.16 4.75 0.03 Y

0.03 5.33 0.01 N

0.03 Y 0.00 Y 0.00

0.06 Y 0.00 Y 0.00 Y

0.00 Y

16 1/14/08 0.26 4.25 0.06 Y 0.44 7.25

0.13 5.5 0.02 N 0.00 Y15 12/27/07

Page 1 of 2



Table 4.  Storm Event Characteristics

target 
inflow

test 
duration

median 
Qin mean Qin max Qin min Qin 

flow 
volume 
through 

AF during 
test

# of 
detention 
vol. (993 

gal) 
through 

unit during 
test storm event antecedant conditions

ttl precip duration intensity ttl precip duration intensity 24 hr 6 hr

samp 
event No.

sample 
date

portion of 
test period 

within 
20% 

variation 
of median 

Qin

qualifying 
sampling 
period? 
(>=8)

sampling period characteristics

gpm (min) (gpm) (gpm) (gpm) (gpm)

storm characteristics                           
(criteria: precip >= 0.15 inches and duration 
>= 5 hrs)

count meet crit meet crit(gal)

(inches) (hrs) (in/hr) (inches) (hrs) (in/hr) (inches) (inches)

meet crit meet crit

Notes
Took a Bacteria sample.

156 58 155 156 165 147 100% 9053 9.1 Y Took a Bacteria sample.
125 71 121 121 123 120 100% 8733 8.8 Y 

8/20/08 156 68 161 162 205 147 91% 10995 11.1 Y
8/19/08 125 72 123 123 126 103 97% 8744 8.8 Y

20 10/6/08 125 60 130 129 133 125 100% 7968 8.0 Y 0.05 1 0.05 N 0.36 14.75 0.02 Y 0.01 Y 0.00 Y

Blue Did not meet the criteria specified in the QAPP.  Sampling event was included in analysis since deviation from QAPP was condidered minor.
Red Did not meet the criteria specified in the QAPP.  Sampling event was excluded from analysis since deviation from QAPP was condidered significant.

Sampling event was excluded since one or more of the sampling criteria were not met (significant variation)
Italics

76 56 65% 9093 9.2 Y17 5/13/08 63 147 59 61 0.03 N 0.00 Y 0.00 Y0.09 3.5 0.03 N 0.09 3.5

0.00 Y

19 0.06 3.25 0.02 N 0.22 3.25 0.07

0.29 13.25 0.02 Y 0.00 Y18 6/3/08 0.07 3 0.02 N

Sample collection funded by AquaFilter. Results may not be included with data submitted to DOE

There were 20 storm events sampled for the Aqua-Filter™; however, there were only event files created for storms #6-#20. The first five storms were sampled under a separate contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not 
include budget for the preparation of storm summaries.

The first five storms were sampled under a separate contract with AquaShield™, Inc. (AquaShield™). During this period, AquaShield™ was completing installation of the unit (testing technology and media installation for proper operation). Thus, flow and water 
quality data for events #1-#5 ARE NOT comparable to data for events #6-#20 and the ARE NOT representative of the technologies normal operating conditions.  ALL DATA WAS EXCLUDED FROM ANALYSIS.

N 0.00 Y 0.00 Y

Color Key
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Table 5.  Storm Event Influent Summary Statistics

Test Name Units n # detects Minimum Maximum
Arithmetic 

Mean Median n # detects Minimum Maximum
Arithmetic 

Mean Median n # detects Minimum Maximum
Arithmetic 

Mean Median n # detects Minimum Maximum
Arithmetic 

Mean Median

Conventionals
pH Std. Units 19 19 6.5 7.4 6.911 6.9 6 6 6.8 7.4 7.033 7 7 7 6.5 7.2 6.829 6.9 6 6 6.5 7.2 6.883 6.95
Hardness mg/L 19 19 22 70.5 40.289 35.5 6 6 27.4 68.1 46.650 50.15 7 7 23.2 70.5 38.157 29 6 6 22 51.5 36.417 35.6
Total Solids mg/L 19 19 57 196 113.158 106 6 6 67 187 120.667 118.5 7 7 57 164 95.286 84 6 6 94 196 126.5 114
TSS mg/L 19 19 18.8 112 57.600 52.8 6 6 25.6 112 54.433 45.55 7 7 18.8 96.8 57.086 50 6 6 32.4 87.2 61.367 65.2
Total Volatile Suspended 
Solids

mg/L
19 19 6 38.4 20.689 20 6 6 10.8 30.8 19.767 18.8 7 7 6 38.4 20.843 17.2 6 6 10 27.6 21.433 22.5

Turbidity NTU 19 19 15.4 75 45.758 42.2 6 6 31 68.4 47.617 44.9 7 7 15.4 75 46.457 50 6 6 26 70 43.083 40.6
Nutrients
Nitrate/Nitrite mg/L 19 16 0.2 1.6 0.582 0.44 6 5 0.2 1.48 0.563 0.4 7 6 0.2 1.6 0.599 0.492 6 5 0.2 1.48 0.581 0.478
Total Nitrogen mg/L 19 17 0.32 3.05 1.293 1.13 6 5 0.46 3.05 1.353 1.015 7 6 0.32 2.64 1.147 1.12 6 6 0.37 2.43 1.402 1.295
Ortho-Phosphate mg/L 19 17 0.012 0.767 0.108 0.024 6 5 0.012 0.279 0.062 0.0205 7 7 0.012 0.648 0.114 0.028 6 5 0.015 0.767 0.146 0.024
Phosphorus, Total mg/L 19 19 0.072 0.305 0.158 0.14 6 6 0.072 0.242 0.156 0.1675 7 7 0.08 0.305 0.170 0.14 6 6 0.088 0.231 0.147 0.1295
Petroleum Hydrocarbons
NWTPH-Diesel mg/L 19 19 0.21 1.5 0.536 0.42 6 6 0.21 0.82 0.480 0.435 7 7 0.29 1.5 0.543 0.42 6 6 0.27 1.2 0.585 0.43
NWTPH-Heavy Oil mg/L 19 19 1.5 7.7 3.663 3.4 6 6 1.5 4.8 3.350 3.55 7 7 2 4.4 3.257 3.3 6 6 2.5 7.7 4.45 4.15
Metals
Cadmium ug/L 19 4 0.078 1 0.287 0.17 6 2 0.17 0.38 0.242 0.216 7 1 0.078 1 0.364 0.17 6 1 0.17 0.6 0.242 0.17
Copper ug/L 19 19 15.6 92.2 60.326 59.6 6 6 33 92.2 55.983 54.1 7 7 15.6 71.1 59.600 67.3 6 6 53.7 81.8 65.517 60.25
Lead ug/L 19 19 6.27 37.5 20.162 19.7 6 6 7.1 33.9 17.350 16.1 7 7 6.27 37.5 22.796 20.6 6 6 12 31 19.9 18.3
Zinc ug/L 19 19 70.3 274 154.595 149 6 6 103 274 144.167 123.5 7 7 70.3 217 157.329 150 6 6 118 219 161.833 154.5
Cadmium, Dissolved ug/L 19 3 0.087 1 0.159 0.087 6 1 0.087 0.123 0.093 0.087 7 1 0.087 1 0.262 0.087 6 1 0.087 0.19 0.105 0.087
Copper, Dissolved ug/L 19 19 9.2 35.5 18.537 16.8 6 6 13.1 26 17.700 15.85 7 7 9.2 35.5 18.800 17 6 6 12.7 33.6 19.067 16.7
Lead, Dissolved ug/L 19 6 1.5 5 2.032 1.5 6 2 1.5 2.8 1.717 1.5 7 3 1.5 5 2.443 2.4 6 1 1.5 2.7 1.867 1.5
Zinc, Dissolved ug/L 19 19 24.4 70.2 44.063 42.3 6 6 28.4 69.1 45.400 43.05 7 7 24.4 70.2 40.986 35.6 6 6 32.7 61.4 46.317 45.6
PAHs
LPAHs
2-Methylnaphthalene ug/L 19 18 0.004 0.067 0.025 0.02 6 6 0.012 0.067 0.033 0.025 7 6 0.004 0.059 0.021 0.016 6 6 0.012 0.038 0.0225 0.021
Acenaphthene ug/L 19 4 0.003 0.131 0.016 0.01 6 1 0.01 0.019 0.012 0.01 7 2 0.003 0.131 0.024 0.01 6 1 0.003 0.034 0.0117 0.01
Acenaphthylene ug/L 19 11 0.003 0.06 0.014 0.01 6 4 0.01 0.021 0.013 0.011 7 3 0.003 0.018 0.010 0.01 6 4 0.004 0.06 0.019 0.011
Anthracene ug/L 19 11 0.003 0.155 0.019 0.01 6 4 0.01 0.023 0.015 0.0125 7 4 0.003 0.155 0.029 0.01 6 3 0.003 0.02 0.011 0.01
Fluorene ug/L 19 11 0.003 0.032 0.013 0.01 6 4 0.01 0.026 0.016 0.0145 7 3 0.003 0.022 0.010 0.01 6 4 0.003 0.032 0.013 0.0105
Naphthalene ug/L 19 17 0.013 0.104 0.037 0.03 6 6 0.022 0.104 0.043 0.0345 7 6 0.013 0.094 0.036 0.031 6 5 0.019 0.058 0.032 0.0255
Phenanthrene ug/L 19 19 0.028 0.255 0.083 0.064 6 6 0.037 0.255 0.098 0.0775 7 7 0.028 0.145 0.068 0.063 6 6 0.048 0.146 0.084 0.074
HPAHs
Benzo(a)anthracene ug/L 19 19 0.011 0.131 0.038 0.029 6 6 0.023 0.131 0.050 0.034 7 7 0.011 0.063 0.029 0.021 6 6 0.022 0.056 0.0355 0.0305
Benzo(a)pyrene ug/L 19 19 0.017 0.152 0.050 0.037 6 6 0.024 0.152 0.061 0.037 7 7 0.017 0.068 0.039 0.036 6 6 0.026 0.088 0.0497 0.042
Benzo(g,h,i)perylene ug/L 19 19 0.016 0.2 0.073 0.062 6 6 0.046 0.2 0.087 0.069 7 7 0.016 0.098 0.057 0.061 6 6 0.052 0.108 0.0760 0.067
Benzofluoranthenes ug/L 19 19 0.041 0.395 0.106 0.084 6 6 0.053 0.395 0.132 0.0845 7 7 0.041 0.161 0.085 0.064 6 6 0.074 0.15 0.1045 0.1005
Chrysene ug/L 19 19 0.032 0.283 0.083 0.069 6 6 0.051 0.283 0.106 0.0725 7 7 0.032 0.118 0.067 0.058 6 6 0.037 0.125 0.0780 0.073
Dibenz(a,h)anthracene ug/L 19 7 0.006 0.026 0.011 0.01 6 3 0.01 0.026 0.014 0.011 7 1 0.006 0.014 0.009 0.01 6 3 0.006 0.016 0.0103 0.01
Fluoranthene ug/L 19 19 0.06 0.532 0.152 0.112 6 6 0.091 0.532 0.193 0.1245 7 7 0.06 0.223 0.115 0.099 6 6 0.094 0.23 0.1543 0.145
Indeno(1,2,3-cd)pyrene ug/L 19 18 0.005 0.098 0.031 0.028 6 6 0.019 0.098 0.040 0.032 7 6 0.005 0.044 0.024 0.025 6 6 0.017 0.047 0.0317 0.0285
Pyrene ug/L 19 19 0.078 0.593 0.184 0.159 6 6 0.131 0.593 0.227 0.1595 7 7 0.078 0.284 0.148 0.126 6 6 0.129 0.304 0.1842 0.1635
Phthalates
bis(2-Ethylhexyl)phthalate ug/L 19 19 7.7 27.6 14.737 12.7 6 6 7.7 22.2 13.900 11.4 7 7 10.6 27.6 15.271 12.7 6 6 9.6 19.7 14.950 14.75
Butylbenzylphthalate ug/L 19 13 0.23 0.95 0.482 0.45 6 3 0.28 0.95 0.593 0.57 7 5 0.25 0.5 0.398 0.45 6 5 0.23 0.74 0.469 0.421
Diethyl phthalate ug/L 19 14 0.22 0.67 0.415 0.45 6 3 0.36 0.53 0.422 0.41 7 7 0.221 0.67 0.397 0.34 6 4 0.22 0.61 0.428 0.455
Dimethyl phthalate ug/L 19 15 0.045 0.196 0.118 0.126 6 4 0.049 0.19 0.121 0.115 7 6 0.045 0.196 0.116 0.119 6 5 0.065 0.168 0.117 0.1305
Di-n-butylphthalate ug/L 19 13 0.21 0.57 0.391 0.41 6 3 0.23 0.44 0.350 0.375 7 5 0.32 0.57 0.441 0.44 6 5 0.21 0.55 0.372 0.395
Di-n-Octyl phthalate ug/L 19 18 1.53 7.96 4.242 3.56 6 6 1.53 6.54 4.148 3.74 7 6 2.21 7.96 4.259 3.65 6 6 2.66 6.66 4.317 3.51
*Phthalates

Italic = Below detection limit
n = number of samples
# detects = number of samples greater than the detection limit
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Table 6.  Comparison between Aqua-Filter and Thea Foss Concentrations

Test Name Units Minimum Maximum
Arithmetic 

Mean Median Minimum Maximum
Arithmetic 

Mean Median Minimum Maximum
Arithmetic 

Mean Median

Conventionals
pH Std. Units 6.5 7.4 6.910526 6.9 5.7 7.9 6.7 6.2 7.4 7.0
Hardness mg/L 22 70.5 40.28947 35.5 14.7 66.6 30.8 59.3 3150.0 389.0
Total Solids mg/L 57 196 113.1579 106 NT NT NT NT NT NT NT NT
TSS mg/L 18.8 112 57.6 52.8 6.10 187.00 48.41 40.0 4.40 300.00 77.54 58.00
Total Volatile Suspended 
Solids

mg/L
6 38.4 20.68947 20 NT TN NT NT NT NT NT NT

Turbidity NTU 15.4 75 45.75789 42.2 NT NT NT NT NT NT NT NT
Nutrients
Nitrate/Nitrite mg/L 0.2 1.6 0.582211 0.44 NT NT NT NT NT NT NT NT
Total Nitrogen mg/L 0.32 3.05 1.292632 1.13 NT NT NT NT NT NT NT NT
Ortho-Phosphate mg/L 0.012 0.767 0.107737 0.024 NT NT NT NT NT NT NT NT
Phosphorus, Total mg/L 0.072 0.305 0.158211 0.14 NT NT NT NT NT NT NT NT
Petroleum Hydrocarbons
NWTPH-Diesel mg/L 0.21 1.5 0.536316 0.42 NT NT NT NT NT NT NT NT
NWTPH-Heavy Oil mg/L 1.5 7.7 3.663158 3.4 NT NT NT NT NT NT NT NT
Metals
Cadmium ug/L 0.078 1 0.286895 0.17 NT NT NT NT NT NT NT NT
Copper ug/L 15.6 92.2 60.32632 59.6 NT NT NT NT NT NT NT NT
Lead ug/L 6.27 37.5 20.16158 19.7 0.60 44.80 13.25 11.2 1.36 379.00 49.47 26.80
Zinc ug/L 70.3 274 154.5947 149 36.10 361.00 108.54 99.35 19.6 1170.00 124.61 94.80
Cadmium, Dissolved ug/L 0.087 1 0.158842 0.087 NT NT NT NT NT NT NT NT
Copper, Dissolved ug/L 9.2 35.5 18.53684 16.8 NT NT NT NT NT NT NT NT
Lead, Dissolved ug/L 1.5 5 2.031579 1.5 0.18 4.11 0.88 0.7 0.01 145.00 5.89 2.00
Zinc, Dissolved ug/L 24.4 70.2 44.06316 42.3 14.10 282.00 64.39 58.0 8.37 910.00 51.37 31.50
PAHs
LPAHs
2-Methylnaphthalene ug/L 0.004 0.067 0.025158 0.02 0.001 0.101 0.019 0.015 0.002 0.136 0.017 0.012
Acenaphthene ug/L 0.003 0.131 0.016263 0.01 0.002 0.532 0.016 0.005 0.002 0.045 0.018 0.018
Acenaphthylene ug/L 0.003 0.06 0.013737 0.01 0.001 0.056 0.006 0.005 0.002 0.064 0.010 0.005
Anthracene ug/L 0.003 0.155 0.018947 0.01 0.002 0.086 0.014 0.013 0.002 0.079 0.025 0.020
Fluorene ug/L 0.003 0.032 0.013105 0.01 0.001 0.110 0.015 0.012 0.002 0.098 0.019 0.014
Naphthalene ug/L 0.013 0.104 0.037 0.03 0.002 0.150 0.031 0.024 0.005 0.135 0.027 0.021
Phenanthrene ug/L 0.028 0.255 0.082526 0.064 0.002 0.893 0.122 0.092 0.005 0.221 0.074 0.058
HPAHs
Benzo(a)anthracene ug/L 0.011 0.131 0.037684 0.029 0.001 0.737 0.093 0.062 0.001 0.335 0.050 0.030
Benzo(a)pyrene ug/L 0.017 0.152 0.049526 0.037 0.001 0.865 0.106 0.080 0.002 0.182 0.047 0.028
Benzo(g,h,i)perylene ug/L 0.016 0.2 0.072632 0.062 0.002 0.764 0.116 0.085 0.004 0.189 0.053 0.034
Benzofluoranthenes ug/L 0.041 0.395 0.106105 0.084 0.005 2.150 0.320 0.226 0.005 0.554 0.132 0.086
Chrysene ug/L 0.032 0.283 0.082947 0.069 0.005 1.340 0.211 0.152 0.002 0.516 0.101 0.069
Dibenz(a,h)anthracene ug/L 0.006 0.026 0.011 0.01 0.002 0.177 0.026 0.018 0.003 0.044 0.011 0.005
Fluoranthene ug/L 0.06 0.532 0.151842 0.112 0.015 2.500 0.345 0.237 0.014 0.444 0.140 0.111
Indeno(1,2,3-cd)pyrene ug/L 0.005 0.098 0.031368 0.028 0.002 0.669 0.095 0.069 0.004 0.137 0.037 0.024
Pyrene ug/L 0.078 0.593 0.184368 0.159 0.012 2.190 0.310 0.218 0.012 0.620 0.146 0.106
Phthalates
bis(2-Ethylhexyl)phthalate ug/L 7.7 27.6 14.73684 12.7 0.3 19.0 3.2 2.8 0.2 41.0 3.1 1.9
Butylbenzylphthalate ug/L 0.23 0.95 0.482158 0.45 0.100 2.2 0.5 0.5 0.085 9.2 1.6 0.5
Diethyl phthalate ug/L 0.22 0.67 0.414789 0.45 0.1 230.0 3.8 0.5 0.1 7.6 0.7 0.5
Dimethyl phthalate ug/L 0.045 0.196 0.117737 0.126 0.000 0.5 0.4 0.5 0.000 1.0 0.4 0.5
Di-n-butylphthalate ug/L 0.21 0.57 0.390526 0.41 0.0 4.8 0.5 0.5 0.05 1.1 0.5 0.5
Di-n-Octyl phthalate ug/L 1.53 7.96 4.242105 3.56 0.04 2.5 0.5 0.5 0.04 1.0 0.4 0.5

NT = Not Tested
Italic = Below detection limit

AquaShield Influent Thea Foss Outfall 237A Thea Foss Outfall 243



Test Name Test Ho Ha p-value

Conventionals
Hardness s Cin = Cout Cin ≠ Cout 0.359
Total Solids t Cin ≤ Cout Cin > Cout 0.241
TSS t Cin ≤ Cout Cin > Cout 0.044
Total Volatile Suspended 
Solids t Cin ≤ Cout Cin > Cout 0.003
Turbidity t Cin ≤ Cout Cin > Cout 0.250
Nutrients
Nitrate/Nitrite s Cin ≤ Cout Cin > Cout 0.004
Total Nitrogen t Cin ≤ Cout Cin > Cout 0.154
Ortho-Phosphate s Cin ≤ Cout Cin > Cout 0.500
Phosphorus, Total t Cin ≤ Cout Cin > Cout 0.031
Petroleum Hydrocarbons
NWTPH-Diesel s Cin ≤ Cout Cin > Cout 0.007
NWTPH-Heavy Oil t Cin ≤ Cout Cin > Cout 0.294
Metals
Cadmium t Cin ≤ Cout Cin > Cout 0.240
Copper t Cin ≤ Cout Cin > Cout 0.002
Lead t Cin ≤ Cout Cin > Cout 0.033
Zinc t Cin ≤ Cout Cin > Cout 0.034
Cadmium, Dissolved t Cin ≤ Cout Cin > Cout 0.316
Copper, Dissolved t Cin ≤ Cout Cin > Cout 0.076
Lead, Dissolved t Cin ≤ Cout Cin > Cout 0.058
Zinc, Dissolved t Cin ≤ Cout Cin > Cout 0.157
PAHs
LPAHs
2-Methylnaphthalene s Cin ≤ Cout Cin > Cout 0.500
Acenaphthene s Cin ≤ Cout Cin > Cout 0.500
Acenaphthylene s Cin ≤ Cout Cin > Cout 0.364
Anthracene s Cin ≤ Cout Cin > Cout 0.254
Fluorene s Cin ≤ Cout Cin > Cout 0.500
Naphthalene s Cin ≤ Cout Cin > Cout 0.402
Phenanthrene s Cin ≤ Cout Cin > Cout 0.408
HPAHs
Benzo(a)anthracene s Cin ≤ Cout Cin > Cout 0.500
Benzo(a)pyrene s Cin ≤ Cout Cin > Cout 0.500
Benzo(g,h,i)perylene s Cin ≤ Cout Cin > Cout 0.324
Benzofluoranthenes s Cin ≤ Cout Cin > Cout 0.324
Chrysene s Cin ≤ Cout Cin > Cout 0.500
Dibenz(a,h)anthracene t Cin ≤ Cout Cin > Cout 0.692
Fluoranthene s Cin ≤ Cout Cin > Cout 0.500
Indeno(1,2,3-cd)pyrene s Cin ≤ Cout Cin > Cout 0.315
Pyrene s Cin ≤ Cout Cin > Cout 0.500
Phthalates
bis(2-Ethylhexyl)phthalate s Cin ≤ Cout Cin > Cout 0.500
Butylbenzylphthalate s Cin ≤ Cout Cin > Cout 0.500
Diethyl phthalate t Cin ≤ Cout Cin > Cout 0.012
Dimethyl phthalate t Cin ≤ Cout Cin > Cout 0.436
Di-n-butylphthalate t Cin ≤ Cout Cin > Cout 0.430
Di-n-Octyl phthalate s Cin ≤ Cout Cin > Cout 0.408

t = Paired t-test (distributions had a Shapiro-Wilks p-value greater thanor equal to 0.10
s = Sign test (at least one distribution had a Shapiro-Wilks p-value less than 0.10)
Ho = Null Hypothesis
Ha = Alternative Hypothesis
Bold = Null hypothesis is rejected with a significance level of 0.05

Table 7. Statistical Analysis - Influent vs. Effluent Concentration



Test Name Units n Minimum Maximum
Arithmetic 

Mean Median n Minimum Maximum
Arithmetic 

Mean Median n Minimum Maximum
Arithmetic 

Mean Median n Minimum Maximum
Arithmetic 

Mean Median Type p-value

Conventionals
Hardness mg/L 19 -27.7% 64.1% 1.4% -3.6% 6 -14.6% 45.8% 3.3% 0.0% 7 -6.9% 64.1% 6.0% -5.5% 6 -27.7% 4.7% -6.1% -4.1% N 0.954
Total Solids mg/L 19 -33.3% 22.8% 2.1% 5.3% 6 -2.2% 14.6% 7.7% 8.0% 7 -33.3% 22.8% -2.2% 0.0% 6 -16.8% 18.9% 1.3% 4.1% P 0.445
TSS mg/L 19 -47.1% 60.4% 8.9% 9.3% 6 11.8% 60.4% 31.1% 26.1% 7 -15.7% 18.4% 0.1% 0.0% 6 -47.1% 17.8% -3.1% 4.7% P 0.011
Total Volatile Suspended 
Solids

mg/L
19 -21.5% 59.0% 14.3% 17.6% 6 25.9% 59.0% 37.4% 32.3% 7 -21.5% 33.3% -0.9% -3.7% 6 -20.0% 21.3% 9.0% 16.1% N 0.005

Turbidity NTU 19 -33.1% 18.4% -0.5% 1.8% 6 -5.7% 18.4% 4.8% 3.8% 7 -10.8% 8.3% 1.3% 2.6% 6 -33.1% 11.4% -7.8% -8.2% P 0.144
Nutrients
Nitrate/Nitrite mg/L 17 -36.8% 7.9% -7.3% -5.7% 6 -36.8% 2.9% -11.5% -6.2% 6 -11.5% 7.9% -4.8% -6.1% 5 -13.6% 0.0% -5.4% -5.7% P 0.499
Total Nitrogen mg/L 17 -19.0% 13.0% 0.5% 2.3% 5 -10.6% 13.0% 3.7% 5.9% 6 -19.0% 8.2% -0.1% 4.5% 6 -13.5% 9.7% -1.6% -2.0% N 0.447
Ortho-Phosphate mg/L 15 -33.3% 22.6% -3.1% 0.0% 5 -33.3% 22.6% -8.6% -11.8% 6 -22.2% 8.8% -1.8% 3.3% 4 -10.0% 11.5% 2.1% 3.3% P 0.554
Phosphorus, Total mg/L 19 -31.5% 47.2% 6.9% 3.1% 6 8.6% 47.2% 23.4% 18.9% 7 -2.2% 26.3% 5.7% 0.0% 6 -31.5% 13.0% -8.3% -5.8% N 0.009
Petroleum Hydrocarbons
NWTPH-Diesel mg/L 19 -28.6% 14.8% -8.1% -10.3% 6 -28.6% 5.6% -11.2% -10.8% 7 -23.8% 7.0% -8.2% -10.3% 6 -13.2% 14.8% -4.8% -8.9% N 0.592
NWTPH-Heavy Oil mg/L 19 -20.0% 26.7% 2.3% 4.0% 6 -4.3% 26.7% 6.9% 2.3% 7 -12.1% 17.6% 4.5% 5.4% 6 -20.0% 7.3% -4.7% -3.8% P 0.232
Metals
Cadmium ug/L 4 -6.1% 13.2% 5.9% 8.3% 2 6.7% 13.2% 9.9% 9.9% 1 -6.1% -6.1% -6.1% -6.1% 1 10.0% 10.0% 10.0% 10.0% N 0.407
Copper ug/L 19 -13.4% 56.8% 14.2% 12.6% 6 4.1% 56.8% 18.9% 11.9% 7 -9.6% 46.0% 15.5% 15.9% 6 -13.4% 32.5% 8.2% 8.0% N 0.628
Lead ug/L 19 -28.2% 43.1% 5.8% 5.6% 6 -28.2% 43.1% 14.1% 17.9% 7 -7.0% 39.3% 8.6% 5.6% 6 -20.8% 12.3% -5.7% -6.2% P 0.168
Zinc ug/L 19 -21.7% 49.3% 7.9% 7.3% 6 7.3% 49.3% 18.0% 12.4% 7 -4.7% 40.1% 9.1% 6.0% 6 -21.7% 11.9% -3.6% -2.9% N 0.028
Cadmium, Dissolved ug/L 3 -61.1% 29.3% -2.3% 25.0% 1 29.3% 29.3% 29.3% 29.3% 1 25.0% 25.0% 25.0% 25.0% 1 -61.1% -61.1% -61.1% -61.1% N 0.368
Copper, Dissolved ug/L 19 -6.3% 14.3% 1.6% 0.7% 6 -6.3% 14.3% 1.2% -1.7% 7 -5.8% 11.8% 1.5% 0.7% 6 -6.0% 9.8% 2.0% 3.6% P 0.974
Lead, Dissolved ug/L 9 -20.0% 33.3% 7.7% 10.0% 3 -20.0% 32.1% 4.0% 0.0% 3 10.0% 12.5% 11.4% 11.8% 3 -6.7% 33.3% 7.6% -4.0% P 0.904
Zinc, Dissolved ug/L 19 -14.1% 17.4% 1.7% 2.0% 6 -14.1% 17.4% 4.7% 6.5% 7 -4.0% 5.7% 0.1% 0.0% 6 -8.0% 3.6% 0.5% 2.1% N 0.466
PAHs
LPAHs
2-Methylnaphthalene ug/L 18 -80.0% 26.9% -6.2% 0.0% 6 0.0% 25.4% 13.6% 14.7% 6 -80.0% 12.5% -17.0% -6.2% 6 -66.7% 26.9% -15.3% -13.4% P 0.121
Acenaphthene ug/L 6 -670.0% 3.8% -127.8% -16.7% 2 -670.0% 0.0% -335.0% -335.0% 3 -70.0% 3.8% -33.2% -33.3% 1 2.9% 2.9% 2.9% 2.9% N 0.538
Acenaphthylene ug/L 11 -75.0% 95.0% -2.1% 0.0% 4 -8.3% 23.8% 8.6% 9.4% 3 -55.6% 0.0% -20.4% -5.6% 4 -75.0% 95.0% 0.8% -8.3% P 0.721
Anthracene ug/L 11 -80.0% 91.0% 3.3% 5.3% 4 0.0% 40.9% 19.6% 18.7% 4 -80.0% 91.0% -7.3% -20.0% 3 -33.3% 15.0% -4.4% 5.3% P 0.702
Fluorene ug/L 15 -60.0% 30.8% -3.9% 0.0% 5 -20.0% 30.8% 9.9% 14.3% 5 -60.0% 0.0% -20.6% -10.0% 5 -14.3% 9.1% -1.0% 0.0% P 0.069
Naphthalene ug/L 17 -88.9% 17.5% -5.1% -1.1% 6 0.0% 17.5% 10.1% 11.3% 6 -88.9% -1.1% -21.7% -7.0% 5 -20.0% 9.3% -3.4% -5.3% N 0.009
Phenanthrene ug/L 19 -121.4% 35.1% -3.4% 2.1% 6 15.4% 35.1% 23.6% 21.7% 7 -121.4% 35.0% -25.4% -9.5% 6 -29.2% 11.0% -5.0% -1.9% P 0.044
HPAHs
Benzo(a)anthracene ug/L 19 -152.4% 52.2% -12.1% 3.2% 6 9.4% 52.2% 25.6% 22.2% 7 -152.4% 13.3% -44.5% -21.4% 6 -32.1% 3.4% -12.0% -8.5% P 0.021
Benzo(a)pyrene ug/L 19 -217.6% 58.3% -14.0% -1.5% 6 9.5% 58.3% 26.5% 21.4% 7 -217.6% 5.6% -46.8% -5.6% 6 -46.2% 18.2% -16.2% -15.2% N 0.004
Benzo(g,h,i)perylene ug/L 19 -167.9% 63.0% -11.6% -4.4% 6 5.2% 63.0% 23.6% 16.9% 7 -167.9% 12.5% -43.0% -10.1% 6 -43.1% 26.8% -10.0% -7.1% N 0.010
Benzofluoranthenes ug/L 19 -243.5% 62.3% -17.3% -3.1% 6 7.4% 62.3% 28.2% 25.6% 7 -243.5% 12.2% -57.0% -6.7% 6 -48.1% 26.4% -16.5% -19.5% N 0.009
Chrysene ug/L 19 -188.1% 60.8% -12.7% -6.5% 6 9.8% 60.8% 26.0% 21.0% 7 -188.1% 15.6% -45.6% -12.3% 6 -51.5% 40.5% -13.0% -14.3% N 0.017
Dibenz(a,h)anthracene ug/L 9 -50.0% 19.2% -11.2% -6.3% 3 6.3% 19.2% 11.3% 8.3% 3 -50.0% 0.0% -23.3% -20.0% 3 -42.9% -6.3% -21.5% -15.4% P 0.110
Fluoranthene ug/L 19 -185.0% 49.5% -12.1% 0.4% 6 9.8% 49.5% 24.3% 19.3% 7 -185.0% 3.0% -45.4% -3.7% 6 -40.5% 18.5% -9.8% -6.2% N 0.006
Indeno(1,2,3-cd)pyrene ug/L 18 -153.8% 50.0% -13.1% -3.8% 6 7.7% 50.0% 20.6% 16.8% 6 -153.8% 0.0% -48.3% -34.1% 6 -34.5% 16.7% -11.6% -12.5% N 0.007
Pyrene ug/L 19 -121.6% 54.2% -7.5% 0.9% 6 10.6% 54.2% 24.8% 20.6% 7 -121.6% 2.6% -31.8% -3.7% 6 -41.1% 12.4% -11.3% -15.3% N 0.004
Phthalates
bis(2-Ethylhexyl)phthalate ug/L 19 -108.3% 55.8% -4.6% 0.9% 6 -6.3% 55.8% 19.7% 15.7% 7 -108.3% 2.4% -26.0% -9.7% 6 -28.2% 12.7% -4.0% -0.8% N 0.011
Butylbenzylphthalate ug/L 13 -12.0% 31.4% 4.8% 0.0% 3 10.7% 31.4% 21.8% 23.2% 5 -12.0% 12.0% -3.8% -6.3% 5 -4.1% 18.7% 3.3% 0.0% N 0.042
Diethyl phthalate ug/L 14 -22.7% 34.0% 8.8% 12.7% 3 -2.7% 34.0% 16.9% 19.4% 7 -7.1% 27.1% 12.1% 20.6% 4 -22.7% 15.6% -2.9% -2.2% P 0.242
Dimethyl phthalate ug/L 15 -35.6% 22.5% -2.0% 0.0% 4 -2.6% 16.2% 9.0% 11.2% 6 -35.6% 22.5% -7.4% -9.9% 5 -31.3% 8.9% -4.5% 0.0% N 0.260
Di-n-butylphthalate ug/L 13 -24.4% 27.9% 2.2% 7.4% 3 8.7% 27.9% 18.9% 20.0% 5 -24.4% 11.9% -4.6% -6.5% 5 -17.5% 9.5% -1.0% 4.9% P 0.076
Di-n-Octyl phthalate ug/L 18 -99.2% 42.4% -8.3% -5.9% 6 11.9% 42.4% 21.9% 17.9% 6 -99.2% -4.0% -39.3% -32.1% 6 -24.4% 16.4% -7.4% -10.9% P 0.001

P = Parametric test (ANOVA).  Normality was assumed for Sharpio-Wilks p-value greater than 0.10
N = Non-parametric test (Kruskal-Wallis)
Bold = Greater than 95% probability that there is a difference between any of the treatment media

Table 8.  Removal Efficiency by Flow

All Flows ANOVA125%50% 100%



Probabilities Probabilities
50 100 125 50 100 125

50 1.000 50 1
100 0.025 1.000 100 x<0.05 1
125 0.017 0.949 1.000 125 0.05<x<0.10 x>0.2 1

Probabilities Probabilities
50 100 125 50 100 125

50 1.000 50 1
100 0.035 1.000 100 0.10<x<0.20 1
125 0.293 0.500 1.000 125 x<0.05 x>0.2 1

Probabilities Probabilities
50 100 125 50 100 125

50 1.000 50 1
100 0.016 1.000 100 x>0.2 1
125 0.260 0.333 1.000 125 x<0.05 x>0.2 1

Probabilities Probabilities
50 100 125 50 100 125

50 1.000 50 1
100 0.001 1 100 x<0.05 1
125 0.087 0.061 1 125 0.10<x<0.20 x>0.2 1

Probabilities
50 100 125

50 1
100 x<0.05 1
125 x<0.05 x>0.2 1

Probabilities
50 100 125

50 1
100 x<0.05 1
125 0.10<x<0.20 x>0.2 1

Probabilities
50 100 125

50 1
100 x<0.05 1
125 x<0.05 x>0.2 1

Probabilities
50 100 125

50 1
100 x<0.05 1
125 0.05<x<0.10 x>0.2 1

Probabilities
50 100 125

50 1
100 x<0.05 1
125 x<0.05 x>0.2 1

Probabilities
50 100 125

50 1
100 x<0.05 1
125 0.05<x<0.10 x>0.2 1

Probabilities
50 100 125

50 1
100 x<0.05 1
125 x<0.05 x>0.2 1

Probabilities
50 100 125

50 1
100 x<0.05 1
125 0.10<x<0.20 x>0.2 1

Probabilities
50 100 125

50 1
100 x<0.05 1
125 x>0.2 x>0.2 1

Bold = Test is signifcant at greater than 0.05 level.

Phenanthrene

Benzo(a)anthracene

Di-n-Octyl phthalate

Phosphorus, Total

Naphthalene

Zinc, Total

Table 9.  Post-Hoc Test Results by Flow

Butylbenzylphthalate

Benzo(g,h,i)perylene

Benzofluoranthenes

Chrysene

Indeno(1,2,3-cd)pyrene

Pyrene

bis(2-Ethylhexyl)phthalate

Fluoranthene

Non-Parametric Post-Hoc Test
Dunn Test

Total Volatile Suspended Solids

Parametric Post-Hoc Test
Tukey Test

Benzo(a)pyrene

TSS



Test Name Units n # detects Minimum Maximum
Arithmetic 

Mean n # detects Minimum Maximum
Arithmetic 

Mean
Conventionals
Total Solids % 2 2 30 43.9 36.95 2 2 38.4 41 39.7
Total Volatile Solids % 2 2 21.6 38.9 30.25 2 2 30.2 30.3 30.25
Nutrients
Total Phosphorus mg/Kg 2 2 780 1380 1080 2 2 1860 2090 1975
Total Organic Carbon mg/Kg 2 2 167000 182000 174500 2 2 158000 235000 196500
Petroleum Hydrocarbons
NWTPH-Diesel mg/Kg 2 2 280 6300 3290 2 2 160 2800 1480
NWTPH-Heavy Oil mg/Kg 2 2 11000 14000 12500 2 2 6900 7900 7400
Metals
Cadmium mg/Kg 2 2 2.7 6.67 4.685 2 2 4.11 10 7.055
Copper mg/Kg 2 2 188 242 215 2 2 292 409 350.5
Lead mg/Kg 2 2 135 141 138 2 2 218 263 240.5
Zinc mg/Kg 2 2 958 981 969.5 2 2 1550 2350 1950
PAHs
LPAHs
2-Methylnaphthalene ug/Kg 2 2 110 130 120 2 2 110 220 165
Acenaphthene ug/Kg 2 1 100 160 130 2 0 100 100 100
Acenaphthylene ug/Kg 2 0 100 120 110 2 1 100 130 115
Anthracene ug/Kg 2 2 120 230 175 2 2 100 800 450
Fluorene ug/Kg 2 2 110 320 215 2 1 100 100 100
Naphthalene ug/Kg 2 2 140 160 150 2 2 200 330 265
Phenanthrene ug/Kg 2 2 790 1600 1195 2 2 580 740 660
HPAHs
Benzo(a)anthracene ug/Kg 2 2 470 560 515 2 2 510 550 530
Benzo(a)pyrene ug/Kg 2 2 290 480 385 2 2 490 800 645
Benzo(g,h,i)perylene ug/Kg 2 2 340 910 625 2 2 760 1800 1280
Benzo(b,k)fluoranthenes ug/Kg 2 2 1100 1500 1300 2 2 1800 1900 1850
Chrysene ug/Kg 2 2 800 1000 900 2 2 1100 1400 1250
Dibenz(a,h)anthracene ug/Kg 2 1 100 130 115 2 1 100 220 160
Fluoranthene ug/Kg 2 2 1600 2500 2050 2 2 1200 1300 1250
Indeno(1,2,3-c,d)pyrene ug/Kg 2 2 220 540 380 2 2 340 900 620
Pyrene ug/Kg 2 2 1300 1800 1550 2 2 1400 1800 1600
Phthalates
bis(2-Ethylhexyl)phthalate ug/Kg 2 2 41000 51000 46000 2 2 13000 14000 13500
Butyl benzyl phthalate ug/Kg 2 2 120 490 305 2 2 1100 22000 11550
Diethylphthalate ug/Kg 2 1 82 100 91 2 1 100 130 115
Dimethyl phthalate ug/Kg 2 0 100 100 100 2 1 100 110 105
Di-n-butylphthalate ug/Kg 2 2 150 280 215 2 2 280 650 465
Di-n-Octyl phthalate ug/Kg 2 2 2900 5700 4300 2 2 520 4600 2560

Italic = Below detection limit
n = number of samples
# detects = number of samples greater than the detection limit

Swirl

Table 10.  Sediment Data Summary Statistics

Chamber



Test Flow Upstream Mixing Tank In Mixing Tank Out
Storm 19

TSS 100 16.8 23.6 17.6
TVSS 100 5 8.4 5.8
TSS 125 58.4 NS 58
TVSS 125 15.2 NS 14.8

Storm 20
TSS 100 62 63.6 80.8
TVSS 100 8.5 24.2 36.3

NS - Not sampled because the mixing tank's inlet pipe was submerged.

Table 11.  Upstream TSS and TVSS Sampling



Cin ≤ 100 mg/L Cin > 100 mg/La

Number of Storm Events 18 1
SRE

Minimum -47.1% 24.3%
Maximum 60.4% 24.3%
Arithmetic Mean 8.0% NA
Median 7.5% NA

Cout

Minimum 13.2 84.8
Maximum 92.4 84.8
Arithmetic Mean 49.7 NA
Median 48.8 NA

a -Cin was less than 200 mg/L for all storms

Total Suspended Solids
Removal by Influent Concentration

All Media

Table 12.  TSS Results by Influent Concentration
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Figure 1. Test Facility Location 

Source: Taylor 2006 
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Figure 2. Test Facility Layout 

Source: Taylor 2006 
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Figure 3. Diagram of the Aqua-Swirl Concentrator 
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Figure 4. Diagram of the Aqua-Filter 
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Figure 6.  Sediment Accumulation by Date
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Figure 7. Sediment Accumulation by Cumulative Flow
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Figure 8. Conventional Parameters Box Plot
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Figure 9. Nutrients Box Plot

-60

-40

50 100 125 50 100 125 50 100 125 50 100 125

Nitrate/Nitrite Total Nitrogen Ortho-Phosphate Total Phosphorus

R
e



-10

0

10

20

30

em
o

va
l E

ff
ic

ie
n

cy
 (

%
)

Figure 10. Petroleum Hydrocarbons Box Plot
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Figure 11.  Metals Box Plot
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Figure 12. LPAH Box Plot
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Figure 13. HPAHs Box Plot
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Figure 14. Phthalates Box Plot
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APPENDIX A.  AQUA-FILTER DRAWINGS 
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PREFACE 
This Quality Assurance Project Plan (QAPP) presents the background and objectives of 

the performance evaluation of the AquaShield™, Inc. Aqua-Filter®
 at the Washington 

State Department of Transportation Lake Union Ship Canal Test Facility. The purpose of 

this QAPP is to document the type and quality of data needed for the project and to 

describe the methods for collecting and assessing those data. This QAPP generally 

follows the guidelines set forth in the Washington State Department of Ecology’s 

(Ecology) Guidelines for Preparing Quality Assurance Project Plans for Environmental 

Studies (Ecology 2004b), Environmental Protection Agency’s (EPA) EPA Requirements 

for Quality Assurance Project Plans (QA/R-5; US EPA, 2001), and Ecology’s Guidance 

for Evaluating Emerging Stormwater Treatment Technologies, Technology Assessment 

Protocol – Ecology (TAPE) (Ecology 2004a). Appendix A contains a crosswalk table that 

illustrates how sections in this document relate to the EPA and Ecology documents. 

 

This QAPP was first drafted before data collection began. The QAPP is intended to be a 

dynamic document and may be updated as required. 
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1.0 INTRODUCTION 
The purpose of this Quality Assurance Project Plan (QAPP) is to document the type and 

quality of data needed to evaluate the pollutant removal performance of the 

AquaShield™, Inc. Aqua-Filter™ Stormwater Treatment System1 and to describe the 

methods for collecting and assessing those data. Specifically, this QAPP addresses the 

data collected for the Aqua-Filter™ Stormwater Treatment System installed at the 

Washington State Department of Transportation (WSDOT) Lake Union Ship Canal Test 

Facility. 

 

This study-specific QAPP will be submitted for review to the Washington State 

Department of Ecology (Ecology) and the Technical Review Committee (TRC) for 

compliance with the Technology Assessment Protocol-Ecology (TAPE). The TRC, 

which includes representatives from Ecology and eastern and western Washington local 

governments, will assist Ecology in reviewing this QAPP. Ecology will provide the final 

approval for the methods and protocols described in this QAPP. 

 

It is important to note that this QAPP addresses only the data collection effort for the 

Aqua-FilterTM Stormwater Treatment System at the Test Facility. This QAPP does not 

address other studies from which AquaShield™, Inc. may be submitting data to Ecology 

to obtain a General Use Level Designation (GULD) for the technology. Thus, the 

performance data collected following this QAPP, in addition to performance data from 

other studies, may be included in Technology Evaluation Engineering Report (TEER) 

prepared by AquaShield™, Inc and submitted to Ecology. Whether a GULD is granted 

by Ecology will be based upon the compilation of performance data presented in the 

TEER, not only the data collected at the Test Facility. 

 

This section includes the project description, monitoring objectives, documents to be 

produced under this project, roles and responsibilities of the project participants, project 

schedule, and the training and safety requirements for data collection. These elements 

document the defined project goal, the participants understanding of the goal and 

approach to be used, and the final products associated with the project. 

                                                 
1 The Aqua-Filter™ Stormwater Treatment System (Aqua-Filter™) is a stand-alone, custom-engineered, 

two-component structure that utilizes a treatment-train approach for stormwater pollutant removal. The 

patented configuration of the Aqua-Filter™ always includes both pretreatment and filtration structures, that 

is an Aqua-Swirl™ and Aqua-Filter™, respectively. 
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1.1 PROJECT DESCRIPTION 
This project description summarizes the project goals, sampling approach, maintenance 

methods and the project schedule for this study. A more detailed description of each can 

be found in subsequent sections. The overall goal of this project is to evaluate the 

pollutant removal performance of the Aqua-Filter™ Stormwater Treatment System. The 

monitoring approach for the technology has been designed to meet goals defined by both 

AquaShield™, Inc. and the City of Tacoma (Tacoma). The project goal for 

AquaShield™, Inc. is to collect performance data for the stormwater treatment 

technology in Washington State.  

 

Performance data collected following this QAPP along with performance data from other 

studies will be submitted by AquaShield™, Inc. to the TRC and Ecology in an effort to 

obtain a GULD for Basic Treatment, Enhanced Treatment, Phosphorous Treatment, Oil 

Treatment, and Treatment Train Application for the technology. The TRC will evaluate 

the data to determine a Use Level Designation and will provide a draft report to 

AquaShield™ prior to forwarding their determination to Ecology. Ecology will review 

the TRC’s recommendation before granting the designation. With a GULD, the Aqua-

Filter™ Stormwater Treatment System may be used anywhere in western Washington, 

subject to Ecology’s conditions, and may be included in future updates to the Stormwater 

Management Manual for Western Washington (SWMM; Ecology 2004a).  

 

The project goal for Tacoma is to investigate the use of the Aqua-Filter™ Stormwater 

Treatment System as a method “to address, treat, mitigate or control contaminants.” For 

this project, specific parameters of interest to Tacoma include organics (phthalates, 

polynuclear aromatic hydrocarbons, and total petroleum hydrocarbons), metals and 

sediments. Given the goals of AquaShield™, Inc. and Tacoma, the testing approach and 

QAPP follow the TAPE (Ecology 2004a) established by Ecology’s Water Quality 

Program. 

 

This study will be conducted at the WSDOT Lake Union Ship Canal Test Facility (Test 

Facility). The water quality, sediment, and maintenance data collection phase for this 

study is targeted for initiation during the second half of the 2005-06 wet season. The data 

collection goal for the project is to collect water quality samples for 15 rain events, with 

completion of the data collection phase by the end of the 2006-07 wet season. However, 

the actual completion date for the data collection phase will depend on seasonal weather 

conditions, such as the number of qualifying storm events during the data collection 

phase. 
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Pollutant removal efficiency will be evaluated using a discrete flow composite (DFC) 

sampling approach (EvTEC 2001, Ecology 2004a). Using this approach flow-weighted 

composite samples are collected during discrete periods of a storm when flow rates are 

fairly constant. Flow monitoring will be conducted upstream and downstream of the 

Aqua-Filter™ with flow-weighted composite samples collected at upstream and 

downstream sample points. Influent samples will be collected at the inlet to the Aqua-

Swirl™ and effluent samples will be collected at the outlet of the Aqua-Filter™ chamber. 

Data collection is anticipated to occur for two DFC sample periods during each of the 15 

targeted storm events. 

 

Pollutant removal will be evaluated as a function of target inflow rates and upstream 

concentration. The inflow rates targeted for testing are at 50, 100 and 125 percent of the 

design capacity (approximately 125 gpm) for the Aqua-Filter™ installed at the Test 

Facility. Removal efficiencies will be determined from the mean inflow and outflow 

concentrations of the flow-weighted composite samples collected during sample periods 

with relatively constant inflow rate. For each target inflow rate, the removal efficiency 

for each pollutant parameter will be calculated and reported along with inflow and 

outflow concentrations. In addition, an “overall” removal efficiency for each inflow rate 

for each parameter may be determined. The final data set size will determine the ability to 

obtain statistically significant results for the data set collected at the Test Facility. 

However, at a minimum, basic statistics will be used in the analysis (see section 10.2.1). 

 

An assessment of maintenance needs and operational issues is not a focus of this QAPP, 

however, inspection and maintenance records will be kept to supplement future data 

collection efforts. As recommended by the manufacturer, routine maintenance 

inspections will occur at least monthly and after each sampled storm event (see section 

4.8.5). Maintenance inspection results will be documented and the Tacoma and 

AquaShield™, Inc. project managers will be notified if maintenance of the unit is 

necessary. Documentation will also occur for maintenance activities performed for the 

technology (for example, sediment removal) during the Aqua-Filter™ testing period. 

Inspection and maintenance records will be provided as an appendix in the final project 

report for the Aqua-Filter™ assessment at the Test Facility. An evaluation of operational 

issues (for example, life-cycle costs) will not be assessed as part of this study. More 

detailed information on maintenance efforts can be found in section 4.8.5.  

 

As of January 2006, the Aqua-Filter™ unit has been installed at the Test Facility and 

preliminary hydraulic testing is complete. Upon review and approval of this QAPP by 
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AquaShield™, Inc., Tacoma, and Ecology, sample collection will begin. Sample 

collection is anticipated to begin in March 2006 and continue until 15 storm events are 

sampled. Once data collection and analysis are completed, Taylor or Tacoma will prepare 

a final project report (technology evaluation) for the data collected at the Test Facility.2 

AquaShield™, Inc. will incorporate the results from testing the Aqua-Filter™ at the Test 

Facility with performance results from other studies into a TEER. The TEER report will 

be submitted by AquaShield™, Inc. to the TRC for review and consideration for a GULD 

for Basic Treatment, Enhanced Treatment, Phosphorous Treatment, Oil Treatment, and 

Treatment Train Application. Section 1.5 contains a more detailed project schedule. 

1.2 MONITORING OBJECTIVES 
This study will consist of two elements: (1) the evaluation of pollutant removal 

efficiencies for the Aqua-Filter™ Stormwater Filtration System, and (2) data collection to 

facilitate a maintenance needs evaluation. The pollutant removal efficiency evaluation 

will consist of upstream and downstream flow monitoring and stormwater sample 

collection during storm events. The maintenance needs evaluation will consist of (at a 

minimum) qualitative maintenance inspections in the Aqua-Filter™ chamber and 

sediment depth measurements in the Aqua-Swirl. At the completion of this study 

sediment samples will be collected and analyzed for chemical composition. 

1.3 DOCUMENTATION AND RECORDS 
For the duration of the project, a field notebook will be maintained for all monitoring 

activities. Field data sheets will be used to document activities related to flow monitoring, 

water quality sampling, equipment maintenance and calibration, and maintenance 

inspections and activities for the Aqua-Filter™. Chain-of-custody forms will be 

completed for all stormwater samples collected and copies will be filed in the field 

notebook. Examples of the field data sheets and chain-of-custody forms are provided in 

Appendix I. 

 

Flow and rainfall data will be maintained in an ISCO® Flowlink 4 database, which is 

ISCO®’s proprietary software for controlling monitoring equipment and for storing and 

displaying monitoring data. Stormwater quality data will be stored and maintained by the 

Tacoma laboratory and SPECTRA Laboratories in a Microsoft® Access database. Three 

                                                 
2 Taylor Associates, Inc. will complete the data analysis and produce the final project report based on 

available funding. If funding is not available to complete data analysis and final report production, the City 

of Tacoma will complete this work. 
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types of reports will be generated in relation to the activities covered in the QAPP: (1) 

SPECTRA and Tacoma laboratory reports; (2) monthly project status reports; and (3) a 

final project report. The contents of these reports are discussed in section 11.0 

1.4 PROJECT PARTICIPANTS 
The roles and responsibilities for each project participant are listed below. As needed, the 

project participants will meet to discuss project progress and data quality. The Tacoma 

project manager, WSDOT project manager, Seattle Public Utilities (SPU) project 

manager, and the site manager of the Test Facility may attend these project review 

meetings. 

 
 
AquaShieldTM, Inc. 
2733 Kanasita Drive, Suite B 

Chattanooga, TN 37343 

 
J. Kelly Williamson 

President and Owner, overall project oversight 

jkwilliamson@aquashieldinc.com 

423-870-8888 

 
Eric Rominger  

AquaShield™, Inc. Project Manager 

erominger@aquashieldinc.com 

423-870-8888 

423-595-0703 (cell) 

 
Andy Gerson 

Washington state contact, local project oversight and liaison between AquaShield™, Inc. 

and Taylor Associates, Inc. 

andy@isomedia.com 

206-595-2203 

 
 
Taylor Associates, Inc. 
7104 Greenwood Ave N.  

Seattle, WA 98103 
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Heidi Wachter 

Project Manager 

heidi@taylorassoc.net 

206-267-1412 

 
Carla Milesi 

Site Manager 

carla@taylorassoc.net 

206-267-1408 

 
 
City of Tacoma, Public Works Department 
2201 Portland Avenue 

Tacoma, WA 98421 

 
Dana De Leon 

Project Manager 

ddeleon@cityoftacoma.org  

253-502-2109 

 
Christopher Getchell 

City of Tacoma Science and Engineering Laboratory 

Source Control Supervisor 

cgetchel@ci.tacoma.wa.us 

253-502-2130 

 
 
SPECTRA Laboratories 
2221 Ross Way 

Tacoma, WA 98421 

 
Marie Holt 

Client Services 

marieh@spectra-lab.com 

253-272-4850 
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Washington State Department of Transportation 
6639 Capitol Blvd. SW 

Tumwater, WA 98501 

 
David Batts 

Lake Union Ship Canal Test Facility Site Manager 

battsd@wsdot.wa.gov 

360-570-6654 

 
 
City of Seattle, Seattle Public Utilities 
Street: 700 5th Avenue, Suite #4900 

Mail: P.O. Box 34018 

Seattle, WA 98124-4018 

 
Beth Schmoyer 

Project Manager 

beth.schmoyer@seattle.gov 

206-386-1199 
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1.5 PROJECT SCHEDULE 
The project schedule below provides the anticipated project milestones. Significant 

changes in the schedule will be communicated to the TRC, in addition to the Tacoma and 

AquaShieldTM, Inc. project managers. 

 

Table 1. Schedule of anticipated project milestones 
Activity Time Allocation Estimated/ 

Completion 
Date 

QAPP (draft) Submittal to Ecology 3-4 months Jan. 2006 

Review and Comments by 

DOE & TRC 

4-6 weeks March 2006 

Approval by TRC & DOE 1 month from Taylor revised 

QAPP 

March – April 

2006 

Site Preparation and Initial Sampler 

Set Up 

Began in June 2005 Initiated 

Sampling Period Begins upon QAPP approval 

and site preparation 

March 2006 – 

May 2007 

Report Writing Period 3 months; completed after 

sampling 15 storms 

June – Aug. 

2007 

 

Final Project Report Submitted to 

AquaShieldTM, Inc. 

4 weeks for review/edits Sept. 2007 

TEER submitted by AquaShieldTM, 

Inc. to Ecology 

6-8 weeks Nov. 2007 

GULD granted by Ecology 4-6 weeks Dec. 2007 –  

Jan. 2008 

1.6 TRAINING AND SAFETY REQUIREMENTS 
All field staff will be trained in monitoring equipment operations and sample collection 

and handling procedures. Any field staff involved with monitoring equipment installation 

or equipment maintenance requiring confined space entry will have completed confined 

space entry training. 

 

Protective gear will be worn as appropriate. Steel-toed shoes will be worn when handling 

automated samplers and heavy equipment. Non-powdered Nitrile gloves will be worn 
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when handling stormwater samples and when cleaning sampling equipment prior to each 

sampling event. 

 

Because the Test Facility is located in an area frequented by transients, precautions will 

be taken to ensure the safety of field staff and the protection of monitoring equipment. 

For security, the Test Facility is enclosed in a fence topped with razor wire, floodlights 

have been installed, a phone is located in the on-site trailer, and local law enforcement 

has been notified of site activities. For safety reasons, the majority of work performed by 

the field staff will likely occur during daylight hours. At least one field staff will have a 

cell phone while on-site and at least two field staff will be present for night-time site 

visits. 

2.0 DESCRIPTION OF THE TEST FACILITY 
The Test Facility is located in the Interstate Route 5 (I-5) right of way beneath the north 

side of the Lake Union Ship Canal Bridge (see Appendix C for a location map). The 

site’s drainage area is approximately 32 acres and the land cover in the basin is 

predominantly pavement. Runoff from the drainage area is collected in catch basins and 

conveyed to Lake Union by a 30-inch pipe. Flow is diverted from the 30-inch pipe to the 

site using a “draw-bridge” half-pipe structure.  

 

The Test Facility was designed to facilitate the simultaneous testing of four stormwater 

treatment technologies. This testing is accomplished using flow splitters to partition flow 

to four separate testing bays. Total flow entering the site is measured at a monitoring 

station upstream of the flow splitters using an ISCO 4250 with an Area-Velocity (A-V) 

sensor. Once flow passes the upstream monitoring station, flow enters an adjustable flow 

splitter that can divert stormwater to test bays 1 and 2 or test bays 3 and 4 (see Appendix 

C for a sketch of the Test Facility layout). A second flow splitter is located upstream of 

each set of test bays and can be used to partition flow between the two test bays. Flow to 

each test bay can be controlled through the use of a gate valve, which is located at the 

inflow to each test bay. A detailed description of the Test Facility site is provided in the 

EvTEC Evaluation Plan (EvTEC 2001). 

 



Taylor Associates, Inc.  AquaShield™, Inc 

AquaFilter QAPP Final 0506  AquaShield™, Inc. – Aqua-Filter™ 
Final, May 2006    
 

10
 

3.0 AQUA-FILTER™ STORMWATER 
FILTRATION SYSTEM 
 The Aqua-Filter™ Stormwater Treatment System (Aqua-Filter™) is a stand-alone, 

custom-engineered, two-component structure that utilizes a treatment-train approach for 

stormwater pollutant removal. The patented configuration of the Aqua-Filter™ always 

includes both pretreatment and filtration structures. The technology begins with the 

Aqua-SwirlTM Concentrator (Figure 1 – Aqua-Swirl™), which uses hydrodynamic vortex 

enhanced sedimentation technology. The Swirl Concentrator is designed for pre-

treatment of stormwater runoff by removing sediment, floating debris, and free-floating 

oil. The Aqua-Swirl™ Concentrator has been granted a GULD for pretreatment use (a) 

ahead of infiltration treatment, or (b) to protect and extend the maintenance cycle of a 

Basic or Enhanced Treatment device (for example, sand or media filter). 

 

 
 
Figure 1. Diagram of Aqua-SwirlTM Concentrator showing the circular flow of water 
through the system which encourages settling of sediment. 
 
Once pretreated stormwater leaves the Swirl Concentrator, the pretreated runoff enters 

the Filter Chamber (Figure 2 – Aqua-Filter™), which is designed to remove dissolved 

oils, finer sediments, nutrients, and organically bound heavy metals through media 

filtration technology. 
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Figure 2. Diagram of the Aqua-FilterTM treatment train showing water entering the 
Aqua-Filter TM chamber and being evenly distributed across the filter bed. 
 

As characterized in the Ecology revised SWMM (Ecology 2005), Volume V, Chapter 12, 

the Aqua-Filter™ technology is considered an emerging treatment technology. Each 

Aqua-Filter™ is required to be properly sized using the local project design engineer’s 

stormwater calculations for the specific outfall(s). The local design engineer for the 

project computes the water quality design flow rate (WQf), expressed as cubic feet per 

second (cfs), based on the prescribed water quality volume (WQv) using the methods 

provided in Volume V, Chapter 4, section 4.1.2 of the SWMM. 

 

Ecology has established several treatment performance goals, which AquaShield™, Inc. 

suggests the Aqua-Filter™ technology can meet. These treatment goals include: Basic, 

Enhanced, Phosphorous, Oil, and Treatment Train applications. The Basic treatment of 

stormwater is demonstrated by the high net annual removal of total suspended solids 

(TSS) load by the Swirl Concentrator and the media in the Filter Chamber. Enhanced and 

Phosphorous treatment can be achieved with the use of medium grain perlite filter media 

for the removal of phosphorus and dissolved metals (zinc and copper) at very low 

influent concentrations. Finally, Oil treatment and Treatment Train is achieved by the 

configuration of every Aqua-Filter™ technology when solids, debris and floatable oils 

are captured in the Swirl Concentrator directly followed by the filtration of the remaining 

water-borne pollutants in the attached Filter Chamber. 
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In addition to ongoing laboratory performance evaluations, AquaShield™, Inc. has 

selected four test sites for the Aqua-Filter™ technology representing varied field 

conditions. Test sites selected include; Durham, New Hampshire; Chattanooga, 

Tennessee; Seoul, Korea; and Seattle, Washington. The test approach described in this 

QAPP addresses only the testing to be performed at the Seattle, Washington site, the 

WSDOT Lake Union Ship Canal Test Facility. 

 

Currently, there are seven Aqua-Filter™ Systems and twenty-one Aqua-Swirl™ 

Concentrators in use throughout Washington State as shown in Appendix D. According 

to AquaShield™ Inc. sales records, over the past three years Aqua-Filter™ systems were 

proposed for approximately thirty additional projects in Washington state. However, the 

use of this technology on these projects was not approved because it lacks Ecology’s 

Conditional or General Use Level Designation. 

3.1 AQUA-FILTER™ DESCRIPTION  
The Aqua-Filter™ technology is employed on the following types of land uses: 

commercial, military, industrial, urban areas, residential (single and multi-family), and 

retail settings. A unique quality of the Aqua-Filter™ is its modular design using high-

density polyethylene (HDPE) construction materials. This design allows for faster and 

simpler installation on new construction or retrofit projects for existing storm drainage 

structures. Typically, the Aqua-Filter™ Stormwater Treatment System operates in an 

“off-line” configuration as recommended by most municipalities providing full treatment 

of the designed WQf. The off-line configuration requires the use of a separate diversion 

structure or weir device located up-stream of the Aqua-Filter™ to direct only the 

designed WQf for treatment. However, when requested, the Aqua-Filter™ has been 

installed “in-line” with the stormwater conveyance pipe allowing the passage of the 

complete storm event through the system. The use of the Aqua-Filter™ in-line with the 

main conveyance pipe depends on site specific requirements and local regulations.  

 

The Aqua-Filter™ technology is a rapid or high flow rate filtration device that has no 

moving parts and operates on gravity flow or movement of the stormwater runoff 

entering the structure. Pollutants attached to sediment are first affected by the dynamic 

settling process based on the hydraulic loading rate (HLR) of the Swirl Concentrator. The 

inlet pipe is welded to the Swirl Chamber on a tangent, which induces the circular motion 

for vortex enhanced separation. The diameter of the Swirl Chamber varies from 

approximately 2.5 to 12 feet according to (1) the calculated peak storm event and (2) the 

intended water quality treatment flow rates for an individual site. Multiple Aqua-Swirl™ 
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Concentrators have been customized in parallel design to process exceptionally large 

flow rates. 

 

Because stormwater flow is naturally intermittent, quiescent settling also takes place 

between successive storm events in the Swirl Concentrator. The height of a standard 

Swirl Chamber varies from 8.67 to 9.5 feet and the length of the access risers are 

influenced by the site’s final surface and drainage pipe elevations. The bottom of the 

Swirl Chamber is approximately 5.67 feet below the invert of the inlet pipe, which 

provides water and sediment storage within the chamber.  

 

The second component of the Aqua-Filter™ is the Filter Chamber. Each Filter Chamber 

has an inside diameter of approximately 72 inches (an outside diameter of 80.75 inches) 

with porous filter containers positioned horizontally in the center of the chamber and 

perpendicular to water flow. There are three filter holders per row that have a surface area 

of approximately four square feet, therefore supplying a total of 12 square feet of surface 

area per row of filters. There are open grates on the bottom of each filter hold where four, 

6-inch thick filters are placed to form two layers in a compact pattern to avert short-

circuiting of the water flow. Accordingly, there is approximately 12 cubic feet of filter 

media per row of filters. Similar 1-inch thick open grates are firmly fixed above the filters 

to facilitate distribution of the pretreated water across the filter bed. The length of the 

Filter Chamber can be extended up to 35-feet to accommodate additional rows of filters 

increasing the surface area based on the calculated WQf to be treated. Furthermore, the 

Filter Chambers have been customized in parallel design to process exceptionally large 

flow rates. 

 

The inside of the Filter Chamber is designed to facilitate distribution of the pretreated 

water above the filter bed and control the flow rate to each row using proprietary post-

filtration hydraulic restraints. The design includes two bulkheads, one positioned at each 

end of the Filter Chamber. The bulkhead just upstream of the filter bed evenly distributes 

stormwater across the filters. The downstream bulkhead restrains incoming stormwater 

creating gravitational pressure for water to permeate the underlying filters. Together, the 

bulkheads contain captured pollutants during peak flows and provide structural support. 

The bulkhead design inside the Filter Chamber allows a maximum 10-inch water level 

above the filters. The principles of the post-filtration flow are based on controlling flow 

through orifices. The post-filtration hydraulic restraints ensure each row of filters 

receives a flow of 60 gpm per row (20gpm per filter) for fine silt particles (< 50 microns); 

or a flow of 240 gpm per row (80gpm per filter) for typical sediment (<150 microns). 
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The Aqua-Filter™ is sized according to the calculated WQf, normally expressed as cfs or 

as Liters per second (L/s), for the individual drainage area entering the stormwater 

conveyance system and the anticipated particle size distribution of the sediment in the 

runoff. Depending on the model installed, the WQf  for a single Swirl Concentrator 

ranges from 0.22 to 5.8 cfs (AquaShield™, Inc. 2005a). For a single Filter Chamber, the 

WQf ranges from 0.13 to 1.6 cfs, again depending on the model installed (AquaShield™, 

Inc. 2005b). Once more, multiple Filter Chambers can be installed in parallel to achieve 

greater treatment flow rates. Detailed drawings of the Model AF-4.2 installed at the Test 

Facility as well as a typical Model AF-6.12 are provided in Appendix D. 

 

The filter media used in the Aqua-Filter™ Model AF-4.2 at the Test Facility is a 

proprietary blend of high conductivity filter media. This media, referred to as Aqua-

Blend™ C, allows stormwater to flow through the media at an approximate flow rate of 

60 gpm per row. This filter media was chosen for the Test Facility Aqua-Filter™ because 

of the expected sediment particle size and the anticipated pollutants in the runoff. Two 

filter media are commonly used in the Aqua-Filter™, the Aqua-Blend™ C and a natural 

medium-to-course grain perlite. The perlite material is used most often due to its overall 

performance characteristics. Other filter media, such as granulated activated carbon and 

zeolite may be used when requested for certain problematic pollutants. The physical 

filtration process is accomplished by gravity, similar to non-proprietary sand filters. 

Sediment is trapped within the interstitial spaces throughout the porous perlite media as 

the stormwater percolates through the filters. Depending on the pollutant characteristics, 

ion exchange and absorption are additional reactions that occur during the filtration of 

stormwater. 

3.2 PERFORMANCE CLAIMS 
The following section describes the performance evaluations of the Aqua-Filter™ 

Stormwater Filtration System technology that are completed or currently under way by 

AquaShield™, Inc. To date both laboratory and field performance evaluations have been 

completed on the technology. It is the policy of AquaShield™, Inc. to conduct 

performance evaluations through qualified third party or independent resources.  

 

The Aqua-Swirl™ Concentrator and the Aqua-Filter™ Stormwater Treatment System 

have both been evaluated and verified by the New Jersey Corporation for Advanced 

Technology (NJCAT) and the New Jersey Department of Environmental Protection 

(NJDEP) under their Stormwater Best Management Practice Tier I Protocol. A copy of 
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the NJCAT Verification Report as well as the data submitted for evaluation are included 

in Appendix E.  

 

The performance claims for this evaluation are for Basic Treatment, Enhanced Treatment 

for Total Metals (dissolved zinc), Total Phosphorus Treatment, and Treatment Train 

Application and are described below.  

 

General Use Level Designation has been granted by Ecology for the Swirl Concentrator 

(or Aqua-Swirl™) as pre-treatment ahead of infiltration treatment or to protect and 

extend the maintenance cycle of a Basic or Enhanced Treatment device such as the Filter 

Chamber. Therefore, the following descriptions are related to the performance claims for 

the filter technology of the Filter Chamber. 

 
1. At a flow rate of 20 gpm, the coarse perlite media filters used in the Aqua-Filter™ 

Stormwater Treatment System has been shown to have an average TSS removal 
efficiency of 80.5 percent for SIL-CO-SIL 106 silica with a d50 particle size of 22 
microns at influent concentrations of 90, 155, 176, and 280 mg/L in laboratory 
studies using simulated stormwater. 

 
2. At a flow rate of 80 gpm, the coarse perlite media filters used in the Aqua-Filter™ 

Stormwater Treatment System has been shown to have an average TSS removal 
efficiency of 93.7 percent for F-110 silica having 33 percent fine particle size 
between 45 and 88 microns at influent concentrations of 136, 235, and 316 mg/L 
in laboratory studies using simulated stormwater. 

 

The performance evaluations for the filter media to support the two Basic Treatment 

claims stated above were conducted by two independent third party laboratories, 

Analytical Industrial Research Laboratories, Inc. (AIRL) in Cleveland, TN and Alden 

Research Laboratory, Inc (Alden) in Holden, MA. A description of their testing methods, 

testing apparatus, laboratory notes, analytical results and certification are included in 

their enclosed evaluation reports (Appendix E).  

 

Enhanced Treatment of dissolved zinc is accomplished with a proprietary blend of filter 

media, Aqua-Blend™ C, which has been shown to have greater than 50 percent removal 

efficiency of soluble zinc at influent concentrations of 0.425 mg/l at a flow rate of 2.5 

gpm/ft2 in laboratory studies and full-scale testing using simulated stormwater.  

 

Total Phosphorus Treatment is accomplished with a proprietary blend of filter media, 

Aqua-Blend™ C, which has been shown to have greater than 50 percent removal 

efficiency of soluble phosphorus at influent concentrations of 11.6 mg/l at a flow rate of 
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2.5 gpm/ft2 in laboratory studies and full-scale testing, respectfully, using simulated 

stormwater.  

 

The performance evaluations for the filter media to support the Enhanced and Total 

Phosphorus Treatment claims stated above were conducted by an independent third party 

laboratory, Analytical Industrial Research Laboratories, Inc. in Cleveland, TN. A 

description of their testing methods, testing apparatus, laboratory notes, analytical results 

and certification are included in their enclosed evaluation reports (Appendix E). 

 

Treatment Train Application for the Aqua-Filter™ Stormwater Treatment System is 

based on the patented configuration of the Swirl Concentrator for pre-treatment, which is 

attached up-stream of the Filter Chamber(s) for every installation. While Ecology has no 

explicit performance standards to measure this application, it is intuitive that the overall 

level of treatment and performance is increased by combining the effective technology of 

the hydrodynamic Swirl Concentrator with the filtration technology in the Filter Chamber 

as claimed above.  

3.2.1 Laboratory Performance Testing 
Recent laboratory performance testing of the Aqua-Swirl™ Concentrator has been 

performed by Tennessee Tech University’s Department of Civil and Environmental 

Engineering on a full-scale Model AS-3 Aqua-Swirl. Their findings indicate that the 

Aqua-Swirl™ Concentrator has an estimated net annual TSS removal efficiency of 91 

percent based on the testing and calculations provided in their report. A copy of their test 

report is included in Appendix E. As previously stated, the Aqua-Swirl™ Concentrator 

has been granted a GULD for pretreatment use (a) ahead of infiltration treatment, or (b) 

to protect and extend the maintenance cycle of a Basic or Enhanced Treatment device 

(for example, sand or media filter). The performance testing reports of various filter 

media are provided in Appendix E.  

 

The most commonly used filter media, medium to course perlite media, has been 

extensively evaluated for removal efficacy of TSS using very fine sediment Sil-Co-Sil 

106 (SCS 106) as well as a fine to medium-fine sediment F-110, both produced by U.S. 

Silica Company. The purpose of these evaluations was to obtain greater than 80 percent 

removal at the most efficient flow (or loading) rate for these two particles sizes of 

sediment commonly found in stormwater runoff using a full scale (approximately 4 ft2) 

filter holder.  
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The particle size distribution of sediment contained in a site’s stormwater discharge is an 

important factor for determining the loading rate for the Aqua-Filter™ Stormwater 

Treatment System. Most studies of stormwater runoff have found that the majority of 

sediment particles by mass are very small, less than 50 to 75 microns. One study suggests 

that about 40 percent of the mass of stormwater sediment is less than 65 microns, while 

in contrast a study of 21 highway sites produced a median particle size (d50) by mass of 

about 100 microns. Thus, these studies are the foundation for selecting the SCS 106 and 

the F-110 sediment for the full scale laboratory testing.  

 

In addition, Appendix D provides the results of removal efficiency evaluations for total 

phosphorus, aluminum, copper, zinc, and fecal coliform, using the same medium to 

course perlite filters as well as a reclaimed cellulose media. These evaluation results were 

obtained through laboratory testing with simulated stormwater. 

 

Additional testing for removal of soluble (dissolved) zinc and phosphorus with TSS was 

conducted using the proprietary filter Aqua-Blend™ C. The overall removal, as reported 

by AIRL indicate 44 percent removal of soluble zinc, 12 percent removal of soluble 

phosphorus and greater than 96 percent removal of TSS.  

  

Snohomish County, Washington granted acceptance of the Aqua-Filter™ technology in 

February 2003 on a case-by-case basis.  This acceptance followed their review of the 

previously submitted performance evaluation reports of the filter media tests (Dragoo, 

2003). 

3.2.2 Field Performance Testing 
In addition to the above laboratory performance tests, field testing of the Aqua-Filter™ is 

being conducted at several locations across the United States and in Korea. Specifically, 

Mr. Bryan Dempsey with the City of Bellingham, Washington intends to use an Aqua-

FilterTM for conducting additional field-testing based on the TAPE requirements. 

 

AquaShield™, Inc. is participating in two field-testing and evaluation programs for the 

Aqua-Filter™ Stormwater Treatment System at the University of New Hampshire 

(UNH), in Durham, NH, Center for Stormwater Technology Evaluation and Verification 

(CSTEV) Test Facility. The CSTEV is a ground-breaking program that provides rigorous 

scientific field-testing and demonstration of stormwater treatment technologies. The 

CSTEV field facility is located at two sites adjoining the West Edge parking lot on the 

UNH Durham campus. The contributing drainage area, approximately nine acres and 
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almost completely impervious, generates stormwater flows typical of many developed 

urban and suburban sub-catchments. A previous three year study on the site provided 

substantial data on existing conditions for runoff quality and quantity. 

 

 

 
Figure 3. Site plan view of the University of New Hampshire field research facility 
indicating locations of twelve treatment unit processes. 
 

The first program at UNH is funded through a grant by the Cooperative Institute for 

Coastal and Estuarine Environmental Technology (CICEET), a partnership between the 

National Oceanic and Atmospheric Administration (NOAA) and the University of New 

Hampshire, CSTEV. This partnership offers workshops in support of municipal 

managers, engineers, and others charged with developing and implementing stormwater 

management plans.  

 

“There are many designs and processes that claim to achieve desirable water quality and 

volume reduction, but few have the independent, scientific testing to back them up,” says 

Robert Roseen, CSTEV co-director and UNH research engineer. “CSTEV tests these 

treatment systems side-by-side, so we can make accurate comparisons, verify their 

effectiveness, and pass this information on to stormwater managers.” 

 

The following is an internet link directly to the Aqua-Filter™ Stormwater Treatment 

System installation page at the CSTEV site:  

http://www.unh.edu/erg/cstev/site_plan/treatment_unit_e.htm. 

 

The second program at UNH is an independent performance evaluation by UNH 

Stormwater Center also at the CSTEV test site and is briefly described below. The UNH 

Stormwater Center will provide additional product testing for the Aqua-Filter™ for 15 
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qualified storm events. Product testing will result in two test reports. The first report will 

be an interim report submitted subsequent to 8-10 qualified storm events and the 

physical/chemical analysis of the samples. This report will also describe the testing 

design and the results based on the Technology Acceptance Reciprocity Partnership 

(TARP) Protocol for Stormwater BMP Demonstrations. The second report will be the 

final report. 

 

Analytical testing of water samples will include:  nitrate, total phosphate, zinc, diesel 

range organics, and total suspended solids. All analyses are performed by a certified 

laboratory for drinking water and waste water. Analytes and methods are delineated in 

Table 2. In addition to those analytes listed below, real-time parameters will include pH, 

dissolved oxygen, conductivity, temperature, turbidity, and flow. Analytical and methods 

procedures are outlined in the Center’s QAPP, available upon request. 

 
Table 2. Analytes and analytical methods for field testing and evaluation of the 
Aqua-Filter™ Stormwater Treatment System at UNH Stormwater Center. 
 

ANALYSES 

Nitrate-N in water by EPA 300 

Total Phosphate by EPA 365.3 

Zinc in water by 6010b 

DRO in water by 8015B 

Total suspended solids by EPA 160.2 

 

 

The UNH Stormwater Center is housed within the Environmental Research Group (ERG) 

at UNH in Durham, New Hampshire. Funding for the Center program has been provided 

by CICEET and NOAA. 

 

Field evaluation of the Aqua-Filter™ Stormwater Treatment System is also underway at 

a National Priority Listed (CERCLA) Superfund Site in Chattanooga, Tennessee. A 

transportable or mobile version of the Aqua-Filter™ is being used to remove sediment 

and any oily sheen from de-watering efforts and stormwater intrusion during an extensive 
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excavation of a creek bed. Samples are taken of the influent and effluent of the extracted 

stormwater under a strict NPDES permit for total hydrocarbons (TPH), sediment (TSS), 

total metals, and volatiles and semi-volatiles.  

 

This QAPP addresses the testing for the Aqua-Filter™ installed at the WSDOT Lake 

Union Ship Canal Test Facility in Seattle, Washington. AquaShield™, Inc. has been 

working with Taylor Associates, Inc. to evaluate the performance of this technology 

using the TAPE requirements in conjunction with the American Society of Civil 

Engineers (ASCE), Civil Engineering Research Foundation (CERF), and the 

Environmental Technology Evaluation Center (EvTEC) protocols (EvTEC 2001). As 

described in this document, the technology at this site and the monitoring equipment are 

installed and water quality data collection is anticipated to begin during the 2005-06 wet 

season upon Ecology approval of the QAPP. 

3.3 AQUA-FILTER™ INSTALLED AT THE LAKE UNION SHIP 
CANAL TEST FACILITY 

The Aqua-Filter™ selected for evaluation at the Test Facility is an “on-line” Model AF-

4.2 (Appendix D). This model consists of a 4-foot inside diameter Swirl Concentrator and 

a Filter Chamber with an approximate diameter of 6.5 feet by 12 foot length. The storage 

volume of the treatment technology installed at the Test Facility is the combined storage 

volume of the Swirl Concentrator and the Filter Chamber. The storage capacity of the 

Swirl Concentrator and Filter Chamber is approximately 517 gallons (69 cubic feet) and 

476 gallons (64 cubic feet), respectively. Thus, the total storage volume for the Aqua-

Filter™ (the entire treatment train) is approximately 993 gallons (133 cubic feet). 

 

The overall treatment capacity of the Aqua-Filter™ is defined by the maximum filtration 

rate of the Filter Chamber’s filter bed. The media installed in the Filter Chamber is a 

proprietary blend, Aqua-Blend™ C media, which is enclosed in 24 filter containers 

aligned in two rows on the Filter Chamber’s bed. This allows for the unit to have an 

overall treatment capacity (100 percent filtration capacity) of approximately 0.28 cfs (125 

gpm). This filter media was chosen for the Test Facility Aqua-Filter™ because of the 

expected sediment particle size and the anticipated pollutants in the runoff in previous 

studies. 

 

As described in section 3.1, bulkheads are positioned at each end of the Filter Chamber to 

restrain water, create gravitational pressure for water to permeate the underlying filters, 

contain captured pollutants during peak flows, and for structural support. The bulkhead 
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design inside the Filter Chamber, allows a maximum 10-inch water level above the 

filters. 

4.0 EXPERIMENTAL DESIGN 
The study design focuses on evaluating the pollutant removal efficiency for the Aqua-

Filter™ unit installed at the Test Facility. Stormwater samples will be collected during 15 

storm events over a 15 month period (estimated for March 2006 through May 2007)3. In 

addition to collecting water quality data, maintenance inspections will be performed to 

assist with maintenance decisions regarding the technology’s performance. Maintenance 

data collected will include a visual assessment of the Filter Chamber and measurements 

of sediment depth and sediment accumulation in the Swirl Concentrator. A description of 

maintenance inspection activities is provided in section 4.8.5. 

 

Base and storm flows will pass through the technology between sampled storm events to 

allow sediment and debris to accumulate in the Aqua-Swirl™ and Aqua-Filter™ 

chambers. This operational choice will allow for the evaluation of the performance of the 

unit and to aid in the evaluation of maintenance needs under conditions more akin to a 

permanent installation. To tailor the site’s inflow volumes for the unit’s designed 

filtration rate of approximately 125 gpm, upstream flow splitters and a gate valve will be 

used to control inflow to the unit. 

4.1 DESIGN RATIONALE AND ASSUMPTIONS 
Based on the TAPE protocols, two sampling approaches could be considered for testing 

the Aqua-Filter™ unit: (1) the event mean concentration (EMC) sampling approach and, 

(2) the DFC method (Ecology 2004a). For an EMC sampling approach, samples are 

collected over the duration of a storm event and composited in proportion to flow. The 

method involves sampling throughout a storm hydrograph (the rising and falling limbs) 

and determines a removal efficiency associated with the entire storm event. For the DFC 

sampling approach, flow-weighted composite samples are collected during discrete 

periods of a storm when flow rates are fairly constant. This approach enables the 

assessment of removal efficiencies at specific flow rates. 

