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2503 Eastbluff Dr, Suite 206 
  Newport Beach, California 92660  

  Fax: (949) 717‐0069 
   

  Matt Hagemann 
  Tel: (949) 887‐9013 

  Email: mhagemann@swape.com 
 

 
April 28, 2011  
 
Mr. Michael Lozeau 
Lozeau | Drury LLP 
1516 Oak Street 
Alameda, California 94501 
 
Subject:  Comments on the Draft California NPDES Industrial General Permit 

 
Dear Mr. Lozeau: 
 
We have reviewed the California 2011 Draft Statewide General National Pollutant 

Discharge Elimination System (NPDES) Permit for the Discharge of Storm Water 

Associated with Industrial Activities (Industrial General Permit) and have prepared the 

following comments on the issue of stormwater treatment and the achievability of the 

proposed numeric effluent limitations.  

The Industrial General Permit establishes numeric action levels (NALs) for constituents 

of stormwater discharge in Table 4 (p. 34).  Under the draft, the NALs become a 

technology‐based numeric effluent limitation (NEL) if Corrective Action Level 3 is 

triggered.   An exceedance of the daily average of an NEL is a violation of the Industrial 

General Permit (p. 15).   

We believe the proposed NELs can be reliably achieved using available best 

management practices and treatment technology and concur with State Water Board 

staff who state (Fact Sheet, p. 8): 

…[i]t is the best professional judgment (BPJ) of the State Water Board staff that 

dischargers employing BAT [best available technology economically achievable] 

and BCT [best conventional pollutant control technology] can reduce the 

pollutants in their storm water effluent to achieve concentrations at or below 

the NALs. 
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The NELs are limits that are BAT based; that is, the NELs can be achieved with use of 

effective source control and treatment best management practices (BMPs).    With use 

of effective BMPs and with use of stormwater treatment systems, where needed, we 

believe NELs can be consistently and reasonably achieved. 

We have obtained and reviewed data from a leading technology provider, StormwateRx, 

who manufactures and installs stormwater treatment systems.  The data we obtained 

(Attachment 1), include all data from all facilities where the StormwateRx systems have 

been installed in California, Oregon and Washington.  (Note that Attachment 1 contains 

the data submittal from StormwateRx as well as Adobe pdf files of a spreadsheet and 

charts we created from the data.)  Facility sectors where the StormwateRx systems were 

installed include: boatyards, scrapyards (ferrous and non‐ferrous), galvanizing facilities, 

plastic fabrication, a power plant, a shipyard and trucking facilities.  We attempted to 

obtain data from other technology providers but were unable to secure all‐inclusive 

data sets that would cover a range of facilities and a range of site conditions.   

A complete StormwateRx treatment train includes an oil‐water separator (Clara), a 

media filtration step (Aquip) and a polishing stage (Purus) (see 

http://www.stormwaterx.com).    Most facilities for which data were obtained include 

one or two of these components; for example, Clara and Aquip or Aquip and Purus.  

Only one facility for which data were obtained, a power plant, included a full three‐

stage treatment train.  (Please note: facilities may have installed oil‐water separators 

from other vendors.) 

Our review of the StormwateRx data shows that best performing facilities in each of the 

sectors already achieve or approach the NELs.  Where NELs are not currently achieved, 

we believe that with more aggressive source control BMPs and with regular 

maintenance, the best performers of even the highly polluted metals sources included 

in the data set can reasonably be expected to achieve the proposed NELs.  

The data submitted by StormwateRx represent facilities with extremely high levels of 

heavy metals (namely copper, lead and zinc) in stormwater runoff.  Influent copper, lead 

and zinc concentrations each routinely exceeded 1,000 ug/L at the facilities represented 

in the data that are presented in Attachment 1.   These concentrations compare to 

median values at commercial facilities which were reported at 29 µg/L, 104 µg/L, and 

226 µg/L for copper, lead, and zinc, respectively in a comprehensive U.S. EPA study of 

urban runoff.1   A comprehensive study of stormwater at permitted industrial facilities in 

the State of Washington found median concentrations of copper, lead, and zinc of 22, 

                                                 
1
http://water.epa.gov/scitech/wastetech/guide/stormwater/upload/2006_10_31_guide_stormwater_usw_b.pdf  
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12 and 139 ug/L respectively.2   The median values were derived from a review of over a 

thousand data points for each of the contaminants (copper, lead and zinc). 

The results of both studies are well below influent concentrations of the StormwateRx 

data; therefore, we believe that if these facilities, with significantly elevated 

concentrations of metals, can achieve NELs through use of this technology, then other 

less‐contaminated runoff can routinely and reasonable achieve the NELs.  For those sites 

where metals concentrations are not as elevated, achieving NELs is a relatively simple 

(and inexpensive) matter of implementing effective source control BMPs including cover 

from rainfall and installation of treatment strategies to include velocity separators, inlet 

filtration and vegetated swales, for  example. 

The data that were obtained from StormwateRx were comprehensive, i.e., none were 

redacted, and reflect only real‐world conditions.  In most cases, influent concentrations 

are higher than those which would be expected at the vast majority of industrial 

facilities covered under the Industrial General Permit.  No lab or pilot‐study data were 

considered in our review, data which we feel would be unreliable because discharge 

rates and controlled influent concentrations may not reflect field conditions.    

Data obtained from StormwateRx show the following results: 

Boatyards (all facilities installed only Aquip systems): 

 NELs were achieved for lead and zinc at four of five facilities. 

 Copper concentrations were reduced significantly using only the media 

filtration (Aquip)  systems. 

  

Ferrous Scrapyards (all facilities installed only Aquip systems): 

 Lead effluent concentrations achieved the NELs 

 Average copper and zinc influent concentrations were reduced 94% and 92% 

respectively. 

  

Non‐Ferrous Scrapyards (all facilities installed only Aquip systems) 

 Led and zinc NELs achieved at three of five facilities 

 Average influent copper and zinc concentrations were reduced 89% and 98% 

respectively. 

   

                                                 
2
 Herrera Environmental Consultant, 2006.  Evaluation of Monitoring Data from General NPDES Permits for Industrial and 
Construction Stormwater (Attachment 2).   
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Galvanizing Facilities (facilities installed Aquip and Aquip + Purus systems) 

 At two facilities where the Aquip +Purus systems were installed, the effluent 

levels for metals discharged from the Purus unit were reduced to below the 

NEL. 

 

Power Plant (installed Clara + Aquip + Purus systems) 

 Zinc reduced below NAL after Purus system. 

 

Shipyards (all facilities installed only Aquip systems) 

 Copper, lead and zinc reduced below NELs at one of three facilities. 

 

Trucking Facilities 

 Copper, lead and zinc achieved NELs. 

 

The data presented in Attachment 1 show that NELs were achieved at those sites where 

the full treatment train (the Clara, Aquip, and Purus) was implemented at the power 

plant and at the two trucking facilities where the Aquip and Purus systems were 

installed (note: the trucking facilities installed oil‐water separator systems provided by 

other vendors).    

With implementation of a full treatment train or where the polishing stage (Purus) is 

installed, we believe the StormwateRx data show that achieving NELs is feasible for the 

full range of industrial facilities covered under the proposed Industrial General Permit.  

As stated above, it is important to note that the sites for which data was obtained have 

generally high concentrations of heavy metals in their influent, concentrations much 

higher than those which we would anticipate at the vast majority of industrial facilities 

covered under the Industrial General Permit.   Additional effort directed at source‐

control BMPs, including better coverage, aggressive sweeping, and drainage controls 

will enhance the performance of the StormwateRx systems and other similar systems.  

Other providers of ex‐situ media filtration systems include the Storminator 

(http://swonline.org).  Where ex‐situ media filtration systems are not needed, velocity 

separators (see for example http://www.contech‐cpi.com/Products/Stormwater‐

Management.aspx and http://www.stormceptor.com), inlet filters and vegetated swales 

may allow for NELs to be achieved. 
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Regular maintenance is also critical to consistently achieve the NELs over time.    The 

StormwateRx data show that effluent concentrations can increase if maintenance is 

inadequate.  Long term maintenance, along with effective source control BMPs, is 

critical for achieving NELs.  

We have concluded that achieving the NELs is feasible for not only the most 

contaminated sites but also for the vast majority of sites where influent concentrations 

are not as high as for those for which StormwateRx data were submitted.   

Implementation of one or two components of the full StormwateRx system (or of a 

similar system) would allow for facilities covered under the Industrial General Permit to 

achieve NELs.  Where influent concentrations are particularly high, the full StormwateRx 

treatment train may be necessary to achieve NELs.  At other sites, where concentrations 

of metals are lower, use of velocity separation devices, inlet filters and vegetated 

swales, along with aggressive source control BMPs, would allow for NEL concentrations 

to be achieved.  In addition, if under the Industrial General Permit the facilities are 

allowed to average sampling results from a specific outfall for a single day and storm 

event, the use of a daily average in many cases will make compliance with the proposed 

NELs even more likely. 

The StormwateRx technology is readily available.  Ex‐situ media filtration systems such 

as the StormwateRx, when utilized by the best performers in the industrial storm water 

discharger category along with source control BMPs, can reasonably be expected to 

achieve numeric BAT effluent limitations consistent with the proposed NELs, at even the 

most potentially polluting facilities. 

Finally, we believe that sizing active treatment systems to a 25‐year, 24‐hour storm 

event is reasonable and can be achieved at most facilities with water storage tanks, 

underground detention vaults, or through use of detention basins where sufficient area 

exists.  Use of tanks, vaults and basins would allow for the regulated discharge of 

stormwater to the treatment system so that capacity is not exceeded and so that 

treatment of greater volumes is achieved.   

Sincerely, 

 
Matt Hagemann, P.G., C.Hg. 
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INTRODUCTION 

 

About StormwateRx LLC 

StormwateRx LLC, headquartered in Portland Oregon, manufactures stormwater treatment Best 
Management Practices (BMPs) that enable industrial facilities to better comply with their 
National Pollutant Discharge Elimination System (NPDES) permits for stormwater discharges 
associated with industrial activity. StormwateRx products are used to remove pollutants from 
stormwater and protect the nation’s waterways. 

Treatment Best Management Practices (BMPs) 

StormwateRx is a science-based company that has developed a range of stormwater treatment 
technologies or BMPs designed specifically for use at operating industrial facilities or facilities 
that generate industrial pollutants that must be removed from the stormwater before it is 
released to the environment. Industrial facilities use and maintain combinations of BMPs to 
assure water quality leaving the site meets discharge standards (generically known as 
benchmarks or water quality criteria). Occasionally facilities use combinations of treatment 
BMPs known as treatment trains to assist with permit compliance. StormwateRx provides stand-
alone treatment BMPs and treatment BMPs in treatment trains. StormwateRx treatment BMP 
products referenced in this document are: 

 Clara® – a patented stormwater plug flow separator system that removes pollutants by 
settling and floatation. Clara prevents trapped pollutants from washing out by including a 
high flow bypass structure within the system. Clara removes settleable solids including 
metals, and floatables such as oil and grease, and trash. 
 

 Aquip® – a patent-pending stormwater filtration system that integrates a pre-treatment 
chamber and a horizontal bed layered filtration chamber. The system is passive and 
contains no moving parts nor does it require any chemicals. Aquip is typically installed 
above ground in a pump and treat configuration for retrofit applications. Aquip removes 
total and dissolved pollutants including particulates, metals, nutrients, organics and 
hydrocarbons. 
 

 Purus™ – a group of technologies for stormwater polishing that are typically employed 
downstream of Aquip filtration. StormwateRx manufactures Purus Metals for reduction of 
dissolved metals, Purus Organics for reduction of toxic organics, and Purus Bacteria for 
reduction of pathogens such as E. coli and coliform. 

Sector-Specific Treatment BMPs 

StormwateRx has developed a set of recommended industry-specific treatment trains (known as 
“Industry Remedies”) that utilize one or more treatment BMPs in series.  The industry-specific 
treatment trains are designed to meet technology and water quality-based standards when 
implemented in conjunction with other industry-specific structural and operational BMPs.  In 
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some cases, facilities will install one or several of the recommended treatment BMP 
components in the adaptive management process.  Technology-based standards are, by 
definition, evolving as stormwater treatment technologies and knowledge or pollutants and 
stormwater morphology improve.   

Industry Sectors Represented 

Site specific performance data are presented for the following industry sectors.  In addition, 
StormwateRx has indicated the recommended treatment train by sector below.  It is important to 
keep the recommended sector-specific treatment train in mind as performance data are 
analyzed. 

 
 
Industry Sector 

Recommended Treatment Train 
Clara® Plug 

Flow Separator
(Oil/Trash/Dirt) 

Retenu™ 
Roughing Filter

(Particles) 

Aquip®  
Enhanced Filter 

(Dissolved) 

Purus™  
Metals Polishing

(Dissolved) 
Boatyard   YES YES 
Non-ferrous Scrap 
Metal Recycling 

YES YES YES YES 

Ferrous Scrap Metal 
Recycling 

YES YES YES YES 

Galvanizing Facilities - YES YES YES 
Metal Fabrication YES YES YES YES 
Plastic Manufacturing - - YES YES 
Steam-Electric Power 
Plant 

YES YES YES YES 

Shipyard - YES YES YES 
Trucking YES YES YES - 
 

Measuring Treatment Performance 

Performance of StormwateRx treatment BMPs and treatment trains is quantified in several 
ways. One is by comparing historic trend effluent water quality before and after installation of 
the treatment BMP(s) on a pollutant specific basis. This approach suggests a long term 
performance capability by comparing effluent concentrations achieved before the treatment 
BMP was installed to effluent concentrations achieved after the treatment BMP was installed. A 
second performance quantification method is by measuring stormwater quality into and out of 
the treatment BMP. The later requires that inlet/outlet sample pairs be collected relatively 
proximate in time to one another during a particular storm event.  

The data presented in this data summary present all known results using both the above 
performance verification methodologies: long term effluent quality data, and inlet/outlet pair 
data. 
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Performance Data Volumes I and II 

The summary data are compiled into two Volumes: 

Volume I – Summary Data includes summarized data including plots of historical effluent water 
quality and inlet/outlet concentration results with calculated removal efficiencies.  

Volume II – Supporting Data includes supporting analytical data sheets, chains-of-custody, 
quality assurance data and publicly available data source references for all results summarized 
in Volume I. 

Performance Data Compilation Methodology 

The stormwater quality data presented in this report are industrial stormwater effluent 
concentrations for facilities that have installed one or more StormwateRx LLC products. Historic 
trend (pre- and post-StormwateRx installation) effluent data and product performance data are 
included where available and to the extent available. Every effort has been made to provide a 
comprehensive data set, however there are various limitations on the available data. These 
limitations are outlined below. 

Site Identification 

StormwateRx customer names and discharger identification numbers are absent from the 
Volume I summary data, and have been redacted from the Volume II supporting data. In lieu of 
company names, the industry sector, geographic region of the facility, and an internal 
identification number are provided. 

Discharge Monitoring Point 

Discharge monitoring points at some facilities have varied over the years. The report documents 
these changes where possible, but a comprehensive description of the drainage area for each 
outfall and changes thereto is not possible. Based on the knowledge of each site, and unless 
noted otherwise, it is generally reasonable to assume that the pre- and post-StormwateRx BMP 
installation monitoring point discharges are from approximately the same area. To the best of 
StormwateRx’s knowledge, all post-StormwateRx BMP installation effluent data are sampled 
from the outlet of the StormwateRx BMP.  

