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1.0 Background 
 
This field evaluation seeks to demonstrate the Total Suspended Solids (TSS) and total phosphorus 
removal ability of the Stormwater Management StormFilter® (StormFilter) with PhosphoSorb® media 
operating a specific flow rate  1.67 gpm/ft2  with the goal of receiving a general use level designation 
(GULD) for basic and phosphorus treatment from the Washington State Department of Ecology 
(Ecology).  
 
The performance goals that will be evaluated during this project are specified in Table 1. The data 
collected during this evaluation will be used to satisfy the requirements outlined by the Technical 
Guidance Manual for Evaluating Emerging Stormwater Treatment Technologies Technology Assessment 
Protocol – Ecology (TAPE) as written by the Washington State Department of Ecology, (WADOE, 2011).   

 
Table 1. Treatment performance goals and required water quality parameters for TAPE monitoring that will be 
used for this field evaluation. 

 

2.0 Technology Description  
 
The StormFilter is a Best Management Practice (BMP) that is offered by Contech Engineered Solutions 
(Contech). The StormFilter, as shown in Figure 1, improves the quality of stormwater runoff before it 
enters receiving waterways through the use of its customizable filter media, which removes non-point 
source pollutants, including sediments (TSS), oil and grease, soluble metals, and phosphorus. The 
StormFilter is typically comprised of a vault that houses rechargeable, media-filled, filter cartridges. 
Stormwater entering the system is percolated through these media-filled cartridges, which trap 
particulates and remove pollutants such as dissolved metals, nutrients, and hydrocarbons.  Once filtered 
through the media, the treated stormwater is directed to a collection pipe or discharged to an open 
channel drainage way.    

 
      

Performance 
Goals

Influent Range Criteria Required Water Quality 
Parameters

20-100 mg/L TSS Effluent goal ≤ 20 mg/L TSS a

100-200 mg/L TSS ≥ 80% TSS removal b

>200 mg/L TSS ≥ 80% TSS removal b

Phosphorus 
Treatment

Total Phosphorus (TP) 
0.1 to 0.5 mg/L

Meet basic treatament goals 
and ≥ 50% TP removal b

TSS, TP orthophosphate

Basic Treatment TSS

a The upper one-sided 95 percent confidence interval around the mean effluent concentration for the treatment system being evaluated 
must be lower than this performance goal to meet the performance goal with the required 95 percent confidence. 

b The lower one-sided 95 percent confidence interval around the mean removal efficency for the treatment system being evaluated 
must be higher than this performance goal to meet the performance goal with the required 95 percent confidence. 
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Figure 1.  The Stormwater Management StormFilter®. 

 
Cartridge media can be customized for each site and jurisdiction to target and remove the desired levels 
of sediments, oils and greases, dissolved metals, nutrients, and organics using different media.  In many 
cases, a combination of media may be recommended to maximize the stormwater pollutant removal. 
 

2.1 Operation 
During a storm event, runoff passes through the filtration media and starts filling the cartridge center 
tube. Air below the hood is purged through a one-way check valve as the water rises. When water 
reaches the top of the float, buoyant forces pull the float free and allow filtered water to drain through 
the cartridge media. 
 
After the storm event, the water level in the structure starts falling. A hanging water column remains 
under the cartridge hood until the water level reaches the scrubbing regulators. Air then rushes through 
the regulators releasing water and creating air bubbles that agitate the surface of the filter media, 
causing accumulated sediment to drop to the vault floor. This patented surface-cleaning mechanism 
helps restore the filter’s permeability between storm events. 
 

2.2 Cartridge Operation 
As the water level in the filtration bay begins to rise, stormwater enters the StormFilter cartridge (Figure 
2).  Stormwater in the cartridge percolates horizontally through the filter media and passes into the 
cartridge’s center tube, where the float in the cartridge is in a closed (downward) position. As the water 
level in the filtration bay continues to rise, more water passes through the filter media and into the 
cartridge’s center tube. The air in the cartridge is displaced by the water and purged from beneath the 
filter hood through the one-way check valve located in the cap. 
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Figure 2. The StormFilter cartridge. 

 
Once the center tube is filled with water, there is enough buoyant force on the float to open the float 
valve and allow the treated water to flow into the under drain manifold. As the treated water drains, it 
tries to pull in air behind it.  This causes the check valve to close, initiating a siphon that draws polluted 
water throughout the full surface area and volume of the filter media. Thus, the entire filter cartridge is 
used to filter water throughout the duration of the storm, regardless of the water surface elevation in 
the filtration bay. 
 
This process continues until the water surface elevation drops to the elevation of the scrubbing 
regulators and the float returns to a closed position.  At this point, the siphon begins to break and air is 
quickly drawn beneath the hood through the scrubbing regulators, causing high-energy turbulence 
between the inner surface of the hood and the outer surface of the filter.  This turbulence agitates the 
surface of the filter, releasing accumulated sediments on the surface, flushing them from beneath the 
hood, and allowing them to settle to the vault floor. This surface-cleaning mechanism maintains the 
permeability of the filter surface and enhances the overall performance and longevity of the system. 
 

2.3 Adjustable Flow Rate 
Depending on the treatment requirements and the pollutant characteristics of the influent stream at an 
individual site, the filtration rate through a typical StormFilter cartridge can be adjusted so that it has a 
maximum flow rate of 2 gpm/ft2 at the design driving head.  The flow rate is individually controlled for 
each cartridge by a restrictor disc located at the connection point between the cartridge and the 
underdrain manifold.  Consisting of a simple orifice disc of a specified diameter, the flow rate through 
the cartridges can be adjusted to a level that coincides with treatment requirements. 
 

2.4 Media Head Loss  
The nature of the StormFilter cartridge and its operation create a constant radial flow rate throughout 
the cartridge.  Throughout most of the life of the cartridge, flow through the cartridge is controlled by 
the cartridge restrictor disc and is relatively independent of the media head loss.  The total dynamic 
head loss through the system is 2.3 feet (for an 18 inch tall cartridge) from the upstream water surface 
elevation to the downstream water surface elevation.  Over time, as the media starts to occlude, the 
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media head loss begins to dictate the flow through the cartridge.  At this point, the system requires 
maintenance. 

2.5 Media Contact Time 
The thickness of the cartridge media is 7 inches for each available cartridge height.  The porosity of the 
media is approximately 50%.   The volume of media for a 12”, 18”, and 27” cartridge effective height is 
approximately 1.5, 2.3, and 3.5 cubic feet, respectively.  The radius of the center tube is 0.162 feet for 
each effective cartridge height.  Depending on the specific flow rate of the cartridge the following table 
provides the average media contact time: 

 

Specific Flow 
Rate          

(gpm/ft2) 

18” Cartridge      
Flow Rate            

(gpm) 

Media Contact 
Time  

(seconds) 

1.0 7.5 75 

1.37 10 56 

1.67 12.5 45 

2.0 15 38 

 

2.6 Treatment mechanisms 
The StormFilter utilizes several unit processes to remove pollutants from stormwater. This section 
includes a brief summary of the media type and the unit process employed in the StormFilter for each 
specific contaminant. 
 
2.6.1 Physical Separation  
The primary component of the StormFilter is the filtration bay with media-filled cartridges.  Up to 4 
inches of settable solids (sand and grit) can be stored on the floor of the system.  
 
2.6.2 Pollutant removal by the Media-Filled Cartridge 
The StormFilter cartridge is the central treatment device within the system.  The cartridges are filled 
with various media depending on the site’s runoff and targeted pollutant removal.  Removal associated 
with the media is promoted through physical straining, ion exchange, and adsorption.  Physical straining 
is the primary removal mechanism for suspended solids.  Depending on the media used, dissolved 
pollutant removal is either associated with ion exchange, chelation, or adsorption reactions.  
 
2.6.3 Physical Straining  
Physical straining through the media promotes solids removal by trapping solids within interstitial 
spaces throughout the filtration media.  Removal of suspended particles occurs through physical 
straining as water passes through filtration media. The straining results in the trapping of suspended 
particles within the media matrix either in microchannels or dead end pores.  All Contech media options 
utilize physical straining. 
 