 

The hydraulics of the Test Facility create a sampling challenge for the evaluation of the 

Aqua-Filter™ at the site. The Aqua-Filter™ installed at the Test Facility is designed to 

                                                 
3 The timeline for data collection may be extended if weather conditions warrant and all project participants 

(City of Tacoma, AquaShield, Inc., and WSDOT) agree with extending the data collection timeline. 
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treat flow rates substantially smaller than inflows to the site. This unit is sized to treat 

runoff from an urban basin at a maximum inflow (filtration) rate of approximately 125 

gpm, much lower than the maximum flows generated from the site’s drainage basin. 

Consequently, the upstream flow splitters and a gate valve will be needed to limit flows 

entering the site to within the operational range of the Aqua-Filter™ (Appendix C).  

 

The gate valve controlling flow to bay 3 (the location of the Aqua-Filter™) can maintain 

a relatively steady inflow to the unit by creating a constant head in the upstream flow 

splitter. At the flow splitter, a bypass structure (a vertical standpipe) accommodates 

overflow conditions when flow coming into the splitter is greater than the combined flow 

capacity of bays 3 and 4. By closing the gate valve to bay 4 and limiting the inflow to bay 

3 (partially closing the gate valve), overflow conditions are created at the bypass 

structure. This creates a relatively constant head just upstream of the bay 3 gate valve and 

the inflow to bay 3 (the Aqua-Filter™) can be held relatively constant. 

 

Use of the gate valve could allow for sampling throughout a modified storm hydrograph. 

However, this approach would not meet the EMC sampling approach as described in 

TAPE, which indicates samples “should be composited, covering at least 75 percent of 

each storm’s total runoff volume” (Ecology 2004a). When using the gate valve to control 

inflow, the valve is set at a specific position. As the water level in the pipe reaches the 

bottom of the gate valve, the portion of the runoff hydrograph above the corresponding 

inflow rate is truncated. Thus, the “natural” shape of the storm hydrograph is not 

preserved. However, use of the gate valve can enable a DFC sampling approach in 

addition to preventing overflow conditions in the Aqua-Filter™. 

 

To evaluate the pollutant removal performance of the Aqua-Filter™ technology, the 

experimental design requires the collection of one influent composite sample and one 

effluent composite sample for each inflow rate tested. The influent sample will be 

collected at the outlet of the mixing tank, which is located just upstream of the Aqua-

Filter™’s inlet pipe. An outlet sample will be collected at the outlet of the Filter 

Chamber. Automatic flow-weighted composite samples will be collected for all 

parameters at the inlet and outlet sample points with Teflon intake lines for both sample 

locations. 

4.1.1 Preliminary Hydraulic Evaluation 
Data for the Aqua-Filter™’s preliminary hydraulic evaluation were collected from March 

30, 2005 to July 8, 2005. The initial goals for this data collection effort were to: 
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 further develop the sampling approach for the treatment system, 
 verify the filtration capacity for the treatment system, 
 calibrate and validate the operation of the upstream and downstream flow 

monitoring equipment, 
 assess the ability to control inflow rates using the upstream gate valve and flow 

splitter, and 
 determine the feasibility of sampling two technologies simultaneously. 

 

Each of the above items were investigated during the hydraulic data collection phase. For 

a summary of the preliminary hydraulic evaluation results for the Aqua-Filter™ see 

Appendix F. 

 

Only a DFC sampling approach was evaluated during the preliminary hydraulic 

evaluation and is recommended for this project. An EMC sampling approach is not being 

considered for the Aqua-FilterTM because an EMC approach would require substantially 

reducing the site’s inflow from the 32 acre drainage area to represent the Aqua-Filter™’s 

design inflow rate. To reduce the Test Facility’s inflow to roughly match the unit’s 

design inflow rate, the two upstream flow splitters would need to be adjusted to divert 90 

to 95 percent of the storm flow received by the Test Facility around the Aqua-Filter™ 

during a storm event. Based on previous hydraulic evaluations for different technologies, 

this cannot be accomplished using the two upstream flow splitters in their current 

configuration. To utilize an EMC sampling approach, retrofits to the conveyance system 

and additional study are needed. Since additional time and funding is needed to 

accomplish this sampling approach, an EMC sampling approach is not recommended for 

this project. 

4.2 POLLUTANT REMOVAL EFFICIENCY EVALUATION  
One sampling approach, the discrete flow composite (DFC) method (Ecology 2004a), 

will be used to evaluate the performance of the Aqua-Filter™. This approach will be 

based on collecting flow-weighted composite samples and will provide for the evaluation 

of pollutant removal efficiencies at target inflow rates. 

4.2.1 Discrete flow composite (DFC) sampling approach 
The DFC sampling approach will be used for all 15 storm events. For the DFC 

evaluation, automatic samplers will be used to collect flow-weighted composite samples 

at the inlet and outlet sample points based on flow measured at the respective flow 

monitoring stations. At each sampling location, samples will be collected over a period 

when inflow is held relatively constant (a goal of less than 20 percent variation from the 
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median inflow) and composited in proportion to flow (EvTEC 2001, Ecology 2004a). 

These samples will represent mean influent and effluent concentrations during the 

discrete sample period and will provide average removal efficiencies for each inflow rate 

being tested. 

4.2.2 Target inflow rates for evaluation 
The objective of using the DFC sampling approach is to determine pollutant removal 

efficiencies at different inflow rates both within and beyond the operational capacity of 

the treatment technology (EvTEC 2001, Ecology 2004a). For this reason, the Aqua-

Filter™ will be tested at three target inflow rates, 50 percent, 100 percent, and 125 

percent of the filtration capacity for the unit installed at the Test Facility (Table 3). These 

target flow rates encompass the range suggested by the Ecology guidelines (Ecology 

2004a). The number of target inflow rates tested during each storm event is dependant on 

the duration and intensity of the storm event. Storm events will be targeted to allow 

testing of the Aqua-Filter™ at two target inflow rates during each event. 

 

The sample period is defined as the time interval over which the Aqua-Filter™ is being 

tested at a target inflow rate. During each sample period (as defined by the target inflow 

rate, Table 3), a relatively constant inflow rate will be maintained through the use of the 

upstream gate valve and flow splitter. To maintain the inflow rates proposed for testing, 

the gate valve must be open at most one to two turns from the closed position to reduce 

the site’s inflow. Due to the small opening of the gate valve, there is the potential for 

debris and sediment to clog the opening. Thus, field staff will remain on site during the 

entire test period to monitor the gate valve position and control inflow to the Aqua-

Filter™ during the sample period. 

 

The effect of lag time (or detention time) on the comparability of influent and effluent 

samples for a target inflow rate must be considered (Ecology 2004a). As recommended 

by Ecology (2004a), each composite sample will be collected throughout a period during 

which the volume of water passing through the unit is equal to or greater than eight times 

the Aqua-Filter™’s detention volume. This time period defines the minimum sample 

period (Table 3) for each target inflow rate. The detention volume is defined as the 

maximum storage volume between the inlet to the Aqua-Swirl™ and the effluent sample 

location (at the Filter Chamber’s outlet). Thus, the detention volume is the storage 

volume of both the Swirl Concentrator and the Filter Chamber (approximately 993 

gallons or 133 cubic feet).  
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Two inflow rates may be sampled during each storm event, however, the actual number 

sampled is dependant on the duration and intensity of a storm event. Because 15 storm 

events will be sampled over the course of this study, it is estimated that the data set will 

have 30 paired influent and effluent stormwater samples collected. If the 30 paired 

samples are distributed evenly across the three target inflow rates, ten paired influent and 

effluent stormwater samples may be collected for each target inflow rate. 

 

Table 3. Target inflow rates for the Aqua-Filter™ evaluation. 

Target inflow rate 

(gpm) 

Percent of filtration 

capacity 

Minimum sample 

period 1 

(min) 

Minimum sample 

period 1 

(hours) 

62.8 50 126.5 2.1 

125.7 100 63.2 1.1 

156.3 125 50.8 0.8 
1 The minimum sample period is determined by dividing the target inflow rate into 8 times the Aqua-
Filter™’s detention volume (Swirl Concentrator and Filter Chamber).  
 

To prevent debris from clogging the partially open gate valve during the sample period, 

regular maintenance to clean out debris accumulations in the flow splitter and inlet pipe 

will be conducted. Maintenance will occur as needed (no more than once per week) 

during the wet season and prior to each sampled storm event. This maintenance is needed 

because during either a sampled or non-sampled storm event, stormwater entering the 

Test Facility contains debris. This debris accumulates in the upstream flow splitter and 

can eventually clog the partially opened gate valve during a sample period. Although a 

constant inflow rate may occur at the start of a sample period, over time accumulated 

debris can clog the gate valve opening and result in reduced inflow rates. This effect has 

been observed during previous hydraulic testing for both the Aqua-Filter™ and other 

treatment technologies tested at the site. 

4.3 QUALIFYING STORM EVENT 
For this project, a qualifying storm event has been defined as having a minimum of 0.15 

inches of rain over 5 hours. This intensity should be great enough to mobilize pollutants 

and provide the runoff volumes and duration needed to sample the Aqua-Filter™ at two 

target inflow rates. 

 

Requirements for antecedent conditions are a combination of recommendations from 

EvTEC (2001) and Ecology (2004a). The antecedent rainfall requirements are: (1) less 
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than 0.10-inches of rainfall in the previous 24 hours (EvTEC 2001), and (2) less than 0.04 

inches total rainfall during the 6 hours immediately prior to the start of the storm event 

(Ecology 2004a). Rainfall data will be obtained from a rooftop rain gauge on the 

Atmospheric Sciences (ATG) building4 at the University of Washington. The ATG 

rooftop rain gauge measures rainfall in 0.01 increments and logs at one-minute intervals. 

4.4 QUALIFYING SAMPLE PERIOD  
The sample period (the portion of the storm over which samples are collected at a target 

inflow rate) can occur during any part of the storm event. The field team will target the 

beginning of a storm and periods of high intensity rainfall for sample periods. However, 

samples collected during other portions of a storm event may also qualify. 

 

A qualifying sample period is defined by: 

1. a runoff volume sufficient to provide the target inflow rate, 

2. a target inflow rate that is within 20 percent variation from median flow 

throughout the sample event,5 and 

3. a duration allowing a minimum of eight detention volumes to pass 

through the Aqua-Filter™ (see section 4.2.2).  

 

Thus, a qualified sample period will occur if adequate flow volume is present to sample 

at the target inflow rate throughout the minimum duration of the sample period. Rain 

events with greater than 0.03 inches per hour and a storm duration greater than five hours 

should provide adequate runoff volumes and duration for each of the target inflow rates. 

4.5 STORMWATER QUALITY AND SEDIMENT PARAMETERS 
Stormwater quality parameters to be evaluated as part of this study are listed in Table 4. 

For the purposes of this document, all non-organic parameters will be referred to as 

conventional parameters. All parameters will be analyzed in the laboratory from 

stormwater collected during field testing. 

                                                 
4 The University of Washington Atmospheric Sciences building is located approximately 0.5 miles to the 

east of the Test Facility. 
5 Achieving a technology inflow rate that is always within 20 percent variation from the sample period’s 

median inflow is subject to the storm event’s precipitation patterns and site inflows during the sample 

period. Therefore, this is a goal for water quality data collection. If the technology’s inflow rate varies 

greater than 20 percent from the sample period’s median flow, this will not disqualify the water quality data 

resulting from the sample period. However, water quality data collected during a sample period where 

inflow exceeds this goal will be identified in the results for the final project report. 
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When water quality data collection is complete for the project, sediment samples will be 

collected for chemical analysis from the Swirl Concentrator and the Filter Chamber. In 

addition, sediment samples will be collected prior to maintenance activities that include 

the removal of sediment from the Swirl Concentrator and the Filter Chamber. Parameters 

selected for sediment analysis are based on recommendations made by Ecology (2004a) 

and the project participants. These parameters are listed in Table 5. 

 
Table 4. Stormwater quality parameters. 

Conventional Parameters Organic 
Parameters 

Particulate 

Matter 

General 

Character 
Metals Nutrients 

Organic 

Material 

 

Turbidity 

Total suspended  

   solids (TSS) 

Total solids (TS) 

Volatile 

   suspended solids 

   (VSS) 

Particle size 

   distribution 

   (PSD) 

 

pH 

Hardness 

 

 

 

 

 

 

 

 

Total cadmium 

Soluble cadmium 

Total copper 

Soluble copper 

Total lead  

Soluble lead 

Total zinc  

Soluble zinc  

 

 

Total phosphorus 

   (TP)  

Ortho-phosphorus 

Nitrate/nitrite 

Total nitrogen 

   (TN) 

 

 

 

Total petroleum 

   hydrocarbons 

   (NWTPH-Dx)

Phthalates 

Polynuclear 

   aromatic 

   hydrocarbons 

   (PAHs) 
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Table 5. Sediment parameters. 

Sediment Parameters 

Grain-size  Metals1 Nutrients Organic Material 

 

Percent total solids     

Total volatile 

   solids (TVS) 

Grain-size 

 

Total cadmium 

Total copper  

Total lead 

Total zinc 

 

Total phosphorus 

   (TP) 

Total organic 

   carbon (TOC) 

 

Total petroleum 

   hydrocarbons 

   (NWTPH-Dx) 

Phthalates 

Polynuclear aromatic 

   hydrocarbons (PAHs) 

1
  Table C-2 of TAPE (Ecology, 2004a) recommends analyzing for total recoverable metals, however, 

samples will be analyzed for total metals. Total metals analysis uses a more aggressive procedure that 
brings more metals into solution. Total metal analysis is also more widely used and therefore more 
comparable to other data. 

4.6 MINIMUM ANALYTICAL SAMPLE VOLUME 
A minimum water sample volume of 10,325 mL is required for analysis of both 

conventional and organic parameters. Stormwater samples sent to the laboratory for 

analysis of conventional parameters require a minimum of 5,325 mL and for organic 

parameters 5,000 mL. Additional sample volume for laboratory QC will be collected at 

the inlet sample point (see section 5.1 for additional details on QC sample collection).  

4.7 MONITORING AND SAMPLING EQUIPMENT-
INSTALLATIONS AND LOCATIONS 

Two flow monitoring locations and two sampling locations will be used to conduct the 

pollutant performance evaluation of the Aqua-Filter™ technology. Inlet and outlet flow 

will be monitored in the inlet and outlet conveyance pipes connected to the unit. 

Automatic water quality sampling will occur at two locations. Inlet sampling will occur 

in the mixing tank upstream of the Aqua-Filter™ and outlet sampling will occur at the 

Filter Chamber’s outlet. The locations of the flow monitoring stations and sample 

collection points are shown in Appendix G. 

4.7.1 Monitoring Flow and Water Level 
Flow monitoring will be conducted using A-V flow monitoring instruments, which 

measure both water depth and water velocity. This data is used in conjunction with the 

dimensions of the conveyance structure to calculate and record the flow rate. The Isco 
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low-profile, A-V sensor interfaced with an Isco 6712 sampler and 750 A-V module will 

be used to measure and record flow in the inlet and outlet6 pipes of the Aqua-Filter™ 

conveyance system. Inflow is measured in the 12-inch pipe between the upstream mixing 

tank and inlet to the Swirl Concentrator. Outflow is measured in the 12-inch pipe 

downstream of the Filter Chamber. Both inflow and outflow will be logged at one-minute 

intervals during each sample period and inflow at five-minute intervals during non-

sample periods. Outflow will not be monitored during non-sample periods. 

 

To monitor when and if flow is bypassed over the media filter bed, an Isco 730 “bubbler” 

module will be used to measure water level in the Filter Chamber. The instrument’s 

bubbler tube will be located upstream of the filter bed’s flow spreader. This location will 

allow for the measurement of water level above the filter bed and the determination of 

when bypass of the filter bed occurs. Water level in the Filter Chamber will be logged at 

one-minute intervals during each sample period and will not be monitored during non-

sample periods. 

4.7.2 Inlet and Outlet Sample Locations 
The influent sample will be collected within the upstream mixing tank from a point just 

below the invert of the tank’s outlet pipe. An Isco 6712 sampler equipped with a three-

eighths-inch diameter Teflon sample line and four, 4-liter (approximately) bottles (two 

plastic, two glass) will be used to collect two composite samples, one for analysis of the 

conventional parameters and one organics. The inlet sampler will be flow-paced by the 

inlet flow monitoring instrument described previously. 

 

A second Isco 6712 will be used to collect a field duplicate sample. The duplicate 

sampler will have a set-up similar to the first sampler (primary), with a three-eighths-inch 

diameter Teflon sample line and the same four, 4-liter bottle set-up. The primary sampler 

will log flow and be programmed to collect flow-weighted composite samples. An Isco 

SPA 1026 sampler trigger cable will link the primary sampler to the second 6712 sampler 

(secondary) and will transmit a “sample” pulse from the primary sampler to the 

                                                 
6 Due to challenges with measuring flow in the outlet pipe, a Palmer-Bowlus (P-B) flume and 730 bubbler 

module may be used to measure flow in the outlet pipe. Regardless of using a P-B flume or A-V sensor, the 

slope of the outlet pipe may need to be reduced prior to monitoring and data collection. The conveyance 

pipes were designed to be installed at an approximate 1 percent slope, however, the outlet conveyance pipe 

was constructed at a 2.6 percent slope. This makes measuring low flows a challenge due to low water 

depths and high velocities. If AquaShield™, Inc. agrees to this change, changes will be made in the QAPP 

and conveyance system prior to data collection. 
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secondary sampler. This pulse will trigger the secondary sampler to collect a sample at 

the same time the primary sampler collects a sample. When a field duplicate is not being 

collected, the secondary sampler may be designated as another primary sampler and used 

to sample the second flow rate during a storm event. This approach would reduce the 

time during a storm event spent on sampler set-up between discrete sample periods. 

 

The effluent sample will be collected from within the Filter Chamber at a point just 

below the invert of the Filter Chamber’s outlet pipe. The location of the effluent sampling 

point was selected for several reasons: 

(1) flow depths in the outlet conveyance pipe (downstream of the Filter Chamber 
outlet) are too low to reliably collect an effluent sample from this pipe; 

(2) adequate depth for sample collection will always exist at the invert elevation 
of outlet pipe (inside the Filter Chamber); 

(3) at the invert elevation of outlet pipe, filtered and unfiltered stormwater (that is, 
stormwater that has bypassed the Filter Chamber’s filtration bed) have mixed and 
thus the effluent sample will be representative of the stormwater flowing out of 
the technology (or treatment train) post-treatment; and 

(4) access to the inside of the Filter Chamber allows for ease of installation and 
maintenance of the sample lines.  

 

Similar to the influent sample, an Isco 6712 sampler with three-eighths-inch diameter 

Teflon sample line and four, 4-liter bottles (two plastic, two glass) will be used to collect 

two composite samples; one sample for analysis of conventional parameters and one for 

organic parameters. The outlet sampler will be flow-paced by the outlet flow monitoring 

instrument described previously. As with the inlet sampling station, a second sampler 

may be used to sample the second flow rate during an event, which would reduce the 

time needed to transition between discrete sample periods during an event. 

4.8 SAMPLING METHODS 
As discussed in section 4.7, automated samples will be collected at a location upstream of 

the Aqua-Filter™ and at the outlet of the unit’s Filter Chamber. Flow for the inlet and 

outlet sample points will be measured at corresponding upstream and downstream 

locations and used to pace sample collection. Monitoring of water level in the Filter 

Chamber will be conducted to determine if and when the unit goes into bypass 

conditions. 

 

A minimum of one sediment sample will be collected for the Aqua-Filter™. At the end of 

water quality data collection for the project, sediment samples will be collected for 
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chemical analysis from the Swirl Concentrator and the Filter Chamber. If maintenance 

activities during the data collection effort require sediment removal from the Swirl 

Concentrator and the Filter Chamber, a sediment sample will be collected prior to the 

removal of sediment. 

 

To determine when to set-up for an upcoming storm event, Taylor staff will monitor 

antecedent weather conditions and weather forecasts via the Internet. If a storm has been 

targeted for sample collection, Taylor staff will set-up the monitoring equipment and 

automatic samplers for sample collection. During pre-storm set-up the following tasks 

will be performed: 

 

1. Monitoring equipment (flow and level) set to log at one-minute intervals. 

2. Monitoring equipment (flow and level) calibrated if flow is present. 

3. Sampling equipment calibrated and checked to verify operation. 

4. Clean sample lines for all four 6712 samplers by back-flushing with DI water.  

5. Label sample bottles to identify target inflow rate, and influent or effluent 

sample (the labeling protocol is described below).  

6. Properly place sample bottles in each of the 6712 sampler bases. 

7. Fill each base with ice. 

 

Because more than one sample period may occur during one storm event, tasks 4, 5 and 6 

will be repeated when setting up for a subsequent sample period (that is, collecting 

samples at another target inflow rate). Ice (task 7 above) will be replaced between sample 

periods as needed. After each sample period, samples will be retrieved and stored on ice 

until all samples collected for the storm event are ready for transport to the Tacoma 

laboratory. All activities to be performed during the pre-storm, between sample periods, 

and post-storm site visits will be summarized in the field sheets. 

 

Prior to activating the samplers at the start of each sample period, the gate valve will be 

adjusted to maintain a constant flow at the inflow rate targeted for testing. For example, 

to collect samples at the 100 percent capacity inflow rate (125 gpm) the gate valve will be 

opened approximately one and a half full turns. The samplers will not be activated until 

two detention volumes have passed through the unit and the inflow is relatively constant 

at the inflow rate targeted for the sample period. Once the samplers have been activated 

to collect samples, field staff will remain on site to adjust the gate valve as needed for the 

duration of the sample period. 
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After the storm event, collected samples will be appropriately labeled and delivered to the 

Tacoma laboratory for analysis. Flow and Filter Chamber level data will also be 

downloaded. The following labeling convention will be used for composite samples 

collected at the inlet station: 

 

[DATE]-AF-[target inflow rate (50, 100 or 125]-[IN]-[C(conventional), 

O(organics)] 

 

The following labeling convention will be used for the composite samples collected at the 

outlet station: 

 

[DATE]-AF-[target inflow rate (50, 100 or 125)]-[OUT]-[C(conventional), 

O(organics)] 

 

For example, a sample for organics analysis that was collected during an inflow rate of 

156 gpm (125 percent of the unit’s filtration capacity) from the Aqua-Filter™ outlet on 

November 6, 2005 would be labeled: 

 

110605-AF-125-OUT-O 

 

Maintenance inspections will be conducted after sampling for an entire storm event has 

been completed and inflow conditions for the unit have returned to baseflow. The field 

procedures for water quality sampling, sediment sampling, and maintenance inspections 

are described below.  

 

4.8.1 Influent sample 
For the influent samples, a primary and secondary sampler will be programmed to collect 

a DFC sample for both conventional and organic parameters (for a parameter list see 

Table 4, p. 27). Using two samplers at the inlet sample point each with a four, 4-liter 

bottle configuration will allow for the collection of one, 8 liter (approximately) composite 

sample for each parameter set (conventionals and organics) as well as a field duplicate for 

each parameter set. When a duplicate sample is collected, the primary sampler will be 

used to trigger the secondary sampler to collect a DFC sample for both conventional and 

organic parameters. This simultaneous sampler triggering will allow a duplicate sample 

to be collected at the same time as the primary sampler. When a duplicate sample is not 

being collected, the second sampler may be used for sampling at a second flow rate 
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during a subsequent sample period. This approach would decrease the time needed for 

sampler set-up when testing at multiple inflow rates during the same storm. 

 

Two automated sampling programs will be used for the primary sampler (Appendix H). 

One program will be used when a field duplicate is not being collected and thus, the 

program will only fill the four, 4-liter bottles in the primary sampler. The second program 

will be used for collecting a field duplicate and will trigger the secondary sampler to fill 

the four, 4-liter bottles in the secondary sampler at the same time the sample bottles in the 

primary sampler are filled. For both programs, a flow-based pacing rate will be used to 

determine when the primary sampler is to collect a sample and thus, trigger the secondary 

sampler to collect a sample.  

 

The pacing rate for sample collection is based on the volume of water anticipated to pass 

through the Aqua-Filter™ technology during the predefined sample period for the target 

inflow rate being tested. The pacing rate will be set at 332 gallons, which allows for the 

collection of three subsamples per detention volume passing through the Aqua-Filter™ . 

Each subsample will be a total volume of 500 mL and will be equally distributed 

sequentially into the four bottles (125 mL per bottle into two plastic bottles for 

conventional parameters and 125 mL per bottle into two glass bottles for organic 

parameters). When collecting a duplicate sample at the inlet, collection of each 

subsample by the secondary sampler will be initiated when collection of the subsample is 

initiated by the primary sampler. Thus, the two composite samples are considered to be 

collected at the same time. 

4.8.2 Effluent sample 
For the effluent samples, only one sampler will be used because a duplicate sample will 

not be collected at the outlet location. This sampler will be programmed to collect DFC 

samples for each set of parameters (conventional and organic parameters; for a parameter 

list see Table 4, p. 27). The sampler will use a four, 4-liter bottle configuration allowing 

for the collection of two, 8-liter composite samples (one for conventionals and one for 

organics). A second sampler may be installed at this location to facilitate the collection of 

an additional sample for a subsequent sample period during the same storm. Having this 

second sampler available would decrease the time needed for sampler set-up when testing 

at multiple inflow rates during the same storm event. 

 

For the sampler at the outlet sample point, one automated sampling program will be used 

to fill four, 4-liter bottles (Appendix H). Similar to the inlet samplers, a flow-based 
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pacing rate of 332 gallons will be used to determine when the sampler is to collect a 

sample. This pacing rate will allow the collection of three subsamples per detention 

volume passing through the Aqua-Filter™. For each subsample, a total volume of 500 

mL will be deposited sequentially into the four bottles (125 mL per bottle into two plastic 

bottles for conventional parameters and 125 mL per bottle into two glass bottles for 

organic parameters).  

4.8.3 Particle Size Distribution 
A portion of both the influent and effluent composite samples will be submitted for 

particle size distribution (PSD) 7 analysis (Appendix K). Provided each composite sample 

is of sufficient volume and the sample has a high enough TSS concentration, a volume of 

500 mL will be split off from each composite sample and the two 500 mL samples will 

be submitted to SPECTRA for PSD analysis. The PSD sample size of 500 mL is the 

volume required by SPECTRA to complete the analysis using the laser defraction method 

(Table 9) recommended in the TAPE (Ecology 2004a). 

 

When splitting off the 500 mL PSD sample from each composite sample, handling 

methods will be used to ensure a representative sample is collected for PSD analysis. 

Prior to splitting off the PSD sample, the influent and effluent sample will be thoroughly 

mixed. While splitting off the 500 mL sample, the composite sample will be continuously 

agitated. This will ensure that sediment in the composite sample is thoroughly mixed 

within the water column while splitting off the PSD sample.  

4.8.4 Sediment Sample 
At the end of this study, two sediment samples will be collected, one from the Swirl 

Concentrator and one from the Filter Chamber. For each, a minimum of six sediment 

subsamples will be collected. Sampling locations will be selected with consideration for 

where the greatest sediment depths exist and to ensure that the sample is representative of 

the total sediment volume in the technology (Ecology 2004a). Subsamples will be 
                                                 
7 If it is determined to be feasible, particle size distribution samples may be collected separately from the 

influent and effluent composite samples. This could be accomplished using the equal transit rate technique 

rather than the automated samplers. For this technique samples would be collected within the upstream 

mixing tank from a point just below the invert of the tank’s outlet pipe and within the Filter Chamber at a 

point just below the invert of the Filter Chamber’s outlet pipe. An isokinetic sampling device would be 

lowered into the water flow and subsamples would be collected at varying depths and then composited into 

one sample that would characterize the overall water flow. If the decision is made during the study to 

change PSD sample collection to this technique, a memorandum would be submitted to Ecology proposing 

an amendment to the QAPP.  
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collected using a clean, stainless steel spoon, and mixed in a separate clean, stainless-

steel bowl. The sediment sample will be transferred to a clean glass container and kept at 

4oC during storage and transport to the laboratory for analysis (for a parameter list see 

Table 5, p. 28). 

4.8.5 Inspections and Maintenance 
The purpose of the maintenance inspections is to document sediment and debris 

accumulation in the Aqua-Filter™ and to evaluate the maintenance needs during the 

course of this study. Maintenance inspections will occur after each sampled storm event 

(when inflow conditions have returned to baseflow) or at least once a month, whichever 

is more frequent. For the Swirl Concentrator data collected to assess maintenance needs 

will consist of measurements of sediment depth and water depth in three locations. At 

each location, triplicate measurements will be made and the average will be used to 

indicate sediment depth at that location. When the sediment is within 30 to 36 inches 

from the water surface, cleaning is required and AquaShield™, Inc. staff will be notified. 

In addition, a visual inspection will document any sheen, floatables or other maintenance 

concerns.  

 

For the Filter Chamber a visual inspection will be made of the filter media, which starts 

out light tan or white in color and turns black when it becomes saturated from pollutant 

loading and requires replacement. The visual inspection will also look for any sheen, 

floatables, or buildup of sediment in the Filter Chamber. Additionally a visual inspection 

will be made of the upstream mixing tank. Maintenance inspection field data sheets will 

be kept on file and submitted quarterly to Tacoma and AquaShield™, Inc. staff. 

 

For the maintenance assessment of a stormwater treatment technology, incorporating 

changes in performance over time (that is, as the volume of stormwater treated by the unit 

increases) is preferable. For this reason, base and storm flows will be allowed to pass 

through the Aqua-Filter™ during non-sampling events. During non-sampling events, the 

upstream flow splitters will be set to direct partial flow to the unit and the gate valve will 

be opened to a setting that prevents overflow conditions in the Aqua-Filter™. This will 

be done to simulate normal operating conditions for the unit installed at the Test Facility. 

Between sampled events, only inflow to the unit will be monitored continuously with a 

logging interval of five minutes during these periods. 
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4.8.5.1. Swirl Concentrator 
The Swirl Concentrator will be inspected by removing the top cover and observing the 

captured floating debris and free-oil on the stored water. Sediment depth will be 

determined by lowering a measuring device (that is, metal tape measure or stadia rod) to 

the top of the sediment pile. When the sediment pile is within 30 inches to 36 inches of 

the static water surface, cleaning will be performed by either AquaShield™, Inc. staff or 

an AquaShield™, Inc. contractor. Sediment removal is typically performed with a vactor 

truck by first removing the captured floating materials from the water’s surface and then 

lowering the vac-hose into the accumulated sediment pile for removal of sediment. 

4.8.5.2. Filter Chamber 
The Filter Chamber’s filter media is easily observed from the surface through the covered 

openings spaced over the entire filter bed. Initially, the media is light tan or white in 

color. As it captures pollutants over time, the color changes to gray, finally turning black 

when it has become saturated with pollutants. When maintenance observations indicate 

replacement of the media is needed, AquaShield™, Inc. staff or an AquaShield™, Inc. 

contractor will replace the spent filters. The filters are simply removed from the Filter 

Chamber and replacement filter containers, which will be provided by AquaShield™, 

Inc., are positioned onto the filter bed. 

 

Direct access into the Filter Chamber is provided by a 28-inch riser with a permanent 

ladder welded into the downstream section of the chamber. This additional access allows 

for (1) an unobstructed walkway to the downstream side of the filter bed, and (2) 

vacuuming standing water out of the Filter Chamber. Replacement of the filter media 

typically requires entry into the Filter Chamber by one of a two-member maintenance 

crew. Confined space entry precautions should be taken by the maintenance crew when 

removing and replacing the filters. 

 

The spent filters are retrieved from the Filter Chamber by a second crew member at the 

surface through the multiple 28-inch risers spaced across the top of the filter bed. The 

center row of the filter bed has been fitted with removable grate panels, which when 

removed create a six foot tall walkway down the center of the chamber. This walkway 

provides access to the full length of the Filter Chamber. Stainless steel pins lock these 

center grate panels in place for normal operation. A row of permanent side grate panels 

are positioned on both sides of the center row. After the center grate panels have been 

removed, the filter media can be lifted from these side grate panels. After the permanent 

side grates have been loaded with fresh filter containers, the removable center grates are 
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repositioned and locked in place. New filters are installed in a criss-cross manner to 

prevent short-circuiting. 

 

The removed sediment and spent filters generally do not require any special treatment or 

handling for disposal and are often recycled or sent to a subtitle D landfill. AquaShield™, 

Inc. recommends that all materials removed during the maintenance process of the Aqua-

Filter™ technology be handled and disposed of in accordance with local and state 

requirements. 

5.0 FIELD QA/QC 
The following section describes field quality control measures that will be followed to 

ensure data quality. These include quality control samples; instrument testing, 

maintenance, and calibration; new equipment inspection; data acquisition from the 

University of Washington; and sample handling and custody. 

5.1 QUALITY CONTROL SAMPLES 
Quality control (QC) samples will be collected and analyzed for field and laboratory 

activities associated with stormwater sampling. Table 6 provides a summary of each field 

and laboratory QC sample, associated frequency, acceptance criteria, and initial 

corrective action. 

 

Quality control checks for field activities will consist of field blanks and field duplicate 

samples. Equipment rinsate blanks and duplicate samples will only be collected at the 

inlet sample point. The inlet sample point is expected to receive higher pollutant 

concentrations than the outlet sample point, therefore the inlet sampling equipment is 

more prone to contamination than the outlet sampling equipment (Ecology 2004a). For 

this reason, Ecology (2004a) recommends that rinsate blanks and duplicates be collected 

at the upstream (or inlet) sample point. 

 

Field duplicates will be collected during randomly selected storm events for 10 percent of 

the total number of stormwater samples submitted for analysis. All duplicates will be 

submitted to the laboratory and labeled as separate blind samples. Quality control results 

for field activities will be reviewed by the site manager.  

 

Equipment rinsate blanks will be collected at three different times. The first rinsate blank 

will be collected prior to the initiation of sample collection, the second after the first
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Table 6. Quality control samples for field and laboratory activities. 
Type of 
Control 
Sample 

Description Frequency Acceptance Criteria 
Suggested Corrective 
Action 

Method Blank 
 

Reagent grade sample matrix 
analyzed to indicate laboratory 
contamination. 

20 percent of samples, or 
per preparation batch.  
 

Less than two times the 
reporting limit for each 
analytical method or less 
then 10 percent of the 
lowest sample reported. 

Laboratory QA/QC 
manager will review 
laboratory procedures and 
determine if samples should 
be rerun.  

Laboratory 
Duplicates 

A second aliquot of sample processed 
in exactly the same manner (to 
evaluate precision). 

Minimum of one 
duplicate per analysis 
batch or as defined by the 
laboratory’s QA Manual. 

Relative Percent Difference 
(RPD) < 20 for samples > 5 
times the reporting limit. 
No RPD if results are 
below the reporting limit. 

Laboratory QA/QC 
manager will review 
laboratory procedures and 
determine if samples should 
be rerun.  

Lab Control 
Samples 
(check 
standards or 
spiked blanks) 

Sample matrix prepared 
independently from the calibration 
standards (to provide an indication of 
the accuracy of the analytical 
determination). 

Minimum of 5 percent of 
samples or 1 set per 
analysis batch. 

Recoveries within ± 20 
percent for metals or within 
Laboratory Established 
Control Limits for 
conventionals and organics. 

Laboratory QA/QC 
manager will review 
laboratory procedures.  

Matrix spike 
An aliquot of sample to which a 
known quantity of target analyte has 
been added (to determine bias).  

Minimum one per 
analysis batch. 

Recoveries within ± 25 
percent for metals and 
conventionals and within 
Laboratory Established 
Control Limits for organics. 

Laboratory QA/QC 
manager will review 
laboratory procedures and 
determine if samples should 
be rerun.  

Field duplicate 
Duplicate samples collected in the 
field. 

10 percent of samples. 

RPD <20 for samples > five 
times the MDL. 
No RPD if results are 
below the reporting limit. 

Site manager will review 
the sample collection and 
compositing procedures, 
and resample if necessary. 

Equipment 
rinsate blank 
 

Reagent grade water that has been 
processed as a field sample, used as 
an indicator of sample process 
contamination. 

2 initial blanks at start of 
sampling activities, and 1 
blank midway through 
the sampling program. 

Less than two times the 
MDL or less than 10% of 
the lowest sample reported. 

Site manager will review 
the sample collection and 
compositing procedures. 
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sampled storm event, and the third midway through the sampling timeline for the project. 

Rinsate blanks will consist of reagent grade deionized water collected under field 

conditions using the same equipment used for storm sampling. Prior to collection of the 

rinsate blank, the sample line will be rinsed with deionized water by running the sampler 

pump in reverse. The rinse volume will be equal to at least three times the suction line 

volume. After cleaning the sample line, the field blank will be collected by drawing 

deionized water through the sample intake line. If the rinsate blanks are collected 

concurrently with sampling a storm event, they will be labeled and delivered to the 

laboratory with the samples from the sampling event and analyzed for metals, nutrients, 

and organics. If the blanks are collected at a time other than a sampled storm event they 

will be labeled and delivered to the laboratory within 24 hours of collection. 

 

At the inlet location, the Teflon sample lines are run through a one-half inch flexible 

plastic conduit. This conduit is secured to the mixing tank wall and requires a quick-

connect at the top of the mixing tank to allow for collecting the rinsate blank. The sample 

line will be disconnected at the quick-connect location and removed from the conduit to 

allow collection of the rinsate blank. Once the rinsate blank is collected, the sample line 

will be replaced in the plastic conduit and rinsed with deionized water prior to sample 

collection. Again, the rinse volume will be equal to at least three times the suction line 

volume. 

5.2 INSTRUMENT TESTING, INSPECTION, AND MAINTENANCE 
The flow monitoring and water quality sampling equipment will be inspected prior to use 

to ensure they are operational. New pump tubing will be installed in each sampler as 

needed and monitoring equipment maintenance will follow manufacturer 

recommendations. 

 

Inspections and preventative maintenance activities on the automated samplers and 

bubblers will occur prior to each targeted storm event as part of the pre-storm set-up. 

Prior to initiating a sample period, the sample line will be flushed with deionized water 

provided by the laboratory. The rinse volume used will be equal to at least three times the 

suction line volume. Additional maintenance activities will be performed on an as-needed 

basis. A record of maintenance and calibration activities will be kept in the field 

notebook. The following critical spare parts will be stored on-site and be available for 

maintenance: 
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 Isco pump tubing 

 Isco intake tubing 

 Clean Isco glass sample bottles (nitric acid rinse and organically cleaned) 

 Clean Isco plastic sample bottles (nitric acid rinse) 

 Desiccant 

 Batteries 

5.3 INSTRUMENT CALIBRATION AND FREQUENCY 
Calibration of the monitoring equipment will be conducted for each storm event and as 

indicated by field inspection and data review. Prior to the initiation of the first sample 

period for each storm event, the water level at the upstream and downstream A-V sensor 

locations will be measured and checked against the monitoring equipment readings. The 

level in the Filter Chamber will be measured and checked against the 730 module 

reading. All monitoring equipment will be recalibrated as needed. The subsample volume 

collected by each sampler will be calibrated immediately prior to the start of the first 

sample period for each storm event and recalibrated as needed. Calibration and 

maintenance records will be updated and kept in the field notebook. 

5.4 INSPECTION/ACCEPTANCE OF SUPPLIES AND 
CONSUMABLES 

Upon receipt, field equipment and monitoring supplies will be inspected by the site 

manager to determine whether any of the goods are damaged. If goods are damaged, they 

will be returned to the source for replacement or a refund. 

5.5 DATA ACQUISITION REQUIREMENTS (NON-DIRECT 
MEASUREMENTS) 

Rainfall data for this project will be collected at the rooftop of the University of 

Washington Atmospheric Sciences building, which is located approximately 0.5 miles to 

the east of the Test Facility. Real time precipitation data logged at one-minute intervals 

are available via the Internet (http://www.atmos.washington.edu). The QA/QC and 

maintenance related to the rain gauge will be performed by University of Washington. 

These QA/QC activities are not related to this study and will not be tracked by Taylor 

staff. Rainfall data will be reviewed prior to the start of a targeted storm event to ensure 

that the conditions for the antecedent dry period have been met. As needed, rainfall data 

will be downloaded via the Internet and imported into the Flowlink database by the site 

manager. 
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5.6 SAMPLE HANDLING AND CUSTODY REQUIREMENTS 
Proper sample collection, handling, preservation, transport, and custody procedures will 

be followed. Sample containers will be appropriately labeled and a chain of custody form 

(Appendix I) will be completed for all samples delivered to Tacoma and SPECTRA 

laboratories. All samples will be iced during collection, storage and transport to the 

laboratories. Prior to transport to the laboratories, samples will be composited and then 

split as needed (see section 4.8.3) in a clean area within the on-site trailer. No 

preservation of samples is needed prior to delivery to the laboratories. All samples will be 

delivered to the laboratories in less than 24 hours from the onset of collection to ensure 

the holding times for dissolved metals and pH are not exceeded. Table 7 and Table 8 list 

the sample size, container type, preservation method, and holding times for the 

stormwater and sediment parameters. 
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Table 7. Stormwater quality parameters – field procedures. 

Parameter Minimum 
Sample Size 

Container Preservation 
Method 

Holding 
Time 

Particulate Matter     

Turbidity 250 mL Plastic Cool 4°C 48 hours 

Total suspended solids (TSS) 1000 mL Plastic Cool 4°C 7 days 

Volatile suspended solids 

(VSS) 

Extra vol. not 

needed 
Plastic Cool 4°C 7 days 

Total solids (TS) 250 mL Plastic Cool 4°C 7 days 

Particle size distribution (PSD)1 500 mL Plastic None None 

General Parameters     

pH 100 mL Plastic Cool 4°C 24 hours 

Hardness 500 mL Plastic 
Cool 4°C (lab – 

HNO3 to pH <2) 
6 months 

Metals     

Total cadmium (Cd) 

Total copper (Cu) 

Total lead (Pb) 

Total zinc (Zn)  

500 mL Plastic 
Cool 4°C (lab – 

HNO3 to pH <2) 
6 months 

Dissolved Cd 

Dissolved Cu 

Dissolved Pb 

Dissolved Zn 

100 mL Plastic 

Cool 4°C (lab – 

filter, HNO3 to 

pH <2) 

24 hours until 

preserved, 6 

months 

Nutrients     

Total phosphorus (TP) 500 mL Plastic 
Cool 4°C (lab – 

H2SO4 to pH <2) 
28 days 

Ortho-phosphorus  125 mL Plastic Cool 4°C 48 hours 

Total nitrogen (TN) 1,000 mL Plastic 
Cool 4°C (lab – 

H2SO4 to pH <2) 
28 days 

Nitrate/nitrite 500 mL Plastic 
Cool 4°C (lab – 

H2SO4 to pH <2) 
28 days 

Organics     

Total petroleum hydrocarbons 

   (NWTPH-Dx) 
1,000 mL Glass 

 

Cool 4°C 
30 days 

Phthalates, 

Polynuclear aromatic 

    hydrocarbons (PAHs) 

4,000 mL Glass 

 

Cool 4°C 7 days 

1 All parameters except particle size distribution will be analyzed by Tacoma’s Science and Engineering 
Lab. SPECTRA Laboratories will conduct the particle size distribution analysis. 
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Table 8. Sediment parameters – field procedures. 

Parameter 
Minimum 
Sample 
Size 

Container 
Preservation 
Method 

Holding 
Time 

Grain-size     

Volatile suspended solids 

(VSS) 
50 gm Glass Cool 4°C 7 days 

Percent solids  50 gm Glass Cool 4°C 7 days 

Grain-size 1 kg Glass None 7 days 

Metals1     

Total cadmium (Cd) 

Total copper (Cu) 

Total lead (Pb) 

Total zinc (Zn)  

10 gm Glass None 6 months 

Nutrients     

Total organic carbon (TOC) 4 gm Glass Cool 4°C 28 days 

Total phosphorus (TP) 30 gm Glass Cool 4°C) 28 days 

Organics     

Total petroleum  

   hydrocarbons (NWTPH-Dx) 
50 gm Glass 

 

Cool 4°C 
14 days 

Phthalates 

 
50 gm Glass 

Cool 4°C 

 
14 days 

Polynuclear aromatic 

    hydrocarbons (PAHs) 
50 gm Glass Cool 4°C 14 days 

1
  Table C-2 of TAPE (Ecology, 2004a)recommends analyzing for total recoverable metals, however, 

samples will be analyzed for total metals. Total metals analysis uses a more aggressive procedure that 
brings more metals into solution. Total metal analysis is also more widely used and thus, is more 
comparable to metals data collected via other studies. 
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6.0 METHOD QUALITY OBJECTIVES 
Data obtained from this project will provide information on the performance of the Aqua-

Filter™ Stormwater Treatment System and maintenance requirements for the technology 

installed at the Test Facility. Specifically, this section addresses the critical elements of 

laboratory and field data quality objectives. These elements include precision, bias, 

detection and reporting limits, representativeness, completeness, and comparability. 

6.1 PRECISION 
Precision is a measure of the scatter in data due to random error, often resulting from 

sampling and analytical procedures. For laboratory analysis, precision will be assessed 

using laboratory duplicates as described in the Tacoma’s analytical laboratory’s Science 

and Engineering QA Manual (Tacoma 2005) and SPECTRA Laboratories’ Quality 

Assurance Manual, Revision 3 (SPECTRA 2002). To assess precision in the field, 

stormwater field duplicates will be collected for at least 10 percent of the number of 

samples submitted to the laboratory for analysis. Precision of sediment depth 

measurements during maintenance inspections will be assessed by taking triplicate 

measurements at each location.  

6.2 BIAS 
Bias is the difference between the mean of the results of an infinite number of replicate 

measurements and the true value due to systematic error. Defining and following 

standardized sampling methods such as those set forth in this QAPP minimizes error due 

to bias. Bias affecting laboratory measurement procedures will be assessed by the use of 

matrix spike recovery, method blanks, and check samples in accordance with the Science 

and Engineering QA Manual (Tacoma 2005) and SPECTRA Laboratories Quality 

Assurance Manual, Revision 3 (SPECTRA 2002). Bias in field procedures will be 

measured by collecting field blanks at a rate of 10 percent of the number of samples 

submitted for analysis. Bias will be reduced by regularly calibrating instruments and 

consistently following field procedures described in this QAPP.  

6.3 REPRESENTATIVENESS 
Representativeness is defined as the degree to which the data obtained describes the site 

conditions that the project seeks to evaluate. Representativeness is improved by selection 

of appropriate sampling locations, times, and methods. To ensure representativeness of 

the data, composite stormwater samples will be collected at inlet and outlet sample points 
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that best represent pollutant constituents in the influent stormwater and treated effluent. 

Consistent and standard sampling and analytical procedures as set forth in this QAPP will 

be followed. The inlet and outlet sample points will be selected to ensure a well-mixed 

sample representative of the storm conditions is collected. 

6.4 COMPLETENESS 
Completeness is defined as the percentage of valid data obtained from a measurement 

system compared to the amount resulting from ideal conditions. The goal for 

completeness is to obtain necessary data to meet project objectives. Data completeness 

for the performance evaluation and maintenance inspections is targeted at greater than 80 

percent (that is, at least 12 storms sampled during the data collection phase and at least 14 

maintenance inspections over 15 months). If data completeness is not achieved, the site 

manager in conjunction with the Tacoma project manager will need to consider corrective 

actions or review the project data requirements.  

6.5 COMPARABILITY 
Data comparability will be ensured through the application of standard analytical 

procedures, analytical methods, units of measurement, and detection limits. To ensure 

data comparability with other monitoring results in Washington, procedures for sample 

collection, sample analysis, and data analysis will be consistent with Ecology’s 

monitoring guidelines (2004a) to the extent possible. By following these guidelines, data 

will be comparable to other media studies focused on pollutant removal at specific inflow 

rates.  

7.0 ANALYTICAL LABORATORY QA/QC 
Both the Tacoma Science and Engineering Laboratory and SPECTRA Laboratories are 

accredited laboratories by the Washington State Department of Ecology. The Tacoma and 

SPECTRA laboratories’ procedures for the project will follow those developed and 

currently implemented by their laboratories as set forth in the Science and Engineering 

Quality Assurance Manual (Tacoma 2005) and SPECTRA Laboratories Quality 

Assurance Manual, Revision 3 (SPECTRA 2002) respectively. A copy of the City of 

Tacoma’s Science and Engineering Quality Assurance Manual can be found in Appendix 

J. Due to the size of the SPECTRA Laboratories Quality Assurance Manual, the 

document was not included in this QAPP as an appendix. However, SPECTRA is willing 

to answer any questions regarding their quality assurance procedures. 
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7.1 LABORATORY QUALITY ASSURANCE PROCEDURES 
All parameters except particle size distribution will be analyzed by Tacoma’s Science and 

Engineering Laboratory. SPECTRA Laboratories will conduct the particle size 

distribution analysis. None of the parameters will be measured in situ due to the fact that 

the outlet sample point, which is located inside the Filter Chamber, is inaccessible during 

storm events. The sample matrix, analytical method, and reporting limits are provided in 

Tables 9 and 10 for the stormwater quality and sediment parameters, respectively. 

Because the Tacoma laboratory defines the method detection limit (MDL) as the 

laboratory’s lowest calibration point for the method being used, the reporting limiting for 

the parameters analyzed by the Tacoma laboratory is equal to the laboratory’s MDL. For 

ICP and non-calibration methods (for example, solids, turbidity), the reporting limit 

(MDL) is determined according to 40 CFR, Part 136, Appendix B. For the purpose of 

data qualification, results below the reporting limit will be included in the data analysis at 

the reporting limit. 
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Table 9. Stormwater quality parameters – analytical methods. 

Parameter Sample Matrix EPA/SM Method 
Reporting Limit 
and Units 1 

Particulate Matter    

Turbidity Stormwater EPA 180.1 0.4 NTU 

Total suspended solids (TSS) Stormwater EPA 160.2 4 mg/L 

Volatile suspended solids 

(VSS) 
Stormwater EPA 160.4 10 mg/L 

Total solids (TS) Stormwater EPA 160.3 10 mg/L 

Particle size distribution 

(PSD) 2 
Stormwater Laser Defraction 

1-2 microns, 

#/cm³ 
General Parameters    

pH Stormwater EPA 150.1  0.10 std. units 

Hardness Stormwater SM 2340B 1 mg/L 

Metals    

Total cadmium (Cd) 1.0 µg/L 

Total copper (Cu) 5.0 µg/L 

Total lead (Pb) 5.0 µg/L 

Total zinc (Zn)  

Stormwater EPA 6010B 

5.0 µg/L  

Dissolved Cd 1.0 µg/L 

Dissolved Cu 5.0 µg/L 

Dissolved Pb 

Stormwater EPA 6010B 

5.0 µg/L 

Dissolved Zn   5.0 µg/L  

Nutrients    

Total phosphorus (TP) EPA 365.4 25 µg/L 

Ortho-phosphorus  EPA 365.1 25 µg/L 

Total nitrogen (TN) SM 4500-N C 1.0 mg/L 

Nitrate/nitrite 

Stormwater 

EPA 353.2  0.5 mg/L 

Organics    

Total petroleum hydrocarbons 

   (NWTPH-Dx) 
Stormwater 

Ecology 97-602 

(June 1997) 
0.25/0.5 mg/L 3 

Phthalates, Polynuclear 

aromatic hydrocarbons (PAHs) 
Stormwater EPA 8270 (SIM) 

0.01 µg/L 

 

1
 Reporting limits (MDLs) are established by the Tacoma laboratory on a semi-annual basis and therefore 

may change slightly every six months. 
2 All parameters except particle size distribution will be analyzed by Tacoma’s Science and Engineering 
Lab. SPECTRA Laboratories will conduct the particle size distribution analysis. 
3
 Reporting limits for jet fuel No. 2 diesel and after No. 2 diesel-heavy fuel oils, respectively. 
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Table 10. Sediment parameters – analytical methods. 

Parameter 
Sample 
Matrix 

EPA/SM Method Reporting Limit and Units 1 

Grain-size    

Percent solids Sediment EPA 160.3 0.1 % 

Total volatile solids 

   (TVS) 
Sediment EPA 160.4 0.1 % 

Grain-size Sediment 
Ecology Method Sieve & 

Pipet (PSEP 1997) 
1.0 %  

Nutrients    

Total organic carbon 

   (TOC) 
Sediment 

EPA 415.1 modified for 

sediment 
50 mg/kg 

Total phosphorus 

   (TP) 
Sediment 

EPA 365.4 modified for 

sediment 
0.5 mg/kg  

Metals2    

Total cadmium (Cd) 0.5 mg/kg 

Total copper (Cu) 0.5 mg/kg 

Total lead (Pb) 0.5 mg/kg 

Total zinc (Zn) 

Sediment 

 

SW-846 3051/6010B (ICP) 

 
0.5 mg/kg 

Organics    

Total petroleum 

    hydrocarbons 

    (NWTPH-Dx) 

Sediment Ecology 1997 75 mg/kg  

Phthalates Sediment EPA 8270C 100 µg/kg 

Polynuclear aromatic 

    hydrocarbons 

    (PAHs) 

Sediment EPA 8270C 100 µg/kg 

1 Reporting limits (MDLs) are established by the Tacoma laboratory on a semi-annual basis and therefore 
may change slightly every six months. 
2 Table C-2 of TAPE (Ecology 2004a) recommends analyzing for total recoverable metals, however, 
samples will be analyzed for total metals. Total metals analysis uses a more aggressive procedure that 
brings more metals into solution. Total metal analysis is also more widely used and thus, is more 
comparable to metals data collected via other studies. 

7.2 LABORATORY QUALITY CONTROL 
Laboratory quality control checks will include method blanks, laboratory replicates, 

laboratory control samples, and matrix spikes (Table 6). Quality control results for 

laboratory activities will be reviewed by the Laboratory Quality Assurance (QA) Officer 

and summarized in a case narrative. Laboratory reports include the case narrative, which 
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identifies any discrepancies with analysis or QC samples, a laboratory QC results 

summary, and laboratory results for both storm and QC samples. Examples of laboratory 

reports from the Tacoma and SPECTRA Laboratories are provided in Appendix J.  

8.0 DATA MANAGEMENT 
There are three types of data that will be generated as part of this study: field activity data 

(sample collection and technology maintenance activities), field monitoring data (flow, 

Filter Chamber level, and rainfall data), and laboratory water quality data. 

 

Field activity data will be recorded in the field notebook. The field notebook will include 

the following data sheets: completed storm data field sheets, chain of custody forms, 

maintenance inspection field sheets, and the maintenance activity log. Copies of these 

field data sheets are in Appendix I. The site manager is responsible for updating and 

storing the field notebook. The field notebook will be photocopied monthly, and the copy 

stored at the Taylor Associates, Inc. office.  

 

Field data to be collected include flow and sample period data (subsample times, total 

flow between subsamples, and flow rate at each subsample) for the inlet and outlet 

sampling and flow stations and precipitation data from the UW rain gauge. Flow and 

rainfall data will be downloaded by field staff onto a project designated laptop computer 

and stored in a Flowlink database. Rainfall data will be downloaded over the internet as 

needed and imported into Flowlink by the site manager. The site manager is responsible 

for maintaining and backing-up the Flowlink database. The Flowlink database will be 

backed up weekly, with back-up files stored at the Taylor Associates, Inc. office.  

 

All laboratory reports will be transmitted electronically and via hard copy to the site 

manager. Laboratory water quality data reported electronically by the Tacoma and 

SPECTRA laboratories will be transferred to Excel spreadsheets comprising the project 

water quality database. The site manager will compile and manage the water quality 

database and back up the database each time new laboratory data is entered. The 

laboratory reports will be included as appendices in the final project report. 

9.0 ASSESSMENT/OVERSIGHT 
The site manager will assess the field activities for the duration of the project. The 

SPECTRA and Tacoma laboratories QA Officers will routinely assess laboratory 

activities. Any discrepancies in laboratory QC activities will be identified in a case 
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narrative accompanying water quality results. The site manager will review the laboratory 

reports for completeness and assess whether field QC samples (that is, field blanks and 

field duplicates) meet QAPP specifications. The site manager will take corrective action 

as needed, in response to concerns associated with sample collection, sample handling, 

equipment failures, or field data management. The analytical laboratory’s QA Officer is 

responsible for taking corrective actions to address non-conformance or non-compliance 

by the analytical laboratories with QA requirements.  

 

The Tacoma or Spectra lab managers will keep the site manager informed of all QA 

problems that may jeopardize the quality of the data. The site manager will in turn inform 

the AquaShield™, Inc. and Tacoma project managers. The site manager will notify all 

project managers via telephone or email of QA problems that may jeopardize the quality 

of the data. The site manager will also take corrective actions when field methods are 

determined to be inappropriate or QC analytical data are found to be outside the 

predefined limits of acceptability. Corrective actions may include a procedural change, 

equipment modification or repair, meeting with laboratory personnel, or retesting of 

existing samples. All data validation problems and solutions will be documented by the 

site manager. 

 

The site manager and Tacoma project manager will coordinate equipment repair and 

replacement as needed by the agency that owns the equipment. Costs associated with 

equipment repair and replacement are the responsibility of the owning agency (that is, 

WSDOT, Tacoma, or SPU). The site manager will track and document all equipment 

repair and replacement activities in the Test Facility’s equipment database. 

10.0  DATA VALIDATION, ANALYSIS, AND 
USABILITY 
This section addresses the QA, analysis, and reporting activities that occur after the data 

collection phase of the project is complete. Implementation of these procedures 

determines whether the data conform to the specified criteria, thus satisfying the project 

objectives. 

10.1 DATA REVIEW, VERIFICATION, AND VALIDATION 
Six types of data will be generated during this project: rainfall, flow, Filter Chamber 

level, water quality, sediment, and maintenance inspection information. The data review, 

verification, and validation procedures for each data type are discussed below. Data 
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review involves examination of the data for errors or omissions. Data verification 

involves examination of the QC results for compliance with acceptance criteria. Data 

validation involves the examination of the complete data package to determine whether 

the procedures in the QAPP were followed. 

 

The site manager will review rainfall, flow, and Filter Chamber level data for gross errors 

such as spikes or data gaps to determine completeness of the data set. Rainfall and flow 

measurements will be verified by comparing the hyetograph and hydrograph at the Test 

Facility’s most upstream flow monitoring station for consistency during the sampled 

storm event as well as consistency with previously collected rainfall and flow data for the 

Test Facility. A comparison between flow measured at the upstream and downstream A-

V sensors will be compared for consistency and Filter Chamber level will be compared 

with inflow for consistency between overflow conditions and inflow rate.  

 

The site manager will validate that stormwater samples were collected in accordance with 

the target inflow rate for the sample period. The site manager will review all laboratory 

data (water quality and sediment) to ensure that results fall within reasonable ranges for 

the parameters. The Laboratory QA Officers will verify that laboratory water quality QC 

results are in compliance with acceptance criteria. The site manager will verify that field 

water quality QC results are in compliance with acceptance criteria. The site manager 

will validate project data by determining whether procedures in the QAPP were followed 

during data collection. 

10.2 DATA ANALYSIS 
Fifteen storm events will be sampled during the course of this study with each target 

inflow rate potentially tested during ten separate sample periods. However, the number of 

sample periods actually sampled per target inflow rate is limited by funding for the 

project. Stormwater sampling will continue until funding for this task is expended. Data 

analysis will be conducted on all stormwater quality data collected at the Test Facility 

once sampling is completed. 

10.2.1 Pollutant Removal Efficiency 
Removal efficiencies will be determined for each parameter for each sample period 

where water quality samples were collected. Pollutant removal efficiency will be 

calculated following Method #4 of the TAPE protocol, as is suggested by both Ecology 

(2004a) and EvTEC (2001) for a DFC sampling approach.  
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As defined in TAPE (Ecology 2004a), the Method #4 treatment efficiency calculation is a 

modified application of TAPE Method #1 to the DFC approach. Method #1 uses the 

following equation to compute treatment efficiency: 

 

100 * [(flow-weighted influent concentration – flow-weighted effluent 

concentration) / flow-weighted influent concentration] 

 

As stated in the TAPE, Method #4 applies the above equation “to partial-storm data 

(EvTEC approach), comparing influent and effluent discrete flow composites for 

relatively steady-state flow periods within storms to evaluate removal efficiency verses 

flow rate.” All removal efficiencies for each sample period will be reported along with 

mean influent and effluent concentrations for each target inflow rate sampled. 

 

It is estimated that ten pairs of influent and effluent samples will be collected for each 

target inflow rate. Due to this limited number of samples per target inflow rate, it is 

unlikely that statistically significant results will be achieved for the data set collected at 

the Test Facility. However, because the removal efficiencies are related to specific inflow 

rates, results from this study may be combined with past or future studies for the 

technology. If this analysis approach can be accomplished, it may be included as part of 

the TEER submitted by AquaShieldTM, Inc. to Ecology and the TRC for review. 

 

Pollutant removal efficiency will be examined as a function of inflow concentration and 

inflow rate. A graphical comparison of pollutant removal efficiencies with inflow 

concentration and inflow rate will be made to determine if removal efficiencies are 

dependant on influent concentration and flow rate (Figure 4). To determine if a 

significant relationship exists between pollutant removal efficiency and inflow 

concentration, regression analysis will be used. For pollutant removal efficiency verses 

inflow rate, the Test Facility data set (an estimate of 10 points maximum per inflow rate) 

may not be large enough to produce significant results. However, as appropriate, a 

comparison of means per inflow rate (analysis of variance) may be used to assess if there 

are statistically significant differences in pollutant removal efficiencies between the 

inflow rates tested. Samples reported below their reporting limit (or the analytical 

laboratory’s method detection limit) will be included in the analysis at their reporting 

limit and will be noted as such. 
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To create a larger data set for statistical analysis, AquaShield™, Inc. may combine the 

data set collected at the Test Facility with data from other studies conducted by 

AquaShield™, Inc. This combined, larger data set may be used for analysis with the 

results presented in the TEER, which will be submitted by AquaShield™, Inc. to Ecology 

and the TRC. 
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Figure 4. Example of a graphical comparison of pollutant removal efficiencies with 
inflow concentrations. 
 

If the data set allows, a graphical comparison may be made to illustrate the effects of the 

duration of technology deployment on pollutant removal efficiency. That is, do pollutant 

removal efficiencies change over time in response to use of the technology? For each 

target inflow rate (50 percent, 100 percent, and 125 percent of the technology’s filtration 

capacity) pollutant removal efficiencies may be plotted against time to illustrate the 

change in pollutant removal efficiency from the initial “clean” state of the technology to 

the “maintenance needed” condition (Ecology 2004a). Due to the limited size of the data 

set (an estimate of 10 data points per inflow rate) it may not be possible to have 

statistically significant results for the water quality data collected only at the Test 

Facility. However, in addition to a graphical comparison, a regression analysis will be 

completed to determine if a significant relationship exists between pollutant removal 

efficiency and time (or volume of water treated prior to maintenance activities). As noted 

above, to create a larger data set for statistical analysis, AquaShield™, Inc. may combine 
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the data set collected at the Test Facility with data from other studies conducted by 

AquaShield™, Inc. This combined, larger data set may be used for analysis with the 

results presented in the TEER. 

 

As noted previously, the level of statistical analysis to be performed and the ability to 

obtain statistically significant results will be dependant on the sample size. At a 

minimum, basic statistics (for example, mean, median, range, standard deviation) will be 

used in the analysis. To assist with future stormwater management decisions that may be 

based on the Test Facility water quality data set, the confidence level (for example, 

sample size variance and confidence intervals) will be determined for each target inflow 

rate and water quality parameter. As appropriate, a qualitative assessment of water 

quality results will be made. For parameters where Washington state water quality 

standards (Ecology 2002) exist, water quality results will be compared to these 

established criteria. 

10.2.2 Sediment and Maintenance Characterization 
Analytical results for the sediment samples collected will be reported along with an 

estimate of sediment volume accumulations in the inlet and filtration bays. The sediment 

data set will include results from samples collected either (1) prior to maintenance 

activities requiring sediment removal from the technology, and (2) at the end of the water 

quality sampling phase for the project. Sediment accumulations will be determined 

monthly during the entire water quality data collection phase. 

 

Maintenance inspections will be summarized on a monthly basis and reported by using 

photo documentation (as appropriate) and qualitative descriptions. To assist with 

evaluating maintenance needs, an estimate of the stormwater volume passing through the 

unit will be made at monthly intervals and over the full duration of the water quality data 

collection phase. This estimate will be based on the inflow rate measured at the upstream 

A-V sensor; located in the inlet pipe to the technology. 

10.3 DATA QUALITY ASSESSMENT 
This project will provide information on the pollutant removal efficiency and 

maintenance needs of the Aqua-Filter™, Inc. Stormwater Treatment System installed at 

the Test Facility. Data will be assessed for completeness, representativeness, and 

comparability, and whether requirements for precision, bias, and required reporting limits 

have been met. 
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Anomalies in the data (for example, data gaps or qualified laboratory data) will be 

identified and assessed. Their impact on meeting data quality objectives will be discussed 

in the final project report. Assuming that the data collected in this study are satisfactory, 

the data will be used to assess the performance and the maintenance needs for the Aqua-

Filter™ Stormwater Treatment System installed at the Test Facility.  

11.0  REPORTING 
Three types of reports will be generated in relation to the activities covered in the QAPP: 

Tacoma and SPECTRA laboratory reports, monthly project status reports, and after 

completion of data collection, a final project report.8 The TEER for the Aqua-FilterTM 

technology is not discussed in this QAPP because this QAPP is focused only on data 

collected for the Aqua-FilterTM Stormwater Treatment System at the Test Facility. Data 

collected at the Test Facility represents only one of several studies from which data will 

be submitted to obtain a GULD through Ecology. For production of the TEER (and thus, 

submittal to Ecology and the TRC for review), AquaShieldTM, Inc. will include 

performance data collected under this QAPP in addition to performance data collected 

through additional studies (including those conducted outside of Washington state). It 

will be this compilation of performance results presented in the TEER that Ecology will 

be basing the decision whether to issue the requested GULD for the Aqua-FilterTM 

Stormwater Treatment System. 

 

The laboratory reports will include: analytical methods and results for all stormwater and 

sediment parameters, reporting limits and data qualifiers, a laboratory QC results 

summary identifying any discrepancies with QC samples, chain-of-custody records, and a 

discussion of any deviations from laboratory standard operating procedures (SOPs). 

Examples of the SPECTRA Laboratories and Tacoma Laboratory reports are provided in 

Appendix J. 

 

Monthly project status reports will be prepared by the site manager and submitted to the 

Tacoma and AquaShieldTM, Inc. project managers. Activities at the Test Facility for each 

month will be reported including a summary of data collection and analysis completed to 

date. In addition, the maintenance inspection field sheets will be submitted to 

                                                 
8 As noted previously in the QAPP, Taylor Associates, Inc. will complete the data analysis and produce the 

final project report based on available funding. If funding is not available to complete data analysis and 

final report production, the City of Tacoma will complete this work. 
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AquaShieldTM, Inc. and Tacoma on a monthly basis. This information will assist the 

project managers in determining if and when maintenance activities are needed during the 

duration of this project. 

 

The final project report will include the following sections: an introduction, project 

background, methods, data results, results summary and discussion, and conclusion. The 

final project report will include a comparison between the Test Facility results and 

performance claims for the Aqua-Filter™ Stormwater Filtration System made by 

AquaShieldTM, Inc. It will be prepared and submitted to the Tacoma and AquaShieldTM, 

Inc. project managers. AquaShieldTM, Inc. will include the final project report as an 

appendix in the TEER, which will be submitted by AquaShieldTM, Inc. to Ecology and 

the TRC for review. 
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APPENDIX A: CROSSWALK AMONG 
QUALITY ASSURANCE DOCUMENTS 
 

Crosswalk Table between Guidance for Evaluating Emerging Stormwater Treatment 

Technologies, Technology Assessment Protocol – Ecology (TAPE) (2004) and EPA 

Requirements for Quality Assurance Project Plans (EPA QA/R-5) (2001) 
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Our Approach

 

   ABOUT US 

 

   OUR APPROACH 

   SERVICES                                                                     PRODUCT

•  
 

Ta lor Ass
written pro
developme
programs, 
assessmen

• Qualit

• Water 

• Habita

• Fisher

• Biolog

   TOOLS 
 

 

S

ociates, Inc. also provides a variety of 
ducts to our clients that result from our 
nt and implementation of monitoring 
resource management plans, and field 
ts. Examples of these products include: 

y Assurance Project Plans 

Quality Reports 

t Restoration Plans 

ies Reports  

ical Assessments 

 

 

• 17’ Boston Whaler  

• Backpack Electrofisher 

• Beach Seine  

• Macroinverebrate Sampling Equipment

• Still and Video Cameras 

• Confined Space Entry Equipment 
Taylor Associates, Inc. (TAI) offers environmental 
consulting services in three core areas: fisheries, water
quality, and hydrology. The firm has been in business 
since 1986 and retains a staff of thirteen aquatic 
scientists and engineers plus support staff. Our project 
approach involves integrating traditional ecological 
assessment techniques with engineering methods to 
identify, evaluate, and solve environmental problems.  
Our work includes both public and private sector 
clients. We work alongside our clients to assist 
them in achieving their respective missions, 
supporting them in a range of projects including 
the evaluation of stormwater treatment options, 
characterization of local salmonid populations 
and habitat, description of local hydrologic and 
water quality conditions, and the provision of 
other environmental related services. 
Taylor Associates, Inc. provides a variety of field, data 
management, and data analysis services to our clients that 
originate from our development and implementation of 
monitoring programs and performing a variety of field 
assessments. Examples of these services include: 

• Fisheries Sampling, Assessment, and Analysis 

• Monitoring Program Design 

• Installation or Deployment of Environmental            
Monitoring Equipment 

• Water Sample Collection and Analysis 

• Flow Data Collection and Analysis 
y

Taylor Associates, Inc. has a variety of equipment and 
tools available for use on client projects. This 
equipment includes: 
 

• Survey Equipment 

• Flow Meters 

• Water Quality Meters 

• Automated Water Quality Samplers 

• Automated Flow Logging Equipment 
Our approach to each project begins with developing a 
clear statement of study objectives and client data 
needs. This information is used to develop an approach 
which maps these objectives and needs. Our goal in this 
process is to help our clients realize the knowledge and 
opportunities associated with the data to be collected 
as well as the uncertainties that exist with 
environmental systems. We then work with our clients
to identify a target product or outcome that advances 
solutions for their environmental decision-making. 
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eidi M. Wachter 

roject Scientist II 

oined firm in 2002 
 

2 
 
 
 
 
 
 
 
 
 
 
 

M.S.E. Environmental Engineering and Science 

  Center for Water and Watershed Science 

  Dept. of Civil and Environmental Engineering 

  University of Washington, 2003 

 

B.S.C.E. Civil and Environmental Engineering 

  Focus on Water Resources and Hydrology 

  University of Washington, 1995 

 

Cert. Boating Safety, U.S. Coast Guard Auxiliary and

 Wash. St. Parks & Recreation Commission, 200

 

  
OVERVIEW    OVERVIEW CONTINUED 
 
eidi Wachter is an aquatic scientist and project 
anager with Taylor Associates, Inc. She has been 
orking in this field since 1995, and prior to 1995 
orked in the waste reduction and recycling field for 
ver three years. Her experience is in biological, 
hemical, and physical stream monitoring and 
ssessment, project management, public education, and 
olunteer management. Since 1995, she has combined 
er experience and education across the fields of 
nvironmental engineering and aquatic science to 
ddress research questions and problems related to in-
tream conditions and surface water quality.  

hroughout her professional career, Ms. Wachter has 
een involved with projects on both a technical and 
roject management level. Her responsibilities have 
ncluded: working with government agencies as clients 
nd on inter-agency project teams; collection, 
anagement, and analysis of monitoring data; training 

nd managing field personnel to implement stream 
onitoring programs; operating and maintaining water 

uality and flow monitoring instruments; development 
nd implementation of Quality Assurance Project Plans 
QAPP) for data collection and analysis; production of 
echnical reports, data summaries, and monitoring 
lans; presentation of project results to clients and 
itizen-organizations. 
 
 
 
 
 
 
 
            
 

Throughout her professional and academic career, 
Ms. Wachter has worked with local governments 
and consultants, in addition to working directly with 
citizens. Through this work, her technical experience 
has been complemented by the development of her 
communication and management skills, which are 
assets to our project management team. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 PROJECT EXPERIENCE 

Water Quality Monitoring: Currently at Taylor 
Associates, Ms. Wachter manages the Washington 
State Department of Transportation Lake Union Ship 
Canal Test Facility to evaluate the performance of 
emerging stormwater treatment technologies. For 
this project, she works with and coordinates 
numerous project participants (local, state, and 
federal), tracks the project budget and tasks, 
prepares and implements QAPPs, oversees field staff 
during data collection efforts, conducts data analysis, 
and prepares reports. Ms. Wachter is also the project 
manager for an assessment of upland nutrient loads 
to the marine nearshore for the City of Everett, a 
cistern water quantity and quality monitoring project 
for the City of Seattle, and is a team member for the 
King County Green-Duwamish Watershed Water 
Quality Assessment project. Ms. Wachter also 
provides field support and has participated as a 
member of multi-disciplinary teams for several 
projects such as a stormwater monitoring support for 
  Statement of Qualifications
Consulting in the Coastal and Freshwater Sciences
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Consulting in the Coastal and Freshwater Sciences
 Best Management Practices (BMP) assessment project 
or the City of Seattle and stormwater sample collection 
t the Seattle-Tacoma International Airport for the Port 
f Seattle.    

iological Monitoring: Since 1995, Ms. Wachter’s 
rofessional and academic experience has focused on 
he monitoring and assessment of urban and agricultural 
ffects on in-stream habitat and biological conditions. 
s an aquatic scientist with Taylor Associates, Inc., Ms. 
achter has been a project manager and team member 

or numerous projects focused on assessment of basin 
anagement plans and in-stream and riparian 

onditions. She has worked as a team member on beach 
eining on the Duwamish River for the Port of Seattle, 
n a pilot survey to assess monitoring methods and 
enefits of Salmon Recovery Funding (SRF) Board 
unded projects, and assisted with completing the Water 
esource Inventory Area (WRIA) 14 and WRIA 16 
almonid Refugia Studies 

hile working as an Environmental Scientist for King 
ounty, she assisted with the implementation of a 
omprehensive stream monitoring program aimed at 
ssessing the effectiveness of basin-wide management 
lans. As a member of the Water Resources Monitoring 
eam, Ms. Wachter managed field crews for 

acroinvertebrate sampling, geomorphic surveys and 
ater quality sampling.  Through her work at the Center 

or Water and Watershed Studies (CWWS; University 
f Washington) and King County, she has implemented 
and trained field staff in) biological and physical 
tream sampling protocols. In addition, Ms. Wachter 
as designed and implemented monitoring projects to 
ssess the effectiveness of BMPs, identify non-point 
ources of water pollution during base-flow conditions, 
nd evaluate water quality during storm events. 

pecifically, while working for King County and 
WWS, she developed and implemented 
omprehensive stream monitoring programs, which 
nvolved benthic macroinvertebrate sample collection 
nd assessments using the Benthic-Index of Biological 
ntegrity (B-IBI). While working for King County, Ms. 

achter trained field personnel in B-IBI and 
eomorphic sampling protocols, and implemented the 
ounty-wide biological and physical stream monitoring 
rogram. While working for CWWS, she was involved 
ith a headwater stream study aimed at identifying 
aseline conditions and potential impacts from 
atershed urbanization. For this study, Ms. Wachter 
anaged the biological evaluation, which included 
onitoring and assessment of benthic 
acroinvertebrate composition and estimation of 

uvenile salmonid abundance/diversity through 
lectrofishing surveys. 

or her master’s thesis research, Ms. Wachter studied 
he use of the B-IBI as an indicator of urban effects on 
iological condition in Puget Lowland headwater 
treams. Ms. Wachter designed a sampling plan aimed 
o identify headwater benthic invertebrate community 
ttributes that respond to increasing urbanization in 
uget Lowland headwater regions. She conducted the 
enthic invertebrate sampling, managed field and 
aboratory staff, reduced invertebrate data and managed 
he macroinvertebrate database, calculated B-IBI scores, 
sed GIS to determine subbasin levels of urbanization, 
nd tracked the project tasks and budget. To address 
uestions regarding the applicability of the B-IBI to 
eadwater streams, Ms. Wachter analyzed community 
ttributes for use as B-IBI metrics and identified metric 
coring thresholds for a headwater B-IBI. 

n addition to stream monitoring and assessment, Ms. 
achter has managed volunteer and public education 

rograms throughout her professional career. Many of 
he volunteer projects she has managed had an objective 
f data collection and reporting, in addition to 
urthering public education and citizen involvement. 

hile at King County, she managed the Volunteer 
ainfall Monitoring Program and prior to this position, 

he was the Education Programs Manager for 
ashington Citizen’s for Recycling (WCFR), which 

as provided her with a diverse set of management, 
ommunication, and technical skills. 
  Statement of Qualifications
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urtis Nickerson 

roject Scientist III 

oined firm in October 1997
VERVIEW       
 
M.S.         Water Science  

Department of Land, Air, and Water Resources 

University of California, Davis 1992                        

 

B.A.          Environmental Studies and Geography  

 College of Letters and Science 

 University of California, Santa Barbara 1984          

 

Cert.          Confined Space Entry, Allwest Underground, 2000 

 
 
 
 
 
 
 
 

 

 
 
 
 
 
OVERVIEW CONTINUED 

 

urtis Nickerson is a senior scientist and project 
anager at Taylor Associates, Inc. and leads our 

tormwater monitoring group. He brings over 17 years 
f experience in aquatic and environmental sciences to 
his position. Mr. Nickerson's academic background 
ncludes study in the areas of environmental 

anagement and policy, hydrology, biology, water 
hemistry, environmental toxicology and limnology. 
is academic thesis work focused on predicting metals 

oncentrations in urban stormwater using pollutant 
uildup, washoff, and transport models. His direct 
rofessional experience includes water quality and flow 
onitoring, modeling, and loading analysis; hydrology, 

nvironmental impact analysis, stream habitat 
urveying, and environmental site assessment.   

hroughout his professional career Mr. Nickerson has 
repared a variety of environmental documents, 
ncluding water monitoring program plans, reports for 
nvironmental sampling and remediation studies, 
nvironmental impact statements, and wetland and 
tream studies.  Over the past ten years Mr. Nickerson 
as focused on stormwater monitoring study design and 
mplementation in both the natural and built 
nvironments.  His considerable technical expertise in 
his area includes preparing sampling and quality 
ssurance project plans; siting, installing and operating 
onitoring instrumentation; analyzing environmental 

ata, and preparing technical reports.   
 
 
 
 
 
 
 
 
            

 

As a senior scientist with the firm, Mr. Nickerson 
manages a number of environmental monitoring and
evaluation projects. He provides guidance and 
oversight to project staff and project managers and 
contributes technically to the overall work of the 
firm. He is involved upfront with developing new 
project proposals, designing and implementing 
monitoring programs for assigned projects, 
analyzing data, as well as writing final project 
reports.   
 
As a manager on water monitoring projects he has 
developed close working relationships with clients 
in both the public and private sectors and 
coordinates regularly with staff from state and local 
agencies to ensure monitoring program objectives 
are fulfilled. 
 
 
PROJECT EXPERIENCE 
Storm Water Monitoring: Mr. Nickerson has 
designed and implemented stormwater monitoring 
programs and sampling plans for large roads 
projects, and commercial and residential 
developments primarily in the central Puget Sound 
region. These projects include Seattle–Tacoma 
International Airport, Lakemont Boulevard SE 
Extension for the City of Bellevue, and testing of 
multiple stormwater BMP treatment facilities 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Statement of Qualifications
Consulting in the Coastal and Freshwater Sciences
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ncluding for WSDOT, Emerald Downs Racetrack in 
uburn, the Costco Warehouse in Everett, the 
cGarvey Park subdivision in King County, and 

akemont Park stormwater infiltration facility in 
ellevue.  The objectives of these monitoring programs 

anged from compliance with monitoring requirements 
tipulated by local, state and federal permits to 
nvestigating pollutant removal efficiencies of state-of-
he-art stormwater treatment technologies. 

rawing from his extensive stormwater monitoring 
xperience, Mr. Nickerson was a valuable member of 
he technical advisory committee responsible for 
dvising Ecology in the development of the Guidance 
or Evaluation of Emerging Stormwater Treatment 
echnologies. This guidance is intended to provide a 
tandard methodology for evaluating emerging 
tormwater treatment technologies for identifying 
dditional technologies for inclusion in Ecology’s 
tormwater design manual. 

urface Water Quality and Stream Monitoring: 
r. Nickerson has led numerous monitoring projects in 

he Puget Sound region investigating the water quality 
f rivers, streams, and wetlands.  His experience 
ncludes all aspects of monitoring study design and 
mplementation. 

ecently, Mr. Nickerson led the water sampling effort 
or the Green-Duwamish Watershed Water Quality 
ssessment, a watershed-scale study conducted by King
ounty Department of Natural Resources (KCDNR). 
r. Nickerson supervised three, two-person field teams 
ho operated flow meters, auto-samplers, and water 
uality meters, and collected manual grab samples for 
ltra-low-level metals analysis during baseflow and 
torm-runoff events. Substantial logistical coordination 
as necessary to successfully collect all targeted 

amples at each station, process the samples, and 
eliver them to the analytical laboratory in a timely 
anner. 

or the Port of Seattle, Mr. Nickerson is currently 
anaging implementation of the sampling program to 

evelop site-specific water quality standards for copper 
nd zinc associated with stormwater runoff in three 
treams near the Seattle-Tacoma International Airport. 
aylor Associates, Inc. is responsible for the stormwater 
ampling design and plan, installing and operating 
utomated sampling equipment, managing monitoring 
ata, and reporting. Large sample volumes for chemical 
nd WER analyses must be collected with extensive 
ogistical planning required to meet holding times and 
oordinate with shipping services.  

r. Nickerson co-managed a water quality monitoring 
nd erosion control compliance project for a large road 
onstruction project in the City of Bellevue.  The 
akemont Boulevard SE extension construction project 

nvolved extensive excavation near sensitive streams 
nd lakes.  The water quality monitoring program 
nvolved collecting flow-weighted composite samples 
rom the stream adjoining the construction site.  Water 
uality and flow monitoring data were used for tracking 
he loads of sediment and phosphorus contributed by 
he construction site to the receiving stream on a weekly 
asis to assess compliance with the project construction 
ctivity NPDES permit. 

r. Nickerson has participated in a number of studies 
nvolving monitoring and evaluating hydrologic 
onditions in streams and wetlands. His experience 
ncludes establishing and operating long-term flow 
onitoring stations in numerous streams in western 
ashington.  

r. Nickerson played a key role in the design and 
mplementation of multi-year programs to monitor 
urface and groundwater conditions at wetland creation 
nd enhancement sites for the Emerald Downs 
acetrack in Auburn, the Costco Warehouse in Everett, 

he proposed McGarvey Park subdivision in King 
ounty, and a proposed deep-water bulk loading facility 
t Cherry Point in Whatcom County.  These studies 
nvolved performing baseline monitoring of surface and 
hallow ground water levels to aid in the design of 
etland areas and conducting post-construction 
onitoring to assess compliance with established 

erformance standards. 