Treatment Trains 

Where more than one type of StormwateRx BMP is in place (StormwateRx treatment train), the 
post-installation historic trend data reflects the effluent from the downstream-most treatment 
BMP. Typical treatment train configuration is Clara – Aquip – Purus. For example, for a site that 
includes both Clara and Aquip, the Aquip effluent is reported on the historic trend spreadsheet. 
At sites that have a Purus polishing system, the Purus effluent is reported on the historic trend 
spreadsheet.  
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BMP Implementation and Maintenance Practices 

The facilities presented in this report were selected based on data availability only. As a result, 
this data includes facilities with a range of maintenance practices and source control 
implementation. Some sites have neglected to maintain their BMPs (including source control 
BMPs upstream of the StormwateRx treatment BMP) or have maintained the BMPs on a 
schedule that differs from the manufacturer’s recommendations. A decrease in removal 
efficiency, or an uptick in post-StormwateRx BMP installation effluent concentrations, after a 
season of good performance, may indicate that a facility needs to maintain its BMPs.  

To assist in this assessment, StormwateRx has noted on the reports whether the facilities’ 
BMPs are “adequate” or “need improvement.” This determination is qualitative and based on the 
frequency of maintenance of the StormwateRx BMPs given the pollutant loading and upstream 
BMPs for the period of time for which data is provided. Though sites that “need improvement” 
may not reflect the best possible performance, the dataset has been included to provide the 
users with a more comprehensive perspective on performance capabilities of our products in a 
range of maintenance conditions. 

Supporting Data Sources 

The data presented are compiled from several different sources, all of which are included or 
referenced within the Volume II data report in unaltered form (with the exception of redactions to 
protect customer privacy). The sources of supporting data are: 

Product Performance Data (influent/effluent pairs): 

 Customer (including professional consultant) and StormwateRx LLC sampling reports. 
 

Historic Trend Effluent Data: 

 Customer (including professional consultant) and StormwateRx LLC sampling reports. 
 California Regional Water Quality Control Board file reviews 

o Region 2 (Oakland office): In person file review; copies of DMRs and supporting lab 
reports made. 

o Region 4 (Los Angeles): In person file review; copies of DMRs and supporting lab 
reports made. 

o Region 8 (Santa Anna): Written records request; digital copies of annual reports 
received via email. 

 Oregon Dept. of Environmental Quality 
o Email from Oregon Dept. of Environmental Quality, to StormwateRx LLC (Jan. 3, 

2011). Attachment: Excel spreadsheet, central DMR database contents for 1200-Z 
and 1200-COLS permit holders.1 

 Washington Dept. of Ecology 

                                                            
1 The 1200-Z and 1200-COLS permits are the two main industrial stormwater general permits in Oregon. The 1200-
COLS applies to facilities that discharge to the Columbia Slough, an impaired water body in the Portland area. The 
1200-Z applies to all other areas of the state. The 1200-Z and COLS cover all industrial activities subject to the 
federal industrial stormwater permit requirement, with the exception of the following sectors: mining and quarrying of 
nonmetallic minerals (except fuels), asphalt mix batch plants and concrete batch plants. 
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o Email from Washington Dept. of Ecology to StormwateRx LLC (Jan. 30, 2009). 
Attachment: Excel spreadsheet, Dept. of Ecology DMR database results from 
January 2005 – January 2009 for facilities that triggered “Action Levels” via 
benchmark excursions.  

o Washington Dept. of Ecology, Water Quality Permit Search online database, 
https://fortress.wa.gov/ecy/wqreports/public/f?p=128:1:1918112431375228 (last 
updated April 19, 2010).2 

o Washington Dept. of Ecology, Permit and Reporting Information System online 
database, 
https://fortress.wa.gov/ecy/wqreports/public/f?p=110:300:1346710057549926 
(instituted April 19, 2010). 
 

In Volume II – Supporting Data, DMRs and laboratory reports are included as attachments to the 
individual facility reports. Excel spreadsheet provided by Washington and Oregon state regulators 
are provided in the same form StormwateRx received them. (This is necessary to protect customer 
privacy and maintain the data in an unadulterated form.) Washington state online databases are 
incorporated by reference. Note that the sampling data for much of the data from Washington and 
Oregon state databases may not reflect the exact sampling date; often only the start or end date of 
the monitoring period are available in the databases. 

Quality Assurance / Quality Control 

All StormwateRx treatment BMP performance data have been checked for quality assurance/quality 
control (QA/QC) by StormwateRx staff using the laboratory reports that are provided with the 
dataset. 

All historic trend data have been quality checked by StormwateRx staff using laboratory reports, 
and DMRs where available. Where neither lab reports nor DMRs are available, state databases 
were used for the QA/QC, to ensure the values in this report match the values in the state 
databases. The Oregon DMR database was not quality checked by Oregon Dept. of Environmental 
Quality staff.  Any modifications made to the data presented in the report, such as elimination of 
data suspected to be erroneous, are noted in footnotes to the relevant report. 

Use of Data 

The data contained in this report are confidential and proprietary in nature. 

Volume I – Data Summary is intended for use by regulatory agencies or on a site specific basis to 
assess performance capability of StormwateRx products under real-world conditions. No two sites 
are identical in practice or pollutant generation, even within an industry sector, and there will be 
variations in stormwater quality and treatment BMP performance from time-to-time. Use of Volume I 
data is permitted only as StormwateRx LLC authorizes in writing. 

                                                            
2 Washington issues a sector-specific general permit to boatyards that covers stormwater discharges. The 
Washington industrial stormwater general permit applies to all other industrial activities subject to the federal 
industrial stormwater permit requirement, with the exception of the following sectors: sectors subject to national 
effluent limit guidelines, and certain subsectors of mining and quarrying of nonmetallic minerals (except fuels). As in 
all states, some facilities may have obtained individual permit coverage rather than general permit coverage.  
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Volume II – Supporting Data contain numerous references to laboratories, laboratory personnel, 
laboratory reference numbers, monitoring personnel, and other data not publicly available. It is not 
the intent of StormwateRx to provide this information in a public domain. Accordingly, Volume II is 
generally not available in digital format but may be reviewed in person at StormwateRx LLC offices 
with permission to verify the data contained in Volume I Data Summary. 

StormwateRx LLC product performance data (influent/effluent pairs and associated removal 
efficiencies) may not be reproduced in any form without attribution to “StormwateRx LLC, 
www.stormwaterx.com” and the appropriate product name (i.e. Clara, Aquip and/or Purus). Historic 
trend data should be attributed to this report or the applicable public source(s) noted supra.  
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StormwateRx LLC Product Cross Reference
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Site ID
0101 Boatyard Aquip Needs Improvement Cu Pb Zn TS 0101
0102 Boatyard Aquip Adequate Cu Pb Zn TS pH 0102
0103 Boatyard Aquip Adequate Cu Pb Zn TS OG 0103
0104 Boatyard Aquip Needs Improvement Cu Pb Zn T TS 0104
0105 Boatyard Aquip Adequate Cu Pb Zn TS 0105
0201 Ferrous Scrapyard Aquip Adequate Cu Pb Zn TS B P 0201
0202 Ferrous Scrapyard Aquip Adequate Cu Pb Zn T TS pH 0202
0203 Ferrous Scrapyard Clara + Aquip Needs Improvement Cu Pb Zn Al Fe Cd Cr3 Hg Ni H TS SC pH C P 0203
0204 Ferrous Scrapyard Aquip Adequate Cu Pb Zn T pH 0204
0205 Ferrous Scrapyard Aquip Needs Improvement Cu Pb Zn Fe Mn TS pH B C OG E 0205
0206 Ferrous Scrapyard Aquip Needs Improvement Cu Pb Zn Fe Mn Ca Mg T TD pH C OG 0206
0207 Ferrous Scrapyard Aquip Adequate Cu Pb Zn TS pH B OG P E 0207
0301 Nonferrous Scrapyard Clara + Aquip Adequate Cu Pb Zn TS pH OG 0301
0302 Nonferrous Scrapyard Clara + Aquip Needs Improvement Cu Pb Zn Al Fe Cr6 As Hg Ni H TS SC pH C 0302
0303 Nonferrous Scrapyard Clara + Aquip Needs Improvement Cu Pb Zn Al Fe Cr3 Cr6 Hg Ni H TS SC pH C OG 0303
0304 Nonferrous Scrapyard Aquip Adequate Cu Pb Zn TS C 0304
0305 Nonferrous Scrapyard Aquip Adequate Cu Pb Zn TS C 0305
0401 Galvanizing Aquip Adequate Cu Pb Zn Al Fe H T TS Alk pH OG 0401
0402 Galvanizing Aquip + Purus Adequate Cu Pb Zn T pH 0402
0403 Galvanizing Aquip Adequate Cu Pb Zn Ni Mn TS pH OG P E 0403
0404 Galvanizing Aquip + Purus Adequate Cu Zn Fe TS TD SC pH 0404
0501 Metal Fabrication Aquip Adequate Cu Pb Zn T pH 0501
0601 Plastic Manufacturer Aquip Needs Improvement Cu Zn T pH 0601
0701 Power Plant Clara + Aquip + Purus Adequate Cu Zn Al Fe TS pH C P 0701
0801 Shipyard Aquip Needs Improvement Cu Zn Ni T 0801
0802 Shipyard Aquip Unknown Cu Pb Zn Al Fe T TS pH 0802
0803 Shipyard Aquip Adequate Cu Pb Zn As T pH 0803
0804 Shipyard Aquip N/A Cu Pb Zn TS 0804
0901 Trucking Aquip + Purus Adequate Cu Pb Zn TS pH B P E 0901
0902 Trucking Aquip + Purus Needs Improvement Cu Pb Zn TS pH B OG P E 0902
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

January 1, 2006 Customer Before

April 1, 2006 Customer Before

May 1, 2006 Customer Before

October 1, 2006 Customer Before

January 1, 2007 Customer Before

May 1, 2007 Customer Before

October 1, 2007 Customer Before

January 1, 2008 Customer Before

April 1, 2008 Customer Before

October 1, 2008 Customer Before

April 1, 2009 Customer After

May 5, 2009 StormwateRx After

October 21, 2009 Customer After

November 13, 2009 StormwateRx After

September 23, 2010 Customer After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0101

March 31, 2009

Pacific Northwest

Aquip 110SBE (enhanced media filtration system)

Boatyard

Maintenance Status: Needs Improvement

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0101

Copper Effluent - Discharge Point 1

Lead Effluent - Discharge Point 1
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Facility Historical Data
Site ID #0101

Zinc Effluent - Discharge Point 1

Total Suspended Solids (TSS) Effluent - Discharge Point 1

0

50

100

150

200

250

300

350

Dec-05 Apr-07 Sep-08 Jan-10

C
on

ce
nt

ra
tio

n 
(u

g/
L)

Timeline
Zinc effluent

0

50

100

150

200

250

Dec-05 Apr-07 Sep-08 Jan-10

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Timeline
TSS effluent

Aquip Installed
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

Aquip Installed
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

© 2011 StormwateRx LLC. All rights reserved.

CONFI
DENTIA

L



Aquip® Influent and Effluent Data
Site ID #0101

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

05/05/09 Aquip AQUIP IN AQUIP OUT Copper 1.58 0.0223 99%

10/21/09 Aquip No. 1 Inlet No. 2 Discharge Copper 1.09 0.0370 97%

11/13/09 Aquip 0080 A-in 0080 A-out Copper 0.656 0.00933 99%

09/23/10 Aquip 1 - Inlet 4 - Discharge Copper 1.67 0.191 89%

10/21/09 Aquip No. 1 Inlet No. 2 Discharge Lead 0.0253 0.00415 84%

11/13/09 Aquip 0080 A-in 0080 A-out Lead 0.0089 0.00050 ND 94%

09/23/10 Aquip 1 - Inlet 4 - Discharge Lead 0.0539 0.0126 77%

10/21/09 Aquip No. 1 Inlet No. 2 Discharge Zinc 0.586 0.0556 91%

11/13/09 Aquip 0080 A-in 0080 A-out Zinc 0.411 0.111 73%

09/23/10 Aquip 1 - Inlet 4 - Discharge Zinc 1.04 0.137 87%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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0102 
Boatyard 
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

November 16, 2007 Customer Before

December 19, 2007 Customer Before

February 8, 2008 Customer Before

March 13, 2008 Customer Before

November 4, 2008 Customer Before

December 12, 2008 Customer Before

March 9, 2009 Customer Before

May 5, 2009 Customer Before

October 26, 2009 Customer Before

December 21, 2009 Customer After

February 12, 2010 Customer After

May 19, 2010 Customer After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0102

December 2, 2009

Pacific Northwest

Aquip 110SBE (enhanced media filtration system)

Boatyard

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0102

Copper Effluent - Discharge Point 1

Zinc Effluent - Discharge Point 1
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Facility Historical Data
Site ID #0102

pH Effluent - Discharge Point 1
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

January 1, 2006 Customer Before

April 1, 2006 Customer Before

May 2, 2006 Customer Before

September 1, 2006 Customer Before

October 1, 2006 Customer Before

January 1, 2007 Customer Before

September 1, 2007 Customer Before

October 1, 2007 Customer Before

April 1, 2008 Customer Before

May 1, 2008 Customer Before

January 1, 2009 Customer After

April 1, 2009 Customer After

April 19, 2009 StormwateRx After

May 6, 2009 StormwateRx After

September 1, 2009 Customer After

October 1, 2009 Customer After

November 13, 2009 StormwateRx After

January 1, 2010 Customer After

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0103

December 1, 2008

Pacific Northwest

Aquip 50SBE (enhanced media filtration system) 

Boatyard
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Sampling Events (cont.)

Date Sampled By           Before/After Aquip Installation

May 1, 2010 Customer After

September 1, 2010 Customer After

October 1, 2010 Customer After

October 26, 2010 Customer After
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Facility Historical Data
Site ID #0103

Copper Effluent - Discharge Point 1

Lead Effluent - Discharge Point 1
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Facility Historical Data
Site ID #0103

Zinc Effluent - Discharge Point 1

Total Suspended Solids (TSS) Effluent - Discharge Point 1
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Aquip® Influent and Effluent Data
Site ID #0103

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

04/01/09 Aquip East-Aq IN East-Aq OUT Copper 0.364 0.0766 79%

11/13/09 Aquip 0065 E A-in 0065 E A-out Copper 0.430 0.0361 92%

10/26/10 Aquip East Oct Inlet East Oct Out Copper 0.310 0.0450 85%

11/13/09 Aquip 0065 E A-in 0065 E A-out Lead 0.0127 0.00268 79%

10/26/10 Aquip East Oct Inlet East Oct Out Lead 0.015 ND 0.015 ND N/A

04/01/09 Aquip East-Aq IN East-Aq OUT Zinc 0.392 0.0253 94%

11/13/09 Aquip 0065 E A-in 0065 E A-out Zinc 0.507 0.0370 93%

10/26/10 Aquip East Oct Inlet East Oct Out Zinc 0.420 0.0200 ND 95%

04/01/09 Aquip East-Aq IN East-Aq OUT TSS 20.0 5.0 ND 75%

10/26/10 Aquip East Oct Inlet East Oct Out TSS 3.6 1.0 ND 72%

10/26/10 Aquip East Oct Inlet East Oct Out O&G 2.4 ND 2.4 ND N/A

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.

© 2011 StormwateRx LLC. All rights reserved.
CONFI

DENTIA
L



0104 
Boatyard 

 
  

© 2011 StormwateRx LLC. All rights reserved.

CONFI
DENTIA

L



Sampling Events:

Date Sampled By           Before/After Aquip Installation

January 1, 2006 Customer Before

May 2, 2006 Customer Before

September 1, 2006 Customer Before

October 1, 2006 Customer Before

January 1, 2007 Customer Before

September 1, 2007 Customer Before

January 1, 2008 Customer Before

April 1, 2008 Customer Before

May 1, 2008 Customer Before

October 1, 2008 Customer Before

February 23, 2009 Customer After

February 25, 2009 Customer After

April 1, 2009 Customer After

September 1, 2009 Customer After

October 1, 2009 Customer After

November 13, 2009 StormwateRx After

January 1, 2010 Customer After

May 1, 2010 Customer After

Maintenance Status: Needs Improvement

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0104

February 27, 2009

Pacific Northwest

Aquip 50SBE (enhanced media filtration system)

Boatyard
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Sampling Events (cont.)