Addtionally, physical straining promotes non-dissolved metals removal due to the binding of metals to 
particles. Other attached pollutants removed through straining include total phosphorus and total 
nitrogen.  All Contech media options utilize physical straining for total metals and nutrients. 
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2.6.4 Adsorption  
Adsorption is the attraction and adhesion of a dissolved contaminant to the media surface. This occurs 
at the surface as well as within the pores of the media granule. Adsorption requires that a contaminant 
come in contact with an active surface site on the media and time must be allowed for the contaminant 
to adhere. These reactions are usually promoted by polar interactions between the media and the 
pollutant. Adsorption can also occur within the dead end pores and channels of the media but is 
generally slower than a surface reaction due to limits of the contaminants diffusion into the pore. The 
contaminant's molecular size will limit diffusion in that the media’s pore opening must be larger than 
the dissolved contaminant. 
 
Commonly adsorbed pollutants include: gasoline, oil, grease, TNT, polar organics or organically bound 
metals and nutrients.  Media promoting adsorption reactions include: CSF leaf media, PhosphoSorb, 
Perlite, and Granular Activated Carbon. 
 

2.7 Results of Previous Studies 
 
The project described in this QAPP represents the first field evaluation of the StormFilter using 
PhosphoSorb media operating a specific flow rate 1.67 gpm/ft2.  However, this is not the first BMP 
evaluation at the site.   The site has previously been utilized for the evaluation of the Media Filtration 
System (MFS) with perlite media operating at a specific flow rate of 1 gpm/ft2 and 2 gpm/ft2.  The MFS at 
1 gpm/ft2 was evaluated from February 2006 to November 2006.  The MFS at 2 gpm/ft2 was evaluated 
from October 2007 to December 2009.   
 
Median and mean influent TSS concentrations for the 94 storm events sampled were observed to be 
199 mg/L and 330 mg/L respectively.  Median and mean influent Total Phosphorus concentrations for 
the 40 storm events sampled were observed to be 0.18 mg/L and 0.36 mg/L respectively. 
 

2.8 Maintenance  
 
The proper function of a stormwater treatment device is dependent upon regular maintenance 
activities.  Based upon the best available knowledge for each application, systems are sized for annual 
maintenance activities.  The primary factor controlling the timing of maintenance is sediment 
accumulation, and a properly functioning system will constantly accumulate solids from water by 
trapping sediment within the media matrix.  Eventually the flow through a system will decrease enough 
to require maintenance and replacement of cartridges.  Site conditions greatly influence maintenance 
requirements. 
 
Two types of maintenance activities may be performed on a system over the course of a monitoring 
project, inspection and major maintenance. Inspection involves preventative measures such as the 
cleanup of excessive liter and debris and the inspection of the system to determine whether major 
maintenance is necessary. Major maintenance involves the removal of captured sediment and cartridge 
replacement. 
 
Due to the anticipated duration of this project, major maintenance may be required part-way through 
the project.  Any maintenance activities performed by Contech will be noted and reported.   
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3.0 Project Description 
 
The objective of this field evaluation is to characterize TSS and total phosphorus removal effectiveness 
of the StormFilter using PhosphoSorb media operating a specific flow rate 1.67 gpm/ft2 in accordance 
with the TAPE 2011.  Contech will monitor at the site until the 2011 TAPE criteria are satisfied and 
Ecology can make a confident decision regarding satisfaction of the basic and/or phosphorus treatment 
goals.   
 
This field evaluation will be carried out at the Lolo Pass Road site located in ZigZag, Oregon. Drainage to 
the StormFilter being evaluated originates from the bridge deck directly adjacent to the inlet to the 
StormFilter.   
 
As with any field evaluation, a number of potential constraints exists that may lead to a change in the 
monitoring program, system setup, or site abandonment. Any changes to the Quality Assurance Project 
Plan (QAPP) will be communicated to all stakeholders at the time of the change. Site abandonment 
consideration will be discussed with all stakeholders prior to any actions being taken. Potential 
constraints identified for this field evaluation include the following:   
 

• Timing of a qualified runoff event and availability of project personnel. If the runoff event occurs 
on a weekend or during a holiday the Project Manager will not be able to immediately retrieve 
the samples from the monitoring site. The Project Manager will attempt to collect samples as 
soon as possible following a runoff event in order to meet holding times. If samples are 
submitted and analyzed past the specified holding time, the analysis will be flagged as such in 
the final data set.  

• Logistical problems associated with sampling at the site such as, changes in site ownership, 
vandalism, animal damage, and other impediments to access that may arise and delay or make 
sampling at the site infeasible.  

• Changes in hydrologic conditions that can lead to insurmountable sampling difficulties. A 
hydrologic change that affects the ability to measure influent or effluent flow from the unit may 
be a cause for site abandonment.  

 

4.0 Organization and Schedule 
 
The specific responsibilities of the individuals involved in this project are summarized in Table 2. 
Preliminary monitoring at the Lolo Pass Road was started in January 2012.  A total of 16 runoff events 
were sampled.   Duplicate samples were sent in for two of these events and screening parameter testing 
were performed for three of the events.  Contech will continue to monitor at the site until the 2011 
TAPE criteria are satisfied and Ecology can make a confident decision regarding satisfaction of the basic 
and/or phosphorus treatment goals.  Contech will seek Ecology’s input on the preliminary data and data 
collected under an approved QAPP to determine if the completion objectives have been satisfied prior 
to a Technical Evaluation Report (TER) preparation.  
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Table 2.  Summary of roles and responsibilities. 

 

5.0 Quality Objectives 
 
The primary goal of this QAPP is to ensure that data collected during this evaluation are scientifically and 
legally defensible. To meet this goal, the data will be evaluated using the following data quality 
indicators:  
 
Precision: A measure of the variability in the results of replicate measurements due to random error. 
 
Bias: The constant or systematic distortion of a measurement process, different from random error, 
which manifests itself as a persistent positive or negative deviation from the known or true value. 
 

Role Title Phone number Responsibility

Regulatory authority
Douglas C. Howie, P.E. 

Washington Department of 
Ecology (WADOE)

360.407.6444
Approval of QAPP,  feedback,  

verification

Site owner
Gretchen Tellessen                      
Contech Engineered 
Solutions (CONTECH) 

503.240.3393

Ensures compliance with utility 
placement permit issued by 

Clackamas County and  maintains 
dialog between parties

Project manager
Gretchen Tellessen                      
Contech Engineered 
Solutions (CONTECH) 

503.240.3393
Reporting and  Installation and 

maintenance of monitoring 
equipment

Project  QA manager
Sean Darcy                         

Contech Engineered 
Solutions (CONTECH) 

503.240.3393
Report submittal; maintains dialog 

between parties

Field personnel 

Gretchen Tellessen/              
John Pedrick                             

Contech Engineered 
Solutions (CONTECH) 

503.240.3393
Sample retrieval and  data 

collection

Principal in charge
Michael Hunter               

Contech Engineered 
Solutions (CONTECH) 

503.240.3393 General oversite; funding

Analytical laboratory project 
manager

Melissa Armstrong                               
Test America

503.906.9200
Analytical services                           

(March 2011-December 2012)
Analytical laboratory project 

manager
Brian Cone

APEX Laboratories
503.718.2323 

Analytical services                                    
(January 2013- End of Project)

Analytical laboratory 
Alexin Analytical 
Laboratories, Inc. 

Contracted through 
Test America

Analytical for OrthoPhos                   
(November 2012-December 2012)

Analytical laboratory project 
manager

Greg Conrad                           
Environmental Technical 

Services
707.778.9605

Analytical for PSD                             
(October 2013-End of Project)

Technical Advisor
Scott A. Wells, PhD, P.E.                                     

Portland State University
503.725.5950

Third party certification that QAPP 
is being followed and that the final 
data set meets QAPP requirements 
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Representativeness: The degree to which the data accurately describe the condition being evaluated, 
based on the selected sampling locations, sampling frequency and duration, and sampling methods. 
 
Completeness: The amount of valid data obtained from the measurement system. 
 
Comparability: A qualitative term that expresses the measure of confidence that one dataset can be 
compared to another and can be combined or contrasted for the decision(s) to be made. 
 
The Measurement Quality Objectives (MQOs) are performance or acceptance criteria established for the 
data. The specific MQOs to be used for this study are described below in separate subsections for 
hydrologic and water quality data below. 

 

6.0 Measurement Quality Objectives for Hydrologic Data 
 
Hydrologic monitoring will involve the measurements of water level and precipitation depth.  Potential 
sources of error associated with flow measurements are the primary and secondary measurement 
devices. Potential sources of error for precipitation error are associated with the rain gauge. MQOs for 
these measurements are expressed in terms of precision, bias, representativeness, completeness, and 
comparability. The associated MQOs for hydrologic data are defined in the subsections below. 