Consulting in the Coastal and Freshwater Science
  Statement of Qualifications
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haron P. Walton 

roject Scientist III 
ith firm since 2001
VERVIEW    
 
 
 
 
 
 
 
 
 
 
 
 

M.S.         Environmental Science and Engineering, 
Dept. of Civil Engineering, University of         
Washington, 1990 

 
B.S.          Cum laude, Botany, 

Department of Natural Resources, Michigan 
Sate University, 1986 

 
Cert.         Confined Space Entry, Allwest Underground, 
                         2001 
Cert.          Technical Writing and Editing, University of 
                         Washington, 1999 
Cert.          Wetland Delineation, USEPA, 1998 
 
 PROJECT EXPERIENCE/SKILL SUMMARY
haron Walton is a senior scientist and project manager 
t Taylor Associates, Inc. She brings over 14 years of 
xperience in aquatic and environmental sciences to this 
osition. Ms. Walton's academic background includes 
tudy in the areas of botany, biology, stream ecology, 
imnology, and technical writing.  

s a senior scientist with the firm, Ms. Walton manages 
 number of environmental monitoring and evaluation 
rojects. She provides guidance and oversight to project 
taff and project managers and contributes technically 
o the overall work of the firm. She is involved upfront 
ith developing new project proposals, designing and 

mplementing monitoring programs for assigned 
rojects, analyzing data, reviewing all firm publications, 
s well as writing final project reports. 

s. Walton’s direct professional experience includes 
ater quality monitoring, modeling, and loading 

nalysis; land use and watershed analysis; hydrology, 
reshwater and wetland ecology; lake restoration and 
atershed management; aquatic plant control and 
anagement; community outreach and stewardship. 
he client will benefit from having her as a member of 

he team when addressing water quality, 
atershed/water resource, and public outreach related 
rojects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As project manager, Ms. Walton works directly with 
clients, subconsultants, and agency staff; conducts 
monthly billing reviews; prepares progress reports; 
tracks project budgets and tasks; oversees work 
conducted by junior staff; and ensures contract 
obligations are met.  
 
Water Quality: In the general area of water quality, 
Ms. Walton has designed monitoring programs, 
sampled for sediment, macroinvertebrates, and water 
quality, and analyzed data for lakes, wetlands, and 
streams throughout King County. Ms. Walton has 
completed watershed assessments for the Issaquah 
Creek, East Sammamish, and Cedar River 
watersheds while employed by King County. These 
assessments included characterization of current 
water quality conditions, analysis of point and non-
point pollution impacts, projecting future water 
quality conditions, and providing recommendations. 
 
Ms. Walton currently manages a multi-year 
stormwater technology monitoring project for 
Seattle Public Utilities (SPU). She recently 
completed an evaluation of lake management 
activities at Lake Wilderness for the City of Maple 
Valley and completed a preliminary feasibility study 
for the restoration of flows from Walsh Ditch to 
Rock Creek for SPU. She has also managed a 
continuous water quality monitoring program on the 
White River.  
  Statement of Qualification
Consulting in the Coastal and Freshwater Sciences
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or the SPU project, Ms. Walton is responsible for 
mplementing a three-year monitoring project to 
valuate the effectiveness of three stormwater best 
anagement technologies. This monitoring program is 

ased on The Department of Ecology’s Guidance for 
valuation Emerging Stormwater Treatment 
echnologies. For this project, she developed the 
roject quality assurance plan, oversees the installation 
nd maintenance of monitoring equipment, completes 
tormwater sample set-up and collection, analyzes 
ydrograph and water quality data, and writes interim, 
nnual, and final project reports. 

s. Walton conducted a mid-course evaluation of 
quatic plant management activities at Lake Wilderness 
or the City of Maple Valley and the Lake Wilderness 

anagement District. This mid-course evaluation 
ssessed the effectiveness of aquatic plant management 
ctivities completed through the first five years of the 
ine-year district and provided recommendations for 
uture management of the lake. 

n the White River, Ms. Walton utilized the USGS 
uidelines for continuous water quality monitoring to 
valuate dissolved oxygen trends using hydrolab water 
uality sondes. The project involved the installation, 
aintenance, download, and data review at two 

tations. In addition to downloading and maintaining 
he sondes, she also supported the review and correction 
f water quality data based on field quality assurance 
nd quality control data. 

or the Green-Duwamish temperature study, she is the 
roject manager responsible for analyzing surface water 
emperature for 96 monitoring stations in the Green- 
uwamish Watershed. Other responsibilities include 

eviewing state temperature criteria, coordinating team 
embers, facilitating the development of report figures, 

nalyzing temperature data, and writing the final report.

or the field assessment of periphyton in Miller Creek, 
he completed an assessment regarding the appearance 
f periphyton in Miller Creek. Results of her assessment 
upported confirmation of periphyton presence and 
bsence of nuisance levels during assessment period. 
Her other project duties included field sampling, 
confirmation of periphyton presence, qualitative 
documentation of periphyton levels, and production of 
project report. 
 
For the Walsh Ditch project, Ms. Walton was 
responsible for completing preliminary feasibility study 
for restoring Walsh Ditch flows to Rock Creek and 
Taylor Ditch flows to Hotel Creek. The project included 
developing quality assurance project plan, supervising 
the installation of flow monitoring equipment, 
managing sub-consultant content contributions to 
quality assurance project plan and interim report, and 
writing an interim project report. 
 
Document Preparation: Throughout her professional 
career, Ms. Walton has prepared a variety of 
environmental documents, including resource 
management plans, lake and stream studies, water 
monitoring programs, stewardship handbooks, and 
environmental sampling and restoration plans. At 
Taylor Associates, Inc., she has prepared quality 
assurance project plans for the Seattle Public Utility 
stormwater monitoring project and the Walsh Ditch 
feasibility study. She has also prepared project reports 
for Lake Wilderness, the Walsh/Taylor Ditch technical 
study, the periphyton assessment at Miler Creek, the 
assessment of monitoring methods and benefits for 
Salmon Recovery Funding Board projects and 
activities, and the Green-Duwamish temperature study. 
 
General Project Skills: With her recent 11 year work 
history with King County, Ms. Walton developed 
extensive experience working with both city and state 
governments to characterize aquatic ecosystems and 
solve related resource management problems. This 
experience is characterized through her strong 
analytical and technical skills as well as her people and 
project management skills in the areas of public 
outreach, facilitation, teamwork, and agency 
coordination. Ms. Walton has made communication 
central to managing projects and developing successful 
relationships with the public, government, and tribal 
members, as well as related resource management 
professionals.
Consulting in the Coastal and Freshwater Sciences
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arla B. Milesi 

roject Scientist II 

oined firm in November 2003
 
B.A.           Environmental Studies, Focus on Chemistry 

School of Arts and Sciences, 

University of Vermont, 1995 

 

Cert. Confined Space Entry, Allwest Underground,

  2003 

 
 
 
 
 

 
 
 
 
 

  
 OVERVIEW       PROJECT EXPERIENCE 
 

 

arla Milesi is an aquatic scientist at Taylor Associates, 
nc. She brings over six years of experience in stream 
onitoring, stream restoration, volunteer training and 
anagement, public outreach and education, and crew 

eadership. Her technical, management, and public 
nvolvement experience contributes a diverse set of 
kills, which enables her to provide support across a 
ariety of water-related environmental projects.  

s. Milesi’s professional experience spans the non-
rofit, private and public sectors on both a technical and 
roject management level.  Her responsibilities have 
ncluded:  educating students and the general public 
bout local watershed issues; training and managing 
ork crews and volunteers for stream, and vegetation 
onitoring programs; operating, maintaining and 

alibrating field water quality monitoring instruments; 
roduction of reports and monitoring plans. 

s. Milesi’s academic work has provided her with a 
road knowledge in environmental science, water 
hemistry, and related disciplines. Her undergraduate 
hesis work involved the design of a survey to quantify 
articipants’ knowledge of the Grey wolf’s description, 
ocial behavior, history and habitat as well as assess the 
articipants’ attitude towards the increasing size of the 
olf population in Northern Minnesota. 
 
 
 
 
 
 
 
 
            
 
  

Water Quality Monitoring & Inspections:  
Currently, Ms. Milesi is the field manager for the 
Washington State Department of Transportation 
Lake Union Ship Canal Test Facility to evaluate the 
performance of emerging stormwater treatment 
technologies.  Duties include maintaining automated
monitoring and sampling equipment, collecting 
water quality samples, leading other crew members, 
managing field data, and writing reports. 
 
Ms. Milesi also served as a field manager for the 
City of Kent 2005 Ambient Water Quality 
Monitoring Program.  As such Ms. Milesi led field 
members in locating, inspecting and sampling 
outfalls in the Mill Creek basin as well as collecting 
grab samples and in situ measurements in streams 
throughout the city of Kent.  Duties included 
coordinating with city of Kent and business owners 
regarding property access, maintaining and 
calibrating monitoring equipment, leading field 
teams, and managing field data. 
 
Ms. Milesi has served as a field team member, 
responsible for defining stage-discharge 
relationships in Thornton Creek and Meadowbrook 
Pond in the City of Seattle.  Duties included 
conducting flow measurements using a Swoffer 
current velocity meter and managing and analyzing 
collected flow data.  This project will help the City 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Statement of Qualifications
Consulting in the Coastal and Freshwater Sciences
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 Consulting in the Coastal and Freshwater Sciences
f Seattle understand and more efficiently use the 
tormwater detention pond at Meadowbook.   

s. Milesi also assists with other Taylor Associates 
onitoring projects involving the manual and 

utomated collection of water quality samples. 

ublic Outreach:  As part of the City of Kent 2005 
mbient Water Quality Monitoring Program and King 
ounty’s Benthic Macroinvertebrate project Ms. Milesi 
orked with home and business owners, coordinating 
roperty access and communicating project goals.    

rom 2000 through 2003 Ms. Milesi worked as the 
tream Team Coordinator for the Friends of the 
ylebos Wetlands (FOHW). Her main responsibility 
ith this organization was to develop and implement a 
atershed wide program aimed at educating the 

ommunity about their local salmon stream and 
ngaging volunteers in hands-on salmon restoration and 
n-stream and riparian monitoring projects.  Through 
lide show presentations, watershed tours, informative 
rochures and posters, news articles and guest columns, 
s. Milesi reached tens of thousands of local home and 

usiness owners. 

atershed Monitoring:  Ms. Milesi served as field 
anager for King County’s Greater Lake Washington 

nd Green-Duwamish River Watersheds Wadeable 
reshwater Streams Benthic Macroinvertebrate project. 
he primary objective of the project was to characterize 
quatic macroinvertebrate populations to assess the 
iological conditions within King County watersheds.  
s. Milesi’s duties included coordinating with King 
ounty and home and business owners regarding 
roperty access, organizing and leading field teams in 
ample collection, and managing field data.  

s part of an estuarine wetland monitoring project at 1st 
venue South Ms. Milesi is responsible for assisting in 

ollecting tidal and base flow samples and identifying 
reshwater and marine epibenthic invertebrate 
rganisms in the samples.  Results from this project will
e used to assess design performance of the constructed 
stuarine wetland and determine its affects on 
almonids and invertebrates.  

or the Port of Seattle, Ms. Milesi is assisting with the 
uwamish East Waterway Channel Deepening project 

nd has been involved in juvenile beach seining which 
ntails identifying freshwater and marine phases of 
uvenile salmonids.  In another component of this 
roject she is processing and identifying epibenthic 
nvertebrate organisms and managing data from 
revious collected samples. 

hile at FOHW Ms. Milesi trained and managed 
olunteers for water quality sampling, riparian and 
pland vegetation monitoring, benthic 
acroinvertebrate sampling, and salmonid spawning 

urveys.  In conjunction with in-stream restoration work 
he managed, she oversaw pre- and post-project 
onitoring, including cross-sectional and longitudinal 

urveys, pebble counts and LWD and ELWd™ 
Engineered Large Woody Debris) counts and 
haracterizations.  In addition to managing the 
rogram’s daily operations, Ms. Milesi was responsible 
or developing the quality assurance project plans, 
aintaining the field instruments, and annual reporting 

f the collected data.    

s. Milesi also volunteered for two years with the 
ssaquah Stream Team where she conducted cross-
ection and stream reach surveys and characterized 
iparian vegetation and canopy cover as part of a habitat 
ssessment study being carried out by the city of 
ssaquah. 

rew Leadership:  Over the past 7 years Ms. Milesi 
as developed extensive experience leading field crews 
n a wide variety of projects.  While with FOHW she 
egularly led groups of volunteers varying in size from 
ne to 80 participants in projects ranging from one-time 
lanting events to on going monitoring efforts.   Prior to 
OHW Ms. Milesi also spent a year working for 
arthCorps, serving as on-site project manager and 

eading work crews of local and international 
articipants on in-stream and stream bank restoration 
rojects throughout King County. 
  Statement of Qualifications
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tephen Durkee 

roject Scientist I 

oined firm in 2005
 
B.S.           Biology, James Madison University, 2000  

 

 

Cert. Confined Space Entry, Allwest Underground,

  2005 

 
 
 
 

 
 
 
 
 

  
 OVERVIEW       PROJECT EXPERIENCE 
 

 

tephen Durkee is an aquatic scientist with Taylor 
ssociates, Inc. He has been working in this field since 
000.  Mr. Durkee has a solid foundation in biology and 
hemistry and has completed course work focusing on 
nvironmental issues including water quality and 
esting.   

ince graduating, Mr. Durkee has worked in a variety of 
iology related positions including as a cell biologist, a 
arine endangered species observer, aquarium intern, 

nd pool technician. This diverse work experience 
rovides him with the ability to troubleshoot problems 
n the field and identify solutions using the resources 
vailable. 

n his professional experience, he has demonstrated 
trong managerial and supervisory skills and works well 
oth in field and office settings. He has a strong biology 
ackground and brings his creative personality to work.  
 
 
 
 
 
 
 
            

 

Mr. Durkee is a field team member for several 
stormwater assessment projects at the Seattle-
Tacoma International Airport for the Port of Seattle. 
These projects are part of the Port’s National 
Pollutant Discharge Elimination System (NPDES) 
monitoring program. At the airport, Mr. Durkee is 
responsible for collecting grab and flow-paced 
composite samples. His duties include installation 
and maintenance of sampling equipment, setup of 
automated sampling equipment, and sample 
collection. Mr. Durkee is also a field team member 
for the Comprehensive Receiving Water Study 
Project and is responsible for installing sampling 
equipment and collecting automated grab samples at
the airport.  Results from this project will support 
future decisions regarding stormwater infrastructure 
upgrades. His duties include providing 
reconnaissance for station locations, designing and 
installing monitoring stations, and collecting water 
quality samples. 
 
Mr. Durkee is also a field team member for the 
Ultra-Urban Stormwater Technology Evaluation 
project at the Lake Union Ship Canal Test Facility.  
As such he assists with programming automated 
monitoring and sampling equipment, conducting 
equipment maintenance, collecting water quality 
samples and managing field data. 
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B.S.           Fisheries 
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University of Washington, 2005 

 

B.S. Oceanography 

 School of Oceanography, 

 University of Washington, 2005 
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 (Research cert. 2004) 
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Rusty Brown is an aquatic scientist at Taylor 
Associates, Inc. He brings over five years of experience 
in fishery sciences concerning topics around salmonids, 
marine mammals, and benthic macro and micro fauna. 
His background in Oceanography also brings skills in 
remote sensing, GIS programs, and a vast knowledge of 
the Puget Sound physical and biological properties. The 
culmination of this diverse background experiences 
contributes a diverse set of skills, which enables him to 
provide support across a variety of water-related 
projects in both the near-shore, and off-shore 
environments.  
 
Mr. Brown has professional experience in both the 
private and public sectors.  His responsibilities have 
included:  educating students and the general public 
about the biological and physical aspects of the Puget 
Sound and outer coastline; laboratory management for 
biological work; field work in all water related habitats, 
including open ocean boat work; and proper 
use/calibration of spectrometry equipment, benthic grab 
samplers, small boat handling, SCUBA gear, and GIS 
programs.   
 
Mr. Brown’s academic work has provided him with a 
broad knowledge in fisheries, oceanography, and other 
water related aspects of science. His undergraduate 
thesis work involved the design of a survey to 
determine the impact of local geoduck harvesters on the 
           

 

surrounding benthic infauna. While attaining his 
second degree, Mr. Brown also conducted thesis 
work with remote sensing and the ability to ascertain
the placement of eelgrass beds using satellite 
imagery and GIS programs. 
 
Water Quality Monitoring & Inspections:   
Mr. Brown is a field team member for several 
stormwater assessment projects at the Seattle-
Tacoma International Airport for the Port of Seattle. 
These projects are part of the Port’s National 
Pollutant Discharge Elimination System (NPDES) 
monitoring program. Work for the Port of Seattle 
includes sample collection at numerous outfalls in 
and around the airport, as well as automated sampler 
maintenance and installation. 
 
Mr. Brown also assists with other Taylor Associates 
monitoring projects involving the manual and 
automated collection of water quality samples. 
 
Watershed Monitoring:   
Mr. Brown served as a field team member for King 
County’s Greater Lake Washington and Green-
Duwamish River Watersheds Wadeable Freshwater 
Streams Benthic Macroinvertebrate project. The 
primary objective of the project was to characterize 
aquatic macroinvertebrate populations to assess the 
biological conditions within King County 
  Statement of Qualifications
Consulting in the Coastal and Freshwater Sciences
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atersheds.  Mr. Brown’s duties included sample 
ollection, and managing field data.  

s part of an estuarine wetland monitoring project at 1st 
venue South Mr. Brown is responsible for analyzing 

ollected tidal and base flow samples and identifying 
reshwater and marine epibenthic invertebrate 
rganisms in the samples.  Results from this project will
e used to assess design performance of the constructed 
stuarine wetland and determine its affects on 
almonids and invertebrates.  
  Statement of Qualifications
Consulting in the Coastal and Freshwater Sciences



PROJECT NAME: Ultra-Urban Stormwater Technology Evaluation – Lake Union 
Ship Canal Test Facility 

 
CLIENT: City of Tacoma, Public Works Department 
 Environmental Services / Science & Engineering 

2201 Portland Avenue 
Tacoma, WA  98421-2711 

  
Client Contact:  Ms. Dana De Leon (253) 502-2107   

 
TOTAL CONTRACT AMOUNT: $232,600 (current contract with Tacoma) 

$45,300 (current contract with AquaShield) 
$107,500 CERF/EvTEC contract #2 
$142,561 CERF/EvTEC contract #1 

 
NOTICE TO PROCEED: June 2004 (current contract with AquaShield, Inc.) 
  August 2004 (current contract with Tacoma) 
   August 2002 (CERF contract #2) 

February 2000 (CERF contract #1) 
 

END DATE:   September 2006 (current Tacoma contract) 
 
PROJECT MANAGER:  Heidi Wachter, July 2002 – present 
   Ingrid Wertz, February 2000 – July 2002 
   Curtis Nickerson, 1998 – 2000 
 
DESCRIPTION: 
Since 1998, Taylor Associates, Inc. (TAI) has been the site manager for the Washington 
State Department of Transportation (WSDOT) Ultra-Urban Stormwater Technology 
Evaluation Test Facility (Test Facility) located under the I-5 Ship Canal Bridge in Seattle, 
WA. Partners participating in this project since 1998 have included: WSDOT, 
the Environmental Technology Evaluation Center of the Civil Engineering Research 
Foundation (EvTEC/CERF), the City of Tacoma, the City of Seattle, and the University 
of Washington. 
  
The purpose of this project is to evaluate the performance of new structural stormwater 
treatment technologies. Results from this project will support future application of the 
tested technologies for treatment of stormwater runoff in highly urban basins. 
Technologies currently installed at the Test Facility include the Jenson Precast 
StormvaultTM, BaySaver® Separation System, AquaShield Aqua-FilterTM, and Stormwater 
Management, Inc. StormFilter®. During fall 2004 testing of the StormFilter was re-
initiated with testing of the Aqua-Filter unit anticipated to begin during winter 2005. 
  
Taylor Associates, Inc. is responsible for monitoring and evaluating the effectiveness 
of the ultra-urban stormwater treatment technologies, coordinating the multiple project 
participants, and managing activities related to the Test Facility. Our staff has been 

S:\Ship Canal\test documents\AquaShield_test docs, from shared drive\testing documents\QAPP\appendices\Appendix B 
- TAI Representative Projects.doc 



involved in the design and construction of the facility, performed baseline water quality 
and flow data collection, and facilitated the development of the sampling strategies for 
each technology. In addition, Taylor Associates, Inc. has prepared the QAPP (Quality 
Assurance Project Plan) for the StormVault and StormFilter technologies and will be 
preparing the Aqua-Filter QAPP during fall 2004. Our staff is responsible for the 
installation and maintenance of the monitoring and sampling equipment, leading the field 
data collection effort, and management of all activities performed at or related to the Test 
Facility. Taylor Associates, Inc. manages collected rainfall, flow, and water quality data, 
and provides data analysis and reporting services. 
 
Water quality parameters measured for the technologies includes turbidity, total 
suspended solids, total solids, volatile suspended solids, particle size distribution, pH, 
hardness, total and soluble copper, total and soluble lead, total and soluble zinc, 
nitrate/nitrite, total phosphorus, soluble phosphorus, total kjeldhal nitrogen, total 
petroleum hydrocarbons (TPH-Dx), phthalates, and polyaromatic hydrocarbons. 
  
 
SERVICES PROVIDED:

1. Management of and coordination with the numerous agencies involved 
with the project (WSDOT, CERF, Tacoma, Seattle, UW, technology 
vendors) 

2. Development of testing documents: test plan summaries and QAPPs for 
each technology tested. 

3. Installation of monitoring and sampling stations 
4. Sample collection following QAPP and DOE TAPE protocols, as 

appropriate for each technology. 
5. Site management and site and equipment maintenance. 
6. Data management and analysis, and project reporting. 

 

S:\Ship Canal\test documents\AquaShield_test docs, from shared drive\testing documents\QAPP\appendices\Appendix B 
- TAI Representative Projects.doc 



PROJECT NAME: On-call Stormwater Support for Port of Seattle – Seattle-Tacoma 
International Airport (POS – Storm 3) 

     
CLIENT:  Port of Seattle 

Aviation Environmental Programs 
   P-00308174 
   PO#0000220789 
   Vendor Contract #PV0306293 
 
CONTACT:  Mr. Aaron Moldver, POS 206-988-5508 
 
TOTAL CONTRACT AMOUNT: $1,000,000 
NOTICE TO PROCEED:  12/4/01  
END DATE:    On going 
 
PROJECT MANAGER:    Curtis Nickerson 
 
DESCRIPTION:
Taylor Associates, Inc. (TAI) has provided stormwater monitoring services to meet the 
requirements of the Port of Seattle’s NPDES permit at the Seattle-Tacoma International 
Airport since 1998.  TAI is responsible for collecting grab and flow-weighted composite 
samples and monitoring flow at 14 stormwater outfalls.  Over 90 grab and composite 
samples are collected annually.  Analytical analyses of the stormwater samples includes 
pH, fecal coliforms, total-petroleum hydrocarbons, biological oxygen demand, total 
suspended solids, glycols, copper, lead, and zinc. 
 
Taylor Associates, Inc. also provides support for special water quality studies in response 
to the needs of the Port of Seattle Environmental Managers and the Washington State 
Department of Ecology.  The special studies have included metal and microbial source 
tracing, stormwater BMP performance evaluations, in-stream dissolved oxygen and 
turbidity monitoring, and sanitary waste sampling. 
 
SERVICES PROVIDED:
 

1. Project administration and budget tracking 
2. Continuous rainfall monitoring 
3. Installation and deployment of monitoring equipment, including confined 

space entries 
4. Maintenance and troubleshooting of sampling and flow monitoring equipment 

and multi-parameter sondes 
5. Open channel (stream) and conveyance pipe flow monitoring 
6. Continuous multi-parameter stream and stormwater monitoring 
7. Automated water quality sample collection 
8. Water quality manual grab sampling 
9. Data management, organization, and analysis 
10. Data and project reporting 

S:\Ship Canal\test documents\AquaShield_test docs, from shared drive\testing documents\QAPP\appendices\Appendix B 
- TAI Representative Projects.doc 



PROJECT NAME: SR 405 Vortechs Water Quality Monitoring 
 
CLIENT:  David Evans & Associates 
   Washington State Department of Transportation 
   Agreement #Y-7333 TAD AO and AO.1 
 
TOTAL CONTRACT AMOUNT: $58,669 
NOTICE TO PROCEED:  3/7/2000 and 2/8/2002 
END DATE:    April, 2002 
 
PROJECT MANAGER:  James Packman 
 
DESCRIPTION:
This project monitored water quality and maintenance needs of a Vortechs Model 11000 
stormwater treatment unit on State Route 405 in King County.  The Vortechs is an 
underground device that is designed to remove primarily total suspended solids (TSS).  
Flow-weighted composite samples were collected immediately upstream and downstream 
of the Vortechs unit during storm events.  Water quality parameters measured were TSS, 
turbidity, hardness, total zinc, dissolved zinc, total phosphorus, orthophosphate 
phosphorus, and pH.  Particle sizes were also determined for particles 1.25 µm to 212 µm 
in diameter.  Maintenance needs for the Vortechs unit were determined by regularly 
measuring sediment accumulation and noting floatable objects and water surface sheen. 
 
SERVICES PROVIDED:

1. Development of experimental design for data collection. 
2. Quality assurance project planning. 
3. Flow and rainfall monitoring. 
4. Water quality sample collection. 
5. Maintenance inspections of the Vortechs unit. 
6. Data management, organization, and analysis. 
7. Interim project reports. 
8. Final reports and information transfer. 
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APPENDIX C: LAKE UNION SHIP CANAL 
TEST FACILITY MAPS AND DIAGRAMS 
 

Location of the WSDOT Lake Union Ship Canal Test Facility 

 

Plan view of the WSDOT Lake Union Ship Canal Test Facility 

 

Layout of the WSDOT Lake Union Ship Canal Test Facility Illustrating Water Flow and 

Distribution Through the Site and Test Bays 
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Figure C-1:  Location of the WSDOT Lake Union Ship Canal Test Facility 
 

 



 
 
 
 
Figure C-2:  Plan View of the WSDOT Lake Union Ship Canal Test Facility 



 
 
Figure C-3:  Layout of the WSDOT Lake Union Ship Canal Test Facility Illustrating Water Flow and Distribution Through 
the Site and Test Bays 



 

 

 

APPENDIX D: AQUA-FILTER™ TREATMENT 
SYSTEM 
 

Engineering Drawings of the Aqua-Filter™ System Installed at the WSDOT Lake Union 

Ship Canal Test Facility 

 

Diagram of Aqua-Filter™ Filtration System Model AF 6.12; Standard Detail 

 

Diagram of a Typical Aqua-Filter™ Porous Filter Chamber 

 

Aqua-Filter™ Maintenance Procedures 

 

Location of 21 Aqua-Swirl™ Concentrators and 7 Aqua-Filter™ Systems Throughout 

Washington State 
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Figure D-2:  Diagram of a Typical Aqua-Filter™ Filtration Chamber 
 
 



System Maintenance 

  7

 
 

Floatable debris in the Aqua-Swirl™ Concentrator

 
 

 
Aqua-Filter™ Maintenance 

 
For the Aqua-Filter™ Stormwater Filtration System to operate most efficiently, 
the unit must be maintained properly.  Typically, inspection of the Swirl 
Concentrator and Filtration Chamber should be performed on a quarterly basis.  
Information gathered during the first year of service can be used to create a 
maintenance plan appropriate for the site. 
 
Swirl Concentrator Pretreatment Chamber 
 
The Swirl Concentrator is easily 
inspected from the surface.   
Floating debris and free-oil can 
be observed along with the 
captured stormwater by 
removing the manhole cover.  
Sediment depth is determined by 
lowering a measuring device (i.e. 
stadia rod) to the top of the 
sediment pile.   
  
When the sediment pile is within 
30” to 36” from the water 
surface, cleaning is required.  
Typically, a vacuum truck is used 
to first remove the captured 
floating materials from the water’s surface before lowering the vac-hose into the 
accumulated sediment pile for its removal.   
 
For more detail regarding the inspection and maintenance of the Swirl 
Concentrator, please see the previous Section on the Aqua-Swirl™ Concentrator 
Inspection and Maintenance. 
 
Aqua-Filter™ Filtration Chamber 
 
The filter media is also easily observed from the surface.  Manhole covers are 
spaced over the entire filter bed to provide easy access.  AquaShield™ provides a 
customized manhole cover with our logo to make it easy for maintenance crews 
to locate the system in the field.   
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A permanent ladder provides access to filter chamber

 
 

Grate panels cover the filter media  

Initially, the filter media is a light tan or white in color.  When the media color 
turns black, it has become saturated from pollutant loading and requires 
replacement.   
 

An entry riser provides complete direct 
access into the filtration chamber with 
a permanent ladder welded into the 
downstream section of the chamber.  
This additional access allows for 
vacuuming any standing water and an 
unobstructed walkway to the 
downstream side of the filter bed.  
 
Replacement of the filter media 
typically requires entry into the filter 
chamber by one of a two-member 
maintenance crew.  Confined space 
entry precautions should be taken by 
the maintenance crew when removing 
and replacing the filters.    
 

The spent filter containers are normally retrieved from the filter chamber by a 
second crewmember at the surface through the multiple 30” risers spaced across 
the top of the filter bed.  In addition, the filter containers can be accessed 
directly from within the filtration chamber via a vertical removable panel at the 
rear of the filter bed.  
 
The center row of the filter bed has been fitted 
with removable grate panels.  This allows for a 
6-foot tall walkway down the center of the 
chamber, providing easy access to the full 
length of the Filtration Chamber.  
 
Rows of permanent side grate panels are 
positioned on both sides of the center row.  
After the center grate panel has been 
removed, the filter media can be lifted from 
these side grate panels.  
 
After the permanent side grates have been 
loaded with replacement filter containers the 
removable center grates are repositioned and 
locked in place.  New filters are installed in a 
criss-cross manner to prevent short-circuiting.  
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Spent filter media can be recycled or sent to a landfill  

 
Filter Media Disposal 
 
The filter media does not allow captured contaminants to be released once 
absorbed into the material.  This is a unique quality of the Aqua-Filter™ Filtration 
System, allowing superior performance under extreme conditions.  
 
The spent filters and 
sediment generally do not 
require any special 
treatment or handling for 
disposal. The filter media 
can be recycled as fuel 
material, sent to a subtitle D 
landfill.  AquaShield™ 
recommends that all 
materials removed during 
the maintenance process be 
handled and disposed of in 
accordance with local and 
state requirements.  
 
Results of TCLP analysis of used AquaShield™ Filter Media indicated non-
detectable concentrations of metals, total petroleum hydrocarbons and volatile 
organic compounds which may be useful in selecting the treatment/disposal 
alternatives for the filter media. 
 
An “Inspection and Maintenance Manual” is provided with each Aqua-Filter™ 
system for more detailed maintenance procedures. On the following page, you 
will find a sample Inspection Data Sheet. 
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Aqua-Filter™ Inspection and 
Maintenance Data Sheet 

 

 
Inspector:  Date:  
Location:  Time:  
 
INSPECTION 
General Site Condition 
Visible Evidence of Spills/ Releases (oils, grease, fuels, paints, chemicals): 
 
Visible Evidence of Heavy Sediment Deposition:  
 
Swirl Concentrator 
Condition of Swirl Concentrator:  
  
Condition of Baffle:  
  
Distance to Sediment:  
Distance to Water:  
Note: If sediment is less than 30” below water surface, sediment should be removed. 
 
Filtration Chamber 
Condition of Filter Trays:  
  
Condition of Filtration Chamber:  
  
Color of Filter Media:  
Note: If filter media is dark brown to black, it should be replaced. 
 
CONTAMINATION REMOVAL DATA (if required) 
Floating Oil and Debris 
Volume:  
Description:  
Elapsed Removal Time:  
 
Sediment 
Volume:  
Description:  
Elapsed Removal Time:  
 
Filter Media  
Volume:  
Description  

 



Table D-1: Location of 21 Aqua-Swirl™ Concentrators and 7 Aqua-Filter™ 
Systems throughout Washington State 

 

Washington State Installations 

Project # City State AquaShield 
Model # Qty Date 

Installed 
1296 Auburn WA AS-3 1 Pending 
1200 Auburn WA AS-2 1 12/04 

00917 Burlington WA AS-9 2 05/04 
00979 Carnation WA AS-2 1 05/04 
1314 Edmonds WA AS-7 1 04/05 
1475 Everett WA AS-4 1 09/05 

00405 Kitsap WA AS-3 1 08/02 
00988 Lacey WA AS-3 1 09/04 
00834 Longview WA AS-3 2 03/04 
00926 Lynwood WA AF-2.1 , AS-2 2 Pending 
00916 Monroe WA AS-4 1 03/04 
00958 Monroe WA AF-3.3 1 07/04 
1040 Monroe WA AF-2.1 , AF-3.3 3 09/04 
1041 Monroe WA AS-3 1 09/04 
1260 Monroe WA AS-2 , AS-4 2 02/05 
1116 Port Angeles WA AS-10 1 12/04 

00458 Raymond WA AS-4 1 09/02 
1537 Seattle WA AF-3.1 1 Pending 

00919 Shelton WA AS-3 2 04/04 
1308 Shoreline WA AF-4.2 1 09/05 
1305 Tacoma WA AS-3 1 03/05 

Current Totals 

Aqua-Filter
TM

7 

Aqua-Swirl
TM

21 



 

 

 

APPENDIX E: AQUA-FILTER™ 
PERFORMANCE DOCUMENTATION 
 

Aqua-Filter™ Performance Evaluation Reports from Analytical Industrial Research 

Laboratories, Inc.  

 

Verification Testing of the Aqua-Filter™ Filtration Cartridge by Alden Research 

Laboratories, Inc. 

 

Laboratory Evaluation of TSS Removal Efficiency for Aqua-Swirl™ Concentrator 

Stormwater Treatment System by Tennessee Tech University’s Department of Civil and 

Environmental Engineering 

 

New Jersey Corporation for Advanced Technology Verification Report for the Aqua-

Swirl™ Concentrator and the Aqua-Filter™ Stormwater Treatment System 
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VERIFICATION TESTING OF THE 

AQUA-FILTER FILTRATION CARTRIDGE 

 

1.0 INTRODUCTION 

 

Under a contract from AquaShield, Inc. (AquaShield), verification testing of an Aqua-Filter 

Filtration Cartridge was conducted at Alden Research Laboratory, Inc. (Alden), Holden, 

Massachusetts.  Testing consisted of establishing the unit’s hydraulic capacity at the stated 

bypass level of 10-inches, and determining the sediment removal efficiencies using F110 silica 

test sand.  Efficiency tests were conducted at a flow of 80 gpm and sediment concentrations of 

approximately 100, 200 and 300 mg/l. 

 

As shown in Figure 1, the Aqua-Filter testing unit consisted of a 23-inch by 23-inch by 40-inch 

high acrylic test tank, housing a lower collection hopper, bottom fiberglass support grate (2” 

high with 1 ½” x 1 ½” open-area mesh), test filter cartridge and top fiberglass grate.  The filter 

cartridge consisted of four (4) 12-inch by 24-inch by 6-inch high filter bags, filled to 83% 

capacity (5 inches) with a perlite filter media.  The bags were arranged in two (2) layers, with the 

top layer oriented 90-degrees from the bottom.  The sidewalls of each bag were made of an 

impervious material, while the top and bottom were of a fine mesh. 

 

2.0 TEST FACILITY DESCRIPTION 

 

Figure 2 shows the closed test loop, located in Alden’s laboratory/test facility, which was used to 

test the Aqua-Filter Cartridge.  The test loop consisted of a 15 HP pump (flow capacity of 5 cfs) 

drawing water from a laboratory sump, a 2-inch flow meter, 4-inch influent pipe, test unit and 4-

inch effluent piping to return the water to an adjacent interconnected sump.  An energy dissipater 

was attached to the discharge end of the influent pipe.  Located within the influent piping was a 

sampling port, approximately 3 ft upstream of the test unit, to collect the influent sediment 

concentration samples.  The sampling port was horizontal in orientation and consisted of a 4-

inch tee, 4-inch pipe and quick-turn butterfly valve.  Effluent samples were taken at the free-

discharge of the 4-inch effluent pipe, which was connected to the bottom of the collection 
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hopper.  Sediment was injected into the crown of the influent pipe through a 4-inch tee, 

positioned 15 influent pipe diameters upstream of the influent sampling port.  Photographs of the 

test-loop and installed Aqua-Filter Cartridge are shown in Figures 3 and 4. 

 

3.0 INSTRUMENTATION AND MEASURING TECHNIQUES 

 

3.1 Flow 

 

The inflow to the test unit was measured using a 2-inch orifice meter, which was fabricated per 

ASME guidelines and calibrated in Alden’s Calibration Department prior to the start of testing.  

Flow was set with a butterfly valve and the differential head from the orifice meter was 

measured using a Rosemount® 0 to 250-inch Differential Pressure Cell, also calibrated at Alden 

prior to testing.  The test flow was averaged and recorded every 5 seconds throughout the 

duration of the test, using a computerized data acquisition (DA) program.  The accuracy of the 

flow measurement is estimated at ±1% 

 

3.2 Temperature 

 

Water temperature measurements were obtained using an Omega® DP41 temperature probe and 

readout device, which was calibrated at the laboratory prior to testing.  The temperature reading 

was entered into the DA program for use in the flow measurement calculations. 

 

3.3 Pressure Head 

 

The pressure head within the test tank was measured using a Druck®, 2-psi single-ended 

pressure cell, installed in the sidewall of the test unit, approximately 3 inches above the filters 

(1-inch above the grate).  The pressure cell was calibrated at Alden prior to testing.  Pressure 

readings were averaged and recorded every 5 seconds throughout the duration of the test, using a 

computerized DA program. 

3.4 Sediment Injection 
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F110 silica sand, with a Specific Gravity of 2.65, was used to test the Aqua-Filter Cartridge.  The 

test sand was introduced into the test loop using an Auger® volumetric screw feeder, model VF-

1.  A 0.5-inch auger screw was driven with a variable speed drive.  The feeder had a 1.5 cubic 

foot hopper at the upper end of the auger to provide a constant supply of dry test sand. 

 

3.5 Sediment Sample Analysis 

 

Samples can be analyzed using one of two methods: Suspended Solids Concentration (SSC), or 

Total Suspended Solids (TSS).  SSC methodology utilizes the entire sample in the analysis, as 

opposed to the TSS method, which requires the sample to be split prior to processing.  The TSS 

method is preferred by the EPA for water sample analyses; however, it is an inaccurate method 

for use in laboratory stormwater sediment testing, due to the level of difficulty keeping the larger 

particles thoroughly mixed during the splitting process and producing an accurate representative 

split of the sample for analysis.  Recognizing this, Alden has chosen to use the SSC method for 

the sample analyses. 

 

Collected samples were filtered and analyzed by Alden in accordance with Method B, as 

described in ASTM Designation: D 3977-97 (Re-approved 2002), “Standard Test Methods for 

Determining Sediment Concentration in Water Samples”, as described below.  The required 

F110 silica foundry sand used in the sediment testing did not result in any dissolved solids in the 

samples, and therefore, simplified the ASTM testing methods for determining sediment 

concentration. 

 

Samples were collected in a graduated 2-Liter beaker.  Prior to sample collection, the clean, dry 

weight of each beaker was recorded to the nearest 0.1-gram, using an Ohaus® 4000g x 0.1g 

digital scale, model SCD-010.  Collected samples were also weighed to the nearest 0.1-gram 

using the Ohaus® digital scale.  Each sample was filtered through a Whatman® 934-AH, 47 

mm, 1.5-micron, glass microfiber filter paper, using a laboratory vacuum-filtering system.  Each 

filter was placed in a designated dish and dried prior to filtering, in an Oakton® StableTemp 
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gravity convection oven, model 05015-59, at 225 degrees F for a minimum of 2 hours.  Each 

filter/dish set was then weighed to the nearest 0.0001gram, using an AND® analytical balance, 

model ER-182A.  Each filtered sample and dish was dried at a temperature between 175 and 220 

degrees F (below boiling) for 20 to 30 minutes until visually dry.  The oven temperature was 

increased to 225 degrees F and the samples were dried for an additional 2 ½ to 3 hours.  The dry 

samples and dishes were then weighed to the nearest 0.0001gram, using the AND® balance.  Net 

sediment weight, in mg, was determined by subtracting the dried filter weight from the dried 

sample weight and multiplying the result by 1,000.  The net sample volume, in liters, was 

determined by subtracting the beaker and net sediment weight from the overall sample weight 

and dividing by 1,000.  The sediment concentration, in mg/liter, was determined by dividing the 

net sediment weight by the net sample volume.  The removal efficiency for each sample-set was 

calculated using the following equation: 

 
% Efficiency = (Mean Influent Concentration – Mean Effluent Concentration) x 100 

(Mean Influent Concentration) 
 

4.0 TEST PROCEDURES 

 

Testing of the filtration unit was conducted in two (2) phases as described below: 

 

4.1 Phase 1 - Hydraulic Capacity 
 

The unit was tested without sediment to determine its maximum hydraulic capacity (MHC).  

Flow and pressure head measurements were recorded for various flow conditions.  Each test flow 

was set and allowed to reach steady state, at which time a minimum of 5 minutes of data was 

recorded and averaged for each point-set. 

 

4.2 Phase 2 – Sediment Removal Efficiency Testing 

 

Sediment removal efficiency testing can be performed using either the indirect method (grab 

samples), or direct method (mass balance).  The indirect testing method was used for the present 

study, as described below. 
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The test flow was set and allowed to reach steady state.  The F110 test sand was introduced into 

the inflow line through the injection port and three system volumes were allowed to pass through 

the test-loop prior to the collection of samples.  A minimum of 5 pairs of influent/effluent 

samples, of approximately 1 Liter each, were collected during each test, with each effluent 

sample taken 1 unit residence time after the influent sample.  At the completion of the sample 

collections, sediment injection was stopped and the system continued to operate until all the 

sediment was clear from the influent pipe.  Each sample was processed as described in Section 

3.5. 

 

5.0 RESULTS 
 

The filters were rinsed thoroughly prior to installation to remove the fine media particles that 

may pass through the filter mesh and possibly skew the data.  With the filter bags filled to only 

83% capacity, the impervious sidewalls collapsed on top of the filters approximately 1-inch (2 

inches at the center), reducing the effective filter area to approximately 2.75 ft2 and increasing 

the filter rate to 29 gpm/ft2 for a given flow of 80 gpm. 

 

Results of all tests are shown in Tables 1 through 3 and Figure 5 and are discussed in the 

following sub-sections. 

 

5.1 Hydraulic Capacity 

 

Flow (gpm) and head (inches) measurements were recorded for flows ranging from 

approximately 80 to 140 gpm; however, the water elevation was below the readable level of the 

pressure cell for the 80-gpm flow.  There was short-circuiting observed along the outside of the 

filter bags due to small folds in the sidewalls.  This unfiltered flow is conservatively estimated at 

5% of the total flow.  The Flow vs. Head (hydraulic profile) curve, seen in Figure 5, shows the 

recorded and 5% adjusted data fitted with 2nd-order curves, which have an R2 value of 1.  The 

maximum attainable flow was calculated for each curve and has values of 146.3 and 139.0 gpm 

for the recorded and adjusted data, respectively. 
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5.2 Sediment Removal Efficiency 

 

F110 Silica sand was selected for testing the Aqua-Filter Cartridge.  The particle size distribution 

is similar to OK110 silica sand; however, the F110 has more of the fine particles, with 33% 

between 45 and 88 microns, as opposed to 11% for the OK110. 

 

Removal efficiency tests were conducted at a flow 80 gpm (0.18 cfs) and influent sediment 

concentrations of approximately 100, 200 and 300 mg/l.  The calculated efficiencies are not 

corrected for short-circuiting of the filter cartridge, which would result in slightly higher than 

stated efficiencies. 

 

5.2.1 Sediment Removal Efficiency at 100 mg/l 

 

The average flow recorded for the entire test was 80.0 gpm, with a standard deviation of 0.57.  

The measured influent concentrations ranged from 118.9 mg/L to 157.0 mg/L, with a mean 

concentration of 136.2 mg/L.  The effluent concentrations ranged from 9.2 mg/L to 12.7 mg/L, 

with a mean concentration of 10.9 mg/L.  The background concentration was 0.8 mg/L.  The 

sediment concentration removal efficiencies ranged from 89.3% to 94.1%, with a mean of 

92.0%.  See Table 1. 

 

5.2.2 Sediment Removal Efficiency at 200 mg/l 

 

The average flow recorded for the entire test was 80.0 gpm, with a standard deviation of 0.71.  

The measured influent concentrations ranged from 210.6 mg/L to 256.3 mg/L, with a mean 

concentration of 235.3 mg/L.  The effluent concentrations ranged from 8.9 mg/L to 11.5 mg/L, 

with a mean concentration of 10.7 mg/L.  The background concentration was negligible.  The 

sediment concentration removal efficiencies ranged from 94.9% to 96.5%, with a mean of 

95.5%.  See Table 2. 

 

5.2.3 Sediment Removal Efficiency at 300 mg/l 
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The average flow recorded for the entire test was 79.9 gpm, with a standard deviation of 0.43.  

The measured influent concentrations ranged from 224.6 mg/L to 464.9 mg/L, with a mean 

concentration of 316.4 mg/L.  The effluent concentrations ranged from 18.1 mg/L to 20.2 mg/L, 

with a mean concentration of 19.5 mg/L.  The background concentration was negligible.  The 

sediment concentration removal efficiencies ranged from 91.0% to 95.9%, with a mean of 

93.8%.  See Table 3. 

 



 

TABLES



 

Table 1 
Sediment Removal Efficiency 

100 mg/l 

Sample Influent mg/L Effluent mg/L Efficiency (%)

1 123.7 9.2 92.5
2 125.2 11.7 90.7
3 118.9 12.7 89.3
4 156.3 9.2 94.1
5 157.0 11.6 92.6

MEAN 136.2 10.9 92.0  
 
 
 

Table 2 
Sediment Removal Efficiency 

200 mg/l 

 
 
 
 

Table 3 
Sediment Removal Efficiency 

300 mg/l 

Sampl Influent Effluent Efficiency 

1 228. 11. 95.
2 256. 11. 95.
3 252. 8. 96.
4 228. 10. 95.
5 210. 10. 94.

MEAN 235. 10. 95.

Sampl Influent Effluent Efficiency 

1 350. 18. 94.
2 239. 19. 91.
3 464. 19. 95.
4 301. 20. 93.
5 224. 20. 91.

MEAN 316. 19. 93.
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Figure 1:  Aqua-Filter Test Tank



ALDEN 

 

 
 

Figure 2:  Alden Flow Loop
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Figure 3:  Photograph of Flow Meters within Alden’s Test-Loop 
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Figure 4:  Photographs of the Aqua-Filter and Test Tank
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Figure 5:  Hydraulic Capacity Curve 
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1. Introduction 
 

1.1   New Jersey Corporation for Advanced Technology (NJCAT) Program 
 
NJCAT is a not-for-profit corporation to promote in New Jersey the retention and growth of 
technology-based businesses in emerging fields such as environmental and energy technologies.  
NJCAT provides innovators with the regulatory, commercial, technological and financial 
assistance required to bring their ideas to market successfully.  Specifically, NJCAT functions to: 
 

• Advance policy strategies and regulatory mechanisms to promote technology 
commercialization; 

• Identify, evaluate, and recommend specific technologies for which the regulatory and 
commercialization process should be facilitated; 

• Facilitate funding and commercial relationships/alliances to bring new technologies 
to market and new business to the state; and 

• Assist in the identification of markets and applications for commercialized 
technologies. 

 
The technology verification program specifically encourages collaboration between vendors and 
users of technology.  Through this program, teams of academic and business professionals are 
formed to implement a comprehensive evaluation of vendor specific performance claims.  Thus, 
suppliers have the competitive edge of an independent third party confirmation of claims. 
 
Pursuant to N.J.S.A. 13:1D-134 et seq. (Energy and Environmental Technology Verification 
Program), the New Jersey Department of Environmental Protection (NJDEP) and NJCAT have 
established a Performance Partnership Agreement (PPA) whereby NJCAT performs the 
technology verification review and NJDEP certifies the net beneficial environmental effect of the 
technology. In addition, NJDEP/NJCAT work in conjunction to develop expedited or more 
efficient timeframes for review and decision-making of permits or approvals associated with the 
verified/certified technology. 
 
The PPA also requires that: 
 
•  The NJDEP shall enter into reciprocal environmental technology agreements concerning the 

evaluation and verification protocols with the United States Environmental Protection Agency 
(USEPA), other local required or national environmental agencies, entities or groups in other 
states and New Jersey for the purpose of encouraging and permitting the reciprocal 
acceptance of technology data and information concerning the evaluation and verification of 
energy and environmental technologies; and  

 
•  The NJDEP shall work closely with the State Treasurer to include in State bid specifications, 

as deemed appropriate by the State Treasurer, any technology verified under the Energy and 
Environment Technology Verification Program. 
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 1.2 Technology Verification Report 
 
In January 2005, AquaShield™ Inc. (2733 Kanasita Dr. Suite B, Chattanooga, TN  37343) 
submitted a formal request for participation in the NJCAT Technology Verification Program.  
The technologies proposed by AquaShield™ Inc., the Aqua-Swirl™ Concentrator and the Aqua-
Filter™ Stormwater Filtration System, reduce non-point source (NPS) pollution in stormwater 
through the use of gravitational and hydrodynamic forces and filtration media.  The proposed 
technology eliminates or reduces the amount of debris, oil, grease, sediment, hydrocarbons, 
heavy metals, and nutrients from stormwater.  More specifically, the Aqua-Swirl™ Concentrator 
has been designed to capture floatable debris, oils and grease, and sediment.  The Aqua-Filter™ 
Stormwater Filtration System has been designed to remove or eliminate fine sediment, nutrients, 
metals, and other pollutants. 
 
This verification report covers the evaluation based upon the performance claims of the vendor, 
AquaShield™ Inc. (see Section 4).  The verification report differs from typical NJCAT 
verification reports in that final verification of the Aqua-Swirl™ Concentrator and the Aqua-
Filter™ Stormwater Filtration System (and subsequent NJDEP certification of the technology) 
awaits completed field testing that meets the full requirements of the Technology Acceptance 
and Reciprocity Partnership (TARP) – Stormwater Best Management Practice Tier II Protocol 
for Interstate Reciprocity for stormwater treatment technology.  This verification report is 
intended to evaluate AquaShield™ Inc.’s initial performance claims for the technologies based 
on carefully conducted laboratory studies.  These claims are expected to be modified and 
expanded following completion of the TARP required field-testing. 
 
 1.3  Technology Description 
 
  1.3.1 Specific Applicability 
 
The Aqua-Swirl™ Concentrator is used on commercial, military, industrial, urban, residential 
(single and multi-family), and retail types of land uses.   Each Aqua-Swirl™ Concentrator is 
constructed of High-Density Polyethylene (HDPE) and is therefore modular, lightweight, and 
durable, eliminating the need for special heavy lifting equipment during installation.   
 
The Aqua-Filter™ Stormwater Filtration System is used on commercial, military, industrial, 
urban, residential (single and multi-family), and retail types of land uses where sensitive 
receiving waters are to be protected.  The Aqua-Filter™ Stormwater Filtration System is also 
constructed of High-Density Polyethylene (HDPE) and is therefore modular, lightweight, and 
durable, eliminating the need for special heavy lifting equipment during installation.   
 
The AquaShield™ Stormwater Treatment Systems (i.e., The Aqua-Swirl™ Concentrator and The 
Aqua-Filter™ Stormwater Filtration System) are adaptable and custom designed to be specified 
on practically any new development project.  The design allows for easy retrofit into existing 
facilities.  Typical applications include: 
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• Retail/Commercial Developments 
• New and Existing Industrial Facilities 
• Highway/Transportation Facilities 
• Watershed Protection 
• Redevelopment/Retrofit Sites 
• Government Facilities 
• Military Installations, Bases and Berthing Wharfs 
• Vehicle and Equipment Wash Rack Areas 
• Fueling Centers and Convenience Stores 
• Fast Food Restaurants 
• Office Complexes 
• Residential Developments 
• Coastal Communities 
• Drinking Water Well-head Protection Areas. 

 
1.3.2 Range of Contaminant Characteristics 

 
The Aqua-Swirl™ Concentrator has been designed to capture sediment, free-oil, and floatable 
debris.  The Aqua-Filter™ Stormwater Filtration System has been designed to remove or 
eliminate fine sediment, nutrients, metals, and other pollutants. 
 

1.3.3 Range of Site Characteristics 
 

The Aqua-Swirl™ Concentrator, with a conveyance flow diversion system, allows simple 
installation by connecting directly to the existing storm conveyance pipe and provides full 
treatment of the “first flush” or the determined water quality flow while the peak design storm is 
diverted and channeled through the main conveyance pipe.  The Aqua-Swirl™ Concentrator 
sizing chart for various models is provided in Table 1. 

The Aqua-Filter™ Stormwater Filtration System uses a “treatment train” approach.  The system 
includes an Aqua-Swirl™ Concentrator designed for gross contaminant removal which pre-treats 
stormwater before entering the Filtration Chamber.  A variety of natural filter media are used in 
the 6 ft diameter filtration chamber to complete the treatment process by polishing the 
stormwater, removing fine sediments and water-borne pollutants.  The Aqua-Filter™ Stormwater 
Filtration System sizing chart for various models is provided in Table 2. 
 

 
 1.3.4 Material Overview, Handling and Safety 
Free-floating oil and floatable debris can be removed directly through the 30” service access 
provided on the Aqua-Swirl™ Concentrator.  When the sediment pile is within 30” to 36” of the 
water surface, cleaning is required.  A vacuum truck can be used to remove the accumulated 
sediment and debris.  The entire sediment storage area can be accessed with a vacuum hose from 
the surface.  All materials removed are to be handled and disposed of in accordance with local 
and state requirements.   
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Table 1.  Aqua-Swirl™ Concentrator Sizing Chart 
   

Aqua-Swirl™ 
Model 

 Swirl    
Chamber  
Diameter 

Maximum          
Stub-Out Pipe Outer 

Diameter 

Water Quality 
Treatment 

Flow2

Oil/Debris 
Storage 

Capacity 

Sediment 
Storage 

Capacity 

  (ft) (in) (cfs) (gal) (ft3) 
On/Offline CFD1

AS-2 2.50 
8 12 

1.1 37 10 

AS-3 3.25 10 16 1.8 110 20 

 AS-4 4.25 12 18 3.2 190 32 

AS-5 5.00 12 24 4.4 270 45 

AS-6 6.00 14 30 6.3 390 65 

AS-7 7.00 16 36 8.6 540 90 

AS-8 8.00 18 42 11.2 710 115 

AS-9 9.00 20 48 14.2 910 145 

AS-10 10.0 22 54 17.5 1130 180 

AS-12 12.0 24 60 25.2 1698 270 

AS-XX* Custom -- -- >26 -- -- 

*Higher water quality treatment flow rates can be designed with multiple swirls.
  

 Notes:      
(1) 

 
 

The Aqua-Swirl™ Conveyance Flow Diversion (CFD) provides full treatment of the "first 
flush," while the peak design storm is diverted and channeled through the main conveyance 
pipe. 

(2) 
 
 
 
 

Many regulatory agencies are establishing "water quality treatment flow rates" for their areas 
based on the initial movement of pollutants into the storm drainage system. The treatment 
flow rate of the Aqua-Swirl™ system is engineered to meet or exceed the local water quality 
treatment criteria.  This "water quality treatment flow rate" typically represents 
approximately 90% to 95% of the total annual runoff volume. 
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Table 2.  Aqua-Filter™ Stormwater Filtration System Sizing Chart 
   

Aqua-Filter™ 
Model 

Water Quality 
Filtered Flow 

Rate1

Filtration 
Chamber Length

Approx. Treatment 
Train Length2

Stub-Out Pipe 
Outer Diameter 

  (cfs) (ft) (ft) (in) 

AF - 3.1 0.5 9.6 16 4 

AF - 3.2 1.0 12.0 18 6 

AF - 3.3 1.5 14.3 21 8 

AF - 4.4 2.0 16.6 24 10 

AF - 4.5 2.5 18.7 28 12 

AF - 4.6 3.0 21.0 31 12 

AF - 5.7 3.5 23.6 34 12 

AF - 5.8 4.0 25.9 36 12 

AF - 6.9 4.5 28.2 38 12 

AF - 6.10 5.0 30.5 40 12 

AF - 6.11 5.5 32.8 42 14 

AF - 6.12 6.0 35.6 45 14 

AF - X.XX* > 6.0 Custom Custom -- 

*Higher water quality filtered flow rates can be designed with multiple filter chambers & larger swirls.

Notes:     

(1) The Water Quality Filtered Flow Rate is engineered to meet or exceed the water quality criteria 
established by local regulations.  These systems are designed to capture the water-borne 
contaminants associated with fine sediment, nutrients, and metals. 

(2) The Aqua-Filter™ Stormwater Filtration System is a two (2)-component treatment train 
utilizing an Aqua-Swirl™  & Filter Chamber. 

 
The filter media of the Aqua-Filter™ Stormwater Filtration System is initially light tan or white 
in color.  When the media turns black it has become saturated from pollutant loading and 
requires replacement.  Replacement of the filter media typically requires entry into the filter 
chamber by one of a two member maintenance crew.  Confined space entry precautions should 
be taken by the maintenance crew when removing and replacing the filters.  The filter media 
does not allow captured contaminants to be released once absorbed into the material.  The spent 
filters and sediment generally do not require any special treatment or handling for disposal.  All 
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materials removed during maintenance are to be handled and disposed of in accordance with 
local and state requirements.   
 
 1.4   Project Description 
 
This project included the evaluation of assembled reports, company manuals, literature, and 
laboratory testing reports to verify that the Aqua-Swirl™ Concentrator and the Aqua-Filter™ 
cartridge meet the performance claims of AquaShield™ Inc.   
  

1.5 Key Contacts 
 

Rhea Weinberg Brekke 
Executive Director 
NJ Corporation for Advanced Technology 
c/o New Jersey EcoComplex 
1200 Florence Columbus Road 
Bordentown, NJ   08505 
609-499-3600 ext. 227 
rwbrekke@njcat.org  
 
Richard S. Magee, Sc.D., P.E., DEE 
Technical Director 
NJ Corporation for Advanced Technology 
c/o Carmagen Engineering Inc. 
4 West Main Street 
Rockaway, NJ   07866 
973-627-4455 ext. 24 
rmagee@carmagen.com  
 
Christopher C. Obropta, Ph.D., P.E. 
Assistant Professor 
Rutgers, The State University of New Jersey 
Department of Environmental Sciences 
New Brunswick, NJ 08901-8551 
732-932-4917 
obropta@envsci.rutgers.edu 
 
Ravi Patraju 
Bureau of Sustainable Communities and 
Innovative Technologies 
NJ Department of Environmental Protection 
401 East State Street 
Trenton, NJ   08625-0409 
609-292-0125 
ravi.patraju@dep.state.nj.us  
 

 
 
 
J. Kelly Williamson 
President 
AquaShield™ Inc. 
2733 Kanasita Drive, Suite B 
Chattanooga, TN  37343 
423-870-8888/ fax 423-826-2112 
jkwilliamson@aquashieldinc.com 
 
Eric Rominger 
Director, Engineering Sales & Marketing 
AquaShield™ Inc. 
2733 Kanasita Drive, Suite B 
Chattanooga, TN  37343 
423-870-8888/ fax 423-826-2112 
erominger@aquashieldinc.com 
 
Dev Vasudev,  
Sales Engineer/Agent 
Shri Agencies 
3 Stockton Drive 
Ringoes, NJ 08551 
908-284-5041/fax 908-349-3399 
cnv@shriagencies.com
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2.   Evaluation of the Applicant 
 
 2.1  Corporate History 
 

AquaShield’s™ commitment to providing quality environmental solutions began in the early 
1980’s with its founder, J. Kelly Williamson, solving surface water (NPDES) and groundwater 
contaminant issues at industrial and commercial facilities through his previously owned 
environmental consulting/contracting companies.  In 1997 the first product, a catch basin insert 
(now the Aqua-Guard™ Catchbasin Insert), was introduced for use at point source problem sites 
such as gas stations, fast food restaurants, and high traffic parking lots.  The AquaShield™ 
Stormwater Filtration technology expanded to underground structures in 1999 with installing a 
“treatment train” design utilizing pretreatment sediment removal incorporated with a filtration 
chamber to remove fine contaminants.  This is now known as the Aqua-Filter™ Stormwater 
Treatment System.  
 
Early in 2000, AquaShield™ Inc. was formed with its corporate office in Chattanooga, 
Tennessee.  Recognizing the increasing compliance standards for water borne pollutants sets 
AquaShield™ Inc. apart in a fast growing industry with patenting a treatment system integrating 
hydrodynamic swirl separation technology for pretreatment with high flow filtration technology 
in a single device.  In 2001, the Aqua-Swirl™ Concentrator, a stand alone hydrodynamic swirl 
concentrator, was introduced to meet the increasing requests for primary pollutant removal of 
sediment and floatable debris and oils.  
 
Accordingly, AquaShield™ Inc. offers its customers three essential alternatives for treating 
stormwater and industrial runoff; the Aqua-Swirl™ Concentrator, the Aqua-Filter™ Stormwater 
Treatment System and the Aqua-Guard™ Catchbasin Insert.  Other derivatives of these core 
products have been adapted for exclusive customers needing further enhanced water treatment.  
AquaShield’s™ products distinguish themselves with their HDPE construction materials 
providing flexibility and adaptation to site specific conditions. Each product arrives at the project 
job site completely assembled and ready for installation. 
 
All AquaShield™ products are fabricated and hydrostatically tested prior to shipment under 
rigorous quality control procedures at three plants in the central United States.  Plans are 
underway to open additional plants in California and Maryland to assist with logistics.    
 
The performance evaluations of the AquaShield™ products are conducted and confirmed by 
independent sources such as Universities and state licensed laboratories to maintain the integrity 
of the study.  Computational fluid dynamic (CFD) computer modeling by Universities and 
independent contract laboratories is used to confirm hydraulic capabilities of existing products as 
well as for developing new technology and designs.  Field performance tests are under grant 
funded projects in Washington, New Hampshire and Georgia. There are two (2) new products 
being developed and tested with patent applications pending.  
 
AquaShield™ Inc.’s goal is to understand the customer’s needs and offer the best cost efficient 
solution in a timely manner.  AquaShield™ accomplishes this goal through its growing team of 
sixteen (16) Independent Sales Agents across the United States and a corporate engineering and 
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customer service staff in Chattanooga.  AquaShield™ has licensees in Korea, Puerto Rico, 
Malaysia, Philippines, Middle East, Mexico, and Central America.   This exponential growth has 
allowed AquaShield™ Inc. to be recognized the past two years as one of Tennessee’s 50 fastest 
growing privately held companies. AquaShield™, Inc. was also awarded the “Krusei Spirit of 
Innovation” in the Spring of 2004. 
 
 2.2  Organization and Management 
 
The corporate office of AquaShield™ Inc. is in Chattanooga, Tennessee where the engineering, 
design, research and development, maintenance, accounting and customer support personnel are 
located.  AquaShield™ Inc.’s team of Independent Sales Agents are covering 39 states in the 
United States while independent licensees are providing Puerto Rico, Korea, Malaysia, 
Philippines, Middle East, Mexico, and Central America local customer support.  The leadership 
of AquaShield™ Inc. consists of J. Kelly Williamson - President and Founder; Eric Rominger – 
Director, Engineering Sales and Marketing; Heather Jones – Accounting Manager;  Thomas 
Dingler -. CAD/Engineering; Teresa Hardin – Project Coordinator; and Anna Sutton – 
Maintenance Coordinator.  The fabrication plants operate under self-sufficient management 
structure with the guidance of the corporate organization. 
 
 2.3  Operating Experience with the Proposed Technology 
 
The AquaShield™ Stormwater Treatment Technologies are based on 20 years of experience in 
providing treatment solutions for impaired water resources.  AquaShield™ systems have been 
installed at numerous locations world wide for a variety of applications.  The following is a 
listing of sample installations in the United States: 

Aqua-Swirl™ Concentrator 

• Vehicle Washdown Area in Grand Rapids, MI 

• Industrial Facility Parking Lot in Olancha, CA 

• Church Parking Lot in Hixson, TN 

• Shopping Center Parking Lot in Honolulu, HI 

• Storage Yard in Charlotte, NC 

• Maintenance Facility in Eugene, OR 

• Housing Subdivision in Macomb County, MI 

• Fueling Station in Knoxville, TN 

• Roadway Project in Grand Rapids, MI 

• Naval Air Station in San Diego, CA 

• Grocery Store in Emmett, ID 

• Residential Development/Golf Course in Indianapolis, IN 

• University Housing in Indianapolis, IN 
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• Department of Transportation Center in Knoxville, TN 

• News/Publishing Facility in Honolulu, HI 

• Correctional Facility in Indianapolis, IN 

 Aqua-Filter™  Stormwater Filtration System* 

• Housing Subdivision in Anchorage, AK 

• Industrial Facility Parking Lot in Massena, NY 

• Institutional Parking Facility in Kalamazoo, MI 

• Truck Wash in Oklahoma City, OK 

• Department of Public Works Facility in Wayne, MI 

• Roadway Project/Test Facility in Seattle, WA 

• Commercial Facility Parking Lot in Rockville, MD 

• Roadway Project in Novi, MI 

• Hotel Parking Lot in Dumphries, VA 

• Highway/Stream Re-development in Jackson, WY 

• Navy Base Pier in San Diego, CA 

• Department of Transportation in Portsmouth, RI 

• Parking Lot Expansion in Golden Valley, MN 

• Town Homes in Weaton, MD 

• Corporate Building Site in Kalamazoo, MI 

 

* All Aqua-Filter™ Stormwater Filtration Systems are installed in a treatment train with an 
Aqua-Swirl™ Concentrator. 

 
 2.4 Patents 
 
Currently, two (2) patents apply to the Aqua-Swirl™ Concentrator and the Aqua-Filter™ 
Stormwater Treatment System: 
 

• Drainwater Treatment System for Use in a Horizontal Passageway – US Patent No. 
6,190,545 

• Gravitational Separator and Drainwater Treatment System for Use in a Horizontal 
Passageway – US Patent No. 6,524,473  
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 2.5 Technical Resources, Staff and Capital Equipment 
 
AquaShield™ Inc. provides direct interaction with government regulators, design 
engineers/architects and property owners/developers with their corporate office and local 
representatives. All design work for each AquaShield™ product is completed at AquaShield™ 
Inc.’s corporate office.  Drawings and specifications of standard product designs and sizes are 
provided through several sources to expedite the permitting and installation process. 
AquaShield™ Inc.’s Technical Manual is available in written and compact disc (CD) format 
which explains details of each product, fabrication and installation methods, inspection and 
maintenance procedures, and performance and testing information.  
 
The operation of the Aqua-Swirl™ Concentrator is available in 3-D animation that can be 
manipulated by the viewer on their website www.aquashieldinc.com. The operation of the Aqua-
Filter™ Stormwater Treatment System is also provided in simple animation.   
 
A video CD is available that describes the design, manufacturing, handling, installation and 
maintenance of the AquaShield™ products. 
 
A Sizing Program is available for design engineers/architects through the local Sales Agents and 
corporate engineering staff for the Aqua-Swirl™ Concentrator.  The Sizing Program uses 
National Climatic Data Center (NCDC) information from approximately 7,000 recording stations 
in the United States combined with performance information and the rational method to 
recommend the correct size or model Aqua-Swirl™ Concentrator for a site. 
 
AquaShield™ Inc. has a Project Design Assistant (PDA) that grants registered users access to 
standard drawings and project information at the convenience of their personal computers from 
the internet.  Site specific information can be transmitted directly to corporate engineers to 
expedite final Auto CAD drawings of the correct model Aqua-Swirl™ Concentrator or Aqua-
Filter™ Stormwater Treatment System.  The PDA expedites the process from project concept, to 
specific design, to permitting, to fabrication and installation.  During this process, local Sales 
Agents and engineering staff are in communication with the design engineers/architects to 
maintain customer relations.  
 
Calculations are provided by the AquaShield™ engineering staff for traffic loading (H-20 and 
greater), buoyancy and stress/strain conditions, as appropriate for projects. 
 
Each AquaShield™ product is fabricated at one of three plants and shipped to the project site in 
less than four (4) weeks of receiving final approved shop drawings.  AquaShield™ makes 
arrangements for all shipping and delivery with the project contractor.  A representative from 
AquaShield™ is available for assisting with the installation of the products.   
 
An AquaShield™ Maintenance Coordinator is available to ensure the proper and timely 
inspection and maintenance of the AquaShield™ products.  Local contractors are used to 
complete the cleaning and correct filter replacements of the systems.  AquaShield™ also has 
product liability insurance and can supply a certificate of insurance to the customer upon request. 
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3. Treatment System Description 
 
Operation of Aqua-Swirl™ Concentrator 
 
The patented Aqua-Swirl™ Concentrator provides for the removal of sediment, floating debris, 
and free-oil.  The Aqua-Swirl™ Concentrator is constructed of High-Density Polyethylene 
(HDPE) and is modular, lightweight and durable, which eliminates the need for heavy lifting 
equipment during installation.  Inspection and maintenance are made easy, with oversized risers 
that allow for both examination and cleanout without entering the chamber.  A schematic of the 
Aqua-Swirl™ Concentrator is provided in Figure 1.   

Operation begins when stormwater enters the Aqua-Swirl™ Concentrator by means of its 
tangential inlet pipe, which induces a circular (or vortex) flow pattern.  The Aqua-Swirl™ 
Concentrator retains water between storm events providing both “quiescent and dynamic” 
settling of inorganic solids.  The dynamic settling occurs during each storm event, while the 
quiescent settling takes place between successive storms.  A combination of gravitational and 
hydrodynamic drag forces results in solids dropping out of the flow and migrating to the center 
of the chamber where velocities are the lowest.  The treated flow exits the Aqua-Swirl™ 
Concentrator behind the arched outer baffle.  The top of the baffle is sealed across the treatment 
channel. This eliminates floatable pollutants from escaping the system.  A vent pipe is extended 
up the riser to expose the backside of the baffle to atmospheric conditions, preventing a siphon 
from forming at the bottom of the baffle. 

 
Operation of Aqua-Filter™ Stormwater Filtration System 
 
The Aqua-Filter™ Stormwater Filtration System is designed for sites that require advanced 
treatment of stormwater runoff discharging to sensitive receiving waters.  The Aqua-Filter™ 
Stormwater Filtration System is custom engineered and utilizes a “treatment-train” for pollutant 
removal.  This “treatment train” begins with a Swirl Concentrator designed for pre-treatment 
followed by a Filtration Chamber capable of removing fine sediments and water-borne 
pollutants.  A schematic of the Aqua-Filter™ Stormwater Filtration System is provided in Figure 
2. 

The “treatment train” approach to pollutant removal includes the following: 

Step 1- Pre-treatment:  The configuration begins with the Swirl Concentrator designed to target 
the removal of sediment, free-floating oil and debris, allowing for increased filtration 
effectiveness.  Because stormwater flow is intermittent, quiescent settling takes place between 
successive storms in the Swirl Concentrator. 

Step 2 – Filtration:  The filtration chamber in the Aqua-Filter™ Stormwater Filtration System is 
designed to refine or enhance the stormwater quality prior to discharge into sensitive receiving 
waters.  As the pre-treated water enters the filtration chamber, it 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.   
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The natural filter media used are capable of removing the remaining water-borne pollutants such 
as dissolved oils, fine silts and clays, nutrients (phosphates), and heavy metals (zinc).  The most 
commonly used media is medium grain expanded perlite and reclaimed hydrophobic cellulose.  
Other filter media, such as zeolite, granulated activated carbon and proprietary blended media 
are available.  There are three (3) 2 ft x 2 ft cartridges per row.   

The Aqua-Filter™ Stormwater Filtration System operates under gravitational and hydrodynamic 
forces with no moving parts or valves, which simplifies the treatment process.  The Aqua-
Filter™ Stormwater Filtration System operates in an offline configuration, thereby treating the 
more frequent 6-month to 1-year design storms (or roughly 90% of the annual rainfall on a given 
site in New Jersey).  

 
 
Installation of Aqua-Swirl™ Concentrator 
 
The Aqua-Swirl™ Concentrator has been designed and fabricated as a modular unit with no 
moving parts or assembly required on site. Since the system is fabricated from HDPE, the Aqua-
Swirl™ Concentrator can be installed without the use of heavy lifting equipment.  Lifting 
supports/cables are provided to allow easy offloading and installation with a backhoe.  In 
addition, manufactured stub-outs for the inlet and outlet are provided.  This allows the contractor 
to simply attach the Aqua-Swirl™ Concentrator directly to the main conveyance storm pipe with 
couplings. An AquaShield™ representative is typically on-site to assist in the installation 
process. 
 
All Aqua-Swirl™ Concentrators are supplied with an octagonal base plate, which extends a 
minimum of six inches beyond the outside diameter of the swirl chamber.  The function of the 
extension of this base plate is to provide additional surface area to counter any buoyant force 
exerted on the system.  The forces created on the base plate by the weight of the surrounding fill 
material offsets the buoyant force generated within the system.  If needed, concrete can be 
poured directly onto the base plate to provide additional resistive force.   
 
When installed in traffic areas, the system is designed to withstand H-20 loading.  A reinforced 
concrete pad is poured in place above the system under this scenario. 
 
The Aqua-Swirl™ Concentrator is designed so that it can easily be used for retrofit applications.  
With the invert of the inlet and outlet pipe at the same elevation the Aqua-Swirl™ Concentrator 
can easily be connected directly to the existing storm conveyance drainage system.  Because of 
the lightweight nature and small footprint of the Aqua-Swirl™ Concentrator, existing 
infrastructure utilities (i.e., wires, poles, trees) are unaffected in installation. 
  
Installation of Aqua-Filter™  Stormwater Filtration System 
 
As with the Aqua-Swirl™ Concentrator, no special lifting equipment is required to off load the 
system due to the lightweight durable nature of HDPE.  Lifting supports are provided on each 
unit, and typically installation can be accomplished with an excavator or track-hoe.   
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Stub-outs for the inlet and outlet are provided.  AquaShield™ will furnish the coupling between 
the Swirl Concentrator and Filter Chamber.  This requires the contractor to attach the pipes to the 
Stormwater Filtration System with couplings.  An AquaShield™ representative is typically on-
site to assist in the installation process. 
 
All Aqua-Filter™ Stormwater Filtration Systems are supplied with anchor feet at each end of the 
filter chamber.  These anchor feet provide additional surface area to counter any buoyant force 
exerted on the system.  The forces created on these anchor feet by the weight of the surrounding 
fill material helps offset the buoyant force generated.  If needed, concrete can be poured directly 
onto the anchors to provide additional surface area for resistive force.   
 
When installed in traffic areas, the system is designed to withstand H-20 loading.  A reinforced 
concrete pad is poured in place above the system under this scenario.   
 
The Aqua-Filter™ Stormwater Filtration System is designed so that it 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. 
 

 
 

Figure 1.  Aqua-Swirl™ Concentrator 
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Figure 2.    Aqua-Filter™ Stormwater Filtration System 
 
 

4. Technical Performance Claims 
 
Claim 1:  The Aqua-Swirl™ Concentrator, Model AS-3, has been shown to have a total 
suspended solids (TSS) removal efficiency (as measured as suspended sediment concentration 
(SSC)) of 60% when operated at 60% of its water quality treatment flow using OK-110 
unground silica with a d50 particle size of 110 microns, an average influent concentration of 320 
mg/L and zero initial sediment loading in laboratory studies using simulated stormwater. 
 
Claim 2:  At a flow rate of 20 gpm, the coarse perlite media filtration cartridge used in the Aqua-
Filter™ Stormwater Treatment System has been shown to have an average TSS removal 
efficiency of 80.5% for SIL-CO-SIL 106 silica with a d50 particle size of 22 microns at influent 
concentrations of 90, 155, 176, and 280 mg/L in laboratory studies using simulated stormwater.  
 
5. Technical System Performance 
 
For Claim 1, the Aqua-Swirl™ Concentrator Model AS-3 was tested by the Department of Civil 
and Environmental Engineering at Tennessee Tech University, Cookeville, TN.  The removal 
efficiencies measured in the laboratory experiment were then used to calculate a SSC removal 
efficiency.  For Claim 2, the Analytical Industrial Research Laboratories (AIRL), Cleveland, TN 
conducted experiments using the perlite media to determine removal efficiencies for TSS. 
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5.1 Laboratory Study for Claim 1 – Aqua-Swirl™ Concentrator 

The Department of Civil and Environmental Engineering at Tennessee Tech University 

conducted laboratory testing to evaluate the TSS removal efficiency of the Aqua-Swirl™ 
Concentrator Model AS-3.  These tests were conducted in accordance with the protocol prepared 
by Tennessee Tech University, “Performance Evaluation of Aqua-Swirl™ Concentrator” and the 
American Public Works Association (APWA) Protocol, “Appendix B: An Approach to Lab 
Testing of Stormwater Treatment Facilities.”  This section provides details of the laboratory 
system setup and the procedures followed in the test. 

System Description 
 
A full scale Model AS-3 unit was tested for a range of flows from 0.2 cfs to 1.2 cfs (9.31 gpm/ft2 
to 55.88 gpm/ft2).  The sediment used in the experiment was OK-110 Unground Silica with a 
specific gravity of 2.65 and a grain size ranging from 50 to 150 microns (See particle size 
distribution in Figure 3).   The testing system consisted of high capacity pumps, a continuous 
recording flow meter, a supply tank, feed piping, a tailwater (catch) tank, sediment dosing pumps 
with mixing tanks, and automated samplers.  A schematic of the laboratory testing system was 
provided.  To assure complete mixing, the sediment was introduced into the system ten (10) pipe 
diameters upstream of the AS-3 system. Water was recirculated from the catch tank to the supply 
tank.  The system did not have an initial sediment load in the storage chamber prior to testing.   
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Figure 3.  Comparison of Particle Size Distribution between NJDEP’s Recommended PSD 
and OK-110 PSD 
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Procedure  
 
The detention time of the system was determined for all tested flow rates.  The influent and 
effluent samples were timed so that the same water would be sampled at the inlet and outlet.  
After achieving steady-state flow conditions for the desired testing flow rate, sediment was 
introduced into the inlet pipe at a target concentration of 200 mg/L using a variable speed, 
positive-displacement metering pump..  Five influent and five effluent samples were collected 
for each flow test.  These data are presented in Table 3.  The water samples were collected for 
analysis of (TSS) using the SSC methods described by USGS.  
 
Table 3.  Measured Influent and Effluent Suspended Solids Concentration (SSC) for AS-3 
Experiment 
 

Flow 
Rate 
(cfs) 

Influent 
SSC 

(mg/L) 

Effluent 
SSC 

(mg/L) 

Removal 
Efficiency 

(%) 
0.2 142 56.7  
0.2 544 38.1  
0.2 425 101  
0.2 544 38.2  
0.2 518 11.8  

AVG: 434.6 49.16 88.7% 
    

0.5 342 12.3  
0.5 590 42.6  
0.5 396 139  
0.5 508 105  
0.5 476 118  

AVG: 462.4 83.38 82.0% 
    

0.8 146 205  
0.8 253 91.4  
0.8 399 173  
0.8 266 53.7  
0.8 247 42  

AVG: 262.2 113.02 56.9% 
    

1.2 26.7 37  
1.2 96.4 87.8  
1.2 122 137  
1.2 128 86.9  
1.2 223 140  

AVG: 119.22 97.74 18.0% 
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5.2 Laboratory Studies for Claim 2 – Aqua-Filter™ Cartridge 

AIRL evaluated the filter media perlite cartridge for the removal of TSS.  AIRL is a full service 
environmental laboratory with over 25 years of experience.  It maintains accreditations with the 
States of Tennessee, Kentucky, Louisiana and North Carolina, and certifications with the US 
Environmental Protection Agency (USEPA) and the US Department of Agriculture (USDA).  
These sample analyses were conducted in accordance with EPA Method 0160.2, Residue, 
Nonfilterable and Total Suspended Solids for TSS.  This section provides details of the 
laboratory system setup and the procedures followed in the tests. 

System Description 
A cylindrical one thousand (1,000) gallon polymer tank was used to contain water discharged at 
a controlled flow rate onto a filter cartridge. Coarse perlite media filtration bags filled the 
24x24x24 inch cartridge enclosure 12 inches deep..  A variable speed pump delivered a TSS 
slurry mixture into a ten foot PVC mixing tube (six inch diameter) connecting the 1,000 gallon 
tank of dilution water to the perlite filtration unit that contained the testing cartridge. A flow 
regulator valve was position at the upstream end of the six (6) inch PVC pipe near the base of the 
polymer tank.  The dilution water from the 1,000 gallon holding tank mixed with the TSS slurry.  
This mixture was gravity fed over a water displacement baffle and onto the perlite media 
cartridge. The flow regulator was manually adjusted to control the release of water from the tank 
to maintain the desired flow rate and the measured head of less than one (1) inch above the filter 
cartridge. 