Date Sampled By           Before/After Aquip Installation

October 25, 2010 Customer After
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Facility Historical Data
Site ID #0104

Copper Effluent - Discharge Point 1

Lead Effluent - Discharge Point 1

Aquip partial media replacement in June 2010 (before the last reported sample date)

Aquip partial media replacement in June 2010 (before the last reported sample date)
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Facility Historical Data
Site ID #0104

Zinc Effluent - Discharge Point 1

Total Suspended Solids (TSS) Effluent - Discharge Point 1

Aquip partial media replacement in June 2010 (before the last reported sample date)

Aquip partial media replacement in June 2010 (before the last reported sample date)
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Aquip® Influent and Effluent Data
Site ID #0104

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

02/23/09 Aquip West Aquip 1 in West Aquip 2 out Copper 4.47 0.146 97%

02/25/09 Aquip West in West out Copper 4.78 0.0386 99% 0.766 0.016 98%

11/13/09 Aquip 0065 W A-in 0065 W A-out Copper 0.485 0.0140 97%

10/25/10 Aquip West Oct Inlet West Oct Outlet Copper 0.440 0.010 ND 98%

02/23/09 Aquip West Aquip 1 in West Aquip 2 out Lead 0.661 0.025 ND 96%

02/25/09 Aquip West in West out Lead 0.648 0.025 ND 96% 0.0735 0.025 ND 66%

11/13/09 Aquip 0065 W A-in 0065 W A-out Lead 0.0299 0.00050 ND 98%

10/25/10 Aquip West Oct Inlet West Oct Outlet Lead 0.095 0.015 ND 84%

02/23/09 Aquip West Aquip 1 in West Aquip 2 out Zinc 1.73 0.0404 98%

02/25/09 Aquip West in West out Zinc 1.96 0.0303 98% 1.32 0.0248 98%

11/13/09 Aquip 0065 W A-in 0065 W A-out Zinc 0.927 0.255 72%

10/25/10 Aquip West Oct Inlet West Oct Outlet Zinc 0.910 0.240 74%

02/25/09 Aquip West in West out TSS 66 2.0 ND 97%

02/25/09 Aquip West in West out Turbidity 118 8.98 92%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

September 1, 2006 Customer Before

October 1, 2006 Customer Before

January 1, 2007 Customer Before

April 1, 2007 Customer Before

September 1, 2007 Customer Before

October 1, 2007 Customer Before

January 1, 2008 Customer Before

April 1, 2008 Customer Before

May 1, 2008 Customer Before

October 1, 2008 Customer Before

January 1, 2009 Customer Before

April 1, 2009 Customer Before

October 1, 2009 Customer Before

January 1, 2010 Customer Before

May 1, 2010 Customer After

September 1, 2010 Customer After

October 1, 2010 Customer After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0105

April 7, 2010

Pacific Northwest

Aquip 25SBE (enhanced media filtration system)

Boatyard

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0105

Copper Effluent - Discharge Point 1

Lead Effluent - Discharge Point 1
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Facility Historical Data
Site ID #0105

Zinc Effluent - Discharge Point 1

Total Suspended Solids (TSS) Effluent - Discharge Point 1

0

100

200

300

400

500

600

700

800

Aug-06 Jun-07 Apr-08 Jan-09 Nov-09 Sep-10

C
on

ce
nt

ra
tio

n 
(u

g/
L)

Timeline
Zinc effluent

0

10

20

30

40

50

60

70

Aug-06 Jun-07 Apr-08 Jan-09 Nov-09 Sep-10

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Timeline
TSS effluent

Aquip Installed
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

Aquip Installed
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

© 2011 StormwateRx LLC. All rights reserved.

CONFI
DENTIA

L



0201 
Ferrous Scrapyard 

 
  

© 2011 StormwateRx LLC. All rights reserved.

CONFI
DENTIA

L



Sampling Events:

Date Sampled By           Before/After Aquip Installation

January 24, 2008 StormwateRx After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0201

January 17, 2008

Southern California

Aquip 110 UBE (enhanced media filtration system)

Ferrous Scrapyard

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0201

Copper Effluent - Discharge Point 

Lead Effluent - Discharge Point 

0

100

200

300

400

500

Oct-06 Apr-07 Nov-07 Jun-08 Dec-08 Jul-09 Jan-10 Aug-10

C
on

ce
nt

ra
tio

n 
(u

g/
L)

Timeline
Lead effluent

No data

0

50

100

150

200

250

300

350

400

450

Oct-06 Apr-07 Nov-07 Jun-08 Dec-08 Jul-09 Jan-10 Aug-10

C
on

ce
nt

ra
tio

n 
(u

g/
L)

Timeline
Copper effluent

No data

Aquip Installed
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

Aquip Installed
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

© 2011 StormwateRx LLC. All rights reserved.

CONFI
DENTIA

L



Facility Historical Data
Site ID #0201

Zinc Effluent - Discharge Point 

Total Suspended Solids (TSS) Effluent - Discharge Point 

0

100

200

300

400

500

600

700

800

Oct-06 Apr-07 Nov-07 Jun-08 Dec-08 Jul-09 Jan-10 Aug-10

C
on

ce
nt

ra
tio

n 
(u

g/
L)

Timeline
Zinc effluent

No data

0

10

20

30

40

50

60

70

80

90

Oct-06 Apr-07 Nov-07 Jun-08 Dec-08 Jul-09 Jan-10 Aug-10

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Timeline
TSS effluent

No data

Aquip Installed
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

Aquip Installed
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

© 2011 StormwateRx LLC. All rights reserved.

CONFI
DENTIA

L



Facility Historical Data
Site ID #0201

Biological Oyxgen Demand (BOD) Effluent - Discharge Point 

Phosphorus Effluent - Discharge Point 
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Aquip® Influent and Effluent Data
Site ID #0201

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

01/24/08 Aquip Scrap-012408-A Scrap-012408-C Copper 4.47 0.208 95%

01/24/08 Aquip Scrap-012408-A Scrap-012408-C Lead 5.54 0.231 96%

01/24/08 Aquip Scrap-012408-A Scrap-012408-C Zinc 3.30 0.157 95%

01/24/08 Aquip Scrap-012408-A Scrap-012408-C TSS 360 20 94%

01/24/08 Aquip Scrap-012408-A Scrap-012408-C Phosphorus 0.234 0.160 32%

01/24/08 Aquip Scrap-012408-A Scrap-012408-C BOD5 323 111 66%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

January 1, 2005 Customer Before

April 1, 2005 Customer Before

January 1, 2006 Customer Before

October 1, 2006 Customer Before

January 1, 2007 Customer Before

April 1, 2007 Customer Before

July 1, 2007 Customer Before

October 1, 2007 Customer Before

January 1, 2008 Customer Before

April 1, 2008 Customer Before

July 1, 2008 Customer Before

April 1, 2010 Customer Before

July 1, 2010 Customer After

September 8, 2010 Customer After

September 23, 2010 Customer After

October 1, 2010 Customer After

March 8, 2011 Customer After

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0202

June 22, 2010

Pacific Northwest

Aquip 210SBE (enhanced media filtration system) 

Ferrous Scrapyard
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Facility Historical Data
Site ID #0202

Copper Effluent - Discharge Point A

Lead Effluent - Discharge Point A
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Facility Historical Data
Site ID #0202

Zinc Effluent - Discharge Point A

Total Suspended Solids (TSS) Effluent - Discharge Point A
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Facility Historical Data
Site ID #0202

pH Effluent - Discharge Point A

Turbidity Effluent - Discharge Point A
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Aquip® Influent and Effluent Data
Site ID #0202

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

09/08/10 Aquip Influent Effluent Copper 0.120 0.029 76% 0.030 0.012 60%

03/08/11 Aquip Influent Effluent Copper 0.110 0.053 52% 0.011 0.0059 46%

09/08/10 Aquip Influent Effluent Lead 0.150 0.036 76% 0.0076 0.007 8%

03/08/11 Aquip Influent Effluent Lead 0.100 0.031 69% 0.0014 0.00068 51%

09/08/10 Aquip Influent Effluent Zinc 1.100 0.200 82% 0.660 0.130 80%

03/08/11 Aquip Influent Effluent Zinc 0.660 0.130 80% 0.410 0.072 82%

09/08/10 Aquip Influent Effluent TSS 72 14 81%

03/08/11 Aquip Influent Effluent TSS 37 11 70%

09/08/10 Aquip Influent Effluent Turbidity 97 30 69%

03/08/11 Aquip Influent Effluent Turbidity 17 7.0 59%

09/08/10 Aquip Influent Effluent pH 6.78 6.42 -0.36

03/08/11 Aquip Influent Effluent pH 6.77 6.69 -0.08

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

December 7, 2009 StormwateRx After

December 7, 2009 3rd Party After

January 18, 2010 3rd Party After

January 27, 2010 3rd Party After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0203

September 25, 2009

Southern California

Clara 40CP (stormwater separator vault)
Aquip 160SBE (enhanced media filtration system)

Ferrous Scrapyard

Maintenance Status: Needs Improvement

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0203

Copper Effluent - Discharge Point 

Lead Effluent - Discharge Point 
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Facility Historical Data
Site ID #0203

Zinc Effluent - Discharge Point 

Total Suspended Solids (TSS) Effluent - Discharge Point 
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Facility Historical Data
Site ID #0203

Aluminum Effluent - Discharge Point 

Iron Effluent - Discharge Point 
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Facility Historical Data
Site ID #0203

Chemical Oyxgen Demand (COD) Effluent - Discharge Point 

pH Effluent - Discharge Point 
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Aquip® Influent and Effluent Data
Site ID #0203

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

01/18/10 Aquip Yard 3 In Yard 3 Out Aluminum 12.9 2.56 80%

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 Aluminum 5.50 0.805 85%

01/18/10 Aquip Yard 3 In Yard 3 Out Cadmium 0.0025 ND 0.0025 ND N/A

01/18/10 Aquip Yard 3 In Yard 3 Out Chromium (III) 0.098 0.018 82%

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 Chromium (III) 0.005 ND 0.005 ND N/A

12/07/09 Aquip C-OUT 0096 Yd. 3 A-OUT 0096 Yd. 3 Copper 0.83 0.061 93% 0.10 0.0038 96%

01/18/10 Aquip Yard 3 In Yard 3 Out Copper 0.894 0.177 80% 0.041 0.034 17%

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 Copper 0.369 0.089 76% 0.022 0.02 9%

01/18/10 Aquip Yard 3 In Yard 3 Out Hardness 238 218 8%

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 Hardness 283 298 increased

01/18/10 Aquip Yard 3 In Yard 3 Out Iron 43.3 7.33 83% 0.558 0.127 77%

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 Iron 20.1 3.08 85% 0.23 0.125 46%

12/07/09 Aquip C-OUT 0096 Yd. 3 A-OUT 0096 Yd. 3 Lead 0.77 0.036 95% 0.010 0.0012 88%

01/18/10 Aquip Yard 3 In Yard 3 Out Lead 1.02 0.193 81% 0.019 0.010 47%

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 Lead 0.538 0.089 83% 0.017 0.005 71%

01/18/10 Aquip Yard 3 In Yard 3 Out Mercury 0.033 0.0028 92%

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 Mercury 0.0056 0.0015 73% 0.0004 0.0007 increased

01/18/10 Aquip Yard 3 In Yard 3 Out Nickel 0.069 0.031 55%

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 Nickel 0.005 0.035 ND increased

12/07/09 Aquip C-OUT 0096 Yd. 3 A-OUT 0096 Yd. 3 Zinc 3.1 0.29 91% 0.88 0.039 96%

01/18/10 Aquip Yard 3 In Yard 3 Out Zinc 4.61 0.660 86% 1.11 0.327 71%

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 Zinc 2.49 0.371 85% 0.050 0.195 increased

12/07/09 Aquip C-OUT 0096 Yd. 3 A-OUT 0096 Yd. 3 TSS 510 36 93%

01/18/10 Aquip Yard 3 In Yard 3 Out TSS 518 85 84%

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 TSS 236 22 91%
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Aquip® Influent and Effluent Data
Site ID #0203

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

01/18/10 Aquip Yard 3 In Yard 3 Out Specific Conductivity 710 770 increased

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 Specific Conductivity 917 868 5%

12/07/09 Aquip C-OUT 0096 Yd. 3 A-OUT 0096 Yd. 3 COD 180 180 0%

01/18/10 Aquip Yard 3 In Yard 3 Out COD 710 300 58%

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 COD 512 161 69%

01/18/10 Aquip Yard 3 In Yard 3 Out O&G 60 10 83%

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 O&G 14 2.5 ND 82%

01/18/10 Aquip Yard 3 In Yard 3 Out pH 7.26 6.89 -0.37

01/27/10 Aquip Pretreatment Yd. 3 Discharge Yd. 3 pH 6.98 6.62 -0.36

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

April 1, 2008 Customer Before

April 1, 2010 Customer After

July 1, 2010 Customer After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0204

December 12, 2008

Pacific Northwest

Aquip 110SBE (enhanced media filtration system)

Ferrous Scrapyard

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0204

Copper Effluent - Discharge Point 1

Lead Effluent - Discharge Point 1
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Facility Historical Data
Site ID #0204

Zinc Effluent - Discharge Point 1

Turbidity Effluent - Discharge Point 1
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Facility Historical Data
Site ID #0204

pH Effluent - Discharge Point 1
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

April 22, 2008 StormwateRx After

June 4, 2008 3rd Party After

October 20, 2008 3rd Party After

October 31, 2008 StormwateRx After

November 3, 2008 3rd Party After

February 24, 2009 3rd Party After

Maintenance Status: Needs Improvement

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0205

April 4, 2008

Pacific Northwest

Aquip 110SBE (enhanced media filtration system)

Ferrous Scrapyard
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CONFI
DENTIA

L



Facility Historical Data
Site ID #0205

Copper Effluent - Discharge Point 

Lead Effluent - Discharge Point 
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Facility Historical Data
Site ID #0205

Zinc Effluent - Discharge Point 

Total Suspended Solids (TSS) Effluent - Discharge Point 
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Facility Historical Data
Site ID #0205

E. Coli Effluent - Discharge Point 

Phosphorus Effluent - Discharge Point 
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Facility Historical Data
Site ID #0205

Biological Oyxgen Demand (BOD) Effluent - Discharge Point 

pH Effluent - Discharge Point 
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Aquip® Influent and Effluent Data
Site ID #0205

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

04/22/08 Aquip IN-42208 EFF-42208 Copper 0.734 0.0514 93%

10/20/08 Aquip INF-102008 EFF-102008 Copper 0.662 0.167 75%

10/31/08 Aquip 103108-IN 103108-EFF Copper 0.977 0.126 87% 0.0103 0.0588 increased