6.1 Precision 
The precision of the secondary measurement devices will be assessed by submerging the device in a 
graduated cylinder covered. The gauge reading will be recorded on a 5 minute time step for 4 hours at a 
temperature of approximately 25 degrees Celsius. The coefficient of variation will be calculated for the 
data collected using the following equation: 
 

𝐶𝑣 =
𝜎
𝜇
∗ 100% 

where: 
 
𝐶𝑣 = Coefficient of variation 
𝜎 = Standard deviation 
𝜇 = The average gauge reading  
 
The 𝐶𝑣 will be calculated for the data collected at 25 degrees Celsius. The MQO will be a 𝐶𝑣 of no more 
than 5 percent.  
 
The rain gauge precision will be estimated by repeatedly releasing a known volume of water into the 
tipping mechanism and recording the volume required to tip the tipping mechanism. This process will be 
repeated 10 times and the result 𝐶𝑣 will be calculated using the above equation. The MQO for the rain 
gauge precision will be 5 percent.  

6.2 Bias 
Bias will be assessed based on a comparison of monitoring equipment readings to reference readings 
made manually. To assess bias associated with the secondary measurement devices, the devices will be 
submerged in a graduated cylinder. The measurements obtained in the graduated cylinder using the 
secondary measurement devices will be compared to the manual reference readings.  This process will 
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be repeated three times. The MQO for the level measurements will be a difference of no more than 10 
percent between the instrument reading and the reference reading.  
 
Bias in the precipitation depth data collected will be assessed based on a comparison of the rain gauge’s 
actual readings to the rain gauge’s theoretical accuracy as specified by the manufacturer. The rain 
gauge’s actual readings will be determined by measuring the volume of water required to initiate one 
tip of the tipping mechanism by adding incremental drops of water with a pipette. The value obtained 
will then be compared to the manufactures specifications for this volume. The MQO for precipitation 
depth will be a difference of no more than 5 percent between the rain gauge’s actual reading and the 
volume specified by the manufacturer.  
 
Bias associated with the primary measurement device structures will be estimated by measuring the 
dimensions of the device. The MQO for these measurements is a difference of no greater than 5 percent 
between manual measurements and the dimensions specified by the manufacturer. 
 

6.3 Representativeness 
The representativeness of the hydrologic data will be ensured by the proper installation of the 
monitoring equipment, including primary and secondary measurement devices.  
 

6.4 Completeness 
Completeness for flow monitoring will be assessed based on the occurrence of gaps in the data record. 
Gaps include data that are known to be inaccurate and cannot be corrected using available calibration 
data. The associated MQO is less than 5 percent of the total data record missing due to equipment 
malfunctions or other operational problems. Completeness will be ensured through routine 
maintenance of all equipment and the immediate implementation of corrective actions if problems 
arise. 
 

6.5 Comparability 
There is no numeric MQO for this data quality indicator; however, standard sampling procedures, 
analytical methods, units of measurement, and reporting limits applied during the evaluation  will be 
used to address the goal of data comparability.  
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7.0 Measurement Quality Objectives for Water Quality Data 
 
Quality assurance objectives for analytical data are expressed in terms of precession, bias, 
representativeness, completeness, and comparability. The specific MQOs identified for this project are 
described below and can be seen Table 3.   
 
Table 3. Measurement quality objectives for water quality monitoring.

 

7.1 Precision 
For this field evaluation overall project data quality objectives will be based on total and analytical 
precision. Total precision will be estimated using independent field duplicate samples and laboratory 
split samples. Analytical precision will be assessed by laboratory sample splits, matrix spikes, and 
laboratory control samples. These will be assessed using Relative Percent Difference (RPD) which can be 
seen in Equation 2.  
 
For paired values, in cases that both data are greater than five times the reporting limit, the pooled 
relative standard deviation (RSDp) of laboratory and field duplicates will be ≤ 15% for all solids analysis 
and ≤ 10% for all other analytical parameters. In cases where one or both of the values are less than or 
equal to five times the reporting limit they will not be included in the RSDp calculation. The RSDp of 
duplicate field samples will be calculated using Equation 1.  
 
 
 

Parameter
Laboratory Control 

Sample (LCS)  
Recovery (%)

Laboratory Duplicate 
RPD  (%)

Matrix Spike 
Recovery (%)

Matrix Spike 
Duplicate (MSD)  RPD 

(%)

Field Duplicate RPD 
Max. (%)

Susp. Sediment Conc. (SSC) NA ≤20 N/A N/A ≤20

Tot. Susp. Solids (TSS) 80-120 ≤20 N/A N/A ≤20

Tot. Vol. Susp. Solids (TVSS) 80-120 ≤20 N/A N/A ≤20

Total Phosphorus 80-120 ≤20 75-125 ≤20 ≤20

Dissolved Phosphorus 80-120 ≤20 75-125 ≤20 ≤20

Orthophosphate 80-120 ≤20 75-125 ≤20 ≤20

Nitrate/Nitrite-N 80-120 ≤20 75-125 ≤20 ≤20

Total Kjeldahl-N 80-120 ≤20 75-125 ≤20 ≤20

Ammonia 80-120 ≤20 75-125 ≤20 ≤20

Total Copper 70-130 ≤20 75-125 ≤20 ≤20

Total Zinc 70-130 ≤20 75-125 ≤20 ≤20

Total Lead 70-130 ≤20 75-125 ≤20 ≤20

Aluminum 70-130 ≤20 75-125 ≤20 ≤20

Hardness 70-130 ≤20 75-125 ≤20 ≤20

pH NA NA NA NA ≤10

Particle Size Distribution NA ≤20 NA NA ≤20
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Equation 1: Equation to be used to calculate the RSDp of duplicate field samples.  
 

𝑆𝑝 = �∑(𝐶𝑖1−𝐶𝑗2)2

2𝑚
   and  𝑅𝑆𝐷𝑝 = 𝑆𝑝

𝑥
× 100% 

  
where:    
 
Sp  = pooled standard deviation 
RSDp  = pooled relative standard deviation 
Ci1 and Cj2  = concentration values 
M = number of pairs 
 
 
Equation 2: Equation to be used to calculate relative percent difference. 
 

𝑅𝑃𝐷 = �
|𝐶1 − 𝐶2|
𝐶1 + 𝐶2

2
�× 100% 

where: 
    
RPD = relative percent difference 
C1 and C2  = concentration values 

 
If sample spilt concentrations are both within five times the reporting limit the RPD goal for all 
associated parameters will be less than two times the reporting limit. If either of the split samples is at 
or below the reporting limit the MQO cannot be calculated. RPD values exceeding those described in 
Table 3 will trigger further assessment as to whether there are any problems with the Analytical 
Laboratory methodology.  
 

7.2 Bias 
Bias will be assessed based on the analysis of method blanks, equipment rinsate blanks, matrix spikes, 
and laboratory control samples.   
 
Field Sample Bias 
Equipment rinsate blank results greater than two times the laboratory reporting limit (RL) will be flagged 
as default detection limit (U), and associated project samples within five times the default reporting 
limit will be labeled with a ‘J’. For additional details on steps to be taken if contamination from field 
equipment is detected see the Quality Control section.  
 
Laboratory Bias 
The values for method blanks are not to exceed the reporting limit. The percent recovery of matrix 
spikes will be between 75 and 125 percent for all applicable parameters. Percent recovery for matrix 
spikes will be calculated using Equation 3. The percent recovery of laboratory control samples shall be 
between 80 and 120 percent for all applicable parameters. Percent recovery of laboratory control 
samples will be calculated using Equation 4.  
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Equation 3: Equation to be used to calculate percent recovery for matrix spikes. 
 

%𝑅 =
(𝑆 − 𝑈)
𝐶𝑠𝑎

× 100% 

where:    
 
%R  = percent recovery 
S = measured concentration in spike sample 
U = measured concentration in unspiked sample (If the analyte is not detected in the unspiked sample, 
then the value of zero will be used in the equation) 
Csa  = actual concentration if spike added   
 
 
 
Equation 4: Equation to be used to calculate percent recovery for laboratory control samples. 
 

%𝑅 =
𝑀
𝑇

× 100% 

where: 
   
%R = percent recovery 
M = measured value 
T = true value 
 

7.3 Representativeness 
The sampling design outlined for this project will provide samples that represent a wide range of water 
quality conditions during a runoff event. Sample representativeness will be ensured by adequate sample 
size collected over a sufficient time span of the runoff event, and by employing consistent and standard 
sampling procedures. Storm event guidelines and sample collection requirements can be seen in Table 
4.    Storm event guidelines in Table 4 may be less restrictive than the storm event criteria in the TAPE to 
increase the data pool.  Purpose of the storm event criteria is to determine which samples are sent to 
the analytical laboratory.    