Procedure 
Prior to the experimental testing, the perlite cartridge was flushed with 800 gallons of water to 
remove any residual dust within the media, thereby creating typical wet operating conditions.   A 
total of ten (10) samples were obtained at four (4) minute intervals during the continuous flow of 
800 gallons of water.  The water level in the polymer tank was noted to the nearest 0.25 inch 
level for each of the ten (10) tests as well as the final end point of the 800 gallon run at the end of 
the 40 minute (+/- 2.5 minutes) test period The flow rate was checked for accuracy by this 
method at least once between each of the ten (10) sampling events to ensure that the 20 gpm flow 
rate was maintained. Testing was performed using a synthetically graded commercial silica 
product (SIL-CO-SIL 106) manufactured by the US Silica Company.  The PSD for SIL-CO-SIL 
106 has a d50 particle size of 22 microns.  For the TSS testing, ten simulation tests were 
performed using an influent TSS ranging from 112 mg/L to 193 mg/L at a filtration rate of 20 
gallons per minute (target concentration of 150 mg/L).  Each test was run for four minutes with 
80 gallons of influent.  The TSS testing results are presented in Table 4.  Additional tests were 
conducted with varying influent TSS concentrations (targets of 100, 200 and 300 mg/l).  These 
results are shown in Tables 5-7.  
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Table 4.  Measured Influent and Effluent TSS Concentrations for Aqua-Filter™ Cartridge 
Experiments at a Flow Rate of 20 gpm with SIL-CO-SIL 106 and Target Influent TSS 
Concentration of 150 mg/l (AIRL, January 24, 2005) 
 

Simulation No. Influent TSS Conc. 
(mg/L) 

Effluent TSS Conc. 
(mg/L) TSS % Removal 

1 167 14 92 
2 188 23 88 
3 125 17 86 
4 135 24 82 
5 112 26 77 
6 155 25 84 
7 193 28 85 
8 145 30 79 
9 187 35 81 
10 142 42 70 

Average: 155 26 83 
 
 
 

Table 5.  Measured Influent and Effluent TSS Concentrations for Aqua-Filter™ Cartridge 
Experiments at a Flow Rate of 20 gpm with SIL-CO-SIL 106 and Target Influent TSS 
Concentration of 300 mg/l (AIRL, March 3, 2005) 
 

Simulation No. Influent TSS Conc. 
(mg/L) 

Effluent TSS Conc. 
(mg/L) TSS % Removal 

1 266 65 76 
2 292 53 82 
3 319 49 85 
4 332 55 83 
5 274 45 84 
6 237 42 82 
7 286 59 79 
8 309 55 82 
9 262 51 81 
10 225 44 80 

Average: 280 52 82 
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Table 6.  Measured Influent and Effluent TSS Concentrations for Aqua-Filter™ Cartridge 
Experiments at a Flow Rate of 20 gpm with SIL-CO-SIL 106 and Target Influent TSS 
Concentration of 200 mg/l (AIRL, March 3, 2005) 
 

Simulation No. Influent TSS Conc. 
(mg/L) 

Effluent TSS Conc. 
(mg/L) TSS % Removal 

1 170 26 85 
2 173 39 77 
3 221 39 82 
4 193 32 83 
5 178 42 76 
6 170 48 72 
7 160 33 79 
8 173 38 78 
9 160 32 80 
10 158 43 73 

Average: 176 37 79 
 

 
 
Table 7.  Measured Influent and Effluent TSS Concentrations for Aqua-Filter™ Cartridge 
Experiments at a Flow Rate of 20 gpm with SIL-CO-SIL 106 and Target Influent TSS 
Concentration of 100 mg/l (AIRL, March 3, 2005) 
 

Simulation No. Influent TSS Conc. 
(mg/L) 

Effluent TSS Conc. 
(mg/L) TSS % Removal 

1 74 25 66 
2 95 28 71 
3 92 17 82 
4 90 18 80 
5 104 17 84 
6 95 26 73 
7 81 16 80 
8 74 14 81 
9 86 20 77 
10 113 16 86 

Average: 90 20 78 
 

 
5.3 Verification Procedures for All Claims 

 
All the data provided to NJCAT were reviewed to fully understand the capabilities of the Aqua-
Swirl™ Concentrator Model AS-3.  To verify the AquaShield™ claim for the Aqua-Swirl™ 
Concentrator, the laboratory data were reviewed and compared to the NJDEP TSS laboratory 
testing procedure. 
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Since the Aqua-Filter™ cartridge is designed so that all the flow passes through the filter, a flow 
rate is assigned to the verification, and the NJDEP weighting procedure is not used. 
 
  5.3.1   NJDEP Recommended TSS Laboratory Testing Procedure 
 
The NJDEP has prepared a TSS laboratory testing procedure to help guide vendors as they 
prepare to test their stormwater treatment systems prior to applying for NJCAT verification.  The 
testing procedure has three components: 
 
1. Particle size distribution 
2. Full scale laboratory testing requirements 
3.   Measuring treatment efficiency 
 
1. Particle size distribution: 
The following particle size distribution will be utilized to evaluate a manufactured treatment 
system (See Table 8) using a natural/commercial soil representing the USDA definition of a 
sandy loam material.  This hypothetical distribution was selected as it represents the various 
particles that would be associated with typical stormwater runoff from a post construction site.   
 
2. Full Scale lab test requirements: 

A. At a minimum, complete a total of 15 test runs including three (3) tests each at a 
constant flow rate of 25, 50, 75, 100, and 125 percent of the treatment flow rate. 
These tests should be operated with initial sediment loading of 50% of the unit’s 
capture capacity. 

B. The three tests for each treatment flow rate will be conducted for influent 
concentrations of 100, 200, and 300 mg/L. 

C. For an online system, complete two tests at the maximum hydraulic operating rate.  
Utilizing clean water, the tests will be operated with initial sediment loading at 50% 
and 100% of the unit’s capture capacity.  These tests will be utilized to check the 
potential for TSS re-suspension and washout. 

D. The test runs should be conducted at a temperature between 73-79 degrees Fahrenheit 
(°F) or colder. 

 
3. Measuring treatment efficiency: 

A. Calculate the individual removal efficiency for the 15 test runs. 
B. Average the three test runs for each operating rate.  
C. The average percent removal efficiency will then be multiplied by a specified weight 

factor (See Table 9) for that particular operating rate.  
D. The results of the five numbers will then be summed to obtain the theoretical annual 

TSS load removal efficiency of the system.   
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Table 8.  Particle Size Distribution 
 

Particle Size (microns) Sandy loam (percent by mass) 
500-1,000 (coarse sand) 5.0 
250-500 (medium sand) 5.0 

100-250 (fine sand) 30.0 
50-100 (very fine sand) 15.0 

2-50 (silt) (8-50 µm, 25%) (2-8 µm, 15%)* 
1-2   (clay) 5.0 

Notes:  
 Recommended density of particles ≤2.65 g/cm3

*The 8 µm diameter is the boundary between very fine silt and fine silt according to the definition of American 
Geophysical Union. The reference for this division/classification is: Lane, E. W., et al. (1947). "Report of the 
Subcommittee on Sediment Terminology," Transactions of the American Geophysical Union, Vol. 28, No. 6, pp. 
936-938. 

 
Table 9.  Weight Factors for Different Treatment Operating Rates  

 
Treatment 

operating rate 
Weight 
factor 

25% 0.25 
50% 0.30 
75% 0.20 
100% 0.15 
125% 0.10 

          
Notes: 
Weight factors were based upon the average annual distribution of runoff volumes in New Jersey and the assumed 
similarity with the distribution of runoff peaks.  This runoff volume distribution was based upon accepted 
computation methods for small storm hydrology and a statistical analysis of 52 years of daily rainfall data at 92   
rainfall gages.    
 

5.3.2 Laboratory Testing for the Aqua-Swirl™ Concentrator 
 
The results of the laboratory testing that were performed by Tennessee Tech are presented in 
Table 3 and graphed in Figure 4.  Testing was performed for an influent TSS target concentration 
of 200 mg/L.  These tests were performed at various increments of the maximum available 
pumping rate of 1.2 cfs (540 gpm).  The tests were performed at 0.2, 0.5, 0.8 and 1.2 cfs (i.e., 90, 
225, 360, and 540 gpm).  The Tennessee Tech study measured the unit’s diameter of 3.50 feet, 
which is a unit area of 9.6 ft2.   This would result in 0.2 to 1.2 cfs being equivalent to 9.31 
gpm/ft2 to 55.88 gpm/ft2 as indicated in the Tennessee Tech Report.   
 
Claim 1 refers to 60% of the water quality treatment flow (Table 1).  The “Water Quality 
Treatment Flow” rate is given in the Aqua-Swirl™ Sizing Chart for Model AS-3 as 1.8 cfs (810 
gpm).  Since the flow rate that is referenced in the claim is referring to the “Water Quality 
Treatment Flow” rate in the sizing chart, 60% of the 1.8 cfs would be equal to 1.08 cfs (486 gpm 
or 50.5 gpm/ft2).  Using the values given in Table 3 (also in Figure 5) and the NJDEP weighting 
factors, the SSC removal efficiency for the system is shown in Table 10. 
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The average d50 of the NJDEP particle size distribution is approximately 67 microns, lower than 
the average d50 of the OK-110 silica that was used in the experiment (d50 of OK-110 is 
approximately 110).  Since larger particle size sediment tends to settle more rapidly than finer 
grain sediment, the laboratory testing results for the Aqua-Swirl™ Concentrator obtained with 
the OK-110 material show better removal efficiencies than would be expected with the NJDEP 
recommended test sediment. 
 
Additionally, the water analyses that were performed on the influent and effluent were not for 
TSS but SSC, which tends to yield higher removal efficiencies.  Although SSC may be a more 
accurate representation of the true removal efficiency of pre-manufactured treatment systems, the 
NJDEP regulations clearly require stormwater BMPs to remove TSS not SSC. 
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Figure 4.  Laboratory Testing SSC Removal Efficiencies for the Aqua-Swirl™ 

Concentrator Model AS-3 versus Flow Rate 
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Figure 5.   Laboratory Testing SSC Removal Efficiencies for the Aqua-Swirl™ 
 Concentrator Model AS-3 versus Loading Rate 
 
Furthermore, the average influent concentration during the testing was higher than the targeted 
influent concentration of 200 mg/L.  Based upon the data in Table 3, the average influent 
concentration was 320 mg/L, outside of NJDEP recommended range of 100 to 300 mg/L. 
 
Field testing data and scour testing data has not been made available on the Aqua-Swirl™ 
Concentrator. 

 

Table 10:  NJDEP Weighted Removal Efficiency for 1.08 cfs (486 gpm or 50.5 gpm/ft2) 
 

Treatment 
Operating 

Rate 

NJDEP 
Weight 
Factor 

 
Loading 

Rate 
(gpm/ft2) 

Flow Rate 
(cfs) 

% SSC 
Removal 

from 
Figure 5 

NJDEP 
Weighted 

% 
Removal 

      
25% 0.25 12.6 0.27 90.0 22.5 
50% 0.30 25.3 0.54 75.5 22.6 
75% 0.20 37.9 0.81 54.6 10.9 
100% 0.15 50.5 1.08 27.4 4.1 
125% 0.10 63.2 1.35 0.0 0.0 

Total: 60.1 
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 5.3.3 Laboratory Testing for the Aqua-Filter™ Cartridge 
 
The results of the laboratory testing that were performed by AIRL are presented in Tables 4-7 for 
TSS at a flow rate of 20 gpm.  Unlike the testing performed on the Aqua-Swirl™ Concentrator, 
the samples collected for the laboratory testing of the Aqua-Filter™ cartridge were analyzed for 
TSS, not SSC.  These data confirm an average TSS removal rate of 80.5% at a flow rate of 20 
gpm.  The PSD of the SIL-CO-SIL 106 is finer material than the recommended NJDEP mixture 
with a d50 particle size of 22 microns (NJDEP’s PSD has a d50 of approximately 67 microns). 
 

5.4 Calculation of Net Annual Removal Efficiency 
AquaShield™ provides a program to calculate Net Annual Removal Efficiency using real 
rainfall data collected at weather stations across the country.  This can be a useful tool in 
determining compliance with New Jersey state regulations to remove 80% TSS on a net annual 
basis.  AquaShield™ provides a calculation using the data from Table 3 (also shown in Figure 5) 
and five years of hydrologic data from the Portland, Maine area to demonstrate that 91% net 
annual removal can be achieved.  This calculation assumes that the OK-110 silica used in the 
laboratory experiment is similar to the sediment in the stormwater runoff in the Portland, Maine 
area.  When these calculations are repeated for the New Jersey area, the net annual SSC removal 
rates are lower.  These calculations should be confirmed with additional field data to verify their 
accuracy.   
 

5.5  Inspection and Maintenance 
 
The Aqua-Swirl™ Concentrator and Aqua-Filter™ Stormwater Filtration System require 
minimal routine maintenance. However, it is important that the system be inspected at regular 
intervals and cleaned when necessary to ensure optimum performance.  Initially, the Aqua-
Swirl™ Concentrator and Aqua-Filter™ Stormwater Filtration System should be inspected 
quarterly until information can be gathered to develop an inspection and maintenance routine for 
the particular site.  The rate at which the system collects pollutants will depend more on site 
activities than the size of the unit (i.e., heavy winter sanding will cause the lower chamber to fill 
more quickly, but regular sweeping will slow accumulation). 
 
  5.5.1 Inspection 
 
The Aqua-Swirl™ Concentrator should be regularly inspected using a flashlight and a measuring 
rod.  Once the sediment depth is within 30 to 36 inches of the water surface, the system should 
be cleaned out.  
 
The Aqua-Filter™ Stormwater Filtration System should be regularly inspected to determine if 
the filter media needs replacement.  The filter media is light tan or white in color.  Once the 
media turns black, it has become saturated from pollutant loading and requires replacement.   
 
Inspection data sheets are provided by AquaShield™ for both systems.  Also, AquaShield™ 
provides an inspection and maintenance package to all of its customers. 
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  5.5.2 Maintenance 
 
For the Aqua-Swirl™ Concentrator, once the sediment depth has reached the recommended 
depth for maintenance, the system should be serviced.  A vacuum truck company licensed for 
solid waste disposal should be contracted to clean out the unit. 
 
For the Aqua-Filter™ Stormwater Filtration System, the filter media needs to be replaced.  The 
chamber is equipped with an access manhole and ladder.  Confined space training is required for 
personnel entering the system to replace the filter media.  The center row of the filter bed is fitted 
with removable grate panels.  This allows for a six foot tall walkway down the center of the 
chamber, providing easy access to the full length of the filtration chamber. 
 

5.5.3 Solids Disposal 
 

Solids recovered from the Aqua-Swirl™ Concentrator can typically be landfilled or disposed of 
at a waste water treatment plant. 
 
The filter media from the Aqua-Filter™ cartridge does not allow captured contaminants to be 
released once absorbed to the material.  Typically, the media material can be landfilled, but State 
and local requirements should be reviewed to determine if disposal requirements are in place. 
 
  5.5.4 Damage Due to Lack of Maintenance 
 
It is unlikely that the Aqua-Swirl™ Concentrator or the Aqua-Filter™ Stormwater Filtration 
System will become damaged due to lack of maintenance since there are no fragile internal parts.  
However, adhering to a regular maintenance plan ensures optimal performance of the system.  
 
6. Technical Evaluation Analysis 
 
 6.1 Verification of Performance Claim 1 for the Aqua-Swirl™ Concentrator 
 
Based on the data generated by the Tennessee Tech study, the ability of the Aqua-Swirl™ 
Concentrator Model AS-3 to remove sediment with a d50 of approximately 110 (OK-110 
unground silica) is based upon its operating rate.  At a stormwater treatment design rate of 50.5 
gpm/ft2, the SSC removal efficiency is approximately 60%, thereby verifying Claim 1. 
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 6.2 Verification of Performance Claim 2 for the Aqua-Filter™ Cartridge 
 
Based upon the laboratory data provided by AIRL and presented in Tables 4-7 the Aqua-Filter™ 
cartridge can achieve a TSS removal rate of 80% at a flow rate of 20 gpm with SIL-CO-SIL 106 
silica, thereby verifying Claim 2.   
 
 6.3 Limitations 

6.3.1 Factors Causing Under-Performance 

If the Aqua-Swirl™ Concentrator and Aqua-Filter™ Stormwater Filtration System are designed 
and installed correctly, there is minimal possibility of failure.  There are no moving parts to bind 
or break, nor are there parts that are particularly susceptible to wear or corrosion.    Lack of 
maintenance may cause the system to operate at a reduced efficiency, and it is possible that 
eventually the system will become totally filled with sediment. 

  6.3.2 Pollutant Transformation and Release 

The Aqua-Swirl™ Concentrator and the Aqua-Filter™ Stormwater Filtration System should not 
increase the net pollutant load to the downstream environment.  However, pollutants may be 
transformed within the unit.  For example, organic matter may decompose and release nitrogen 
in the form of nitrogen gas or nitrate.  These processes are similar to those in wetlands but 
probably occur at slower rates in the Aqua-Swirl™ Concentrator and Aqua-Filter™ Stormwater 
Filtration System due to the absence of light and mixing by wind, thermal inputs and biological 
activity.  Accumulated sediment should not be lost from the system at or under the design flow 
rate. 

  6.3.3 Sensitivity to Heavy Sediment Loading  

Heavy loads of sediment will increase the needed maintenance frequency. 

  6.3.4 Mosquitoes  

Although the Aqua-Swirl™ Concentrator and the Aqua-Filter™ Stormwater Filtration System 
are self contained units, these designs do incorporate standing water in the lower chamber, which 
can be a breeding site for mosquitoes.  Although no information has been presented by 
AquaShield™ in their submittal to NJCAT to address this concern, a flap valve can be installed 
at the terminal end of the outlet pipe to prevent mosquitoes from entering the unit from the 
downstream side.   
 
7. Net Environmental Benefit 
 
The NJDEP encourages the development of innovative environmental technologies (IET) and 
has established a performance partnership between their verification/certification process and 
NJCAT’s third party independent technology verification program.  The NJDEP, in the IET data 
and technology verification/certification process, will work with any company that can 
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demonstrate a net beneficial effect (NBE) irrespective of the operational status, class or stage of 
an IET.  The NBE is calculated as a mass balance of the IET in terms of its inputs of raw 
materials, water and energy use and its outputs of air emissions, wastewater discharges, and solid 
waste residues.  Overall the IET should demonstrate a significant reduction of the impacts to the 
environment when compared to baseline conditions for the same or equivalent inputs and 
outputs.   
 
Once the Aqua-Swirl™ Concentrator and the Aqua-Filter™ Stormwater Filtration System have 
been verified and granted interim approval use within the State of New Jersey, AquaShield™ 
will then proceed to install and monitor systems in the field for the purpose of achieving goals 
set by the Tier II Protocol and final certification.  At that time a net environmental benefit 
evaluation will be completed.  However, it should be noted that the AquaShield™ technology 
requires no input of raw material, has no moving parts, and therefore, uses no water or energy. 
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Preliminary Hydraulic Test Summary 
AquaShield™, Inc. – Aqua-Filter™ 

installed at the Lake Union Ship Canal Test Facility 
 

 
The information provided in this preliminary hydraulic summary of the AquaShield™, Inc. 
Aqua-Filter™ (treatment system includes Swirl Concentrator and Filter Chamber) is based on 
data collected during March 30, 2005 to July 8, 2005. At the start of the preliminary hydraulic 
test there were several goals outlined for this phase of the project. These goals included: 
 

 develop and modify the sampling approach for the treatment system, 
 verify the filtration capacity for the treatment system, 
 calibrate and validate the operation of the upstream and downstream flow monitoring 

equipment, 
 assess the ability to control inflow rates using the upstream gate valve and flow splitter, 

and 
 determine the feasibility of sampling two technologies simultaneously. 

 
Rainfall and flow were monitored during the evaluation period. Flow was monitored at three 
locations: the Lake Union Ship Canal Test Facility (Test Facility) upstream monitoring station, 
and at the inlet and outlet flow monitoring locations for the Aqua-Filter™. For all flow 
monitoring equipment, data was logged at 1-minute intervals. Rainfall data was obtained from 
the rooftop rain gauge on the Atmospheric Sciences (ATG) building at the University of 
Washington. The ATG rooftop rain gauge measures rainfall in 0.01 increments and logs at        
1-minute intervals. 

Data collection and verification of system operation per design 

Collection of hydraulic data and verification of the treatment systems proper operation began on 
March 30, 2005. The treatment system and monitoring equipment installation was completed on 
February 14, 2005. However, it was discovered soon after that stormwater entering into the inlet 
bay was leaking out into the Filter Chamber, prior to flowing on to the Chamber’s filter bed. 
Thus, in part, stormwater pretreated by the Swirl Concentrator was being conveyed through the 
Filter Chamber untreated by the filter media. The leak was first suspected on February 18, 2005 
after noting that even with a constant low-flow of water into the inlet bay no water was flowing 
into the Chamber’s filter bed.  Water could also be heard dripping from the inlet bay to the 
bottom of the Filter Chamber.  After climbing inside the Filter Chamber it was confirmed that 
there was a leak within the inlet bay that was allowing water to bypass the filter media and drain 
directly into the Chamber. Taylor Associates, Inc. staff coordinated with AquaShield staff to 
have the Filter Chamber repaired to ensure pretreated stormwater entering the Filter Chamber 
would not short-circuit the filter bed through the leaks in the Filter Chamber’s inlet bay. The 
repairs to the Filter Chamber were made by an AquaShield contractor (certified HPDE welder) 
on March 9, 2005. In addition, AquaShield instructed the contractor to make design changes to 
the Filter Chamber to ensure the unit installed at the Test Facility was consistent with the current 



design distributed by AquaShield. Once the repairs were completed the Filter Chamber was 
tested again to ensure the leaks in the Filter Chamber’s inlet bay were no longer present. 
 
From March 30, 2005 through July 8, 2005 flow data was collected for 12 storm events at the 
site’s upstream monitoring station (u/s sta.). Rainfall and site flow data for each storm event are 
provided in the Table 1. Flow rates provided in Table 1 were measured at the Test Facility’s u/s 
sta. and represent the flow rates and volumes entering the Test Facility for each storm event. 
 
Because the Aqua-Filter installed at the Test Facility is designed for an inflow rate substantially 
smaller than that provided by the drainage area of the Test Facility, most storm events will 
provide the flow rates needed to test the unit. Based on data collected at the u/s sta. during 
previous testing at the Test Facility, storm events with an intensity greater than 0.03 inches per 
hour will provide adequate runoff volumes to test the Aqua-Filter at flow rates less then or equal 
to 125 percent of the unit’s filtration capacity (that is, 156 gpm). Storm events with a continuous 
duration of at least 5 hours and an intensity greater than 0.03 inches/hour should enable a 
sampling period of at least 5 hours. The minimum duration of the sampling period will be 
dictated by the sampling approach and detention volume of the treatment system (per the 
Washington state DOE TAPE guidelines). 
 
Table 1.  Flow at the sites’ upstream monitoring station and rainfall data for the storm events 
monitored during March 30, 2005 through July 8, 2005 at the Test Facility. 
 

Event Date 
 
 
 

Rain    
(in) 

 
 

Duration 
(hrs) 

 
 

Average 
intensity 

(in/hr) 
 

Peak Q 
(gpm) 

 
 

Runoff 
volume  

(gal) 
 

Time storm 
flow to site is 

above 156 
gpm 
(hrs) 

31-Mar-05 0.34 11.18 0.03 1179 325,123 10.8 

3-Apr-05 0.38 10.02 0.04 1225 328,935 9.6 

15-Apr-05 0.88 22.4 0.04 3069 637,867 16.6 

9-May-05 0.78 12.77 0.06 2717 506,285 10.7 

19-May-05 0.27 13.75 0.02 2956 139,651 3.0 

31-May-05 0.43 14.78 0.03 1975 125,200 2.5 

11-Jun-05 0.31 14.35 0.02 1051 115,629 3.7 

22-Jun-05 .71 5.85 0.12 3200 153,660 5.9 

26-Jun-05 0.08 8.17 0.01 184 18435 0.0 

2-Jul-05 0.16 2.47 0.06 411 37,777 1.6 

5-Jul-05 0.18 2.83 0.06 1033 97,108 2.5 

8-Jul-05 0.26 8.72 0.03 563 88,806¹ 1.5¹ 

1 Missing flow data after 7/8/05 13:03 due to data logger error; logger began to overwrite past data record. 



Proposed Sampling Approach 

One sampling approach is being considered for testing the Aqua-Filter, a discrete flow composite 
(DFC) sampling approach. Hydraulic data collection for the DFC sampling approach was 
focused on controlling inflow to the Aqua-Filter at different target inflow rates (50, 100 and 125 
percent of the unit’s 125 gpm filtration capacity). Data collected indicates that a DFC sampling 
approach is possible if: 

 
1) the flow splitter and gate valve located directly upstream of Bay 3 (the location of the 

Aqua-Filter) are used to control inflow, and 
 
2) the storm event provides a rainfall intensity and duration adequate to keep the flow 

splitter in overflow conditions throughout the test period for the target inflow rate. 

Discrete Flow Composite (DFC) Sampling Approach 
A DFC sampling approach can be accomplished by using the Bay 3 flow splitter and gate valve 
to control inflow to the StormFilter during the sampling period. This is accomplished by closing 
the gate valve to Bay 3 and causing the flow splitter to go into overflow conditions. During 
overflow conditions, storm runoff in the flow splitter is bypassed through a 24-inch stand-pipe 
creating a constant head at the Bay 3 gate valve. By partially opening the gate valve under these 
conditions, the inflow to the StormFilter can be controlled and held relatively constant––as long 
as storm flows to the Test Facility are adequate (intensity and duration) to maintain overflow 
conditions (thus, a constant head) in the flow splitter. 
 
Following the DFC sampling approach proposed in the Technology Assessment Protocol (TAPE, 
Ecology 2002), samples should be collected during relatively constant inflow periods (that is, 
less than 20 percent variation from the median flow). For the hydraulic study, data collection 
efforts were focused at identifying: 1) if a constant inflow rate could be maintained during a 
storm event, and 2) the gate valve positions corresponding to the target inflow rates. A relatively 
constant inflow period (approximately 20 percent variation or less) could be achieved for most of 
the target inflow rates (Table 2). The lowest target inflow rate (approximately 50 percent of the 
unit’s filtration capacity) was the most difficult to maintain a variation less than 20 percent from 
the median flow. This results from the inability to control smaller changes in flow rate using the 
gate valve because the gate valve opening is smaller and there is a tendency for the gate valve to 
clog. 
 
One challenge with using the gate valve to control a constant inflow rate over an extended time 
interval was debris accumulation in the partial gate valve opening. The duration that a constant 
inflow rate occurred was either shortened by clogging of the partial gate valve opening or a 
decrease in storm runoff to the site. Recommendations to address clogging of the gate valve are 
provided below (see Maintenance Issues). 
 



Table 2.  Variation in measured inflow rates using the flow splitter and gate valve to control 
inflow to Bay 3. Only one example is provided for each target inflow rate. 
 

Date 
 

Target 
inflow rate 

(gpm) 

Approximate 
percent of 
filtration 
capacity 

Median flow 
measured  

(gpm) 

Range 
observed 

(gpm) 

Percent of 
time w/in 

20% 
variation 

of median 
Qin 

Percent of flow 
volume w/in 

20% variation 
of the median 

Qin 

Duration of 
flow meas. 

(hrs) 

23-Apr-05 63 50 62 50-76 67 68 1.0 

16-Apr-05 125 100 124 102-149 67 67 1.5 

29-Apr-05 156 125 127 97-179 53 62 1.0 

 

Event Mean Concentration (EMC) Sampling Approach 
Based on previous hydraulic studies at the site, an event mean concentration (EMC) sampling 
approach has been investigated. However, this approach is not easily feasible given that the 
drainage area for the Test Facility (approximately 33 acres) produces storm flows to the ultra 
urban stormwater treatment technologies that are greater than the a unit’s design inflow or 
filtration rate. To achieve a true EMC approach at the Test Facility, the flow splitters would need 
be to adjusted to simulate the storm runoff hydrograph for a drainage area (or inflow rate) that a 
technology is designed to treat by proportioning the inflow to the Test Facility. This would 
require reducing the site’s inflow substantially using the upstream flow splitters and gate valves 
in the conveyance system currently installed at the site. In past hydraulic studies, this reduction 
in flow was not able to be achieved. 
 
In a previous hydraulic study (for another technology), the use of an EMC sampling approach 
was investigated. The two flow splitters, which are located upstream of Bay 4, were adjusted to 
proportion inflow to the test bay, were set to reduce the site’s inflow by 96 percent, directing 
approximately 4 percent of the site’s inflow to Bay 4. This was accomplished by setting the most 
upstream splitter in a position that would direct one-sixth of the flow to Bays 3 and 4 and five-
sixths to Bays 1 and 2. The flow splitter for Bays 3 and 4 was set to divert one-fourth of the flow 
to Bay 4 and three-fourths to Bay 3. If the flow splitters were able to proportion the site’s storm 
runoff accurately, inflow to Bay 4 would be representative of a 1.5 acre drainage area (note, the 
Test Facility’s drainage area is approximately 33 acres) and would enable flow-composited 
sampling over the duration of a storm event. 
 
During storm events and base flow conditions, the proportion of the flow directed to Bay 4 was 
not consistent and was typically greater than 4 percent. During storm runoff, the proportion of 
the site’s inflow flow directed to Bay 4 varied from 6 to 64 percent. Under base flow conditions, 
the proportion of flow directed to Bay 4 ranged from 56 to 100 percent. In addition, during an 
intense rain shower flow to Bay 4 increased rapidly and inflow to the technology overloaded the 
upstream flume (where inflow is measured) and conveyance system. The gate valve had to be 
completely closed in order to lower the inflow rate to the technology in Bay 4. Based on 
observations made in the field, the flow splitters did not accurately proportion flow for the 
following reasons: 
 



• Water tight seals do not exist at the bottom of the splitter vanes or where the 
splitter vanes attach to the wall. This allows for leakage of water below and 
behind the splitter vane and thus does not accurately direct the volume of water 
intended for the downstream bays. The volume of water leaking behind the 
splitter vane was observed to increase as the flow rate and turbulence increased. 

 
• The conveyance system for the flow splitter just upstream of Bays 3 and 4 does 

not promote laminar, non-turbulent flow. The approach to this flow splitter is at 
an angle and causes flow to hit the right-bank wall (looking downstream) just 
upstream of the splitter. This creates eddies and backwater conditions at the flow 
splitter resulting in a higher proportion of the incoming flow to be directed into 
Bay 4. 

Bypass conditions in the Filter Chamber 

Bypass conditions occur in the Aqua-Filter™ Filter Chamber when inflow is greater than the 
capacity of the twenty four (24) filter containers installed in the filter bed. For the Aqua-Filter™ 
installed at the Test Facility, bypass conditions should occur in the filtration bay when the inflow 
is greater than the unit’s filtration capacity causing the water level in the media bed to rise above 
the top of the downstream bulkhead. Data collected during the hydraulic study indicated that the 
Filter Chamber does not go into overflow until approximately 250gpm. Note, the design 
filtration capacity for the technology is 125 gpm.   
 
Bypass conditions in the filter bed occurred when the measured water level in the inlet bay 
exceeded 2.75 feet. The measured inlet and outlet flows were greater than the filtration capacity 
of the Aqua-Filter™ when bypass conditions occurred. An example of data collected during 
bypass conditions is provided in Figure F-1. 
 
Flow and level measurements during bypass conditions in the filtration bay: 

Inlet and outlet flow: > 250 gpm 

Inlet bay water level: > 2.75 feet 

Flow monitoring equipment performance 

Flow upstream and downstream of the Aqua-Filter™ is measured using ISCO low-profile area 
velocity (A-V) sensors. Each low-profile A-V sensor was calibrated in the field by measuring the 
flow depth in the pipe just downstream of the sensor and entering the actual water depth in the 
respective Isco 6712 sampler with 750 module measuring water level and velocity in the pipe. 
Re-calibration was conducted as needed. 
 
To verify performance of the A-V sensors, a comparison was made between the flow rates and 
volumes measured by the upstream and downstream sensors. After looking at the data it was 
noted that the flow rate and level were much greater in the inlet than outlet, whereas the velocity 
measurements were much greater in the outlet pipe than the inlet (Figure F-2).  Additionally, the 



outlet level at the A-V sensor rarely measured above 0.1 feet and often was too shallow to 
measure velocity with the low-profile A-V sensor. Due to high outflow velocities and low water 
depth, it was suspected that the outlet pipe was installed by the Aqua-Shield contractor at a slope 
greater than the 1 percent recommended. After surveying the pipe, it was determine the pipe had 
a slope of 2.6 percent. To increase water depths in the outlet pipe, the outlet of the pipe was 
raised to decrease the overall slope to less than or equal to 1 percent. It was recommended to 
Aqua-Shield that it may be more accurate to use a Palmer-Bowlus flume for measuring flow in 
the outlet pipe, rather than a low-profile A-V sensor. 
 
Calibration of the inlet pipe also created a challenge. The inlet low-profile A-V sensor is 
installed in a closed pipe, thus field calibration was originally done by taking measurements at 
the inlet to the pipe, approximately 3 feet upstream of the sensor.  During the start of the 
hydraulic summary, it was noted that depths measured by the A-V sensor in the inlet pipe were 
approximately 0.25 feet greater than depths manually measured at the inlet to the pipe. To 
provide a calibration point closer to the sensor, a hole was drilled into the top of the pipe just 
downstream from the A-V sensor. The inlet pipe flows full when backwater conditions occur in 
the pipe, particularly during high flows, due to the small elevation difference between the top of 
the filter bed’s upstream flow spreader (in the Filter Chamber) and the invert elevation at the 
outlet of the mixing tank. Thus, the hole in the top of the pipe is covered with a Fernco rubber 
sleeve to prevent leakage when the inlet pipe is flowing full and to allow for regular calibration. 
Unlike the outlet pipe, it is not possible to use a Palmer-Bowlus flume for measuring flow in the 
inlet pipe due to the potential for backwater conditions under higher flow rates. 
 

Control of storm flows to the Test Facility 

Flow to the Test Facility is controlled through the use of an upstream diversion trough. For flows 
to enter the site, a corrugated steel trough is lowered diverting storm flows from a 30-inch 
stormwater pipe. It is proposed to leave the diversion trough in the lowered position through the 
course of this study, during sampled and non-sampled storm events.  

Position of upstream diversion trough prior to each sampling period 
Prior to each sampling event, the gate valve will be fully opened to flush any water that is backed 
up in the pipe. If there is precipitation or runoff to the site, the upstream trough may need to be 
raised to stop flow to the site. Once the pipe has emptied of water, any sediment and debris that 
has accumulated in the gate valve opening and upstream flow splitter will be removed. After the 
flow splitter and gate valve are cleaned, the upstream trough will be lowered (if needed) and the 
gate valve will be opened to allow an inflow of approximately 60 gpm (three-quarter turn from 
the closed position). The gate valve will remain in the three-quarter turn position only during the 
pre-event setup. Once preparation of the samplers is complete and the storm event has begun, the 
gate valve will be adjusted to match the target inflow rate being tested for the sample period. 
When inflow to the Aqua-Filter™ has stabilized the automatic samplers will be started initiating 
the beginning of the sampling period. 



Diversion trough position during non-sampling periods 
During non-sampling periods it is proposed to allow baseflow and non-sampled storm events to 
flow through the Aqua-Filter™. This will be accomplished by leaving the diversion trough in the 
fully lowered position and partially closing the gate valve to limit the maximum inflow to the 
Aqua-Filter™. The gate valve will be left in a position that will prevent the Aqua-Filter™ from 
operating at greater than 100 percent of the filtration capacity (approximately a three-quarter turn 
from the completely closed position). 

Maintenance issues 

Accumulation of sediment and debris in the flow splitter and gate valve can present a problem 
with controlling inflow to Bay 3. During a storm event sediment and debris (for example, 
cigarette butts, small wood pieces, garbage) was found to accumulate in the flow splitter 
upstream of Bay 3 and also clog the gate valve opening. 
 
To control inflow to the Aqua-Filter™ and test at the proposed target inflow rates, the gate valve 
needs to be partially open. Because the size of the gate valve opening for each target inflow rate 
is relatively small, the gate valve can get clogged with debris that enters the site’s conveyance 
system as part of storm runoff. To address the clogging, field staff will remain on site throughout 
each sampling period to monitor the flow and quickly open and close the gate valve if it appears 
to be clogging.  
 

Feasibility of sampling two technologies simultaneously 

Based on observation during the hydraulic study, it is not always feasible to test two technologies 
(in adjacent test bays) at the same time throughout the duration of a storm event. The ability to 
test two technologies in adjacent test bays depends on both the target inflow rates being tested at 
and the event’s rain fall intensity and duration. If during a storm event the rainfall intensity 
decreases and the corresponding inflow rate to the site drops, the total inflow to the adjacent test 
bays may not be adequate to maintain the two target inflow rates being tested at. 
  
For three storm events during the hydraulic study, flow data was collected in Bay 3 for the Aqua-
Filter while simultaneously testing (collection of water quality samples) of a separate technology 
was conducted in the adjacent Bay 4. During all three of the events (when both bays where 
operational) a period a lighter rainfall intensity would occur. In response, the inflow to the shared 
flow splitter would often drop below a rate that could maintain the target inflow rates in each 
Bay 3 and 4. Because water quality samples were being collected in Bay 3, the inflow to the 
Aqua-Filter had to be decreased to maintain the target inflow rate for testing in Bay 4. If this 
condition occurred while simultaneously testing two technologies in Bays 3 and 4, water quality 
sample collection would have to stop in one of the bays to continue collecting samples in the 
adjacent bay. Reducing or stopping the inflow during the test period would result in not meeting 
the DFC sampling approach for one of the technologies. Thus, it was decided simultaneous 
testing of two technologies in adjacent bays would not be conducted during test periods for the 
Aqua-Filter technology. 
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Figure F-1.  Illustration of inlet and outlet flow during overflow conditions in the filter bed 
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Figure F-2.  Data collected during the hydraulic study, indicated the inflow rate and level were typically greater in the inlet pipe than the outlet 
pipe, whereas velocity measurements were much greater in the outlet pipe than the inlet. Due to an increased pipe slope, the outlet level rarely 
measured above 0.1 feet and often was too shallow to measure velocity with the low-profile A-V sensor. The slope of the outlet pipe was 
decreased in an attempt to increase water depths and allow for continuous velocity measurements.  
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Equipment
Photo

Equipment
Name Description Specifications Part Number

6712 Portable
Sampler

Portable, self-contained, and programmable 
stormwater sampler that allows for a variety of 
individualized sampling options.  Sample size, 
bottle size and sample distribution can be 
altered to target specific water quality 
parameters.  Pacing can be individualized to 
each sampling site to ensure that each sample 
represents a very specific volume of water.

Weighs 32 lbs without the battery or 
samples.  Maximum lift of 28 feet.  
Typical repeatability of ±5 ml or ±5% 
of the average volume in a set. 
Programmable from 1 to 999 
samples.  Typical delivered volume 
accuracy of ±10 ml or ±10% of 
programmed value.

60-9004-334

750 Area
Velocity Module

Interchangeable Isco 6700 series sampler 
module that provides real time level, velocity, 
flow rate, and
total flow data using Doppler ultrasonic 
technology.  Provides information for specific 
flow-pacing and sampler enable conditions.

Level Resolution of 0.002 ft.  Velocity 
Resolution of 0.024 ft/s.  Velocity 
Accuracy of -5 to +5 ft/s or 2%.  
Range of -5 to +20 ft/s 60-9003-465

730 Bubbler
Module

Interchangeable Isco 6700 series sampler 
module that provides real time level data 
through a differential pressure transducer and a 
flow of bubbles.  The 6700 series sampler can 
use this level data to extrapolate precise flow 
rates when used in nearly any location with a 
known level-to-flow relationship.

Range of 0.010 ft to 10ft (above 
bubble outlet).  Level resolution of 
0.001 ft.  Level Measurement 
Accuracy of 0.01 ft (with levels 
between 0.01 to 5.0 ft) and 0.035 ft 
(with levels between 0.01 to 10.0 ft)

60-9003-063

4250
Flow Meter

The 4250 Flow Meter measures average 
velocity through a Doppler ultrasonic sensor 
while simultaneously making depth 
measurements using a differential pressure 
transducer and a bubble line.  Using this 
information, the unit can calculate flow rates 
and volumes.  The 4250 Flow Meter can 
display and store level, flow, and total flow 
volume data which can all me easily accessed 
via the Flowlink 4 software.

Velocity range of -5 to +20 ft/s.  
Standard probe measurement range 
of 0.05 to 10 ft.  Standard probe 
maximum error of ±0.01 ft in depths 
of 0.05 to 5 ft.

60-3253-042

Table G-1:  Monitoring and Sampling Equipment Installed at the WSDOT Lake Union Ship Canal Test Facility



Equipment
Photo

Equipment
Name Description Specifications Part Number

Isco Mounting
Rings

Isco Mounting Rings provide a bracket upon 
which to attach a variety of water monitoring 
sensors such as an A/V sensor, submerged 
probe or bubbler line.  The mounting rings are 
adjustable, anchorable, and can be sized to fit 
virtually all round pipes and some open 
channel shapes.

Available diameters: 6", 8", 10", 12", 
and 15"

60-3203-061

Flow Link 4

Flowlink 4 is a Windows-based application that 
allows the user to monitor a variety of 
instruments manufactured by Isco, including 
the 6712 Portable Sampler and the 4250 Flow 
Meter.  The software can be utilized to manage 
sites, remotely retrieve data from installed 
instruments, and generate and manipulate 
statistical information and present that 
information graphically.

Software Version 4.1.0.0

69-2543-178

Grovhac Inc. 
Series 400-333 
Electric Direct 
Mixer

Durable, electric powered mixer with C-clamp 
attachment to easily mount on mixing tank.  
When used in conjunction with the mixing tank, 
the Mixer ensures a homogenous flow of water 
past the sample intake lines and through the 
Aqua-Filter™.

36" standard shaft length.  2 mixing 
blades.  0.333 horsepower

400-333-DD-ED

ISCO SPA 1026 
Cable

The SPA 1026 Cable allows a primary sampler 
to pace a secondary sampler via a event mark 
pulse.  This allows the secondary sampler to 
take identical flow paced samples as the 
primary sampler, without requiring a separate 
modular flow meter.

Custom Made event pace cable

60-5314-026



Table G-2: Monitoring and Sampling Equipment Location by Station

Equipment Description
Inlet Station Equipment 6712 Portable Sampler Programmable water sampling unit

750 Area Velocity Module Sampler attachment for water velocity measurements
ISCO Mounting Rings Brackets to anchor water monitoring sensors in a waterbody
ISCO SPA 1026 Cable Links a primary and secondary 6712 sampler.  Sends a pulse triggering the secondary 

sampler to collect a sample at the same time as the primary sampler.
Grovhac Electric Mixer Agitates water to ensure a homogenous flow into the Aqua-Filter™

Outlet Station 6712 Portable Sampler Programmable water sampling unit
750 Area Velocity Module Sampler attachment for water velocity measurements
730 Bubbler Module Sampler attachment for water level measurements
ISCO Mounting Rings Bracket to anchor water monitoring sensors in a waterbody
ISCO SPA 1026 Cable Links a primary and secondary 6712 sampler.  Sends a pulse triggering the secondary 

sampler to collect a sample at the same time as the primary sampler.

Upstream Flowsplitter 4250 Flow Meter Measure water velocity and level to calculate flow rates and volumes



 
 
Figure G-1:  Diagram of Monitoring and Sampling Equipment Locations 



 
 
Figure G-2:  Photograph of Monitoring and Sampling Equipment Locations 
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Typical Aqua-Filter Sampler Program 
 

Number Setting Option Setting Option Description Typical Aqua-Filter Sampler Settings

1 Program Name Program Identification AFB3-IN1 
(Aquafilter Bay 3 inlet station 1) 

2 Site Description Additional Identification AFB3-IN1 
3 Units Units the sampler will use to 

report data 
Feet, gallons, gpm, fps 

4 Mode of operation Instrumentation the sampler 
uses to determine waterbody 
conditions 

Area/Velocity; Round Pipe 

5 Data Interval Frequency of data collection 1 Minute 
6 Bottle Setup Number and sizes of sample 

bottles 
4, 3.70 Liter Bottles 

7 Suction Line 
Length 

Length of suction line from 
the uptake point to the 
sampler pump 

15 feet 

8 Suction Head Elevation change between the 
uptake point and the sampler 
pump 

4 feet 

9 Number of Rinses Number of rinses in between 
samples in addition to the 
default pump and purge 
cycles 

1 rinse 

10 Number of Retries Number of times the sampler 
will attempt to retry taking a 
sample if the first attempt 
fails 

1 retry 

11 Program Type Allows user to program 
multiple sampling regimes 
into one program/sampling 
event 

One part 

12 Pacing Option to have samples 
spaced based on a particular 
flow volume or specific 
segment of time 

Flow every 332 gallons 

13 Sample 
Distribution 

Number of bottles used per 
sample event, and number of 
samples required to fill each 
bottle 

4 bottles per sample; 28 samples per 
bottle 

14 Sample Volume Volume of water aliquoted to 
each bottle per sample event 

125mL 

15 Enable Programmable feature that 
enables the program 
according to certain 
monitored conditions: level, 
flow rate, time, etc. 

None programmed 
 

16 
 

Delay at Start Option to delay sample for a 
specific amount of time after 
starting the program  

None 



Sampling period duration, pacing rates, and subsample volumes 
 
For each sampling period, the samplers at the upstream and downstream sampling 
locations will be programmed with a pacing rate and subsample volume to allow the 
collection of at least 24 subsamples over the minimum duration defined for the sampling 
period. This minimum sampling period duration and subsample number is defined by the 
following variables: 
 

(1) the target inflow rate being tested, 
(2) the time needed to allow eight detention volumes to pass through the Aqua-

Filter, 
(3) collecting 3 subsamples per detention volume passing through the Aqua-Filter, 

and 
(4) the sample volume needed for analysis of conventional and organic 

parameters. 
 
The minimum sampling period, pacing rate, minimum number of subsamples, and sample 
volume required for each target inflow rate are provided in the table below. 
 

Target 
inflow 
rate 

(gpm) 
 

 Percent of 
StormFilter’s 

design 
capacity 

(%)  
 

 Minimum 
duration for 
8 detention 
volumes to 

pass 
through the 
Aqua-Filter 

(hrs) 

Pacing 
Rate 
(cf) 

 
 
 

 
 
 

Pacing 
Rate 
(gal) 

 

 Minimum 
number of 

subsamples 
 
 

Subsample 
volume 

(ml) 
 
  

 Minimum 
sample vol 
collected 

per sample 
period 
(ml) 

62.8 50 2.11 44 332 24 250 6000 
125.7 100 1.06 44 332 24 250 6000 

156.25 125 0.85 44 332 24 250 6000 

 

 

Definitions 
 
Detention Volume 

 
Volume between the Aqua-Filter inlet and effluent sample location. 

 
Detention Volume = Volume of swirl concentrator (69 cf) + 

filtration bay (64 cf) = 133 cf  
 

8 * Detention Volume = 1,064 cf (7958.7 gal) 
 

 
 
 
 



Minimum Duration per Sample Period 
 
Time needed to allow 8 detention volumes to pass through the Aqua-Filter at the 
target inflow rate. 

  
 Minimum Duration = (8 * Detention Volume) / Target Inflow Rate 
 

For example, at 125.7 gpm: 
 
 Minimum Duration  = 7958.7 gal / [(125.7 gpm)(60 min/hr)] 
  = 1.06 hours 

 
 
Pacing Rate 
  
 Collect 3 subsamples per detention volume passing through the StormFilter. 

 
 Detention Volume = 994.84 gal = 133 cf 
 Detention Volume / 3 = 331.61 gal (44.33 cf) 
 Pacing Rate = 44 cf (or 332 gal) 

 
 
Minimum number of subsamples 
  

Collect 3 subsamples per detention volume passing through the StormFilter with a 
minimum of 8 detention volumes sampled per sampling period. 
 
 3 subsamples / detention volume * 8 detention volumes = 24 subsamples 

 
 
Volume needed per composite sample 
  

For analysis, organics need 5,000 ml per composite sample and conventionals 
need 5,625 ml per composite sample. 
 
 5625 ml / minimum 24 subsamples = 234 ml / subsample (minimum) 
 
Select subsample volume to be 250 ml with a 125 ml subsample collected for 
each 4-liter sample bottle. Two 4-liter sample bottles will be composited for each 
set of parameters (that is, conventionals and organics). 

 
 3 subsamples / detention volume * 8 detention volumes = 24 subsamples 
 
 24 subsamples / composite * 250 ml / subsample = 6,000 ml / composite 
  
 check: meets minimum volume needed for both organics and conventionals. 



AFB3-IN1.txt 
 
SAMPLER ID# 1072162055  11:45 16-NOV-05 
  Hardware: A1      Software: 2.10 
*********** PROGRAM SETTINGS *********** 
     ---------- 
   PROGRAM NAME:     
    "AFB3-IN1  "     
 SITE DESCRIPTION:   
    "AFB3-IN1  "     
     ---------- 
   UNITS SELECTED:   
     LENGTH: ft      
                     
                     
     ---------- 
   UNITS SELECTED:   
   FLOW RATE: gpm    
  FLOW VOLUME: gal   
   VELOCITY: fps     
     ---------- 
  AREA-VEL MODULE:   
   AREA*VELOCITY     
     ROUND PIPE      
                     
     ---------- 
                     
      1 MINUTE       
   DATA INTERVAL     
                     
     ---------- 
   4, 3.70 lit BTLS  
 15 ft SUCTION LINE  
  4 ft SUCTION HEAD  
1 RINSES, 1 RETRIES  
     ---------- 
                     
  ONE-PART PROGRAM   
                     
                     
     ---------- 
      PACING:        
    FLOW, EVERY      
     332.0 gal       
NO SAMPLE AT START   
     ---------- 



    DISTRIBUTION:    
  4 BOTTLES/SAMPLE   
  28 SAMPLES/BOTTLE  
                     
     ---------- 
      VOLUME:        
                     
   125 ml SAMPLES    
                     
     ---------- 
      ENABLE:        
                     
  NONE PROGRAMMED    
                     
     ---------- 
      ENABLE:        
 REPEATABLE ENABLE   
NO SAMPLE AT DISABLE 
NO SAMPLE AT ENABLE  
     ---------- 
      ENABLE:        
COUNTDOWN CONTINUES  
   WHILE DISABLED    
                     
     ---------- 
      ENABLE:        
 0 PAUSE & RESUMES   
                     
                     
     ---------- 
                     
 NO DELAY TO START   
                     
                     
     ---------- 
     ---------- 
     ---------- 
  LIQUID DETECT ON   
                     
 QUICK VIEW/CHANGE   
                     
     ---------- 
                     
 TAKE MEASUREMENTS   
  EVERY  1 MINUTES   
                     



     ---------- 
  DUAL SAMPLER OFF   
 BTL FULL DETECT ON  
  TIMED BACKLIGHT    
                     
     ---------- 
                     
  PULSED EVENT MARK  
  AT INITIAL PURGE   
                     
     ---------- 
  PUMP COUNTS FOR    
 EACH PURGE CYCLE:   
   200 PRE-SAMPLE    
  AUTO POST-SAMPLE   
     ---------- 
                     
    NO PERIODIC      
   SERIAL OUTPUT     
                     
     ---------- 
    INTERROGATOR     
     CONNECTOR       
  POWER ALWAYS ON    
                     
     ---------- 
     ---------- 
     ---------- 
                     
   NO RAIN GAUGE     
                     
                     
     ---------- 
  NO SDI-12 SONDE    
                     
AUTO SDI-12 SCAN OFF 
                     
     ---------- 
 I/O1= NONE          
 I/O2= NONE          
 I/O3= NONE          
                     
     ---------- 
                     
  0 ANALOG OUTPUTS     
 



 
SAMPLER ID# 1071410959  11:46 16-NOV-05 
  Hardware: A1      Software: 2.10 
*********** PROGRAM SETTINGS *********** 
     ---------- 
   PROGRAM NAME:     
    "AFB3-IN2  "     
 SITE DESCRIPTION:   
    "AFB3-IN2  "     
     ---------- 
   UNITS SELECTED:   
     LENGTH: ft      
                     
                     
     ---------- 
   4, 3.70 lit BTLS  
 18 ft SUCTION LINE  
  4 ft SUCTION HEAD  
1 RINSES, 1 RETRIES  
     ---------- 
                     
  ONE-PART PROGRAM   
                     
                     
     ---------- 
      PACING:        
    FLOW, EVERY      
       1 PULSES      
NO SAMPLE AT START   
     ---------- 
    DISTRIBUTION:    
  4 BOTTLES/SAMPLE   
  28 SAMPLES/BOTTLE  
                     
     ---------- 
      VOLUME:        
                     
   125 ml SAMPLES    
                     
     ---------- 
      ENABLE:        
                     
  NONE PROGRAMMED    
                     
     ---------- 
      ENABLE:        



 REPEATABLE ENABLE   
NO SAMPLE AT DISABLE 
NO SAMPLE AT ENABLE  
     ---------- 
      ENABLE:        
COUNTDOWN CONTINUES  
   WHILE DISABLED    
                     
     ---------- 
      ENABLE:        
 0 PAUSE & RESUMES   
                     
                     
     ---------- 
                     
 NO DELAY TO START   
                     
                     
     ---------- 
     ---------- 
     ---------- 
  LIQUID DETECT ON   
                     
 QUICK VIEW/CHANGE   
                     
     ---------- 
                     
 TAKE MEASUREMENTS   
  EVERY  1 MINUTES   
                     
     ---------- 
  DUAL SAMPLER OFF   
 BTL FULL DETECT ON  
  TIMED BACKLIGHT    
                     
     ---------- 
                     
  PULSED EVENT MARK  
  AT INITIAL PURGE   
                     
     ---------- 
  PUMP COUNTS FOR    
 EACH PURGE CYCLE:   
   200 PRE-SAMPLE    
  AUTO POST-SAMPLE   
     ---------- 



                     
    NO PERIODIC      
   SERIAL OUTPUT     
                     
     ---------- 
    INTERROGATOR     
     CONNECTOR       
  POWER ALWAYS ON    
                     
     ---------- 
     ---------- 
     ---------- 
                     
   NO RAIN GAUGE     
                     
                     
     ---------- 
  NO SDI-12 SONDE    
                     
AUTO SDI-12 SCAN OFF 
                     
     ---------- 
 I/O1= NONE          
 I/O2= NONE          
 I/O3= NONE          
                     
     ---------- 
                     
  0 ANALOG OUTPUTS   
                     
                     
     ---------- 
     ---------- 
---------------------------------------- 
  



AFB3-OUT1.txt 
 
SAMPLER ID# 1072162981  11:51 16-NOV-05 
  Hardware: A1      Software: 2.10 
*********** PROGRAM SETTINGS *********** 
     ---------- 
   PROGRAM NAME:     
    "AFB3-OUT1 "     
 SITE DESCRIPTION:   
    "AFB3-OUT1 "     
     ---------- 
   UNITS SELECTED:   
     LENGTH: ft      
                     
                     
     ---------- 
   UNITS SELECTED:   
   FLOW RATE: gpm    
  FLOW VOLUME: gal   
   VELOCITY: fps     
     ---------- 
  AREA-VEL MODULE:   
   AREA*VELOCITY     
     ROUND PIPE      
                     
     ---------- 
                     
      1 MINUTE       
   DATA INTERVAL     
                     
     ---------- 
   4, 3.70 lit BTLS  
 19 ft SUCTION LINE  
  1 ft SUCTION HEAD  
1 RINSES, 1 RETRIES  
     ---------- 
                     
  ONE-PART PROGRAM   
                     
                     
     ---------- 
      PACING:        
    FLOW, EVERY      
     332.0 gal       
NO SAMPLE AT START   
     ---------- 



    DISTRIBUTION:    
  4 BOTTLES/SAMPLE   
  28 SAMPLES/BOTTLE  
                     
     ---------- 
      VOLUME:        
                     
   125 ml SAMPLES    
                     
     ---------- 
      ENABLE:        
                     
  NONE PROGRAMMED    
                     
     ---------- 
      ENABLE:        
 REPEATABLE ENABLE   
NO SAMPLE AT DISABLE 
NO SAMPLE AT ENABLE  
     ---------- 
      ENABLE:        
COUNTDOWN CONTINUES  
   WHILE DISABLED    
                     
     ---------- 
      ENABLE:        
 0 PAUSE & RESUMES   
                     
                     
     ---------- 
                     
 NO DELAY TO START   
                     
                     
     ---------- 
     ---------- 
     ---------- 
  LIQUID DETECT ON   
                     
 QUICK VIEW/CHANGE   
                     
     ---------- 
                     
 TAKE MEASUREMENTS   
  EVERY  1 MINUTES   
                     



     ---------- 
  DUAL SAMPLER OFF   
 BTL FULL DETECT ON  
  TIMED BACKLIGHT    
                     
     ---------- 
                     
  PULSED EVENT MARK  
  AT INITIAL PURGE   
                     
     ---------- 
  PUMP COUNTS FOR    
 EACH PURGE CYCLE:   
   200 PRE-SAMPLE    
  AUTO POST-SAMPLE   
     ---------- 
                     
    NO PERIODIC      
   SERIAL OUTPUT     
                     
     ---------- 
    INTERROGATOR     
     CONNECTOR       
  POWER ALWAYS ON    
                     
     ---------- 
     ---------- 
     ---------- 
                     
   NO RAIN GAUGE     
                     
                     
     ---------- 
  NO SDI-12 SONDE    
                     
AUTO SDI-12 SCAN OFF 
                     
     ---------- 
 I/O1= NONE          
 I/O2= NONE          
 I/O3= NONE          
                     
     ---------- 
                     
  0 ANALOG OUTPUTS   
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Storm Data Sheet - Aqua-Filter (Bay 3)
PRE-STORM SITE VISIT Date/Time: _______________    Staff: _______________   Weather: __________________

Time u/s draw pipe lowered/raised: ________________ Gate valve setting: _________________

Flow splitters cleaned?_________________________ Flush debris-gate valve/note time(s): _________________

FS 1 position:__________    FS 2 position:__________ Maintenance inspection: _________________

AFB3-IN1 AFB3-IN2 AFB3-OUT1 AFB3-OUT2/level
Calibrate sample vol (125 ml)
Bottles Labeled
Clean sample lines? (Y/N)
Check sample line connections?

SAMPLING SET-UP Date/Time: ___________________    Staff: ______________   Weather: _______________

Target inflow rate (gpm): _________________ Mixers turned on?: _________________

Minimum sample period (min): _________________ Splitter in overflow?: _________________

Download+calibrate monit equip: u/s sta: ___________ AFB3-OUT: _______ Gate valve setting: _________________
AFB3-IN: _________ AFB3 OUT level: _____ Time Qin stabilized: _________________

Logging intervals set to 1 min: u/s sta: ___________ AFB3-IN: _________
Flush debris-gate valve/note time(s): ________________________________________________________________________

AFB3-IN1 AFB3-IN2 AFB3-OUT1 AFB3-OUT2/level
Time / (reset?)
Field Duplicate? (Y/N)
Ice? (Y/N)
Clean bottles/lids off? (Y/N)
Quick connects ok? (Y/N)
Bottle vol=3.7L / bottle#=4?
Level (ft) / (ok/reset?)
Logging interval? (1 min)
Pacing rate? (332 gal)
Subsample vol/bottle? (125 ml)
Test distributor arm (Y/N)

SAMPLE COLLECTION Date/Time: ___________________    Staff: ______________   Weather: _______________

Flow (gpm)/Level (ft)

Program Started? (Y/N)
Flush debris-gate valve/note time(s): ________________________________________________________________________

END OF SAMPLING PERIOD Date/Time: ___________________    Staff: ______________   Weather: _______________

AFB3-IN1 AFB3-IN2 AFB3-OUT1 AFB3-OUT2/level

Total Flow (> than 7,959 gal)?

Flow (gpm)/Level (ft)

1st Sample Time

Last Sample Time

# subsamples collected/bottle

> 24 subsamples collected?

Vol (liters) collected?  OK?

Any sampler/logging errors? **

Data download? (Y/N)

Sampling report saved? (Y/N)

Field Duplicate? (Y/N)

Sample ID

Field Blank? (Y/N)

Field Blank ID

IF LAST SAMPLE FOR PERIOD: Logging int. at AFB3-IN reset to 5 min?: ________ U/S Sta. reset to 5 min?: _________

** If sampling errors record on back side.

Taylor Associates, Inc.
11/28/2005

Appendix I - Storm Data Sheet
Storm Data Sheet



Data Download Form - Ship Canal: Bay 3 - Aqua-Filter  

Date/Time_________________    Field Staff____________________   Weather __________________ 
     

     

Upstream Station  
     
Current Readings     

Time  Time correct?   
Level (ft)  Meas Level (ft)?   

Velocity (fps)  Level approximately correct?   
Flow (gpm)     

Total Flow (gal)  Data Downloaded (y/n)?   
     

External Deiscant OK?  If no, changed (y/n)?   

Internal Desicant OK?  If no, changed (y/n)?   
     
If level, time, flow totalizer or any other program items reset, indicate here:  
     
     
     
Other notes:     
     
     
     

Bay 3 - Inlet Flow (SFB3-IN1)  
     
Current Readings     

Time  Time correct?   
Level (ft)  Meas Level (ft)?   

Velocity (fps)  Level approximately correct?   
Flow (gpm)  Signal/Spectrum   

Total Flow (gal)  Data Downloaded (y/n)?   
     

External Deiscant OK?  If no, changed (y/n)?   

Internal Desicant OK?  If no, changed (y/n)?   
     
If level, time, flow totalizer or any other program items reset, indicate here:  
     
     
     
Other notes:     
     
     
     



     
     
     
     
     
     

Bay 3 - Outlet Flow (SFB3-OUT1)  
     
Current Readings     

Time  Time correct?   
Level (ft)  Meas Level (ft)?   

Velocity (fps)  Level approximately correct?   
Flow (gpm)  Signal/Spectrum   

Total Flow (gal)  Data Downloaded (y/n)?   
     

External Deiscant OK?  If no, changed (y/n)?   

Internal Desicant OK?  If no, changed (y/n)?   
     
If level, time, flow totalizer or any other program items reset, indicate here:  
     
     
     
Other notes:     
     
     
     

Bay 3 - Filter Chamber Level (SFB3-OUT2)  
     
Current Readings     

Time  Time correct?   
Level (ft)  Meas Level (ft)?   

   Level approximately correct?   
   Data Downloaded (y/n)?   

       
External Deiscant OK?  If no, changed (y/n)?   
Internal Desicant OK?  If no, changed (y/n)?   
     
If level, time, or any other program items reset, indicate here:   
     
     
     
Other notes:     
     
     
     
     
     



Aqua-FilterTM Bay 3 - Stormwater Samples

Sample Collection by: Client:
TAYLOR ASSOCIATES TACOMA
Contact: Heidi Wachter Contact: Dana De Leon Page:  _______ of ________
Tel: 206-267-1412 Tel:  253-502-2109 Project ID:
or Carla Milesi - 206-579-7163 Case File #:

Date recorded by:
Laboratory:  City of Tacoma, Science and Engineering Laboratory
Contact:  Chris Getchelll

Tel: 253-502-2130

AquaFilter™ Bay 3 - Lake Union Ship Canal  

Sample ID
Date 

Collected
Time 

Collected Comp? Grab?
# of 
cont. matrix Notes

Comments/Special Notes: Relinquished by: Relinquished by:
Signature Signature
Printed Name Printed Name
Company Company
Date/Time Date/Time

Received by: Received by:
Siqnature Siqnature
Printed Name Printed Name
Company Company
Date/Time Date/Time
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Aqua-FilterTM Bay 3 - Sediment Samples

Sample Collection by: Client:
TAYLOR ASSOCIATES TACOMA
Contact: Heidi Wachter Contact: Dana De Leon Page:  _______ of ________
Tel: 206-267-1412 Tel:  253-502-2109 Project ID:

Case File #:
Laboratory:  City of Tacoma, Science and Engineering Laboratory Date recorded by:
Contact:  Chris Getchelll

Tel: 253-502-2130

AquaFilter™ Bay 3 - Lake Union Ship Canal    

Sample ID
Date 

Collected
Time 

Collected Comp? Grab?
# of 

contain. matrix Notes

Comments/Special Notes: Relinquished by: Relinquished by:
Signature Signature
Printed Name Printed Name
Company Company
Date/Time Date/Time

Received by: Received by:
Siqnature Siqnature
Printed Name Printed Name
Company Company
Date/Time Date/Time
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Aqua-FilterTM Bay 3 - Particle Size Distribution Samples

Sample Collection by: Client:

TAYLOR ASSOCIATES AquaShield TM
Page:  _______ of ________

Contact: Heidi Wachter Contact: J. Kelly Williamson Project ID:
Tel: 206-267-1412 Tel:  423-870-8888 Case File #:

Date recorded by:

Laboratory:  SPECTRA Laboratories Standard Rush
Contact:  Marie Holt

Tel: 253-272-4850

AquaFilter™ Bay 3 - Lake Union Ship Canal    

Sample ID
Date 

Collected
Time 

Collected Comp? Grab?
# of 

contain. matrix Notes

Comments/Special Notes: Relinquished by: Relinquished by:
Signature Signature
Printed Name Printed Name
Company Company
Date/Time Date/Time

Received by: Received by:
Siqnature Siqnature
Printed Name Printed Name
Company Company
Date/Time Date/Time
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Inspection Date/Time:  __________________ Staff:  __________________________________

Weather:  ___________________Inflow to Aqua-Filter:  ____________________Less than 5 gpm?:  ____________

Current level in filtration bay:  _________________Previous sampled event:  ______________

Mixing Tank

Visible Sheen (0-none, 1-some, 2-a lot): Photos:
Floatables (if yes, % area covered and brief description):

Any maintenance concerns? (eg. Excessive sediment, trash, or debris; monitoring equipment):

Comments:

Swirl Concentrator

Visible Sheen (0-none, 1-some, 2-a lot): Photos:

Depth Measurements meas1 meas2 meas3

Location 1

Location 2

Location 3

Location 1

Location 2

Location 3

Floatables (if yes, % area covered and brief description):

Any maintenance concerns? (eg. Excessive sediment, trash, or debris; monitoring equipment):

Comments:

Filter Chamber

Visible Sheen (0-none, 1-some, 2-a lot): Photos:

Color of Filter Media:
(note: if filter media is dark brown to black, it should be replaced)

Floatables (if yes, % area covered and brief description):

Condition of Filter Trays:

Any sediment buildup if Filtration Chamber?:

Any maintenance concerns? (eg. Excessive sediment, trash, or debris; monitoring equipment):

Comments:

Maintenance Inspection Sheet - Aqua-Filter (Bay 3)

Depth to 
Sediment

Depth to 
Water

Taylor Associates, Inc.
11/28/2005

Appendix I - Maintenance Inspection Sheet
Maintenance Inspection Sheet



Page # ______

Date/Time Staff Observation Activity

Bay 3 - AquaFilter - Technology Maintenance Log

Taylor Associates, Inc.
11/28/2005 Appendix I - Technology Maintenance Activity Log, Bay 3



Aqua-Filter™ Bay 3 – Stormwater Sample Labels 
 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (turbidity; TSS; VSS; TS; pH; 
hardness; total & dissolved Cd, Cu, Pb, & Zn; TP; ortho-
P; TKN; nitrate/nitrite) 

 

Aqua-Filter: I-5 Ship Canal Test Facility  

Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Organics (TPH-Dx, pthalates, PAHs) 

 
 

Aqua-Filter: I-5 Ship Canal Test Facility  

Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (turbidity; TSS; VSS; TS; pH; 
hardness; total & dissolved Cd, Cu, Pb, & Zn; TP; ortho-
P; TKN; nitrate/nitrite) 

Aqua-Filter: I-5 Ship Canal Test Facility  

Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Organics (TPH-Dx, pthalates, PAHs) 

 
 

Aqua-Filter: I-5 Ship Canal Test Facility  

Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (turbidity; TSS; VSS; TS; pH; 
hardness; total & dissolved Cd, Cu, Pb, & Zn; TP; ortho-
P; TKN; nitrate/nitrite) 

Aqua-Filter: I-5 Ship Canal Test Facility  

Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Organics (TPH-Dx, pthalates, PAHs) 

 
 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (turbidity; TSS; VSS; TS; pH; 
hardness; total & dissolved Cd, Cu, Pb, & Zn; TP; ortho-
P; TKN; nitrate/nitrite) 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Organics (TPH-Dx, pthalates, PAHs) 

 
 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (turbidity; TSS; VSS; TS; pH; 
hardness; total & dissolved Cd, Cu, Pb, & Zn; TP; ortho-
P; TKN; nitrate/nitrite) 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Organics (TPH-Dx, pthalates, PAHs) 

 



Aqua-Filter™ Bay 3 – Sediment Sample Labels 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (TS; TVS; grain-size; TOC; TP; total Cd, Cu, 
Pb, & Zn)  

Organics (TPH-Dx, pthalates, PAHs) 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (TS; TVS; grain-size; TOC; TP; total Cd, Cu, 
Pb, & Zn)  

Organics (TPH-Dx, pthalates, PAHs) 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (TS; TVS; grain-size; TOC; TP; total Cd, Cu, 
Pb, & Zn)  

Organics (TPH-Dx, pthalates, PAHs) 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (TS; TVS; grain-size; TOC; TP; total Cd, Cu, 
Pb, & Zn)  

Organics (TPH-Dx, pthalates, PAHs) 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (TS; TVS; grain-size; TOC; TP; total Cd, Cu, 
Pb, & Zn)  

Organics (TPH-Dx, pthalates, PAHs) 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (TS; TVS; grain-size; TOC; TP; total Cd, Cu, 
Pb, & Zn)  

Organics (TPH-Dx, pthalates, PAHs) 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (TS; TVS; grain-size; TOC; TP; total Cd, Cu, 
Pb, & Zn)  

Organics (TPH-Dx, pthalates, PAHs) 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (TS; TVS; grain-size; TOC; TP; total Cd, Cu, 
Pb, & Zn)  

Organics (TPH-Dx, pthalates, PAHs) 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (TS; TVS; grain-size; TOC; TP; total Cd, Cu, 
Pb, & Zn)  

Organics (TPH-Dx, pthalates, PAHs) 

Aqua-Filter: I-5 Ship Canal Test Facility 
Lab:  City of Tacoma Laboratory 

Sample ID __________________________ 

Collected by:  Taylor Associates, Inc. 

Date/Time Collected: __________________ 
Analysis: 

Conventionals (TS; TVS; grain-size; TOC; TP; total Cd, Cu, 
Pb, & Zn)  

Organics (TPH-Dx, pthalates, PAHs) 
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City of Tacoma Example Lab Report 

 

City of Tacoma Laboratory Quality Assurance Manual 

 

Spectra Laboratories Sample Lab Report 
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SOP  QA Manual  GENERAL 

I.  QUALITY ASSURANCE POLICY 
 
The objective of the City of Tacoma Public Works Environmental Services Science and 
Engineering Division laboratory is to provide qualitative and quantitative data of known 
quality on a variety of samples.  The Public Works Environmental Services Science and 
Engineering Division laboratory is called upon to provide data in the support of many 
projects throughout the City, which involves analyses of many different types of sample 
matrices. Samples analyzed range from pristine well water to raw sewage.  Soils, 
sludge, and sediments are also analyzed regularly.  In dealing with these varying 
sample types, it is our objective to provide accurate analyses on all sample matrices, so 
that rational decisions can be made on a known quality of data. 
 
This manual describes the general Quality Assurance systems employed at the City of 
Tacoma, Public Works Environmental Services Science and Engineering Division 
laboratory.  Specific procedures are addressed in Standard Operating Procedures 
(SOPs) such as the Performance Evaluation SOP which outlines mandatory and 
voluntary performance audits, Corrective Action SOP for the formal review process that 
will be undertaken when QC limits are exceeded for the methodology used or other 
problems affecting data acceptability occur, and the Report Generation/Data Review 
SOP for data gathering and review procedures and chain of command. 
 
II.  CITY OF TACOMA CODE OF ETHICS 
 
All laboratory personnel adhere to the City of Tacoma Code of Ethics, effective January 
1, 1983, amended October 2, 1990. 
 
III.  QUALITY ASSURANCE MANAGEMENT 
 
All analytical chemistry responsibilities fall under the control of the Senior Environmental 
Specialist.  The QA Officer is responsible for the overall QA/QC program including 
renewal of Accreditation with the Washington State Department of Ecology.  QA Officer 
responsibilities include monitoring the quality control activities of the laboratory, 
reviewing data for compliance to QA/QC requirements, maintaining a file of Corrective 
Actions, maintaining the SOP's, coordinating and evaluating the testing of performance 
evaluation samples and reporting on QA/QC issues to the Senior Environmental 
Specialist. 
 
Senior Analysts are responsible for monitoring QC activities within their section, 
reviewing data for compliance to QA/QC requirements, initiating Corrective Action 
procedures when warranted, and scheduling and evaluating the testing of performance 
evaluation samples. 
 

Org. Date September 18, 1992 
Rev. September 16, 2005 
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SOP  QA Manual  GENERAL 

Analysts and assistants are responsible for following Standard Operating Procedures, 
generating data, monitoring and documenting QC and initiating Corrective Action 
procedures when warranted. 
 
The Report Generation / Data Review SOP documents the procedures used for the 
gathering and review of data submitted for report generation, including statements of 
responsibility for each step in the chain of command and the review process followed.  
The data and/or report are sequentially reviewed by the Analyst, Senior Analyst, QA 
Officer, and Senior Environmental Specialist who submits it to client and regulatory 
agencies, as required. 
 
IV.  ADMINISTRATIVE ORGANIZATION 

 
Senior Environmental Specialist- Responsible for overseeing the day-to-day operation 
of the Science and Engineering Division laboratory.  Coordinate and assign projects to 
the laboratory, hire new personnel, perform performance reviews, budget, review data 
and produce final reports and recommendations, coordinate with other City 
departments, keep current on changing federal, state and local regulations and see that 
the Lab is in compliance.  Responsible for overseeing field services, including work 
assignments, sampling, container preparation and notification of laboratory of samples 
to be expected.  Responsibilities also include sample receipt and tracking.  Responsible 
for overseeing the daily operation of the conventionals and metals sections, assign 
work, review data, train personnel, see that proper methods and procedures are 
followed, and see that work is completed on time, and filling in during absenteeism or 
work overload (working supervisor.)  Responsibilities also include sample receipt and 
tracking. 
 
Laboratory Supervisor – The Laboratory Supervisor is responsible for procuring 
equipment and supplies, training personnel, data management, and data storage.  
Administration of the Laboratory Information Management System (LIMS) is another 
duty.  The Laboratory Supervisor directs the inorganics metals analysis section. 
 
Senior Laboratory Analyst (Organic) - Responsible for overseeing the daily operation of 
the organics section, assign work, review data, train personnel, see that proper methods 
and procedures are followed, and see that work is completed on time, report generation 
and filling in during absenteeism or work overload (working supervisor.) 
 
Senior Laboratory Analyst (QA/QC) - Quality Assurance Officer; performs QA/QC 
functions for the entire laboratory.  Responsible for technical quality and completeness 
of data produced by laboratory.  Handles lab's participation in performance evaluation 
studies and Washington State Department of Ecology Accreditation Renewal.  Duties 
include QA document preparation, in-house data validation, answering questions about 
data, and filling in during absenteeism or work overload (working supervisor.) 
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Laboratory Analyst - Responsible for their particular job assignment, for performing 
analysis following prescribed standard operating procedures and quality control/quality 
assurance programs.  Duties include sampling, sample analysis, data entry, and report 
generation. 
 
Laboratory Assistant - Responsible for maintaining lab equipment, preparing sample 
containers, and glassware cleaning.  Duties may include sample extraction or digestion, 
data entry, and some laboratory analysis following standard operating procedures. 
 
Laboratory Assistant - Project position - Responsible for project support in the taking 
and preparation of samples.  Duties include preparing sampling equipment, sample 
containers, sample extraction following standard operating procedures, and data entry. 
 
 
V.  INDIVIDUAL DUTIES AND PERSONNEL QUALIFICATIONS 
 

Christopher L. Getchell – Senior Environmental Specialist 
Sampling and Conventionals Section. 
 
Martin Collamore - Laboratory Supervisor 
Metals Section. 
 
Greg Perez - Senior Laboratory Analyst  
Organics Section. 
 
Lori Zboralski - Senior Laboratory Analyst 
Quality Assurance Officer. 
 
Mushtaque Qazi - Laboratory Analyst 
Organics Section.  Volatile Organics Analysis. 
 
Yelena Brusser - Laboratory Analyst 
Organics Section.  GC/MS analysis of Semi-volatile organics and Volatile 
Organics.  GC/ECD analysis for Pesticides/PCBs. 
 
William Essmeier - Laboratory Analyst 
Inorganics Section.  Conventionals analysis.  Field Sampling 
 
Leonora Litzi-Davis - Laboratory Analyst 
Organics Section.  GC/MS analysis of Semi-Volatile Organics and Volatile 
Organics.  GC/ECD analysis for Pesticides/PCBs. 
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Barbara Pemberton - Laboratory Analyst 
QC Section.  Assist Quality Assurance Officer. 
 
Larry Wakefield - Laboratory Analyst 
Inorganics Section.  Conventionals Analysis. 
 
Matt Boyles - Laboratory Analyst 
Inorganics Section.  ICP-OES and CV analysis. 
 
Mark Bozlee - Laboratory Analyst - Project 
Special projects analysis. 
 
Stephanie Seivert - Laboratory Analyst - Project 
Conventionals Section.  Special Projects analysis. 
 
Paul Forsberg - Laboratory Assistant 
Inorganics Section.  Metals digestions, reagent preparation, glassware cleanup, 
maintenance, sampling, and miscellaneous lab duties. 
 
James McCoy - Laboratory Assistant 
Inorganics Section.  Reagent preparation, glassware cleanup, maintenance, 
sampling, metals digestions, and miscellaneous lab duties. 
 
Hebert Ward - Laboratory Assistant 
Organics Section  Organic extractions and miscellaneous lab duties. 
 
Tom Chontofalsky - Laboratory Assistant 
Organics Section  Organic extractions and miscellaneous lab duties. 
 
Mark Stafford - Laboratory Assistant - Project 
Field Services.  Glassware preparation, maintenance of sampling equipment, 
sampling, and miscellaneous lab duties. 

 
ORGANIZATION CHART: 
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CHRISTOPHER L. GETCHELL 
WWTP Senior Environmental Specialist 

 
 
 

EDUCATION: 
 
University of Washington - Bachelor of Science Degree in Oceanography, 1976 
 
Manufacturer's training course on GC/MS operation and analysis (Extrel Corporation), 1986. 
 
"Mass Spectral Interpretation of Environmental Contaminants" Indiana University July 1987, Ron 

Hites, Instructor. 
 
Various GC, HPLC, IR and AA courses over the years of 1980 to 1989. 
 
 

EXPERIENCE: 
 
-WWTP Senior Environmental Specialist, City of Tacoma, April 1987 to present -Oversee the day 

to day operation of the laboratory, determine other City department project testing needs, 
hire employees, perform performance reviews, budget, coordinate and assign projects, 
and prepare final reports and recommendations.  Stay current with changing local, state 
and federal regulations and requirements and see that the Sewer Utility is within 
compliance. 

 
-WWTP Laboratory Supervisor, City of Tacoma, July 1981 to April 1987 -Oversee the day to day 

operations of the laboratory.  Perform analysis by GC, GC/MS, AA, IR, UV, HPLC, wet 
chemistry and other laboratory analysis, train laboratory personnel, maintain laboratory 
budget, supervise, evaluate, hire, QC/QA, and perform other functions related to the 
operation of the laboratory. 

 
-WWTP Lab Analyst, City of Tacoma, June 1979 to July 1981 - Perform various laboratory 

analyses by wet chemical and instrumental means. 
 
-Chemist, Bennett Laboratories, January 1977 to June 1979 - Responsible for analytical section 

of laboratory.  Perform various analysis by wet chemical and instrumental means. 
 
-Laboratory Technician, AM Test, June 1975 to January 1977 - Perform various analyses by wet 

chemical means, perform AA analysis on drinking water and environmental samples. 
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MARTIN K. COLLAMORE 
WWTP LABORATORY SUPERVISOR 

 
 
 

EDUCATION: 
 
Evergreen State College, Olympia, WA - Bachelor of Science Degree in Physics, Engineering 

minor, 1982 
 
Peninsula College, Port Angeles, WA - Biology major, Physics minor, 2 years 
 
Western Washington State University, Bellingham, WA - Chemistry major, Biology minor, 2 years 
 
Tacoma Community College, Tacoma, WA -  Continuing classes for Degree in Public 

Administration 
 
 

EXPERIENCE: 
 
-WWTP Laboratory Supervisor, City of Tacoma, April 1989 to Present - Responsible for procuring 

equipment and supplies, training personnel, data management, and data storage.  
Administrator of the Laboratory Information Management System (LIMS). 

 
-WWTP Senior Laboratory Analyst, City of Tacoma, August 1988 to April 1989. 
 
-WWTP Lab Analyst, City of Tacoma, March 1987 to August 1988. 
 
Microbiological:  7 years total involving media preparation, culture identification, and sampling. 
 
Chemical:  16 years total involving instrumental analysis using GC, HPLC, IR, UV/VIS, LC, 

Elemental Analyzers, Data Systems, various physical properties measurement devices.  
"Wet" chemical analysis on various matrices with a major emphasis on wastewater and 
environmental samples.  Techniques include extraction colorimetric, titrimetric, 
gravimetric. 
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GREG PEREZ 
WWTP SENIOR LABORATORY ANALYST 

 
 
 
EDUCATION: 

 
University of South Florida - Bachelor Degree in Chemistry, 1979 
 
 

EXPERIENCE: 
 
-WWTP Senior Laboratory Analyst, City of Tacoma, August 2004 to Present - Oversee analyses 

performed by GC/MS Purge and Trap, GC/MS, evaluate data generated; schedule work 
priorities; perform maintenance on some instruments, trouble-shoot, and generate 
reports. 

 
-Chemist 4, Washington State Department of Ecology, Manchester Environmental Laboratory, 

Prot Orchard, WA, February 1988 to June 2004 – Senior Analyst responsible for Quality 
Assurance functions including data review and maintaining SOPs.  Performed analysis of 
environmentals samples for pesticides, PCBs, volatile organics, and semi-volatile 
organics by instrumental methods including gas chromatography/mass spectroscopy and 
GC/Atomic Emission Detector. 

 
-Chemist, Laucks Testing Laboratory, Seattle, WA, October 1986 to January 1986 – Responsible 

for analysis of volatile organics by gas chromatography. 
 
-Chemist, Thornton Laboratories, Tampa, FL, September 1979 to June 1988 – Performed 

analysis of environmental samples for pesticides, PCB’s, volatile organics, and semi-
volatile organics by gas chromatography.  Extraction of water and soil samples for 
organic analysis.  Performed wide variety of analyses on petroleum products, phosphate 
ores, liquid ammonia, and caustic soda. 
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LORI ZBORALSKI 
WWTP SENIOR LABORATORY ANALYST 

 
 
 

EDUCATION: 
 
Pacific Lutheran University - Bachelor of Science Degree in Chemistry, Bachelor of Arts Degree 

in Mathematics, 1987 
 
LACHAT QuikChem AE Training Course, October 1993 
 
 

EXPERIENCE: 
 
-WWTP Senior Laboratory Analyst, City of Tacoma, November 1991 to Present - Responsible for 

overseeing the heavy metals analysis and wet chemical analysis (cyanide, phenol, 
titrations, etc.).  Duties include training, review of data, and report generation.  
Responsibilities also include sample receipt and tracking.  Currently acting as QC Officer. 

 
-WWTP Laboratory Analyst, City of Tacoma, June 1989 to November 1991 - Performed 

wastewater analyses including cyanides, phenols, phosphates and other inorganic non-
metal compounds.  Spent two months performing analysis using graphite furnace atomic 
absorption before promotion to Senior Analyst. 

 
-Refinery Chemist, U.S. Oil and Refining, August 1987 to May 1989 - Performing  routine 

petroleum product Q.C. testing including distillations, titrations, and viscosities, asphalt 
product development to monitoring plant effluent water.  Wastewater analysis included, 
but was not limited to, BOD, COD, oil and grease, and total suspended solids. 