11/03/08 Aquip INF-110308 EFF-110308 Copper 0.799 0.0538 93%

10/20/08 Aquip INF-102008 EFF-102008 Iron 4.81 2.29 52%

10/31/08 Aquip 103108-IN 103108-EFF Iron 32.5 1.46 96%

11/03/08 Aquip INF-110308 EFF-110308 Iron 17.4 1.26 93%

04/22/08 Aquip IN-42208 EFF-42208 Lead 0.797 0.0384 95%

10/20/08 Aquip INF-102008 EFF-102008 Lead 0.647 0.0774 88%

10/31/08 Aquip 103108-IN 103108-EFF Lead 1.31 0.0227 98% 0.00268 0.0005 ND 81%

11/03/08 Aquip INF-110308 EFF-110308 Lead 0.873 0.0117 99%

10/20/08 Aquip INF-102008 EFF-102008 Manganese 0.190 0.635 increased

10/31/08 Aquip 103108-IN 103108-EFF Manganese 1.26 0.291 77%

11/03/08 Aquip INF-110308 EFF-110308 Manganese 0.723 0.942 increased

04/22/08 Aquip IN-42208 EFF-42208 Zinc 1.64 0.113 93%

10/20/08 Aquip INF-102008 EFF-102008 Zinc 0.853 0.749 12%

10/31/08 Aquip 103108-IN 103108-EFF Zinc 2.79 0.170 94% 0.0669 0.164 increased

11/03/08 Aquip INF-110308 EFF-110308 Zinc 2.54 0.153 94%

04/22/08 Aquip IN-42208 EFF-42208 TSS 94.4 16.7 82%

10/20/08 Aquip INF-102008 EFF-102008 TSS 1070 15.0 99%

10/31/08 Aquip 103108-IN 103108-EFF TSS 667 8.33 99%

11/03/08 Aquip INF-110308 EFF-110308 TSS 218 6.70 97%

04/22/08 Aquip IN-42208 EFF-42208 Phosphorus 0.268 0.260 3%

10/20/08 Aquip INF-102008 EFF-102008 Phosphorus 0.348 0.326 6%

10/31/08 Aquip 103108-IN 103108-EFF Phosphorus 1.07 0.305 71%

11/03/08 Aquip INF-110308 EFF-110308 Phosphorus 0.165 0.0929 44%
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Aquip® Influent and Effluent Data
Site ID #0205

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

04/22/08 Aquip IN-42208 EFF-42208 BOD5 166 319 increased

10/20/08 Aquip INF-102008 EFF-102008 BOD5 122 66.2 46%

10/31/08 Aquip 103108-IN 103108-EFF BOD5 193 34.1 82%

11/03/08 Aquip INF-110308 EFF-110308 BOD5 37.8 6.86 82%

04/22/08 Aquip IN-42208 EFF-42208 COD 475 575 increased

04/22/08 Aquip IN-42208 EFF-42208 E.Coli 53.6 2.0 96%

10/20/08 Aquip INF-102008 EFF-102008 E.Coli >2420 >2420 N/A

10/31/08 Aquip 103108-IN 103108-EFF E.Coli 1730 268 85%

11/03/08 Aquip INF-110308 EFF-110308 E.Coli 1200 1410 increased

04/22/08 Aquip IN-42208 EFF-42208 O&G 19.4 2.5 ND 87%

10/31/08 Aquip 103108-IN 103108-EFF O&G 19.7 2.425 ND 88%

11/03/08 Aquip INF-110308 EFF-110308 O&G 54 2.425 96%

04/22/08 Aquip IN-42208 EFF-42208 pH 6.45 7.07 0.62

10/20/08 Aquip INF-102008 EFF-102008 pH 7.02 6.51 -0.51

10/31/08 Aquip 103108-IN 103108-EFF pH 8.22 6.69 -1.53

11/03/08 Aquip INF-110308 EFF-110308 pH 6.80 6.49 -0.31

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

January 1, 2005 Customer Before

April 1, 2005 Customer Before

July 1, 2005 Customer Before

October 1, 2005 Customer Before

January 1, 2006 Customer Before

April 1, 2006 Customer Before

July 1, 2006 Customer Before

October 1, 2006 Customer Before

January 1, 2007 Customer Before

July 1, 2007 Customer Before

October 1, 2007 Customer Before

January 1, 2008 Customer Before

April 1, 2008 Customer Before

September 8, 2009 Customer After

November 6, 2009 StormwateRx After

March 22, 2010 Customer After

April 1, 2010 Customer After

May 26, 2010 Customer After

Maintenance Status: Needs Improvement

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0206

August 25, 2009

Pacific Northwest

Aquip 50SBE (enhanced media filtration system)

Ferrous Scrapyard
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Sampling Events (cont.)

Date Sampled By           Before/After Aquip Installation

July 1, 2010 Customer After

October 1, 2010 Customer After
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Facility Historical Data
Site ID #0206

Copper Effluent - Discharge Point 3

Lead Effluent - Discharge Point 3
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Facility Historical Data
Site ID #0206

Zinc Effluent - Discharge Point 3

Turbidity Effluent - Discharge Point 3

Data not shown: Jan 1, 2008 1320 NTU
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Facility Historical Data
Site ID #0206

pH Effluent - Discharge Point 3
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Aquip® Influent and Effluent Data
Site ID #0206

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

09/08/09 Aquip Scrap Yd #1 Scrap Yd #2 Copper 0.109 0.01 ND 91%

03/23/10 Aquip Scrap Yd. Inlet Scrap Yd. Outlet Copper 0.028 0.018 36%

05/26/10 Aquip Outlet - Scrap Yd. Inlet - Scrap Yd. Copper 0.024 0.030 increased 0.038 0.0431 increased

11/06/10 Aquip 0091 A-in 0091 A-out Copper 0.0501 0.0100 ND 80% 0.0100 ND 0.0100 ND N/A

05/26/10 Aquip Outlet - Scrap Yd. Inlet - Scrap Yd. Iron 2.64 1.56 41% 0.34 0.025 ND 93%

11/06/10 Aquip 0091 A-in 0091 A-out Iron 6.08 1.60 74% 0.135 0.180 increased

09/08/09 Aquip Scrap Yd #1 Scrap Yd #2 Lead 0.314 0.017 95%

03/23/10 Aquip Scrap Yd. Inlet Scrap Yd. Outlet Lead 0.041 0.028 32%

05/26/10 Aquip Outlet - Scrap Yd. Inlet - Scrap Yd. Lead 0.012 0.012 0% 0.002 0.002 0%

11/06/10 Aquip 0091 A-in 0091 A-out Lead 0.159 0.0500 ND 69% 0.0250 ND 0.0250 ND N/A

05/26/10 Aquip Outlet - Scrap Yd. Inlet - Scrap Yd. Manganese 0.71 0.17 76% 0.72 0.17 76%

09/08/09 Aquip Scrap Yd #1 Scrap Yd #2 Zinc 1.02 0.46 55%

03/23/10 Aquip Scrap Yd. Inlet Scrap Yd. Outlet Zinc 0.67 0.46 31%

05/26/10 Aquip Outlet - Scrap Yd. Inlet - Scrap Yd. Zinc 0.51 0.45 12% 0.060 0.13 increased

11/06/10 Aquip 0091 A-in 0091 A-out Zinc 0.962 0.354 63% 0.335 0.246 27%

11/06/10 Aquip 0091 A-in 0091 A-out Turbidity 58.5 21.4 63%

05/26/10 Aquip Outlet - Scrap Yd. Inlet - Scrap Yd. Calcium 127 113 11% 120 116 3%

05/26/10 Aquip Outlet - Scrap Yd. Inlet - Scrap Yd. Magnesium 9.25 10.5 increased 9.01 10.2 increased

05/26/10 Aquip Outlet - Scrap Yd. Inlet - Scrap Yd. TDS 767 682 11%

05/26/10 Aquip Outlet - Scrap Yd. Inlet - Scrap Yd. COD 200 80 60%

09/08/09 Aquip Scrap Yd #1 Scrap Yd #2 O&G 5.4 2.6 52%

03/23/10 Aquip Scrap Yd. Inlet Scrap Yd. Outlet O&G 1.7 0.6 65%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
1 Dissolved concentration reported to be higher than total concentrations
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

November 6, 2006 Customer Before

December 26, 2006 Customer Before

April 17, 2007 Customer Before

May 2, 2007 Customer Before

October 16, 2007 Customer Before

November 16, 2007 Customer Before

January 8, 2008 Customer Before

May 20, 2008 Customer Before

November 19, 2008 Customer After

December 2, 2008 Customer After

March 6, 2009 Customer After

March 24, 2009 Customer After

October 26, 2009 Customer After

November 25, 2009 Customer After

December 16, 2009 Customer After

February 10, 2010 Customer After

March 22, 2010 Customer After

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0207

November 14, 2008

Pacific Northwest

Aquip 210SBE (enhanced media filtration system)

Ferrous Scrapyard
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Facility Historical Data
Site ID #0207

Copper Effluent - Discharge Point 1

Lead Effluent - Discharge Point 1

Oct 26, 2009 shredder start up induced a spike in influent concentration

Oct 26, 2009 shredder start up induced a spike in influent concentration
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Facility Historical Data
Site ID #0207

Zinc Effluent - Discharge Point 1

Total Suspended Solids (TSS) Effluent - Discharge Point 1

Oct 26, 2009 shredder start up induced a spike in influent concentration

Oct 26, 2009 shredder start up induced a spike in influent concentration
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Facility Historical Data
Site ID #0207

E. Coli Effluent - Discharge Point 1

Phosphorus Effluent - Discharge Point 1

Oct 26, 2009 shredder start up induced a spike in influent concentration. Data not shown: Oct 26, 2009 >2420 CFU/100mL

Oct 26, 2009 shredder start up induced a spike in influent concentration
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Facility Historical Data
Site ID #0207

Oct 26, 2009 shredder start up induced a spike in influent concentration

Biological Oyxgen Demand (BOD) Effluent - Discharge Point 1

pH Effluent - Discharge Point 1

Oct 26, 2009 shredder start up induced a spike in influent concentration
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Aquip® Influent and Effluent Data
Site ID #0207

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

11/19/08 Aquip Inlet #1 Outfall #1 Copper 0.0248 0.00496 80%

03/06/09 Aquip Influent Sample Point 1 Copper 0.0319 0.00833 74%

10/26/09 Aquip Influent Sample Point #1 Copper 0.117 0.0426 64%

11/19/08 Aquip Inlet #1 Outfall #1 Lead 0.0303 0.0026 91%

03/06/09 Aquip Influent Sample Point 1 Lead 0.0364 0.0112 69%

10/26/09 Aquip Influent Sample Point #1 Lead 0.362 0.0768 79%

11/19/08 Aquip Inlet #1 Outfall #1 Zinc 0.2250 0.0272 88%

03/06/09 Aquip Influent Sample Point 1 Zinc 0.175 0.0356 80%

10/26/09 Aquip Influent Sample Point #1 Zinc 2.00 0.320 84%

11/19/08 Aquip Inlet #1 Outfall #1 TSS 4.00 10.0 increased

03/06/09 Aquip Influent Sample Point 1 TSS 20.0 5.0 ND 75%

10/26/09 Aquip Influent Sample Point #1 TSS 80 20 75%

11/19/08 Aquip Inlet #1 Outfall #1 Phosphorus 0.089 0.0961 increased

03/06/09 Aquip Influent Sample Point 1 Phosphorus 0.0883 0.0783 11%

10/26/09 Aquip Influent Sample Point #1 Phosphorus 0.268 0.153 43%

11/19/08 Aquip Inlet #1 Outfall #1 BOD5 5.42 6.23 increased

03/06/09 Aquip Influent Sample Point 1 BOD5 6.0 2 ND N/A

10/26/09 Aquip Influent Sample Point #1 BOD5 86.2 43.0 50%

11/19/08 Aquip Inlet #1 Outfall #1 E.Coli 3.10 1 68%

03/06/09 Aquip Influent Sample Point 1 E.Coli 15.6 13.4 14%

10/26/09 Aquip Influent Sample Point #1 E.Coli >2420 >2420 N/A

11/19/08 Aquip Inlet #1 Outfall #1 O&G 2.41 ND 2.50 ND N/A

03/06/09 Aquip Influent Sample Point 1 O&G 2.43 ND 2.45 ND N/A

10/26/09 Aquip Influent Sample Point #1 O&G 2.41 ND 2.41 ND N/A
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Aquip® Influent and Effluent Data
Site ID #0207

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

10/26/09 Aquip Influent Sample Point #1 pH 7.31 6.77 -0.54

11/19/08 Aquip Inlet #1 Outfall #1 pH 7.54 8.39 0.85

03/06/09 Aquip Influent Sample Point 1 pH 7.01 7.36 0.35

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
1 Contested value now reported as the correct value after further laboratory analysis.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

April 11, 1996 Customer Before

November 21, 1996 Customer Before

October 9, 1997 Customer Before

November 19, 1997 Customer Before

June 24, 1998 Customer Before

November 23, 1998 Customer Before

December 28, 1998 Customer Before

February 18, 1999 Customer Before

May 14, 1999 Customer Before

November 16, 1999 Customer Before

January 10, 2000 Customer Before

February 25, 2000 Customer Before

April 13, 2000 Customer Before

December 19, 2000 Customer Before

April 10, 2001 Customer Before

November 13, 2001 Customer Before

March 19, 2002 Customer Before

June 17, 2002 Customer Before

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0301

December 12, 2008

Pacific Northwest

Clara 25C (stormwater separator vault)
Aquip 160SBE (enhanced media filtration system)

Nonferrous Scrapyard
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Sampling Events (cont.)

Date Sampled By           Before/After Aquip Installation

November 12, 2002 Customer Before

March 12, 2003 Customer Before

March 19, 2003 Customer Before

February 13, 2004 Customer Before

May 27, 2004 Customer Before

February 28, 2005 Customer Before

November 3, 2005 Customer Before

May 4, 2005 Customer Before

April 10, 2006 Customer Before

November 21, 2006 Customer Before

May 2, 2007 Customer Before

December 2, 2008 Customer After

December 18, 2008 Customer After

February 6, 2009 Customer After

March 16, 2009 Customer After

October 21, 2009 Customer After

October 23, 2009 StormwateRx After

November 11, 2009 StormwateRx After

November 13, 2009 Customer After

February 26, 2010 Customer After

March 11, 2010 Customer After

March 29, 2010 Customer After

October 25, 2010 Customer After

November 30, 2010 Customer After
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Facility Historical Data
Site ID #0301

Copper Effluent - Discharge Point 

Lead Effluent - Discharge Point 
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Facility Historical Data
Site ID #0301

Zinc Effluent - Discharge Point 

Total Suspended Solids (TSS) Effluent - Discharge Point 
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Facility Historical Data
Site ID #0301

pH Effluent - Discharge Point 
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Aquip® Influent and Effluent Data
Site ID #0301

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

10/23/09 Clara 0075-C-IN 0075-C-OUT Copper 2.75 1.94 29% 0.232 0.204 12%

11/11/09 Clara 0075 C-in 0075 C-out Copper 6.87 2.71 61%

10/23/09 Clara 0075-C-IN 0075-C-OUT Lead 1.59 1.18 26%

11/11/09 Clara 0075 C-in 0075 C-out Lead 2.66 1.10 59%

10/23/09 Clara 0075-C-IN 0075-C-OUT Zinc 1.78 1.21 32% 0.272 0.259 5%

11/11/09 Clara 0075 C-in 0075 C-out Zinc 2.82 1.42 50%

10/23/09 Clara 0075-C-IN 0075-C-OUT TSS 325 325 0%

10/23/09 Clara 0075-C-IN 0075-C-OUT O&G 2.45 ND 2.45 ND N/A

02/06/09 Aquip Inlet Outfall Copper 0.345 0.0315 91% 0.145 0.0050 ND 97%

10/23/09 Aquip 0075-C-OUT 0075-A-OUT Copper 1.94 0.342 82% 0.204 0.0443 78%

11/11/09 Aquip 0075 C-out 0075 A-in Copper 2.71 0.0651 98%

02/26/10 Aquip Inlet 1-3 Outlet Copper 0.223 0.0240 89%

02/06/09 Aquip Inlet Outfall Lead 0.0916 0.0143 84%

10/23/09 Aquip 0075-C-OUT 0075-A-OUT Lead 1.18 0.281 76%

11/11/09 Aquip 0075 C-out 0075 A-in Lead 1.10 0.0446 96%

02/06/09 Aquip Inlet Outfall Zinc 0.194 0.0649 67%

10/23/09 Aquip 0075-C-OUT 0075-A-OUT Zinc 1.21 0.227 81% 0.259 0.0687 73%

11/11/09 Aquip 0075 C-out 0075 A-in Zinc 1.42 0.0478 97%

02/06/09 Aquip Inlet Outfall TSS 30.0 10.0 67%

10/23/09 Aquip 0075-C-OUT 0075-A-OUT TSS 325 30.0 91%

02/06/09 Aquip Inlet Outfall O&G 14.5 3.53 76%

10/23/09 Aquip 0075-C-OUT 0075-A-OUT O&G 2.45 ND 2.45 ND N/A

02/06/09 Aquip Inlet Outfall pH 7.50 7.66 0.16

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

December 7, 2009 StormwateRx After

December 7, 2009 3rd Party After

January 18, 2010 3rd Party After

January 27, 2010 3rd Party After

Maintenance Status: Needs Improvement

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0302

October 28, 2009

Southern California

Clara 25CP (stormwater separator vault)
Aquip 50SBE (enhanced media filtration system)