7.4 Completeness 
Completeness of this field evaluation will be calculated dividing the number of valid values by the total 
number of values. Valid sample data consists of unflagged data and estimated data that has been 
assigned a ‘J’ qualifier.  A qualitative assessment will be made as to which ‘J’ flagged data may need to 
be excluded from this calculation prior to the production of the TER. If less than 95 percent of the 
samples submitted to the Analytical Laboratory are judged to be valid then additional samples will be 
collected until at least 95 percent are judged to be valid.  

7.5 Comparability 
Standard sampling procedures, analytical methods, units of measurement, and reporting limits will be 
applied to this study to meet the goal of comparability.  The results will be tabulated in standard 
spreadsheets to facilitate analysis and comparison with water quality threshold limits where 
appropriate.  
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Table 4. Storm event guidelines and sample collection requirements to be used during this field evaluation.  

  

  

Parameter Definition

Minimum Influent/Effluent 
Aliquots 

The number of equal-volume samples collected during 
a storm event. These samples will be combined to 

create a composite sample. 
R 10 aliquotsa

Minimum Storm Event 
Coverage

The percentage of the total storm volume that the 
collected aliquots represent; based on the storm event 

hydrograph
R ≥75% coverageb

Minimum Storm Depth Total rainfall amount during the storm event G 0.15-inches

Antecedent Dry-Period 
(Storm Start)

Minimum time interval without significant rainfall 
preceeding the beginning of a storm event 

G 6 hours w/ rainfall <0.04-inches

Post Storm Dry Period 
(Storm End) 

Minimum time interval without significant rainfall 
following a storm event 

G 6 hours w/ rainfall <0.04-inches

Minimum Storm Duration Minimum rainfall duration G 1 hour

Maximum Sampling 
Duration 

Time between the collectin of the first and last 
aliquots

R 36 hoursc

Average Storm Intensity
Total rainfall amount divided by total rainfall duration 

(inches per hour)
G Range of intensitiesd

Minimum Number of 
Events Sampled

Number of qualified storm events (events with 
sucessfully collected flow-weighted composite 

samples that meet the influent concentration ranges 
and storm event guideline)

R 12 eventse 

Guideline (G) /Requirement (R)

e Paired influent and effluent data from more then one site can be combined/pooled to meet the minimum number of events

d To assess performance on an annual average basis and performance at the system's peak design rate samples should be collected over a range of rainfall  intensities

a Ecology may accept as few as 7 aliquots; an explaination of why less than 10 were used must be provided in the TER report
b Minimum  coverage based on  the volume associated with the first  24 hours
c Samples will  be submited to laboratory for storm events with a  runoff duration up to 48 hours. Storm events  that exceed 36 hours of runoff duration will   be 
evaluated by the Technical Advisor and Ecology for inclusion.
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8.0 Experimental Design  
 
The performance evaluation of the StormFilter with PhosphoSorb media at a specific flow rate of 1.67 
gpm/ft2 in ZigZag, OR will involve continuous flow and precipitation monitoring, the collection of water 
quality samples during discrete storm events, and accumulated sediment sampling. This section 
provides detailed information on the experimental design elements associated with the StormFilter 
performance evaluation.  

8.1 Monitoring Site  
 
The Lolo Pass Road site is located in Zigzag, Oregon and is situated at the west protruding end of Zigzag 
Mountain in the foothills of Mt. Hood and sits approximately 1400 feet above sea level. The site, located 
on Lolo Pass Road at Bear Creek Bridge, is a 100% impervious medium use road managed by the 
Clackamas County Department of Transportation and Development. Drainage area of the site is 0.063 
acres (2800 square feet) of bridge deck and is located near the intersection of Lolo Pass Road and US 
Highway 26 (Lat: 45.34420862, Lon: -121.94275218). An aerial view of the site from 2005 is shown in 
Figure 3.  The time of concentration (Tc) on the site is estimated to be 1.4 minutes.  A view of the 
treatment area for the Lolo Pass site can be seen in Figure 4. The site plan is located in Appendix A. 
 
The site is swept periodically, however significant amounts of sediment and organic debris are typically 
present on site.  Sanding (using quarter/ten sanding material) and deicing (magnesium chloride) occurs 
on US Highway 26 as necessary during the winter months to assist with tire traction and control of ice 
accumulation.  The intersection of US 26 and Lolo Pass Road is approximately a quarter mile from the 
monitoring site. The site does not receive direct runoff from US 26.  Contech will work with the local 
branch of ODOT (Jim McNamee) to obtain records of when sanding and deicing activities occur on US 
26.  

  
Figure 3.  Aerial view of the Lolo Pass Site. 

US 26 

Lolo 
Pass 
Road 

StormFilter 
Location 
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     Figure 4.  View of the drainage area of the Lolo Pass Site looking south towards US 26. 

 

8.2 Treatment System Sizing  
 
The stormwater treatment system for the site is provided by a StormFilter containing one 18-inch 
StormFilter cartridge with PhosphoSorb media operating at a specific flow rate 1.67 gpm/ft2 or 12.5 gpm 
per cartridge (for an 18-inch cartridge).  Previous investigations associated with the Media Filtration 
System with Perlite used a water quality design flow rate of 23 gpm.  The TAPE (2011) has placed 
additional emphasis on analyzing the pollutant removal as a function of flow rate.  This water quality 
design flow rate was modified by Contech to evaluate hydraulic flow rate and the loading rate of a single 
cartridge operating at 12.5 gpm.    
 
8.2.1 Hydraulic Flow Rate Evaluation 
 
The TAPE 2011 has placed emphasis on analyzing the pollutant removal as a function of flow rate.  As 
such, a decision was made to add precision to the hydraulic operation characteristics of the system by 
reducing the number of cartridges to a single cartridge.  This would increase the number of events that 
the system would be at the design operation rate (12.5 gpm) and the ability to analyze the pollutant 
removal as a function of flow rate.  Sizing the system with minimal number of cartridges is likely to 
increase the frequency of maintenance and may increase the occurrence of external bypass.  External 
bypass will be measured. 
 
 
8.2.2 Mass Loading Considerations 
 
As the site has been previously evaluated for alternative BMP evaluations, there is additional design 
information available related to influent solids loading.  Previous investigations have resulted in a mean 
TSS influent concentration of 330 mg/L and a median TSS influent concentration of 199 mg/L for 94 
observations.  If the system was sized to address a mass loading design (~29 lbs per cartridge), 
approximately 4-6 StormFilter cartridges would be needed to satisfy the estimated annual mass load (94 
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to 159 lbs).   If sizing for the median TSS influent concentration approximately 4 cartridges would be 
needed to achieve annual maintenance or 4 maintenance events.   If sizing with the mean TSS influent 
concentration, approximately 6 cartridges would be needed to achieve annual maintenance or 6 
maintenance events.    Sizing for the estimated annual mass load, however would substantially decrease 
the number of observations at the cartridge hydraulic design flow rate of 12.5 gpm per cartridge.     

8.3 Precipitation Monitoring 
 
Precipitation at the monitoring site will be analyzed with a 0.01-inch resolution Texas Electronics tipping 
bucket rain gage. The location of the rain gage at the monitoring site can be seen in Figure 6.  In the 
event of the loss of precipitation data, data from the following third-party, public weather station will be 
substituted: 
 

[Wind Tree Loop, Rhododendron, Oregon Lat = N 45° 21’ 18” Lon = W 121° 58’ 3”] 
 

The above listed weather station is located approximately 1.5-miles northwest of the monitoring site. 
Hourly precipitation data for the Wind Tree Loop weather station can be found using the Weather 
Underground website (http://www.weatherunderground.com/) and at the Ambient Weather site 
(http://mysite.verizon.net/jackpbass/wx.htm). 

8.4 Flow Monitoring 
 
Influent and effluent flows will be measured using Large 60°V Trapezoidal Flumes (primary 
measurement device) in conjunction with individual ISCO 730 Bubbler Flow Modules (secondary 
measurement devices). Each flow module will be connected to an individual ISCO 6712 Portable 
Automated Sampler.  
 
Influent and effluent flow will be monitored continuously throughout the evaluation period on a 5-
minute time step data interval. Figure 7 shows the flow measurement locations, flow path within the 
system, and sample locations. 
 