 
-Chemist, McFarland-Cascade Pole Company, August 1986 to August 1987 -Minimum 20 hours 

per week conducting digestion and analysis for metals on treated wood products using 
Atomic Absorption Flame Spectroscopy and x-ray fluorescence. 
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YELENA BRUSSER 
WWTP LABORATORY ANALYST 

 
 

EDUCATION: 
 

Chemical Industry College, Leningrad, USSR - Technician in Synthesis of Organic Dyes and 
Intermediate Products Degree, 1967-1970 

 
Leningrad Technological Institute, Leningrad, USSR - Master of Science in Chemistry and 

Chemical Engineering Degree, 1973-1979 
 
L.H. Bates Vocational-Technical Institute of Tacoma, Industrial Chemical Analysis course, 1984 

 
 

EXPERIENCE: 
 

-WWTP Laboratory Analyst, City of Tacoma, February 1993 to Present - Responsible for the 
organic analysis of samples for volatiles and WTPH-G by GC/MS.  Performed the wet 
chemical analysis of treatment plant and environmental samples and the organic analysis 
of sample extracts for Pesticides, PCBs, Herbicides, and WTPH-D by GC. 

 
-Chemist, Pacific Sound Resources (formerly Wyckoff Co.), Seattle, WA, 1987 to 1993 - Duties 

included sampling and analyzing samples from a Waste Water Treatment Plant using wet 
chemical methods.  Responsible for quality control of working solutions and treated 
wood.  Operation and maintenance of Atomic Absorption Spectrophotometer, X-Ray 
Fluorescence Analyzer, and a Spectrophotometer.  Experience with VARIAN-3600 Gas 
Chromatograph. 

 
-Laboratory Technician, McFarland Cascade, Tacoma, WA, 1982 to 1986 - Duties included 

inspection of all treated wood products, (lumber, poles, piling).  Physical assay of working 
solutions and treated wood for retention of preservatives, this includes extractions, 
digestions, X-ray fluorescence, atomic absorption spectroscopy, wastewater analysis, 
environmental analysis, NPDES permit reporting, hazardous waste testing and shipping.  
Research for developing new treating processes.  Certification of products. 

 
-Research Chemist/Chemical Engineer, Polymer Production Association (Plast Polymer), 

Leningrad, USSR, 1979 to 1980 - Worked as independent researcher on the production 
of Polyvinyl acetate (PVA).  Synthesized PVA using new catalysts and changing the 
parameters to produce PVA with particular characteristics for use in industry. 

-Senior Lab Assistant, 1973 to 1979, - Supervised two other lab assistants.  Prepared and 
analyzed by chemical and physical means PVA dispersions and films for new products. 
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BILL ESSMEIER 
WWTP LABORATORY ANALYST 

 
 
 

EDUCATION: 
 
Washington State University, Pullman, WA - Bachelor of Science Degree in Zoology, major 

studies were in Zoology, chemistry and mathematics, 1976 
 
 

EXPERIENCE: 
 
-WWTP Laboratory Analyst, City of Tacoma, April 1990 to Present - Responsible for Heavy Metal 

analysis of environmental treatment plant and industrial samples using GFAA, FAA, 
FIAS, and ICP.  Experienced in wet chemical analysis of Industrial Monitoring samples. 

 
-WWTP Laboratory Assistant, City of Tacoma, January 1989 to April 1990 - Performed industrial 

and storm water sample collection and inorganic sample preparation.  Other duties 
included reagent preparation, equipment maintenance, and glassware cleaning. 
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LEONORA LITZI-DAVIS 
WWTP LABORATORY ANALYST 

 
 
 

EDUCATION: 
 

Iowa State University, Ames, Iowa - Bachelor of Science Degree in Chemistry, 1980 
 
Des Moines Area Community College, Ankeny, Iowa - Associate of Arts Degree in Criminalistics, 

1978 
 
 

EXPERIENCE: 
 
-WWTP Senior Laboratory Analyst, Temporary, City of Tacoma, May 1995 to November 1995 - 

Responsible for internal review of reports and data, SOP compliance, and CLP data 
package generation. 

 
-WWTP Laboratory Analyst, City of Tacoma, August 1992 to Present - Responsible for Quality 

Assurance functions including data review, maintaining standard operating procedures, 
and preparing treatment plant QC samples.  Performed industrial effluent sampling and 
analysis of environmental samples by wet chemical and instrumental methods, including 
ICP and mercury cold vapor atomic absorption. 

 
-Associate Research Scientist I, Bristol-Myers Squibb, Seattle, WA, April 1990 to August 1992 - 

Responsible for synthesis of peptides for biotech research using an automatic peptide 
synthesizer.  Performed purification and characterization of peptides by HPLC. 

 
-Organic Chemist, Bionetics, Port Orchard, WA, October 1989 to April 1990 - Performed 

analyses of environmental samples for pesticides and PCBs by gas chromatography.  
Extraction of water samples for pesticide, PCB and semi-volatile analysis.  Analysis of 
sediments for oil and grease by gravimetry and PAH by HPLC.  CLP review of 
pesticide/PCB data. 

 
-Quality Control Laboratory Senior Chemist and Quality Control Laboratory Analyst, Sterling 

Drug, McPherson, KS, September 1980 to September 1989 - Responsible for analysis of 
pharmaceutical products and raw materials by wet chemical and instrumental methods 
including HPLC, GC, IR, UV and FAA.  Preparation and review of SOP's for compliance 
to United States Pharmacopoeia and New Drug Applications. 
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LARRY WAKEFIELD 
WWTP LABORATORY ANALYST 

 
 
 

EDUCATION: 
 

Pacific Lutheran University, Tacoma, Washington - Bachelor of Science Degree in Chemistry, 
1994 

 
 

EXPERIENCE: 
 
-WWTP Laboratory Analyst, Permanent, City of Tacoma, September 2000 to Present - 

Performed industrial effluent sampling and analysis of environmental samples by 
instrumental methods including GC/MS and GC/ECD. 

 
-WWTP Laboratory Analyst, Temporary/Project, City of Tacoma, September 1999 to September 

2000 - Performed industrial effluent sampling and analysis of environmental samples by 
instrumental methods including GC/MS and GC/ECD. 

 
-Chemist, Philip Environmental, Renton, WA, July 1998 to August 1999 – Performed 

conventionals, inorganic, and organic analysis of waste samples.  Instrumentation 
included: Bomb Calorimetry, GC/MS, GC/ECD, GC/FID, Flame AA, ICP, GFAA, TOX, 
Automatic Titrators, Ion Chromatography. 

 
-WWTP Laboratory Assistant, Temporary, City of Tacoma, June 1997 to February 1998 – 

Performed extractions of soils and sediments for Semi-Volatile Organics.  Reviewed 
Pesticide/PCB data according to CLP functional guidelines.  Reviewed TOC and 
Conventionals analysis. 

 
-Lab Assistant, Washinton State Department of Ecology, Port Orchard, WA, June 1996 to 

February 1997 – Standards Preparation, Organic Extractions, GPC preparation of 
environmental samples. 

 
-Chemist II, ICF Kaiser Engineers, Port Orchard, WA, July 1994 to March 1996 – Organic 

extractions, GC/MS, GC/PID, GC/FID, GC/ECD analysis of environmental samples.  
Field sampling in support of EPA laboratory as subcontractor. 
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BARBARA PEMBERTON 
WWTP LABORATORY ANALYST 

 
 
 

EDUCATION: 
 
 Western Washington University, Bellingham, WA - Bachelor of Science Degree in Biology, April 

1994.  Courses included General Inorganic Chemistry I-III and Elementary Organic 
Chemistry. 

 
 
EXPERIENCE: 

 
-WWTP Laboratory Analyst,  City of Tacoma, May 1995 to Present - Responsible for wet 

chemical analysis of Treatment Plant and environmental samples. 
 
-WWTP Laboratory Assistant, City of Tacoma, November 1994 to May 1995 - Responsible for 

reagent preparation, glassware preparation, sample preparation for metals analyses, and 
general laboratory equipment monitoring and maintenance. 

 
-Laboratory Technician III, Weyerhaeuser Technical Center via Volt Technical Services, June 

1994 to November 1994 - Involved in embryonic initiation experiment.  Duties included:  
harvest, sterilization, and dissection of seeds; initiation of culture on solid medium; 
preparation of stock solutions; ordering supplies; and use of spectrometer.  Sterile 
technique required. 

 
-Research Technician II, Western Washington University, September 1992 to March 1994 - 

Responsible for cleaning glassware and maintaining stock of media, buffers and 
chemicals.  Sterile technique required.  Evaluated bacterial genetics experiments. 

 
-Laboratory Technician I, Soils Inc., c/o Fison Industry, Fife, WA, March 1990 to September 1990 

- Quality Control.  Duties included:  testing pH, salinity, moisture retention against 
specifications; data entry and writing reports; Yield/Specification curves. 
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MUSHTAQUE QAZI 
WWTP LABORATORY ANALYST 

 
 
 

EDUCATION: 
 

University of Washington - Bachelor of Science Degree in Chemistry, 1990 
 
 

EXPERIENCE: 
 

-WWTP Laboratory Analyst, City of Tacoma, September 1993 to Present - Responsible for the 
analysis of treatment plant and environmental samples for metals using Graphite 
Furnace Atomic Absorption (GFAA), Flame Atomic Absorption, FIAS, and Inductively 
Coupled Plasma Spectrometry. 

 
-Chemist, Analytical Resources Inc., June 1991 to September 1993 - Responsible for metals 

analyses by GFAA.  Ran Mercury analyses. 
May 1990 to June 1991 - Responsible for extraction of organic compounds such as:  
Organo Phosphate Pesticides; Base, Acid, Neutrals; Polynuclear Aromatic 
Hydrocarbons; Chlorinated Hydrocarbons; Phenolics; Chlorinated Pesticides/PCBs; and 
Ethylene Dibromide using batch and liquid-liquid extraction techniques.  Extraction 
responsibilities included screening by GC to determine sample extraction levels and GPC 
cleanup of sample extracts.  Performed TPH extractions and analyzed on FTIR. 

 
-Quality Assurance Technician, Oberto Sausage Company, Kent, WA, January 1990 to 

September 1990 - Responsible for routine quality control inspection functions, chemistry 
analysis (proteins, fats, salts, moistures, pH's, titrations) and micro analysis (preparation 
of micro media, swabbing, culturing, colony counts) without direct supervision.  Produced 
reports and assisted in training other quality assurance technicians. 

 
-Forms Processing Supervisor, AMR/VideoFinancial Services, A Division of American Airlines, 

Seattle, WA, June 1984 to August 1988 - Responsible for supervision, workflow, 
employee training, database conversions and on-line maintenance, and customer service 
issues. 

 
-Laboratory Assistant, University of Washington Hospital, Department of Laboratory Medicine, 

Seattle, WA, February 1978 to March 1988 - Responsible for quality control, calibration of 
all lab equipment, logging all calibration and quality control testing results, collecting and 
processing blood and urine samples,  performing statistical calculations, retrieving on-line 
patient test results, making stock reagents, performing library research, and ordering and 
inventory control of all laboratory supplies. 
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MATT BOYLES 
WWTP LABORATORY ANALYST 

 
 
 

EDUCATION: 
 

California Polytechnic State University, San Luis Obispo, CA – Chemistry Major 1979-1981 
 
Oregon State University, Corvallis, OR – B. S. Chemistry 1989 
 
Oregon State University, Corvallis, OR – M. S. Food Science and Biochemistry - 1991 
 

EXPERIENCE: 
 

-WWTP Laboratory Analyst, City of Tacoma, November 2001 to Present -. 
 

-Laboratory Manager, Part-time Faculty, Pierce College Puyallup, September 1996 to November 
1991 – Instruct laboratory sessions, order chemical supplies, prepare demonstrations. 

 
-Technical Services Director, Nutrifruit, Inc. Sumner WA, April 1992 to May 1996 – Product 

development and quality control for food packaging plant. 
 

-Quality Control Supervisor, Ocean Beauty Seafoods, Cordova, AK, May 1991 to September 
1991 – FDA records review and regulatory compliance reports for Seafood processing 
plant. 

 
-Quality Control Supervisor, North Pacific Processors, Cordova, AK, May 1989 to September 

1990 – FDA records review and regulatory compliance reports for Seafood processing 
plant. 
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MARK BOZLEE 
WWTP LABORATORY ANALYST, Project 

 
 
 

EDUCATION: 
 

Seattle University, Seattle, WA – Bachelor of Science Degree in Chemistry, 1990 
 
 

EXPERIENCE: 
 

-WWTP Laboratory Analyst, City of Tacoma, May 2002 to Present -. 
 

-Pharmaceutical Chemist, ANI Pharmaceuticals, Gulfport, MS, January 1999 to April 2002 – 
Chemical testing of raw materials and finished products, maintenance of laboratory 
instrumentation, edit Standard Operating Procedures. 

 
-Manager, Innovative Therapies, Gulfport, MS, June 1998 to January 1999 – Manager of 

Comprehensive Outpatient Rehabilitation Facility 
 

-Tutor, University of Washington, Seattle, WA, September 1996 to June 1998 – Tutored 
Biochemistry, physiology, organic chemistry and general biology. 

 
-Chemist, Boeing Company, Auburn, WA, June 1991 to September 1996 – Chemical Analysis of 

Anodize and alodine solutions using ICP, IC, AA, Autotitrators, and Hydrogen Detection 
systems. 

 
-Environmental Chemist, Atochem North America, Tacoma, WA, January 1991 to June 1991 – 

Design a pilot plant to remove arsenic from contaminated groundwater, optimizing 
conditions for the reaction, separation, filtration, and storage of arsenic. 

 
-Cancer Research Technician, Pacific Northwest Reasearch Foundation, Seattle, WA, December 

1986 to January 1991 – Isolation and characterization of glycosphingolipids in English 
Sole and Rainbow Trout livers and DNA.  Extensively used HPLC, Spectrophotometers, 
Scintillation Counters, fluorometers, thin layer and column chromatography. 
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STEPHANIE SEIVERT 
WWTP LABORATORY ANALYST, Project 

 
 
 

EDUCATION: 
 

University of Washington, Seattle, WA – Bachelor of Science Degree in Zoology, 1999 
 
Pierce College, Lakewood, WA – General Associate of Arts Degree, 1996 
 
 

EXPERIENCE: 
 

-WWTP Laboratory Analyst, Project Position, City of Tacoma, February 2002 to Present - 
Responsible for the conventionals analysis of treatment plant, pretreatment monitoring, 
and environmental samples including BOD, COD, TSS, and Ammonia, Control charting 
data, and Data Entry to the laboratory’s LIMS. 

 
-WWTP Laboratory Assistant, Temporary Position, City of Tacoma, February 2000 to Present - 

Responsible for extraction for organic analysis of water and sludges and assistance with 
sample collection, sample container preparation, and data entry. 

 
-After-school Mad Science Instructor, Mad Science, November 1999 to February 2000 – Instruct 

and demonstrate elementary students in science. 
 
-Science Service Learning Program, University of Washington, Seattle, September 1998 to June 

1999 – Conventionals Water quality testing. 
 
-Internship, Southwestern Business Corporation, Washington, Tennessee, and Massachusetts, 

September 1997 to September 1998 – Independent business internship to develop and 
operate a self-run business. 
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PAUL FORSBERG 
WWTP LABORATORY ASSISTANT 

 
 
 

EDUCATION: 
 

St. Martins College, Lacy, WA - Chemistry Major, 1959-61 
 
United States Army - Basic Medical Lab Procedures, 16 week course, Advanced Medical Lab 

Procedures, 50 week course, 1961-62 
 
Additional training in Beginning Lotus 1-2-3, Data Processing and Business Data Processing 

 
 
EXPERIENCE: 

 
-WWTP Laboratory Assistant, City of Tacoma, February 1993 to Present - Responsible for 

sample preparation for metals analyses, reagent preparation, glassware preparation and 
general laboratory equipment monitoring and maintenance. 

 
-Experimental Technician II, Tissue Culture, Strategic Biological Sciences, Weyerhaeuser 

Company, Tacoma, WA, 1982 to 1991 - Member of a team assigned to convert somatic 
embryos of forest timber species to seedling quality plantlets.  Collected live tissue from 
forest plantations for introduction to sterile culture systems.  Performed various tests to 
determine the environmental requirements of cultures.  Entered primary data into computer 
and documented the environmental requirements of cultures.  Operated and maintained 
laboratory equipment.  Made or assisted with the modification of equipment to improve 
safety of operation. 

 
-Experimental Technician II, Environmental Analysis, Scientific Services, Weyerhaeuser Company, 

Tacoma, WA, 1979 to 1982 - Performed routine analyses on environmental water samples 
for trace nutrients (Kjeldahl-N, NH3-N, NO3-N, PO4-P) utilizing the Technicon AA II 
Autoanalyzer and Orion Ionalyzer with specific ion electrode.  Provided technical support 
for the Industrial Hygiene and Air Quality groups of the Environmental Technology 
Department.  Accompanied air quality test team to on site mill trials. 

 
-Laboratory Technician, Hooker Chemical Corp. (Occidental Chemical), Tacoma, WA, 1966 to 

1979 - Performed process control analyses and product specification analyses for the 
chlor-alkali operation, ammonia synthesis operation and chlorinated solvents synthesis 
operation. 
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JAMES M. McCOY 
WWTP LABORATORY ASSISTANT 

 
 
 

EDUCATION: 
 

Cal-Poly, S.L.O., California - 4 year Degree in Chemistry, Food, Engineering and Math, 1970 
 
Various courses in chemistry, pharmacy, and lab technology at North Seattle, Bates VoTech 

College, Clatsop Community, Hartnell College, North Salina Prep HS. 
 
Additional training through Overlake Hospital, Osco Drug, Work Study. 
 

 
EXPERIENCE: 
 

-WWTP Laboratory Assistant, City of Tacoma, March 1997 to Present - Responsible for reagent 
preparation, glassware preparation, sample digestion for mercury analysis (CLP 
protocol), ammonia distillation and titration, and general laboratory equipment monitoring 
and maintenance. 

 
-WWTP Laboratory Assistant, Project Position, City of Tacoma, February 1993 to March 1997 - 

Responsible for sample collection and extraction for organic analysis of water and 
sludges, reagent preparation, glassware preparation and general laboratory equipment 
monitoring and maintenance. 

 
-Laboratory Technician, U.S. Oil and Refining Lab, Tacoma, WA, 1988 to 1993 - Responsible for 

performing over 200 different ASTM and EPA tests on raw crude oil and many of its by-
products. 

 
-Pharmacy Technician Level A, Overlake Hospital Pharmacy, 1984 to 1986 - Unit-setup and 

delivery of pharmaceuticals. 
 
-Pharmacy Technician Level A, Osco Drug Pharmacy, 1984 to 1986 - Responsible for over the 

counter sales, customer services, preparation and delivery of prescription drugs and drug 
records and accounting. 

 
-Laboratory Technician, Burke Chemical Company, 1970 to 1972 - Responsible for chemical 

assay and analysis of product and by-products by wet chemical techniques, process, D.I. 
and boiler water testing and treatment. 
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HEBERT J. WARD 
WWTP LABORATORY ASSISTANT 

 
 
 

EDUCATION: 
 

Tacoma Community College - 83 credit hours, about 30 in the sciences, 20 in law enforcement 
and the remainder of the credits in art and general humanities, part time for four years, 
1980. 

 
Foss High School - H.S. Diploma, 1974 
 
 

EXPERIENCE: 
 
-Laboratory Assistant, City of Tacoma, October 1987 to Present - Responsible for extraction for 

organic analysis of water and sludges and assistance with sample collection.  Microtox 
analysis, sample container preparation and data entry. 

 
-August 1987 to October 1987 - worked with an independent researcher in developing a process 

to produce a product from water soluble tree sap for use by blood and genetics 
researchers in separating cells by density. 

 
-Shippers' Representative and Chemist, Bennett Laboratories of Tacoma, March 1984 to August 

1987 - Sampled ore shipments at ASARCO, TACOMA and the Ports of Tacoma, Seattle, 
Olympia, Vancouver WA, and Portland OR for moisture and kept track of rail car 
condition and weights for ship discharge.  Prepared ore and lead solder samples for 
precious metals assay, AA and GC analysis.  Meat Chemist, December 1984 to August 
1987 - Meat product analysis including moisture, protein, salt, fat and ash.  Asbestos 
sampling and analysis, hydro water systems cleaning (to remove latent oil residue from 
poorly manufactured pipes), formaldehyde sampling in homes, cross section analysis (by 
microscope) of aircraft cable ends for cracks, writing reports and filing. 
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VI.  FACILITIES AND CAPITAL EQUIPMENT 
 
A. Map of Facilities 
 
Lab Trailer    Main Lab Building   
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Equipment Locations 
 
Room B17 

1. IEC HN-SII Centrifuge 
2. Hettich Rotanta 460 Centrifuge 
3. Sonicator Ultrasonic Processor XL 
4. Barnstead Fistreem™II GlassStill Water Distillation Setup. 
5. Sonicator Ultrasonic Processor XL 
6. Titration Bench 
7. YSI Model 59 Dissolved Oxygen Meter 
8. BOD Incubator 
9. Gibson Refrigerator Standards / Reagents 
10. Walk-in Cold Storage 
11. Hach COD Reactor 
12. Beckman 390pH/Temp/mV/ISE Meter 
13. Equatherm Water Bath 
14. Liquid - Liquid Extraction Setup 
15. Sybron Thermodyne Muffle Furnace 
16. Sybron Thermodyne Muffle Furnace Type 6000 
17. Ammonia and Phenol Distillation Setup 
18. Midi Distillation Apparatus 
19. Oven (103-105ºC) 
20. Drying oven for TOC 
21. ABC Laboratories Model SP-1000 GPC (2) 
22. S-EVAP Organomation Solvent Recovery System 
23. N-Evap Analytical Evaporator 
24. Sonics Materials Vibra-Cell Sonicator 
25. Dionex ASE 200 – Accelerated Solvent Extractor 
26. Zymark TurboVap LV 
27. Horizon SpeedVap II 9000 

 
Room B14 
 

1 CEM Microwave Digestion System - MDS 2100 
 
Room B16 

1 Mettler AE 163 Balance 
2 Denver Instruments Co. DE Series Model 400 Balance 
3 Millipore TCLP Extraction Setup 
4 Mettler PL3000 Balance 
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Room B08 
 

1 Tekmar/Dohrman Apollo 9000 TOC Analyzer with Model 183 Boat 
Sampler 

2 Lachat Block Digestor BD-46 
3 Lachat QuikChem8500 
4 Lachat XYZ Sampler 

 
Hallway 
 

1 Fisher Scientific XE Series Model 400 Balance 
2 Metals Samples Refrigerator 
3 Metals Digests Retain Storage 
 

Room B09 
 

1 Perkin Elmer Optima 3000 DV Inductively Coupled Plasma 
Spectrophotometer 

2 Perkin Elmer Optima 3200 DV Inductively Coupled Plasma 
Spectrophotometer 

3 Perkin Elmer Model 1000 Flow Injection Mercury System 
 
Trailer 
 

1 Hewlett Packard 5890 Series II Plus GC / Dual ECD Detectors / 5972 
Mass Spectrometer 

2 Semi-VOA Organic Extracts Refrigerator 
3 Volatile Organics Samples Refrigerator 
4 Hewlett Packard 5890 Series II Plus GC / 5972 Mass Spectrometer 
5 Tekmar LSC 3000 Purge and Trap / Aquatek 50 Autosampler / Hewlett 

Packard 5890 GC / 5971 Mass Spectrometer 
6 Tekmar Velocity Purge and Trap / Archon Autosampler / Agilent 6890N 

GC / 5973 Inert Mass Selective Dectector 
7 Hewlett Packard 5890 Series II Plus GC / 5972 Mass Spectrometer 
8 Organics Standards Freezer 
9 Volatile Organics Standards Freezer 
10 Hamilton Digital Diluter 
11 Pest/PCB Organic Extracts Refrigerator 
12 PARR 1563/1261 Calorimeter 
13 VOA Vial Prep Oven 
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Room B13 
 

1 Sample Retain Freezer – Industrials 
 
Room B19 
 

1 LANCER Automatic Glassware Washer/Dryer 
 
Operations Lab and Pipe Run 
 

1 Fecal Coliform Incubator 
2 VWR Model 8000 pH Meter 
3 Hobart Refrigerator Metals over-flow samples – Ref #5 
4 Pipe run:  OPS Incubator #7 GE 
5 Pipe run:  OPS Freezer #6 Retains Kenmore 17 
6 Pipe run:  Organic Retains Freezer #3 Kenmore 17 
7 Pipe run:  OPS Incubator #5 Precision Scientific  
8 Pipe run:  Organic Retains Freezer #5 Kenmore 20 
9 Pipe run:  OPS Blue M MagniWhirl water baths (2) 
10 Pipe run:  OPS Sample Ref #7  
11 Pipe run:  OPS Cold Storage Ref #6 True Refigerator 
12 Pipe run:  OPS Corning Mega-Pure System MP-3A Still 
13 Pipe run:  Sample Retains Walk-in Storage Ref #10 
14 Pipe-run:  Skutt Automatic Kiln 

 
B. Capital Equipment 
 

1. Perkin Elmer Optima 3000 DV ICP installed 1996; Software - ICP WinLab ver. 
3.1.0.0107 

2. Perkin Elmer Optima 3200 DV ICP installed 2004; Software - ICP WinLab ver. 
3.1.0.0107 

3. Perkin Elmer Model 1000 FIMS installed 2001; Software – AAWinLab ver. 
6.2.0.0079. 

4. Hewlett Packard Model 5890 Series II GC/ECD installed 1994; 5972 MS installed 
1997;  Software - GC ChemStation and GC EnviroQuant Rev. C.03.00 

5. Hewlett Packard Model 5890/5971 GC/MS installed 1991; Software - 
EnviroQuant Target Compound Rev. C.03.00 with 54K compound library. 

6. Hewlett Packard Model 5890 Series II Plus/5972 GC/MS installed 1995; Software 
- EnviroQuant Target Compound Rev. C.03.00 with 74K compound library. 

7. Hewlett Packard Model 5890 Series II Plus /5972 GC/MS / Tekmar Model LSC 
2000 GC/MS/Purge  and Trap installed 1995/1995/1992; Software - 
EnviroQuant Target Compound Rev. C.03.00 with 74K compound library. 
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8. Agilent Model 6890 / 5973 I GC/MS / Teldyne-Tekmar Velocity Purge and Trap / 
Archon Autosampler installed 2005; Software Agilent Technologies MSD 
Productivity ChemStation Revision D.01.02 June 2004 

9. Lachat Model QuikChem 8500 FIA installed 2004; Software - Lachat Omnion 
revision 3.0.219F 

10. Perkin Elmer Paragon 1000 FT-IR installed 1997 
11. Tekmar/Dohrman Apollo 9000 TOC Analyzer with Model 183 / Boat Sampling 

Module installed September 2000; Software TOC Talk version 4.2 DC27 3.3 
32D5. 

 
VII.  PREVENTIVE MAINTENANCE 
 
A. Laboratory equipment is used and maintained in accordance with the 

manufacturer's recommendations.  Preventive maintenance is performed on an 
as needed basis.  Equipment such as pH probes, D.O. membranes, etc. are 
serviced as response slows or calibration becomes difficult.  More sophisticated 
types of laboratory equipment are on strict schedules of preventive maintenance 
such as balances, GC/MS, and ICP.  New laboratory equipment may be covered 
by service contracts that include routine preventive maintenance as well as 
breakdown coverage. 

 
B. Documentation of preventive maintenance/maintenance 

 
Each piece of laboratory equipment has a preventive maintenance/repair logbook 
(refer to specific instrument's logbook for the particular format of the document).  
This may be included as part of the instrument run log.  The logbook contains: 
 
1. Name of equipment, model #, serial #, purchase date. 
2. Preventive maintenance schedule. 
3. Preventive maintenance performed, date, initials. 
4. Repair maintenance performed, date, initials. 
5. Who to contact when service or repairs are required, including supervisory 

staff. 
6. Comments. 

 
VIII.  SAMPLE MANAGEMENT 

 
The Sr. Environmental Specialist directs sampling performed by lab personnel and 
coordinates the receipt of samples from other City sources.  The lab routinely samples 
for Industrial, Landfill, NPDES and Storm monitoring programs and for miscellaneous 
City projects. 
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Samples are received by the Sr. Environmental Specialist or by a designee acting as 
sample custodian in the Conventionals lab.  Sample receipt and logging procedures are 
covered in the Sample Receipt and Control SOP and Sample Tracking SOP.  Chain-of-
custody forms are prepared as directed in the Chain of Custody SOP if required for a 
specific project by request. 
 
Samples are preserved and stored following procedures in the Sample Storage and 
Preservation SOP.  An appendix to the Sample Storage and Preservation SOP lists 
EPA method references, detection limits, container types, holding times and 
preservation requirements for parameters sampled for and analyzed by the lab or sent 
out for analysis. 
 
IX.  METHODS 
 
Routine methods used are from US EPA sources or from "Standard Methods for the 
Examination of Water and Wastewater" 20th Edition.  CLP SOW ILMO 4.0 and OLMO 
3.1 may be followed for certain parameters and designated projects.  Standard method 
references and modifications to the standard methods are listed for each procedure in 
the individual SOP for that method. 
 
X.  CALIBRATION AND QUALITY CONTROL (QC) PROCEDURES 
 
Procedures for calibration of instruments such as pH meters, analytical balances, and 
the spectrophotometer are in SOPs for each type of instrument.  Quality Control 
definitions and general procedures are outlined in the Internal Quality Control SOP.  
Specific calibration and Quality Control requirements for each procedure are listed in 
the individual SOP for that method.  The Internal Quality Control SOP specifies the 
minimum requirements to be met in the absence of specific control procedures.  Method 
Detection Limits (MDL) are determined at the frequency prescribed by the method.  
Analyst Proficiency demonstrations are performed if required by the method.  Current 
MDL and Analyst Proficiency data is stored in the QA Officer’s files. 
 
XI.  DATA MANAGEMENT 
 
Data recording procedures are outlined in the Recording and Retaining Data SOP and 
the Rounding and Reporting Significant Figures SOP.  Indelible ink in blue or black is 
used for recording data and observations.  Corrections are made using a single line to 
cross out the data to be deleted and the correction is initialed and dated.  Raw data is 
recorded using a variety of laboratory notebooks, sample prep notebooks and 
logsheets.  Data is filed according to the Data Archival SOP. 
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The Analyst enters the data into the Telecation Laboratory Information Management 
System ASPEN®.  CLP Metals data is copied to the network for import.  The QA/QC 
officer generates inorganics CLP deliverable packages from ASPEN® if required.  The 
Organics section generates CLP forms from the HP Enviroquant® software if required.  
The QA/QC officer reviews the forms and does the final assembly of the CLP 
deliverable packages.  CLP deliverable packages other than those generated for the 
Tacoma Landfill are submitted for validation as directed by the Project Plan.  Validation 
for Tacoma Landfill CLP deliverable packages is performed by the QA/QC Officer.  Non-
CLP projects are reviewed by the QA/QC Officer and an in-house QC Report is written.  
A copy of all raw data pertaining to a sample report is filed with the report copy by the 
QA/QC Officer. 
 
XII.  CORRECTIVE ACTION 
 
The formal review process that will be undertaken when QC limits are exceeded for the 
methodology used or other problems affecting data acceptability occur is outlined in the 
Corrective Action SOP.  A Corrective Action Form documenting the problem and the 
corrective actions taken will be completed. 
 
 
XIII.  LABORATORY EVALUATION AND AUDITS 
 
Performance evaluation is performed as necessary to maintain the laboratory's 
accreditation with the Washington State Department of Ecology.  Voluntary in-house 
audits have also been implemented.  The Performance Evaluation SOP details the 
types and frequency of accreditation and voluntary audits undertaken by the laboratory.  
The QA/QC Officer maintains records and generates feedback on the acceptability of 
results. 
 
 
XIV.  QUALITY ASSURANCE REPORTS TO MANAGEMENT 
 
The QA Officer informs the Sr. Environmental Specialist on a weekly (or as required) 
basis of audit results, significant QA problems and recommended solutions, and 
assessments of measurement quality indicators. 
 
 
XV.  LAB DOCUMENTATION AND FORMS 
 
Documentation is maintained through the use of a variety of notebooks and forms 
including Sample Tracking Forms, Chain of Custody records, field notebooks, laboratory 
notebooks, sample prep notebooks, instrument maintenance and run log notebooks, 
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standard prep notebooks, extraction log forms, digestion log forms, bacteria analysis log 
forms and temperature log sheets. 
 
Forms used may be custom printed or copies of masters generated from computer 
programs.  Chain of Custody Record forms are multi-copy, custom, preprinted forms 
and are updated as necessary.  Sample Tracking Forms are also multi-copy, but are 
generated from the ASPEN® LIMS as samples are received.  Templates of forms for 
recording sample data such as digestions, extractions, calibration standard preparation, 
LCS and Spike sources, bacteria counts, and internal forms for CLP tracking are 
attachments to the referenced SOP, copied as needed and updated at the Senior 
Analyst's discretion. 
 
XVI.  SUB-CONTRACTING OF SERVICES 
 
If the lab is not able to perform an analysis due to lack of equipment, equipment failure, 
manpower shortage or other reason, that sample will be transferred under chain of 
custody to an outside laboratory for analysis.  The outside laboratory selection is based 
on capability of the contract lab to provide high quality work, level of accreditation 
required for that sample (DOE, CLP or non-CLP), cost for analysis, and turn around 
time desired. 
 
The outside laboratory will be requested to submit the appropriate Quality Control data 
with the analysis results.  The QC section will be responsible for entering the data in the 
LIMS.  At a minimum the QC data should contain the associated prep blank, control 
sample, surrogate, duplicate and matrix spike or matrix spike and matrix spike duplicate 
results. 
 
 
XVII.  TRAINING 
 
A. In-House Training 

 
Senior Analysts and Lab Analysts train new employees in the areas that are 
appropriate to their job function. They are first supplied with a list of SOP's, the 
QC/QA, and safety procedures that are related to the analysis they will be 
performing.  Once SOP's are reviewed, they work closely with Senior Analysts 
and Lab Analysts observing the method procedures.  As new employees become 
familiar with the SOP's and operation of equipment and methods, they are slowly 
given analysis responsibility.  New employee data is closely reviewed to assure 
that SOP's are being followed and QC/QA data is within specification.  The 
Laboratory Supervisor keeps records of in-house or cross training. 
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B. Outside Training 
 

All employees have the opportunity to attend outside training either completely or 
partially at the City of Tacoma's expense.  When an employee sees a class or 
conference that they feel would benefit their job, they submit a letter requesting 
to attend.  In the letter, they address how the class or conference will enhance 
their analytical responsibilities.  Supervisory staffs review the class or conference 
objectives in comparison to the employee's job responsibilities.  A determination 
is made as to whether the city will provide complete funding, 75% funding or no 
funding.  Records of outside training are kept by the Laboratory Supervisor. 

 
 
XVIII.  SAFETY 
 
A. Standard Safety Procedures are found in the Laboratory's Chemical Hygiene 

Plan. 
 
B. MSDS - The laboratory has an active MSDS program and MSDS's of all 

laboratory chemicals are available in the laboratory.  All laboratory employees 
are given an MSDS orientation when they begin employment with the 
Environmental Services Science and Engineering Division laboratory. 

 
C. Safety Meetings - Safety meetings are held on a monthly basis.  A variety of 

topics pertinent to the operation of the laboratory are covered.  Also, specific 
laboratory safety items are dealt with when they arise by the Senior Analysts and 
Supervisory Staff. 

 
 
IXX.  LABORATORY SUPPLIES 
 
A. Chemical - Only ACS reagent grade chemicals are purchased for use in the 

laboratory.  Most dry chemicals are stored in the chemical storeroom in the 
conventionals laboratory.  Chemicals are arranged alphabetically by name to aid 
in locating a particular material. Oxidizers are segregated from the other 
chemicals and stored in a covered plastic tub.  Chemicals are dated upon arrival 
at the laboratory and re-dated upon opening.  Solvents purchased are of required 
purity for the analysis to be performed.  Occasionally, solvents are evaluated by 
evaporating a liter to one mL and analyzing by GC or GC/MS to assure purity.  
Most gases for instrumental analysis are five-nines or better purity.  Gases are 
stored in individual lockers.  Flammable chemicals and solvents are stored in 
flame lockers outside the laboratory and transferred to working containers when 
needed in the laboratory.   
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B. Lab Supplies - Glassware used in the laboratory is Pyrex except for some 
sampling containers that are borosilicate glass with Teflon-lined lids.  Laboratory 
chemicals and supplies come from several major vendors located primarily in the 
Seattle area. 

 
XX.  STANDARD OPERATING PROCEDURES 
 
A master file of SOP's is retained by the QA Officer.  The master SOP's file is available 
for review and updating at any time. 
 
A working copy of the laboratory SOP's is available in the laboratory for use or review at 
any time.  Any change or modification to the SOP is noted on the working copy and 
transferred to the master file during update periods.  The procedure for SOP 
modification is outlined in the Changing and Adding New Standard Operating 
Procedures SOP. 
 
SOP's are reviewed and updated at a minimum of biannually. Each SOP is reviewed to 
see that the SOP is being followed as written.  If new, different, or modified SOP's are 
being used, additions or deletions are made on the archived as well as working copies 
with initials of the person and date of the changes. 
 
Appendix A contains a current list of laboratory SOPs. 
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Particle Size Distribution Sampling and Analysis 
 
Particle size distribution (PSD) testing, which provides suspended solid size data as a 
percentage of total suspended solids, supplies important information for the evaluation of the 
filtration technology.  Varying particle sizes can have varying effects on not only the 
physical filtration potential of the technology, but also on the intensity and frequency of 
technology maintenance and cleaning.  Accurate PSD data also provides a way to predict the 
effectiveness of the filtration system in different storms and different sites where particle size 
distributions will be variable.  To effectively test the PSD of a stormwater sample, The 
Washington State Department of Ecology’s Technology Assessment Protocol – Ecology 
(TAPE) recommends utilizing laser diffraction analysis which is largely automated, 
repeatable, and provides a high resolution of particle size gradients.  For this reason, the 
Aqua-Filter™ stormwater samples Taylor Associates, Inc. collects for PSD will be submitted 
to SPECTRA Laboratories in Tacoma, Washington for PSD laser diffraction analysis. 
 
Stormwater samples for the Aqua-Filter™ will be collected at both the inlet and outlet 
stations using automated ISCO 6712 samplers.  For PSD analysis a 500 mL subsample will 
be split off from both the inlet and outlet samples.  Taylor Associates, Inc. acknowledges that 
this technique will introduce some bias into the PSD data based on three inherent limitations: 
1) the sampler will only pull water from one point in the water column, 2) particles greater 
than the diameter of the sampler tubing will be excluded, and 3) the pump suction power 
limits particles above a certain size and/or moving above a certain velocity.  The bias in 
regard to size will be minimal because the TAPE protocol defines the particle sizes of 
interest to be less than 500 microns.  The limitations of the automated sampling unit 
shouldn’t be reached by particles of this size.  Additionally, the small size of the particles of 
interest combined with the natural agitation of the stormwater in the technology will render 
the single point collection bias irrelevant.  Both the influent and effluent PSD samples will be 
collected in the same manner allowing for directly comparable results. 
 
If, however, Taylor Associates, Inc. determines that the automated sampling bias is too great, 
the equal transit rate (ETR) technique will be employed.  In this method, an isokinetic 
sampling device (a sampler that allows water to enter without changing its velocity relative to 
the waterflow) is lowered into the waterbody.  Samples are collected at varying depths and 
then composited into one sample, which will be analyzed to characterize the PSD for the total 
flow volume passing through the unit during the test period.  This method reduces bias from 
settling (where larger particles inhabit lower depths) and water velocity changes.  The 
apparatus used in this type of testing is pictured below: 
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Proposed process for submittals to implement changes to 
the AquaShield™, Inc QAPP 
 
It is evident that through the course of the project some elements of the 
QAPP may require updating, modifications and/or deletions.  Taylor 
Associates, Inc. (Taylor) proposes to Ecology and the TRC that we 
establish a process to implement these changes in a structured and 
orderly fashion.  The following process is proposed. 
 

1. Taylor prepares a memorandum describing the need for the 
change and giving the proposed revisions to the QAPP. 

2. The memorandum is sent to Ecology for distribution to the 
TRC.  The TRC or designated representative/subcommittee 
reviews the suggested changes and either: 

a. Approves the changes. 
b. Approves minor changes with notes. 
c. Denies with a request to re-submit with more detail for 

re-review. 
d. Denies with an explanation of the denial. 

 
In the event of a denial Taylor can either accept the denial or 
seek to discuss with the committee should the denial have 
significant impacts on the project outcome. 

3. Approved addenda will be numbered and placed at the back of 
the QAPP in numerical order.  Areas impacted by an addendum 
should be highlighted with a note referencing the QAPP. 

4. Future questions from the TRC to Taylor with regards to the 
QAPP should be submitted in writing (via email) to Taylor for 
response.  The result may or may not precipitate the need for an 
Addendum. 

5. Taylor will maintain both hard copy and electronic files of all 
correspondence and changes. 

 
 
Attached is a sample sheet. 
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QAPP Addendum 
 

Addenda Number: 
 
Date: 
 
QAPP Section and Statement: 
 
 
 
 
 
 
 
 
 
Issue and Discussion: 
 
 
 
 
 
 
 
 
Proposed Change: 
 
 
 
 
 
 
Please Initial Below: 
 
1.  Approved. 
2.  Approved with changes noted. 
3.  Clarification required. 
4.  Denied for the following reasons: 
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Summary of Maintenance Inspection and Inflow Data 
for the AquaFilter™ Technology installed at the 

WSDOT Lake Union Test Facility 
October - December 2006 

 

Introduction  
This report summarizes the maintenance inspection and inflow data collected between October 
15 and December 31, 

 

2006 for the AquaFilter™ installed at the Lake Union Ship Canal Test 
Facility (LUSC) as part of the November 2, 2006 consulting agreement.  

As part of this consulting agreement, Taylor Associates, Inc. (Taylor) performed maintenance 
inspections to document sediment and debris accumulation in the Filter Chamber and Swirl 
Concentrator for the evaluation of maintenance needs. Maintenance inspections were performed 
after each of three storm events that were sampled as part of the consulting agreement. To reduce 
costs associated with numerous field visits, performance of maintenance inspections were timed 
to occur after a sampled storm event and when the sample collection stations were being re-set 
for the next potential storm event. Thus, each maintenance inspection occurred within the two 
weeks following a sampled storm event.  
 
During each inspection, a visual assessment of the mixing tank, Filter Chamber, and Swirl 
Concentrator were made; sediment depths were measured in the Swirl Concentrator; and 
typically photos were taken. A visual assessment of the presence of floatables and surface sheen 
were made for the inlet mixing tank, the Filter Chamber and the Swirl Concentrator. In addition 
for the Filter Chamber the color of the filter media, the condition of the filter trays, and the 
presence of any sediment buildup was noted. Sediment depth measurements were made at three 
locations in the Swirl Concentrator. For each location three measurements were made and the 
average of the three measurements was used to determine the change in sediment depth at that 
location.  
 
Inflow to the AquaFilter™ was monitored using an A-V flow monitoring instrument. Flow data 
was downloaded onto the project designated laptop computer and stored in the AquaFilter™ 
Flowlink database after each sampled storm event. For each sampled event the inlet flow data 
was reduced and reviewed to assess the median inflow and range observed during the sampling 
period. 
 

Summary of maintenance inspection results 
Three maintenance inspections were performed for the AquaFilter™ unit between October 15 
and December 31, 2006, on November 21, December 18, and December 29, 2006. Sediment 
accumulation in the Swirl Concentrator between inspection dates, the color of the filter media 
and condition of the trays in the Filter Chamber, as well as the number of days and flow volume 
between maintenance inspections is summarized in Table 1. Fluctuations in flow volume 
between inspections can be attributed to: equipment malfunctions; varying amounts of rain 
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received; and the status of the upstream draw pipe, flow splitters, and gate valve, which all 
control flow into the AquaFilter™.  
 
Sediment depth in the Swirl Concentrator fluctuated slightly between inspections. During the 
11/21/06 inspection the distance between the water surface and sediment surface averaged 5.42’. 
During the inspection on 12/18/06 this distance increased to 5.52’ which represents a decrease in 
the sediment depth of 0.10’. Measurements from 12/29/06 inspection averaged 5.38’ which 
represents an increase of sediment depth of 0.14’. This fluctuation could be attributed to 
measurement error, or to sediment at the measurement points moving around with the varying 
inflows. During the reporting period the sediment pile in the Swirl Concentrator did not come 
within 30 inches to 36 inches of the static water surface, which would have necessitated 
cleaning. 
 
Observations made in the Filter Chamber during the maintenance inspections did raise some 
concerns. During the 11/21/06 inspection it was noted that the bags of filter media and filter trays 
were in disarray. AquaShield™ was notified of the matter and corrected the problem on 11/30/06 
by installing metal bars to secure the filter trays in place. A considerable amount of sediment 
buildup was observed on the filter bed during the 12/18/06 and 12/29/06 maintenance 
inspections. The depth of the sediment covering the filter bed during the 12/29/06 inspection was 
estimated to be 0.5 cm, which prevented staff from being able to see the color of the filter media. 
In addition to the sediment buildup, standing water was observed over the filter bed during the 
12/18/06 maintenance inspection (as well as during a sampling event on 12/20/06). 
AquaShield™ was notified of the sediment buildup and standing water in the filter bed.  
 
Table 1:  Summary of maintenance conditions in the AquaFilter™.  

Date 
Days b/t 

inspections 

Flow b/t 
inspections 

(cf) 

Swirl Concentrator Filter Chamber 

Comments 

Distance 
between 

water 
surface 

and 
sediment 

(ft) 

Less 
than 3 
ft? a 

 
Qualitative 
Assessment 

b
 

Color 
of 

Filter 
Media

Condition 
of Filter 
Trays  

Qualitative 
Assessment 

 
 

10/11/2006 AquaFilter vactored, media replaced. 

11/21/2006 
N/A, first 

inspection 
N/A, first 

inspection 5.42 N 

No sheen, 
30% 
floatables 

Light 
grey 

In 
disarray 

No sheen or 
floatables 

Filter media and filter 
trays disheveled and 
in disarray. First three 
trays have some 
sediment buildup. 

12/18/2006 27 57680 5.52 
 
 N 

Some 
sheen, 75% 
floatables Brown Good 

No sheen or 
floatables 

 Filter bed completely 
covered in sediment.  

12/29/2006 11 67106 5.38 N 

Some 
sheen, 40% 
floatables 

Can’t 
see Good 

No sheen or 
floatables 

Can’t see filter media. 
Filter bed covered by 
approximately 0.5 cm 
of sediment. 

a  Distance is an average of measurements made at three locations in the Swirl Concentrator. 
b

 
 When the sediment pile is within 30 inches to 36 inches of the static water surface, cleaning will be performed. 

 
 



Taylor Associates, Inc.              Maintenance Inspection and Inflow Report – AquaFilter™ 
        3                          

Summary of Inflow results 
Inflow data during the three storm events sampled on November 15, December 14, and 
December 20, 2006 was reduced and reviewed to assess the median inflow rate and the range of 
flows observed during each sampling period. Results from the sampled events are presented in 
Table 2. The AquaFilter was tested at two inflow rates for the November 15 and December 14 
storms, and one inflow rate for the December 20 storm.  The target inflow rates were 63 gpm, 
125 gpm, or 157 gpm (50%, 100%, and 125% of  the AquaFilter’s filtration capacity, 
respectively).  The Technology Assessment Protocol – Ecology (TAPE) sets a goal of less than 
20 percent variation from the median inflow throughout the sampling period.  During the 
December 14 and December 20 storms the flow was difficult to stabilize and the TAPE goal was 
not met because of rainfall intensities and repeated clogging of the gate valve.  
 

Table 2:  Summary of inflow data for the AquaFilter™ for three storms. 

Sample 
date 

Target 
inflow 
(gpm) 

Test 
duration 

(min) 

Median 
Qin

Mean 
Q 

(gpm) 
in 

Max 
Q

(gpm) 
in 

Min 
Q

(gpm) 
in 

Portion of 
test period 
within 20% 
variation of 
median Q(gpm) Notes in 

12/20/06 

157 67 123 133 460 87 45% 

UW Rain Gauge 
not reporting 
correctly. Hard to 
keep inflow 
stabilized due to 
flushing the gate 
valve and drop in 
rainfall. 

12/14/06 157 62 146 147 187 107 69% 

Hard to keep inflow 
stabilized due to 
flushing the gate 
valve and high 
intensity of the rain. 125 74 126 128 166 97 58% 

11/15/06 125 72 126 126 141 71 97% 
  63 130 68 69 81 62 100% 

 
A request for more detailed analysis of the inflow data was made by AquaShield after standing 
water was observed over the filter bed. Based on data from the inlet flow monitoring equipment 
3,224,853 gallons of water flowed through the unit between October 15 and December 31, 2006. 
A closer look at the flow rates during this time period showed that for 90% of the time the inflow 
was at or below 50% of the designed flow capacity of the AquaFilter installed at LUSC. In 
addition, for 75% of the time the inflow was at or below 25% of the designed flow capacity. 
Figure 1 illustrates what percent of the time the flow was at or below various flow capacities of 
the unit. 
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Figure 1: Flow Duration Curve for AquaFilter™ installed at LUSC, October 15 – 
December 31, 2006. 
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Enclosures (1):  Maintenance inspection field data sheets for Oct-Dec, 2006 
 













Maintenance Inspection Photos 
for the Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
March - June 2007 

 
November 21 
 
Filtration Chamber 

 
 

 



Aqua-Swirl™ (March 14) 

 
 

 
 



December 18 
 
Filtration Chamber 

 
 

 
 
 
 
 
 
 



Aqua-Swirl™ (May 29) 

 
 

 
 



December 29 
 
Filtration Chamber 

 
 

 
 
 
 
 
 
 



Aqua-Swirl™ (June 12) 
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Summary of Maintenance Inspection Data 
for the Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
March - June 2007 

 

Introduction  
This report summarizes the maintenance inspection and inflow data collected between March 1 
and June 30, 2007 for the Aqua-Filter Stormwater Filtration System™ (Aqua-Filter™) installed 
at the Lake Union Ship Canal Test Facility (LUSC). The Aqua-Filter™ is a treatment train that 
utilizes the Aqua-Swirl™ (a pre-treatment, hydrodynamic swirl separator) followed by a gravity 
flow, filtration chamber to remove pollutants. As part of the Tacoma Thea Foss Waterway Study, 
the City of Tacoma is evaluating the Aqua-Filter™ to asses how well it removes pollutants from 
stormwater runoff. Taylor Associates, Inc. (Taylor) performs the maintenance inspections to 
document sediment and debris accumulation in Aqua-Filter™ for the evaluation of maintenance 
needs at the end of the study period. This is the first maintenance inspection report completed for 
the City of Tacoma study. Hereafter, reports will be prepared on a quarterly basis.   
 
Maintenance inspections are performed after each sampled storm event. To reduce costs 
associated with numerous field visits, performance of maintenance inspections are generally 
timed to occur recently after a sampled storm event and when the sample collection stations are 
being re-set for the next potential storm event. Thus, each maintenance inspection typically 
occurs within the two weeks following a sampled storm event. If sample collection does not 
occur during a month, a maintenance inspection should still be performed in order to document 
sediment accumulations on a monthly basis. 
 
During each inspection, a visual assessment of the mixing tank, filtration chamber and Aqua-
Swirl™ were made; sediment depths were measured in the Aqua-Swirl™; and photos were 
taken. A visual assessment of the presence of floatables and surface sheen were made for the 
mixing tank, the filtration chamber and the Aqua-Swirl™. In addition, for the filtration chamber 
the color of the filter media, the condition of the filter trays, and the presence of any sediment 
buildup was noted. Sediment depth measurements were made at three locations in the Aqua-
Swirl™. For each location three measurements were made and the average of the three 
measurements was used to determine the change in sediment depth at that location.  
 

Summary of maintenance inspection results 
Three maintenance inspections were performed for the Aqua-Filter™ unit between March 1 and 
June 30; on March 14, May 29, and June 12, 2007. No maintenance inspections were performed 
in January or February because of AquaShield™’s plans to replace the media in the filtration 
chamber and clean out the floatables from the Aqua-Swirl™ in February.  These activities were 
completed on February 27, 2007. Additionally no maintenance inspection was performed in 
April. Typically, staff waits each month until after a sampled storm event to perform a 
maintenance inspection. If sample collection does not occur during a month the maintenance 
inspection is then scheduled for the end of that month. April was fairly dry, so no sample 
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collection occurred. Due to an oversight by Taylor staff the maintenance inspection was not 
scheduled at the end of that month. Again no sample collection occurred in May, but the 
maintenance inspection was performed at the end of the month to get back on schedule. 
 
A summary of the maintenance inspection data from March through June 2007 can be found in 
Table 1. The information in the table highlights the sediment accumulation in the Aqua-Swirl™ 
between inspection dates, the color of the filter media and condition of the trays in the filtration 
chamber, as well as the number of days and flow volume between maintenance inspections. The 
flow volume was calculated using a combination of data from an area velocity (a/v) sensor 
installed in the inlet pipe and a 0.75H Flume installed in the outlet pipe. During the preliminary 
hydraulic study for the Aqua-Filter, a discrepancy was noted between the flow rates and volumes 
measured by the inlet and outlet a/v sensors. It was noted that the flow rate was greater at the 
inlet than outlet sensors. In March 2007 a 0.75H flume was installed in the outlet pipe to record 
more accurate flow measurement. An initial review comparing flow data measured by the inlet 
and outlet a/v sensors to the 0.75H flume flow data indicates the inlet a/v sensor may over 
recording flow; particularly during the lower flow rates (see Figures 1 and 2). As a result, flow 
volumes calculated using data from the inlet a/v sensor may be high.  
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Figure 1 Flow discrepancy between the inlet a/v, outlet a/v, and flume during lower flow 
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Figure 2 Flow discrepancy between the inlet a/v, outlet a/v, and flume during higher flow 

 
The flow volume included in Table 1 for the time period between March 2, 2007 (when water 
started flowing through the Aqua-Filter™) and March 30, 2007 (when the flume was installed) 
was calculated using data from the inlet a/v sensor. From March 30 through May 29 and June 12 
through June 30, 2007 flow volume was calculated using data from the 0.75H flume. No data 
was collected at the 0.75H flume between May 29 and June 12 due to a power failure at the site, 
so flow volume from that time period was calculated using data from the inlet a/v sensor1

 

. All 
future calculation of flow volumes for maintenance inspection reports will be done using data 
from the 0.75H flume when available.  

As demonstrated in Table 1, flow volume between inspection dates may fluctuate. This 
fluctuation can be attributed to: the number of days between inspections; flow discrepancy 
between a/v sensor and flume; equipment malfunctions; varying amounts of rain received; and 
the status of the upstream draw pipe, flow splitters, and gate valve, which all control flow into 
the Aqua-Filter™.  
 

                                                 
1 The power failure at the site affected only certain outlets. The sampler collecting data at the flume lost power, 
however the sampler collecting data at the inlet a/v sensor did not lose power.  
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Sediment depth in the Aqua-Swirl™ increased slightly between inspections. For the March 14 
inspection measurements of the distance between the water surface and sediment surface 
averaged 5.28 ft. On May 28 this distance measured 5.27 ft, which represents an increase in the 
sediment depth of 0.01 ft. Measurements from the June 12 inspection averaged 5.18’ which 
represents an increase of sediment depth of 0.09 ft. In total the sediment depth in the Aqua-
Swirl™ increased 0.10 ft between March 14 and June 12. During the reporting period the 
sediment pile in the Aqua-Swirl™ did not come within 30 to 36 inches of the static water 
surface2

 
.   

Some sheen and floatables were observed in the Aqua-Swirl during all three maintenance 
inspections. The floatables consisted of mostly cigarettes and Styrofoam, and increased from 20 
percent on March 14 to 85 percent on May 29 and then decreased to 20 percent on June 12. The 
percent indicates the percent of the water surface that is covered with floatables. The decrease in 
floatables from May 29 to June 12 may be a result of the material becoming water logged and 
settling in the Aqua-Swirl™  
 
Observations made in the filtration chamber during the maintenance inspections did not raise any 
real concerns. A layer of sediment covered the filter bed during each inspection, which prevented 
staff from being able to see the color of the filter media to determine if replacement is needed3

 

. 
This accumulation of sediment over the filter bed is not excessive, but seems to be ongoing and 
has been brought to the attention of AquaShield™. No sheen was observed in the filtration 
chamber during the inspections, and the only floatables noted in the chamber were a few pieces 
of Styrofoam and plastic during the June 12 inspection.  

No maintenance occurred during the current reporting period, however as noted above the media 
in the filtration chamber was replaced and floatables in the Aqua-Swirl™ were removed 
manually on February 27, 2007.  Included with this report are the Aqua-Filter™ - Technology 
Maintenance Log sheets for maintenance that occurred between September 2006 and June 2007 
and Maintenance Inspection field data sheets for March through June 2007. 

                                                 
2 The Aqua-Swirl™ Maintenance Manual states the unit should be maintained when the sediment pile is within 30 to 
36 inches of the water surface. 
3 Initially, the filter media is light tan or white in color. The Aqua-Filter™ Maintenance Manual states that when the 
media turns black, it has become saturated due to pollutant loading and requires replacement. 
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Table 1:  Summary of maintenance conditions in the Aqua-Filter™.  

Date 
Days b/t 

inspections 

Flow b/t 
inspections 

(cf)

Aqua-Swirl™ 

 a 

Filtration Chamber 

Comments 

Distance 
between 

water 
surface 

and 
sediment 

(ft) 

Less 
than 3 
ft? b 

 
Qualitative 
Assessment

c
 

Color 
of 

Filter 
Media

 
 

Condition 
of Filter 
Trays  

Qualitative 
Assessment 

 
 

2/27/2007 Aqua-Swirl™ manually cleaned, media replaced. Water started flowing through unit on 3/2/07 

3/14/2007 12 91,680 5.28 N 

Some 
sheen, 20% 
floatables

Can’t 
see 

media 
d
 OK 

No sheen or 
floatables 

Lots of sediment 
(fines) for new media 

5/29/2007 76 124,244 5.27 N 

Some 
sheen, 85% 
floatables 

Can’t 
see 

media OK 
No sheen or 
floatables 

Surface of media is 
black. Moderate 
sediment buildup. 
Lots of floatables in 
Aqua-Swirl™.  

6/12/2007 14 39,487 5.18 N 

Some 
sheen, 20% 
floatables 

Can’t 
see 

media OK 
No sheen or 
floatables 

Black sediment on 
filter media. Appears 
to be accumulating 
sediment at a 
constant rate. 

a  Fluctuations in flow volume can be attributed to: the number of days between inspections; flow discrepancy 
between a/v sensor and flume; equipment malfunctions; varying amounts of rain received; and the status of the 
upstream draw pipe, flow splitters, and gate valve, which all control flow into the Aqua-Filter™. 
b Distance is an average of measurements made at three locations in the Swirl Concentrator. 
c When the sediment pile is within 30 inches to 36 inches of the static water surface, cleaning will be performed. 
d 

 

Floatables in the Aqua-Swirl™ most often consist of Styrofoam and cigarettes. The percent indicates the percent of 
the water surface that is covered with floatables. 

 
 
 
 

 













Maintenance Inspection Photos 
for the Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
March - June 2007 

 
March 14 
 
Filtration Chamber 

 
 

 



Aqua-Swirl™ (March 14) 

 
 

 
 



May 29 
 
Filtration Chamber 

 
 

 
 
 
 
 
 
 



Aqua-Swirl™ (May 29th) 

 
 

 
 



June 12 
 
Filtration Chamber 

 
 

 
 
 
 
 
 
 



Aqua-Swirl™ (June 12th) 
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Summary of Maintenance Inspection Data 
for the Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
July - September 2007 

 

Introduction  
This report summarizes the maintenance inspection and inflow data collected between July 1 and 
September 30, 2007 for the Aqua-Filter Stormwater Filtration System™ (Aqua-Filter™) 
installed at the Lake Union Ship Canal Test Facility (LUSC). The Aqua-Filter™ is a treatment 
train that utilizes the Aqua-Swirl™ (a pre-treatment, hydrodynamic swirl separator) followed by 
a gravity flow, filtration chamber to remove pollutants. As part of the Tacoma Thea Foss 
Waterway Study, the City of Tacoma is evaluating the Aqua-Filter™ to assess how well it 
removes pollutants from stormwater runoff. Taylor Associates, Inc. (Taylor) performs the 
maintenance inspections to document sediment and debris accumulation in Aqua-Filter™ for the 
evaluation of maintenance needs at the end of the study period. This is the second quarterly 
maintenance inspection report completed for the City of Tacoma study.  
 
Maintenance inspections are performed after each sampled storm event (when inflow conditions 
have returned to baseflow) or at least once a month, whichever is more frequent. To reduce costs 
associated with numerous field visits, performance of maintenance inspections are generally 
timed to occur recently after a sampled storm event and when the sample collection stations are 
being re-set for the next potential storm event. Thus, each maintenance inspection typically 
occurs within the two weeks following a sampled storm event. If sample collection does not 
occur during a month, a maintenance inspection should still be performed in order to document 
sediment accumulations on a monthly basis. 
 
During each inspection, a visual assessment of the mixing tank, Aqua-Swirl™ and filtration 
chamber are made; sediment depths are measured in the Aqua-Swirl™; and photos are taken. A 
visual assessment of the presence of floatables and surface sheen are made for the mixing tank, 
the Aqua-Swirl™ and the filtration chamber. Sediment depth measurements are made at three 
locations in the Aqua-Swirl™. For each location three measurements are made and the average 
of the three measurements is used to determine the change in sediment depth at that location. In 
addition, for the filtration chamber the color of the filter media, the condition of the filter trays, 
and the presence of any sediment buildup is noted.  
 

Summary of maintenance inspection results 
Five maintenance inspections were performed for the Aqua-Filter™ unit between July 1 and 
September 30; on July 9, July 19, July 26, August 27, and September 28, 2007. A summary of 
the data collected during these maintenance inspections can be found in Table 1. The information 
in the table highlights the sediment accumulation in the Aqua-Swirl™ between inspection dates, 
the color of the filter media and condition of the trays in the filtration chamber, as well as the 
number of days and flow volume between maintenance inspections.  
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The flow volume between inspections was calculated using data from a 0.75H flume installed in 
the outlet pipe. During the preliminary hydraulic study for the Aqua-Filter™, a discrepancy was 
noted between the flow rates and volumes measured by the inlet and outlet a/v sensors. It was 
noted that the flow rate was greater at the inlet than outlet sensors. In March 2007 a 0.75H flume 
was installed in the outlet pipe to record more accurate flow measurement. An initial review 
comparing flow data measured by the inlet and outlet a/v sensors to the 0.75H flume flow data 
indicated the inlet a/v sensor may be over recording flow; particularly during the lower flow 
rates. As a result, it was decided to use the more accurate flow measurement from the 0.75H 
flume to calculate flow through the Aqua-Filter™.  As demonstrated in Table 1, flow volume 
between inspection dates may fluctuate. This fluctuation can be attributed to: 

• the number of days between inspections;  
• equipment malfunctions;  
• varying amounts of rain received; and  
• the status of the upstream draw pipe, flow splitters, and gate valve, which all control flow 

into the Aqua-Filter™.  
 
Sediment depth in the Aqua-Swirl™ fluctuated slightly between inspections. Figure 1 illustrates 
the measured distance between the water surface and the sediment surface from each 
maintenance inspection. For the July 9 measurement the distance averaged 5.32 ft. On July 19 
this distance measured 5.13 ft., an increase of 0.11 ft. During subsequent maintenance 
inspections the depth averaged 5.11 ft. on July 26, 5.22 ft. on August 27, and 5.11 ft. on 
September 28. This fluctuation could be attributed to measurement error, or to sediment at the 
measurement points moving around with the varying inflows. During the reporting period the 
sediment depth measurements in the Aqua-Swirl™ showed an overall increase of 0.21 ft. At no 
point during the reporting period did the sediment surface in the Aqua-Swirl™ come within 30 to 
36 inches of the static water surface1

 
.   

Some sheen and floatables were observed in the Aqua-Swirl™ during all five maintenance 
inspections. The floatables consisted of mostly cigarettes and Styrofoam, and fluctuated between 
15 percent and 75 percent. The percent floatables during the July 9 maintenance inspection was 
estimated at 15 percent. For the subsequent inspections floatables were estimated at 75 percent 
on July 19, 60 percent on July 26, 50 percent on August 27, and 75 percent on September 28. 
The percent indicates the percent of the water surface that is covered with floatables. The 
fluctuation may be a result of the floating material becoming water logged and settling in the 
Aqua-Swirl™. 
 
Observations made in the filtration chamber included a qualitative assessment of sheen and 
floatables, notation of the color of the filter media, and a description of the condition of the filter 
trays. A layer of sediment covered the filter bed during each inspection, which prevented staff 
from being able to see the color of the filter media to determine if replacement is needed2

                                                 
1 The Aqua-Swirl™ Maintenance Manual states the unit should be maintained when the sediment surface is within 
30 to 36 inches of the water surface. 

. This 
accumulation of sediment over the filter bed is not excessive, but seems to be ongoing. In 
addition to the sediment accumulation it was noted during the July 26 inspection that a metal 

2 Initially, the filter media is light tan or white in color. The Aqua-Filter™ Maintenance Manual states that when the 
media turns black, it has become saturated due to pollutant loading and requires replacement. 
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support bar within the filtration chamber had dislodged. No sheen was observed in the filtration 
chamber during the inspections. Floatables consisting of mostly Styrofoam, plastic, and cigarette 
butts were observed, however only at a coverage of 5 percent or less. Photos and datasheets from 
each maintenance inspection were sent to the AquaShield™ project manager immediately after 
each inspection to keep them apprised of the sediment accumulation, loose support bar, and any 
potential maintenance issues. AquaShield™ did not express any concerns about the sediment 
accumulation or loose support bar and did not request any maintenance on the Aqua-Filter™. 
 
No maintenance occurred during the current reporting period.  Maintenance log sheets for 
maintenance that occurred between September 2006 and June 2007 were included with the June 
30, 2007 Maintenance Inspection Report.  Maintenance inspection field data sheets for March 
through June 2007 were also included with the June 30, 2007 report. 
 

 
Enclosures (2): Maintenance inspection field data sheets for July through 

September 2007 
 Maintenance inspection photos for July through September 2007
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Table 1:  Summary of maintenance conditions in the Aqua-Filter™.  

Date 
Days b/t 

inspections 

Flow b/t 
inspections 

(cf)

Aqua-Swirl™ 

 a, b 

Filtration Chamber 

Comments 

Distance 
between water 

surface and 
sediment (ft) 

Less 
than 3 
ft? c 

 

Qualitative 
Assessment

d
 

Color of 
Filter Media

  e
 

Condition of 
Filter Trays  

Qualitative 
Assessment 

 
 

7/9/07 27 17,587 5.32 No 
No sheen, 15% 
floatables 

Can’t see 
media Good 

No sheen, small 
amount of floatables No inflow, no evidence of flow for some time 

7/19/07 10 10,736 5.13 No 
Some sheen, 
75% floatables 

Can’t see 
media OK 

No sheen, 5% 
floatables Normal sediment buildup in filtration chamber 

7/26/07 7 10,604 5.11 No 
Some sheen, 
60% floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

One metal support bar is loose on south end of 
filtration changer. Greater sediment buildup 
with recent sampling effort. 

8/27/07 32 18,933 5.22 No 
Some sheen, 
50% floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables Metal support bar on south side dislodged. 

9/28/07 32 17,440 5.11 No 
Some sheen, 
75% floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

Previous night sampling event contributed 
noticeable sediment. 

a All flow volume data is calculated using data from 0.75 H flume unless otherwise noted.  
b Fluctuations in flow volume can be attributed to: the number of days between inspections; equipment malfunctions; varying amounts of rain received; and the 
status of the upstream draw pipe, flow splitters, and gate valve, which all control flow into the Aqua-Filter™. 
c Distance is an average of measurements made at three locations in the Aqua-Swirl™. 
d When the sediment surface is within 30 inches to 36 inches of the static water surface, cleaning will be performed. 
e Floatables in the Aqua-Swirl™ most often consist of Styrofoam and cigarettes. The percent indicates the percent of the water surface that is estimated to be 
covered with floatables. 
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Figure 1: Distance between the water surface and sediment surface in the Aqua-Swirl™. Each datapoint is an average of 

measurements made at three locations.  
 













Maintenance Inspection Photos 
for the Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
July - September 2007 
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Filtration Chamber 

 
 

 



Aqua-Swirl™ (July 9th) 
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Filtration Chamber 

 
 

 
 
 
 
 
 
 



 
 
Aqua-Swirl™ (July 19th) 

 
 

 
 
 
 



July 26 
 
Filtration Chamber 

 
 

 
 
 
 
 
 
 



 
 
Aqua-Swirl™ (July 26th) 
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Filtration Chamber 

 
 

 
 
 
 
 
 



 
Aqua-Swirl™ (August 27th
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September 28 
 
Filtration Chamber 

 
 

 
 
 
 
 
 
 



Aqua-Swirl™ (September 28th
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Summary of Maintenance Inspection Data 
for the Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Ship Canal Test Facility 
October - December 2007 

 

Introduction  
This report summarizes the maintenance inspection and inflow data collected between October 1, 
2007 and December 31, 2007 for the Aqua-Filter Stormwater Filtration System™ (Aqua-
Filter™) installed at the Lake Union Ship Canal Test Facility (LUSC). The Aqua-Filter™ is a 
treatment train that utilizes the Aqua-Swirl™ (a pre-treatment, hydrodynamic swirl separator) 
followed by a gravity flow, filtration chamber to remove pollutants. As part of the Tacoma Thea 
Foss Waterway Study, the City of Tacoma is evaluating the Aqua-Filter™ to asses how well it 
removes pollutants from stormwater runoff. Taylor Associates, Inc. (Taylor) performs the 
maintenance inspections to document sediment and debris accumulation in the Aqua-Filter™ for 
the evaluation of maintenance needs at the end of the study period. This is the third quarterly 
maintenance inspection report to be completed for the City of Tacoma study.  
 
Maintenance inspections are performed after each sampled storm event (when inflow conditions 
have returned to baseflow) or at least once a month, whichever is more frequent. To reduce costs 
associated with numerous field visits, performance of maintenance inspections are generally 
timed to occur recently after a sampled storm event and when the sample collection stations are 
being re-set for the next potential storm event. Thus, each maintenance inspection typically 
occurs within the two weeks following a sampled storm event. If sample collection does not 
occur during a month, a maintenance inspection should still be performed in order to document 
sediment accumulations on a monthly basis. 
 
During each inspection, a visual assessment of the mixing tank, Aqua-Swirl™, and filtration 
chamber are made; sediment depths are measured in the Aqua-Swirl™; and photos are taken. A 
visual assessment of the presence of floatables and surface sheen are made for the mixing tank, 
the Aqua-Swirl™, and the filtration chamber. In addition, for the filtration chamber the color of 
the filter media, the condition of the filter trays, and the presence of any sediment buildup is 
noted. Sediment depth measurements are made at three locations in the Aqua-Swirl™. For each 
location three measurements are made and the average of the three measurements is used to 
determine the change in sediment depth at that location. Photos are taken at a minimum of two 
locations each for the mixing tank, Aqua-Swirl™, and filtration chamber. Additional photos are 
taken as deemed necessary by field staff to document any concerns or notable conditions in any 
of the system components.  

Summary of maintenance inspection results 
Five maintenance inspections were performed for the Aqua-Filter™ unit between October 1 and 
December 31, 2007; on October 29, November 14, November 28, December 4, and December 
18. A summary of the data collected during these maintenance inspections along with all 
maintenance inspections conducted to date can be found in Table 1. The information in the table 
highlights the sediment accumulation in the Aqua-Swirl™ between inspection dates, the color of 
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the filter media and condition of the trays in the filtration chamber, and the number of days and 
flow volume between maintenance inspections. The flow volume was calculated using data from 
a 0.75H Flume installed in the outlet pipe1. As demonstrated in Table 1, flow volume between 
inspection dates may fluctuate. This fluctuation can be attributed to:  

• the number of days between inspections;  
• varying amounts of rain received;  
• the status of the upstream draw pipe, flow splitters, and gate valve, which all control flow 

into the Aqua-Filter™; and 
• equipment malfunctions.  

 
During each maintenance inspection measurements were taken of the distance between the water 
surface and sediment surface in the Aqua-Swirl™ to track maintenance needs2. Figure 1 
illustrates the average measured distance from each maintenance inspection conducted to date. 
During the first maintenance inspection of this reporting period, on October 29, the average 
distance measured 5.14 ft. Measurements during the subsequent maintenance inspections 
fluctuated slightly, ending with an average distance of 4.98 ft. on December 18. The small 
fluctuation in measurements (plus or minus 0.10 ft.) could be attributed to sediment at the 
measurement points moving around with varied inflows or to variability from measurement 
methods between field staff. While the measurements between inspections were variable, the 
trend shows an increase in overall sediment depth as is shown in Table 1 and Figure 1. Data 
collected during this reporting period recorded an overall increase in sediment depth of 0.16 ft. 
At no point during the reporting period did the sediment surface in the Aqua-Swirl™ come 
within 30 to 36 inches of the static water surface.   
 
A qualitative assessment of the Aqua-Swirl™ completed during each inspection included 
observations of sheen and percent floatables3. Floatables were observed in the Aqua-Swirl™ 
during all five maintenance inspections, and some sheen was observed during all but the final 
inspection. The floatables consisted of mostly cigarettes and Styrofoam™ and fluctuated 
between 50 percent and 75 percent. The fluctuation may be a result of the floating material 
becoming water logged and settling in the Aqua-Swirl™. Information collected during the 
qualitative assessment of each maintenance inspection is included in Table 1.  
 
Observations made in the filtration chamber included a qualitative assessment of sheen and 
floatables, notation of the color of the filter media, and a description of the condition of the filter 
trays. A layer of sediment covered the filter bed during each inspection, which prevented staff 
from being able to see the color of the filter media to determine if the filter bags needed to be 

                                                 
1 During the preliminary hydraulic study for the Aqua-Filter™, a discrepancy was noted between the flow rates and 
volumes measured by the inlet and outlet area velocity (A/V) sensors. It was noted that the flow rate measured by 
the inlet A/V sensor was greater than that measured by the outlet sensor. In March 2007, a 0.75H flume was 
installed in the outlet pipe to provide a more accurate flow measurement. An initial review comparing flow data 
measured by the inlet and outlet A/V sensors to the 0.75H flume flow data indicated the inlet A/V sensor may be 
over recording flow; particularly during the lower flow rates. As a result, it was decided to use the more accurate 
flow measurement from the 0.75H flume to calculate flow through the Aqua-Filter™. 
2 The Aqua-Swirl™ Maintenance Manual states the unit should be maintained when the sediment surface is within 
30 to 36 inches of the water surface. 
3 Percent values indicate the percent of the water surface that is covered with floatables. 
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replaced4. This accumulation of sediment over the filter bed is not excessive, but seems to be 
ongoing. Photos and datasheets from each maintenance inspection were sent to AquaShield™ 
immediately after each inspection to keep the AquaShield™ project manager apprised of the 
sediment accumulation and any potential maintenance issues.  
 
No sheen was observed in the filtration chamber during the inspections. Floatables consisting of 
mostly Styrofoam, plastic, and cigarette butts were observed, however, only at a surface area 
coverage of less than 5 percent. 
 
No maintenance occurred during the current reporting period.  Maintenance log sheets for 
maintenance that occurred between September 2006 and June 2007 were included with the June 
30, 2007 Maintenance Inspection report.  Maintenance inspection field data sheets for March 
through September 2007 were included with the maintenance inspections for each respective 
quarter. 
 

 
Enclosures (2): Maintenance inspection field data sheets for October through 

December 2007. 
 Maintenance inspection photos for October through December 

2007.

 
4 Initially, the filter media is light tan or white in color. The Aqua-Filter™ Maintenance Manual states that when the 
media turns black, it has become saturated due to pollutant loading and requires replacement. 



Table 1:  Summary of maintenance conditions in the Aqua-Filter™ during March through December 2007.  

Aqua-Swirl™   Filtration Chamber

Date 
Days b/t 

inspections 

Flow b/t 
inspections 

(cf) a, b

Distance 
between water 

surface and 
sediment (ft) c 

Less than 3 
ft? 

d
Qualitative 
Assessment 

e Color of 
Filter Media 

Condition 
of Filter 
Trays

 Qualitative 
Assessment Comments 

2/27/07 Aqua-Swirl™ cleaned, media replaced on 2/27/07. Water started flowing through unit on 3/2/07 

3/14/07 12
 f 

91,680  5.28 No 
Some sheen, 20% 
floatables 

Can’t see 
media

 g
Ok 

No sheen or 
floatables Lots of sediment (fines) for new media. 

5/29/07
 h

76    124,244 5.27 No 
Some sheen, 85% 
floatables 

Can’t see 
media Ok 

No sheen or 
floatables 

Surface of media is black. Moderate sediment 
buildup. Lots of floatables in Aqua-Swirl. 

6/12/07    14 39,487 5.18 No 
Some sheen, 20% 
floatables 

Can’t see 
media Ok 

No sheen or 
floatables 

Black sediment on filter media. Appears to be 
accumulating sediment at a constant rate. 

7/9/07     27 17,587 5.32 No 
No sheen, 15% 
floatables 

Can’t see 
media Good 

No sheen, small 
amount of 
floatables No inflow, no evidence of flow for some time. 

7/19/07     10 10,736 5.13 No 
Some sheen, 75% 
floatables 

Can’t see 
media Ok 

No sheen, 5% 
floatables Normal sediment buildup in filtration chamber. 

7/26/07    7 10,604 5.11 No 
Some sheen, 60% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

One metal support bar is loose on south end of 
filtration chamber. Greater sediment buildup with 
recent sampling effort. 

8/27/07     32 18,933 5.22 No 
Some sheen, 50% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables Metal support bar on south side dislodged. 

9/28/07     32 17,440 5.11 No 
Some sheen, 75% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

Previous night sampling even contributed 
noticeable sediment. 

10/29/07    31 10,433 5.14 No 
Some sheen, 60% 
floatables 

Can’t see 
media

 
Good 

No sheen, <5% 
floatables Normal sediment buildup in filtration chamber. 

a All flow volume data is calculated using data from 0.75 H flume unless otherwise noted.  
b  Fluctuations in flow volume can be attributed to: the number of days between inspections; equipment malfunctions; varying amounts of rain received; and the 
status of the upstream draw pipe, flow splitters, and gate valve, which all control flow into the Aqua-Filter™. 
c Distance is an average of measurements made at three locations in the Aqua-Swirl™. 
d When the sediment surface is within 30 inches to 36 inches of the static water surface, cleaning will be performed. 
e Floatables in the Aqua-Swirl™ most often consist of Styrofoam™ and cigarettes. The percent indicates the percent of the water surface that is covered with 
floatables. 
f Number of days since flows re-entered Aqua-Filter™ after maintenance activities completed. 
g Filter media was not visible due to a thin layer of sediment covering the filter bed. 
h Due to an oversight by Taylor staff no maintenance inspection was completed in April 2007.
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Table 1:  Summary of maintenance conditions in the Aqua-Filter™ during March through December 2007.  

Aqua-Swirl™   Filtration Chamber

Date 
Days b/t 

inspections 

Flow b/t 
inspections 

(cf) a, b

Distance 
between water 

surface and 
sediment (ft) c 

Less than 3 
ft? 

d
Qualitative 
Assessment 

e Color of 
Filter Media 

Condition 
of Filter 
Trays

 Qualitative 
Assessment Comments 

11/14/07    16 14,080 5.03 No 
Some sheen, 50% 
floatables 

Can’t see 
media

 f
Good 

No sheen, <5% 
floatables 

Small amount of sediment buildup in filtration 
chamber. 

11/28/07     14 24,949 5.05 No 
Some sheen, 50% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

12/4/07     6 9,681 5.19 No 
Very little sheen, 
75% floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

12/18/07    14 31,298 4.98 No 
No sheen, 75% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

a All flow volume data is calculated using data from 0.75 H flume unless otherwise noted.  
b  Fluctuations in flow volume can be attributed to: the number of days between inspections; equipment malfunctions; varying amounts of rain received; and the 
status of the upstream draw pipe, flow splitters, and gate valve, which all control flow into the Aqua-Filter™. 
c Distance is an average of measurements made at three locations in the Aqua-Swirl™. 
d When the sediment surface is within 30 inches to 36 inches of the static water surface, cleaning will be performed. 
e Floatables in the Aqua-Swirl™ most often consist of Styrofoam™ and cigarettes. The percent indicates the percent of the water surface that is covered with 
floatables. 
f Filter media was not visible due to a thin layer of sediment covering the filter bed.
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Figure 1: Distance between the water surface and sediment surface in the Aqua-Swirl™ between June 2006 through 

December 2007. Each datapoint is an average of measurements made across three locations.  
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Maintenance Inspection Photos 
for the Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
October - December 2007 
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Summary of Maintenance Inspection Data 
for the Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Ship Canal Test Facility 
January – March 2008 

 

Introduction  
This report summarizes the maintenance inspection and inflow data collected between January 1, 
2008 and March 30, 2008 for the Aqua-Filter Stormwater Filtration System™ (Aqua-Filter™) 
installed at the Lake Union Ship Canal Test Facility (LUSC). The Aqua-Filter™ is a treatment 
train that utilizes the Aqua-Swirl™ (a pre-treatment, hydrodynamic swirl separator) followed by 
a gravity flow, filtration chamber to remove pollutants. As part of the Tacoma Thea Foss 
Waterway Study, the City of Tacoma is evaluating the Aqua-Filter™ to asses how well it 
removes pollutants from stormwater runoff. Taylor Associates, Inc. (Taylor) performs the 
maintenance inspections to document sediment and debris accumulation in the Aqua-Filter™ for 
the evaluation of maintenance needs to be completed at the end of the study period. This is the 
fourth quarterly maintenance inspection report completed for the City of Tacoma study.  
 
Maintenance inspections are scheduled to be performed after each sampled storm event (when 
inflow conditions have returned to baseflow) or at least once a month, whichever is more 
frequent. To reduce costs associated with numerous field visits, performance of maintenance 
inspections are generally timed to occur recently after a sampled storm event and when the 
sample collection stations are being re-set for the next potential storm event. Thus, each 
maintenance inspection typically occurs within the two weeks following a sampled storm event. 
If sample collection does not occur during a month, a maintenance inspection should still be 
performed in order to document sediment accumulations on a monthly basis. 
 
During each inspection, a visual assessment of the mixing tank, Aqua-Swirl™, and filtration 
chamber are made; sediment depths are measured in the Aqua-Swirl™; and photos are taken. A 
visual assessment of the presence of floatables and surface sheen are made for the mixing tank, 
the Aqua-Swirl™, and the filtration chamber. In addition, for the filtration chamber the color of 
the filter media, the condition of the filter trays, and the presence of any sediment buildup is 
noted. Sediment depth measurements are made at three locations in the Aqua-Swirl™. For each 
location three measurements are made and the average of the three measurements is used to 
determine the change in sediment depth at that location. Photos are taken at a minimum of two 
locations each for the mixing tank, Aqua-Swirl™, and filtration chamber. Additional photos are 
taken as deemed necessary by field staff to document any concerns or notable conditions in any 
of the system components.  