Nonferrous Scrapyard
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Facility Historical Data
Site ID #0302

Copper Effluent - Discharge Point 

Lead Effluent - Discharge Point 
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Facility Historical Data
Site ID #0302

Zinc Effluent - Discharge Point 

Total Suspended Solids (TSS) Effluent - Discharge Point 
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Facility Historical Data
Site ID #0302

Aluminum Effluent - Discharge Point 

Iron Effluent - Discharge Point 
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Facility Historical Data
Site ID #0302

Chemical Oyxgen Demand (COD) Effluent - Discharge Point 

pH Effluent - Discharge Point 
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Aquip® Influent and Effluent Data
Site ID #0302

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 Aluminum 1.19 0.492 59% 0.05 0.015 ND 70%

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 Arsenic 0.016 0.005 69%

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 Chromium (VI) 0.00090 0.00015 ND 83%

12/07/09 Aquip C-OUT 0096 Yd 1 A-OUT 0096 Yd 1 Copper 1.50 0.096 94% 0.140 0.020 86%

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 Copper 0.221 0.079 64% 0.089 0.012 87%

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 Iron 3.61 1.93 47% 0.56 0.298 47%

12/07/09 Aquip C-OUT 0096 Yd 1 A-OUT 0096 Yd 1 Lead 2.00 0.180 91% 0.016 0.0078 51%

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 Lead 0.301 0.135 55% 0.055 0.011 80%

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 Mercury 0.0006 0.0004 33%

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 Nickel 0.034 0.07 increased

12/07/09 Aquip C-OUT 0096 Yd 1 A-OUT 0096 Yd 1 Zinc 1.90 0.140 93% 0.010 ND 0.058 increased

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 Zinc 0.340 0.127 63% 0.147 0.0231 84%

12/07/09 Aquip C-OUT 0096 Yd 1 A-OUT 0096 Yd 1 TSS 420 90 79%

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 TSS 37 16 57%

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 Hardness 70 85 increased

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 Specific Conductivity 223 247 increased

12/07/09 Aquip C-OUT 0096 Yd 1 A-OUT 0096 Yd 1 COD 48 52 increased

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 COD 78 35 55%

01/27/10 Aquip Pretreatment Yd 1 Discharge Yd 1 pH 7.30 6.81 -0.49

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
1 Contested value now reported as the correct value after further laboratory analysis.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

December 7, 2009 StormwateRx After

December 7, 2009 3rd Party After

January 18, 2010 3rd Party After

January 27, 2010 3rd Party After

Maintenance Status: Needs Improvement

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0303

October 27, 2009

Southern California

Clara 40CP (stormwater separator vault)
Aquip 80SBE (enhanced media filtration system)

Nonferrous Scrapyard
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Facility Historical Data
Site ID #0303

Copper Effluent - Discharge Point 

Lead Effluent - Discharge Point 

0

200

400

600

800

1000

1200

1400

Dec-08 Mar-09 Jul-09 Oct-09 Jan-10 May-10 Aug-10

C
on

ce
nt

ra
tio

n 
(u

g/
L)

Timeline
Lead effluent

No data

0

200

400

600

800

1000

1200

1400

Dec-08 Mar-09 Jul-09 Oct-09 Jan-10 May-10 Aug-10

C
on

ce
nt

ra
tio

n 
(u

g/
L)

Timeline
Copper effluent

No data

Clara + Aquip 
Installed

l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

Clara + Aquip 
Installed

l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

© 2011 StormwateRx LLC. All rights reserved.

CONFI
DENTIA

L



Facility Historical Data
Site ID #0303

Zinc Effluent - Discharge Point 

Total Suspended Solids (TSS) Effluent - Discharge Point 
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Facility Historical Data
Site ID #0303

Aluminum Effluent - Discharge Point 

Iron Effluent - Discharge Point 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Dec-08 Mar-09 Jul-09 Oct-09 Jan-10 May-10 Aug-10

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Timeline
Aluminum effluent

No data

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

Dec-08 Mar-09 Jul-09 Oct-09 Jan-10 May-10 Aug-10

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Timeline
Iron effluent

No data

Clara + Aquip 
Installed

l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

Clara + Aquip 
Installed

l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

© 2011 StormwateRx LLC. All rights reserved.

CONFI
DENTIA

L



Facility Historical Data
Site ID #0303

Chemical Oyxgen Demand (COD) Effluent - Discharge Point 

pH Effluent - Discharge Point 
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Aquip® Influent and Effluent Data
Site ID #0303

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

01/18/10 Aquip Yard 2 In Yard 2 Out Aluminum 8.86 0.817 91% 0.076 0.015 ND 80%

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 Aluminum 3.01 1.31 56% 0.041 0.058 increased

01/18/10 Aquip Yard 2 In Yard 2 Out Chromium (III) 0.086 0.01 88%

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 Chromium (III) 0.005 ND 0.005 ND N/A

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 Chromium (VI) 0.00207 0.000357 83%

12/07/09 Aquip C-OUT 0096 Yd 2 A-OUT 0096 Yd 2 Copper 5.2 0.58 89% 0.70 0.094 87%

01/18/10 Aquip Yard 2 In Yard 2 Out Copper 3.17 0.280 91% 0.467 0.139 70%

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 Copper 1.17 0.478 59% 0.183 0.347 increased

01/18/10 Aquip Yard 2 In Yard 2 Out Iron 14.1 1.11 92% 0.061 0.047 23%

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 Iron 5.12 2.12 59% 0.107 0.115 increased

12/07/09 Aquip C-OUT 0096 Yd 2 A-OUT 0096 Yd 2 Lead 3.3 0.38 88% 0.046 0.0090 80%

01/18/10 Aquip Yard 2 In Yard 2 Out Lead 2.00 0.130 94% 0.056 0.026 54%

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 Lead 0.756 0.327 57% 0.040 0.047 increased

01/18/10 Aquip Yard 2 In Yard 2 Out Mercury 0.0016 0.0002 ND 88%

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 Mercury 0.0008 0.0007 13% 0.0006 0.0006 0%

01/18/10 Aquip Yard 2 In Yard 2 Out Nickel 0.024 0.010 58%

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 Nickel 0.017 0.034 increased

12/07/09 Aquip C-OUT 0096 Yd 2 A-OUT 0096 Yd 2 Zinc 3.6 0.39 89% 0.041 0.14 increased

01/18/10 Aquip Yard 2 In Yard 2 Out Zinc 1.72 0.141 92% 0.368 0.074 80%

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 Zinc 0.952 0.342 64% 0.166 0.325 increased

12/07/09 Aquip C-OUT 0096 Yd 2 A-OUT 0096 Yd 2 TSS 220 73 67%

01/18/10 Aquip Yard 2 In Yard 2 Out TSS 208 21 90%

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 TSS 69 52 25%

01/18/10 Aquip Yard 2 In Yard 2 Out Hardness 81 91 increased

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 Hardness 93 96 increased
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Aquip® Influent and Effluent Data
Site ID #0303

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

01/18/10 Aquip Yard 2 In Yard 2 Out Specific Conductivity 240 380 increased

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 Specific Conductivity 278 300 increased

12/07/09 Aquip C-OUT 0096 Yd 2 A-OUT 0096 Yd 2 COD 85 87 increased

01/18/10 Aquip Yard 2 In Yard 2 Out COD 250 80 68%

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 COD 150 87 42%

01/18/10 Aquip Yard 2 In Yard 2 Out O&G 2.5 ND 2.5 ND N/A

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 O&G 10 2.5 ND 75%

01/18/10 Aquip Yard 2 In Yard 2 Out pH 7.10 7.00 -0.10

01/27/10 Aquip Pretreatment Yd. 2 Discharge Yd. 2 pH 7.27 6.73 -0.54

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.

© 2011 StormwateRx LLC. All rights reserved.
CONFI

DENTIA
L



0304 
Nonferrous Scrapyard 

 
 

  

© 2011 StormwateRx LLC. All rights reserved.

CONFI
DENTIA

L



Sampling Events:

Date Sampled By           Before/After Aquip Installation

December 7, 2009 StormwateRx After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0304

October 14, 2009

Southern California

Aquip 110SOI (media filtration system)

Nonferrous Scrapyard

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0304

Copper Effluent - Discharge Point 

Lead Effluent - Discharge Point 
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Facility Historical Data
Site ID #0304

Zinc Effluent - Discharge Point 

Total Suspended Solids (TSS) Effluent - Discharge Point 
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Facility Historical Data
Site ID #0304

Chemical Oyxgen Demand (COD) Effluent - Discharge Point 
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Aquip® Influent and Effluent Data
Site ID #0304

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

12/07/09 Aquip A-IN 0097 A-OUT 0097 Copper 1.7 0.15 91% 0.39 0.12 69%

12/07/09 Aquip A-IN 0097 A-OUT 0097 Lead 0.40 0.019 95% 0.0093 0.0044 53%

12/07/09 Aquip A-IN 0097 A-OUT 0097 Zinc 2.5 0.091 96% 0.042 0.020 ND 52%

12/07/09 Aquip A-IN 0097 A-OUT 0097 TSS 2900 61 98%

12/07/09 Aquip A-IN 0097 A-OUT 0097 COD 240 230 4%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

December 7, 2009 StormwateRx After

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0305

October 23, 2009

Southern California

Aquip 110SOI (media filtration system)

Nonferrous Scrapyard
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Facility Historical Data
Site ID #0305

Copper Effluent - Discharge Point 

Lead Effluent - Discharge Point 
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Facility Historical Data
Site ID #0305

Zinc Effluent - Discharge Point 

Total Suspended Solids (TSS) Effluent - Discharge Point 
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Facility Historical Data
Site ID #0305

Chemical Oyxgen Demand (COD) Effluent - Discharge Point 
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Aquip® Influent and Effluent Data
Site ID #0305

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

12/07/09 Aquip A-IN 0098 A-OUT 0098 Copper 0.150 0.10 33% 0.14 0.086 39%

12/07/09 Aquip A-IN 0098 A-OUT 0098 Lead 0.022 0.011 50% 0.0092 0.0072 22%

12/07/09 Aquip A-IN 0098 A-OUT 0098 Zinc 0.400 0.12 70% 0.21 0.096 54%

12/07/09 Aquip A-IN 0098 A-OUT 0098 TSS 130 36 72%

12/07/09 Aquip A-IN 0098 A-OUT 0098 COD 530 500 6%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

January 1, 2005 Customer Before

April 1, 2005 Customer Before

July 1, 2005 Customer Before

October 1, 2005 Customer Before

January 1, 2006 Customer Before

July 1, 2006 Customer Before

October 1, 2006 Customer Before

January 1, 2007 Customer Before

April 1, 2007 Customer Before

July 1, 2007 Customer Before

October 1, 2007 Customer After

October 15, 2007 Customer After

December 17, 2007 Customer After

January 1, 2008 Customer After

April 1, 2008 Customer After

July 1, 2008 Customer After

October 6, 2008 StormwateRx After

April 1, 2010 Customer After

Site Location/Region:

Stormwater Sampling Overview
Project #0401

September 10, 2007

Pacific Northwest

Aquip 110UBE (enhanced media filtration system)

Galvanizing

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Sampling Events (cont.)

Date Sampled By           Before/After Aquip Installation

July 1, 2010 Customer After

October 1, 2010 Customer After
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Facility Historical Data
Site ID #0401

Copper Effluent - Discharge Point 1**

Lead Effluent - Discharge Point 1**

**Discharge point 1 is a combined stormwater flow of the Aquip effluent and untreated water

**Discharge point 1 is a combined stormwater flow of the Aquip effluent and untreated water
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Facility Historical Data
Site ID #0401

Zinc Effluent - Discharge Point 1**

Total Suspended Solids (TSS) Effluent - Discharge Point 1

**Discharge point 1 is a combined stormwater flow of the Aquip effluent and untreated water. Data not shown: Jan 1, 2006 106,000 
ug/L; Apr 1, 2007 112,000 ug/L; Oct 1, 2007 9,390 ug/L; Jan 1, 2008 10,400 ug/L; Apr 1, 2008 5,130 ug/L
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Facility Historical Data
Site ID #0401

**Discharge point 1 is a combined stormwater flow of the Aquip effluent and untreated water

**Discharge point 1 is a combined stormwater flow of the Aquip effluent and untreated water. 
Data not shown: Jan 1, 2008 110 NTU

pH Effluent - Discharge Point 1**

Turbidity Effluent - Discharge Point 1**
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Aquip® Influent and Effluent Data
Site ID #0401

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

10/06/08 Aquip Filter Inlet Filter Outlet Aluminum 21.4 0.125 ND 99% 0.125 ND 0.125 ND N/A

10/06/08 Aquip Filter Inlet #3 Filter Outlet #3 Aluminum 25.1 0.125 ND 99%

10/15/07 Aquip Filter Inlet Filter Outlet Copper 0.013 ND 0.046 increased

10/06/08 Aquip Filter Inlet Filter Outlet Copper 0.182 0.005 ND 97% 0.0131 0.0101 23%

10/06/08 Aquip Filter Inlet #3 Filter Outlet #3 Copper 0.204 0.005 ND 98%

10/06/08 Aquip Filter Inlet Filter Outlet Iron 48.6 0.238 99% 0.075 ND 0.075 ND N/A

10/06/08 Aquip Filter Inlet #3 Filter Outlet #3 Iron 63.6 0.22 99%

10/15/07 Aquip Filter Inlet Filter Outlet Lead 0.031 0.01 ND 84%

12/17/07 Aquip Filter Inlet Filter Outlet Lead 0.0148 0.005 ND 66%

10/15/07 Aquip Filter Inlet Filter Outlet Zinc 24.9 0.158 99%

12/17/07 Aquip Filter Inlet Filter Outlet Zinc 2.30 1.42 38%

10/06/08 Aquip Filter Inlet Filter Outlet Zinc 26.9 5.22 81% 9.68 5.43 44%

10/06/08 Aquip Filter Inlet #3 Filter Outlet #3 Zinc 28.8 4.9 83%

10/06/08 Aquip Filter Inlet Filter Outlet TSS 480 2 ND 99%

10/15/07 Aquip Filter Inlet Filter Outlet Turbidity 38.0 0.72 98%

12/17/07 Aquip Filter Inlet Filter Outlet Turbidity 30.0 2.7 91%

10/06/08 Aquip Filter Inlet Filter Outlet Turbidity 779 4.51 99%

10/06/08 Aquip Filter Inlet Filter Outlet Alkalinity 51.6 13.8 73%

10/15/07 Aquip Filter Inlet Filter Outlet Hardness 98 98 0%

12/17/07 Aquip Filter Inlet Filter Outlet Hardness 26 31 increased

10/06/08 Aquip Filter Inlet Filter Outlet Hardness 155 47 70%

10/15/07 Aquip Filter Inlet Filter Outlet O&G 3.0 ND 2.5 ND N/A
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Aquip® Influent and Effluent Data
Site ID #0401

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

10/15/07 Aquip Filter Inlet Filter Outlet pH 7.0 7.4 0.4

12/17/07 Aquip Filter Inlet Filter Outlet pH 7.2 6.3 -0.9

10/06/08 Aquip Filter Inlet Filter Outlet pH 6.84 6.93 0.09

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

January 1, 2005 Customer Before

April 1, 2005 Customer Before

July 1, 2005 Customer Before

October 1, 2005 Customer Before

January 1, 2006 Customer Before

April 1, 2006 Customer Before

July 1, 2006 Customer Before

October 1, 2006 Customer Before

January 1, 2007 Customer Before

April 1, 2007 Customer Before

July 1, 2007 Customer Before

October 1, 2007 Customer Before

January 1, 2008 Customer Before

April 1, 2008 Customer Before

July 1, 2008 Customer Before

May 6, 2009 StormwateRx After

April 1, 2010 Customer After

July 1, 2010 Customer After

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0402

September 22, 2008

Pacific Northwest

Aquip 50SBE (enhanced media filtration system)
Purus Metals 25R (metals polishing system)

Galvanizing
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Sampling Events (cont.)