8.5 Water Sampling 
The sampling of influent and effluent flows from the Lolo Pass StormFilter will involve the collection of 
volume-paced samples by the automated sampling equipment over the course of a precipitation event. 
Individual influent and effluent samples will be combined according to the event hydrograph to create 
influent and effluent composite samples that represent the mean influent and effluent water quality. 
EMC subsamples will be taken from the composite samples using the specified subsampling equipment 
for submittal to the Analytical Laboratory for subsequent analysis.  
 

8.6 Monitoring location and equipment 
 
The StormFilter system is located within a larger vault. A photo of the exterior of the StormFilter system 
at Lolo Pass Road can be seen in Figure 6.  
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Figure 6.  External view of the StormFilter system at Lolo Pass Road. 

Influent and effluent samples will be collected using individual ISCO 6712 Portable Automated Samplers 
configured for standard, individual, round, wide-mouth 1-L HDPE bottles sample bottles. The samplers 
will be connected to individual 12VDC deep cycle batteries that will be replaced periodically throughout 
the project.  Each sampler will be equipped with an individual ISCO 730 Bubbler Flow Module for the 
purpose of sample pacing and flow analysis. Each sampler will also have an ISCO SPA 1489 Digital Cell 
Phone Modem System to allow for remote communication and data access.  Sample tubing, 3/8” ID 
Acutech Duality FEP/LDPE tubing, will be routed from each automated sampler to influent and effluent 
sample locations. Sample intakes will be located at the invert of both the influent and effluent sample 
locations. Sampling locations can be seen in Figure 7.  
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Figure 7.  Plan view of StormFilter system at Lolo Pass Road. 
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8.7 Sampling Methodology  
 
Sampling methodology #2, Discrete Flow Sampling, as described in the 2011 TAPE will be used for this 
evaluation.   A multiple-bottle rack will be used to collected flow paced aliquots.    
 
The sample collection program input into each automated sampler will be a one-part program.  Once 
the program is run, it will be active for a period of 36 hours to ensure capture of a single event.  Influent 
and Effluent sample collection programs will be configured as follows: 
 

Sample Aliquot Volume (mL): 250 
Discrete Samples: Sequential aliquots in bottles 1 through 12; 4 

aliquots per bottle  
 

Due to the variability among precipitation events, the sample pacing will vary. Settings and changes will 
be determined by the Project Manager after the review of the most up to date precipitation forecasts. 

8.8 Monitoring Parameters 
 
Water quality parameters, and associated analytical methods, to be tested for each qualified runoff 
event are listed in Table 3.  In addition, screening parameters will be tested a minimum of three times 
throughout the evaluation period. Influent and effluent samples will be collected during a qualified 
storm event for the purpose of testing screening parameters in an effort to determine if the unit has the 
potential to export contaminants including phosphorus and metals. The screening parameters for this 
project are based on both the basic and phosphorus treatment goals of this project and can be seen in 
Table 5.  

 
Table 5. Required screening parameters for TAPE monitoring for this field evaluation. 

 

8.9 Monitoring Duration  
 
As indicated in Table 4, a minimum of 12 flow weighted composite samples will be collected to ensure 
representative concentrations are available for assessing system performance across a variety of storm 
event conditions. However, sampling will continue until enough samples have been collected to 
demonstrate performance of the system at the required level of statistical confidence for obtaining a 
GULD. In all cases, samples must fall within the influent concentration ranges specified in Table 1 and 
meet the sample collection requirements specified in Table 4. The storm event guidelines identified in 
Table 4 will also be evaluated to assess the validity of collected samples. 

Performance Goal Required Screening Parameters

Basic PSD, pH a, TP, orthophosphate, hardness, total and 
dissolved copper and zinc

Phosphorus PSD, pH a, hardness, total and dissolved copper and zinc

a in situ sample only. If a substantial change in pH is measured (>1 standard unit difference between influent and 
effluent) or an abnormal pH value is measured (<4 or >9 standard units) additional storm events will be monitored.
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8.10 Cumulative Load Estimation 
 
Cumulative mass load retained by the system will be estimated on a continuous basis using summation 
of load calculations. When approximately 30 pounds of sediment per cartridge are estimated to be 
retained by the system and/or internal bypass is observed in the system when influent flow rates are 
observed to be ≤ design flow rates the system will be maintained. In addition to the estimated mass of 
material calculated using water quality results, the mass of material retained by the system will be 
assessed during the system maintenance as described in Section 8.11 Sediment Sampling, for 
comparison purposes.  

8.11 Sediment Sampling  
 
Maintenance of the system will be performed at the beginning of the project to allow for a baseline for 
measuring and analyzing solids retained by the system. The wet weight of the StormFilter cartridge will 
be taken and recorded prior to installation. 
 
The quantity and quality of residual solids captured by the system during each maintenance cycle will be 
assessed. Prior to system maintenance the StormFilter cartridge will be carefully removed and all settled 
material within the vault of the unit will be collected. The cartridge will be allowed to drain before being 
weighed. This wet weight will be directly compared to the cartridge wet weight taken prior to 
installation to estimate the volume of solids filtered and retained within the media throughout the 
maintenance cycle.  
 
All residual solids material collected from the vault will be weighted and tested for percent solids to 
calculate volume of settled material within the vault during the maintenance cycle. A composite sample 
of the residual solids will be homogenized by hand and a representative sample will be collected and 
sent to the Analytical Laboratory for analysis. Samples submitted for analysis will be tested for the 
parameters listed in Table 8. Data from this these analysis will be used in conjunction with the volume of 
residual solids measured within the system to determine the estimated dry mass of contaminants 
captured. 
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9.0 Sampling Procedures 
 
All inspection and calibration activities will be performed by the Project Manager.  Maintenance records 
will be noted by the Project Manager. 

9.1 Equipment Installation and Calibration  
All measurement equipment will be installed and calibrated according to the manufacturer’s 
instructions.   Equipment inspection and calibration specifics can be seen in Table 6.   Manufacturer’s 
equipment manuals have been included as references in Section 17.0; these manuals are available upon 
request.  
 
Table 6.  Instrument and equipment testing, inspection, and calibration details. 

 

9.2 Water Sampling 
 
The StormFilter will be monitored for performance during a qualified storm event.  Automated samplers 
will be used to collect influent and effluent samples during the storm event that will eventually be 
analyzed for the parameters listed in Tables 3 and 7.  Automated samplers will be programmed to 
initiate sampling after specified hydraulic conditions have been detected.  Following initiation, sampling 
will proceed based upon a volume-paced program.  Unless manually disabled or malfunctioning, 
automated samplers will collect samples during each qualifying storm event (event forecast to be of 
enough significance to satisfy sampler initiation requirements). 
 
Before the storm event the Project Manager will evaluate the ambient air temperature, if the ambient 
air temperature is or is forecasted to be > 6 degrees Celsius (43 degrees Fahrenheit) the automated 
samplers shall be filled with ice.   
 
After a storm event the Project Manager will remotely communicate with the automated sampling 
equipment to confirm sample collection. After sample collection confirmation, the Project Manager will 
retrieve all samples, replace the sample bottles and reset the automated sampling equipment. Samples 

Equipment Inspection Items Procedure Frequency (minimum)
Desiccant Check color- change when pink Eveny site visit

Sample dispensing arm Run diagnostics Every site visit
Sample strainer Check for Occlusion Every site visit

Sample and pump tubing Check integrity
At installation and 

monthly

Calibration
Calibrate according to 

manufacture's instructions
At installation and 

monthly
Desiccant Check color- change when pink Every site visit

Calibration
Calibrate according to 

manufacture's instructions
At installation and twice 

annualy

Large 60°V Trapezoidal Flume Flow channel
Check for debris and sediment 

accumulation
Every site visit

Power sources 12VDC Batteries Check charge Every site visit
Funnel and screen Check for debris Every site visit

Calibration
Calibrate according to 

manufacture's instructions
At installation and once 

annualy

ISCO 6712 Portable Automated 
Sampler

Texas Electronics Tipping 
Bucket Rain Gauge

ISCO 730 Bubbler Flow Module 
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will be transported from the sampling location to the Contech lab in Portland, Oregon in coolers 
containing ice or gel-based ice packs. The site code for the Lolo Pass field evaluation will be LPR. This site 
code will be used for sample naming purposes both in the Contech lab and for all samples sent to the 
specified Analytical Laboratory. 
 