Summary of maintenance inspection results 
Four maintenance inspections were performed for the Aqua-Filter™ unit between January 1 and 
March 30, 2008; on January 4, January 23, February 21, and March 28. In addition, the Aqua-
Swirl™ and filtration chamber were cleaned and the bags of media were replaced on March 4, 
2008. A summary of the data collected during these maintenance inspections along with all 
maintenance inspections conducted to date can be found in Table 1. The information in the table 
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highlights the sediment accumulation in the Aqua-Swirl™ between inspection dates, the color of 
the filter media and condition of the trays in the filtration chamber, and the number of days and 
flow volume between maintenance inspections. The flow volume was calculated using data from 
a 0.75H Flume installed in the outlet pipe1. As demonstrated in Table 1, flow volume between 
inspection dates may fluctuate. This fluctuation can be attributed to:  

• the number of days between inspections;  
• varying amounts of rain received;  
• the status of the upstream draw pipe, flow splitters, and gate valve, which all control flow 

into the Aqua-Filter™; and 
• equipment malfunctions.  

 
During each maintenance inspection measurements were taken of the distance between the water 
surface and sediment surface in the Aqua-Swirl™ to track maintenance needs2. Figure 1 
illustrates the average measured distance from each maintenance inspection conducted to date. 
During the first maintenance inspection of this reporting period, on January 4, the average 
distance was 5.22 ft. Measurements during the next two maintenance inspections fluctuated 
slightly, ending with an average distance of 4.99 ft. on February 21. The small fluctuation in 
measurements (plus or minus 0.10 ft.) could be attributed to sediment at the measurement points 
moving around with varied inflows or to variability from measurement methods between field 
staff. While the measurements between inspections were variable, the trend shows an increase in 
overall sediment depth as is shown in Table 1 and Figure 1. On March 4, 2008 the Aqua-Swirl 
and filtration chamber were cleaned out and the filter containers were replaced. During the 
following maintenance inspection, on March 28, the average distance between the water surface 
and the sediment surface in the Aqua-Swirl™ measured 5.22.   
 
The measurements taken during the current reporting period show an overall increase of 
sediment depth of 0.23 ft. between the January 4 inspection and the February 21 inspection, 
which was the last inspection before the unit was maintained on March 4. At no point during the 
reporting period did the sediment surface in the Aqua-Swirl™ come within 30 to 36 inches of the 
static water surface.   
 
A qualitative assessment of the Aqua-Swirl™ completed during each inspection included 
observations of sheen and percent floatables3. Floatables were observed in the Aqua-Swirl™ 
during the three maintenance inspections performed before the unit was cleaned out on March 4, 
2008. Only a few pieces of Styrofoam™ were observed during the March 28 maintenance 
inspection, which was completed after the unit was cleaned. Some sheen was observed during all 
inspections. The floatables consisted of mostly cigarettes and Styrofoam™, and fluctuated 

                                                 
1 During the preliminary hydraulic study for the Aqua-Filter™, a discrepancy was noted between the flow rates and 
volumes measured by the inlet and outlet area velocity (A/V) sensors. It was noted that the flow rate measured by 
the inlet A/V sensor was greater than that measured by the outlet sensor. In March 2007, a 0.75H flume was 
installed in the outlet pipe to provide a more accurate flow measurement. An initial review comparing flow data 
measured by the inlet and outlet A/V sensors to the 0.75H flume flow data indicated the inlet A/V sensor may be 
over recording flow; particularly during the lower flow rates. As a result, it was decided to use the more accurate 
flow measurement from the 0.75H flume to calculate flow through the Aqua-Filter™. 
2 The Aqua-Swirl™ Maintenance Manual states the unit should be maintained when the sediment surface is within 
30 to 36 inches of the water surface. 
3 Percent values indicate the percent of the water surface that is covered with floatables. 
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between 50 percent and 75 percent. The fluctuation may be a result of the floating material 
becoming water logged and settling in the Aqua-Swirl™. Information collected during the 
qualitative assessment of each maintenance inspection is included in Table 1.  
 
Observations made in the filtration chamber included a qualitative assessment of sheen and 
floatables, notation of the color of the filter media, and a description of the condition of the filter 
trays. Prior to the system being cleaned and the media being replaced on March 4, a layer of 
sediment covered the filter media during each inspection. This sediment layer prevented staff 
from being able to see the color of the filter media to determine if the filter containers needed to 
be replaced4. This accumulation of sediment over the filter media was not excessive, but seems 
to be ongoing. During the March 28 inspection (the first inspection after the media was replaced) 
the color of the filter media was visible and noted as white. Photos and datasheets from each 
maintenance inspection were sent to AquaShield™ immediately after each inspection to keep the 
AquaShield™ project manager apprised of the sediment accumulation and any potential 
maintenance issues.  
 
No sheen was observed in the filtration chamber during the inspections. Floatables consisting of 
mostly Styrofoam™, plastic, and cigarette butts were observed on February 21, however only at 
a surface area coverage of less than 5 percent. 
 
As noted previously, the Aqua-Swirl™ and filtration chamber were cleaned out and the filter 
containers were replaced on March 4, 2008. In addition, a sediment sample was collected from 
the Aqua-Swirl™ on March 3, 2008, prior to the maintenance on the unit. A maintenance log 
sheet for the current reporting period is attached. Maintenance log sheets for maintenance that 
occurred between September 2006 and June 2007 were included with the June 30, 2007 
maintenance inspection report.  Maintenance inspection field data sheets for March through 
September 2007 were included with the maintenance inspections for each respective quarter. 
 

 
Enclosures (3): Maintenance inspection field data sheets for January through 

March 2008. 
 Maintenance inspection photos for January through March 2008. 
 Maintenance Log Sheet for January through March 2008.

 
4 Initially, the filter media is light tan or white in color. The Aqua-Filter™ Maintenance Manual states that when the 
media turns black, it has become saturated due to pollutant loading and requires replacement. 



Table 1:  Summary of maintenance conditions in the Aqua-Filter™ during March 2007 – March 2008.  

Aqua-Swirl™   Filtration Chamber

Date 
Days b/t 

inspections 

Flow b/t 
inspections 

(cf) a, b

Distance b/t 
water surface 
and sediment 

(ft) c 

Less than 3 
ft? d

Qualitative 
Assessment e 

Color of 
Filter Media 

Condition 
of Filter 
Trays 

Qualitative 
Assessment Comments 

2/27/07 Aqua-Swirl™ cleaned, media replaced on 2/27/07. Water started flowing through unit on 3/2/07 

3/14/07 12 f 91,680  5.28 No 
Some sheen, 20% 
floatables 

Can’t see 
media

 g
Ok 

No sheen or 
floatables Lots of sediment (fines) for new media. 

5/29/07
 h

76    124,244 5.27 No 
Some sheen, 85% 
floatables 

Can’t see 
media Ok 

No sheen or 
floatables 

Surface of media is black. Moderate sediment 
buildup. Lots of floatables in Aqua-Swirl. 

6/12/07    14 39,487 5.18 No 
Some sheen, 20% 
floatables 

Can’t see 
media Ok 

No sheen or 
floatables 

Black sediment on filter media. Appears to be 
accumulating sediment at a constant rate. 

7/9/07     27 17,587 5.32 No 
No sheen, 15% 
floatables 

Can’t see 
media Good 

No sheen, small 
amount of 
floatables No inflow, no evidence of flow for some time. 

7/19/07     10 10,736 5.13 No 
Some sheen, 75% 
floatables 

Can’t see 
media Ok 

No sheen, 5% 
floatables Normal sediment buildup in filtration chamber. 

7/26/07    7 10,604 5.11 No 
Some sheen, 60% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

One metal support bar is loose on south end of 
filtration chamber. Greater sediment buildup with 
recent sampling effort. 

8/27/07     32 18,933 5.22 No 
Some sheen, 50% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables Metal support bar on south side dislodged. 

9/28/07     32 17,440 5.11 No 
Some sheen, 75% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

Previous night sampling even contributed 
noticeable sediment. 

10/29/07    31 10,433 5.14 No 
Some sheen, 60% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables Normal sediment buildup in filtration chamber 

11/14/07     16 14,080 5.03 No 
Some sheen, 50% 
floatables 

Can't see 
media Good 

No sheen, <5% 
floatables 

Small amount of sediment buildup in filtration 
chamber. 

a All flow volume data is calculated using data from 0.75 H flume unless otherwise noted.  
b  Fluctuations in flow volume can be attributed to: the number of days between inspections; equipment malfunctions; varying amounts of rain received; and the 
status of the upstream draw pipe, flow splitters, and gate valve, which all control flow into the Aqua-Filter™. 
c Distance is an average of measurements made at three locations in the Aqua-Swirl™. 
d When the sediment surface is within 30 inches to 36 inches of the static water surface, cleaning will be performed. 
e Floatables in the Aqua-Swirl™ most often consist of Styrofoam™ and cigarettes. The percent indicates the percent of the water surface that is covered with 
floatables. 
f  Number of days since flows re-entered Aqua-Filter™ after maintenance activities completed..  
g Filter media was not visible due to a thin layer of sediment covering the filter bed. 
h Due to an oversight by Taylor staff no maintenance inspection was completed in April 2007.
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Table 1:  Summary of maintenance conditions in the Aqua-Filter™ during March 2007 – March 2008 (cont’d).  

Aqua-Swirl™   Filtration Chamber

Date 
Days b/t 

inspections 

Flow b/t 
inspections 

(cf) a, b

Distance b/t 
water surface 
and sediment 

(ft) c 

Less than 3 
ft? d

Qualitative 
Assessment e 

Color of 
Filter Media 

Condition 
of Filter 
Trays 

Qualitative 
Assessment Comments 

1/4/08    19 49,734 5.22 No 
Some sheen, 50% 
floatables 

Can’t see 
media f Good 

No sheen or 
floatables 

Water flowing down back wall of filter bed, not 
through media 

1/23/08    29 35,039 4.96 No 
Some sheen, 50% 
floatables 

Can’t see 
media Good 

No sheen or 
floatables Sediment buildup at downstream end of filter bed. 

2/21/08     36 26,631 4.99 No 
Some sheen, 75% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

3/5/08 Aqua-Swirl™ cleaned, media replaced on 3/4/08. Water started flowing through unit on 3/5/08 

3/28/08 23
 g 

13,103   5.22 No 
Some sheen, a few 
bits of Styrofoam™ White Good 

No sheen or 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

a All flow volume data is calculated using data from 0.75 H flume unless otherwise noted.  
b  Fluctuations in flow volume can be attributed to: the number of days between inspections; equipment malfunctions; varying amounts of rain received; and the status of the 
upstream draw pipe, flow splitters, and gate valve, which all control flow into the Aqua-Filter™. 
c Distance is an average of measurements made at three locations in the Aqua-Swirl™. 
d When the sediment surface is within 30 inches to 36 inches of the static water surface, cleaning will be performed. 
e Floatables in the Aqua-Swirl™ most often consist of Styrofoam™ and cigarettes. The percent indicates the percent of the water surface that is covered with floatables. 
f  Filter media was not visible due to a thin layer of sediment covering the filter bed. 
g Number of days since flows re-entered Aqua-Filter™ after maintenance activities completed.  
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replaced. 

 
Figure 1: Distance between the water surface and sediment surface in the Aqua-Swirl™ between June 2006 through March 

2008. Each datapoint is an average of measurements made across three locations.  
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Maintenance Inspection Photos 
for the Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
January – March 2008 
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Summary of Maintenance Inspection Data 
for the Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Ship Canal Test Facility 
April - June 2008 

 

Introduction  
This report summarizes the maintenance inspection and inflow data collected between April 1, 
2008 and June 30, 2008 for the Aqua-Filter Stormwater Filtration System™ (Aqua-Filter™) 
installed at the Lake Union Ship Canal Test Facility (LUSC). The Aqua-Filter™ is a treatment 
train that utilizes the Aqua-Swirl™ (a pre-treatment, hydrodynamic swirl separator) followed by 
a gravity flow, filtration chamber to remove pollutants. As part of the Tacoma Thea Foss 
Waterway Study, the City of Tacoma is evaluating the Aqua-Filter™ to asses how well it 
removes pollutants from stormwater runoff. Taylor Associates, Inc. (Taylor) performs the 
maintenance inspections to document sediment and debris accumulation in the Aqua-Filter™ for 
the evaluation of maintenance needs to be completed at the end of the study period. This is the 
fifth quarterly maintenance inspection report completed since data collection began for the City 
of Tacoma study in March 2007.  
 
Maintenance inspections are scheduled to be performed after each sampled storm event (when 
inflow conditions have returned to baseflow) or at least once a month, whichever is more 
frequent. To reduce costs associated with numerous field visits, performance of maintenance 
inspections are generally timed to occur recently after a sampled storm event and when the 
sample collection stations are being re-set for the next potential storm event. Thus, each 
maintenance inspection typically occurs within the two weeks following a sampled storm event. 
If sample collection does not occur during a month, a maintenance inspection should still be 
performed in order to document sediment accumulations on a monthly basis. 
 
During each inspection, a visual assessment of the mixing tank, Aqua-Swirl™, and filtration 
chamber are made; sediment depths are measured in the Aqua-Swirl™; and photos are taken. A 
visual assessment of the presence of floatables and surface sheen are made for the mixing tank, 
the Aqua-Swirl™, and the filtration chamber. In addition, for the filtration chamber the color of 
the filter media, the condition of the filter trays, and the presence of any sediment buildup is 
noted. Sediment depth measurements are made at three locations in the Aqua-Swirl™. For each 
location three measurements are made and the average of the three measurements is used to 
determine the change in sediment depth at that location. Photos are taken at a minimum of two 
locations each for the mixing tank, Aqua-Swirl™, and filtration chamber. Additional photos are 
taken as deemed necessary by field staff to document any concerns or notable conditions in any 
of the system components.  

Summary of maintenance inspection results 
Three maintenance inspections were performed for the Aqua-Filter™ unit between April 1 and 
June 30, 2008; on April 28, May 16 and June 10. A summary of the data collected during these 
maintenance inspections along with all maintenance inspections conducted to date can be found 
in Table 1. The information in the table highlights the sediment accumulation in the Aqua-
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Swirl™ between inspection dates, the color of the filter media and condition of the trays in the 
filtration chamber, and the number of days and flow volume between maintenance inspections. 
The flow volume was calculated using data from a 0.75H Flume installed in the outlet pipe1

• the number of days between inspections;  

. As 
demonstrated in Table 1, flow volume between inspection dates may fluctuate. This fluctuation 
can be attributed to:  

• varying amounts of rain received;  
• the status of the upstream draw pipe, flow splitters, and gate valve, which all control flow 

into the Aqua-Filter™; and 
• equipment malfunctions.  

 
During each maintenance inspection measurements were taken of the distance between the water 
surface and sediment surface in the Aqua-Swirl™ to track maintenance needs2

 

. Figure 1 
illustrates the average measured distance from each maintenance inspection completed to date. 
During the first maintenance inspection of the current reporting period, on April 28, the average 
distance was 5.17 ft. Measurements during the next two maintenance inspections fluctuated 
slightly, ending with an average distance of 5.3 ft. on June 10. At no point during the reporting 
period did the sediment surface in the Aqua-Swirl™ come within 30 to 36 inches of the static 
water surface.   

The sediment depth measurements show an overall decrease of sediment depth of 0.13 ft. in the 
current reporting period. In addition, the trend since the Aqua-Filter™ was last cleaned out on 
March 4, 2008 shows a decrease of sediment depth as is shown in Figure 1. Apart from sediment 
accumulation in the Aqua-Swirl™, factors that can affect the sediment depth measurements 
include re-suspension of materials, sediment at the measurement points moving around with 
varied inflows, and variability from measurement methods between field staff. 
 
A qualitative assessment of the Aqua-Swirl™ completed during each inspection included 
observations of sheen and percent floatables3

 

. Floatables and some sheen were observed in the 
Aqua-Swirl™ during the three maintenance inspections performed during the current reporting 
period. The floatables consisted of mostly cigarettes and Styrofoam™, and increased from just a 
few pieces of Styrofoam™ observed during the April 28 inspection to 50 percent of the water 
surface being covered during the June 10 inspection. Information collected during the qualitative 
assessment of each maintenance inspection is included in Table 1.  

Observations made in the filtration chamber included a qualitative assessment of sheen and 
floatables, notation of the color of the filter media, and a description of the condition of the filter 
                                                 
1 During the preliminary hydraulic study for the Aqua-Filter™, a discrepancy was noted between the flow rates and 
volumes measured by the inlet and outlet area velocity (A/V) sensors. It was noted that the flow rate measured by 
the inlet A/V sensor was greater than that measured by the outlet sensor. In March 2007, a 0.75H flume was 
installed in the outlet pipe to provide a more accurate flow measurement. An initial review comparing flow data 
measured by the inlet and outlet A/V sensors to the 0.75H flume flow data indicated the inlet A/V sensor may be 
over recording flow; particularly during the lower flow rates. As a result, it was decided to use the more accurate 
flow measurement from the 0.75H flume to calculate flow through the Aqua-Filter™. 
2 The Aqua-Swirl™ Maintenance Manual states the unit should be maintained when the sediment surface is within 
30 to 36 inches of the water surface. 
3 Percent values indicate the percent of the water surface that is covered with floatables. 
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trays. No sheen was observed in the filtration chamber during the inspections. Floatables 
consisting of mostly Styrofoam™ and leaves were observed on June 10, however, only at a 
surface area coverage of less than 1 percent. 
 
During the April 28 maintenance inspection the filter media was noted as being grey in color and 
covered mostly in sediment. In the following two maintenance inspections the sediment depth 
and coverage had increased, preventing staff from being able to see the color of the filter media 
to determine if the filter containers needed to be replaced4. The relative cleanliness of the filter 
media during the April 28 maintenance inspection was likely due to the maintenance and 
replacement of the filter media that occurred on March 4, 20085

 

. The accumulation of sediment 
over the filter media was not excessive, but seems to be ongoing. Photos and datasheets from 
each maintenance inspection were sent to AquaShield™ immediately after each inspection to 
keep the AquaShield™ project manager apprised of the sediment accumulation and any potential 
maintenance issues.  

No maintenance occurred during the current reporting period. Maintenance log sheets and  
maintenance inspection field data sheets for activities that occurred between March 2007 (the 
start of the data collection efforts for the City of Tacoma study) and March 2008 were included 
with the maintenance inspections for each respective quarter. 
 

 
Enclosures (2): Maintenance inspection field data sheets for April through June 

2008. 
 Maintenance inspection photos for April through June 2008. 
 

                                                 
4 Initially, the filter media is light tan or white in color. The Aqua-Filter™ Maintenance Manual states that when the 
media turns black, it has become saturated due to pollutant loading and requires replacement. 
5 Details about the maintenance completed in March 2008 was included in the March 30, 2008 maintenance 
inspection report. 
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Table 1:  Summary of maintenance conditions in the Aqua-Filter™ during March 2007 – June 2008.  

Date 
Days b/t 

inspections 

Flow b/t 
inspections 

(cf)

Aqua-Swirl™ 

 a, b 

Filtration Chamber 

Comments 

Distance b/t 
water surface 
and sediment 

(ft) 
Less than 

c  3 ft? 
Qualitative 
Assessment d 

Color of 
Filter Media

e  

Condition 
of Filter 
Trays  

Qualitative 
Assessment   

3/2/07 Aqua-Swirl™ cleaned, media replaced on 2/27/07. Water started flowing through unit on 3/2/07 

3/14/07 12 91,680 
 f 5.28 No 

Some sheen, 20% 
floatables 

Can’t see
 g

Ok 
 

media 
No sheen or 
floatables Lots of sediment (fines) for new media. 

5/29/07 76 
 h

 124,244 5.27 No 
Some sheen, 85% 
floatables 

Can’t see 
media Ok 

No sheen or 
floatables 

Surface of media is black. Moderate sediment 
buildup. Lots of floatables in Aqua-Swirl. 

6/12/07 14 39,487 5.18 No 
Some sheen, 20% 
floatables 

Can’t see 
media Ok 

No sheen or 
floatables 

Black sediment on filter media. Appears to be 
accumulating sediment at a constant rate. 

7/9/07 27 17,587 5.32 No 
No sheen, 15% 
floatables 

Can’t see 
media Good 

No sheen, small 
amount of 
floatables No inflow, no evidence of flow for some time. 

7/19/07 10 10,736 5.13 No 
Some sheen, 75% 
floatables 

Can’t see 
media Ok 

No sheen, 5% 
floatables Normal sediment buildup in filtration chamber. 

7/26/07 7 10,604 5.11 No 
Some sheen, 60% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

One metal support bar is loose on south end of 
filtration chamber. Greater sediment buildup with 
recent sampling effort. 

8/27/07 32 18,933 5.22 No 
Some sheen, 50% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables Metal support bar on south side dislodged. 

9/28/07 32 17,440 5.11 No 
Some sheen, 75% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

Previous night sampling even contributed 
noticeable sediment. 

10/29/07 31 10,433 5.14 No 
Some sheen, 60% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables Normal sediment buildup in filtration chamber. 

11/14/07 16 14,080 5.03 No 
Some sheen, 50% 
floatables 

Can't see 
media Good 

No sheen, <5% 
floatables 

Small amount of sediment buildup in filtration 
chamber. 

a All flow volume data is calculated using data from 0.75 H flume unless otherwise noted.  
b  Fluctuations in flow volume can be attributed to: the number of days between inspections; equipment malfunctions; varying amounts of rain received; and the 
status of the upstream draw pipe, flow splitters, and gate valve, which all control flow into the Aqua-Filter™. 
c Distance is an average of measurements made at three locations in the Aqua-Swirl™. 
d When the sediment surface is within 30 inches to 36 inches of the static water surface, cleaning will be performed. 
e Floatables in the Aqua-Swirl™ most often consist of Styrofoam™ and cigarettes. The percent indicates the percent of the water surface that is covered with 
floatables. 
f  Number of days since flows re-entered Aqua-Filter™ after maintenance activities completed.  
g Can’t see media indicates filter media was not visible due to a thin layer of sediment covering the filter bed. 
h Due to an oversight by Taylor staff, no maintenance inspection was completed in April 2007.



Taylor Associates, Inc.                         Maintenance Inspection Report – Aqua-Filter™ 
April - June 2008        5                  WSDOT Lake Union Test Facility  

Table 1:  Summary of maintenance conditions in the Aqua-Filter™ during March 2007 – June 2008 (cont’d).  

Date 
Days b/t 

inspections 

Flow b/t 
inspections 

(cf)

Aqua-Swirl™ 

 a, b 

Filtration Chamber 

Comments 

Distance b/t 
water surface 
and sediment 

(ft) 
Less than  

c  3 ft? 
Qualitative 
Assessment d 

Color of 
Filter Media

e  

Condition 
of Filter 
Trays  

Qualitative 
Assessment   

11/28/07 14 24,949 5.05 No 
Some sheen, 50% 
floatables 

Can't see 
media Good 

 f 
No sheen, <5% 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

12/4/07 6 9,681 5.19 No 
Some sheen, 75% 
floatables 

Can't see 
media Good 

No sheen, <5% 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

12/18/07 14 31,298 4.98 No 
Some sheen, 75% 
floatables 

Can't see 
media Good 

No sheen, <5% 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

1/4/08 19 49,734 5.22 No 
Some sheen, 50% 
floatables 

Can’t see 
media Good   

No sheen or 
floatables 

Water flowing down back wall of filter bed, not 
through media. 

1/23/08 29 35,039 4.96 No 
Some sheen, 50% 
floatables 

Can’t see 
media Good 

No sheen or 
floatables Sediment buildup at downstream end of filter bed. 

2/21/08 36 26,631 4.99 No 
Some sheen, 75% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

3/5/08 Aqua-Swirl™ cleaned, media replaced on 3/4/08. Water started flowing through unit on 3/5/08 

3/28/08 23 13,103 
 g

 5.22 No 
Some sheen, a few 
bits of Styrofoam™ White Good 

No sheen or 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

4/28/08 31 38,939 5.17 No 
Some sheen, a few 
bits of Styrofoam™ 

Grey, 
covered 

mostly in 
sediment Good 

No sheen or 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

5/16/08 28 32,436 5.14 No 
Some sheen, 10% 
floatables 

Can’t see 
media Good 

No sheen or 
floatables Normal sediment buildup in filtration chamber. 

6/10/08 15 7,415 5.3 No 
Some sheen, 50% 
floatables 

Can’t see 
media Good 

No sheen, <1% 
floatables Normal sediment buildup in filtration chamber. 

a All flow volume data is calculated using data from 0.75 H flume unless otherwise noted.  
b  Fluctuations in flow volume can be attributed to: the number of days between inspections; equipment malfunctions; varying amounts of rain received; and the 
status of the upstream draw pipe, flow splitters, and gate valve, which all control flow into the Aqua-Filter™. 
c Distance is an average of measurements made at three locations in the Aqua-Swirl™. 
d When the sediment surface is within 30 inches to 36 inches of the static water surface, cleaning will be performed. 
e Floatables in the Aqua-Swirl™ most often consist of Styrofoam™ and cigarettes. The percent indicates the percent of the water surface that is covered with 
floatables. 
f  Can’t see media indicates filter media was not visible due to a thin layer of sediment covering the filter bed. 
g Number of days since flows re-entered Aqua-Filter™ after maintenance activities completed.
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2/27/07: Aqua-
Filter™ cleaned, 
filter containers 
replaced. 3/4/08: Aqua-
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filter containers 
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 0' = Water surface elevation.

 
Figure 1: Distance between the water surface, shown on the graph at 0 ft., and sediment surface in the Aqua-Swirl™ 

between June 2006 and July 2008. Each datapoint is an average of measurements made across three locations.  
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Summary of Maintenance Inspection Data 
for the Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Ship Canal Test Facility 
July - October 2008 

 

Introduction  
This report summarizes the maintenance inspection and inflow data collected between July 1, 
2008 and October 31, 2008 for the Aqua-Filter Stormwater Filtration System™ (Aqua-Filter™) 
installed at the Lake Union Ship Canal Test Facility (LUSC). The Aqua-Filter™ is a treatment 
train that utilizes the Aqua-Swirl™ (a pre-treatment, hydrodynamic swirl separator) followed by 
a gravity flow, filtration chamber to remove pollutants. As part of the Tacoma Thea Foss 
Waterway Study, the City of Tacoma is evaluating the Aqua-Filter™ to asses how well it 
removes pollutants from stormwater runoff. Taylor Associates, Inc. (Taylor) performs the 
maintenance inspections to document sediment and debris accumulation in the Aqua-Filter™ for 
the evaluation of maintenance needs to be completed at the end of the study period. This is the 
sixth quarterly maintenance inspection report completed since data collection began for the City 
of Tacoma study in March 2007. Stormwater data collection for the study was completed with 
the sampling of a storm on October 6, 2008; therefore, this will be the final maintenance 
inspection report completed for the City of Tacoma study. 
 
Maintenance inspections are scheduled to be performed after each sampled storm event (when 
inflow conditions have returned to baseflow) or at least once a month, whichever is more 
frequent. To reduce costs associated with numerous field visits, performance of maintenance 
inspections are generally timed to occur recently after a sampled storm event and when the 
sample collection stations are being re-set for the next potential storm event. Thus, each 
maintenance inspection typically occurs within the two weeks following a sampled storm event. 
If sample collection does not occur during a month, a maintenance inspection should still be 
performed in order to document sediment accumulations on a monthly basis. 
 
During each inspection, a visual assessment of the mixing tank, Aqua-Swirl™, and filtration 
chamber are made; sediment depths are measured in the Aqua-Swirl™; and photos are taken. A 
visual assessment of the presence of floatables and surface sheen are made for the mixing tank, 
the Aqua-Swirl™, and the filtration chamber. In addition, for the filtration chamber the color of 
the filter media, the condition of the filter trays, and the presence of any sediment buildup is 
noted. Sediment depth measurements are made at three locations in the Aqua-Swirl™. For each 
location three measurements are made and the average of the three measurements is used to 
determine the change in sediment depth at that location. Photos are taken at a minimum of two 
locations each for the mixing tank, Aqua-Swirl™, and filtration chamber. Additional photos are 
taken as deemed necessary by field staff to document any concerns or notable conditions in any 
of the system components.  

Summary of maintenance inspection results 
Four maintenance inspections were performed for the Aqua-Filter™ unit between July 1 and 
October 31, 2008; on July 24, August 26, September 30 and October 13. A summary of the data 
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collected during these maintenance inspections along with all maintenance inspections conducted 
to date can be found in Table 1. The information in the table highlights the sediment 
accumulation in the Aqua-Swirl™ between inspection dates, the color of the filter media and 
condition of the trays in the filtration chamber, and the number of days and flow volume between 
maintenance inspections. The flow volume was calculated using data from a 0.75H Flume 
installed in the outlet pipe1

• the number of days between inspections;  

. As demonstrated in Table 1, flow volume between inspection dates 
may fluctuate. This fluctuation can be attributed to:  

• varying amounts of rain received;  
• the status of the upstream draw pipe, flow splitters, and gate valve, which all control flow 

into the Aqua-Filter™; and 
• equipment malfunctions.  

 
During each maintenance inspection measurements were taken of the distance between the water 
surface and sediment surface in the Aqua-Swirl™ to track maintenance needs2

 

. Figure 1 
illustrates the average measured distance from each maintenance inspection completed to date. 
During the first maintenance inspection of the current reporting period, on July 24, the average 
distance was 5.12 ft. Measurements during the next three maintenance inspections fluctuated 
slightly, ending with an average distance of 4.98 ft. on October 13. At no point during the 
reporting period did the sediment surface in the Aqua-Swirl™ come within 30 to 36 inches of the 
static water surface.   

The measurements taken during the current reporting period show an overall increase of 
sediment depth of 0.14 ft. between the July 24 inspection and the October 13 inspection. In 
addition, while measurements have fluctuated slightly the trend since the Aqua-Filter™ was last 
cleaned out on March 4, 2008 shows an increase of sediment depth as shown in Figure 1. Apart 
from sediment accumulation in the Aqua-Swirl™, factors that can affect the sediment depth 
measurements include re-suspension of materials, sediment at the measurement points moving 
around with varied inflows, and variability from measurement methods between field staff. 
 
A qualitative assessment of the Aqua-Swirl™ completed during each inspection included 
observations of sheen and percent floatables3

                                                 
1 During the preliminary hydraulic study for the Aqua-Filter™, a discrepancy was noted between the flow rates and 
volumes measured by the inlet and outlet area velocity (A/V) sensors. It was noted that the flow rate measured by 
the inlet A/V sensor was greater than that measured by the outlet sensor. In March 2007, a 0.75H flume was 
installed in the outlet pipe to provide a more accurate flow measurement. An initial review comparing flow data 
measured by the inlet and outlet A/V sensors to the 0.75H flume flow data indicated the inlet A/V sensor may be 
over recording flow; particularly during the lower flow rates. As a result, it was decided to use the more accurate 
flow measurement from the 0.75H flume to calculate flow through the Aqua-Filter™. 

. Floatables and some sheen were observed in the 
Aqua-Swirl™ during the four maintenance inspections performed during the current reporting 
period. The floatables consisted of mostly cigarettes and Styrofoam™, and fluctuated between 
20 and 99 percent. The fluctuation may be a result of the floating material becoming water 
logged and settling in the Aqua-Swirl™. Information collected during the qualitative assessment 
of each maintenance inspection is included in Table 1.  

2 The Aqua-Swirl™ Maintenance Manual states the unit should be maintained when the sediment surface is within 
30 to 36 inches of the water surface. 
3 Percent values indicate the percent of the water surface that is covered with floatables. 
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Observations made in the filtration chamber included a qualitative assessment of sheen and 
floatables, notation of the color of the filter media, and a description of the condition of the filter 
trays. No sheen or floatables were observed in the filtration chamber during the inspections.  
During each maintenance inspection a layer of sediment was observed covering the filter media. 
This sediment layer prevented staff from being able to see the color of the filter media to 
determine if the filter containers needed to be replaced4

 

. This accumulation of sediment over the 
filter media was not excessive, but seems to be ongoing. Photos and datasheets from each 
maintenance inspection were sent to AquaShield™ immediately after each inspection to keep the 
AquaShield™ project manager apprised of the sediment accumulation and any potential 
maintenance issues.  

No maintenance occurred during the current reporting period. Maintenance log sheets and 
maintenance inspection field data sheets for activities that occurred between March 2007 (the 
start of the data collection efforts for the City of Tacoma study) and June 2008 were included 
with the maintenance inspections for each respective quarter. 
 

 
Enclosures (2): Maintenance inspection field data sheets for July through October 

2008. 
 Maintenance inspection photos for July through October 2008. 
 

                                                 
4 Initially, the filter media is light tan or white in color. The Aqua-Filter™ Maintenance Manual states that when the 
media turns black, it has become saturated due to pollutant loading and requires replacement. 
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Table 1:  Summary of maintenance conditions in the Aqua-Filter™ during March 2007 – October 2008.  

Date 
Days b/t 

inspections 

Flow b/t 
inspections 

(cf)

Aqua-Swirl™ 

 a, b 

Filtration Chamber 

Comments 

Distance b/t 
water surface 
and sediment 

(ft) 
Less than 

c   3 ft? 
Qualitative 
Assessment d 

Color of 
Filter Media

e  

Condition 
of Filter 
Trays  

Qualitative 
Assessment   

3/2/07 Aqua-Swirl™ cleaned, media replaced on 2/27/07. Water started flowing through unit on 3/2/07 

3/14/07 12 91,680 
 f 5.28 No 

Some sheen, 20% 
floatables 

Can’t see 
media Ok  g 

No sheen or 
floatables Lots of sediment (fines) for new media. 

5/29/07 76 124,244  h 5.27 No 
Some sheen, 85% 
floatables 

Can’t see 
media Ok 

No sheen or 
floatables 

Surface of media is black. Moderate sediment 
buildup. Lots of floatables in Aqua-Swirl. 

6/12/07 14 39,487 5.18 No 
Some sheen, 20% 
floatables 

Can’t see 
media Ok 

No sheen or 
floatables 

Black sediment on filter media. Appears to be 
accumulating sediment at a constant rate. 

7/9/07 27 17,587 5.32 No 
No sheen, 15% 
floatables 

Can’t see 
media Good 

No sheen, small 
amount of 
floatables No inflow, no evidence of flow for some time. 

7/19/07 10 10,736 5.13 No 
Some sheen, 75% 
floatables 

Can’t see 
media Ok 

No sheen, 5% 
floatables Normal sediment buildup in filtration chamber. 

7/26/07 7 10,604 5.11 No 
Some sheen, 60% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

One metal support bar is loose on south end of 
filtration chamber. Greater sediment buildup with 
recent sampling effort. 

8/27/07 32 18,933 5.22 No 
Some sheen, 50% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables Metal support bar on south side dislodged. 

9/28/07 32 17,440 5.11 No 
Some sheen, 75% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

Previous night sampling even contributed 
noticeable sediment. 

10/29/07 31 10,433 5.14 No 
Some sheen, 60% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables Normal sediment buildup in filtration chamber 

11/14/07 16 14,080 5.03 No 
Some sheen, 50% 
floatables 

Can't see 
media Good 

No sheen, <5% 
floatables 

Small amount of sediment buildup in filtration 
chamber. 

a All flow volume data is calculated using data from 0.75 H flume unless otherwise noted.  
b  Fluctuations in flow volume can be attributed to: the number of days between inspections; equipment malfunctions; varying amounts of rain received; and the 
status of the upstream draw pipe, flow splitters, and gate valve, which all control flow into the Aqua-Filter™. 
c Distance is an average of measurements made at three locations in the Aqua-Swirl™. 
d When the sediment surface is within 30 inches to 36 inches of the static water surface, cleaning will be performed. 
e Floatables in the Aqua-Swirl™ most often consist of Styrofoam™ and cigarettes. The percent indicates the percent of the water surface that is covered with 
floatables. 
f  Number of days since flows re-entered Aqua-Filter™ after maintenance activities completed. 
g Can’t see media indicates filter media was not visible due to a thin layer of sediment covering the filter bed. 
h Due to an oversight by Taylor staff no maintenance inspection was completed in April 2007.
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Table 1:  Summary of maintenance conditions in the Aqua-Filter™ during March 2007 – October 2008 (cont’d).  

Date 
Days b/t 

inspections 

Flow b/t 
inspections 

(cf)

Aqua-Swirl™ 

 a, b 

Filtration Chamber 

Comments 

Distance b/t 
water surface 
and sediment 

(ft) 
Less than  

c  3 ft? 
Qualitative 
Assessment d 

Color of 
Filter Media

e  

Condition 
of Filter 
Trays  

Qualitative 
Assessment   

11/28/07 14 24,949 5.05 No 
Some sheen, 50% 
floatables 

Can't see
 f

Good 
 

media 
No sheen, <5% 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

12/4/07 6 9,681 5.19 No 
Some sheen, 75% 
floatables 

Can't see 
media Good 

No sheen, <5% 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

12/18/07 14 31,298 4.98 No 
Some sheen, 75% 
floatables 

Can't see 
media Good 

No sheen, <5% 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

1/4/08 19 49,734 5.22 No 
Some sheen, 50% 
floatables 

Can’t see 
media Good   

No sheen or 
floatables 

Water flowing down back wall of filter bed, not 
through media. 

1/23/08 29 35,039 4.96 No 
Some sheen, 50% 
floatables 

Can’t see 
media Good 

No sheen or 
floatables Sediment buildup at downstream end of filter bed. 

2/21/08 36 26,631 4.99 No 
Some sheen, 75% 
floatables 

Can’t see 
media Good 

No sheen, <5% 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

3/5/08 Aqua-Swirl™ cleaned, media replaced on 3/4/08. Water started flowing through unit on 3/5/08 

3/28/08 23 13,103 
 g 5.22 No 

Some sheen, a few 
bits of Styrofoam™ White Good 

No sheen or 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

4/28/08 31 38,939 5.17 No 
Some sheen, a few 
bits of Styrofoam™ 

Grey, 
covered 

mostly in 
sediment Good 

No sheen or 
floatables 

Usual amount of sediment buildup in filtration 
chamber. 

5/16/08 28 32,436 5.14 No 
Some sheen, 10% 
floatables 

Can’t see 
media Good 

No sheen or 
floatables Normal sediment buildup in filtration chamber. 

6/10/08 15 7,415 5.3 No 
Some sheen, 50% 
floatables 

Can’t see 
media Good 

No sheen, <1% 
floatables Normal sediment buildup in filtration chamber. 

a All flow volume data is calculated using data from 0.75 H flume unless otherwise noted.  
b  Fluctuations in flow volume can be attributed to: the number of days between inspections; equipment malfunctions; varying amounts of rain received; and the status of the 
upstream draw pipe, flow splitters, and gate valve, which all control flow into the Aqua-Filter™. 
c Distance is an average of measurements made at three locations in the Aqua-Swirl™. 
d When the sediment surface is within 30 inches to 36 inches of the static water surface, cleaning will be performed. 
e Floatables in the Aqua-Swirl™ most often consist of Styrofoam™ and cigarettes. The percent indicates the percent of the water surface that is covered with floatables. 
f  Can’t see media indicates filter media was not visible due to a thin layer of sediment covering the filter bed. 
g 

 
Number of days since flows re-entered Aqua-Filter™ after maintenance activities completed. 
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Table 1:  Summary of maintenance conditions in the Aqua-Filter™ during March 2007 – October 2008 (cont’d).  

Date 
Days b/t 

inspections 

Flow b/t 
inspections 

(cf)

Aqua-Swirl™ 

 a, b 

Filtration Chamber 

Comments 

Distance b/t 
water surface 
and sediment 

(ft) 
Less than  

c  3 ft? 
Qualitative 
Assessment d 

Color of 
Filter Media

e  

Condition 
of Filter 
Trays  

Qualitative 
Assessment   

7/24/08 44 128,185 5.12 
 g No 

Some sheen, 20% 
floatables 

Can't see 
media Good 

 f 
No sheen or 
floatables Normal sediment buildup in filtration chamber 

8/26/08 33 90,365 5.25 
 g No 

Some sheen, 85% 
floatables 

Can't see 
media Good 

No sheen or 
floatables Normal sediment buildup in filtration chamber 

9/30/08 35 54,675 5 No 
Some sheen, 99% 
floatables 

Can't see 
media Good 

No sheen or 
floatables Normal sediment buildup in filtration chamber 

10/13/08 13 55,453 4.98 No 
Some sheen, 95% 
floatables 

Can't see 
media Good 

No sheen or 
floatables Normal sediment buildup in filtration chamber 

a All flow volume data is calculated using data from 0.75 H flume unless otherwise noted.  
b  Fluctuations in flow volume can be attributed to: the number of days between inspections; equipment malfunctions; varying amounts of rain received; and the status of the 
upstream draw pipe, flow splitters, and gate valve, which all control flow into the Aqua-Filter™. 
c Distance is an average of measurements made at three locations in the Aqua-Swirl™. 
d When the sediment surface is within 30 inches to 36 inches of the static water surface, cleaning will be performed. 
e Floatables in the Aqua-Swirl™ most often consist of Styrofoam™ and cigarettes. The percent indicates the percent of the water surface that is covered with floatables. 
f  Can’t see media indicates filter media was not visible due to a thin layer of sediment covering the filter bed.  
g No flow from outlet flume for this time period due to likely power loss. Flow data calculated using inlet A/V sensor. Prior review of flow data indicates the inlet A/V sensor is 
over measuring flow. Flow during this time period may need to be corrected to determine the true inflow volume for the final project report. 
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 3' = Distance at which maintenance of the Aqua-SwirlTM is required.

2/27/07: Aqua-
Filter™ cleaned, 
filter containers 
replaced. 3/4/08: Aqua-

Filter™ cleaned, 
filter containers 
replaced. 

Data collected under 
the AquaShieldTM 

contract 

Data collected under 
the City of Tacoma 
contract 
Trend line showing 
change in sediment 
depth in the Aqua-
Swirl™ 9/26/06-10/11/06: 

Aqua-Filter™ cleaned, 
filter containers 
replaced. 

 0' = Water surface elevation.

 
Figure 1: Distance between the water surface, shown on the graph at 0 ft.,  and sediment surface in the Aqua-Swirl™ 

between June 2006 through October 2008. Each datapoint is an average of measurements made across three 
locations.  
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #6 (March 10, 2007) 

 

Introduction 
This report summarizes the storm event sampled on March 10th, 2007 by Taylor Associates, Inc. 
(Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 6th 
storm event sampled for the Aqua-Filter™, however, it is the first storm event summary 
submitted to the City of Tacoma (Tacoma). The first five storms were sampled under a separate 
contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not include 
budget for the preparation of storm summaries, and the data from those storms may or may not 
be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. 
 

Summary of the storm event 
The storm on March 10th was the first event sampled for the Aqua-Filter™ technology under the 
current Tacoma contract. The event was forecasted to have a total of 1.07 to 2.3 inches. 
However, the rainfall totaled 0.03 inches over 1.4 hours, which was significantly smaller than 
what was predicted. The storm event characteristics for this event are summarized in Table 1. 
 
During the event the radar showed adequate rainfall over the area, however, rain at the site was 
actually very light. This event did not meet the sampling criteria of a minimum 0.15 inches, or 
the 5-hour duration criteria specified in the Aqua-Filter™ quality assurance project plan (QAPP). 
No rain fell within the 24 hours prior to the storm event, which met both antecedent rainfall 
conditions of less than 0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior 
to the storm event. 
 
Although rain at the site was much less than forecasted, runoff was sufficient to sample one 
inflow rate. The sampling period and flow characteristics for this event are summarized in Table 
2. The target inflow rate for the sampling period was 125.7 gallons per minute (gpm)1, or 100 
percent of the Aqua-Filter™’s filtration capacity. While rain at the site was light, the runoff to 
                                                 
1 During the preliminary hydraulic study for the Aqua-Filter™, a discrepancy was noted between the flow rates and 
volumes measured by the upstream and downstream area velocity (A/V) sensors. It was noted that the flow rate 
measured at the upstream sensor was much greater than the flow rate measured at the downstream sensor. A 0.75H 
flume was installed in the outlet pipe on March 1st, 2007 to provide a more accurate flow measurement and ascertain 
whether the upstream A/V sensor is over measuring or the downstream A/V sensor is under measuring. Initial data 
review indicates the upstream A/V sensor is over measuring. For the March 10th storm, the inlet sampler was flow 
paced using the upstream A/V sensor and, therefore, the flow rate at which the unit was tested may be lower than 
125.7 gpm. If budget allows, the flow data from the upstream A/V sensor will be corrected to determine the true 
inflow rate for the all events where the inflow to the technology was measured using the upstream A/V sensor.  
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the site continued long enough to collect 28 out of 28 subsamples, which allowed a total of 9,508 
gallons of stormwater to pass through the Aqua-Filter™ during the sampling period. This is 
equivalent to 9.6 detention volumes (one detention volume = 993 gallons) and did meet the 8 
detention volume criteria specified in the QAPP. 
 
The QAPP sets a goal of less than 20 percent variation from the median inflow throughout the 
sampling period. For the duration of the March 10th sampling period the inflow rate was within 
20 percent variation of the median inflow 97 percent of the time, and within 25 percent variation 
of the median inflow 99 percent of the time. Additionally, for 97 percent of the total volume 
flowing into the unit the inflow rate was within 20 percent variation of the median inflow.  
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics, conventionals, and particle size distribution analysis2. No quality control samples 
were collected during the storm. 
 
As illustrated in Figure 1, storm event #6 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 48 hours with no rain, and 63 hours with less than 0.10 inches of 
rain. A large spike in the inlet level on March 9th (shown on Figure 1) is from staff flushing the 
gate valve after discovering it was clogged with debris. 
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow as well as the water level in the filtration 
chamber for the sampling period. As is evident by looking at the water level data in the filtration 
chamber, the Aqua-Filter™ never went into overflow conditions. Overflow conditions were not 
expected since the unit was being tested at 100 percent of its filtration capacity, or 125 gpm. In 
addition, testing during the preliminary hydraulic study indicated overflow conditions in the 
Aqua-Filter™ chamber are not observed until flow into the unit reaches approximately 250 gpm. 
Figure 2 also includes markers showing when within the sampling period subsamples were 
collected.  
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Field data sheets. 
 Chain of Custody (COC) forms. 
 

                                                 
2 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #6.
3/10/2007 19:59

Meet Antecedent (<0.1 in previous 24 hrs, <0.04 in previous 6 hours)? Y
48
63

0.03
1.4
0.02

Precipitation ≥ 0.15" N
Duration ≥ 5 hrs N

Inflow #1
125.7¹

Test Duration (min) 68
Median Qin (gpm) 134
Mean Qin (gpm) 135
Max Qin (gpm) 153

125
97%

Percentage of time w/in 25% variation of median Qin 99%
Percentage of inflow volume w/in 20% variation of the median Qin 98%

9508
9.6
Y

¹ 125.7 gpm is 100% of the Aqua-Filter™'s filtration capacity.

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples
Date/Time Collected

Inlet 3/10/2007 21:22
Outlet 3/10/2007 21:23
Field Duplicate -
Equipment Rinsate -
¹ Each sample was submitted for conventionals (C), organics (O), and particle size distribution (PSD) analysis.

Table 2: Sampling period data & qualifying sampling period criteria for storm event #6.

Meet Rain Criteria?

-

ID¹

031007-AF-100-OUT-[C, O, PSD]
031007-AF-100-IN-[C, O, PSD]

Qualifying Sampling Period? (Detention Volume>8)

-

Flow volume through unit during test (gal)
# of detention volumes (993 gal) flowing through unit during test

Percentage of time w/in 20% variation of median Qin

Aqua-Filter™ Storm Event Summary #6 (March 10, 2007)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Antecedent with <0.1 in. (hrs):

¹ Rainfall measurements from UW rain gage.  Taylor Associates is not associated with UW and 
cannot verify the accuracy of this precipitation data.

Radar showed adequate storm for sampling, however, rainfall at the site was very light. Adequate 
runoff to the site to collect 28 out of 28 subsamples from one inflow rate.

Min Qin (gpm)

Total Precipitation (in)¹
Duration (hrs)
Average Storm Intensity (in/hr)

Sampling Activity Notes

Weather Tracking
Tracked weather throughout day on 3/10/07.  Three-day forecast from the Center for Ocean-Land-
Atmosphere Studies predicted total of 1.07" between 3/10/07 13:00 and 3/11/07 19:00. Pacific Northwes
Environmental Forecasts and Observations' MM5 models predicted between 1.15" to 2.3" from 3/10/07 
10:00 to 3/11/07 14:00. 

Sample Event
Arrived on site around 20:30, trough was already lowered.  Set up samplers and started sampling at
21:22.  Radar showed plenty of rain approaching and hitting Seattle, however rain at the site was very 
light. Runoff to the site continued long enough to sample one flow rate and collect 28 out of 28 
subsamples.  Last subsample was collected at 22:29.

Sample QC
No quality control samples were collected during this event.

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 3/11/07 12:11, within the 24-hour 
holding time.

Taylor Associates, Inc Aqua-Filter™ storm event summary #6



Figure 1.  The antecedent dry periods prior to Aqua-Filter™ storm event #6.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #6. Includes: rainfall, inflow, outflow and filtration chamber level.
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #7 (June 9, 2007) 

 

Introduction 
This report summarizes the storm event sampled on June 9th, 2007 by Taylor Associates, Inc. 
(Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 7th 
storm event sampled for the Aqua-Filter™, however, it is the second storm event summary 
submitted to the City of Tacoma (Tacoma). The first five storms were sampled under a separate 
contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not include 
budget for the preparation of storm summaries, and the data from those storms may or may not 
be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. 
 

Summary of the storm event 
The storm on June 9th was the second event sampled for the Aqua-Filter technology under the 
Tacoma contract. The event was forecasted to have a total of 0.32 to 0.44 inches, however, the 
storm was smaller than forecasted and rainfall totaled 0.12 inches over 5.5 hours. This event did 
not meet the sampling criteria of a minimum 0.15 inches; however it did meet the 5 hour 
duration criteria specified in the Aqua-Filter™ quality assurance project plan (QAPP). No rain 
fell within the 24 hours prior to the storm event, which met both antecedent rainfall conditions of 
less than 0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm 
event. The storm event characteristics for this event are summarized in Table 1. 
 
Although the storm was smaller and shorter than forecasted, runoff was sufficient to sample one 
inflow rate. The sampling period and flow characteristics for this event are summarized in Table 
2. The target inflow rate for the sampling period was 62.8 gpm1, or 50 percent of the filtration 
capacity of the Aqua-Filter™. Due to problems with the flow measurement devices, flow into the 
technology was measuring higher than the flow out of the technology. Since the samplers are 
flow paced, this discrepancy in flow resulted in the outlet sampler collecting samples at a slower 
rate than the inlet. While the inlet sampler completed its program and collected 28 out of 28 
                                                 
1 During the preliminary hydraulic study for the Aqua-Filter™, a discrepancy was noted between the flow rates and 
volumes measured by the upstream and downstream area velocity (A/V) sensors. It was noted that the flow rate 
measured at the upstream sensor was much greater than the flow rate measured at the downstream sensor. A 0.75H 
flume was installed in the outlet pipe on March 1st, 2007 to provide a more accurate flow measurement and ascertain 
whether the upstream A/V sensor is over measuring or the downstream A/V sensor is under measuring. Initial data 
review indicates the upstream A/V sensor is over measuring. For the June 9th storm, the inlet sampler was flow 
paced using the upstream A/V sensor and, therefore, the flow rate at which the unit was tested may be lower than 
62.8 gpm. If budget allows, the flow data from the upstream A/V sensor will be corrected to determine the true 
inflow rate for the all events where the inflow to the technology was measured using the upstream A/V sensor. 
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subsamples, the outlet sampler was manually stopped when the inlet sampling program was 
completed even though the outlet sampler had collected only 26 out of 28 subsamples. This was 
done to maintain the comparability of the inlet and outlet samples. Based on flow measurements 
at the inlet sampler recorded during the sampling program, the volume of stormwater passing 
through Aqua-Filter™ totaled 9342 gallons. This is equivalent to 9.4 detention volumes (one 
detention volume = 993 gallons) and did meet the 8 detention volume criteria specified in the 
QAPP. 
 
The QAPP sets a goal of less than 20 percent variation from the median inflow throughout the 
sampling period. For the duration of the June 9th sampling period, the inflow rate was within 20 
percent variation of the median inflow 96 percent of the time, and within 25 percent variation of 
the median inflow 98 percent of the time. Additionally, for 96 percent of the total volume 
flowing into the unit the inflow rate was within 20 percent variation of the median inflow.  
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics, conventionals, and particle size distribution analysis2. No duplicate was collected 
during the storm event, however, a field blank was collected and submitted on June 13, 2007 for 
both conventionals and organics analysis.  
 
As illustrated in Figure 1, storm event #7 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 91 hours with no rain, and 311 hours with less than 0.10 inches of 
rain. Two large spikes in the inlet level on May 27th and June 5th (shown on Figure 1) are from 
staff flushing the gate valve after discovering it was clogged with debris. 
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow as well as the water level in the filtration 
chamber for the sampling period. As is evident by looking at the water level data in the filtration 
chamber, the Aqua-Filter™ never went into overflow conditions. This was expected since the 
unit was being tested at only 50 percent of its filtration capacity.  Figure 2 also includes markers 
showing when within the sampling period subsamples were collected.  
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Field data sheets. 
 Chain of Custody (COC) forms. 

                                                 
2 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #7.
6/9/2007 10:41

Meet Antecedent (<0.1 in previous 24 hrs, <0.04 in previous 6 hours)? Y
91

311
0.12
5.5

0.02
Precipitation ≥ 0.15" N
Duration ≥ 5 hrs Y

Inflow #1
62.8¹

Test Duration (min) 141
Median Qin (gpm) 64
Mean Qin (gpm) 64
Max Qin (gpm) 97

55
96%

Percentage of time w/in 25% variation of median Qin 98%
Percentage of inflow volume w/in 20% variation of the median Qin 96%

9342
9.4
Y

¹ 62.8 gpm is 50% of the Aqua-Filter™'s filtration capacity.

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples
Date/Time Collected

Inlet 6/9/2007 13:19
Outlet 6/9/2007 13:21
Field Duplicate -

6/13/2007 9:57
6/13/2007 10:04

¹ Each sample was submitted for conventionals (C), organics (O), and particle size distribution (PSD) analysis.

Table 2: Sampling period data & qualifying sampling period criteria for storm event #7.

Meet Rain Criteria?

061307-AF-BLANK-IN-C

ID¹

060907-AF-50-OUT-[C, O, PSD]
060907-AF-50-IN-[C, O, PSD]

Qualifying Sampling Period? (Detention Volume≥8)

-

Flow volume through unit during test (gal)
# of detention volumes (993 gal) flowing through unit during test

Percentage of time w/in 20% variation of median Qin

Aqua-Filter™ Storm Event Summary #7 (June 9, 2007)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Antecedent with <0.1 in. (hrs):

¹ Rainfall measurements from UW rain gage. Taylor Associates is not associated with UW and 
cannot verify the accuracy of this precipitation data.

Rain stopped shortly after sampling first flow rate; not adequate runoff to the test site to target a 
second inflow rate.

Equipment Rinsate 
Blanks 061307-AF-BLANK-IN-O

Min Qin (gpm)

Total Precipitation (in)¹
Duration (hrs)
Average Storm Intensity (in/hr)

Sampling Activity Notes

Weather Tracking
Tracked weather throughout day on 6/9/07.  Three-day forecast from the Center for Ocean-Land-
Atmosphere Studies predicted total of 0.32" between 6/9/07 11:00 and 6/10/07 02:00. Unysis predicted 
0.44" between 6/9/07 17:00 to 6/10/07 05:00. 

Sample Event
Arrived on site around 12:30, trough was already lowered.  Set up samplers, stabilized flow, and started 
sampling at 13:19.  Runoff continued long enough to sample one flow rate and collect 28 out of 28 
subsamples at the inlet station. Because of a discrepency in the flow readings between the inlet and 
outlet station (the inlet station was measuring higher flow) the outlet sampler was running slower than the 
inlet. As a result the outlet was stopped after 26 out of 28 subsamples. Last subsample at the inlet was 
collected at 15:39, last subsample at the outlet was collected at 16:43.

Sample QC
No quality control samples were collected during this event. An equipment rinsate blank was collected a 
few days after the event on 6/13/07.

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 6/10/07 9:45, within the 24-hour 
holding time.

Taylor Associates, Inc Aqua-Filter™ storm event summary #7



Figure 1.  The antecedent periods prior to Aqua-Filter™ storm event #7.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #7. Includes: rainfall, inflow, outflow and filtration chamber level.
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #8 (July 18, 2007) 

 

Introduction 
This report summarizes the storm event sampled on July 18th, 2007 by Taylor Associates, Inc. 
(Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 8th 
storm event sampled for the Aqua-Filter™, however, it is the third storm event summary 
submitted to the City of Tacoma (Tacoma). The first five storms were sampled under a separate 
contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not include 
budget for the preparation of storm summaries, and the data from those storms may or may not 
be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. 
 

Summary of the storm event 
The storm on July 18th was the third event sampled for the Aqua-Filter technology under the 
Tacoma contract. The event was forecasted to have a total of 0.15 to 0.50 inches. The storm 
totaled 0.19 inches over 9 hours, which met the sampling criteria of a minimum 0.15 inches and 
a duration of 5 hours specified in the Aqua-Filter™ quality assurance project plan (QAPP). The 
9 hour storm duration would have been long enough to sample two inflow rates, however, after 
sampling the first inflow flow coming into the site had dropped too low to maintain even the 50 
percent inflow rate and the radar indicated the storm intensity would not increase. 
 
No rain fell within the 24 hours prior to the storm event, which met both antecedent rainfall 
conditions of less than 0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior 
to the storm event. The storm event characteristics for this event are summarized in Table 1.  
 
Although the storm was less intense than predicted, the intensity was sufficient to sample one 
inflow rate. The sampling period and flow characteristics for this event are summarized in Table 
2. The target inflow rate for the sampling period was 125.7 gpm1, or 100 percent of the filtration 
capacity of the Aqua-Filter™. Due to problems with the flow measurement devices, flow into the 

                                                 
1 During the preliminary hydraulic study for the Aqua-Filter™, a discrepancy was noted between the flow rates and 
volumes measured by the upstream and downstream area velocity (A/V) sensors. It was noted that the flow rate 
measured at the upstream sensor was much greater than the flow rate measured at the downstream sensor. A 0.75H 
flume was installed in the outlet pipe on March 1st 2007 to provide a more accurate flow measurement and ascertain 
whether the upstream A/V sensor is over measuring flow or the downstream A/V sensor is under measuring flow. 
Initial data review indicates the upstream A/V sensor is over measuring. For the July 18th storm, the inlet sampler 
was flow paced using the upstream A/V sensor and therefore the flow rate at which the unit was tested may be lower 
than 125.7 gpm.  
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technology was measuring much higher than the flow out of the technology2. Since the samplers 
are flow paced, this discrepancy in flow resulted in the outlet sampler collecting samples at a 
slower rate than the inlet. While the inlet completed its program and collected 28 out of 28 
subsamples, the outlet sampler was manually stopped when the inlet sampling program was 
completed even though the outlet sampler had collected only 19 out of 28 subsamples. This was 
done to maintain the comparability of the inlet and outlet samples. Based on flow measurements 
at the inlet sampler recorded during the sampling program, the volume of stormwater passing 
through Aqua-Filter™ during the sampling period totaled 9290 gallons. This is equivalent to 9.4 
detention volumes (one detention volume = 993 gallons) and did meet the 8 detention volume 
criteria specified in the QAPP. 
 
The QAPP sets a goal of less than 20 percent variation from the median inflow throughout the 
sampling period. For the duration of the July 18th sampling period, the inflow rate was within 20 
percent variation of the median inflow 80 percent of the time, and within 25 percent variation of 
the median inflow 83 percent of the time. Additionally, for 81 percent of the total volume 
flowing into the unit the inflow rate was within 20 percent variation of the median inflow.  
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics, conventionals, and particle size distribution analysis3. A field duplicate was 
collected at the inlet station.  No field blank was collected during this storm event. 
 
As illustrated in Figure 1, storm event #8 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 24 hours with no rain, and 565 hours with less than 0.10 inches of 
rain. Three large spikes in the inlet level on June 25th, July 9th, and July 17th (shown on Figure 1) 
are from staff flushing the gate valve after discovering it was clogged with debris. 
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow as well as water level in the filtration 
chamber during the sampling period. As is evident by looking at the vault level data, the Aqua-
Filter™ never went into overflow conditions, which was expected since the unit was being tested 
at 100 percent of its filtration capacity. Figure 2 also includes markers showing when within the 
sampling period subsamples were collected. Spikes in the inflow and outflow data are due to 
staff flushing the gate valve. 
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Chain of Custody (COC) forms. 
 Field data sheets. 

                                                 
2 Review of the flow data indicates the inlet A/V sensor is over measuring flow. Inflow data from storm events #6, 
#7, and #8 were calculated using measurements from the inlet A/V sensor. Flow data from these storm events 
may need to be corrected to determine the true inflow rate for the final project report. 
3 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #8.
7/18/2007 5:32

Meet Antecedent (<0.10 in. in previous 24 hrs, <0.04 in. in previous 6 hours)? Y
24
565
0.19

9
0.02

Precipitation ≥ 0.15" Y
Duration ≥ 5 hrs Y

Inflow #1
125.7¹

Test Duration (min) 69
Median Qin (gpm) 127
Mean Qin (gpm) 130
Max Qin (gpm) 227

87
80%

Percentage of time w/in 25% variation of median Qin 83%
Percentage of inflow volume w/in 20% variation of the median Qin 81%

9290
9.4
Y

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples.
Date/Time Collected

Inlet 7/18/2007 9:35
Outlet 7/18/2007 9:36
Field Duplicate 7/18/2007 9:37

-
-

¹ Each sample was submitted for conventionals (C), organics (O), and particle size distribution (PSD) analysis.

Antecedent with <0.10 in. (hrs):

¹ Rainfall measurements from UW rain gage. Taylor Associates is not involved with the operation or maintenance of the UW rain 
gage and cannot verify the accuracy of this precipitation data.

Rain slowed down shortly after sampling first flow rate, not adequate runoff to the test site to target a 
second flow rate.

Equipment Rinsate 
Blanks -

Min Qin (gpm)

Total Precipitation (in)¹
Duration (hrs)
Average Storm Intensity (in/hr)

¹ 125.7 gpm is 100% of the Aqua-Filter™'s filtration capacity. See footnote #2 on page 2 of the storm event summary for more 
information on inflow data from the July 18th storm event.

Aqua-Filter™ Storm Event Summary #8 (July 18, 2007)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Flow volume through unit during test (gal)
# of detention volumes (993 gal) flowing through unit during test

Percentage of time w/in 20% variation of median Qin

-

ID¹

071807-AF-100-OUT-[C, O, PSD]
071807-AF-100-IN-[C, O, PSD]

Qualifying Sampling Period? (Detention Volume>8)

071807-AF-100-IN-[C, O, PSD](2)

Table 2: Sampling period data & qualifying sampling period criteria for storm event #8.

Meet Rain Criteria?

Sampling Activity Notes

Weather Tracking
Three-day forecast from the Center for Ocean-Land-Atmosphere Studies predicted total of 0.15" between 
7/18/07 11:00 and 7/19/07 17:00. Seven-day forecast from the Center for Ocean-Land-Atmosphere 
Studies predicted 0.50" between 7/18/07 5:00 and 7/18/07 17:00. 

Sample Event
Arrived on site around 8:30, trough was already lowered.  Set up samplers, stabilized flow, and started 
sampling at 9:35.  Runoff continued long enough to sample one flow rate and collect 28 out of 28 
subsamples at the inlet station. Because of a discrepency in the flow readings between the inlet and 
outlet station (the inlet station was measuring higher flow) the outlet sampler was running slower than the 
inlet. As a result the outlet was stopped after only 19 out of 28 subsamples. Last subsample at the inlet 
was collected at 10:43, last subsample at the outlet was collected at 11:09. After sampling first flow rate 
the rain slowed and the flow at the site dropped to a rate that was too low to sample.

Sample QC
A field duplicate was collected at the inlet at 9:37.

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 7/18/07 13:28, within the 24-hour 
holding time.

Taylor Associates, Inc 3
Storm Even Summary #8 (071807) July 18th, 2007 - Aqua-Filter™ 

WSDOT Lake Union Test Facility



Figure 1.  The antecedent periods prior to Aqua-Filter™ storm event #8.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #8. Includes: rainfall, inflow, outflow and filtration chamber level. (Spikes in inflow and 
outflow are due to staff flushign the gate valve.)
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 Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #9 (July 20, 2007) 

 

Introduction 
This report summarizes the storm event sampled on July 20th, 2007 by Taylor Associates, Inc. 
(Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 9th 
storm event sampled for the Aqua-Filter™, however, it is the fourth storm event summary 
submitted to the City of Tacoma (Tacoma). The first five storms were sampled under a separate 
contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not include 
budget for the preparation of storm summaries, and the data from those storms may or may not 
be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. 
 

Summary of the storm event 
The storm on July 20th was the fourth event sampled for the Aqua-Filter™ technology under the 
Tacoma contract. The event was forecasted to have a total of 0.37 to 0.59 inches. The storm 
totaled 0.24 inches over 9.25 hours, which met the sampling criteria of a minimum 0.15 inches 
and a duration of 5 hours specified in the Aqua-Filter™ quality assurance project plan (QAPP). 
The 9.25 hour storm duration would have been long enough to sample two inflow rates, 
however, the rainfall tapered off shortly after sampling the first inflow rate. A four hour break 
with 0.01 inches was then followed by an intense shower of 0.06 inches in 20 minutes, which 
was not a long enough duration to sample a second inflow rate (see Figure 2 for the storm event 
hyetograph). No rain fell within the 24 hours prior to the storm event, which met both antecedent 
rainfall conditions of less than 0.10 inches in the 24 hours and less than 0.04 inches in the 6 
hours prior to the storm event. The storm event characteristics for this event are summarized in 
Table 1. 
  
Although the storm was less intense than predicted, the intensity was sufficient to sample one 
inflow rate. The sampling period and flow characteristics for this event are summarized in Table 
2. The target inflow rate for the sampling period was 125.7 gpm, or 100 percent of the filtration 
capacity of the Aqua-Filter™. Due to the concern that the inlet area-velocity (A/V) sensor was 
over measuring flow1, inflow data from the July 20th storm event was measured using the 0.75H 

                                                 
1 During the preliminary hydraulic study for the Aqua-Filter™, a discrepancy was noted between the flow rates and 
volumes measured by the upstream and downstream area velocity (A/V) sensors. It was noted that the measured 
flow rate was much greater at the upstream than downstream sensor. A 0.75H flume was installed in the outlet pipe 
in March 2007 to provide a more accurate flow measurement and ascertain whether the upstream A/V sensor was 
over measuring flow or the downstream A/V sensor was under measuring flow. A review of the flow data indicated 
the upstream A/V sensor was over measuring flow. To provide for more accurate inflow measurements, inflow data 
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flume installed in the outlet pipe. In addition, the outlet sampler was flow paced using the 0.75H 
flume. To ensure the comparability of the inlet and outlet samples the percentage increase 
between the outflow measurement (from the 0.75H flume) and the inflow measurement (from the 
inlet A/V sensor) was calculated. The inlet pacing rate was then adjusted accordingly. Both the 
inlet and outlet samplers collected 28 out of 28 subsamples. The volume of stormwater passing 
through Aqua-Filter™ during the sampling period totaled 9176 gallons (based on the flow data 
from the outlet flume). This is equivalent to 9.2 detention volumes (one detention volume = 993 
gallons) and did meet the 8 detention volume criteria specified in the QAPP. 
 
The QAPP sets a goal of less than 20 percent variation from the median inflow throughout the 
sampling period. For the duration of the July 20th sampling period, the inflow rate was within 20 
percent variation of the median inflow 100 percent of the time, and within 25 percent variation of 
the median inflow 100 percent of the time. Additionally, for 100 percent of the total water 
volume flowing into the unit the inflow rate was within 20 percent variation of the median 
inflow.  
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics, conventionals, and particle size distrubution analysis2. No field duplicate or field 
blank was collected during this storm event. 
 
As illustrated in Figure 1, storm event #9 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 42 hours with no rain, and 45 hours with less than 0.10 inches of 
rain.  
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow as well as the water level in the filtration 
chamber for the sampling period. As is evident by looking at the water level data in the filtration 
chamber, the Aqua-Filter™ never went into overflow conditions. This was expected since the 
unit was being tested at 100 percent of its filtration capacity.  Figure 2 also includes markers 
showing when within the sampling period subsamples were collected.  
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Chain of Custody (COC) forms. 
 Field data sheets. 

                                                                                                                                                             
for the July 20th storm event was calculated using the 0.75H flume. The flume will be used to calculate inflow 
measurements for all future storm events. 
2 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #9.
7/20/2007 8:43

Meet Antecedent (<0.10 in. in previous 24 hrs, <0.04 in. in previous 6 hours)? Y
42
45

0.24
9.25
0.03

Precipitation ≥ 0.15" Y
Duration ≥ 5 hrs Y

Inflow #1
125.7¹

Test Duration (min) 84
Median Qin (gpm) 108
Mean Qin (gpm) 109
Max Qin (gpm) 116

104
100%

Percentage of time w/in 25% variation of median Qin 100%
Percentage of inflow volume w/in 20% variation of the median Qin 100%

9176
9.2
Y

¹ 125.7 gpm is 100% of the Aqua-Filter™'s filtration capacity.

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples.
Date/Time Collected

Inlet 7/20/2007 11:46
Outlet 7/20/2007 11:46
Field Duplicate -

-
-

¹ Each sample was submitted for conventionals (C), organics (O), and particle size distribution (PSD) analysis.

Antecedent with <0.10 in. (hrs):

¹ Rainfall measurements from UW rain gage. Taylor Associates is not involved with the operation or maintenance of the UW rain 
gage and cannot verify the accuracy of this precipitation data.

Rain slowed down then stopped shortly after sampling first flow rate. A four hour break with 0.01" was 
then followed by an intense shower of 0.06" in 20 minutes. This rain pattern did not allow for the 
sampling of a second inflow rate.

Equipment Rinsate 
Blanks -

Min Qin (gpm)

Total Precipitation (in)¹
Duration (hrs)
Average Storm Intensity (in/hr)

Aqua-Filter™ Storm Event Summary #9 (July 20, 2007)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Flow volume through unit during test (gal)
# of detention volumes (993 gal) flowing through unit during test

Percentage of time w/in 20% variation of median Qin

-

ID¹

072007-AF-100-OUT-[C, O, PSD]
072007-AF-100-IN-[C, O, PSD]

Qualifying Sampling Period? (Detention Volume>8)

-

Table 2: Sampling period data & qualifying sampling period criteria for storm event #9.

Meet Rain Criteria?

Sampling Activity Notes

Weather Tracking
Three-day forecast from the Center for Ocean-Land-Atmosphere Studies predicted total of 0.37" 
between 7/20/07 8:00 and 7/21/07 5:00. NWS Digital forecast predicted a total of 0.59" between 7/20/07 
5:00 and 7/21/07 5:00. 

Sample Event
Arrived on site around 9:25, trough was already lowered.  Set up samplers and attempted to stabilize
flow based on flow readings from flume at outlet sampler. Stabilized flow and started sampling at 11:46.  
Runoff continued long enough to sample one inflow rate and collect 28 out of 28 subsamples at both the 
inlet and outlet stations. 

Sample QC
No quality control samples were collected during this event. 

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 7/20/07 17:55, within the 24-hour 
holding time.

Taylor Associates, Inc 3
Storm Event Summary #9 (072007) July 20th, 2007 - Aqua-Filter™

WSDOT Lake Untion Test Facility



Figure 1.  The dry antecedent period prior to Aqua-Filter™ storm event #9.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #9. Includes: rainfall, inflow, outflow and filtration chamber level. (Spikes in inflow and 
outflow are due to staff flushign the gate valve.)
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #10 (September 27, 2007) 

 

Introduction 
This report summarizes the storm event sampled on September 27th, 2007 by Taylor Associates, 
Inc. (Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 10th 
storm event sampled for the Aqua-Filter™, however, it is the fifth storm event summary 
submitted to the City of Tacoma (Tacoma). The first five storms were sampled under a separate 
contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not include 
budget for the preparation of storm summaries, and the data from those storms may or may not 
be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. 
 

Summary of the storm event 
The storm on September 27th was the fifth event sampled for the Aqua-Filter™ technology under 
the Tacoma contract. The event was forecasted to have a total of 0.44 to 0.81 inches. The storm 
totaled 0.32 inches over 5.5 hours, which met the sampling criteria of a minimum 0.15 inches 
and a duration of 5 hours specified in the Aqua-Filter™ quality assurance project plan (QAPP). 
No rain fell within the 24 hours prior to the storm event, which met both antecedent rainfall 
conditions of less than 0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior 
to the storm event. The storm event characteristics for this event are summarized in Table 1. 
  
The intensity and length of the storm event allowed for the sampling of two flow rates, 156.31 
gallon per minute (gpm) (125 percent of the filtration capacity) and 125.7 gpm (100 percent of 
the filtration capacity). Flow through the Aqua-Filter™ during the 156.3 gpm sampling period 
totaled 9169 gallons, which is equivalent to 9.2 detention volumes (one detention volume = 993 
gallons).  Flow through the Aqua-Filter™ during the 125.7 gpm sampling period totaled 9047 
gallons, which is equivalent to 9.1 detention volumes. Both sampling periods met the minimum 8 
detention volume criteria specified in the QAPP. 
 
The QAPP sets a goal of less than 20 percent variation from the median inflow throughout the 
sampling period.  For the duration of the 156.3 gpm sampling period, the inflow rate was within 
20 percent variation of the median inflow 85 percent of the time and within 25 percent variation 

                                                 
1Due to the concern that the inlet area velocity (A/V) sensor was over measuring flow, inflow data for the 
September 27th storm event (and all future events) was calculated using the 0.75H flume measuring flow at the 
outlet. The flume was also used to flow pace the outlet sampler and adjust the pacing rate of the inlet sampler. A 
more detailed explanation of the flow discrepancies and the reason for adjusting the inlet pacing rate is provided in 
storm event summaries #7 and #9.  
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of the median inflow 92 percent of the time.  Additionally, for 85 percent of the total volume 
flowing into the unit the inflow rate was within 20 percent variation of the median inflow.  For 
the duration of the 125.7 gpm sampling period, the inflow rate was within 20 percent variation of 
the median inflow 100 percent of the time. Table 2 summarizes the sampling period and flow 
characteristics.   
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics, conventionals, and particle size distribution analysis2. A field duplicate was 
collected at the inlet station during the first flow rate. A field blank was collected at the inlet 
station the morning after the sampling event.  
 
As illustrated in Figure 1, storm event #10 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 135 hours with no rain, and 260 hours with less than 0.10 inches of 
rain.  
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow as well as the water level in the filtration 
chamber for the sampling period. As is evident by looking at the water level data in the filtration 
chamber, the Aqua-Filter™ never went into overflow conditions even though the unit was tested 
at 100 and 125 percent of its filtration capacity.  Figure 2 also includes markers showing when 
within the sampling period subsamples were collected.  
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Chain of Custody (COC) forms. 
 Field data sheets. 

                                                 
2 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #10.
9/27/2007 20:08

Meet Antecedent (<0.10 in. in previous 24 hrs, <0.04 in. in previous 6 hours)? Y
135
260
0.32
5.5

0.06
Precipitation ≥ 0.15" Y
Duration ≥ 5 hrs Y

Inflow #1 Inflow #2
156.3¹ 125.7

Test Duration (min) 66 71
Median Qin (gpm) 138 127
Mean Qin (gpm) 139 127
Max Qin (gpm) 159 135

106 118
85% 100%

Percentage of time w/in 25% variation of median Qin 92% 100%
Percentage of inflow volume w/in 20% variation of the median Qin 85% 100%

9169 9047
9.2 9.11
Y Y

¹ 156.3 is 125% and 125.7 gpm is 100% of the Aqua-Filter™'s filtration capacity.

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples.
Date/Time Collected

9/27/2007 21:52
9/27/2007 23:27
9/27/2007 21:51
9/27/2007 23:25

Field Duplicate 9/27/2007 21:51
9/28/2007 9:37
9/28/2007 9:48

¹ Each sample was submitted for conventionals (C), organics (O), and particle size distribution (PSD) analysis.

Equipment Rinsate 
Blanks 092807-AF-BLANK-IN-C

Min Qin (gpm)

Aqua-Filter™ Storm Event Summary #10 (September 27, 2007)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Inlet
092707-AF-100-IN-[C, O, PSD]

092807-AF-BLANK-IN-O

ID¹

092707-AF-125-OUT-[C, O, PSD]

092707-AF-125-IN-[C, O, PSD]

Qualifying Sampling Period? (Detention Volume>8)

092707-AF-125-IN-[C, O, PSD](2)

Table 2: Sampling period data & qualifying sampling period criteria for storm event #10.

Flow volume through unit during test (gal)

Percentage of time w/in 20% variation of median Qin

Meet Rain Criteria?

Antecedent with <0.10 in. (hrs):

¹ Rainfall measurements from UW rain gage. Taylor Associates is not involved with the operation or maintenance of the UW rain 
gage and cannot verify the accuracy of this precipitation data.

Outlet

Total Precipitation (in)¹
Duration (hrs)
Average Storm Intensity (in/hr)

092707-AF-100-OUT-[C, O, PSD]

Collected 28 out of 28 subsamples for both inflow rates.

# of detention volumes (993 gal) flowing through unit during test

Sampling Activity Notes

Weather Tracking
Three-day forecast from the Center for Ocean-Land-Atmosphere Studies predicted total of 0.44" 
between 9/27/07 14:00 and 9/28/07 2:00. Unisys 2-day predicted a total of 0.81" between 9/27/07 16:00 
and 9/28/07 22:00. 

Sample Event
Arrived on site around 21:00, trough was already lowered.  Set up samplers and attempted to stabilize 
flow based on flow readings from flume at outlet sampler. Stabilized flow and started sampling 156 gpm 
flow rate at 21:52.  First flow rate ended at 22:43, reset samplers and sampled 125 gpm flow rate 
starting at 23:27. Collected 28 out of 28 subsamples at both the inlet and outlet stations for both flow 
rates. Field blank was collected the following morning, 9/28/07 at 9:30.

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 9/28/07 12:18, within the 24-hour 
holding time.

Taylor Associates, Inc 3
Storm Event Summary #10 (092707) September 27th, 2007 - Aqua-Filter™

WSDOT Lake Union Test Facility 



Figure 1.  The antecedent periods prior to Aqua-Filter™ storm event #10.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #10. Includes: rainfall, inflow, outflow and filtration chamber level. (Spikes in inflow 
and outflow are due to staff flushign the gate valve.)
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #11 (November 12, 2007) 

 

Introduction 
This report summarizes the storm event sampled on November 12th, 2007 by Taylor Associates, 
Inc. (Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 11th 
storm event sampled for the Aqua-Filter™, however, it is the sixth storm event summary 
submitted to the City of Tacoma (Tacoma). The first five storms were sampled under a separate 
contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not include 
budget for the preparation of storm summaries, and the data from those storms may or may not 
be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. 

Summary of the storm event 
The storm on November 12th was the sixth event sampled for the Aqua-Filter™ technology 
under the Tacoma contract. The event was forecasted to have a total of 0.42 inches. The storm 
totaled 0.33 inches over 7 hours, which met the sampling criteria of a minimum 0.15 inches and 
duration of 5 hours specified in the Aqua-Filter™ quality assurance project plan (QAPP). No 
rain fell within the 24 hours prior to the storm event, which met both antecedent rainfall 
conditions of less than 0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior 
to the storm event. The storm event characteristics for this event are summarized in Table 1. 
  
The intensity and length of the storm event allowed for the sampling of two inflow rates, 156.31 
gallons per minute (gpm) (125 percent of the filtration capacity) and 62.8 gpm (50 percent of the 
filtration capacity). Flow through the Aqua-Filter™ during the 156.3 gpm sampling period 
totaled 10,188 gallons, which is equivalent to 10.3 detention volumes (one detention volume = 
993 gallons).  Flow through the Aqua-Filter™ during the 62.8 gpm sampling period totaled 
9,324 gallons, which is equivalent to 9.4 detention volumes. Both sampling periods met the 
minimum 8 detention volume criteria specified in the QAPP. 
 
The QAPP sets a goal of less than 20 percent variation from the median inflow throughout the 
sampling period.  For the duration of the 156.3 gpm sampling period, the inflow rate was within 
20 percent variation of the median inflow 68 percent of the time and within 25 percent variation 
of the median inflow 76 percent of the time.  Additionally, for 75 percent of the total volume 

                                                 
1 Due to the concern that the inlet area velocity (A/V) sensor was over measuring flow, inflow data for the 
November 12th storm event (and all future events) was calculated using the 0.75H flume measuring flow at the 
outlet. The flume was also used to flow pace the outlet sampler and adjust the pacing rate of the inlet sampler. A 
more detailed explanation of the flow discrepancies and the reason for adjusting the inlet pacing rate is provided in 
storm event summaries #7 and #9. 
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flowing into the unit the inflow rate was within 20 percent variation of the median inflow.  For 
the duration of the 62.8 gpm sampling period, the inflow rate was within 20 percent variation of 
the median inflow 63 percent of the time and within 25 percent variation of the median inflow 71 
percent of the time.  Additionally, for 70 percent of the total volume flowing into the unit the 
inflow rate was within 20 percent variation of the median inflow for both sampling periods. 
Table 2 summarizes the sampling period and flow characteristics.   
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics, conventionals, and particle size distribution analysis2. No quality control samples 
were collected during the November 12th storm event. Samples were delivered to the lab on 
November 13th at 8:15, 45 minutes after the 24-hour hold time was met. This was due to a 
request from the City of Tacoma lab to deliver the samples on the 13th rather than the 12th since 
November 12th was a government holiday. 
 
As illustrated in Figure 1, storm event #11 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 49 hours with no rain, and 123 hours with less than 0.10 inches of 
rain. 
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow for the sampling period. Due to a suspected 
power failure at the sampler measuring vault level, no data was recorded during the November 
12th storm event. Figure 2 also includes markers showing when within the sampling period 
subsamples were collected. 
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Chain of Custody (COC) forms. 
 Field data sheets. 

                                                 
2 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #11.
11/12/2007 5:07

Meet Antecedent (<0.10 in. in previous 24 hrs, <0.04 in. in previous 6 hours)? Y
49
123
0.33

7
0.05

Precipitation ≥ 0.15" Y
Duration ≥ 5 hrs Y

Inflow #1 Inflow #2
156.3¹ 62.8

Test Duration (min) 63 161
Median Qin (gpm) 152 58
Mean Qin (gpm) 156 56
Max Qin (gpm) 250 75

124 38
68% 63%

Percentage of time w/in 25% variation of median Qin 76% 71%
Percentage of inflow volume w/in 20% variation of the median Qin 75% 70%

10,188 9,324
10.3 9.4

Y Y
¹ 62.8 gpm is 50%  and 156.3 is 125% of the Aqua-Filter's™ filtration capacity.