Date Sampled By           Before/After Aquip Installation

October 1, 2010 Customer After

January 1, 2011 Customer After

January 26, 2011 Customer After
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Facility Historical Data
Site ID #0402

Copper Effluent - Discharge Point S

Lead Effluent - Discharge Point S
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Facility Historical Data
Site ID #0402

Zinc Effluent - Discharge Point S

Turbidity Effluent - Discharge Point S

Data not shown: Jul 1, 2005 130,000 ug/L; Jan 1, 2006 138,000 ug/L; Jul 1, 2006 122,000 ug/L, Jan 1, 2007 40,200 ug/L; Apr 1, 2007 
19,800 ug/L; Oct 1, 2010 3,610 ug/L customer had Purus Metals offline
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Facility Historical Data
Site ID #0402

pH Effluent - Discharge Point S
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Aquip® Influent and Effluent Data
Site ID #0402

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

05/06/09 Aquip INLET AQUIP OUTLET AQUIP Zinc 18.6 9.07 51%

05/06/09 Purus Metals OUTLET AQUIP OUTLET IX Zinc 9.07 0.0369 99%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

November 16, 2007 Customer Before

December 3, 2007 Customer Before

December 19, 2007 Customer Before

April 9, 2008 Customer Before

May 20, 2008 Customer Before

November 8, 2008 Customer Before

December 12, 2008 Customer Before

January 7, 2009 Customer Before

April 28, 2009 Customer Before

October 14, 2009 StormwateRx After

October 23, 2009 StormwateRx After

October 26, 2009 Customer After

December 16, 2009 Customer After

January 13, 2010 StormwateRx After

March 29, 2010 Customer After

May 21, 2010 Customer After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0403

September 17, 2009

Pacific Northwest

Aquip 110SBE (enhanced media filtration system)
Aquip 110SBE (enhanced media filtration system)

Galvanizing

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0403

Copper Effluent - Discharge Point 1

Lead Effluent - Discharge Point 1

Average effluent values reported for October 14, 2009 samples 0088-A-OUTLT and 0088-A-OUTRT

Average effluent values reported for October 14, 2009 samples 0088-A-OUTLT and 0088-A-OUTRT
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Facility Historical Data
Site ID #0403

Zinc Effluent - Discharge Point 1

Total Suspended Solids (TSS) Effluent - Discharge Point 1

Average effluent values reported for October 14, 2009 samples 0088-A-OUTLT and 0088-A-OUTRT

Average effluent values reported for October 14, 2009 samples 0088-A-OUTLT and 0088-A-OUTRT
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Facility Historical Data
Site ID #0403

E. Coli Effluent - Discharge Point 1

Phosphorus Effluent - Discharge Point 1
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Facility Historical Data
Site ID #0403

pH Effluent - Discharge Point 1
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Aquip® Influent and Effluent Data
Site ID #0403

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

10/14/09 Aquip 0088-A-INLT 0088-A-OUTLT Copper 0.0128 0.00349 73%

10/14/09 Aquip 0088-A-INRT 0088-A-OUTRT Copper 0.0146 0.00281 81% 0.00663 0.00100 ND 85%

10/23/09 Aquip 0088-A-INLT 0088-A OUT Copper 0.0109 0.00209 81% 0.00385 0.00100 ND 74%

01/13/10 Aquip 0088 A-IN 0088 A-OUT1 Copper 0.00239 0.00100 ND 58%

10/14/09 Aquip 0088-A-INLT 0088-A-OUTLT Lead 0.0168 0.00471 72%

10/14/09 Aquip 0088-A-INRT 0088-A-OUTRT Lead 0.0186 0.00585 69%

10/23/09 Aquip 0088-A-INLT 0088-A OUT Lead 0.0263 0.00675 74%

01/13/10 Aquip 0088 A-IN 0088 A-OUT1 Lead 0.00187 0.00116 38%

01/13/10 Aquip 0088 A-IN 0088 A-OUT1 Manganese 0.0635 0.0522 18%

01/13/10 Aquip 0088 A-IN 0088 A-OUT1 Nickel 0.00260 0.00285 increased

10/14/09 Aquip 0088-A-INLT 0088-A-OUTLT Zinc 8.07 0.251 97%

10/14/09 Aquip 0088-A-INRT 0088-A-OUTRT Zinc 8.22 0.198 98% 7.30 0.0693 ND 99%

10/23/09 Aquip 0088-A-INLT 0088-A OUT Zinc 5.43 0.139 97% 4.52 0.0778 98%

01/13/10 Aquip 0088 A-IN 0088 A-OUT1 Zinc 4.91 1.00 80% 4.04 0.965 76%

10/14/09 Aquip 0088-A-INLT 0088-A-OUTLT TSS 10.0 10.0 0%

10/14/09 Aquip 0088-A-INRT 0088-A-OUTRT TSS 10.0 10.0 0%

10/23/09 Aquip 0088-A-INLT 0088-A OUT TSS 20.0 10.0 50%

10/23/09 Aquip 0088-A-INLT 0088-A OUT Phosphorus 0.0284 0.0394 increased

10/23/09 Aquip 0088-A-INLT 0088-A OUT E.Coli 8.40 649 increased

10/14/09 Aquip 0088-A-INRT 0088-A-OUTRT O&G 6.21 2.50 ND 60%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Galvanizing  
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

March 20, 2007 Customer Before

April 11, 2007 Customer Before

January 4, 2008 Customer Before

December 19, 2008 StormwateRx After

February 9, 2009 StormwateRx After

March 4, 2009 StormwateRx After

April 7, 2009 Customer After

October 13, 2009 Customer After

February 5, 2010 Customer After

November 20, 2010 Customer After

February 16, 2011 Customer After

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0404

December 22, 2008

Northern California

Aquip 110SBE (enhanced media filtration system)
Purus 110FR (metals polishing system)

Galvanizing
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Facility Historical Data
Site ID #0404

Zinc Effluent - Discharge Point GY**

Total Suspended Solids (TSS) Effluent - Discharge Point GY**

**Discharge point varies for dates Mar 20, 2007 and Apr 11, 2007

**Discharge point varies for dates Mar 20, 2007 and Apr 11, 2007
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Facility Historical Data
Site ID #0404

pH Effluent - Discharge Point GY**

**Discharge point varies for dates Mar 20, 2007 and Apr 11, 2007
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Aquip® Influent and Effluent Data
Site ID #0404

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

12/19/08 Aquip Aquip IN2 Aquip OUT2 Iron 0.649 0.267 59%

12/19/08 Aquip Aquip IN2 Aquip OUT2 Zinc 10.8 0.258 98%

02/09/09 Aquip AQUIP IN AQUIP OUT Zinc 12.3 0.276 98%

03/04/09 Aquip Aquip Inlet Aquip Out Zinc 12.1 5.08 58%

12/19/08 Aquip Aquip IN2 Aquip OUT2 TSS 35.0 2.50 93%

12/19/08 Aquip Aquip IN2 Aquip OUT2 Specific Conductivity 1680 1660 1%

12/19/08 Aquip Aquip IN2 Aquip OUT2 TDS 1060 1030 3%

12/19/08 Aquip Aquip IN2 Aquip OUT2 pH 7.16 8.02 0.86

12/19/08 Purus Metals Aquip OUT2 Ix OUT2 Iron 0.267 0.188 30%

12/19/08 Purus Metals Aquip OUT2 Ix OUT2 Zinc 0.258 0.112 57%

02/09/09 Purus Metals AQUIP OUT IX OUT Zinc 0.276 0.0966 65%

03/04/09 Purus Metals Aquip Out IX Out Zinc 5.08 0.0828 98%

12/19/08 Purus Metals Aquip OUT2 Ix OUT2 TSS 2.50 2.50 0%

12/19/08 Purus Metals Aquip OUT2 Ix OUT2 Specific Conductivity 1660 1650 1%

12/19/08 Purus Metals Aquip OUT2 Ix OUT2 TDS 1030 1060 increased

12/19/08 Purus Metals Aquip OUT2 Ix OUT2 pH 8.02 8.37 0.35

10/13/09 Aquip + Purus GY 1-D DP-1-D Zinc 22.2 0.0314 99%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

July 1, 2003 Customer Before

January 1, 2004 Customer Before

July 1, 2004 Customer Before

July 1, 2005 Customer Before

October 1, 2005 Customer Before

April 1, 2006 Customer Before

July 1, 2006 Customer Before

January 1, 2007 Customer Before

September 19, 2009 Customer After

January 1, 2010 Customer After

April 1, 2010 Customer After

July 1, 2010 Customer After

October 1, 2010 Customer After

January 1, 2011 Customer After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0501

September 1, 2009

Pacific Northwest

Aquip 10SBE (enhanced media filtration system)

Metal Fabrication

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0501

Copper Effluent - Discharge Point E

Lead Effluent - Discharge Point E
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Facility Historical Data
Site ID #0501

Zinc Effluent - Discharge Point E**

Turbidity Effluent - Discharge Point E**

**Pre-Aquip installation discharge monitoring points vary

**Pre-Aquip installation discharge monitoring points vary
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Facility Historical Data
Site ID #0501

pH Effluent - Discharge Point E
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Plastic Manufacturer 
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

April 1, 2005 Customer Before

July 1, 2006 Customer Before

October 1, 2006 Customer Before

January 1, 2007 Customer Before

April 1, 2007 Customer Before

July 1, 2007 Customer Before

October 1, 2007 Customer Before

January 1, 2008 Customer Before

April 1, 2008 Customer Before

November 5, 2009 StormwateRx After

April 1, 2010 Customer After

July 1, 2010 Customer After

October 1, 2010 Customer After

Maintenance Status: Needs Improvement

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0601

September 30, 2009

Pacific Northwest

Aquip 210SBE (enhanced media filtration system)

Plastic Manufacturer
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Facility Historical Data
Site ID #0601

Copper Effluent - Discharge Point 1

Zinc Effluent - Discharge Point 1
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Facility Historical Data
Site ID #0601

pH Effluent - Discharge Point 1

Turbidity Effluent - Discharge Point 1
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Aquip® Influent and Effluent Data
Site ID #0601

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

11/05/09 Aquip 0095 A-in 0095 A-out Zinc 0.852 0.222 74% 0.851 0.206 76%

03/11/10 Aquip INLET OUTLET Zinc 0.870 0.330 62%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

July 14, 2009 Customer Before

January 8, 2010 Customer Before

April 16, 2010 Customer Before

July 13, 2010 Customer Before

November 30, 2010 Customer After

February 7, 2011 Customer After

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0701

September 17, 2010

Midwest

Clara 40CP (stormwater separator vault)
Aquip 110SBE (enhanced media filtration system)
Purus 110FR (metals polishing system) 

Power Plant
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Facility Historical Data
Site ID #0701

Zinc Effluent - Discharge Point 4

Aluminum Effluent - Discharge Point 4

Aquip effluent reported on Feb 07, 2011  (no Purus data available)

Aquip effluent reported on Feb 07, 2011  (no Purus data available)
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Facility Historical Data
Site ID #0701

Iron Effluent - Discharge Point 4

Aquip effluent reported on Feb 07, 2011  (no Purus data available)
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Aquip® Influent and Effluent Data
Site ID #0701

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

11/30/10 Clara #1 Clara Inlet #2 Aquip Inlet Aluminum 4.68 3.38 28% 0.010 ND 0.010 ND N/A

02/07/11 Clara Stormwater #1 Stormwater #2 Aluminum 2.51 2.63 increased 0.010 ND 0.010 ND N/A

11/30/10 Clara #1 Clara Inlet #2 Aquip Inlet Iron 6.84 4.84 29% 0.005 ND 0.005 ND N/A

02/07/11 Clara Stormwater #1 Stormwater #2 Iron 4.28 3.79 11% 0.005 ND 0.005 ND N/A

11/30/10 Clara #1 Clara Inlet #2 Aquip Inlet Zinc 8.59 4.33 50% 1.09 1.15 increased

02/07/11 Clara Stormwater #1 Stormwater #2 Zinc 5.64 6.00 increased 3.93 4.22 increased

11/30/10 Aquip #2 Aquip Inlet #3 Aquip Outlet Aluminum 3.38 0.06 98% 0.010 ND 0.010 ND N/A

02/07/11 Aquip Stormwater #2 Stormwater #3 Aluminum 2.63 0.04 98% 0.010 ND 0.010 ND N/A

11/30/10 Aquip #2 Aquip Inlet #3 Aquip Outlet Iron 4.84 0.11 98% 0.005 ND 0.005 ND N/A

02/07/11 Aquip Stormwater #2 Stormwater #3 Iron 3.79 0.05 99% 0.005 ND 0.005 ND N/A

11/30/10 Aquip #2 Aquip Inlet #3 Aquip Outlet Zinc 4.33 0.0285 99% 1.15 0.0600 95%

02/07/11 Aquip Stormwater #2 Stormwater #3 Zinc 6.00 0.0084 99% 4.22 0.0477 99%

11/30/10 Purus Metals #3 Aquip Outlet #5 Purus IX Outlet Aluminum 0.06 0.03 50% 0.010 ND 0.010 ND N/A

11/30/10 Purus Metals #3 Aquip Outlet #5 Purus IX Outlet Iron 0.11 0.04 64% 0.005 ND 0.005 ND N/A

11/30/10 Purus Metals #3 Aquip Outlet #5 Purus IX Outlet Zinc 0.0285 0.0040 86% 0.0600 0.0074 88%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Shipyard 
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

June 1, 2006 Customer Before

September 1, 2006 Customer Before

October 1, 2006 Customer Before

November 1, 2006 Customer Before

December 1, 2006 Customer Before

January 1, 2007 Customer Before

January 2, 2007 Customer Before

February 1, 2007 Customer Before

March 1, 2007 Customer Before

April 1, 2007 Customer Before

June 1, 2007 Customer Before

July 1, 2007 Customer Before

August 1, 2007 Customer Before

October 1, 2007 Customer Before

November 1, 2007 Customer Before

December 1, 2007 Customer Before

January 1, 2008 Customer Before

February 1, 2008 Customer Before

Site Location/Region:

Stormwater Sampling Overview
Site ID #0801

August 26, 2009

Pacific Northwest

Aquip 210SBE (enhanced media filtration system)
Aquip 50SBE (enhanced media filtration system)

Shipyard

Maintenance Status: Needs Improvement

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Sampling Events (cont.)