The Project Manager will combine collected samples to create influent and effluent composite samples 
through identification of those bottles best representing the storm event based upon the hydrograph.  
The selected samples will be thoroughly shaken and emptied into a cone splitter.  The cone splitter will 
then be used to generate the EMC subsamples that will be submitted for analysis.   All compositing will 
be completed at the Contech lab in Portland, Oregon. Table 7 lists the subsamples that will be submitted 
to the Analytical Laboratory for analysis. The table shows the required analytical container, minimum 
required sample volume, any handing of the sample that will take place in addition to cooling the 
sample to ≤6°C, all sample preservation requirements, and pre- and post-preservation holding time 
limits. The holding time limits will be based upon the collection time of the last sample used to make the 
composite at each sampling location.  All samples will be sent to the analytical laboratory and that data 
not meeting the hold time will be flagged. 
 
Analytes listed in Table 7 are ranked by priority.  Parameters 1 thru 7 (target analytes), the 2011  TAPE 
PSD method, and the screening parameters (SP 1 thru 7) are to be analyzed as the priority for each 
qualified event.  The goal is to get enough sample volume to analyze the entire list of parameters listed 
in Table 7.  
 
Subsamples will be transported to the Analytical Laboratory in cooler containing gel-based ice packs.  
Subsamples will be handled by the Analytical Laboratory using clean technique and processed according 
to analytical requirements shown in Table 3. Standard chain-of-custody documentation will accompany 
the submittal and transfer of all samples to the Analytical Laboratory. Blank chain-of-custody forms are 
included in Appendix C.  
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Table 7.  Sample handling requirements for water quality samples parameters. Labels beginning with SP indicate 
screening parameters.  

 
 
 

Labeling Designation                  
(Bottle Number)

Parameter 
Minimum 
Volume         

(mL)

Handling in 
Addition to Cold 

Storage

Sample 
Container

Pre-Filtration 
Holding Time

Total Holding Time

TSS
pH
SSC
TVSS

4 SSC Duplicate 250 None HDPE NA 7 days

Dissolved Phosphorus
Orthophosphate

7 TAPE PSD 1000 None HDPE NA 7 days

SSC
pH

SP2 SSC 250 250-um filtration HDPE NA 7 days
SP3 SSC 250 62.5-um filtration HDPE NA 7 days
SP4 Orthophosphate 250 None HDPE 12 hours a 7 days

Total Copper
Total Zinc
Hardness

Dissolved Copper
Dissolved Zinc

SP7 Total Phosphorus 250 H2SO4 to pH<2 HDPE NA 28 days
Aluminum

Total Copper
Total Zinc
Total Lead
Hardness

SSC<2000-µm

TVSS<2000-µm

SSC<500-µm

TVSS<500-µm
SSC<250-µm

TVSS <250-µm
SSC<62.5-µm

TVSS <62.5-µm
SSC<100-µm

TVSS <100-µm
SSC<50-µm

TVSS <50-µm
TKN

Nitrate/Nitrite-N
Ammonia

28 days

a Pre-fi ltration holding times of 15 minutes for dissolved metals and orthophosphate are recommended in US EPA (1983) and required in 40 CFR 136.3, Table 2; however these holding 
times cannot realistically be met with flow weighted automated sampling techniques.  Ecology will  accept data qualified as an estimate (J qualifer) in fi ltration occured between 15 
minutes and 12 hours after the last aliquot was collected. 

15 250 H2SO4 to pH<2 HDPE NA

SP6 250 0.45-um filtration HDPE 12 hours a 6 months

SP5 250 HNO3 to pH<2 HDPE NA 6 months

14 250 50-um filtration HDPE NA 7 days

13 250 100-um filtration HDPE NA 7 days

12 250 100-um filtration HDPE NA 7 days

500-um filtration HDPE NA 7 days

11 250 100-um filtration HDPE NA 7 days

9 250 2000-um filtration HDPE NA 7 days

10 250

8 250 HNO3 to pH<2 HDPE NA 6 months

6 250 None HDPE 12 hours a 48 hours

5 250 H2SO4 to pH<2 HDPE NA 28 daysTotal Phosphorus

SP1 250 None HDPE NA 7 days

3 250 None HDPE NA 7 daysTSS Duplicate

2 250 None HDPE NA 7 days

1 250 None HDPE NA 7 days
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9.3 Sediment Sampling 
 
Prior to system maintenance the quantity and quality of residual solids captured by the system during 
each maintenance cycle will be assessed. Prior to system maintenance the StormFilter cartridge will be 
carefully removed and all settled material within the vault of the unit will be collected in clean HDPE 
buckets and brought back to the Contech lab in Portland, Oregon. The cartridge will be allowed to drain 
before being weighed. This wet weight will be directly compared to the cartridge wet weight taken prior 
to installation to estimate the volume of solids filtered and retained within the media throughout the 
maintenance cycle.  
 
All residual solids material collected from the vault will be weighted and tested for percent solids to 
calculate volume of settled material within the vault during the maintenance cycle. A composite sample 
of the residual solids will be homogenized by hand and a representative sample will be collected and 
sent to the Analytical Laboratory for analysis. Sediment samples will be kept at or below ≤6°C during 
transport and storage prior to analysis.  

9.4 Equipment Decontamination 
 
All water sampling equipment and sediment sampling equipment will be decontaminated between 
sampling events using deionized water.  Suction tubing will be replaced to prevent contamination at 
least once during the monitoring period and more frequently if equipment rinsate blanks indicate 
contamination due to highly contaminated runoff. 

 

9.5 Recordkeeping 
 
A field recordkeeping form, as well as field notes will be collected and saved in the project folder. The 
field recordkeeping form as well as field note information guidelines are included in Appendix D.  
 
 

10.0 Measurement Procedures 
 
This section focuses on laboratory procedures to be used for water quality and sediment analysis during 
this field evaluation. The Analytical Laboratory being used for this project is listed in Table 2. Specific 
contact information for the Analytical Laboratories used throughout this project can be found in the 
Distribution List. All Analytical Laboratories selected for this evaluation are Ecology-accredited.  

10.1 Water Sampling 
 
All EMC sample analysis will be handled by the Analytical Laboratory.  Analytical methods that will be 
specified for sample analysis are shown in Table 3. Reporting limits and analytical methods for water 
quality and sediment parameters are shown in Table 8. Additional details on the execution of these 
analyses can be obtained from the Analytical Laboratory. 
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Table 8. Reporting limits and analytical methods for water quality and sediment parameters. 

 
 

Analytical data will be received from the Analytical Laboratory in the form of reports that are submitted 
in electronic form.  These reports will include all analytical results as well as the sampling date, date of 
preservation (if required), date of filtration (if required), date of extraction, and date of analysis. The 
analytical report will also contain all laboratory QC samples and information associated with those 
samples. Electronic analytical reports will be submitted directly to the Project Manager via email 
attachment and will be transferred to the appropriate subfolder on the Contech Project Drive.  

Parameter Matrix Method
Reporting limt target 

a

Susp. Sediment Conc. (SSC) Water ASTM D3977 1.0 mg/l

Tot. Susp. Solids (TSS) Water SM 2540 D 1.0 mg/l

Tot. Vol. Susp. Solids (TVSS) Water SM 2540 G 1.0 mg/l

Total Phosphorus Water SM 4500 P F 0.01 mg/l

Dissolved Phosphorus Water EPA 200.7 0.01 mg/l

Orthophosphate Water EPA 365.2 0.01 mg/l

Nitrate/Nitrite-N Water EPA 353.2 0.03 mg/l

Total Kjeldahl-N Water EPA 351.2 0.50 mg/l

Ammonia Water EPA 350.1 0.05 mg/l

Total Copper Water EPA 200.8 0.002 mg/l

Total Zinc Water EPA 200.8 0.01 mg/l

Total Lead Water EPA 200.8 0.001 mg/l

Aluminum Water EPA 200.7 0.1 mg/l

Dissolved Copper Water EPA 200.8 0.002 mg/l

Dissolved Zinc Water EPA 200.8 0.01 mg/l

Hardness Water SM 2340B 0.662 mg/l

pH Water EPA 150.1 0.2 units

Particle Size Distribution Water TAPE SOP NA

Percent Solids Sediment SM 2540G NA

Percent Volatile Solids Sediment SM 2540G 1%

Grain Size Sediment ASTM D422 NA

Total Phosphorus Sediment EPA Method 200.7 0.01 mg/kg

Total Recoverable Zinc Sediment EPA Method 200.8 5.0 mg/kg

Total Recoverable Copper Sediment EPA Method 200.8 0.1 mg/kg

Total Recoverable Lead Sediment EPA Method 200.8 0.1 mg/kg

a  To the extent possible, reporting limits for the analytical laboratory selected should be the same or below those listed here. All results below 
reporting limits should be reported and identified as such. 
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10.2 Particle Size Distribution Procedures 
 
Two particle size distribution methods are being used for this project. The first method is a variation of 
the serial filtration process and is employed every time a runoff event is sampled. This method is a direct 
measurement of particle size by mass whereas indirect methods such as Laser Diffraction and the 
electrical sensing zone method (Coulter Principal) convert counted data points into mass by way of 
assumptions regarding particle shape and density.  For each event samples are split and submitted for 
analysis. SSC results are obtained for SSC, SSC (<2000-µm), SSC (<500-µm), SSC (<100-µm) and SSC (<50-
µm). Samples will be split by the Project Manager and SSC analysis will be performed by the Analytical 
Laboratory.  
 