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples
Date/Time Collected

11/12/2007 7:31
11/12/2007 9:40

Outlet 11/12/2007 7:26
11/12/2007 9:39

Field Duplicate -
-
-

¹ Each sample was submitted for conventionals (C), organics (O), and particle size distribution (PSD) analysis.

Equipment Rinsate 
Blanks -

Inlet

Percentage of time w/in 20% variation of median Qin

-

ID¹

111207-AF-125-OUT-[C, O, PSD]

-
111207-AF-50-OUT-[C, O, PSD]

# of detention volumes (993 gal) flowing through unit during test

Aqua-Filter™ Storm Event Summary #11 (November 12, 2007)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Table 2: Sampling period data & qualifying sampling period criteria for storm event #11.

Meet Rain Criteria?

Antecedent with <0.10 in. (hrs):

111207-AF-125-IN-[C, O, PSD]

Qualifying Sampling Period? (Detention Volume>8)

Duration (hrs)

¹ Rainfall measurements from UW rain gage. Taylor Associates is not involved with the operation or maintenance of the UW rain 
gage and cannot verify the accuracy of this precipitation data.

Min Qin (gpm)

Average Storm Intensity (in/hr)

Flow volume through unit during test (gal)

Collected 28 out of 28 subsamples for the inlet and 27 out of 28 subsamples for the outlet during the 156 gpm flow rate. Inlet was
paused after starting sampler to adjust pacing rate, outlet was paused at the same time, and missed collecting one subsample while 
paused. Collected 28 out of 28 subsamples for both the inlet and the outlet for the 63 gpm flow rate. 

111207-AF-50-IN-[C, O, PSD]

Total Precipitation (in)¹

Sampling Activity Notes

Weather Tracking
Seven-day forecast from the Center for Ocean-Land-Atmosphere Studies predicted total of 0.42" between 
11/11/07 04:00 and 11/11/07 16:00. 

Sample Event
Arrived on site around 05:30, trough was already lowered.  Set up samplers and attempted to stabilize 
flow based on flow readings from flume at outlet sampler. Stabilized flow and started sampling 156 gpm 
flow rate at 07:31.  First flow rate ended at 08:26, reset samplers and sampled 63 gpm flow rate starting 
at 09:40. Second flow rate ended at 11:41

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 11/13/07 08:15, which missed the 24-
hour holding time by 45 minutes. It was requested by the City of Tacoma lab that samples be delivered 
first thing on 11/13 rather than 11/12 since 11/12 was a government holiday.

Taylor Associates, Inc.  3
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Figure 1.  The antecedent periods prior to Aqua-Filter™ storm event #11.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #11. Includes: rainfall, inflow, outflow and filtration chamber level. (spikes in 
inflow and outflow are due to staff flushing the gate valve.)

1111111111111111111111111111 1111111111111111111111111111111111111111111111111111111 1 11111 1111111111 1 1 1 111111111

0.00

0.01

0.02

0

200

400

0

200

400

1

2

3

6AM
12 Mon Nov 2007

9AM 12PM

Aqua-Filter Storm Event #11
111207

in
g

p
m

g
p

m

ft

11/12/2007 4:45:00 AM - 11/12/2007 12:45:00 PM

Rainfall (0.33 in) Aqua-Filter Inflow (40121.2 gal)

Aqua-Filter Outflow (34564.7 gal) Aqua-Filter Level (0.000 ft)

62.8 gpm
Inflow

156.3 gpm
Inflow

A loss of power in the sampler measuring level inside the Aqua-Filter™ filtration chamber, resulted in
no filtration chamber level data from the 11/12/07 storm













Taylor Associates, Inc.        Storm Event Summary #12 (111707) November 17th, 2007 – Aqua-Filter™ 
 1 WSDOT Lake Union Test Facility  

Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #12 (November 17, 2007) 

 

Introduction 
This report summarizes the storm event sampled on November 17th, 2007 by Taylor Associates, 
Inc. (Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 12th 
storm event sampled for the Aqua-Filter™, however, it is the seventh storm event summary 
submitted to the City of Tacoma (Tacoma). The first five storms were sampled under a separate 
contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not include 
budget for the preparation of storm summaries, and the data from those storms may or may not 
be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. 
 

Summary of the storm event 
The storm on November 17th was the seventh event sampled for the Aqua-Filter™ technology 
under the Tacoma contract. The event was forecasted to have a total between 0.28 and 0.32 
inches. The storm came in fast and looked promising on the radar, but moved through quickly 
totaling 0.19 inches over 2 hours. This met the sampling criteria of a minimum 0.15 inches, but 
did not meet the duration criteria of 5 hours specified in the Aqua-Filter™ quality assurance 
project plan (QAPP). No rain fell within the 24 hours prior to the storm event, which met both 
antecedent rainfall conditions of less than 0.10 inches in the 24 hours and less than 0.04 inches in 
the 6 hours prior to the storm event. The storm event characteristics for this event are 
summarized in Table 1. 
  
Since the storm moved through the area so quickly it only allowed for the sampling of one 
inflow rate. The inflow rate targeted for this storm event was 62.8 gallons per minute1, or 50 
percent of the filtration capacity. Flow through the Aqua-Filter™ during the sampling period 
totaled 8,943 gallons, which is equivalent to 9.0 detention volumes (one detention volume = 993 
gallons).  This met the minimum 8 detention volume criteria specified in the QAPP. 
 
While the rain stopped before the end of the sampling period, runoff continue long enough to 
collect 28 out of 28 subsamples at both the inlet and outlet stations. At the inlet station the area 
velocity (A/V) sensor stopped recording flow after the fourth subsample. Thus, the sampler 

                                                 
1 Due to the concern that the inlet A/V sensor was over measuring flow, inflow data for the November 17th storm 
event (and all future events) was calculated using the 0.75H flume measuring flow at the outlet. Flow measured 
using the flume was also used to flow pace the outlet sampler and adjust the pacing rate of the inlet sampler. A more 
detailed explanation of the flow discrepancies and the reason for adjusting the inlet pacing rate is provided in storm 
event summaries #7 and #9. 
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could not be flow paced based on the inlet flow. To continue collecting paired inlet and outlet 
samples, the remaining 24 inlet subsamples were collected by staff manually “directing” the inlet 
sampler. This was done by having the auto-sampler collect a manual grab sample into all 4 
bottles each time the outlet flow paced sampler collected a sample. 
 
The QAPP sets a goal of less than 20 percent variation from the median inflow throughout the 
sampling period.  For the duration of the 62.8 gpm sampling period, the inflow rate was within 
20 percent variation of the median inflow 94 percent of the time and within 25 percent variation 
of the median inflow 95 percent of the time.  Additionally, for 96 percent of the total volume 
flowing into the unit the inflow rate was within 20 percent variation of the median inflow.  Table 
2 summarizes the sampling period and flow characteristics.   
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics, conventionals, and particle size distribution analysis2. No quality control samples 
were collected during the November 17th storm event. Samples were delivered to the lab within 
the 24-hour holding time. 
 
As illustrated in Figure 1, storm event #12 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 27 hours with no rain, and 35 hours with less than 0.10 inches of 
rain.  
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. For the sampling 
period, the hydrograph includes measurements for the inlet and outlet flow, in addition to water 
level in the filtration chamber. As is evident by looking at the water level data in the filtration 
chamber, the Aqua-Filter™ never went into overflow conditions. This was expected since the 
unit was being tested at only 50 percent of its filtration capacity.  Figure 2 also includes markers 
showing when within the sampling period subsamples were collected.  
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Chain of Custody (COC) forms. 
 Field data sheets. 

                                                 
2 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #12.
11/17/2007 10:36

Meet Antecedent (<0.10 in. in previous 24 hrs, <0.04 in. in previous 6 hours)? Y
27
35

0.19
2

0.10
Precipitation ≥ 0.15" Y
Duration ≥ 5 hrs N

Inflow #1
62.8¹

Test Duration (min) 139
Median Qin (gpm) 65
Mean Qin (gpm) 63
Max Qin (gpm) 71

44
94%

Percentage of time w/in 25% variation of median Qin 95%
Percentage of inflow volume w/in 20% variation of the median Qin 96%

8,943
9.0
Y

¹ 62.8 gpm is 50% of the Aqua-Filter™'s filtration capacity.

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples.
Date/Time Collected

Inlet 11/17/2007 11:36
Outlet 11/17/2007 11:32
Field Duplicate -

-
-

¹ Each sample was submitted for conventionals (C), organics (O), and particle size distribution (PSD) analysis.

Percentage of time w/in 20% variation of median Qin
Min Qin (gpm)

Meet Rain Criteria?

Total Precipitation (in)¹
Duration (hrs)
Average Storm Intensity (in/hr)

-

ID¹

111707-AF-50-OUT-[C, O, PSD]
111707-AF-50-IN-[C, O, PSD]

Qualifying Sampling Period? (Detention Volume>8)

-

Table 2: Sampling period data & qualifying sampling period criteria for storm event #12.

Flow volume through unit during test (gal)
# of detention volumes (993 gal) flowing through unit during test

Equipment Rinsate 
Blanks -

Collected 28 out of 28 subsamples at both the inlet and outlet. Inlet sampler stopped recording flow after 
the fourth subsample and therefore, the inlet sampler could not be paced by the inlet flow rate. The 
remaining 24 inlet subsamples were collected by manually "directing" the sampler to collect a grab into 
all 4 bottles each time the outlet sampler (paced by the outlet flow rate) collected a subsample.  

Aqua-Filter™ Storm Event Summary #12 (November 17, 2007)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Antecedent with <0.10 in. (hrs):

¹ Rainfall measurements from UW rain gage. Taylor Associates is not involved with the operation or maintenance of the UW rain 
gage and cannot verify the accuracy of this precipitation data.

Sampling Activity Notes

Weather Tracking
Three-day forecast from the Center for Ocean-Land-Atmosphere Studies  predicted total of 0.32" 
between 11/17/07 7:00 and 20:00. Seven-day forecast from the Center for Ocean-Land-Atmosphere 
Studies predicted total of 0.28 between 11/17/07 4:00 and 16:00. 

Sample Event
Arrived on site around 11:00, trough was already lowered.  Set up samplers and attempted to stabilize 
flow based on flow readings from flume at outlet sampler. Stabilized flow and started sampling 63 gpm 
flow rate at 11:36.  Inlet A/V sensor stopped recording flow after collecting 4 subsamples and the inlet 
sampler could therefore no longer be flow paced. Remaining 24 subsamples were paced off the outlet 
sampler and were collected by manually "directing" the sampler to collect a grab sample into each 
bottle. Rain slowed, then stopped before the end of the first flow rate. Runoff to the site continued long 
enough to complete the first flow rate, but was not enough to sample a second flow rate.

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 11/18/07 8:41, within the 24-hour 
holding time.

Taylor Associates, Inc.  3
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Figure 1.  The antecedent periods prior to Aqua-Filter™ storm event #12.
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Figure 2.   Hyetograph and hydrograph for Aqua-Filter™ storm event #12. Includes: rainfall, inflow, outflow and filtration chamber level. (spikes in 
inflow and outflow are due to staff flushing the gate valve.)
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #13 (November 28, 2007) 

 

Introduction 
This report summarizes the storm event sampled on November 28th, 2007 by Taylor Associates, 
Inc. (Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 13th 
storm event sampled for the Aqua-Filter™, however, it is the eighth storm event summary 
submitted to the City of Tacoma (Tacoma). The first five storms were sampled under a separate 
contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not include 
budget for the preparation of storm summaries, and the data from those storms may or may not 
be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. 

Summary of the storm event 
The storm on November 28th was the eighth event sampled for the Aqua-Filter™ technology 
under the Tacoma contract. The storm totaled 0.191 inches over 6.75 hours which met the 
sampling criteria of a minimum 0.15 inches and the duration criteria of 5 hours specified in the 
Aqua-Filter quality assurance project plan (QAPP). No rain fell within the 24 hours prior to the 
storm event, which met both antecedent rainfall conditions of less than 0.10 inches in the 24 
hours and less than 0.04 inches in the 6 hours prior to the storm event. The storm event 
characteristics for this event are summarized in Table 1. 
  
The intensity and duration of this storm event allowed for the sampling of two flow rates, 156.32 
gpm (125 percent of the filtration capacity) and 62.8 gpm (50 percent of the filtration capacity). 
Toward the end of the second inflow rate the rain slowed and runoff to the site dropped to a level 
at which field staff were unable to maintain the targeted inflow rate, so the samplers were 
stopped after 24 out of 28 subsamples. Flow through the Aqua-Filter™ during the sampling 
periods totaled 9,752 gallons for the first flow rate and 8,007 gallons for the second flow rate, 
which is equivalent to 9.8 and 8.1 detention volumes, respectively (one detention volume = 993 
gallons).  Both sampling periods met the minimum 8 detention volume criteria specified in the 
QAPP. 
 

                                                 
1 Due to problems with the UW rain gauge during the November 28th storm event, rain data was taken from a rain 
gage at the Bertschi School on Capitol Hill. This was the closest available rain gage with real time data. 
2 Due to the concern that the inlet area velocity (A/V) sensor was over measuring flow, inflow data for the 
November 28th storm event (and all future events) was calculated using the 0.75H flume measuring flow at the 
outlet. Flow measured by the flume was also used to flow pace the outlet sampler and determine a pacing rate for the 
inlet sampler. A more detailed explanation of the flow discrepancies and the reason this approach is provided in 
storm event summaries #7 and #9. 
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The QAPP sets a goal of less than 20 percent variation from the median inflow throughout the 
sampling period.  For the duration of the 156.3 gpm sampling period, the inflow rate was within 
20 percent variation of the median inflow 86 percent of the time and within 25 percent variation 
of the median inflow 95 percent of the time.  Additionally, for 87 percent of the total volume 
flowing into the unit the inflow rate was within 20 percent variation of the median inflow.  For 
the duration of the 62.8 gpm sampling period, the inflow rate was within 20 percent variation of 
the median inflow 98 percent of the time and within 25 percent variation of the median inflow 
100 percent of the time.  Additionally, for 98 percent of the total volume flowing into the unit the 
inflow rate was within 20 percent variation of the median inflow.  Table 2 summarizes the 
sampling period and flow characteristics.   
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics, conventionals, and particle size distribution analysis3. No quality control samples 
were collected during the November 28th storm event. Samples were delivered to the lab within 
the 24-hour holding time. 
 
As illustrated in Figure 1, storm event #13 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 44 hours with no rain. 
  
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow as well as the water level in the filtration 
chamber for the sampling period. As is evident by looking at the water level data in the filtration 
chamber, the Aqua-Filter™ never went into overflow conditions even though the unit was tested 
at 125 percent of its filtration capacity for the first flow rate. Figure 2 also includes markers 
showing when within the sampling period subsamples were collected.  
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Field data sheets. 
 Chain of Custody (COC) forms. 

                                                 
3 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #13.
11/28/2007 14:00

Meet Antecedent (<0.10 in. in previous 24 hrs, <0.04 in. in previous 6 hours)? Y
44
44

0.19
6.75
0.03

Precipitation ≥ 0.15" Y
Duration ≥ 5 hrs Y

Inflow #1 Inflow #2
156.3¹ 62.8

Test Duration (min) 63 134
Median Qin (gpm) 158 60
Mean Qin (gpm) 155 60
Max Qin (gpm) 169 62

135 54
86% 98%

Percentage of time w/in 25% variation of median Qin 95% 100%
Percentage of inflow volume w/in 20% variation of the median Qin 87% 98%

9,752 8,007
9.8 8.1
Y Y

¹ 156.3 is 125% and 62.8 gpm is 50% of the AquaFilter's filtration capacity.

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples. 
Date/Time Collected

11/28/2007 15:27
11/28/2007 17:10
11/28/2007 15:23
11/28/2007 17:08

Field Duplicate -
-
-

Antecedent with <0.10 in. (hrs):

¹ Rainfall measurements from Bertschi School rain gage. Taylor Associates is not involved with the operation or maintenance of this 
rain gage and cannot verify the accuracy of this precipitation data.

Collected 28 out of 28 subsamples at both the inlet and outlet for the first flow rate. Rain slowed, runoff 
to the site dropped so stopped the samplers after 24 out of 28 subsamples during the second flow rate. 

¹ Each sample was submitted for conventionals (C) and organics (O). Samples from the first flow rate were also submitted for 
particle size distribution (PSD) analysis.

Equipment Rinsate 
Blanks -

Min Qin (gpm)

Outlet
112807-AF-50-OUT-[C, O]

Aqua-Filter™ Storm Event Summary #13 (November 28, 2007)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Total Precipitation (in)¹
Duration (hrs)
Average Storm Intensity (in/hr)

-

ID¹

112807-AF-125-OUT-[C, O, PSD]

112807-AF-125-IN-[C, O, PSD]

Qualifying Sampling Period? (Detention Volume>8)

-

Table 2: Sampling period data & qualifying sampling period criteria for storm event #13.

Flow volume through unit during test (gal)

Meet Rain Criteria?

Inlet
112807-AF-50-IN-[C, O]

Percentage of time w/in 20% variation of median Qin

# of detention volumes (993 gal) flowing through unit during test

Sampling Activity Notes

Sample Event
Arrived on site around 14:30, trough was already lowered.  Set up samplers and attempted to stabilize 
flow based on flow readings from flume at outlet sampler. Stabilized flow and started sampling 156 gpm 
flow rate at 15:27.  Collected 28 out of 28 subsamples at 16:25, reset samplers for 63 gpm flow rate and 
started second sampling period at 17:10. Rain to the site slowed and runoff dropped, so stopped 
samples after 24 out of 28 subsamples at 19:20.

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 11/29/07 9:30, within the 24-hour 
holding time.

Taylor Associates, Inc. 3
Storm Event Summary #13 (112807) November 28th, 2007 - Aqua-Filter™ 
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Figure 1.  The antecedent period prior to Aqua-Filter™ storm event #13.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #13. Includes: rainfall, inflow, outflow and filtration chamber level. (spikes in 
inflow and outflow are due to staff flushing the gate valve.)
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #14 (December 13, 2007) 

 

Introduction 
This report summarizes the storm event sampled on December 13th, 2007 by Taylor Associates, 
Inc. (Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 14th 
storm event sampled for the Aqua-Filter™; however, it is the ninth storm event summary 
submitted to the City of Tacoma (Tacoma). The first five storms were sampled under a separate 
contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not include 
budget for the preparation of storm summaries, and the data from those storms may or may not 
be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. 
 

Summary of the storm event 
The storm on December 13th was the ninth event sampled for the Aqua-Filter™ technology 
under the Tacoma contract. The storm was predicted to have a total between 0.68 to 0.81 inches 
and the radar looked promising when the decision was made to sample. However, the storm 
broke up shortly after the samplers were started and rainfall only totaled 0.07 inches over 1 hour. 
This did not meet the sampling criteria of a minimum 0.15 inches or the duration criteria of 5 
hours specified in the Aqua-Filter™ quality assurance project plan (QAPP). No rain fell within 
the 24 hours prior to the storm event, which met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event characteristics for this event are summarized in Table 1. 
  
The short duration of the storm event allowed for the sampling of one flow rate, 156.31 gallons 
per minute (gpm) or 125 percent of the filtration capacity of the Aqua-Filter™. The rain stopped 
before the sampling event was finished and runoff to the site dropped, making it difficult to 
maintain the flow rate. As a result, the inlet and outlet samplers were stopped after collecting 24 
out of 28 subsamples. Flow through the Aqua-Filter™ during the sampling periods totaled 7,263 
gallons, which is equivalent to 7.3 detention volumes (one detention volume = 993 gallons).  
This did not meet the minimum 8 detention volume criteria specified in the QAPP. 
 

                                                 
1 Due to the concern that the inlet area velocity (A/V) sensor was over measuring flow, inflow data for the 
December 13th storm event (and all future events) was calculated using the 0.75H flume measuring flow at the 
outlet. Flow measured by the flume was also used to flow pace the outlet sampler and determine a pacing rate for the 
inlet sampler. A more detailed explanation of the flow discrepancies and the reason this approach is provided in 
storm event summaries #7 and #9. 
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The QAPP sets a goal of less than 20 percent variation from the median inflow throughout the 
sampling period.  For the duration of the sampling period on December 13th, the inflow rate was 
within 20 percent variation of the median inflow 91 percent of the time and within 25 percent 
variation of the median inflow 96 percent of the time.  Additionally, for 93 percent of the total 
volume flowing into the unit the inflow rate was within 20 percent variation of the median 
inflow.  Table 2 summarizes the sampling period and flow characteristics.   
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics, conventionals, and particle size distribution analysis2. The storm event was targeted 
for a duplicate sample; however, the duplicate sampler stopped working after collecting only 12 
subsamples.3 As a result of the problems with the duplicate sampler, no quality control samples 
were collected during the December 13th storm event. Samples were delivered to the lab within 
the 24 hour holding time. 
 
As illustrated in Figure 1, storm event #14 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 214 hours with no rain and 229 hours with less than 0.1 inches of 
rain. 
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow as well as the water level in the filtration 
chamber for the sampling period. As is evident by looking at the water level data in the filtration 
chamber, the Aqua-Filter™ never went into overflow conditions even though the unit was tested 
at 125 percent of its filtration capacity. Figure 2 also includes markers showing when within the 
sampling period subsamples were collected.  
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Field data sheets. 
 Chain of Custody (COC) forms. 

                                                 
2 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 
3 Troubleshooting done after the storm event found a possible loose connection in the cable connecting the primary 
and duplicate sampler. The cable was tightened and the sampler was tested. Test indicated tightening the cable fixed 
the problem. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #14.
12/13/2007 11:37

Meet Antecedent (<0.10 in. in previous 24 hrs, <0.04 in. in previous 6 hours)? Y
214
229
0.07
1.25
0.06

Precipitation ≥ 0.15" N
Duration ≥ 5 hrs N

Inflow #1
156.3¹

Test Duration (min) 46
Median Qin (gpm) 157
Mean Qin (gpm) 155
Max Qin (gpm) 160

125
91%

Percentage of time w/in 25% variation of median Qin 96%
Percentage of inflow volume w/in 20% variation of the median Qin 93%

7,263
7.3
N

¹ 156.3 is 125% of the Aqua-Filter™'s filtration capacity.

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples
Date/Time Collected

Inlet 12/13/2007 12:41
Outlet 12/13/2007 12:38
Field Duplicate -

-
-

¹ Each sample was submitted for conventionals (C), organics (O), and particle size distribution (PSD) analysis.

Equipment Rinsate 
Blanks -

Min Qin (gpm)

Rain slowed, runoff to site dropped, lost overflow after 18 subsamples and had trouble maintaining inflow. 
Stopped both the inlet and the outlet samplers after 24 out of 28 subsamples. 

Percentage of time w/in 20% variation of median Qin

# of detention volumes (993 gal) flowing through unit during test

Average Storm Intensity (in/hr)

Aqua-Filter™ Storm Event Summary #14 (December 13, 2007)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Total Precipitation (in)¹
Duration (hrs)

Antecedent with <0.10 in. (hrs):

¹ Rainfall measurements from UW rain gage. Taylor Associates is not involved with the operation or maintenance of this rain gage 
and cannot verify the accuracy of this precipitation data.

Meet Rain Criteria?

-

ID¹

121307-AF-125-OUT-[C, O, PSD]
121307-AF-125-IN-[C, O, PSD]

Qualifying Sampling Period? (Detention Volume>8)

-

Table 2: Sampling period data & qualifying sampling period criteria for storm event #14.

Flow volume through unit during test (gal)

Sampling Activity Notes

Weather Tracking
Unisys 2-day forecast predicted total of 0.81 between 12/13/07 10:00 and 12/15/07 04:00. Three-day 
forecast from the Center for Ocean-Land-Atmosphere Studies predicted total of 0.68" between 12/13/07 
7:00 and 12/15/07 01:00. 

Sample Event
Arrived on site around 11:30, trough was already lowered.  Set up samplers and attempted to stabilize 
flow based on flow readings from flume at outlet sampler. Stabilized flow and started sampling 156 gpm 
flow rate at 12:41. Storm tapered off earlier than predicted. Runoff to the site slowed, lost overflow at 
inlet, stopped inlet and outlet samplers after 24 out of 28 subsamples at 13:27.

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 12/14/07 12:40, within the 24-hour 
holding time.

Taylor Associates, Inc. 3
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Figure 1.  The antecedent dry periods prior to Aqua-Filter™ storm event #14.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #14. Includes: rainfall, inflow, outflow and filtration chamber level. (Spikes in 
inflow and outflow due to staff flushing gate valve.)
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #15 (December 27, 2007) 

 

Introduction 
This report summarizes the storm event sampled on December 27th, 2007 by Taylor Associates, 
Inc. (Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 15th 
storm event sampled for the Aqua-Filter™, however, it is the tenth storm event summary 
submitted to the City of Tacoma (Tacoma). The first five storms were sampled under a separate 
contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not include 
budget for the preparation of storm summaries, and the data from those storms may or may not 
be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. 
 

Summary of the storm event 
The storm on December 27th was the tenth event sampled for the Aqua-Filter™ technology under 
the Tacoma contract. The storm was predicted to have a total between 0.40 to 0.58 inches over 
18 to 24 hours. The storm was smaller than forecasted with a total of 0.13 inches over 5.5 hours. 
This did not meet the sampling criteria of a minimum 0.15 inches but it did meet the duration 
criteria of 5 hours specified in the Aqua-Filter™ quality assurance project plan (QAPP). No rain 
fell within the 24 hours prior to the storm event, which met both antecedent rainfall conditions of 
less than 0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm 
event. The storm event characteristics for this event are summarized in Table 1. 
  
While the storm was smaller than predicted, the intensity and length were enough to sample two 
inflow rates, 156.3 gallons per minute1 (gpm) (125 percent of the filtration capacity) and 62.8 
gpm (50 percent of the filtration capacity). Flow through the Aqua-Filter™ during the 156.3 
sampling period totaled 9,948 gallons, which is equivalent to 10.0 detention volumes (one 
detention volume = 993 gallons).  Flow through the Aqua-Filter™ during the 62.8 gpm totaled 
9,045 gallons, which is equivalent to 9.1 detention volumes. Both sampling periods met the 
minimum 8 detention volume criteria specified in the QAPP. 
 

                                                 
1 Due to the concern that the inlet area velocity (A/V) sensor was over measuring flow, inflow data for the 
December 27th storm event (and all future events) was calculated using the 0.75H flume measuring flow at the 
outlet. Flow measured by the flume was also used to flow pace the outlet sampler and determine a pacing rate for the 
inlet sampler. A more detailed explanation of the flow discrepancies and the reason this approach is provided in 
storm event summaries #7 and #9. 
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The QAPP sets a goal of less than 20 percent variation from the median inflow throughout the 
sampling period.  For the duration of both sampling periods on December 27th, the inflow rate 
was within 20 percent variation of the median inflow 100 percent of the time.   
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics, conventionals, and particle size distribution analysis2. The storm event was targeted 
for a duplicate sample, however, problems believed to be stemming from a faulty cable between 
the primary and duplicate sampler made duplicate sample collection unfeasible.3 As a result of 
the faulty cable, no quality control samples were collected for the December 27th storm event. 
Samples were delivered to the lab within the 24 hour holding time. 
 
As illustrated in Figure 1, storm event #15 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 46 hours with no rain and 48 hours with less than 0.10 inches of 
rain. 
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow as well as the water level in the filtration 
chamber for the sampling period. As is evident by looking at the water level data in the filtration 
chamber, the Aqua-Filter™ never went into overflow conditions even though the unit was tested 
at 125 percent of its filtration capacity for the first inflow rate. Figure 2 also includes markers 
showing when within the sampling period subsamples were collected.  
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Field data sheets. 
 Chain of Custody (COC) forms. 
  

                                                 
2 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 
3 The faulty cable was replaced after the sample event and the primary and duplicate samplers were successfully 
tested with the new cable. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #15.
12/27/2007 14:16

Meet Antecedent (<0.10 in. in previous 24 hrs, <0.04 in. in previous 6 hours)? Y
46
48

0.13
5.5

0.02
Precipitation ≥ 0.15" N
Duration ≥ 5 hrs Y

Inflow #1 Inflow #2
156.3¹ 62.8

Test Duration (min) 63 153
Median Qin (gpm) 158 59
Mean Qin (gpm) 158 59
Max Qin (gpm) 161 63

154 58
100% 100%

Percentage of time w/in 25% variation of median Qin 100% 100%
Percentage of inflow volume w/in 20% variation of the median Qin 100% 100%

9,948 9,045
10.0 9.1

Y Y
¹ 156.3 is 125% and 62.8 is 50% of the Aqua-Filter™'s filtration capacity

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples
Date/Time Collected

12/27/2007 16:49
12/27/2007 18:38
12/27/2007 16:43
12/27/2007 18:30

Field Duplicate -
-
-

Antecedent with <0.10 in. (hrs):

¹ Rainfall measurements from UW rain gage. Taylor Associates is not involved with the operation or maintenance of the UW rain 
gage and cannot verify the accuracy of this precipitation data.

Attempted to collect duplicate sample with first flow rate, however, duplicate sampler never triggered. It is
believed to be due to a faulty cable between the primary and duplicate sampler. Collected 28 out of 28 
subsamples for both flow rates.

¹ Each sample was submitted for conventionals (C) and organics (O). Samples from the first flow rate were also submitted for particle size distribution (PSD) 
analysis.

122707-AF-125-OUT-[C, O, PSD]
122707-AF-50-OUT-[C, O, PSD]

Inlet

Outlet

Meet Rain Criteria?

Percentage of time w/in 20% variation of median Qin

# of detention volumes (993 gal) flowing through unit during test

Average Storm Intensity (in/hr)

-

ID¹

122707-AF-50-IN-[C, O, PSD]
122707-AF-125-IN-[C, O, PSD]

Qualifying Sampling Period? (Detention Volume>8)

-

Table 2: Sampling period data & qualifying sampling period criteria for storm event #15.

Flow volume through unit during test (gal)

Equipment Rinsate 
Blanks -

Min Qin (gpm)

Aqua-Filter™ Storm Event Summary #15 (December 27, 2007)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Total Precipitation (in)¹
Duration (hrs)

Sampling Activity Notes

Weather Tracking
Three-day forecast from the Center for Ocean-Land-Atmosphere Studies predicted total of 0.4" between 
12/27/07 07:00 and 12/28/07 07:00. Unisys 2-day forecast predicted total of 0.58" between 12/27/07 10:00
and 12/27/07 04:00.

Sample Event
Arrived on site around 16:15, trough was already lowered.  Set up samplers and attempted to stabilize 
flow based on flow readings from flume at outlet sampler. Stabilized flow and started sampling 156 gpm 
flow rate at 16:43. Collected 28 out of 28 subsamples, reset samplers, started sampling 62 gpm flow rate 
at 18:30. Collected 28 out of 28 subsamples for second flow rate. 

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 12/28/07 8:40, within the 24-hour 
holding time.

Taylor Associates, Inc. 3
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Figure 1.  The antecedent dry periods prior to Aqua-FilterTM storm event #15.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #15. Includes: rainfall, inflow, outflow and filtration chamber level. (Spikes in 
inflow and outflow are due to staff flushing the gate valve.)
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #16 (January 14, 2008) 

 

Introduction 
This report summarizes the storm event sampled on January 14th, 2008 by Taylor Associates, 
Inc. (Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 16th 
storm event sampled for the Aqua-Filter™, however, it is the eleventh storm event summary 
submitted to the City of Tacoma (Tacoma). The first five storms were sampled under a separate 
contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not include 
budget for the preparation of storm summaries, and the data from those storms may or may not 
be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. 
 

Summary of the storm event 
The storm on January 14th was the eleventh event sampled for the Aqua-Filter™ technology 
under the Tacoma contract. The storm was predicted to have a total of around 0.50 inches over 6 
to 18 hours. The storm was just slightly smaller than forecasted with a total of 0.44 inches over 
7.5 hours. This met both sampling criteria of a minimum accumulation of 0.15 inches and a 
minimum duration criteria of 5 hours specified in the Aqua-Filter™ quality assurance project 
plan (QAPP). No rain fell within the 24 hours prior to the storm event, which met both 
antecedent rainfall conditions of less than 0.10 inches in the 24 hours and less than 0.04 inches in 
the 6 hours prior to the storm event. The storm event characteristics for this event are 
summarized in Table 1. 
  
The storm intensity and duration were enough to sample two inflow rates, 62.8 gallons per 
minute1 (gpm) (50 percent of the filtration capacity) and 125.7 gpm (100 percent of the filtration 
capacity). Flow through the Aqua-Filter™ during the 62.8 gpm sampling period totaled 8,282 
gallons, which is equivalent to 8.3 detention volumes (one detention volume = 993 gallons).  
Flow through the Aqua-Filter™ during the 125.7 gpm totaled 9,772 gallons, which is equivalent 
to 9.8 detention volumes. Both sampling periods met the minimum 8 detention volume criteria 
specified in the QAPP. 
 

                                                 
1 Due to the concern that the inlet area velocity (A/V) sensor was over measuring flow, inflow data for the January 
14th storm event (and all future events) was calculated using the 0.75H flume measuring flow at the outlet. Flow 
measured by the flume was also used to flow pace the outlet sampler and determine a pacing rate for the inlet 
sampler. A more detailed explanation of the flow discrepancies and the reason this approach is provided in storm 
event summaries #7 and #9. 
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The QAPP sets a goal of less than 20 percent variation from the median inflow throughout the 
sampling period.  For the duration the 62.8 gpm sampling period, the inflow rate was within 20 
percent variation of the median inflow 78 percent of the time and within 25 percent variation of 
the median inflow 87 percent of the time. In addition, for 80 percent of the total volume flowing 
into the unit the inflow rate was within 20 percent variation of the median inflow. For the 
duration of the 125.7 gpm sampling period, the inflow rate was within 20 percent variation of the 
median inflow 100 percent of the time2.   
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics, conventionals, and particle size distribution analysis3. The storm event was targeted 
for a duplicate sample. The duplicate sampler didn’t enable during the first sampling period (62.8 
gpm), however it was successfully targeted during the second sampling period. All samples were 
delivered to the lab within the 24 hour holding time. 
 
As illustrated in Figure 1, storm event #16 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 54 hours with no rain and 56 hours with less than 0.10 inches of 
rain. 
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow as well as the water level in the filtration 
chamber for the sampling period. As is evident by looking at the water level data in the filtration 
chamber, the Aqua-Filter™ never went into overflow conditions, which was expected since the 
unit was tested at 50 and 100 percent of its filtration capacity. Figure 2 also includes markers 
showing when within the sampling period subsamples were collected. 
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Field data sheets. 
 Chain of Custody (COC) forms. 

                                                 
2 The outlet flow meter was not downloaded immediately following the second sampling period (it was downloaded 
between flow rates). The flow meter can only hold a set amount of data before the new data starts to overwrite the 
old data. Due to an oversight by the field staff, new data started to overwrite the data from the second sampling 
period before the flow meter was downloaded. Since the median inflow values included in this storm file are based 
on the outlet flow data, the outlet flow data from the second sampling period was estimated using the inlet flow data. 
To accomplish this, an average offset between the inlet and outlet flow was calculated using the inlet and outlet flow 
recorded on the field sheets at both the start and end of the sampling period. The inlet data points recorded during 
the sampling period were then multiplied by the average offset to estimate the outlet flow.   
3 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #16.
1/14/2008 14:00

Meet Antecedent (<0.1o in. in previous 24 hrs, <0.04 in. in previous 6 hours)? Y
54
56

0.44
7.25
0.06

Precipitation ≥ 0.15" Y
Duration ≥ 5 hrs Y

Inflow #1 Inflow #2
62.8¹ 125.7

Test Duration (min) 130 76
Median Qin (gpm) 65 129
Mean Qin (gpm) 63 129
Max Qin (gpm) 75 139

30 120
78% 100%

Percentage of time w/in 25% variation of median Qin 87% 100%
Percentage of inflow volume w/in 20% variation of the median Qin 80% 100%

8282 9772
8.3 9.8
Y Y

¹ 62.8 is 50% and 125.7 is 100% of the Aqua-Filter™'s filtration capacity

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples
Date/Time Collected

1/14/2008 14:15
1/14/2008 17:16
1/14/2008 14:10
1/14/2008 17:10

Field Duplicate 1/14/2008 17:17
-
-

Equipment Rinsate 
Blanks -

Min Qin (gpm)

Aqua-Filter™ Storm Event Summary #16 (January 14, 2008)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Total Precipitation (in)¹
Duration (hrs)

-

ID¹

011408-AF-100-IN-[C, O, PSD]
011408-AF-50-IN-[C, O, PSD]

Qualifying Sampling Period? (Detention Volume>8)

011408-AF-100-IN-[C, O](2)

Table 2: Sampling period data & qualifying sampling period criteria for storm event #16.

Flow volume through unit during test (gal)
# of detention volumes (993 gal) flowing through unit during test

Average Storm Intensity (in/hr)

Antecedent with <0.10 in. (hrs):

¹ Rainfall measurements from UW rain gage. Taylor Associates is not involved with the operation or maintenance of the UW rain 
gage and cannot verify the accuracy of this precipitation data.

Attempted to collect duplicate sampler with first flow rate. The duplicate sampler did not enable. Collected
duplicate sample during second flow rate. Collected 28 out of 28 subsamples for both flow rates.

¹ Each sample was submitted for conventionals (C) and organics (O). Samples from the first flow rate were also submitted for particle 
size distribution (PSD) analysis.

011408-AF-50-OUT-[C, O, PSD]
011408-AF-100-OUT-[C, O, PSD]

Inlet

Outlet

Meet Rain Criteria?

Percentage of time w/in 20% variation of median Qin

Sampling Activity Notes

Weather Tracking
Three-day forecast from the Center for Ocean-Land-Atmosphere Studies predicted total of 0.52 between 
1/14/08 04:00 and 1/14/08 22:00. Unisys 2-day forecast predicted total of 0.51" between 1/14/08 16:00 
and 1/14/08 22:00. 

Sample Event
Arrived on site around 13:00, trough was already lowered.  Set up samplers and attempted to stabilize 
flow based on flow readings from flume at outlet sampler. Stabilized flow and started sampling 63 gpm 
flow rate at 14:15. Collected 28 out of 28 subsamples, reset samplers, started sampling 125 gpm flow 
rate at 17:16. Collected 28 out of 28 subsamples for second flow rate. 

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 1/15/08 within the 24-hour holding 
time.
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Figure 1.  The antecedent dry periods prior to Aqua-FilterTM storm event #16.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #16. Includes: rainfall, inflow, outflow and filtration chamber level. (Spikes in 
inflow and outflow are due to staff flushing the gate valve.)
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #17 (May 13, 2008) 

 

Introduction 
This report summarizes the storm event sampled on May 13th, 2008 by Taylor Associates, Inc. 
(Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 
seventeenth storm event sampled for the Aqua-Filter™, however, it is the twelfth storm event 
summary submitted to the city of Tacoma (Tacoma). The first five storms were sampled under a 
separate contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not 
include budget for the preparation of storm summaries, and the data from those storms may or 
may not be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal 
Test Facility.  

Summary of the storm event 
The storm on May 13th was the twelfth event sampled for the Aqua-Filter™ technology under 
the Tacoma contract. The storm was predicted to have a total of around 0.52 inches over 33 to 39 
hours. The storm was smaller and shorter than forecasted with a total of 0.09 inches over 3.25 
hours. This did not meet either sampling criteria of a minimum accumulation of 0.15 inches and 
a minimum duration of 5 hours specified in the Aqua-Filter™ quality assurance project plan 
(QAPP). No rain fell within the 24 hours prior to the storm event, which met both antecedent 
rainfall conditions of less than 0.10 inches in the 24 hours and less than 0.04 inches in the 6 
hours prior to the storm event. The storm event characteristics for this event are summarized in 
Table 1. 
  
The short storm duration allowed for the sampling of only one flow rate, 62.8 gallons per 
minute1 (gpm) (50 percent of the filtration capacity). Flow through the Aqua-Filter™ during the 
62.8 gpm sampling period totaled 9,093 gallons, which is equivalent to 9.2 detention volumes 
(one detention volume = 993 gallons) and met the minimum 8 detention volume criteria specified 
in the QAPP. 
 
The QAPP also sets a goal of less than 20 percent variation from the median inflow throughout 
the sampling period.  For the duration the 62.8 gpm sampling period, the inflow rate was within 
20 percent variation of the median inflow 65 percent of the time and within 25 percent variation 

                                                 
1 Due to the concern that the inlet area velocity (A/V) sensor was over measuring flow, inflow data for the May 13th 
storm event (and all future events) was calculated using the 0.75H flume measuring flow at the outlet. Flow 
measured by the flume was also used to flow pace the outlet sampler and determine a pacing rate for the inlet 
sampler. A more detailed explanation of the flow discrepancies and the reason this approach is provided in storm 
event summaries #7 and #9. 
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of the median inflow 88 percent of the time. In addition, for 62 percent of the total volume 
flowing into the unit the inflow rate was within 20 percent variation of the median inflow.   
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics, conventionals, and particle size distribution analysis2. The storm event was 
successfully targeted for a duplicate sample. All samples were delivered to the lab within the 24 
hour holding time. 
 
As illustrated in Figure 1, storm event #17 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 241 hours with no rain and 362 hours with less than 0.10 inches of 
rain. 
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow as well as the water level in the filtration 
chamber for the sampling period. As is evident by looking at the water level data in the filtration 
chamber, the Aqua-Filter™ never went into overflow conditions, which was expected since the 
unit was tested at 50 percent of its filtration capacity. Figure 2 also includes markers showing 
when within the sampling period subsamples were collected. 
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Field data sheets. 
 Chain of Custody (COC) forms. 

                                                 
2 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #17.
5/13/2008 8:57

Meet Antecedent (<0.10 in. in  previous 24 hrs, <0.04 in. in previous 6 hours)? Y
241
362
0.09
3.25
0.03

Precipitation ≥ 0.15" N
Duration ≥ 5 hrs N

Inflow #1
62.8¹

Test Duration (min) 147
Median Qin (gpm) 59
Mean Qin (gpm) 61
Max Qin (gpm) 76

56
65%

Percentage of time w/in 25% variation of median Qin 88%
Percentage of inflow volume w/in 20% variation of the median Qin 62%

9,093
9.2
Y

¹ 62.8 is 50% of the Aqua-Filter™'s filtration capacity.

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples
Date/Time Collected

Field Duplicate 5/13/2008 11:15
-
-

¹ Each sample was submitted for conventionals (C), organics (O) and particle size distribution (PSD) analysis.

5/13/2008 11:14
051308-AF-50-OUT-[C, O, PSD] 5/13/2008 11:10

Equipment Rinsate 
Blanks -

Inlet
Outlet

051308-AF-50-IN-[C, O, PSD]

Aqua-Filter™ Storm Event Summary #17 (May 13, 2008)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Total Precipitation (in)¹
Duration (hrs)
Average Storm Intensity (in/hr)

Antecedent with <0.10 in. (hrs):

-

ID¹

Qualifying Sampling Period? (Detention Volume>8)

051308-AF-50-IN-[C, O, PSD](2)

Table 2: Sampling period data & qualifying sampling period criteria for storm event #17.

Flow volume through unit during test (gal)
# of detention volumes (993 gal) flowing through unit during test

Min Qin (gpm)

¹ Rainfall measurements from UW rain gage. Taylor Associates is not involved with the operation or maintenance of the UW rain 
gage and cannot verify the accuracy of this precipitation data.

Collected 28 out of 28 subsamples for the 62.8 gpm flow rate. Storm ended earlier than forecasted, runoff 
to the site dropped so staff were unable to target second flow rate.

Meet Rain Criteria?

Percentage of time w/in 20% variation of median Qin

Sampling Activity Notes

Weather Tracking
Three-day forecast from the Center for Ocean-Land-Atmosphere Studies predicted total of 0.53" 
between 5/13/08 02:00 and 5/14/08 17:00. Seven-day forecast from the Center for Ocean-Land-
Atmosphere Studies predicted total of 0.52" between 5/13/08 05:00 and 5/14/08 14:00.

Sample Event
Arrived on site around 10:30, trough was already lowered.  Set up samplers and attempted to stabilize 
flow based on flow readings from flume at outlet sampler. Stabilized flow and started sampling 63 gpm 
flow rate at 11:14. Storm front fell apart during sampling period. Collected 28 out of 28 subsamples. 
Runoff to site was too low to target second inflow rate.

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 5/14/08 9:00 within the 24-hour 
holding time.
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Figure 1.  The antecedent dry periods prior to Aqua-FilterTM storm event #17.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #17. Includes: rainfall, inflow, outflow and filtration chamber level. (Spikes in 
inflow and outflow are due to staff flushing the gate valve.)
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #18 (June 3, 2008) 

 

Introduction 
This report summarizes the storm event sampled on June 3rd, 2008 by Taylor Associates, Inc. 
(Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 
eighteenth storm event sampled for the Aqua-Filter™, however, it is the thirteenth storm event 
summary submitted to the city of Tacoma (Tacoma). The first five storms were sampled under a 
separate contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not 
include budget for the preparation of storm summaries, and the data from those storms may or 
may not be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal 
Test Facility.  

Summary of the storm event 
The storm on June 3rd was the thirteenth event sampled for the Aqua-Filter™ technology under 
the Tacoma contract. The storm was predicted to have a total between 0.32 to 0.46 inches over 
12 hours. The storm was slightly smaller and longer than forecasted with a total of 0.29 inches 
over 13.25 hours. This met both sampling criteria of a minimum accumulation of 0.15 inches and 
a minimum duration of 5 hours specified in the Aqua-Filter™ quality assurance project plan 
(QAPP). No rain fell within the 24 hours prior to the storm event, which met both antecedent 
rainfall conditions of less than 0.10 inches in the 24 hours and less than 0.04 inches in the 6 
hours prior to the storm event. The storm event characteristics for this event are summarized in 
Table 1. 
  
The size and duration of the storm event allowed for the sampling of two inflow rate, 125.7 
gallons per minute1 (gpm) (100 percent of the filtration capacity of the Aqua-Filter™) and 156.3 
gpm (125 percent of the filtration capacity). Flow through the Aqua-Filter™ during the 125.7 
gpm sampling period totaled 8,733 gallons, which is equivalent to 8.8 detention volumes (one 
detention volume = 993 gallons). Flow through the Aqua-Filter™ during the 156.3 gpm 
sampling period totaled 9,053 gallons, which is equivalent to 9.1 detention volumes. Both met 
the minimum 8 detention volume criteria specified in the QAPP.  
 

                                                 
1 Due to the concern that the inlet area velocity (A/V) sensor was over measuring flow, inflow data for the June 3rd 
storm event (and all future events) was calculated using the 0.75H flume measuring flow at the outlet. Flow 
measured by the flume was also used to flow pace the outlet sampler and determine a pacing rate for the inlet 
sampler. A more detailed explanation of the flow discrepancies and the reason this approach is provided in storm 
event summaries #7 and #9. 
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The QAPP also sets a goal of less than 20 percent variation from the median inflow throughout 
the sampling period.  For the duration of both the 125.7 gpm and 156.3 sampling periods, the 
inflow rate was within 20 percent variation of the median inflow 100 percent of the time.   
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics and conventionals analysis. Samples from the first inflow rate were also submitted 
for particle size distribution analysis2. All samples were delivered to the lab within the 24 hour 
holding time. 
 
As illustrated in Figure 1, storm event #18 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 209 hours with no rain and 329 hours with less than 0.10 inches of 
rain. 
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow as well as the water level in the filtration 
chamber for the sampling period. As is evident by looking at the water level data in the filtration 
chamber, the Aqua-Filter™ never went into overflow conditions even though it was tested at 125 
percent of its filtration capacity during the second flow rate. Figure 2 also includes markers 
showing when within the sampling period subsamples were collected. 
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Field data sheets. 
 Chain of Custody (COC) forms. 

                                                 
2 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #18.
6/2/2008 21:58

Meet Antecedent (<0.10 in. in  previous 24 hrs, <0.04 in. in previous 6 hours)? Y
209
329
0.29

13.25
0.02

Precipitation ≥ 0.15" Y
Duration ≥ 5 hrs Y

Inflow #1 Inflow #2
125.7¹ 156.3

Test Duration (min) 71 58
Median Qin (gpm) 121 155
Mean Qin (gpm) 121 156
Max Qin (gpm) 123 165

120 147
100% 100%

Percentage of time w/in 25% variation of median Qin 100% 100%
Percentage of inflow volume w/in 20% variation of the median Qin 100% 100%

8,733 9,053
8.8 9.1
Y Y

¹ 125.7 is 100% and 156.3 is 125% of the Aqua-Filter ™'s filtration capacity.

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples
Date/Time Collected

6/3/2008 8:48
6/3/2008 10:55
6/3/2008 8:46

6/3/2008 10:54
Field Duplicate -

-
-

¹ Each sample was submitted for conventionals (C), organics (O). Only samples from the 125.7 inflow test (100% of the filtration 
capacity) were submitted for particle size distribution (PSD) analysis.

Equipment Rinsate 
Blanks -

Inlet

Outlet

060308-AF-100-IN-[C, O, PSD]

060308-AF-100-OUT-[C, O, PSD]

Aqua-Filter™ Storm Event Summary #18 (June 3, 2008)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Total Precipitation (in)¹
Duration (hrs)
Average Storm Intensity (in/hr)

Antecedent with <0.10 in. (hrs):

-

ID¹

Qualifying Sampling Period? (Detention Volume>8)

-

Table 2: Sampling period data & qualifying sampling period criteria for storm event #18.

Flow volume through unit during test (gal)
# of detention volumes (993 gal) flowing through unit during test

Min Qin (gpm)

Meet Rain Criteria?

Percentage of time w/in 20% variation of median Qin

060308-AF-125-IN-[C, O]

060308-AF-125-OUT-[C, O]

¹ Rainfall measurements from UW rain gage. Taylor Associates is not involved with the operation or maintenance of the UW rain 
gage and cannot verify the accuracy of this precipitation data.

Collected 28 out of 28 subsamples for both inflow rates.

Sampling Activity Notes

Weather Tracking
Unisys 2-day forecast predicted 0.46" between 6/3/08 6:00 and 6/3/08 18:00. Seven-day forecast from 
the Center for Ocean-Land-Atmosphere Studies predicted total of 0.32" between 6/2/08 20:00 and 
6/3/08 8:00.

Sample Event
Arrived on site around 08:00, trough was already lowered.  Set up samplers and attempted to stabilize 
flow based on flow readings from flume at outlet sampler. Stabilized flow and started sampling 125 gpm 
flow rate at 8:48. Collected subsample 28 out of 28 at 9:59. Reset samplers for second inflow rate, 
stablilized flow at 156 gpm, and started sampling second flow rate at 10:55. Collected subsample 28 out 
of 28 at 11:46.

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 6/3/08 13:35 within the 24-hour 
holding time.

Taylor Associates, Inc. 3
Storm Event Summary #18 (060308) June 3rd, 2008 - Aqua-Filter™

WSDOT Lake Union Test Facility



Figure 1.  The antecedent dry periods prior to Aqua-FilterTM storm event #18.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #18. Includes: rainfall, inflow, outflow and filtration chamber level. (Spikes in 
inflow and outflow are due to staff flushing the gate valve.)
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #19 (August 19, 2008) 

 

Introduction 
This report summarizes the storm event sampled on August 19th, 2008 by Taylor Associates, Inc. 
(Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 
nineteenth storm event sampled for the Aqua-Filter™, however, it is the fourteenth storm event 
summary submitted to the city of Tacoma (Tacoma). The first five storms were sampled under a 
separate contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract did not 
include budget for the preparation of storm summaries, and the data from those storms may or 
may not be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship Canal 
Test Facility.  

Summary of the storm event 
The storm on August 19th was the fourteenth event sampled for the Aqua-Filter™ technology 
under the Tacoma contract. The storm was predicted to have a total between 0.37 to 1.17 inches 
over 9 hours. The storm was smaller than forecasted with a total of 0.22 inches over 3.25 hours. 
This met the sampling criterion of a minimum accumulation of 0.15 inches, but did not meet the 
criterion of a minimum duration of 5 hours specified in the Aqua-Filter™ quality assurance 
project plan (QAPP). No rain fell within the 24 hours prior to the storm event, which met both 
antecedent rainfall conditions of less than 0.10 inches in the 24 hours and less than 0.04 inches in 
the 6 hours prior to the storm event. The storm event characteristics for this event are 
summarized in Table 1. 
  
While the storm only lasted 3.25 hours, runoff continued long enough to sample two inflow 
rates, 156.3 gallons per minute1 (gpm) (125 percent of the filtration capacity of the Aqua-
Filter™) and 125.7 gpm (100 percent of the filtration capacity). Flow through the Aqua-Filter™ 
during the 156.3 gpm sampling period totaled 10,995 gallons, which is equivalent to 11.1 
detention volumes (one detention volume = 993 gallons). Flow during the 125.7 gpm sampling 
period totaled 8,744 gallons, which is equivalent to 8.8 detention volumes. Both met the 
minimum 8 detention volume criteria specified in the QAPP.  
 
The QAPP also sets a goal of less than 20 percent variation from the median inflow throughout 
the sampling period.  For the duration of the 156.3 gpm sampling period, the inflow rate was 
within 20 percent variation of the median inflow 91 percent of the time and within 25 percent 

                                                 
1 Due to the concern that the inlet area velocity (A/V) sensor was over measuring flow, inflow data for August 19th 
storm event was calculated using the 0.75H flume measuring flow at the outlet. Flow measured by the flume was 
also used to flow pace the outlet sampler and determine a pacing rate for the inlet sampler. A more detailed 
explanation of the flow discrepancies and the reason this approach is provided in storm event summaries #7 and #9. 
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variation of the median inflow 93 percent of the time. In addition, for 91 percent of the total 
volume flowing into the unit the flow was within 20 percent variation of the median inflow. For 
the duration of the 125.7 gpm sampling period, the inflow rate was within 20 percent variation of 
the median inflow 97 percent of the time and within 25 percent variation of the median inflow 99 
percent of the time. In addition, for 93 percent of the total volume flowing into the unit the flow 
was within 20 percent variation of the median inflow.  
 
Sample collection times and identification are summarized in Table 3. Samples were submitted 
for organics and conventionals analysis. Samples from the first flow rate were also submitted for 
particle size distribution analysis2. All samples were delivered to the lab within the 24-hour 
holding time. 
 
As illustrated in Figure 1, storm event #19 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 34 hours with no rain and 244 hours with less than 0.10 inches of 
rain. 
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow. Figure 2 also includes markers showing 
when within the sampling period subsamples were collected. 
 
Water level in the filtration chamber was only measured for the start of the first sampling period. 
Due to a power failure, the sampler recording level stopped working and level measurements 
could not be re-initiated. However, field observation (see attached field sheet notes) indicated 
that the filtration chamber was operating under over-flow conditions for a portion of the 
sampling period. 
 

PSD and Suspended Sediment Sampling 
Due to previously low PSD and TSS results, it was decided to collect up to three composite 
samples upstream of the Aqua-Filter™ technology during each sampling period. This effort was 
to assess whether the upstream flow-splitter, small gate-valve opening, and mixing tank were 
causing larger sediment particles to settle out prior to stormwater entering into the Aqua-Filter™. 
During the August 19th, 2008 storm event, composite grab samples were collected at the three 
locations described below. 
 
• Bay 3 flow-splitter (WCS-US); sample collected from within the flow-splitter, upstream of 

the gate-valve. 
Sample ID 
WCS-US- date-% filtration capacity for sampling period 
 
 

                                                 
2 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 
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• Mixing tank inlet (WCS-MTin); sample collected from flow entering into the mixing tank. 
If the mixing tank’s inlet pipe was submerged (as did occur at the higher filtration 
capacity of 156.3 gpm; 125 percent of the Aqua-Filter™ filtration capacity), this sample 
was not collected. 
Sample ID 
WCS-MTin- date-% filtration capacity for sampling period 
 
 

• Mixing tank outlet (WCS-MTout); sample collected at invert elevation of the mixing tank’s 
outlet pipe. 
Sample ID 
WCS-MTout- date-% filtration capacity for sampling period 
 
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Field data sheets. 
 Chain of Custody (COC) forms. 



Table 1: Storm characteristics and qualifying storm criteria for storm event #19.
8/19/2008 20:23

Meet Antecedent (<0.10 in. in  previous 24 hrs, <0.04 in. in previous 6 hours)? Y
34

244
0.22
3.25
0.07

Precipitation ≥ 0.15" Y
Duration ≥ 5 hrs N

Inflow #1 Inflow #2
156.3¹ 125.7

Test Duration (min) 68 72
Median Qin (gpm) 161 123
Mean Qin (gpm) 162 123
Max Qin (gpm) 205 126

147 103
91% 97%

Percentage of time w/in 25% variation of median Qin 93% 99%
Percentage of inflow volume w/in 20% variation of the median Qin 91% 93%

10,995 8,744
11.1 8.8

Y Y
¹ 125.7 is 100% and 156.3 is 125% of the Aqua-Filter™'s filtration capacity.

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples
Date/Time Collected

8/19/2008 22:41
8/20/2008 0:48

8/19/2008 22:38
8/20/2008 0:48

8/19/2008 22:44
8/19/2008 22:44
8/20/2008 0:53
8/20/2008 0:53
8/20/2008 0:53

Field Duplicate -
-
-

¹ Each sample was submitted for conventionals (C) and organics (O). Samples from the first flow rate (156 gpm or 125% of the 
filtration capacity) were also submitted for particle size distribution (PSD) analysis.

Equipment Rinsate 
Blanks -

Inlet

Outlet

081908-AF-125-IN-[C, O, PSD]
082008-AF-100-IN-[C, O]

081908-AF-125-OUT-[C, O, PSD]
082008-AF-125-OUT-[C, O]

Upstream/Inlet TSS and 
PSD samples

Aqua-Filter™ Storm Event Summary #19 (August 19, 2008)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Total Precipitation (in)¹
Duration (hrs)
Average Storm Intensity (in/hr)

Antecedent with <0.10 in. (hrs):

-

ID¹

Qualifying Sampling Period? (Detention Volume>8)

-

Table 2: Sampling period data & qualifying sampling period criteria for storm event #19.

Flow volume through unit during test (gal)
# of detention volumes (993 gal) flowing through unit during test

Min Qin (gpm)

¹ Rainfall measurements from UW rain gage. Taylor Associates is not involved with the operation or maintenance of the UW rain 
gage and cannot verify the accuracy of this precipitation data.

Collected 28 out of 28 subsamples for both inflow rates.

Meet Rain Criteria?

Percentage of time w/in 20% variation of median Qin

WCS-US-081908-125-[PSD, TSS, VSS]

WCS-MTout-082008-100-[PSD, TSS, VSS]

WCS-MTout-081908-125-[PSD, TSS, VSS]
WCS-US-082008-100-[PSD, TSS, VSS]

WCS-MTin-082008-100-[PSD, TSS, VSS]

Sampling Activity Notes

Weather Tracking
Unisys 2-day forecast predicted 1.17" between 8/19/08 18:00 and 8/20/08 11:00. Three-day forecast 
from the Center for Ocean-Land-Atmosphere Studies predicted total of 0.37" between 8/19/08 17:00 and 
8/20/08 2:00.

Sample Event
Arrived on site around 21:00, trough was already lowered.  Set up samplers and attempted to stabilize 
flow based on flow readings from flume at outlet sampler. Stabilized flow and started sampling 156 gpm 
flow rate at 22:38. Collected subsample 28 out of 28 at 23:34. Reset samplers for second inflow rate, 
stablilized flow at 125 gpm, and started sampling second flow rate at 00:48. Collected subsample 26 out 
of 28 at 01:53.

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 8/20/08 17:21 within the 24-hour 
holding time.

Taylor Associates, Inc. 4
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Figure 1.  The antecedent dry periods prior to Aqua-FilterTM storm event #19.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #19. Includes: rainfall, inflow, outflow and filtration chamber level. (Spikes in 
inflow and outflow are due to staff flushing the gate valve.)
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Storm Event Summary for the 
Aqua-Filter™ Technology installed at the 

WSDOT Lake Union Test Facility 
Storm #20 (October 6, 2008) 

 

Introduction 
This report summarizes the storm event sampled on October 6th, 2008 by Taylor Associates, Inc. 
(Taylor) as part of the evaluation of the Aqua-Filter™ at the Lake Union Ship Canal Test 
Facility. The report includes: a summary of the storm and flow characteristics; a discussion of 
activities during the storm event; a hydrograph and hyetograph of the antecedent period and the 
storm event; copies of chain of custody forms; and copies of field datasheets. This was the 
twentieth (and last) storm event sampled for the Aqua-Filter™, however, it is the fifteenth storm 
event summary submitted to the city of Tacoma (Tacoma). The first five storms were sampled 
under a separate contract with AquaShield™, Inc. (AquaShield™). The AquaShield™ contract 
did not include budget for the preparation of storm summaries, and the data from those storms 
may or may not be included in Tacoma’s evaluation of the Aqua-Filter™ at the Lake Union Ship 
Canal Test Facility.  

Summary of the storm event 
The storm on October 6th was the fifteenth (and last) event sampled for the Aqua-Filter™ 
technology under the Tacoma contract. The storm was predicted to have a total between 0.37 to 
1.17 inches over 9 hours. The storm totaled of 0.36 inches over 14.75 hours. This met both 
sampling criteria of a minimum accumulation of 0.15 inches and of a minimum duration of 5 
hours specified in the Aqua-Filter™ quality assurance project plan (QAPP). A total of 0.01 
inches of rain fell 10 hours prior to the storm event. Therefore the storm event met both 
antecedent rainfall conditions of less than 0.10 inches in the 24 hours and less than 0.04 inches in 
the 6 hours prior to the storm event. The storm event characteristics for this event are 
summarized in Table 1. 
  
The storm came in quickly and 0.30 inches fell prior to or during the first inflow rate. Radar 
indicated the back end of the storm was approaching, so the samplers were stopped after 
collecting 24 out of 28 subsamples to set up for a second inflow rate. Prior to starting the second 
inflow rate, the rainfall intensity slowed and runoff to the site dropped too low to collect a 
second sample. Therefore, only the 125.7 gallons per minute1 (gpm) (100 percent of the filtration 
capacity of the Aqua-Filter™) inflow rate was sampled.  
 
Flow through the Aqua-Filter™ during the 125.7 gpm sampling period totaled 7,764 gallons, 
which is equivalent to 7.7 detention volumes (one detention volume = 993 gallons). This did not 
meet the minimum 8 detention volume criteria specified in the QAPP. The QAPP also sets a goal 
of less than 20 percent variation from the median inflow throughout the sampling period.  For the 

                                                 
1 Due to the concern that the inlet area velocity (A/V) sensor was over measuring flow, inflow data for the October 
6th storm event was calculated using the 0.75H flume measuring flow at the outlet. Flow measured by the flume was 
also used to flow pace the outlet sampler and determine a pacing rate for the inlet sampler. A more detailed 
explanation of the flow discrepancies and the reason this approach is provided in storm event summaries #7 and #9. 
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duration of the 125.7 gpm sampling period, the inflow rate was within 20 percent variation of the 
median inflow 100 percent of the time.  
 
Sample collection times and identification are summarized in Table 3. The October 6th event was 
successfully sampled for a duplicate sample. Samples were submitted for organics, conventionals 
and particle size distribution analysis2. All samples were delivered to the lab within the 24-hour 
holding time. 
 
As illustrated in Figure 1, storm event #20 met both antecedent rainfall conditions of less than 
0.10 inches in the 24 hours and less than 0.04 inches in the 6 hours prior to the storm event. The 
storm event was preceded by 10 hours with no rain and 59 hours with less than 0.10 inches of 
rain. 
 
The hydrograph and hyetograph for the storm event are illustrated in Figure 2. The hydrograph 
includes measurements for the inlet and outlet flow as well as the water level in the filtration 
chamber for the sampling period. As is evident by looking at the water level data in the filtration 
chamber, the Aqua-Filter™ never went into overflow conditions even though it was tested at 100 
percent of its filtration capacity. Figure 2 also includes markers showing when within the 
sampling period subsamples were collected. 
 

PSD and Suspended Sediment Sampling 
Due to previously low PSD and TSS results, it was decided to collect up to three composite 
samples upstream of the Aqua-Filter™ technology during each sampling period. This effort was 
to assess whether the upstream flow-splitter, small gate-valve opening, and mixing tank were 
causing larger sediment particles to settle out prior to stormwater entering into the Aqua-Filter™. 
During the October 6th, 2008 storm event, composite grab samples were collected at the three 
locations described below. 
 
• Bay 3 flow-splitter (WCS-US); sample collected from within the flow-splitter, upstream of 

the gate-valve. 
Sample ID 
WCS-US-100608-100 
 

• Mixing tank inlet (WCS-MTin); sample collected from flow entering into the mixing tank. 
If the mixing tank’s inlet pipe was submerged (as did occur at the higher filtration 
capacity of 156.3 gpm; 125 percent of the Aqua-Filter™ filtration capacity), this sample 
was not collected. 
Sample ID 
WCS-MTin-100608-100 
 
 

                                                 
2 Collection and analysis of particle size distribution samples are not covered under the contract with the City of 
Tacoma. These activities are conducted under a separate contract with AquaShield™. 
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• Mixing tank outlet (WCS-MTout); sample collected at invert elevation of the mixing tank’s 
outlet pipe. 
Sample ID 
WCS-MTout-100608-100-[PSD, TSS, VSS] 
 

 
 

Enclosures (4):  Storm Summary Sheet. Includes storm event data and criteria, sampling period 
data and criteria, sample nomenclature table and notes on sample 
collection. 

 Hydrographs and hyetographs of antecedent period and storm event. 
 Field data sheets. 
 Chain of Custody (COC) forms. 
  
  



Table 1: Storm characteristics and qualifying storm criteria for storm event #20.
10/6/2008 10:17

Meet Antecedent (<0.10 in. in  previous 24 hrs, <0.04 in. in previous 6 hours)? Y
10
59

0.36
14.75
0.02

Precipitation ≥ 0.15" Y
Duration ≥ 5 hrs Y

Inflow #1
125.7¹

Test Duration (min) 60
Median Qin (gpm) 130
Mean Qin (gpm) 129
Max Qin (gpm) 133

125
100%

Percentage of time w/in 25% variation of median Qin 100%
Percentage of inflow volume w/in 20% variation of the median Qin 100%

7,664
7.7
N

¹ 125.7 is 100% of the Aqua-Filter™'s filtration capacity.

Notes:

Table 3: Sample collection times and identification for stormwater and field QC samples
Date/Time Collected

10/6/2008 15:52
10/6/2008 15:53
10/6/2008 15:54

Field Duplicate 10/6/2008 16:53
-
-

WCS-MTout-100608-100-[PSD, TSS, VSS]

WCS-US-100608-100-[PSD, TSS, VSS]
WCS-MTin-100608-100-[PSD, TSS, VSS]

¹ Each sample was submitted for conventionals (C), organics (O) and particle size distribution (PSD) analysis.

Equipment Rinsate 
Blanks -

100608-AF-100-IN-[C, O, PSD] 10/6/2008 16:51
100608-AF-100-OUT-[C, O, PSD] 10/6/2008 16:51

Inlet
Outlet

Aqua-Filter™ Storm Event Summary #20 (October 6, 2008)

Dry Antecedent (hrs):

Time Storm Began:

Target Inflow Rate (gpm)

Total Precipitation (in)¹
Duration (hrs)
Average Storm Intensity (in/hr)

Antecedent with <0.10 in. (hrs):

-

ID¹

Qualifying Sampling Period? (Detention Volume>8)

100608-AF-100-IN-[C, O, PSD](2)

Table 2: Sampling period data & qualifying sampling period criteria for storm event #20.

Flow volume through unit during test (gal)
# of detention volumes (993 gal) flowing through unit during test

Min Qin (gpm)

¹ Rainfall measurements from UW rain gage. Taylor Associates is not involved with the operation or maintenance of the UW rain 
gage and cannot verify the accuracy of this precipitation data.

Sampled 125.7 inflow rate. Back end of storm was approaching so stopped samplers after 24 out of 28 
subsamples. Rain slowed, runoff to site dropped. Unable to sample second inflow rate.

Meet Rain Criteria?

Percentage of time w/in 20% variation of median Qin

Sampling Activity Notes

Weather Tracking
Three-day forecast from the Center for Ocean-Land-Atmosphere Studies predicted 0.35" between 
10/6/08 14:00 and 10/7/08 2:00. Seven-day forecast from the Center for Ocean-Land-Atmosphere 
Studies predicted total of 0.28" between 10/06/08 14:00 and 10/07/08 2:00.

Sample Event
Arrived on site around 15:00, trough was already lowered. Set up samplers and attempted to stabilize 
flow based on flow readings from flume at outlet sampler. Had difficulty stabilizing flow, started sampling 
125 gpm flow rate at 16:51. Radar indicated back end of the storm was approaching, so samplers were 
stopped at 17:56 after collecting 24 out of 28 subsamples. Reset samplers for second inflow rate, 
however, rain had slowed and runoff to the site dropped too low to sample the second inflow rate.

Sample Comping and Delivery
Samples were comped and delivered to the City of Tacoma lab on 10/7/08 at 11:00 within the 24-hour 
holding time.
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Figure 1.  The antecedent dry periods prior to Aqua-FilterTM storm event #20.
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Figure 2.  Hyetograph and hydrograph for Aqua-Filter™ storm event #20. Includes: rainfall, inflow, outflow and filtration chamber level. (Spikes in 
inflow and outflow are due to staff flushing the gate valve.)
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10/6/2008 9:00:00 AM - 10/7/2008 2:00:00 AM

Rainfall (0.36 in) Aqua-Filter Inflow (53908.8 gal)

Aqua-Filter Outflow (32847.8 gal) Aqua-Filter Level (1.267 ft)

Aqua-Filter™ in overflow when 
level is greater than 2.75 ft. 

125.7 gpm
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APPENDIX E.  PARTICLE SIZE DISTRIBUTION 

  

 



















































































































































































A SPECTRA Laboratories
2221 Ross Way 0 Tacoma, WA 98421 (253) 272-4850 0 Fax (253) 572-9838 o www.spectra-1ab.com

11/28/2007

Aqua Shield
2733 Kanasita Drive, Suite B
Chattanooga, TN 37343
Attn: Mark Miller

Project:
Sample Matrix:
Date Sampled:

Date Received:
Spectra Project:

Lake Union Ship Canal
Water
1111212007

1111312007

2007110193

Client ID Spectra # Analyte Result Units Method
111207-AF-125-IN-PSD 1 Paiiicle Count by LASER 119,100 * #/cc PHI
111207-AF-125-0UT-PSD 2 Particle Count by LASER 119,050 * #/cc PHI
111207-AF-50-0UT-PSD 3 Particle Count by LASER 117,700 * #/cc PHI
111207-AF-50-IN-PSD 4 Particle Count by LASER 39,433 * #/cc PHI

* Please see attached scans.

SPECTRA LABORATORIES~~
Steve Hibbs, Laboratory Manager
a7/mh

Page 1 of 1



11-28-2007
Aqua Shield
Spectra # 2007110193
BLANK

Interim

Count

o
8
1

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Spectrex Laser Particle Counter 800-822.3940 v8.13f6 7 8 9 10# um o%

0:-0.00
-1-1-87.88-2-2-6.32-3-3-3.16-4-4-0.74-5-5-0.74-6-6-0.11-7-7-0.21-8-8-0.21-9-9-0.11
-10-10-0.21
-11-11-0.00-12-12-0.00
-13-13-0.00
-14-14-0.11
-15-15-0.00
-16-16-0.00-17-17-0.05-18-22-0.05-19-27-0.03-20-32-0.03-21-37-0.03
-22-42-0.00
-23-47-0.00-24-52-0.00-25-57-0.00-26-62-0.00
-27-67-0.00
-28-72-0.00-29-77-0.00-30-82-0.00-31-87-0.00-32-92-0.00

::-0.03

Filter

0%

Ä-T
Os

S-T
32 s

Dilutn
1.00:1

Offset
O.OOV

Gain
5.55x

Counts
9

Phi

Groups

Total
counts

Icc

Surface
area Volume

percent percent
---------- ---------
23.58% 3.92%
14.42% 4.79%
11.90% 6.86%
17.10% 16.78%
16.08% 27.36%
16.91% 40.29%
0.00% 0.00%

Counts
percentPhi Size

10
9
8
7
6
5
4

1-2
2-4
4-8

8-16
16-31
31-63

63-128

7.91
0.85
0.16
0.06
0.01
0.00
0.00

87.88%
9.48%
1.79%
0.63%
0.13%
0.05%
0.03%

Total counts:
Mean size:
Standard dev:

9.00/cc
1.30um
1.43um

Page 1 of 2 Sample taken on November 28,2007 at 07:53



11-28-2007
Aqua Shield
Spectra # 2007110193
BLANK

Total Surface
counts Counts area Volume

Bin Size Icc percent percent percent
--------- ---------- ---------- ---------

c: 0.00 0.00% 0.00% 0.00%
1 1um 7.91 87.88% 23.58% 3.92%
2 2um 0.57 6.32% 6.79% 1.90%
3 3um 0.28 3.16% 7.63% 2.89%
4 4um 0.07 0.74% 3.17% 1.49%
5 5um 0.07 0.74% 4.95% 2.75%
6 6um 0.01 0.11% 1.02% 0.65%
7 7um 0.02 0.21% 2.77% 1.98%
8 8um 0.02 0.21% 3.62% 2.86%
9 9um 0.01 0.11% 2.29% 1.98%

10 10um 0.02 0.21% 5.65% 5.28%
11 11um 0.00 0.00% 0.00% 0.00%
12 12um 0.00 0.00% 0.00% 0.00%
13 13um 0.00 0.00% 0.00% 0.00%
14 14um 0.01 0.11% 5.54% 6.66%
15 15um 0.00 0.00% 0.00% 0.00%
16 16um 0.00 0.00% 0.00% 0.00%
17 17um 0.00 0.05% 4.09% 5.68%
18 22um 0.00 0.05% 6.84% 11.54%
19 27um 0.00 0.03% 5.15% 10.14%
20 32um 0.00 0.03% 7.24% 16.18%
21 37um 0.00 0.03% 9.68% 24.11%
22 42um 0.00 0.00% 0.00% 0.00%
23 47um 0.00 0.00% 0.00% 0.00%
24 52um 0.00 0.00% 0.00% 0.00%
25 57um 0.00 0.00% 0.00% 0.00%
26 62um 0.00 0.00% 0.00% 0.00%
27 67um 0.00 0.00% 0.00% 0.00%
28 72um 0.00 0.00% 0.00% 0.00%
29 77um 0.00 0.00% 0.00% 0.00%
30 82um 0.00 0.00% 0.00% 0.00%
31 87um 0.00 0.00% 0.00% 0.00%
32 92um 0.00 0.00% 0.00% 0.00%

:: 0.00 0.03% 0.00% 0.00%
--------- ---------- ---------- ---------

TOTALS 9.00 100.00% 100.00% 100.00%

Page 2 of 2 Sample taken on November 28, 2007 at 07:53



11-28-2007
Aqua Shield
Spectra #2007110193-1
Client ID:

111207 -AF-125-IN-PSD

Interim
# um % Count

0:-0.00 0
-1-1-0.00 0-2-2-0.00 0-3-3-0.26 3
-4-4-3.13 37-5-5-9.51-113-6-6-10.71-127-7-7-10.19-121-8-8-10.82-128-9-9-10.19-121
-10-10-7.21 85
-11-11-7.11 84
-12-12-2.72 32
-13-13-2.46 29
-14-14-1.72 20
-15-15-4.28 51
-16-16-1.15 13
-17-17-5.52 65
-18-22-3.49 41
-19-27-2.74 32
-20-32-1.70 20
-21-37-1.27 15
-22-42-1.04 12
-23-47-0.85 10
-24-52-0.42 5
-25-57-0.19 2
-26-62-0.28 3
-27-67-0.24 2
-28-72-0.14 1
-29-77-0.14 1
-30-82-0.14 1
-31-87-0.14 1
-32-92-0.00 0

::-0.24 2

o 20 40 60 80
Spectrex Laser Particle Counter 800-822.3940 v8.13f

100 120 140 160 180 2001 l ,i I 1 . l 1 r i I ,'1 I I , I .1 I .1 , I ''i ,I-II-I FilterI-I
0%,- I!

,

Ä-T
Os

S-T
32 s

Dilutn
100.0:1:--

i Offset
O.OOV,--,-..
Gain1- II,- .. 5.55x'-II\- I!,-I~ Counts-m

119100-u-u-D
PhiI-I

Groups'-I~

Total Surface
counts Counts area Volume

Phi Size Icc percent percent percent
--------- ---------- ---_._----- ---------

10 1-2 0.00 0.00% 0.00% 0.00%
9 2-4 311.13 0.26% 0.01% 0.00%
8 4-8 39,948.90 33.54% 4.40% 1.18%
7 8-16 55,380.88 46.50% 19.53% 8.27%
6 16-31 15,365.00 12.90% 20.92% 14.61%
5 31-63 6,857.49 5.76% 37.67% 44.59%
4 63-128 1,236.60 1.04% 17.47% 31.34%

Total counts: 119,100.00/cc
Dilution factor: 100.00:1
Mean size: 12.40um
Standard dev: 10.65um

Page 1 of 2 Sample taken on November 28, 2007 at 09: 17



11-28-2007
Aqua Shield
Spectra # 2007110193-1
Client 10:

111207 -AF-125-IN-PSO

Total Surface
counts Counts area Volume

Bin Size Icc percent percent percent
--------- ---------- ---------- -----_._--

c: 0.00 0.00% 0.00% 0.00%
1 1um 0.00 0.00% 0.00% 0.00%
2 2um 0.00 0.00% 0.00% 0.00%
3 3um 311.13 0.26% 0.01% 0.00%
4 4um 3,733.54 3.13% 0.19% 0.04%
5 5um 11,325.08 9.51% 0.89% 0.21%
6 6um 12,756.27 10.71% 1.45% 0.38%
7 7um 12,134.01 10.19% 1.87% 0.56%
8 8um 12,880.72 10.82% 2.60% 0.85%
9 9um 12,134.01 10.19% 3.10% 1.11%

10 10um 8,587.15 7.21% 2.70% 1.05%
11 11um 8,462.70 7.11% 3.23% 1.34%
12 12um 3,235.74 2.72% 1.47% 0.65%
13 13um 2,924.61 2.46% 1.56% 0.73%
14 14um 2,053.45 1.72% 1.27% 0.63%
15 15um 5,102.51 4.28% 3.62% 1.90%
16 16um 1,368.97 1.15% 1.10% 0.61%
17 17um 6,576.45 5.52% 5.99% 3.45%
18 22um 4,159.46 3.49% 6.34% 4.44%
19 27um 3,260.12 2.74% 7.49% 6.11%
20 32um 2,023.52 1.70% 6.53% 6.05%
21 37um 1,517.64 1.27% 6.54% 6.77%
22 42um 1,236.60 1.04% 6.87% 7.81%
23 47um 1,011.76 0.85% 7.04% 8.71%
24 52um 505.88 0.42% 4.31% 5.75%
25 57um 224.84 0.19% 2.30% 3.29%
26 62um 337.25 0.28% 4.08% 6.22%
27 67um 281.04 0.24% 3.97% 6.41%
28 72um 168.63 0.14% 2.75% 4.69%
29 77um 168.63 0.14% 3.15% 5.64%
30 82um 168.63 0.14% 3.57% 6.71%
31 87um 168.63 0.14% 4.02% 7.89%
32 92um 0.00 0.00% 0.00% 0.00%

~ 281.04 0.24% 0.00% 0.00%
--------- ---------- ---------- ---------

TOTALS 119,100.00 100.00% 100.00% 100.00%

Page 2 of 2 Sample taken on November 28, 2007 at 09: 17



11-28-2007
Aqua Shield
Spectra # 2007110193-2
Client 10:

111207-AF-125-0UT-PSO

Interim
# um % Count

c:-O.OO 0
-1-1-0.00 0-2-2-0.00 0-3-3-0.73 8
-4-4-4.65 55-5-5-8.93-106-6-6-11.86-141-7-7-10.97-130-8-8-10.45-124
-9-9-8.31 98
-10-10-6.90 82
-11-11-6.06 72
-12-12-2.87 34
-13-13-2.35 27
-14-14-1.83 21
-15-15-3.50 41
-16-16-1.31 15
-17-17-6.45 76
-18-22-3.81 45
-19-27-2.75 32
-20-32-1.91 22
-21-37-0.78 9
-22-42-0.84 10
-23-47-0.56 6
-24-52-0.50 6
-25-57-0.73 8
-26-62-0.06 0
-27-67-0.17 2
-28-72-0.06 0
-29-77-0.11 1
-30-82-0.06 0
-31-87-0.17 2
-32-92-0.06 0

::-0.28 3

o 20 40 60 80
Spectrex Laser Particle Counter 800-822-3940 v8.13f

100 120 140 160 180 200
i r i , I i l , i l i I i, l "

i ~ I , I
"

I ,iI-II-I FilterI-I
0%,--
Ä-T
Os

S-T
32 s

i

Dilutn
100.0:1,--
Offset
O.OOV1- I!1--
Gain¡- -¡- - 5.55x:--I-I'-II CountsI-I

119050-DI-I'-I~ PhiI-I
Groupsi- I!