Date Sampled By           Before/After Aquip Installation

March 1, 2008 Customer Before

April 1, 2008 Customer Before

May 1, 2008 Customer Before

June 1, 2008 Customer Before

July 1, 2008 Customer Before

August 1, 2008 Customer Before

October 1, 2008 Customer Before

November 1, 2008 Customer Before

January 1, 2009 Customer Before

March 1, 2009 Customer Before

April 1, 2009 Customer Before

May 1, 2009 Customer Before

August 1, 2009 Customer Before

October 1, 2009 Customer After

November 1, 2009 Customer After

December 1, 2009 Customer After

January 1, 2010 Customer After

April 1, 2010 Customer After

May 1, 2010 Customer After

June 1, 2010 Customer After

September 1, 2010 Customer After

October 1, 2010 Customer After

November 1, 2010 Customer After

December 1, 2010 Customer After
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Facility Historical Data
Site ID #0801

Copper Effluent - Discharge Point 1

Nickel Effluent - Discharge Point 1

Both Aquip filters offline Sep 1, 2010 - Oct 1, 2010. Data not shown: Sep 1, 2010 490 ug/L; Oct 1, 2010 640 ug/L

Both Aquip filters offline Sep 1, 2010 - Oct 1, 2010. Data not shown: Sep 1, 2010 25 ug/L; Oct 1, 2010 42 ug/L
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Facility Historical Data
Site ID #0801

Both Aquip filters offline Sep 1, 2010 - Oct 1, 2010. Data not shown: Sep 1, 2010 256 NTU; Oct 1, 2010 474 NTU

Zinc Effluent - Discharge Point 1

Turbidity Effluent - Discharge Point 1

Both Aquip filters offline Sep 1, 2010 - Oct 1, 2010. Data not shown: Sep 1, 2010 550 ug/L; Oct 1, 2010 1,010 ug/L
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

December 1, 2008 Customer After

December 12, 2008 StormwateRx After

January 1, 2009 Customer After

February 1, 2009 Customer After

April 1, 2009 Customer After

May 1, 2009 Customer After

June 1, 2009 Customer After

August 1, 2009 Customer After

September 1, 2009 Customer After

November 1, 2009 Customer After

December 1, 2009 Customer After

March 1, 2010 Customer After

April 1, 2010 Customer After

August 1, 2010 Customer After

January 1, 2011 Customer After

Maintenance Status: Unknown

Date of Installation:

StormwateRx Product(s):

Facility Sector:

Site Location/Region:

Stormwater Sampling Overview
Site ID #0802

September 2, 2008

Pacific Northwest

Aquip 50SBI (media filtration system)

Shipyard
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Facility Historical Data
Site ID #0802

Copper Effluent - Discharge Point 1

Lead Effluent - Discharge Point 1

Data not shown: Aug 1, 2010 437 ug/L anomalous data
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Facility Historical Data
Site ID #0802

Zinc Effluent - Discharge Point 1

Total Suspended Solids (TSS) Effluent - Discharge Point 1

Data not shown: Aug 1, 2010 305 ug/L anomalous data
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Facility Historical Data
Site ID #0802

pH Effluent - Discharge Point 1

Turbidity Effluent - Discharge Point 1
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Aquip® Influent and Effluent Data
Site ID #0802

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

12/12/08 Aquip Inlet Outlet Aluminum 0.771 0.167 78%

12/12/08 Aquip Inlet Outlet Copper 0.152 0.0352 77%

12/12/08 Aquip Inlet Outlet Iron 7.47 1.18 84%

12/12/08 Aquip Inlet Outlet Lead 0.0157 0.00159 90%

12/12/08 Aquip Inlet Outlet Zinc 0.784 0.0614 92%

12/12/08 Aquip Inlet Outlet TSS 63.6 10.0 84%

12/12/08 Aquip Inlet Outlet pH 6.66 6.87 0.21

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

February 10, 2009 Customer After

May 14, 2009 Customer After

November 1, 2009 Customer After

December 1, 2009 Customer After

January 1, 2010 Customer After

February 1, 2010 Customer After

March 1, 2010 Customer After

April 1, 2010 Customer After

May 1, 2010 Customer After

June 1, 2010 Customer After

August 1, 2010 Customer After

September 1, 2010 Customer After

October 1, 2010 Customer After

November 1, 2010 Customer After

December 1, 2010 Customer After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0803

February 1, 2009

Pacific Northwest

Aquip 50UBE (enhanced media filtration system)

Shipyard

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0803

Copper Effluent - Discharge Point 14

Lead Effluent - Discharge Point 14
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Facility Historical Data
Site ID #0803

Zinc Effluent - Discharge Point 14

Turbidity Effluent - Discharge Point 14
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Facility Historical Data
Site ID #0803

pH Effluent - Discharge Point 14
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Aquip® Influent and Effluent Data
Site ID #0803

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

02/10/09 Aquip Rx Influent Rx Effluent Arsenic 0.00115 0.0005 ND 57%

02/10/09 Aquip Rx Influent Rx Effluent Copper 0.184 0.0125 93%

02/10/09 Aquip Rx Influent Rx Effluent Lead 0.0104 0.00131 87%

02/10/09 Aquip Rx Influent Rx Effluent Zinc 0.474 0.0407 91%

02/10/09 Aquip Rx Influent Rx Effluent Turbidity 16 3.81 77%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.

© 2011 StormwateRx LLC. All rights reserved.
CONFI

DENTIA
L



0804 
Shipyard 

  

© 2011 StormwateRx LLC. All rights reserved.

CONFI
DENTIA

L



Sampling Events:

Date Sampled By           Before/After Aquip Installation

January 1, 2006 Customer Before

April 1, 2006 Customer Before

May 15, 2006 Customer Before

October 19, 2006 Customer Before

April 19, 2007 Customer Before

October 24, 2007 Customer Before

January 14, 2008 Customer Before

October 20, 2008 Customer Before

October 30, 2009 Customer Before

January 1, 2010 Customer Before

May 1, 2010 Customer Before

November 8, 2010 Customer After

November 15, 2010 Customer After

December 8, 2010 Customer After

January 1, 2011 Customer After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0804

August 4, 2010

Pacific Northwest

Aquip 210SBE (enhanced media filtration system)
Aquip 160SBE (enhanced media filtration system)

Shipyard

Maintenance Status: N/A - Saltwater Intrusion Site

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0804

Copper Effluent - Discharge Point 1**

**Jan 1, 2011 is a combined stormwater flow of the Aquip effluent and untreated water. Data not shown: Jan 1, 2011 364 ug/L. 
Average effluent from the two Aquip systems reported for Dec 8, 2010 sampling event.

Lead Effluent - Discharge Point 1**

**Jan 1, 2011 is a combined stormwater flow of the Aquip effluent and untreated water. Data not shown: Jan 1, 2011 20 ug/L.
Average effluent from the two Aquip systems reported for Dec 8, 2010 sampling event.
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Facility Historical Data
Site ID #0804

Zinc Effluent - Discharge Point 1**

Total Suspended Solids (TSS) Effluent - Discharge Point 1**

**Jan 1, 2011 is a combined stormwater flow of the Aquip effluent and untreated water. 
Average effluent from the two Aquip systems reported for Dec 8, 2010 sampling event.

**Jan 1, 2011 is a combined stormwater flow of the Aquip effluent and untreated water. Data not shown: Jan 1, 2011 149.5 ug/L. 
Average effluent from the two Aquip systems reported for Dec 8, 2010 sampling event.
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Aquip® Influent and Effluent Data
Site ID #0804

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

11/08/10 Aquip RX-BYV1-Inf RX-BYV1-Eff Copper 0.127 0.0458 64%

11/15/10 Aquip RX-BYV1-Inf RX-BYV1-Eff Copper 1.36 0.364 73%

12/08/10 Aquip RX-BYV1-Inf RX-BYV1-Eff Copper 1.48 0.0950 94%

12/08/10 Aquip RX-WEV4-Inf RX-WEV4-Eff Copper 0.0308 0.0232 25%

11/08/10 Aquip RX-BYV1-Inf RX-BYV1-Eff Lead 0.0068 0.0020 ND 71%

11/15/10 Aquip RX-BYV1-Inf RX-BYV1-Eff Lead 0.0420 0.0020 ND 95%

12/08/10 Aquip RX-BYV1-Inf RX-BYV1-Eff Lead 0.0277 0.0020 ND 93%

11/08/10 Aquip RX-BYV1-Inf RX-BYV1-Eff Zinc 0.0415 0.0020 ND 95%

11/15/10 Aquip RX-BYV1-Inf RX-BYV1-Eff Zinc 0.445 0.0799 82%

12/08/10 Aquip RX-BYV1-Inf RX-BYV1-Eff Zinc 0.524 0.0462 91%

12/08/10 Aquip RX-WEV4-Inf RX-WEV4-Eff Zinc 0.0425 0.0491 increased

11/08/10 Aquip RX-BYV1-Inf RX-BYV1-Eff TSS 29 25 14%

11/15/10 Aquip RX-BYV1-Inf RX-BYV1-Eff TSS 24 22 8%

12/08/10 Aquip RX-BYV1-Inf RX-BYV1-Eff TSS 9 18 increased

12/08/10 Aquip RX-WEV4-Inf RX-WEV4-Eff TSS 17 13 24%

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

November 2, 2006 Customer Before

December 26, 2006 Customer Before

June 5, 2007 Customer Before

November 12, 2007 Customer Before

December 3, 2007 Customer Before

March 26, 2008 Customer Before

May 13, 2008 Customer After

December 15, 2009 Customer After

December 30, 2009 Customer After

December 31, 2009 Customer After

March 12, 2010 Customer After

May 19, 2010 Customer After

June 10, 2010 Customer After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0901

November 25, 2009

Pacific Northwest

Aquip 210SBE (enhanced media filtration system)
Purus 210UV (bacteria polishing system)

Trucking

Maintenance Status: Adequate

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0901

Lead Effluent - Discharge Point 2

Data not shown: Dec 30, 2009 30.6 ug/L sampled immediately after freezing weather conditions

Copper Effluent - Discharge Point 2

Data not shown: Dec 30, 2009 28.1 ug/L sampled immediately after freezing weather conditions
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Facility Historical Data
Site ID #0901

Zinc Effluent - Discharge Point 2

Total Suspended Solids (TSS) Effluent - Discharge Point 2

Data not shown: Dec 30, 2009 291 ug/L sampled immediately after freezing weather conditions

Data not shown: Dec 30, 2009 160 mg/L sampled immediately after freezing weather conditions
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Facility Historical Data
Site ID #0901

Data not shown: Nov 12, 2007 48 mg/L; Dec 30, 2009 0.217 mg/L sampled immediately after freezing weather conditions 

Phosphorus Effluent - Discharge Point 2

E. Coli Effluent - Discharge Point 2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

Oct-06 Apr-07 Nov-07 Jun-08 Dec-08 Jul-09 Jan-10 Aug-10

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Timeline
Phosphorus effluent

0

500

1000

1500

2000

2500

3000

Oct-06 Apr-07 Nov-07 Jun-08 Dec-08 Jul-09 Jan-10 Aug-10

C
on

ce
nt

ra
tio

n 
(#

/1
00

m
L)

Timeline
E. coli effluent

Aquip + Purus 
Installed

l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

Aquip + Purus 
Installed

l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

© 2011 StormwateRx LLC. All rights reserved.

CONFI
DENTIA

L



Facility Historical Data
Site ID #0901

pH Effluent - Discharge Point 2

Data not shown: Dec 30, 2009 24.6 mg/L sampled immediately after freezing weather conditions

Biological Oyxgen Demand (BOD) Effluent - Discharge Point 2
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Aquip® Influent and Effluent Data
Site ID #0901

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

12/15/09 Aquip + Purus UV 2A-PhI Inlet 2B-PhI Outlet Copper 0.0105 0.00100 ND 90%

03/12/10 Aquip + Purus UV Sample Point 2A Sample Point 2B Copper 0.0105 0.00398 62%

12/15/09 Aquip + Purus UV 2A-PhI Inlet 2B-PhI Outlet Lead 0.0135 0.00390 71%

03/12/10 Aquip + Purus UV Sample Point 2A Sample Point 2B Lead 0.00497 0.00156 69%

12/15/09 Aquip + Purus UV 2A-PhI Inlet 2B-PhI Outlet Zinc 0.121 0.0261 78%

03/12/10 Aquip + Purus UV Sample Point 2A Sample Point 2B Zinc 0.125 0.0279 78%

12/15/09 Aquip + Purus UV 2A-PhI Inlet 2B-PhI Outlet TSS 70.0 10.0 86%

03/12/10 Aquip + Purus UV Sample Point 2A Sample Point 2B TSS 30.0 10.0 67%

12/15/09 Aquip + Purus UV 2A-PhI Inlet 2B-PhI Outlet Phosphorus 0.227 0.101 56%

03/12/10 Aquip + Purus UV Sample Point 2A Sample Point 2B Phosphorus 0.596 0.0918 85%

12/15/09 Aquip + Purus UV 2A-PhI Inlet 2B-PhI Outlet BOD5 5.48 4.30 22%

03/12/10 Aquip + Purus UV Sample Point 2A Sample Point 2B BOD5 7.89 2.00 ND 75%

12/15/09 Aquip + Purus UV 2A-PhI Inlet 2B-PhI Outlet E.Coli 2420 0.50 99%

03/12/10 Aquip + Purus UV Sample Point 2A Sample Point 2B E.Coli 2420 0.50 ND 99%

12/15/09 Aquip + Purus UV 2A-PhI Inlet 2B-PhI Outlet pH 7.33 8.92 1.59

03/12/10 Aquip + Purus UV Sample Point 2A Sample Point 2B pH 7.02 6.85 -0.17

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Sampling Events:

Date Sampled By           Before/After Aquip Installation

December 26, 2006 Customer Before

June 5, 2007 Customer Before

November 12, 2007 Customer Before

December 3, 2007 Customer Before

March 26, 2008 Customer Before

May 13, 2008 Customer After

November 30, 2009 Customer After

December 15, 2009 Customer After

December 30, 2009 Customer After

March 12, 2010 Customer After

May 19, 2010 Customer After

June 10, 2010 Customer After

Site Location/Region:

Stormwater Sampling Overview
Site ID #0902

November 25, 2009

Pacific Northwest

Aquip 210SBE (enhanced media filtration system)
Purus 210UV (bacteria polishing system)

Trucking

Maintenance Status: Needs Improvement

Date of Installation:

StormwateRx Product(s):

Facility Sector:
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Facility Historical Data
Site ID #0902

Copper Effluent - Discharge Point 3

Lead Effluent - Discharge Point 3
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Facility Historical Data
Site ID #0902

Zinc Effluent - Discharge Point 3

Total Suspended Solids (TSS) Effluent - Discharge Point 3
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Facility Historical Data
Site ID #0902

E. Coli Effluent - Discharge Point 3

Phosphorus Effluent - Discharge Point 3

DMR value 48 mg/L Phosphorus from Nov 12, 2007 was removed from the data set
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Facility Historical Data
Site ID #0902

Biological Oyxgen Demand (BOD) Effluent - Discharge Point 3
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Aquip® Influent and Effluent Data
Site ID #0902

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

11/30/09 Aquip + Purus UV A-Inlet to Aquip B-Discharge Copper 0.00433 0.00100 ND 77%

12/15/09 Aquip + Purus UV 3A-PhII Inlet 3B-PhII Outlet Copper 0.0178 0.00704 60%

12/30/09 Aquip + Purus UV Sample Point #2 Sample Point #3 Copper 0.0281 0.00673 76%

03/12/10 Aquip + Purus UV Sample Point 3A Sample Point 3B Copper 0.0161 0.00588 63%

11/30/09 Aquip + Purus UV A-Inlet to Aquip B-Discharge Lead 0.00219 0.00050 ND 77%

12/15/09 Aquip + Purus UV 3A-PhII Inlet 3B-PhII Outlet Lead 0.0240 0.00883 63%

12/30/09 Aquip + Purus UV Sample Point #2 Sample Point #3 Lead 0.0306 0.00715 77%