A second particle size distribution method will be performed a minimum of three times during the 
evaluation and will follow the procedure described in the 2011 TAPE. For this particle size distribution   
1-L composite influent and effluent samples will be collected during a qualified storm event. Each 
sample will first be filter through a 250-µm (#60) sieve followed by filtration through a 62.5-µm (#230) 
sieve and finally though1.5-µm glass fiber filter. These size fractions will be used to determine the 
percent of medium sand and larger (>250-µm), very fine to fine sand (62.5-250-µm) and silt and clay 
(<62.5-um). This particle size distribution will be performed by the Analytical Laboratory.  

10.3 Sediment Sampling  
 
Sediment samples will be submitted to the Analytical Laboratory for analysis. Table 8 lists the sediment 
parameters to be analyzed during this evaluation, the analytical method to be used for each parameter 
and the target reporting limit for the analysis.  
 
The Analytical Laboratory will return reports to the Project Manager that are submitted in electronic 
form and will include all analytical results as well as the sampling date, date of preservation (if required), 
date of filtration (if required), date of extraction, date of analysis and if the sample is a QC sample. 
 

11.0 Quality Control 
 
This section of the QAPP includes information on field quality assurance, quality control and laboratory 
quality control. 

11.1 Field Quality Assurance and Quality Control  
 
Quality control samples will be used to assess the quality of both field sampling and analytical activities.  
Quality control samples will be analyzed for the analytes listed in Table 9. The following quality control 
samples will be used:  equipment rinsate blanks, field duplicates, laboratory control samples, method 
blank, duplicate analysis (laboratory) and MS/MSDs.  Equipment rinsate blanks and field duplicated will 
be collected by the Project Manager and analyzed by the Analytical Laboratory. All other quality control 
samples will be the responsibility of the Analytical Laboratory.  Parameters to be tested and frequency 
are detailed in Table 9. 
 
 
 



September 27, 2013 27  Contech Engineered Solutions 

Table 9.  Quality control parameters to be evaluated and frequency of sample collection. 

 
 
Equipment rinsate blanks will be collected for the purpose of verifying that the sampling equipment is 
not a source of sample contamination. Equipment rinsate blanks will be collected a minimum of three 
times throughout the evaluation period. 
 

• After decontamination of the equipment. 
• After the first or second qualified storm event. 
• At the end of the evaluation period. 
 

If any parameters are detected with concentrations greater than the reporting limit the Project 
Manager will be responsible for finding the source of contamination and correcting the issue prior the 
next sampling event.  

 
A field duplicate sample is a second independent sample collected at the same time and location as the 
original sample.  Analyzing field duplicate samples will be used as a way to assess possible errors 
associated with the sample collection and processing procedure as well as analytical activities. The total 
number of field duplicate samples to be collected is dependent on the total number of samples 
collected throughout the evaluation period. Samples are defined as the total number of influent and 
effluent samples collected for qualified storm events. Duplicates will be collected and analyzed for a 
minimum of 10% of total samples.   
 

Equipment 
Rinsate 
Blank  

(number)

Field Duplicate
Laboratory 

Control 
Sample

Method 
Blank

Laboratory 
Duplicate

MS/MSDs

TSS 3 10% of Samples 1 per batch 1 per batch 1 per batch ---

pH --- 10% of Samples --- --- --- ---

Total Phos 3 10% of Samples 1 per batch 1 per batch 1 per batch 1 per batch 

Ortho-Phos 3 10% of Samples 1 per batch 1 per batch 1 per batch 1 per batch 

Total Copper 3 10% of Samples 1 per batch 1 per batch 1 per batch 1 per batch 

Dissolved Copper 3 10% of Samples 1 per batch 1 per batch 1 per batch 1 per batch 

Total Zinc 3 10% of Samples 1 per batch 1 per batch 1 per batch 1 per batch 

Dissolved Zinc 3 10% of Samples 1 per batch 1 per batch 1 per batch 1 per batch 

Hardness 3 10% of Samples 1 per batch 1 per batch 1 per batch 1 per batch 

Water Quality 
Parameter

Field QC Laboratory QC
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Additional field duplicate QC samples will be collected for solids analyses that employ the use of whole 
sample volume (i.e. suspended solids concentration).  Since the use of the entire sample eliminates the 
possibility of extracting a duplicate sample from the same sample container, separate duplicate samples 
must be prepared to accommodate duplicate analysis. 
 

11.2 Equipment Maintenance and Calibration 
 
In addition to the collection of equipment rinsate blanks and field duplicate samples all field equipment 
will be inspected and maintained throughout the evaluation period. A schedule of inspection and 
maintenance activities for the monitoring equipment installed at the monitoring site can be seen in 
Table 6.  

11.3 Laboratory Quality Control  
 
The Analytical Laboratory will be responsible for its own assessment and response according to its own 
QA program. Quality control sample analysis to be provided  by the Analytical Laboratory include 
laboratory control samples, method blank, duplicate analysis, and MS/MSDs. Parameters to be tested 
for QC purposes and the frequency is shown in Table 9.  The QA/QC manual for the Analytical 
Laboratory is included in Appendix C.  
 
The Project Manager will be responsible for checking analytical reports for completeness following the 
delivery of analytical reports and communicating any issues to QA personnel from the analytical 
laboratory for corrective action. 
   

12.0 Data Management Procedures 
 
The following types of field data will be collected as part of this project:  1) hydrographs (influent and 
effluent); 2) sample collection time stamp (influent and effluent); and 3) cumulative rainfall data.  This 
data will be collected by the instruments and equipment installed in the field and logged by the ISCO 
6712 Portable Automated Samplers. Data will be retrieved from the ISCO 6712 Portable Automated 
Samplers by the Project Manager following a successful sampling event or as needed. Data will be 
stored in project folder on the Contech Project Drive. 
 
Analytical data are received from the Analytical Laboratory in the form of reports that are submitted in 
electronic form.  These reports will include all analytical results as well as the sampling date, date of 
preservation (if required), date of filtration (if required), date of extraction, date of analysis, and if the 
samples are QC samples. All analytical reports received from the laboratory will be stored in the project 
folder on the Contech Project Drive.  
 
The Project Manager will be responsible for all data management activities.  All electronic data will be 
backed up on a daily basis as per Contech network management protocol. All electronic data will be 
stored by Contech for a minimum of 5 years following project completion. 
 
Review of analytical, flow, and precipitation data to determine qualification requirements have been 
met will be performed on a quarterly basis by committee and will involve the Project Manager, Project 
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QA Manager, and Technical Advisor.  All data that meets the qualification requirements will be 
accepted.  Data that do not meet the qualification requirements will be flagged. A decision to reject or 
accept the flagged data for final analysis will be made based upon best professional judgment.  Flagged 
data and associated acceptance/rejection decisions will be discussed in the Data Summary Report.  

13.0 Audits and Reports 
 
The documents and records that will be associated with this QAPP are the following:  1) official 
analytical reports including both results and analytical QC results; 2) chain-of-custody records; 3) field 
QC results; 4) equipment testing, inspection, maintenance, and calibration data; and 5) field 
recordkeeping forms.  Hard copies of all documents will be archived in the Contech project binder by the 
Project Manager and kept for a minimum of 5 years following project completion. 
 
There are two types of interim reports that will accompany this project:  the Individual Storm Report 
(ISR) that documents each individual storm capture and a Data Summary Report.  The ISR will be the 
responsibility of the Project Manager and will be created immediately upon receipt of all data pertaining 
to an individual storm capture event.  The ISR assembles all important data pertaining to an individual 
storm capture event.  The Data Summary report is the responsibility of the Project Manager and will 
consist of a narrative describing project status, an interim performance summary, any QA issues, and 
will be accompanied by all qualifying ISRs collected thus far in the project. The Data Summary Report 
will be distributed to all signatories of the QAPP. 
 