Total Surface
counts Counts area Volume

Phi Size Icc percent percent percent
--------- ---------- ---------- ---------

10 1-2 0.00 0.00% 0.00% 0.00%
9 2-4 870.79 0.73% 0.03% 0.00%
8 4-8 43,353.11 36.42% 4.94% 1.34%
7 8-16 50,319.46 42.27% 18.47% 7.90%
6 16-31 17,034.01 14.31% 23.64% 16.56%
5 31-63 6,405.11 5.38% 37.92% 46.18%
4 63-128 1,067.52 0.90% 15.00% 28.02%

Total counts: 119,050.00/cc
Dilution factor: 100.00:1
Mean size: 12.14um
Standard dev: 10.44um

Page 1 of 2 Sample taken on November 28, 2007 at 09:40



11-28-2007
Aqua Shield
Spectra # 2007110193-2
Client 10:

111207-AF-125-0UT-PSO

Total Surface
counts Counts area Volume

Bin Size Icc percent percent percent
--------- ---------- ---------- ---------

c: 0.00 . 0.00% 0.00% 0.00%
1 1um 0.00 0.00% 0.00% 0.00%
2 2um 0.00 0.00% 0.00% 0.00%
3 3um 870.79 0.73% 0.03% 0.00%
4 4um 5,535.76 4.65% 0.29% 0.06%
5 5um 10,636.13 8.93% 0.87% 0.20%
6 6um 14,119.31 11.86% 1.67% 0.45%
7 7um 13,061.91 10.97% 2.10% 0.63%
8 8um 12,439.92 10.45% 2.62% 0.87%
9 9um 9,889.73 8.31% 2.63% 0.95%

10 10um 8,210.34 6.90% 2.70% 1.06%
11 11um 7,215.15 6.06% 2.87% 1.21%
12 12um 3,420.98 2.87% 1.62% 0.73%
13 13um 2,798.98 2.35% 1.55% 0.74%
14 14um 2,176.99 1.83% 1.40% 0.71%
15 15um 4,167.37 3.50% 3.08% 1.64%
16 16um 1,554.99 1.31% 1.31% 0.73%
17 17um 7,672.79 6.45% 7.29% 4.25%
18 22um 4,536.95 3.81% 7.22% 5.11%
19 27um 3,269.28 2.75% 7.83% 6.47%
20 32um 2,268.48 1.91% 7.63% 7.16%
21 37um 934.08 0.78% 4.20% 4.39%
22 42um 1,000.80 0.84% 5.80% 6.67%
23 47um 667.20 0.56% 4.84% 6.06%
24 52um 600.48 0.50% 5.34% 7.20%
25 57um 867.36 0.73% 9.26% 13.39%
26 62um 66.72 0.06% 0.84% 1.30%
27 67um 200.16 0.17% 2.95% 4.82%
28 72um 66.72 0.06% 1.14% 1.96%
29 77um 133.44 0.11% 2.60% 4.71%
30 82um 66.72 0.06% 1.47% 2.80%
31 87um 200.16 0.17% 4.98% 9.89%
32 92um 66.72 0.06% 1.86% 3.84%

~ 333.60 0.28% 0.00% 0.00%
--------- ---------- ---------- ---------

TOTALS 119,050.00 100.00% 100.00% 100.00%

Page 2 of 2 Sample taken on November 28, 2007 at 09:40



11-28-2007
Aqua Shield
Spectra # 2007110193-3
Client 10:

111207-AF-50-0UT-PSO

Interim
# um % Cou~

c:-O.OO 0
-1-1-0.00 0-2-2-0.47 5
-3-3-6.27 73-4-4-14.84-174-5-5-15.41-181-6-6-11.29-132-7-7-9.98-117
-8-8-6.74 79
-9-9-5.64 66
-10-10-4.91 57
-11-11-4.13 48
-12-12-1.83 21
-13-13-1.46 17
-14-14-1.41 16
-15-15-2.30 27
-16-16-0.84 9
-17-17-3.82 45
-18-22-2.59 30
-19-27-1.35 15
-20-32-1.29 15
-21-37-0.51 5
-22-42-0.51 5
-23-47-0.22 2
-24-52-0.56 6
-25-57-0.22 2
-26-62-0.28 3
-27-67-0.22 2
-28-72-0.22 2
-29-77-0.06 0
-30-82-0.00 0
-31-87-0.17 1
-32-92-0.11 1

::-0.34 3

o 20 40 60 80
Spectrex Laser Particle Counter 800-822-3940 v8.13f

100 120 140 160 180 200
i l ,i I I , l 1 l 1 I ,'i I 'I ' I -I I -I , I .1 ,I-II-I Filter,- ..

0%

A-T

I Os

S-T
32 s

;--- Dilutn
100.0:11- I!
Offset,--
O.OOV,--,- ..,- ..
Gain'-I~ì- !I 5.55x'-ii\- I!,-I~ Counts,-I~

117700I-II-I-m
Phi-D

Groups\- I!

Total Surface
counts Counts area Volume

Phi Size Icc percent percent percent
--------- ---------- ---------- ---------

10 1-2 0.00 0.00% 0.00% 0.00%
9 2-4 7,932.76 6.74% 0.29% 0.04%
8 4-8 60,633.33 51.52% 7.67% 1.83%
7 8-16 33,452.87 28.42% 16.08% 6.37%
6 16-31 10,119.96 8.60% 17.96% 11.52%
5 31-63 4,237.01 3.60% 34.05% 39.23%
4 63-128 1,324.07 1.12% 23.94% 41.01%

Total counts: 117,700.00/cc
Dilution factor: 100.00:1
Mean size: 9.75um
Standard dev: 10.17um

Page 1 of 2 Sample taken on November 28, 2007 at 09:55



11-28-2007
Aqua Shield
Spectra # 2007110193-3
Client 10:

111207-AF-50-0UT-PSO

Total Surface
counts Counts area Volume

Bin Size Icc percent percent percent
--------- ---------- ---------- ---------

c: 0.00 0.00% 0.00% 0.00%
1 1um 0.00 0.00% 0.00% 0.00%
2 2um 553.45 0.47% 0.01% 0.00%
3 3um 7,379.31 6.27% 0.29% 0.04%
4 4um 17,464.37 14.84% 1.20% 0.22%
5 5um 18,140.80 15.41% 1.95% 0.42%
6 6um 13,282.76 11.29% 2.05% 0.51%
7 7um 11,745.40 9.98% 2.47% 0.69%
8 8um 7,932.76 6.74% 2.18% 0.67%
9 9um 6,641.38 5.64% 2.31% 0.77%

10 10um 5,780.46 4.91% 2.48% 0.90%
11 11um 4,858.05 4.13% 2.52% 0.98%
12 12um 2,152.30 1.83% 1.33% 0.55%
13 13um 1,721.84 1.46% 1.25% 0.55%
14 14um 1,660.34 1.41% 1.40% 0.65%
15 15um 2,705.75 2.30% 2.61% 1.28%
16 16um 983.91 0.84% 1.08% 0.56%
17 17um 4,501.82 3.82% 5.58% 3.02%
18 22um 3,045.35 2.59% 6.33% 4.15%
19 27um 1,588.88 1.35% 4.97% 3.80%
20 32um 1,522.68 1.29% 6.69% 5.81%
21 37um 595.83 0.51% 3.50% 3.39%
22 42um 595.83 0.51% 4.51% 4.80%
23 47um 264.81 0.22% 2.51% 2.91%
24 52um 662.03 0.56% 7.68% 9.60%
25 57um 264.81 0.22% 3.69% 4.94%
26 62um 331.02 0.28% 5.46% 7.78%
27 67um 264.81 0.22% 5.10% 7.71%
28 72um 264.81 0.22% 5.89% 9.40%
29 77um 66.20 0.06% 1.68% 2.83%
30 82um 0.00 0.00% 0.00% 0.00%
31 8lum 198.61 0.17% 6.45% 11.86%
32 92um 132.41 0.11% 4.81% 9.22%

;: 397.22 0.34% 0.00% 0.00%
--------- ---------- ---------- ---------

TOTALS 117,700.00 100.00% 100.00% 100.00%

Page 2 of 2 Sample taken on November 28, 2007 at 09:55



11-28-2007
Aqua Shield
Spectra # 2007110193-4
Client 10: 111207-AF-50-IN-PSO

Interim

Count

o
o
o

19
57
70
53
36
26
23
22
15
4
7
2
9
3

12
10
4
2
2
1

1

o
o
o
o
o
o
o
o
o
o

o 7 14 21 28
.Spectrex Laser Particle Counter 800-822.3940 v8.13f
35 42 49 56 63 70# um %

c:-O.OO-1-1-0.00-2-2-0.21-3-3-5.07-4-4-14.63-5-5-17.97-6-6-13.58-7-7-9.20-8-8-6.64-9-9-6.06
-10-10-5.80-11-11-4.02-12-12-1.20-13-13-1.99-14-14-0.73
-15-15-2.46-16-16-0.84
--17--17--3.11
--18--22--2.59
-19-27-1.18-20-32-0.66
--21--37--0.61
-22-42-0.38-23-47-0.28-24-52-0.09-25-57-0.09-26-62-0.14-27-67-0.19
-28-72-0.00-29-77-0.05
-30-82-0.00-31-87-0.19-32-92-0.00

::-0.05

I , l i I i l i , l 1 I' i I , i ,i i l , i l i iI-I
FilterI-II-I
0%

Ä-T
Os

S-T
32 s.--,- II Dilutn

100.0:1\--
i

Offset.--
O.OOV,- II'- II- I!
Gain- I!I-I 5.55xI-II-II-I CountsI-I

39433I-II-II-I
PhiI-I

GroupsI-I
Total Surface

counts Counts area Volume
Phi Size Icc percent percent percent

--------- ---------- ---------- ---------
10 1-2 0.00 0.00% 0.00% 0.00%

9 2-4 2,080.84 5.28% 0.32% 0.05%
8 4-8 21,838.55 55.38% 11.16% 3.10%
7 8-16 11,393.13 28.89% 21.91% 10.09%
6 16-31 3,042.69 7.72% 22.18% 16.70%
5 31-63 891.96 2.26% 26.87% 34.88%
4 63-128 185.83 0.47% 17.55% 35.17%

Total counts: 39,433.00/cc
Dilution factor: 100.00:1
Mean size: 8.87um
Standard dev: 8.17um

Page 1 of 2 Sample taken on November 28, 2007 at 10:25



11-28-2007
Aqua Shield
Spectra # 2007110193-4
Client 10: 111207-AF-50-IN-PSO

Total Surface
counts Counts area Volume

Bin Size Icc percent percent percent
--------- ---------- ---------- ---------

c: 0.00 0.00% 0.00% 0.00%
1 1um 0.00 0.00% 0.00% 0.00%
2 2um 82.41 0.21 o/~ 0.01% 0.00%
3 3um 1,998.43 5.07% 0.31% 0.05%
4 4um 5,768.67 14.63% 1.61% 0.34%
5 5um 7,087.23 17.97% 3.09% 0.78%
6 6um 5,356.62 13.58% 3.36% 0.97%
7 7um 3,626.02 9.20% 3.10% 1.01%
8 8um 2,616.51 6.64% 2.92% 1.05%
9 9um 2,389.88 6.06% 3.38% 1.32%

10 10um 2,286.87 5.80% 3.99% 1.69%
11 11um 1,586.39 4.02% 3.35% 1.53%
12 12um 473.86 1.20% 1.19% 0.58%
13 13um 782.89 1.99% 2.31% 1.19%
14 14um 288.43 0.73% 0.99% 0.54%
15 15um 968.31 2.46% 3.80% 2.19%
16 16um 329.64 0.84% 1.47% 0.89%
17 17um 1,226.45 3.11% 6.18% 3.91%
18 22um 1,022.04 2.59% 8.63% 6.62%
19 27um 464.56 1.18% 5.91% 5.28%
20 32um 260.16 0.66% 4.65% 4.72%
21 37um 241.57 0.61% 5.77% 6.53%
22 42um 148.66 0.38% 4.57% 5.70%
23 47um 111.50 0.28% 4.29% 5.82%
24 52um 37.17 0.09% 1.75% 2.56%
25 57um 37.17 0.09% 2.11% 3.30%
26 62um 55.75 0.14% 3.74% 6.24%
27 67um 74.33 0.19% 5.82% 10.29%
28 72um 0.00 0.00% 0.00% 0.00%
29 77um 18.58 0.05% 1.92% 3.77%
30 82um 0.00 0.00% 0.00% 0.00%
31 87um 74.33 0.19% 9.81% 21.11 %
32 92um 0.00 0.00% 0.00% 0.00%

:: 18.58 0.05% 0.00% 0.00%
--------- ---------- ---------- ---------

TOTALS 39,433.00 100.00% 100.00% 100.00%

Page 2 of 2 Sample taken on November 28, 2007 at 10:25



CHAIN OF CUSTODY RECORD
Bil to: Page: I of I

AquaShield ™
Project 10: LAIJE' UI0ìot0 ~i-ip CANfl-L ~Aßul\¡:\l.:;~1lContact: Mark Miller
Case File #: 5\CJ~\"" .k I ¡

2733 Kanasita Drive, Suite B
Date recorded by:

¡iI/zID 7- - JOI'- BERG
,Chattanooga, TN 37343

Standard ø RUShDTel: 423-870-8888

Laboratory: SPECTRA Laboratories Sample collected by: Taylor Associates, Inc.
Contact: Marie Holt Contact: Carla Milesi

Tel: 25Y272-4850
Tel: 206-267- I 408 Analysis Required

AquaFilter™ Bay 3 - Lake Union Ship Canal

Q)
N
;: .

~ "'. "'- "'-Date Time # of u . .. .. ..
E

Q) Q) Q)

Sample io ColJected Collected Comp? Grab? contain. matrix ro . i3 i3 i3
Notesl. 0 0 0

li2Dl.h.f- ll.S-I/I ..P'sD IIIZ, CH n-:3i \ SW X
ilIl.':- A¡:- i 2S-ÕtJí. Ps,lí iiA z. ~:¡ (yt-b i sW X
11120f. - A'r ~ 50 - ÖllT'- ßJ I j'z61- oq;SoQ l C; LJ X
\WZl.'A-AF -he - iN-fS ¡'I/i '¡)'7 ôCHö \. \ c,w )(

,

:

Comments/Special Notes: Relinquished by: 6C Relinquished by:i . Signature ? - ,..__ Signature
Please send electronic copy of data report to: Printed Namel$ óC1SER L Printed Name
~arla~ta yl orassoc. net Company i t\~L()5 f.t.s:SC~~It!Ji:' ç Company

Date/Time II /1.s16r- 1') '63(') Date/Time
Received by: ka U1 S? Received by:Siqnaturet?e~ Siqnature

Printed Name AMfe-e ~ Printed Name
Company S¡;;--ct-C7 Company

Date/Time 1/ 11"3 jv'l ''! ~ "' Date/Time

Aqua-Filer™ Bay 3 - Particle Size Distribution Samples Pacsii \ ~ (a h

Taylor Associ,
10/I/2007

Spectra COC, AF-PSD



A SPECTRA Laboratories
2221 Ross Way · Tacoma, WA 98421 · (253) 272-4850 · Fax (253) 572-9838 · www.spectra-Iab.com

12/05/2007

Aqua Shield
2733 Kanasita Drive, Suite B
Chattanooga, TN 37343
Attn: Mark Miler

Client ID

111707-AF-50-IN-PSD

111707-AF-50-0UT-PSD

Spectra #

1

2

* Please see attached scans.

SPECTRA LABORATORIES.~
Ste~ry Manager
a7/mh

Ana1yte

Particle Count by LASER
Particle Count by LASER

Project:
Sample Matrix:

Date Sampled:

Date Received:
Spectra Project:

Result

120,600 *

107,900 *

Lake Union Ship CanallStrm 2
Water
11/17/2007
11/19/2007
2007110290

Units Method

PHI

PHI

#/cc

#/cc

Page 1 of 1



12-05-2007
Aqua Shield
Spectra # 2007110290
BLANK

# urn %
0:-0.00-1-1-91.90-2-2-5.17-3-3-1.36-4-4-0.47-5-5-0.26-6-6-0.10-7-7-0.05-8-8-0.10-9-9-0.10-10-10-0.00

-11-11-0.31-12-12-0.00-13-13-0.10-14-14-0.00-15-15-0.00
-16-16-0.00-17-17-0.02
-18-22-0.00
-19-27-0.01-20-32-0.00-21-37-0.00-22-42-0.00
-23-47-0.01-24-52-0.00
-25-57-0.00-26-62-0.00
-27-67-0.00
-28-72-0.00-29-77-0.00
-30-82-0.00-31-87-0.00-32-92-0.00

;:-0.01

Interim
Count

o
42

2
1

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Phi Size

10 1-2
9 2-4
8 4-8
7 8-16
6 16-31
5 31-63
4 63-128

Total counts:
Mean size:
Standard dey:

Page 1 of 2

o
Spectrex Laser Particle Counter 800.822.3940 v8.13f

25 30 35 40 45 50

Filter

0%II.
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

A-T

Os

8-T
32 s

Dilutn
1.00:1

Offset
O.OOV

Gain
5.55x

Counts
46

Phi

Groups

Total
counts

Icc
Counts
percent

42.27
3.00
0.41
0.29
0.01
0.00
0.00

91.90%
6.53%
0.89%
0.63%
0.03%
0.01%
0.01%

46.00/cc
1.18um
1.06um

Surface
area Volume

percent percent
---------- ---------
36.37% 7.63%
13.03% 5.20%
8.06% 5.69%

28.00% 35.36%
5.41% 11.69%
9.14% 34.41%
0.00% 0.00%

Sample taken on December 5, 2007 at 13:29



12-05-2007
Aqua Shield
Spectra # 2007110290
BLANK

Total Surface
counts Counts area Volume

Bin Size Icc percent percent percent
--------- ---------- ---------- ---------

oe 0.00 0.00% 0.00% 0.00%
1 1um 42.27 91.90% 36.37% 7.63%
2 2um 2.38 5.17% 8.19% 2.89%
3 3um 0.62 1.36% 4.84% 2.31%
4 4um 0.22 0.47% 2.98% 1.77%
5 5um 0.12 0.26% 2.58% 1.81%
6 6um 0.05 0.10% 1.49% 1.20%
7 7um 0.02 0.05% 1.01% 0.92%
8 8um 0.05 0.10% 2.65% 2.64%
9 9um 0.05 0.10% 3.35% 3.65%

10 10um 0.00 0.00% 0.00% 0.00%
11 11um 0.14 0.31% 15.01% 19.03%
12 12um 0.00 0.00% 0.00% 0.00%
13 13um 0.05 0.10% 6.99% 10.04%
14 14um 0.00 0.00% 0.00% 0.00%
15 15um 0.00 0.00% 0.00% 0.00%
16 16um 0.00 0.00% 0.00% 0.00%
17 17um 0.01 0.02% 2.39% 4.20%
18 22um 0.00 0.00% 0.00% 0.00%
19 27um 0.00 0.01% 3.01% 7.49%
20 32um 0.00 0.00% 0.00% 0.00%
21 37um 0.00 0.00% 0.00% 0.00%
22 42um 0.00 0.00% 0.00% 0.00%
23 47um 0.00 0.01% 9.14% 34.41%
24 52um 0.00 0.00% 0.00% 0.00%
25 57um 0.00 0.00% 0.00% 0.00%
26 62um 0.00 0.00% 0.00% 0.00%
27 67um 0.00 0.00% 0.00% 0.00%
28 72um 0.00 0.00% 0.00% 0.00%
29 77um 0.00 0.00% 0.00% 0.00%
30 82um 0.00 0.00% 0.00% 0.00%
31 87um 0.00 0.00% 0.00% 0.00%
32 92um 0.00 0.00% 0.00% 0.00%

;: 0.00 0.01% 0.00% 0.00%
--------- ---------- ---------- ---------

TOTALS 46.00 100.00% 100.00% 100.00%

Page 2 of 2 Sample taken on December 5, 2007 at 13:29



12-05-2007
Aqua Shield
Spectra # 2007110290-1
Client ID: 111707 -AF-50-IN-PSD

# urn %

Interim
Count o 20 40 60 80

Spectrex Laser Particle Counter 800.822.3940 v8.13f
100 120 140 160 180 200

I i I- i I , i l i i I' i i l .1 I ,'1 I I I i 1 I .1I-II-I FilterI-I
0%

1 A-T
i

Os
1

SoTi

i 32 s

Dilutn
100.0:11--

i
Offset.-- O.OOV1-II:- ll
Gain'-ii'-I~ 5.55xI-II-I-. Counts'-I~

120600I-II-II-I PhiI-I
Groups-m

0:-0.00 0
-1-1-0.00 0-2-2-0.00 0
-3-3-3.08 37-4-4-10.08-121-5-5-13.95-168-6-6-14.26-172-7-7-10.50-126-8-8-9.30-112
-9-9-7.11 85
-10-10-6.64 80
-11-11-4.49 54
-12-12-1.78 21
-13-13-1.78 21
-14-14-1.41 17
-15-15-2.77 33
-16-16-0.89 10
-17-17-4.69 56
-18-22-2.52 30
-19-27-1.47 17
-20-32-1.17 14
-21-37-0.76 9
-22-42-0.29 3
-23-47-0.18 2
-24-52-0.23 2
-25-57-0.00 0
-26-62-0.06 0
-27-67-0.12 1
-28-72-0.23 2
-29-77-0.06 0
-30-82-0.06 0
-31-87-0.00 0
-32-92-0.00 0

;:-0.12 1

Total Surface
counts Counts area Volume

Phi Size Icc percent percent percent
--------- ---------- ---------- ---------

10 1-2 0.00 0.00% 0.00% 0.00%
9 2-4 3,717.55 3.08% 0.18% 0.03%
8 4-8 58,850.78 48.80% 9.76% 2.99%
7 8-16 42,531.35 35.27% 24.31% 12.00%
6 16-31 11,539.37 9.57% 24.56% 19.69%
5 31-63 3,253.63 2.70% 25.44% 33.27%
4 63-128 707.31 0.59% 15.76% 32.02%

Total counts: 120,600.00/cc
Dilution factor: 100.00:1
Mean size: 9.65um
Standard dey: 8.05um

Page 1 of 2 Sample taken on December 5, 2007 at 13:43



12-05-2007
Aqua Shield
Spectra # 2007110290-1
Client 10: 111707-AF-50-IN-PSO

Total Surface
counts Counts area Volume

Bin Size Icc percent percent percent
--------- ---------- ---------- ---------

oe 0.00 0.00% 0.00% 0.00%
1 1um 0.00 _ 0.00% 0.00% 0.00%
2 2um 0.00 0.00% 0.00% 0.00%
3 3um 3,717.55 3.08% 0.18% 0.03%
4 4um 12,160.82 10.08% 1.02% 0.24%
5 5um 16,823.51 13.95% 2.21% 0.60%
6 6um 17,201.57 14.26% 3.26% 1.01%
7 7um 12,664.89 10.50% 3.26% 1.14%
8 8um 11,215.67 9.30% 3.77% 1.46%
9 9um 8,569.28 7.11% 3.65% 1.54%

10 10um 8,002.19 6.64% 4.21% 1.92%
11 11um 5,418.81 4.49% 3.45% 1.69%
12 12um 2,142.32 1.78% 1.62% 0.85%
13 13um 2,142.32 1.78% 1.90% 1.06%
14 14um 1,701.25 1.41% 1.75% 1.03%
15 15um 3,339.50 2.77% 3.95% 2.45%
16 16um 1,071.16 0.89% 1.44% 0.94%
17 17um 5,658.49 4.69% 8.60% 5.85%
18 22um 3,041.44 2.52% 7.74% 6.39%
19 27um 1,768.28 1.47% 6.78% 6.52%
20 32um 1,414.62 1.17% 7.62% 8.32%
21 37um 919.50 0.76% 6.62% 8.06%
22 42um 353.66 0.29% 3.28% 4.40%
23 47um 212.19 0.18% 2.46% 3.59%
24 52um 282.92 0.23% 4.02% 6.33%
25 57um 0.00 0.00% 0.00% 0.00%
26 62um 70.73 0.06% 1.43% 2.57%
27 67um 141.46 0.12% 3.34% 6.35%
28 72um 282.92 0.23% 7.71% 15.48%
29 77um 70.73 0.06% 2.21% 4.66%
30 82um 70.73 0.06% 2.50% 5.53%
31 87um 0.00 0.00% 0.00% 0.00%
32 92um 0.00 0.00% 0.00% 0.00%

;: 141.46 0.12% 0.00% 0.00%
--------- ---------- ---------- ---------

TOTALS 120,600.00 100.00% 100.00% 100.00%

Page 2 of 2 Sample taken on December 5, 2007 at 13:43



12-05-2007
Aqua Shield
Spectra # 2007110290-2
Client 10: 111707-AF-50-0UT-PSO

Interim
# urn % Cou~

0:-0.00 0
-1-1-0.00 0
-2-2-4.86 52-3-3-21.16-228-4-4-20.64-222-5-5-13.27-143
-6-6-8.62 93
-7-7-6.79 73
-8-8-4.91 52
-9-9-3.50 37
-10-10-3.40 36
-11-11-2.25 24
-12-12-0.89 9
-13-13-0.52 5
-14-14-0.63 6
-15-15-1.99 21
-16-16-0.37 3
-17-17-2.54 27
-18-22-1.34 14
-19-27-0.80 8
-20-32-0.40 4
-21-37-0.05 0
-22-42-0.30 3
-23-47-0.25 2
-24-52-0.20 2
-25-57-0.15 1
-26-62-0.15 1
-27-67-0.00 0
-28-72-0.00 0
-29-77-0.00 0
-30-82-0.00 0
-31-87-0.05 0
-32-92-0.00 0

;:-0.00 0

o 30 60 90
Spectrex Laser Particle Counter 800.822.3940 v8.13f

120 150 180 210 240 270 300
i l , 1 l i . l 1 I .1 I .1 I " , t 1 l i , l "I-II-I Filter

0%

A-T

32 s

SoT,-- 32 s1- III- .;- II Dilutn--
100.0:1,-il.-.. Offset,- II
O.OOV.-.I-I:-I~
Gain'-II'-II 5.55x-I-II-I CountsI-I

107900I-II-II-I
PhiI-I

GroupsI-I
Total Surface

counts Counts area Volume
Phi Size Icc percent percent percent

--------- ---------- ---------- -----_._--
10 1-2 0.00 0.00% 0.00% 0.00%

9 2-4 28,074.29 26.02% 2.31% 0.44%
8 4-8 53,217.14 49.32% 14.36% 4.37%
7 8-16 19,505.43 18.08% 21.95% 11.48%
6 16-31 5,439.42 5.04% 22.62% 19.09%
5 31-63 1,610.04 1.49% 34.62% 54.56%
4 63-128 53.67 0.05% 4.14% 10.05%

Total counts: 107,900.00/cc
Dilution factor: 100.00:1
Mean size: 6.78um
Standard dey: 6.70um

Page 1 of 2 Sample taken on December 5, 2007 at 13:59



12-05-2007
Aqua Shield
Spectra # 2007110290-2
Client 10: 111707-AF-50-0UT-PSO

Total Surface
counts Counts area Volume

Bin Size Icc percent percent percent
--------- ---------- ---------- ---------

oe 0.00 0.00% 0.00% 0.00%
1 1um 0.00 0.00% 0.000/0 0.00%
2 2um 5,242.79 4.86% 0.21% 0.03%
3 3um 22,831.50 21.16% 2.09% 0.41%
4 4um 22,267.76 20.64% 3.63% 0.88%
5 5um 14,319.02 13.27% 3.65% 1.04%
6 6um 9,301.72 8.62% 3.41% 1.12%
7 7um 7,328.63 6.79% 3.66% 1.34%
8 8um 5,299.16 4.91% 3.46% 1.40%
9 9um 3,777.06 3.50% 3.12% 1.38%

10 10um 3,664.32 3.40% 3.74% 1.79%
11 11um 2,424.09 2.25% 2.99% 1.54%
12 12um 958.36 0.89% 1.41% 0.77%
13 13um 563.74 0.52% 0.97% 0.57%
14 14um 676.49 0.63% 1.35% 0.83%
15 15um 2,142.22 1.99% 4.91% 3.19%
16 16um 394.62 0.37% 1.03% 0.70%
17 17um 2,737.07 2.54% 8.06% 5.75%
18 22um 1,449.04 1.34% 7.15% 6.19%
19 27um 858.69 0.80% 6.38% 6.44%
20 32um 429.35 0.40% 4.48% 5.14%
21 37um 53.67 0.05% 0.75% 0.96%
22 42um 322.01 0.30% 5.79% 8.14%
23 47um 268.34 0.25% 6.04% 9.25%
24 52um 214.67 0.20% 5.92% 9.77%
25 57um 161.00 0.15% 5.33% 9.43%
26 62um 161.00 0.15% 6.31% 11.88%
27 67um 0.00 0.00% 0.00% 0.00%
28 72um 0.00 0.00% 0.00% 0.00%
29 77um 0.00 0.00% 0.00% 0.00%
30 82um 0.00 0.00% 0.00% 0.00%
31 87um 53.67 0.05% 4.14% 10.05%
32 92um 0.00 0.00% 0.00% 0.00%

;: 0.00 0.00% 0.00% 0.00%
--------- ---------- ---------- ---------

TOTALS 107,900.00 100.00% 100.00% 100.00%

Page 2 of 2 Sample taken on December 5, 2007 at 13:59



Aqua-Filter™ Bay 3 - Particle Size Distribution Samples t L ()
CHAIN OF CUSTODY RECORD

nilto: Page: ì of (

AquaShield ™ Project ID: Uì.Ke UVÎI(,,\1' S\.-IÇ c.iL'I,icJ)-AGbu-lt-F\\ 't
Contact: Mark Miller Case File #: Shìrît ::~ \2-

2733 Kanasita Drive, Suite B Date recorded by: \ I/n/oi (", '
rni\~";'1LC.:t (lß\

Chattanooga, TN 37343

Q1 Rush 
0 

Tel: 423-870-8888 Standard

Laboralory: SPECTRA Laboratories Sample collecled by: Taylor Associates, Inc.

Conlact: Marie Holl Contact: Carla Milesi

Tel: 253-272-4850 Tel: 206-267-1408 Analysis Required

AquaFHterTl\i Bay 3 - Lake Union Ship Canal
(!
N:;: .

D, e-. e-- e-.
Date Time # of .. .. ..

~ .
(! (! (!

Sample lD Collected Collected Comp? Grab? contain. matrix
-B -B -B

Notes:i 0 0 0
Î ¡ i'ìÒÎ -I\P--5ù'-IN'f J) illnloi I F::w y t seù lx'

i ¡"()~l-AF -C-èL.'1-PSI) tllf7liY7 Ü "62. '! ¡ 'SW X

,-

Comments/Special Notes: Relinquished by: / ¡ / /L / Relinquished by:
Signature ( ?21lL ,/( Ij!.¿M Signature

Please send electronic copy of data report to: Printed Name Ch,yÚ'_ rl1ïteS¡ Printed Name
carlaigtayl orassoc. net C9mpany 'ï~ l Company

?VC~ f(ö+L ÌNre "-'-"L-t Date/Time IIl¡ £/07 XZÒ Date/Time

Received by: /~?~ Received by:
CLv~11 ,,~t,~ .l.~L V Siqnature Siqnature

11C:ntc,,e-:t SetUt,! n+~w.~?,' ?
Printed Name ..' \'17'£l/fv 6- ../fllrtNr Printed Name

Company
~

t.f'lzctt,4 l-tiJ ¡- Company
\ tr. +':(U "S Date/Time ill f(' 10 'r I ~ 't \ Date/Time

y"

Taylor Asst
10/12/2007 Spectra cae, AF-PSD



A SPECTRA Laboratories
2221 Ross Way ø Tacoma, WA 98421 . ø (253) 272-4850 ø Fax (253) 572-9838 ø www.spectra-lab.com

12/12/2007

Aqua Shield ,
2733 Kanasita Drive, Suite B
Chattanooga, TN 37343
Attn: Mark Miler

Client ID

112807-AF-125-IN-PSD

112807-AF-125-0UT-PSD

Spectra #

1

2

* Please see attached scans.

SPECTRA LABORATORIES-,~. "
Steve Hibbs, Laboratory Manager
a7/mh

Analyte.
Particle Count by LASER

Particle Count by LASER

~

Project:
Sample Matrix:
Date Sampled:
Date Received:
Spectra Proj ect:

Result

2,342,000 *

2,396,000 *

Lake Union Ship Canal
Water
11/28/2007
11/29/2007
2007110431

Units Method

PHI

PHI
#/cc

#/cc

Page 1 of 1



12-12-2007
Aqua Shield
Spectra # 2007110431
BLANK

# urn

Interim

Count

o
57

7
3
1

1

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

%

0:-0.00
-1~1-83.24-2~2-10.09-3~3-3.68-4~4-1.52-5~5-0.74-6~6-0.26-7~7-0.21-8~8-0.11-9~9-0.05-10-10-0.05-11-11-0.00-12-12-0.00-13-13-0.00-14-14-0.05-15-15-0.00
-16-16-0.00-17-17-0.00-18-22-0.00-19-27-0.00-20-32-0.00-21-37-0.00
-22-42-0.00-23-47-0.00-24-52-0.00-25-57-0.00-26-62-0.00-27-67-0.00
-28-72-0.00-29-77-0.00
-30-82-0.00
-31-87-0.00-32-92-0.00::-0.00

o
Spectrex Laser Particle Counter 800-822-3940 v8.13f

30 36 42 48 54 60

Phi Size

10 1-2
9 2-4
8 4-8
7 8-16
6 16-31
5 31-63
4 63-128

-
Ii
Ii
I,

I

1

1

I

1

1

1

I

1

I

1

1

I

1

1

1

1

I

I

1

1

1

I

I

1

I

I

Filter

0%

Ä-T
Os

S-T
32 s

Dilutn
1.00:1

Offset
O.OOV

Gain
5.55x

Counts
69

Phi

Groups

Total
counts

Icc

57.43
9.50
1.89
0.18
0.00
0.00
0.00

Total counts: 69.00/cc
Total suspended

solids: O.OOppm (mg/lter)

Spec. gravity: 1.00
Mean size: 1.30um
Standard dev: 0.88um

Page 1 of 2

Counts
percent

83.24%
13.77%
2.73%
0.26%
0.00%
0.00%
0.00%

Surface
area Volume Masslbin

percent percent ppm
---------- --------- -----------
33.87% 13.97% 0.0000
29.89% 24.06% 0.0001
25.44% 35.42% 0.0001
10.80% 26.55% 0.0001
0.00% 0.00% 0.0000
0.00% 0.00% 0.0000
0.00% 0.00% 0.0000

Sample taken on December 12, 2007 at 08:53



12-12-2007
Aqua Shield
Spectra # 2007110431
BLANK

Total Surface
counts- Counts area Volume Mass/bin

Bin Size Icc percent percent percent ppm
--------- ---------- ---------- --------- -----------

0: 0.00 0.00% 0.00% 0.00% 0.0000
1 1um 57.43 83.24% 33.87% 13.97% 0.0000
2 2um 6.96 10.09% 16.42% 11.39% 0.0000
3 3um 2.54 3.68% 13.47% 12.67% 0.0000
4 4um 1.05 1.52% 9.92% 11.57% 0.0000
5 5um 0.51 0.74% 7.48% 10.32% 0.0000
6 6um 0.18 0.26% ~ 3.85% 6.09% 0.0000
7 7um 0.15 0.21% 4.19% 7.44% 0.0000
8 8um 0.07 0.11% 2.74% 5.37% 0.0000
9 9um 0.04 0.05% 1.73% 3.71% 0.0000

10 10um 0.04 0.05% 2.14% 4.96% 0.0000
11 11um 0.00 0.00%' 0.00% 0.00% 0.0000
12 12um 0.00 0.00% 0.00% 0.00% 0.0000
13 13um 0.00 0.00% 0.00% 0.00% 0.0000
14 14um 0.04 0.05% 4.19% 12.51% 0.0000
15 15um 0.00 0.00% 0.00% 0.00% 0.0000
16 16um 0.00 0.00% 0.00% 0.00% 0.0000
17 17um 0.00 0.00% 0.00% 0.00% 0.0000
18 22um 0.00 0.00% 0.00% 0.00% 0.0000
19 27um 0.00 0.00% 0.00% 0.00% 0.0000
20 32um 0.00 0.00% 0.00% 0.00% 0.0000
21 37um 0.00 0.00% 0.00% 0.00% 0.0000
22 42um 0.00 0.00% 0.00% 0.00% 0.0000
23 47um 0.00 0.00% 0.00% 0.00% 0.0000
24 52um 0.00 0.00% 0.00% 0.00% 0.0000
25 57um 0.00 0.00% 0.00% 0.00% 0.0000
26 62um 0.00 0.00% 0.00% 0.00% 0.0000
27 67um 0.00 0.00% 0.00% 0.00% 0.0000
28 72um 0.00 0.00% 0.00% 0.00% 0.0000
29 77um 0.00 0.00% 0.00% 0.00% 0.0000
30 82um 0.00 0.00% 0.00% 0.00% 0.0000
31 87um 0.00 0.00% 0.00% 0.00% 0.0000
32 92um 0.00 0.00% 0.00% 0.00% 0.0000

;: 0.00 0.00% 0.00% 0.00% 0.0000
_._------- ---------- ---------- --------- -----------

TOTALS 69.00 100.00% 100.00% 100.00% 0.0002

Page 2 of 2 Sample taken on December 12, 2007 at 08:53



12-12-2007
Aqua Shield
Spectra # 2007110431-1
Client ID:

112807-AF-125-IN-PSD

# um %

Interim
Count o 20 40 60 80

Spectrex Laser Particle Counter 800-822-3940 v8.13f
100 120 140 160 180 200

I i I- i I i I I" i i r , i l .1 I i.' I
"

I i I I .1I-II-I FilterI-i
0%

Ä-T
Os

S-T~

32 s

Dilutn
2000:1,- lI

Offset1--;-ii O.OOV,- lI'-I~
Gain-.-I 5.55xi-II-I1- Counts1-

2342000I-I-i-
Phii-- Groups

0:-0.00 0
-1~1-0.00 0-2~2-0.00 0
-3~3-3.45 40-4~4-11.13-130-5~5-15.52-181-6~6-13.38-156-7~7-10.08-118
-8~8-7.94 92
-9~9-5.38 63
-10-10-3.66 42
-11-11-3.40 39
-12-12-1.52 17
-13-13-7.42 86-14-14-8.62-100
-15-15-1.78 20
-16-16-0.37 4
-17-17-2.37 27
-18-22-1.52 17
-19-27-0.93 10
-20-32-0.26 3
-21-37-0.41 4
-22-42-0.19 2
-23-47-0.15 1
-24-52-0.15 1
-25-57-0.07 0
-26-62-0.04 0
-27-67-0.04 0
-28-72-0.00 0
-29-77-0.04 0
-30-82-0.00 0
-31-87-0.04 0
-32-92-0.04 0

::-0.15 1

Total Surface
counts Counts area Volume Masslbin

Phi Size Icc percent percent percent ppm
--------- ---------- ---------- --------- -----------

10 1-2 0.00 0.00% 0.00% 0.00% 0.0000
9 2-4 80,758.62 3.45% 0.25% 0.06% 0.8675
8 4-81,173,447.23 50.10% 12.55% 4.50% 70.7927
7 8-16 929,947.75 39.71% 42.99% 26.88% 422.9093
6 16-31 121,394.04 5.18% 17.82% 17.11% 269.2598
5 31-63 29,509.05 1.26% 18.41 % 30.49% 479.7311
4 63-128 6,943.31 0.30% 7.98% 20.97% 330.0521

Total counts: 2,342,000.01/cc
Total suspended

solids: 1573.61 ppm (mg/liter)
Dilution factor: 2000.00:1
Spec. gravity: 1.00
Mean size: 9.01 um
Standard dev: 6.46um

Page 1 of 2 Sample taken on December 12, 2007 at 10:49



12-12-2007
Aqua Shield
Spectra # 2007110431-1
Client 10:

112807 -AF-125-IN-PSO

Total Surface
counts Counts -area Volume Mass/bin

Bin Size Icc percent percent percent ppm
--------- ---------- ---------- --------- -----------

0: 0.00 0.00% 0.00% 0.00% 0.0000
1 1um 0.00 0.00% 0.00% 0.00% 0.0000
2 2um 0.00 0.00% 0.00% 0.00% 0.0000
3 3um 80,758.62 3.45% ~ 0.25% 0.06% 0.8675
4 4um 260,630.09 11.13% 1.45% 0.39% 6.1757
5 5um 363,413.79 15.52% 3.16% 1.01% 15.9062
6 6um 313,245.56 13.38% ~ 3.92% 1.44% 22.6360
7 7um 236,157.78 10.08% 4.02% 1.66% 26.0748
8 8um 185,989.55 7.94% 4.14% 1.88% 29.6473
9 9um 126,032.39 5.38% 3.55% 1.77% 27.7746

10 10um 85,653.08 3.66% 2.98% 1.60% 25.2198
11 11um 79,535.01 3.40% ' 3.34% 1.93% 30.4359
12 12um 35,484.85 1.52%. 1.78% 1.10% 17.2500
13 13um 173,753.40 7.42% 10.20% 6.69% 105.2631
14 14um 201,896.55 8.62% 13.75% 9.53% 149.9614
15 15um 41,602.93 1.78% 3.25% 2.37% 37.3571
16 16um 8,565.31 0.37% 0.76% 0.58% 9.1848
17 17um 55,546.45 2.37% 5.58% 4.47% 70.3703
18 22um 35,584.45 1.52% 5.99% 5.82% 91.6054
19 27um 21,697.83 0.93% 5.50% 6.23% 98.0992
20 32um 6,075.39 0.26% 2.16% 2.79% 43.8264
21 37um 9,547.05 0.41% 4.54% 6.52% 102.6650
22 42um 4,339.57 0.19% 2.66% 4.20% 66.1273
23 47um 3,471.65 0.15% 2.67% 4.58% 72.0782
24 52um 3,471.65 0.15% 3.26% 6.05% 95.1797
25 57um 1,735.83 0.07% 1.96% 3.89% 61.2577
26 62um 867.91 0.04% 1.16% 2.45% 38.5969
27 67um 867.91 0.04% 1.35% 3.04% 47.7728
28 72um 0.00 0.00% 0.00% 0.00% 0.0000
29 77um 867.91 0.04% 1.79% 4.45% 70.0365
30 82um 0.00 0.00% 0.00% 0.00% 0.0000
31 87um 867.91 0.04% 2.28% 6.23% 97.9835
32 92um 867.91 0.04% 2.55% 7.26% 114.2593

;: 3,471.65 0.15% 0.00% 0.00% 0.0000
--------- ---------- ---------- --------- -----------

TOTALS2,342,000.01 100.00% 100.00% 100.00% 1573.6125

Page 2 of 2 Sample taken on December 12, 2007 at 10:49



12-12-2007
Aqua Shield
Spectra # 2007110431-2
Client 10:

112807-AF-125-0UT-PSO

Interim
# um % Count

0:-0.00 0
-1~1-0.00 0-2~2-0.00 0
-3~3-6.06 72-4~4-23.25-278-5~5-21.84-261-6~6-16.25-194
--7~ 7--10.19--122
-8~8-5.49 65
-9~9-3.55 42
-10-10-2.56 30
-11-11-2.46 29
-12-12-0.99 11
-13-13-0.68 8
-14-14-0.57 6
-15-15-0.94 11
-16-16-0.31 3
-17-17-2.34 27
-18-22-0.70 8
-19-27-0.61 7
-20-32-0.33 3
-21-37-0.14 1
-22-42-0.14 1
-23-47-0.28 3
-24-52-0.05 0
-25-57-0.09 1
-26-62-0.05 0
-27-67-0.00 0
-28-72-0.05 0
-29-77-0.00 0
-30-82-0.00 0
-31-87-0.00 0
-32-92-0.00 0

::-0.09 1

o 30 60 90
Spectrex Laser Particle Counter 800-8~2.3940 v8.13f

120 150 180 210 240 27'0 300
i I l i i I- i l i I I i I I .1 i I i i. i .1 l I ¡" .1I-II-I . FilterI-I

0%

I Ä-T,:
i

Os

~ S-T
32 s-lI:- Ii,- lI Dilutn- lI

2000:1:-I~:- Ii Offset'- II:-I~ O.OOV-I-I
Gain:-I~1- 5.55x-I-I- Counts1-

2396000I-I-1-
Phi1-- Groups

Total Surface
counts Counts area Volume Masslbin

Phi Size Icc percent percent percent ppm
--------- ---------- ---------- --------- -----------

1 a 1-2 0.00 0.00% 0.00% 0.00% 0.0000
9 2-4 145,212.12 6.06% 0.72% 0.17% 1.5599

.8 4-81,713,753.40 71.53% 26.30% 9.80% 91.1882
7 8-16 413,103.45 17.24% 23.30% 14.20% 132.1701
6 16-31 94,826.02 3.96% 20.19% 20.20% 187.9829
5 31-63 25,746.74 1.07% 26.31% 47.57% 442.7442
4 63-128 3,358.27 0.14% 3.18% 8.07% 75.1030

Total counts: 2,396,000.00/cc
Total suspended

solids: 930.75ppm (mg/lter)
Dilution factor: 2000.00:1
Spec. gravity: 1.00
Mean size: 6.86um
Standard dev: 5.39um

Page 1 of 2 Sample taken on December 12, 2007 at 11 :05



12-12-2007
Aqua Shield
Spectra # 2007110431-2
Client 10:

112807-AF-125-0UT-PSO
~

Total Surface
counts Counts area Volume Mass/bin

Bin Size Icc percent percent percent ppm
--------- ---------- ---------- --------- -----------

0: 0.00 0.00% 0.00% 0.00% 0.0000
1 1um 0.00 0.00% 0.00% 0.00% 0.0000
2 2um 0.00 0.00% 0.00% 0.00% 0.0000
3 3um 145,212.12 6.06% 0.72% 0.17% 1.5599
4 4um 557,063.74 23.25% 4.89% 1.42% 13.1998
5 5um 523,264.37 21.84% 7.17% 2.46% 22.9027
6 6um 389,318.70 16.25% ~ 7.68% 3.02% 28.1332
7 7um 244,106.58 10.19% 6.56% 2.90% 26.9524
8 8um 131,442.01 5.49% . 4.61% 2.25% 20.9522
9 9um 85,124.35 3.55% 3.78% 2.02% 18.7594

10 10um 61,339.60 2.56%' 3.36% 1.94% 18.0609
11 11um 58,835.95 2.46% 3.90% 2.42% 22.5150
12 12um 23,784.74 0.99%, 1.88% 1.24% 11.5623
13 13um 16,273.77 0.68% 1.51% 1.06% 9.8590
14 14um 13,770.11 0.57% 1.48% 1.10% 10.2279
15 15um 22,532.92 0.94% 2.78% 2.17% 20.2333
16 16um 7,510.97 0.31% 1.05% 0.87% 8.0542
17 17um 55,971.18 2.34% 8.87% 7.62% 70.9084
18 22um 16,791.36 0.70% 4.46% 4.64% 43.2262
19 27um 14,552.51 0.61% 5.82% 7.07% 65.7941
20 32um 7,835.97 0.33% 4.40% 6.07% 56.5267
21 37um 3,358.27 0.14% 2.52% 3.88% 36.1135
22 42um 3,358.27 0.14% 3.25% 5.50% 51.1741
23 47um 6,716.54 0.28% 8.13% 14.98% 139.4484
24 52um 1,119.42 0.05% 1.66% 3.30% 30.6904
25 57um 2,238.85 0.09% 3.99% 8.49% 79.0094
26 62um 1,119.42 0.05% 2.36% 5.35% 49.7818
27 67um 0.00 0.00% 0.00% 0.00% 0.0000
28 72um 1,119.42 0.05% 3.18% 8.07% 75.1030
29 77um 0.00 0.00% 0.00% 0.00% 0.0000
30 82um 0.00 0.00% 0.00% 0.00% 0.0000
31 87um 0.00 0.00% 0.00% 0.00% 0.0000
32 92um 0.00 0.00% 0.00% 0.00% 0.0000

;: 2,238.85 0.09% 0.00% 0.00% 0.0000
--------- ---------- ---------- --------- -----------

TOTALS2,396,000.00 100.00% 100.00% 100.00% 930.7482

Page 2 of 2 Sample taken on December 12, 2007 at 11 :05



Aqua-Filter™ Bay 3 - Particle Size Distribution Samples
/..-1

d tJc:1 ( L CL( '?JI

CHAIN OF CUSTODY RECORD
1

Bil to: Page: 1 of

AquaShield ™ Project ID: ~~ Uri~OY S~ CCl.\W -Aifi.~hl~('
Contact: Mark Miller Case File #: ~V¥:j 1'3
2733 Kanasita Drive, Suite B Date recorded by: it/~ 1/)1

:2f/VL
~ë5'Chattanooga, TN 37343

~Tel: 423-870-8888 Standard RUShD

Laboratory: SPECTRA Laboratories Sample collected by: Taylor Associates, Inc,

Contact: Marie Holt Contact: Carla Milesi

Tel: 253-172-4850 Tel: 206-267-1408 Analysis Required

AquaFilter™ Bay 3 - Lake Union Ship Canal

ci
~

~ c:. c:. c:.
Date Time # of () . .. .. ..

E ci ci ci
-B -B -BSample ID Collected Collected Comp? Grab? contain. matrix ~ i 0 0 0 '. "

Notes
¡li~Î -AF-12S-jN~J) II/n/n IS'21 x. I i~ 'I

'l15h:i1-A;¡ -116 "'LCí-t~ ll/d/den ISî.=: ,. I L;I,J Y.

.comments/Special Notes: Relinqui,shed by: L~ Relinquished by:
i

Signature, Signature . of. , '
please send electronic copy of data report to: Printed Name L JZv- Gt3Jf (:. Printed Name
parla02taylorassoc.net C9mpan1 IÄ 'tLDIi2 ASSClClA-, ¿: 3- Company
,

Date/Time il/2 'l It) lìG1S-PS Date/Time
¡ R,co;"d by' ~ - ~ Received by:

SiqnatureSiqnature ~ '-N )
Printed Name 11 v"L e \:-0 Lb Printed Name

Company ç ~ D C+D ('6 Company
Date/Time 1 I -:; q -07 9', t; "t Date/Time

Taylor Associ,
10/1/2007

Spectra COC, AF-PSD



A SPECTRA Laboratories
2221 Ross Way · Tacoma, WA 98421 · (253) 272-4850 · Fax (253) 572-9838 · www.spectra-1ab.com

01105/2008

Aqua Shield ,
2733 Kanasita Drive, Suite B
Chattanooga, TN 37343
Attn: Mark Miler

Client ID

121307-AF-125-IN-PSD

121307-AF-125-0UT-PSD

Spectra #

1

2

* Please see attached scans.

SPECTRA LABORATORIES

/"1-
Steve .Hi~b~ry Manager
a7/niJi

Analyte

Particle Count by LASER

Particle Count by LASER

Project:
Sample Matrix:
Date Sampled:

Date Received:
Spectra Proj ect:

Result

1,141,500 *

1,098,000 *

Lake Union Ship Canal
Water
12/13/2007
12/14/2007
2007120254

Units

#/cc

#/cc

Method

PHI

PHI

Page 1 of 1



01-05-2008
Aqua Shield
Spectra # 2007120254
BLANK

# um %
-:-0.00-1-1-84.38-2-2-10.22-3-3-1.83-4-4-1.36-5-5-0.52-6-6-0.31-7-7-0.10-8-8-0.05-9-9-0.16-10-10-0.16

-11-11-0.05-12-12-0.05
-13-13-0.00-14-14-0.00-15-15-0.00
-16-16-0.00-17-17-0.26
-18-22-0.00-19-27-0.00-20-32-0.26-21-37-0.00
-22-42-0.00
-23-47-0.00-24-52-0.00-25-57-0.00-26-62-0.00-27-67-0.00
-28-72-0.26-29-77-0.00-30-82-0.00-31-87-0.00-32-92-0.00

::-0.00

Interim

Count

o
45

5
1

1

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Phi Size

10 1-2
9 2-4
8 4-8
7 8-16
6 16-31
5 31-63
4 63-128

o
Spectrex Laser Particle Counter 800-822-3940 v8.13f

25 30 35 40 45 50

II
II
I

i.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Filter

0%

A-T

Os

S-T
32 s

Dilutn
1.00:1

Offset
O.OOV

Gain
5.55x

Counts
53

Phi

Groups

Total
counts

Icc

44.72
6.39
1.22
0.25
0.14
0.14
0.14

Total counts: 53.00/cc
Total suspended

solids: 0.01 ppm (mg/liter)

Spec. gravity: 1.00
Mean size: 1.57um
Standard dev: 4.12um

Page 1 of 2

Counts
percent

84.38%
12.05%
2.31%
0.47%
0.26%
0.26%
0.26%

Surface
area Volume Masslbin

percent percent ppm
---------- --------- -----------
4.35% 0.22% 0.0000
2.96% 0.28% 0.0000
2.65% 0.44% 0.0000
2.35% 0.67% 0.0001
3.90% 1.65% 0.0002

13.82% 9.39% 0.0010
69.97% 87.35% 0.0093

Sample taken on January 5, 2008 at 14:03



01-05-2008
Aqua Shield
Spectra # 2007120254
BLANK

Total Surface
counts Counts area Volume Masslbin

Bin Size Icc percent percent percent ppm
--------- ---------- ---------- --------- -----------

-: 0.00 0.00% 0.00% 0.00% 0.0000
1 1um 44.72 84.38% 4.35% 0.22% 0.0000
2 2um 5.42 10.22% 2.11% 0.18% 0.0000
3 3um . 0.97 1.83% 0.85% 0.10% 0.0000
4 4um 0.72 1.36% 1.12% 0.16% 0.0000
5 5um 0.28 0.52% 0.67% 0.11% 0.0000
6 6um 0.17 0.31% 0.58% 0.11% 0.0000
7 7um 0.06 0.10% 0.26% 0.06% 0.0000
8 8um 0.03 0.05% 0.17% 0.04% 0.0000
9 9um 0.08 0.16% 0.66% 0.17% 0.0000

1 a 10um 0.08 0.16% 0.81% 0.23% 0.0000
11 11um 0.03 0.05% 0.33% 0.10% 0.0000
12 12um 0.03 0.05% 0.39% 0.13% 0.0000
13 13um 0.00 0.00% 0.00% 0.00% 0.0000
14 14um 0.00 0.00% 0.00% 0.00% 0.0000
15 15um 0.00 0.00% 0.00% 0.00% 0.0000
16 16um 0.00 0.00% 0.00% 0.00% 0.0000
17 17um 0.14 0.26% 3.90% 1.65% 0.0002
18 22um 0.00 0.00% 0.00% 0.00% 0.0000
19 27um 0.00 0.00% 0.00% 0.00% 0.0000
20 32um 0.14 0.26% 13.82% 9.39% 0.0010
21 37um 0.00 0.00% 0.00% 0.00% 0.0000
22 42um 0.00 0.00% 0.00% 0.00% 0.0000
23 47um 0.00 0.00% 0.00% 0.00% 0.0000
24 52um 0.00 0.00% 0.00% 0.00% 0.0000
25 57um 0.00 0.00% 0.00% 0.00% 0.0000
26 62um 0.00 0.00% 0.00% 0.00% 0.0000
27 67um 0.00 0.00% 0.00% 0.00% 0.0000
28 72um 0.14 0.26% 69.97% 87.35% 0.0093
29 77um 0.00 0.00% 0.00% 0.00% 0.0000
30 82um 0.00 0.00% 0.00% 0.00% 0.0000
31 87um 0.00 0.00% 0.00% 0.00% 0.0000
32 92um 0.00 0.00% 0.00% 0.00% 0.0000

:: 0.00 0.00% 0.00% 0.00% 0.0000
--------- ---------- ---------- --------- -----------

TOTALS 53.00 100.00% 100.00% 100.00% 0.0107

Page 2 of 2 Sample taken on January 5, 2008 at 14:03



i l , i l i . " I , l .1 I ,'1 I .'1 , I' i i. , .1 l .1 ,I-I
FilterI-I,-- 0%

A-T

Os
i

SoT

32 s:-II1- II,-- Dilutn,-.- 1000:1:-~i.-II Offset,--
O.OOV- II,-ii'-II
GainI-I'-II 5.55x'-II'-II-I CountsI-I 1141500I-II-II-I PhiI-I

Groups'-II

01-05-2008
Aqua Shield
Spectra # 2007120254-1
Client ID:

121307-AF-125-IN-PSD

Interim
# um % Cou~

-:-0.00 0-1-1-0.00 0-2-2-0.73 8-3-3-9.35-106-4-4-18.18-207-5-5-18.08-206-6-6-12.70-144-7-7-8.88-101
-8-8-6.32 72
-9-9-5.69 65
-10-10-3.76 42
-11-11-2.35 26
-12-12-1.15 13
-13-13-0.84 9
-14-14-0.78 8
-15-15-1.36 15
-16-16-0.31 3
-17-17-3.43 39
-18-22-1.28 14
-19-27-1.63 18
-20-32-1.03 11
-21-37-0.34 3
-22-42-0.26 2
-23-47-0.09 0
-24-52-0.26 2
-25-57-0.26 2
-26-62-0.26 2
-27-67-0.17 1
-28-72-0.09 0
-29-77-0.00 0
-30-82-0.09 0
-31-87-0.09 0
-32-92-0.00 0

;:-0.26 2

o 30

Total
counts

Phi Size Icc
---------

10 1-2 0.00
9 2-4 115,104.23
8 4-8 660,209.25
7 8-16 254,064.26
6 16-31 75,940.96
5 31-63 28,358.31
4 63-128 7,822.98

Total counts: 1,141 ,500.00/cc
Total suspended

solids: 1177.02ppm (mg/lter)
Dilution factor: 1000.00:1
Spec. gravity: 1.00
Mean size: 8.26um
Standard dev: 8.50um

Page 1 of 2

60
Spectrex Laser Particle Counter 800-822-3940 v8.13f

120 150 180 210 240 270 30090

Surface
Counts area Volume Mass/bin
percent percent percent ppm
---------- ---------- --------- -----------
0.00% 0.00% 0.00% 0.0000

10.08% 0.62% 0.10% 1.1762
57.84% 11.67% 3.03% 35.6167
22.26% 16.36% 6.92% 81.4704

6.65% 20.54% 14.88% 175.1522
2.48% 33.41% 43.00% 506.1352
0.69% 17.39% 32.07% 377.4687

Sample taken on January 5, 2008 at 14:24



01-05-2008
Aqua Shield
Spectra # 2007120254-1
Client 10:

121307-AF-125-IN-PSD

Total Surface
counts Counts area Volume Masslbin

Bin Size Icc percent percent percent ppm--------- ---------- ---------- --------- -----------
-: 0.00 0.00% 0.00% 0.00% 0.0000

1 1um 0.00 0.00% 0.00% 0.00% 0.0000
2 2um 8,349.53 0.73% 0.02% 0.00% 0.0294
3 3um 106,754.70 9.35% 0.60% 0.10% 1.1468
4 4um 207,545.45 18.18% 2.08% 0.42% 4.9179
5 5um 206,352.66 18.08% 3.22% 0.77% 9.0318
6 6um 144,923.98 12.70% 3.26% 0.89% 10.4726
7 7um 101,387.15 8.88% 3.11% 0.95% 11.1944
8 8um 72,163.79 6.32% 2.89% 0.98% 11.5031
9 9um 65,007.05 5.69% 3.29% 1.22% 14.3260

10 10um 42,940.44 3.76% 2.68% 1.07% 12.6434
11 11um 26,837.77 2.35% 2.03% 0.87% 10.2701
12 12um 13,120.69 1.15% 1.18% 0.54% 6.3783
13 13um 9,542.32 0.84% 1.01% 0.49% 5.7809
14 14um 8,945.92 0.78% 1.10% 0.56% 6.6447
15 15um 15,506.27 1.36% 2.18% 1.18% 13.9238
16 16um 3,578.37 0.31% 0.57% 0.33% 3.8372
17 17um 39,114.92 3.43% 7.07% 4.21% 49.5536
18 22um 14,668.09 1.28% 4.44% 3.21% 37.7602
19 27um 18,579.58 1.63% 8.47% 7.14% 84.0011
20 32um 11,734.47 1.03% 7.51% 7.19% 84.6496
21 37um 3,911.49 0.34% 3.35% 3.57% 42.0626
22 42um 2,933.62 0.26% 3.24% 3.80% 44.7031
23 47um 977.87 0.09% 1.35% 1.72% 20.3025
24 52um 2,933.62 0.26% 4.96% 6.83% 80.4288
25 57um 2,933.62 0.26% 5.96% 8.80% 103.5281
26 62um 2,933.62 0.26% 7.05% 11.08% 130.4606
27 67um 1,955.75 0.17% 5.49% 9.15% 107.6507
28 72um 977.87 0.09% 3.17% 5.57% 65.6063
29 77um 0.00 0.00% 0.00% 0.00% 0.0000
30 82um 977.87 0.09% 4.11% 7.97% 93.8143
31 87um 977.87 0.09% 4.63% 9.38% 110.3974
32 92um 0.00 0.00% 0.00% 0.00% 0.0000

;: 2,933.62 0.26% 0.00% 0.00% 0.0000
--------- ---------- _._-------- --------- -----------

TOTALS 1 ,141,500.00 100.00% 100.00% 100.00% 1177.0193

Page 2 of 2 Sample taken on January 5,2008 at 14:24
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FilterI-I
0%

, A-T

Os

SoT,.-II 32 s.-II,-IIi- II Dilutn,- .- 1000:1,- II:--,- II Offset- II
O.OOV,- II1-I~'-II
Gain-1- 5.55xI-I-1- Counts1-

1098000I-I-1- PhiI-I
Groups-I

01-05-2008
Aqua Shield
Spectra # 2007120254-2
Client 10:

121307 -AF-125-0UT -PSO

Interim
# um % Count

-:-0.00 0-1-1-0.00 0
-2-2-3.55 39-3-3-15.52-170-4-4-20.06-220-5-5-15.78-173-6-6-11.18-122
-7-7-8.10 88
-8-8-6.06 66
-9-9-4.39 48
-10-10-2.98 32
-11-11-2.19 24
-12-12-1.31 14
-13-13-1.15 12
-14-14-0.63 6
-15-15-1.41 15
-16-16-0.47 5
-17-17-1.70 18
-18-22-1.13 12
-19-27-1.07 11
-20-32-0.50 5
-21-37-0.31 3
-22-42-0.25 2
-23-47-0.13 1
-24-52-0.00 0
-25-57-0.00 0
-26-62-0.00 0
-27-67-0.00 0
-28-72-0.00 0
-29-77-0.00 0
-30-82-0.00 0
-31-87-0.00 0
-32-92-0.00 0

;:-0.13 1

o 30

Total
counts

Phi Size Icc
---------

1 a 1-2 0.00
9 2-4 209,388.71
8 4-8 605,219.44
7 8-16 220,862.07
6 16-31 48,015.30
5 31-63 13,132.15
4 63-128 1,382.33

Total counts: 1,098,000.00/cc
Total suspended

solids: 369.38ppm (mg/liter)
Dilution factor: 1000.00:1
Spec. gravity: 1.00
Mean size: 6.74um
Standard dev: 5.36um

Page 1 of 2

60
Spectrex Laser Particle Counter 800-822-3940 v8.13f

120 150180 210 240 270 30090

Surface
Counts area Volume Masslbin
percent percent percent ppm
---------- ---------- --------- -------_._--

0.00% 0.00% 0.00% 0.0000
19.07% 2.08% 0.53% 1.9676
55.12% 20.45% 8.53% 31.4917
20.11 % 28.75% 19.96% 73.7143

4.37% 26.19% 30.95% 114.3279
1.20% 22.53% 40.03% 147.8782
0.13% 0.00% 0.00% 0.0000

Sample taken on January 5, 2008 at 14:54



01-05-2008
Aqua Shield
Spectra # 2007120254-2
Client 10:

121307 -AF-125-0UT -PSO

Total Surface
counts Counts area Volume Masslbin

Bin Size Icc percent percent percent ppm
--------- ---------- ---------- --------- -----------

.. 0.00 0.00% 0.00% 0.00% 0.0000
1 1um 0.00 0.00% 0.00% 0.00% 0.0000
2 2um 39,009.40 3.55% 0.19% 0.04% 0.1374
3 3um 170.,379.31 15.52% 1.89% 0.50% 1.8302
4 4um 220,288.40 20.06% 4.33% 1.41% 5.2198
5 5um 173,247.65 15.78% 5.33% 2.05% 7.5829
6 6um 122,764.89 11.18% 5.43% 2.40% 8.8713
7 7um 88,918.50 8.10% 5.36% 2.66% 9.8177
8 8um 66,545.45 6.06% 5.24% 2.87% 10.6075
9 9um 48,188.09 4.39% 4.80% 2.87% 10.6195

10 10um 32,699.06 2.98% 4.02% 2.61% 9.6280
11 11um 24,094.04 2.19% 3.58% 2.50% 9.2202
12 12um 14,341.69 1.31% 2.54% 1.89% 6.9718
13 13um 12,620.69 1.15% 2.62% 2.07% 7.6459
14 14um 6,884.01 0.63% 1.66% 1.38% 5.1132
15 15um 15,489.03 1.41% 4.29% 3.77% 13.9083
16 16um 5,163.01 0.47% 1.63% 1.50% 5.5365
17 17um 18,661.48 1.70% 6.63% 6.40% 23.6417
18 22um 12,440.99 1.13% 7.40% 8.67% 32.0270
19 27um 11,749.82 1.07% 10.53% 14.38% 53.1227
20 32um 5,529.33 0.50% 6.96% 10.80% 39.8872
21 37um 3,455.83 0.31% 5.82% 10.06% 37.1626
22 42um 2,764.66 0.25% 6.00% 11.41% 42.1285
23 47um 1,382.33 0.13% 3.75% 7.77% 28.6999
24 52um 0.00 0.00% 0.00% 0.00% 0.0000
25 57um 0.00 0.00% 0.00% 0.00% 0.0000
26 62um 0.00 0.00% 0.00% 0.00% 0.0000
27 67um 0.00 0.00% 0.00% 0.00% 0.0000
28 72um 0.00 0.00% 0.00% 0.00% 0.0000
29 77um 0.00 0.00% 0.00% 0.00% 0.0000
30 82um 0.00 0.00% 0.00% 0.00% 0.0000
31 87um 0.00 0.00% 0.00% 0.00% 0.0000
32 92um 0.00 0.00% 0.00% 0.00% 0.0000

;: 1,382.33 0.13% 0.00% 0.00% 0.0000
--------- ---------- ---------- --------- -----------

TOTALS 1 ,098,000.00 100.00% 100.00% 100.00% 369.3797

Page 2 of 2 Sample taken on January 5, 2008 at 14:54
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A SPECTRA Laboratories
2221 Ross Way · Tacoma, WA 98421 · (253) 272-4850 · Fax (253) 572-9838 · www.spectra-lab.com

01/08/2008

Aqua Shield
2733 Kanasita Drive, Suite B
Chattanooga, TN 37343
Attn: Mark Miller

Client ID

122707-AF- 125-IN-PSD

122707-AF-125-0UT-PSD

Spectra #

1

2

* Please see attached scans.

SPECTRA LABORATORIES

nager
a7/mh

Analyte

Particle Count by LASER

Paiiicle Count by LASER

Project:
Sample Matrix:
Date Sampled:

Date Received:

Spectra Project:

Result

1,181,000 *

120,100 *

Lake Union Ship Canal
Water
12127/2007

1212812007
2007120437

Units Method

PHI

PHI

#/cc

#/cc

Page 1 of 1



01-08-2008
Aqua Shield
Spectra # 2007120437
BLANK

# um %
-:-0.00-1-1-95.98-2-2-2.56-3-3-0.63-4-4-0.21-5-5-0.16-6-6-0.05-7-7-0.00-8-8-0.05-9-9-0.21

-10-10-0.10-11-11-0.00-12-12-0.00-13-13-0.00-14-14-0.00-15-15-0.00
-16-16-0.00-17-17-0.00-18-22-0.05-19-27-0.00-20-32-0.00-21-37-0.00-22-42-0.00-23-47-0.00-24-52-0.00-25-57-0.00-26-62-0.00-27-67-0.00
-28-72-0.00-29-77-0.00
-30-82-0.00-31-87-0.00-32-92-0.00

;:-0.00

Interim
Count

o
10

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Phi Size

10 1-2
9 2-4
8 4-8
7 8-16
6 16-31
5 31-63
4 63-128

o
Spectrex Laser Particle Counter 800-822-3940 v8.13f6 7 8 9 10

I

I

I

I

I,

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Total
counts

Icc

9.60
0.32
0.04
0.04
0.01
0.00
0.00

Total counts: 10.00/cc
Total suspended

solids: O.OOppm (mgllter)

Spec. gravity: 1.00
Mean size: 1 .09um
Standard dev: 0.76um

Page 1 of 2

Counts
percent

95.98%
3.19%
0.42%
0.37%
0.05%
0.00%
0.00%

Surface
area Volume Masslbin

percent percent ppm
---------- --------- -----------
54.22% 16.68% 0.0000

8.97% 5.23% 0.0000
5.17% 5.17% 0.0000

17.36% 28.27% 0.0000
14.29% 44.65% 0.0000
0.00% 0.00% 0.0000
0.00% 0.00% 0.0000

Filter
0%

A-T

Os

S-T
32 s

Oilutn
1.00:1

Offset
O.OOV

Gain
5.55x

Counts
10

Phi

Groups

Sample taken on January 8, 2008 at 14:04



01-08-2008
Aqua Shield
Spectra # 2007120437
BLANK

Total Surface
counts Counts area Volume Masslbin

Bin Size Icc percent percent percent ppm--------- ---------- ---------- --------- -----------
-: 0.00 0.00% 0.00% 0.00% 0.0000

1 1um 9.60 95.98% 54.22% 16.68% 0.0000
2 2um 0.26 2.56% 5.79% 2.99% 0.0000
3 3um 0.06 0.63% 3.19% 2.24% 0.0000
4 4um 0.02 0.21% 1.89% 1.64% 0.0000
5 5um 0.02 0.16% 2.21% 2.28% 0.0000
6 6um 0.01 0.05% 1.06% 1.25% 0.0000
7 7um 0.00 0.00% 0.00% 0.00% 0.0000
8 8um 0.01 0.05% 1.89% 2.76% 0.0000
9 9um 0.02 0.21% 9.56% 15.29% 0.0000

1 a 10um 0.01 0.10% 5.90% 10.21% 0.0000
11 11um 0.00 0.00% 0.00% 0.00% 0.0000
12 12um 0.00 0.00% 0.00% 0.00% 0.0000
13 13um 0.00 0.00% 0.00% 0.00% 0.0000
14 14um 0.00 0.00% 0.00% 0.00% 0.0000
15 15um 0.00 0.00% 0.00% 0.00% 0.0000
16 16um 0.00 0.00% 0.00% 0.00% 0.0000
17 17um 0.00 0.00% 0.00% 0.00% 0.0000
18 22um 0.01 0.05% 14.29% 44.65% 0.0000
19 27um 0.00 0.00% 0.00% 0.00% 0.0000
20 32um 0.00 0.00% 0.00% 0.00% 0.0000
21 37um 0.00 0.00% 0.00% 0.00% 0.0000
22 42um 0.00 0.00% 0.00% 0.00% 0.0000
23 47um 0.00 0.00% 0.00% 0.00% 0.0000
24 52um 0.00 0.00% 0.00% 0.00% 0.0000
25 57um 0.00 0.00% 0.00% 0.00% 0.0000
26 62um 0.00 0.00% 0.00% 0.00% 0.0000
27 67um 0.00 0.00% 0.00% 0.00% 0.0000
28 72um 0.00 0.00% 0.00% 0.00% 0.0000
29 77um 0.00 0.00% 0.00% 0.00% 0.0000
30 82um 0.00 0.00% 0.00% 0.00% 0.0000
31 87um 0.00 0.00% 0.00% 0.00% 0.0000
32 92um 0.00 0.00% 0.00% 0.00% 0.0000

;: 0.00 0.00% 0.00% 0.00% 0.0000
--------- ---------- ---------- --------- -----------

TOTALS 10.00 100.00% 100.00% 100.00% 0.0000

Page 2 of 2 Sample taken on January 8, 2008 at 14:04



01-08-2008
Aqua Shield
Spectra # 2007120437-1
Client ID:

122707 -AF-125-IN-PSD

# um
Interim

Count%

-:-0.00 0-1-1-0.00 0-2-2-0.10 1-3-3-12.38-146-4-4-26.85-317-5-5-19.33-228-6-6-12.28-145-7-7-8.62-101
-8-8-5.69 67
-9-9-3.55 41
-10-10-2.14 25
-11-11-2.25 26
-12-12-0.99 11
-13-13-0.42 4
-14-14-0.47 5
-15-15-0.99 11
-16-16-0.10 1
-17-17-1.67 19
-18-22-0.74 8
-19-27-0.37 4
-20-32-0.37 4
-21-37-0.23 2
-22-42-0.05 0
-23-47-0.05 0
-24-52-0.09 1
-25-57-0.00 0
-26-62-0.05 0
-27-67-0.00 0
-28-72-0.05 0
-29-77-0.05 0
-30-82-0.05 0
-31-87-0.00 0
-32-92-0.00 0

;:-0.05 0

o

IIII
II
I~

I~

II
I-
ll
I~

I~

II

I

I

I

I

I

I

I

I

I

I

I

I

Total
counts

Phi Size Icc
---------

10 1-2 0.00
9 2-4 147,470.74
8 4-8 792,269.59
7 8-16 194,982.24
6 16-31 34,192.62
5 31-63 9,887.57
4 63-128 2,197.24

Total counts: 1,181 ,000.00/cc
Total suspended

solids: 440.02ppm (mg/liter)
Dilution factor: 1000.00:1
Spec. gravity: 1.00
Mean size: 6.38um
Standard dev: 5.27um

Page 1 of 2

Surface
Counts area Volume Masslbin
percent percent percent ppm
-----_._._-- ---..------ --------- -----------
0.00% 0.00% 0.00% 0.0000

12.49% 1.63% 0.36% 1.5752
67.08% 25.97% 8.91% 39.2271
16.51% 24.37% 13.84% 60.9112
2.90% 16.69% 15.65% 68.8695
0.84% 19.21% 30.81% 135.5593
0.19% 12.12% 30.43% 133.8794

Filter

0%

A-T

Os

S-T
32 s

Oilutn
1000:1

Offset
O.OOV

Gain
5.55x

Counts
1181000

Phi

Groups

Sample taken on January 8, 2008 at 14:29



01-08-2008
Aqua Shield
Spectra # 2007120437-1
Client 10:

122707 -AF-125-IN-PSD

Total Surface
counts Counts area Volume Mass/bin

Bin Size Icc percent percent percent ppm--------- ---------- ---------- --------- -----------
-: 0.00 0.00% 0.00% 0.00% 0.0000

1 1um 0.00 0.00% 0.00% 0.00% 0.0000
2 2um 1,234.06 0.10% 0.01% 0.00% 0.0043
3 3um 146,236.68 12.38% 1.63% 0.36% 1.5709
4 4um 317,154.65 26.85% 6.28% 1.71% 7.5151
5 5um 228,301.99 19.33% 7.06% 2.27% 9.9925
6 6um 145,002.61 12.28% 6.46% 2.38% 10.4783
7 7um 101,810.34 8.62% 6.17% 2.55% 11.2411
8 8um 67,256.53 5.69% 5.33% 2.44% 10.7209
9 9um 41,958.20 3.55% 4.21% 2.10% 9.2466

10 10um 25,298.33 2.14% 3.13% 1.69% 7.4489
11 11um 26,532.39 2.25% 3.97% 2.31% 10.1532
12 12um 11,723.62 0.99% 2.09% 1.30% 5.6991
13 13um 4,936.26 0.42% 1.03% 0.68% 2.9905
14 14um 5,553.29 0.47% 1.35% 0.94% 4.1248
15 15um 11,723.62 0.99% 3.26% 2.39% 10.5272
16 16um 1,234.06 0.10% 0.39% 0.30% 1.3233
17 17um 19,775.14 1.67% 7.07% 5.69% 25.0526
18 22um 8,788.95 0.74% 5.26% 5.14% 22.6255
19 27um 4,394.47 0.37% 3.96% 4.52% 19.8681
20 32um 4,394.47 0.37% 5.57% 7.20% 31.7006
21 37um 2,746.55 0.23% 4.65% 6.71% 29.5352
22 42um 549.31 0.05% 1.20% 1.90% 8.3705
23 47um 549.31 0.05% 1.50% 2.59% 11.4047
24 52um 1,098.62 0.09% 3.68% 6.85% 30.1200
25 57um 0.00 0.00% 0.00% 0.00% 0.0000
26 62um 549.31 0.05% 2.61% 5.55% 24.4283
27 67um 0.00 0.00% 0.00% 0.00% 0.0000
28 72um 549.31 0.05% 3.52% 8.38% 36.8536
29 77um 549.31 0.05% 4.03% 10.07% 44.3267
30 82um 549.31 0.05% 4.57% 11.98% 52.6992
31 87um 0.00 0.00% 0.00% 0.00% 0.0000
32 92um 0.00 0.00% 0.00% 0.00% 0.0000

;: 549.31 0.05% 0.00% 0.00% 0.0000
--------- ---------- ---------- --------- -----------

TOTALS 1 ,181,000.00 100.00% 100.00% 100.00% 440.0217

Page 2 of 2 Sample taken on January 8, 2008 at 14:29



01-08-2008
Aqua Shield
Spectra # 2007120437-2
Client 10:

122707 -AF-125-0UT -PSO

# um
Interim

Count 20o% 40
Spectrex Laser Particle Counter 800-822-3940 v8.13f

100 120 140 160 180 20060 80
-:-0.00 0-1-1-0.00 0-2-2-0.00 0-3-3-0.21 2

-4-4-2.19 26-5-5-8.73-104-6-6-12.96-155-7-7-12.96-155-8-8-11.18-134-9-9-10.97-131
-10-10-7.84 94
-11-11-5.85 70
-12-12-2.72 32
-13-13-2.56 30
-14-14-2.25 26
-15-15-3.92 47
-16-16-1.31 15
-17-17-5.58 67
-18-22-2.84 34
-19-27-2.12 25
-20-32-0.98 11
-21-37-0.57 6
-22-42-0.67 8
-23-47-0.31 3
-24-52-0.21 2
-25-57-0.05 0
-26-62-0.16 1
-27-67-0.10 1
-28-72-0.10 1
-29-77-0.10 1
-30-82-0.05 0
-31-87-0.10 1
-32-92-0.05 0

;:-0.36 4

i i. i I i ¡' 1 , l 1 I -I I ,-i ,i -I I ,i I -I ,I-II-I FilerI-I
0%'-II

1 A-T

Os

8-T
32 s

Oilutn
100.0:1,--
Offset-II O.OOV,- II:- II
Gain:- il'-II 5.55xI-I-.-. Counts-II

120100-II-I-II
PhiI-I

Groups.- ll

Total
counts

Phi Size Icc
---------

10 1-2 0.00
9 2-4 250.99
8 4-8 44,237.46
7 8-16 56,787.10
6 16-31 14,231.20
5 31-63 3,538.05
4 63-128 1,055.21

Total counts: 120,1 OO.OO/cc

Total suspended
solids: 160.50ppm (mg/liter)

Dilution factor: 100.00:1
Spec. gravity: 1.00
Mean size: 11.07um
Standard dev: 8.63um

Page 1 of 2

Surface
Counts area Volume Masslbin
percent percent percent ppm
---------- ---------- --------- -----------
0.00% 0.00% 0.00% 0.0000
0.21% 0.01% 0.00% 0.0027

36.83% 6.90% 2.10% 3.3638
47.28% 26.71% 12.58% 20.1839
11.85% 24.81% 18.98% 30.4693
2.95% 25.36% 33.12% 53.1568
0.88% 16.21% 33.22% 53.3212

Sample taken on January 8, 2008 at 14:34



01-08-2008
Aqua Shield
Spectra # 2007120437-2
Client 10:

122707-AF-125-0UT-PSO

Total Surface
counts Counts area Volume Masslbin

Bin Size Icc percent percent percent ppm
--------- ---------- ------_._-- --------- -----------

-: 0.00 0.00% 0.00% 0.00% 0.0000
1 1um 0.00 0.00% 0.00% 0.00% 0.0000
2 2um 0.00 0.00% 0.00% 0.00% 0.0000
3 3um ' 250.99 0.21% 0.01% 0.00% 0.0027
4 4um 2,635.42 2.19% 0.18% 0.04% 0.0624
5 5um 10,478.94 8.73% 1.11% 0.29% 0.4587
6 6um 15,561.55 12.96% 2.38% 0.70% 1.1245
7 7um 15,561.55 12.96% 3.24% 1.07% 1.7182
8 8um 13,428.11 11.18% 3.65% 1.33% 2.1405
9 9um 13,177.12 10.97% 4.53% 1.81% 2.9039

1 a 10um 9,412.23 7.84% 3.99% 1.73% 2.7713
11 11um 7,027.80 5.85% 3.61% 1.68% 2.6894
12 12um 3,262.90 2.72% 1.99% 0.99% 1.5862
13 13um 3,074.66 2.56% 2.20% 1.16% 1.8627
14 14um 2,698.17 2.25% 2.24% 1.25% 2.0041
15 15um 4,706.11 3.92% 4.49% 2.63% 4.2258
16 16um 1,568.70 1.31% 1.70% 1.05% 1.6822
17 17um 6,703.67 5.58% 8.22% 5.29% 8.4927
18 22um 3,413.91 2.84% 7.01% 5.48% 8.7885
19 27um 2,544.91 2.12% 7.87% 7.17% 11.5059
20 32um 1,179.35 0.98% 5.12% 5.30% 8.5075
21 37um 682.78 0.57% 3.97% 4.57% 7.3423
22 42um 806.92 0.67% 6.04% 7.66% 12.2961
23 47um 372.43 0.31% 3.49% 4.82% 7.7323
24 52um 248.28 0.21% 2.85% 4.24% 6.8070
25 57um 62.07 0.05% 0.86% 1.36% 2.1905
26 62um 186.21 0.16% 3.04% 5.16% 8.2811
27 67um 124.14 0.10% 2.36% 4.26% 6.8332
28 72um 124.14 0.10% 2.73% 5.19% 8.3288
29 77um 124.14 0.10% 3.12% 6.24% 10.0177
30 82um 62.07 0.05% 1.77% 3.71% 5.9549
31 87um 124.14 0.10% 3.99% 8.73% 14.0151
32 92um 62.07 0.05% 2.23% 5.09% 8.1715

;: 434.50 0.36% 0.00% 0.00% 0.0000
--------- ---------- ---------- --------- -----------

TOTALS 120,100.00 100.00% 100.00% 100.00% 160.4977

Page 2 of 2 Sample taken on January 8,2008 at 14:34



Aqua-Filer™ Bay 3 - Particle Size Distribution Samples

CHAIN OF CUSTODY RECORD
Bil to:

AquaShield ™
Contact: Mark Miller
2733 Kanasita Drive, Suite B
Chattanooga, TN 37343
Tel: 423-870-8888

Case File #:

Lof--
Project 10: W.. ¡l tl\t0\/l :'Ìr,-~D, Law~\ - AeytALL tti l+ér

fAú ,~\¡.v" t\ is"

Date recorded by: )2/27-/6 'J &1 i/4. &¿//lu J ~f/
Standard § ,RUShD

Page:

laboratory: SPECTRA laboratories

Contact: Marie Holt

Tel: 253-272-4850

Sample collected by: Taylor Associates, Inc.

Contact: Carla Milesi

Tel: 206-267-1408 Analysis Required

AquaFilter™ Bay 3 - Lake Union Ship Canal

'1.,-..-1\14 '-x;- u-

Q)
N
/3 .

~ l ~I ~'I ~.

Time # of u, l- I- I-- Q)Q)Q)
Collected Camp? Grab? contain. matrix la. :S -B -B:l 0 0 0
1641 X \ i.\,.J X
1M3 y \ !Sw :x:

1.... , I.- i I '\

Date
Collected

Notes

Comments/Special Notes:
j

please send electronic copy of data report to:

tarla(gta yl orassoc. net

(')C~?'ù

Relinquished by:
Signature

Printed Name
Company

Date/Time

Received by:
Siqnature

Printed Name
Company

Date/TimeI

Taylor Associe

10/12/2007
Spectra cac, AF-PSD
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