Upon the conclusion of all sampling activities a TER will be written and submitted to Ecology for review 
and approval.  The TER report will follow the guidelines specified in the 2011 TAPE and will include a 
technology description, sampling procedures, data summary and analysis, operation and maintenance 
information, and relevant discussions and conclusions.  
 

14.0 Data Verification and Validation 
 
ISRs and analytical reports will be reviewed by the Project Manager on a continual basis.  Validation and 
verification will be conducted by the Project Manager, Project QA Manager, and Technical Advisor upon 
creation of the Data Summary Report and prior to submittal of the TER. 
 
Data will be validated and verified on a quarterly basis and will involve the Project Manager, Project QA 
Manager, and Technical Advisor.  All quantitative data will be checked to ensure the absence of 
transcription errors.  Transcription errors will be fixed immediately and will not be reported.  Reviewers 
will also check for nonsensical data and outliers using best professional judgment.  Any resulting 
invalidation will be reported in the Data Summary Report.   
 
Quality control documentation associated with each ISR will also be reviewed for accuracy and 
completeness.  The decision to invalidate data due to incomplete QC information will be based upon 
best professional judgment and will also be reported in the Data Summary Report.  
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15.0 Data Quality Assessment 
 
The QA manager will review the water quality QC data from each sampling event in accordance with the 
MQOs shown in Table 3. The results of the review will be presented in a data quality assessment report 
that will be prepared for inclusion in the data summary report. The report will summarize quality control 
results, identify when data quality objectives were not met, and discuss resulting limitations, if any, on 
the use or interpretation of the data. The information to be included in the data quality assessment 
report will include the following: 
 

• Changes to and deviations from the QAPP 
• Results of performance and audits 
• Data quality assessment results in terms of representativeness, completeness, and 

comparability 
• Discussion of whether the QA objectives were met and the resulting impact on decision-making 
• Limitations on the use of the measurement data 

 
To assess the quality of the flow data a QA report will also be included in the TER. The QA report will 
summarize quality control results, identify when quality objectives were not met, and discuss the 
resulting limitations, if any, on the use or interpretation of the data. 
 

16.0 Data Analysis 
The data analysis that will be performed to evaluate the water quality treatment performance of the 
system will follow the procedures outlined in the 2011 TAPE. The specific procedures that will be used in 
these analyses are as follows. 
 

• Statistical comparisons of influent and effluent pollutant concentrations  
• Pollutant removal efficiency calculations   
• Statistical evaluation of performance goals  

 
More detailed information on these procedures is provided in the following subsections. 
 

16.1 Statistical comparisons of influent and effluent pollutant concentrations 
Statistical analyses will be performed to determine whether there are significant differences in pollutant 
concentrations between the influent and effluent stations across individual storm events. The specific 
null hypothesis (Ho) and alternative hypothesis (Ha) for these analyses are as follows:  
 

Ho: Effluent pollutant concentrations are equal to or greater than influent concentrations.  
 
Ha: Effluent concentrations are less than influent concentrations.  

 
To evaluate these hypotheses, a 1-tailed Wilcoxon signed-rank test will be used to compare the influent 
and effluent performance data. Statistical significance will be assessed based on an alpha (α) level of 
0.05.  
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16.2 Pollutant removal efficiency calculations  
Removal efficiencies will be calculated for each measured pollutant using the methods presented below. 
The calculated pollutant removal efficiency estimates will be presented with the applicable performance 
goal in a table. 
 
Method #1: Individual storm reduction in pollutant concentration  
The reduction in pollutant concentration during each individual storm is calculated as:  
 

100(𝐴 − 𝐵)
𝐴

 

 
Where:  
 
A = flow-proportional influent concentration  
B = flow-proportional effluent concentration  
 
This method is typically applied when there are no water losses in the treatment system between the 
inlet and outlet (i.e., influent flow volume equals effluent flow volume).  
 

16.3 Statistical evaluation of performance goals  
Statistical analyses will be performed to determine whether the collected data demonstrate that the 
system met applicable performance goal(s) specified in Table 1. To evaluate the performance goals for 
basic and phosphorus treatment, bootstrapping will be used to compute confidence intervals around 
the mean effluent concentration or pollutant removal efficiency.  
 
For basic and phosphorus treatment with goals that are expressed as a minimum removal efficiency (i.e., 
80 percent TSS removal and 50 percent TP removal), bootstrapping will  be used to compute the 95 
percent confidence interval around the mean removal efficiency for the treatment system being 
evaluated. (Individual removal efficiency values will be computed using Method #1 as described above.)  
 
The lower one-sided 95 percent confidence limit will then be compared to the applicable performance 
goal. If this limit is higher than the treatment goal, it can be concluded that the system met the 
performance goal with the required 95 percent confidence.  
 

16.4 Pollutant removal as a function of flow rate  
 
A regression analysis will be performed in order to evaluate pollutant removal performance as a 
function of flow rate. The goal of this analysis will be to determine if the applicable performance goal for 
a given parameter is being met at the design hydraulic loading rate for the treatment system.  
 
To perform this analysis, an aliquot-weighted influent flow rate will be determined for each composite 
sample. A regression analysis will then be performed to determine whether the treatment performance 
increases, decreases, or remains unchanged as function of influent flow rate. More detailed information 
on these steps is provided in the following subsections.  
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16.4.1 Flow rate determination  
For flow-proportional composite sampling, an aliquot-weighted flow rate will be calculated based on the 
time that each aliquot was collected. Specifically, the influent flow rate at the time each aliquot was 
collected will be determined for each storm event based on the continuous flow measurements from 
the influent monitoring station; these values will then be averaged to obtain an aliquot-weighted flow 
rate for the sampled storm event.  
 
16.4.2 Regression analysis  
Linear regression models will be  developed using the influent flow rates described in the previous 
subsection as the independent variable and pollutant removal performance data (from the composite 
samples) as the dependent variable. The suitability of the regression equation will be evaluated using 
the following diagnostics (described in more detail in Helsel and Hirsch [2002]):  
 

• Data coverage – to develop a usable linear regression model, an adequate number of data must 
have been collected across the influent flow range of interest (i.e., 50 to 125 percent of the 
design hydraulic loading rate or velocity).  

• Outliers – extreme outliers will be evaluated and removed if they impart undue influence on the 
regression relationship.  

• Linearity – scatter plots will be used to determine if a linear regression model provides a good fit 
to the data; as necessary, data transformations will be performed to improve the linear fit. 

• Constant variance – to obtain a valid linear regression model, the variance of the dependent 
variable should remain relatively constant across the range of values for the independent 
variable; as necessary, data transformations will be performed to remove or reduce this 
problem.  

• Other explanatory variables – other explanatory variables correlated with the independent 
variable can influence the dependent variable. For example, influent concentrations of ―source 
limited parameters can decrease as the influent flow rate increases; this can lead to an overall 
decrease in system performance. To evaluate this and other potential confounding factors, 
residuals from the linear regression model will be plotted against other likely explanatory 
variables. Advanced methods for performing linear regression analyses with multiple 
explanatory variables are described in Helsel and Hirsch (2002).  

 
After performing these diagnostics to obtain the best linear regression model for the data, the p-value 
of the associated regression line will be evaluated to determine the statistical significance of the 
associated slope coefficient. If the p-value is greater than 0.05, the slope coefficient can be deemed 
insignificant (i.e., not significantly different from zero).  In these instances it can be assumed that there 
is no relationship between flow and pollutant removal performance over the range of flow rates 
measured. If the p-value is less than or equal to 0.05, the slope coefficient can be deemed significant. In 
these instances, the linear regression model can be used to estimate mean system performance at the 
design hydraulic loading rate.  
 
Given that the treatment goal is based on the mean individual removal efficiency values computed using 
Method #1 as described above, data below the lower reporting limit or detection limit, i.e. censored 
data, will be substituted using the detection limit.  
 
The overall adequacy of the sampling design will be determined based on the satisfaction of the quality 
objectives outlined in this QAPP, the demonstration of a statistically significant difference between 
influent and effluent pollutant concentrations, and the satisfaction of minimum removal efficiency 
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requirements (i.e., 80 percent TSS removal and 50 percent TP removal) using  bootstrapping so  it can be 
concluded that the system met the performance goal with the required  95 percent confidence.  
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Appendix B- Sampling Equipment Specifications 
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Appendix C- Analytical Laboratory QA Manual 
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Laboratory QA manual is confidential to Test America and has been redacted from the public document. 
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