03/12/10 Aquip + Purus UV Sample Point 3A Sample Point 3B Lead 0.0163 0.00496 70%

11/30/09 Aquip + Purus UV A-Inlet to Aquip B-Discharge Zinc 0.0631 0.00050 ND 99%

12/15/09 Aquip + Purus UV 3A-PhII Inlet 3B-PhII Outlet Zinc 0.161 0.0534 67%

12/30/09 Aquip + Purus UV Sample Point #2 Sample Point #3 Zinc 0.291 0.0498 83%

03/12/10 Aquip + Purus UV Sample Point 3A Sample Point 3B Zinc 0.140 0.0404 71%

12/15/09 Aquip + Purus UV 3A-PhII Inlet 3B-PhII Outlet TSS 140 30.0 79%

12/30/09 Aquip + Purus UV Sample Point #2 Sample Point #3 TSS 160 30 81%

03/12/10 Aquip + Purus UV Sample Point 3A Sample Point 3B TSS 100 30.0 70%

11/30/09 Aquip + Purus UV A-Inlet to Aquip B-Discharge Phosphorus 0.262 0.0100 ND 96%

12/15/09 Aquip + Purus UV 3A-PhII Inlet 3B-PhII Outlet Phosphorus 0.229 0.0896 61%

12/30/09 Aquip + Purus UV Sample Point #2 Sample Point #3 Phosphorus 0.217 0.0866 60%

03/12/10 Aquip + Purus UV Sample Point 3A Sample Point 3B Phosphorus 0.270 0.123 54%

12/30/09 Aquip + Purus UV Sample Point #2 Sample Point #3 BOD5 24.6 5.46 78%

03/12/10 Aquip + Purus UV Sample Point 3A Sample Point 3B BOD5 6.21 4.93 21%

11/30/09 Aquip + Purus UV A-Inlet to Aquip B-Discharge E.Coli 770 0.50 ND 99%

12/15/09 Aquip + Purus UV 3A-PhII Inlet 3B-PhII Outlet E.Coli 2420 0.5 ND 99%

12/30/09 Aquip + Purus UV Sample Point #2 Sample Point #3 E.Coli 0.50 ND 0.50 ND N/A

03/12/10 Aquip + Purus UV Sample Point 3A Sample Point 3B E.Coli 2420 32.3 99%

12/15/09 Aquip + Purus UV 3A-PhII Inlet 3B-PhII Outlet O&G 5.29 2.38 ND 55%
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Aquip® Influent and Effluent Data
Site ID #0902

Date Product Influent ID Effluent ID Parameter

Influent 
Total 

(mg/L) ND

Effluent 
Total 

(mg/L) ND

Total 
Removal 

(%)

Influent 
Dissolved 

(mg/L) ND

Effluent 
Dissolved 

(mg/L) ND

Dissolved 
Removal 

(%)

12/15/09 Aquip + Purus UV 3A-PhII Inlet 3B-PhII Outlet pH 8.02 6.98 -1.04

12/30/09 Aquip + Purus UV Sample Point #2 Sample Point #3 pH 7.59 7.02 -0.57

03/12/10 Aquip + Purus UV Sample Point 3A Sample Point 3B pH 7.58 6.56 -1.02

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0101

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

05/05/09 Aquip AQUIP IN AQUIP OUT Copper 1.58 0.0223 22.3 99% 0.033

10/21/09 Aquip No. 1 Inlet No. 2 Discharge Copper 1.09 0.0370 37 97% 0.033 exceeds NAL levels
11/13/09 Aquip 0080 A-in 0080 A-out Copper 0.656 0.00933 9.33 99% 0.033

09/23/10 Aquip 1 - Inlet 4 - Discharge Copper 1.67 0.191 191 89% 0.033 exceeds NAL levels
10/21/09 Aquip No. 1 Inlet No. 2 Discharge Lead 0.0253 0.00415 4.15 84% 0.262

11/13/09 Aquip 0080 A-in 0080 A-out Lead 0.0089 0.00050 0.5 ND 94% 0.262

09/23/10 Aquip 1 - Inlet 4 - Discharge Lead 0.0539 0.0126 12.6 77% 0.262

10/21/09 Aquip No. 1 Inlet No. 2 Discharge Zinc 0.586 0.0556 55.6 91% 0.26

11/13/09 Aquip 0080 A-in 0080 A-out Zinc 0.411 0.111 111 73% 0.26

09/23/10 Aquip 1 - Inlet 4 - Discharge Zinc 1.04 0.137 137 87% 0.26

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0102

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

09-Mar-09 Copper 0.15 150 0.033 exceeds NAL levels
05-May-09 Copper 0.233 233 0.033 exceeds NAL levels
26-Oct-09 Copper 0.15 150 0.033 exceeds NAL levels
21-Dec-09 Copper 0.011 11 0.033

12-Feb-10 Copper 0.017 17 0.033

19-May-10 Copper 0.069 69 0.033 exceeds NAL levels
09-Mar-09 Zinc 0.68 680 0.26 exceeds NAL levels
05-May-09 Zinc 0.16 160 0.26

26-Oct-09 Zinc 0.16 160 0.26

21-Dec-09 Zinc 0.025 25 0.26

12-Feb-10 Zinc 0.025 25 0.26

05/19/10 Zinc 0.025 25 0.26

© 2011 SWAPE. All rights reserved.
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Aquip® Effluent Data
Site ID #0103

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

04/01/09 Aquip East-Aq IN East-Aq OUT Copper 0.364 0.0766 76.6 79% 0.033 exceeds NAL levels
11/13/09 Aquip 0065 E A-in 0065 E A-out Copper 0.430 0.0361 36.1 92% 0.033 exceeds NAL levels
10/26/10 Aquip East Oct InletEast Oct Out Copper 0.310 0.0450 45 85% 0.033 exceeds NAL levels
11/13/09 Aquip 0065 E A-in 0065 E A-out Lead 0.0127 0.00268 2.68 79% 0.262

10/26/10 Aquip East Oct InletEast Oct Out Lead 0.015 ND 0.015 15 ND N/A 0.262

04/01/09 Aquip East-Aq IN East-Aq OUT Zinc 0.392 0.0253 25.3 94% 0.26

11/13/09 Aquip 0065 E A-in 0065 E A-out Zinc 0.507 0.0370 37 93% 0.26

10/26/10 Aquip East Oct InletEast Oct Out Zinc 0.420 0.0200 20 ND 95% 0.26

04/01/09 Aquip East-Aq IN East-Aq OUT TSS 20.0 5.0 5000 ND 75% 100

10/26/10 Aquip East Oct InletEast Oct Out TSS 3.6 1.0 1000 ND 72% 100

10/26/10 Aquip East Oct InletEast Oct Out O&G 2.4 ND 2.4 2400 ND N/A 15

04/20/11 15

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0103

© 2011 SWAPE. All rights reserved.
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Aquip® Effluent Data
Site ID #0104

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

02/23/09 Aquip West Aquip 1 inWest Aquip 2 outCopper 4.47 0.146 146 97% 0.033 exceeds NAL levels
02/25/09 Aquip West in West out Copper 4.78 0.0386 38.6 99% 0.766 0.016 98% 0.033 exceeds NAL levels
11/13/09 Aquip 0065 W A-in 0065 W A-out Copper 0.485 0.0140 14 97% 0.033

10/25/10 Aquip West Oct InletWest Oct Outlet Copper 0.440 0.010 10 ND 98% 0.033

02/23/09 Aquip West Aquip 1 inWest Aquip 2 outLead 0.661 0.025 25 ND 96% 0.262

02/25/09 Aquip West in West out Lead 0.648 0.025 25 ND 96% 0.0735 0.025 ND 66% 0.262

11/13/09 Aquip 0065 W A-in 0065 W A-out Lead 0.0299 0.00050 0.5 ND 98% 0.262

10/25/10 Aquip West Oct InletWest Oct Outlet Lead 0.095 0.015 15 ND 84% 0.262

02/23/09 Aquip West Aquip 1 inWest Aquip 2 outZinc 1.73 0.0404 40.4 98% 0.26

02/25/09 Aquip West in West out Zinc 1.96 0.0303 30.3 98% 1.32 0.0248 98% 0.26

11/13/09 Aquip 0065 W A-in 0065 W A-out Zinc 0.927 0.255 255 72% 0.26

10/25/10 Aquip West Oct InletWest Oct Outlet Zinc 0.910 0.240 240 74% 0.26

02/25/09 Aquip West in West out TSS 66 2.0 2000 ND 97% 100

04/20/11 100

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.

© 2011 SWAPE. All rights reserved.

Site ID 0104

0.146

0.0386

0.0140 0.010

0.0332

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

02/23/09 02/25/09 11/13/09 10/25/10
Timeline After Aquip Installed

Ef
flu

en
t T

ot
al

  (
m

g/
L)

Copper

NAL Level

Site ID 0104

0.025 0.025

0.00050
0.015

0.262

0

0.05

0.1

0.15

0.2

0.25

0.3

02/23/09 02/25/09 11/13/09 10/25/10
Timeline After Aquip Installed

Ef
flu

en
t T

ot
al

  (
m

g/
L)

Lead

NAL Level



Aquip® Effluent Data
Site ID #0104
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Aquip® Effluent Data
Site ID #0105

Influent Effluent Effluent Total Influent Effluent DissolvedNAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)
01/01/09 Copper 0.191 191 0.033 exceeds NAL levels
04/01/09 Copper 0.0556 55.6 0.033 exceeds NAL levels
10/01/09 Copper 0.2 200 0.033 exceeds NAL levels
01/01/10 Copper 0.064 64 0.033 exceeds NAL levels
05/01/10 Copper 0.037 37 0.033 exceeds NAL levels
09/01/10 Copper 0.079 79 0.033 exceeds NAL levels
10/01/10 Copper 0.024 24 0.033
01/01/09 Lead 0.0005 0.5 0.262
04/01/09 Lead 0.0005 0.5 0.262
10/01/09 Lead 0.003 3 0.262
01/01/10 Lead 0.0014 1.4 0.262
05/01/10 Lead 0.0055 5.5 0.262
09/01/10 Lead 0.0011 1.1 0.262
10/01/10 Lead 0.00066 0.66 0.262
01/01/09 Zinc 0.272 272 0.26 exceeds NAL levels
04/01/09 Zinc 0.0507 50.7 0.26
10/01/09 Zinc 0.33 330 0.26 exceeds NAL levels
01/01/10 Zinc 0.13 130 0.26
05/01/10 Zinc 0.01 10 0.26
09/01/10 Zinc 0.047 47 0.26
10/01/10 Zinc 0.017 17 0.26
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Aquip® Effluent Data
Site ID #0201

Influent Effluent Effluent Total Influent Effluent DissolvedNAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)
01/24/08 Aquip Scrap-012408-AScrap-012408-C Copper 4.47 0.208 208 95% 0.033 exceeds NAL levels

04/20/11 0.033

01/24/08 Aquip Scrap-012408-AScrap-012408-C Lead 5.54 0.231 231 96% 0.262

04/20/11 0.262

01/24/08 Aquip Scrap-012408-AScrap-012408-C Zinc 3.30 0.157 157 95% 0.26

04/20/11 0.26

01/24/08 Aquip Scrap-012408-AScrap-012408-C TSS 360 20 20000 94% 100

04/20/11 100

01/24/08 Aquip Scrap-012408-AScrap-012408-C Phosphorus 0.234 0.160 160 32% 2

04/20/11 2

01/24/08 Aquip Scrap-012408-AScrap-012408-C BOD5 323 111 111000 66% 30

04/20/11 30

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0202

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

09/08/10 Aquip Influent Effluent Copper 0.120 0.029 29 76% 0.030 0.012 60% 0.033

03/08/11 Aquip Influent Effluent Copper 0.110 0.053 53 52% 0.011 0.0059 46% 0.033 exceeds NAL levels

09/08/10 Aquip Influent Effluent Lead 0.150 0.036 36 76% 0.0076 0.007 8% 0.262

03/08/11 Aquip Influent Effluent Lead 0.100 0.031 31 69% 0.0014 0.00068 51% 0.262

09/08/10 Aquip Influent Effluent Zinc 1.100 0.200 200 82% 0.660 0.130 80% 0.26

03/08/11 Aquip Influent Effluent Zinc 0.660 0.130 130 80% 0.410 0.072 82% 0.26

09/08/10 Aquip Influent Effluent TSS 72 14 14000 81% 100

03/08/11 Aquip Influent Effluent TSS 37 11 11000 70% 100

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0203

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

01/18/10 Aquip Yard 3 In Yard 3 Out Aluminum 12.9 2.56 2560 80% 0.75 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd. 3Discharge Yd. 3 Aluminum 5.50 0.805 805 85% 0.75 exceeds NAL levels

01/18/10 Aquip Yard 3 In Yard 3 Out Cadmium 0 0.0025 ND 0.0025 ND N/A 0.005

12/07/09 Aquip C-OUT 0096 Yd. 3A-OUT 0096 Yd. 3Copper 0.83 0.061 61 93% 0.10 0.0038 96% 0.033 exceeds NAL levels

01/18/10 Aquip Yard 3 In Yard 3 Out Copper 0.894 0.177 177 80% 0.041 0.034 17% 0.033 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd. 3Discharge Yd. 3 Copper 0.369 0.089 89 76% 0.022 0.02 9% 0.033 exceeds NAL levels

01/18/10 Aquip Yard 3 In Yard 3 Out Iron 43.3 7.33 7330 83% 0.558 0.127 77% 1 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd. 3Discharge Yd. 3 Iron 20.1 3.08 3080 85% 0.23 0.125 46% 1 exceeds NAL levels

12/07/09 Aquip C-OUT 0096 Yd. 3A-OUT 0096 Yd. 3Lead 0.77 0.036 36 95% 0.010 0.0012 88% 0.262

01/18/10 Aquip Yard 3 In Yard 3 Out Lead 1.02 0.193 193 81% 0.019 0.010 47% 0.26
01/27/10 Aquip Pretreatment Yd. 3Discharge Yd. 3 Lead 0.538 0.089 89 83% 0.017 0.005 71% 0.26
01/18/10 Aquip Yard 3 In Yard 3 Out Mercury 0.033 0.0028 2.8 92% 0.002 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd. 3Discharge Yd. 3 Mercury 0.0056 0.0015 1.5 73% 0.0004 0.0007 increased 0.002

12/07/09 Aquip C-OUT 0096 Yd. 3A-OUT 0096 Yd. 3Zinc 3.1 0.29 290 91% 0.88 0.039 96% 0.26 exceeds NAL levels

01/18/10 Aquip Yard 3 In Yard 3 Out Zinc 4.61 0.660 660 86% 1.11 0.327 71% 0.26 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd. 3Discharge Yd. 3 Zinc 2.49 0.371 371 85% 0.050 0.195 increased 0.26 exceeds NAL levels

12/07/09 Aquip C-OUT 0096 Yd. 3A-OUT 0096 Yd. 3TSS 510 36 36000 93% 100

01/18/10 Aquip Yard 3 In Yard 3 Out TSS 518 85 85000 84% 100

01/27/10 Aquip Pretreatment Yd. 3Discharge Yd. 3 TSS 236 22 22000 91% 100

01/18/10 Aquip Yard 3 In Yard 3 Out Specific Conductivity710 770 770000 increased 200 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd. 3Discharge Yd. 3 Specific Conductivity917 868 868000 5% 200 exceeds NAL levels

12/07/09 Aquip C-OUT 0096 Yd. 3A-OUT 0096 Yd. 3COD 180 180 180000 0% 120 exceeds NAL levels

01/18/10 Aquip Yard 3 In Yard 3 Out COD 710 300 300000 58% 120 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd. 3Discharge Yd. 3 COD 512 161 161000 69% 120 exceeds NAL levels

01/18/10 Aquip Yard 3 In Yard 3 Out O&G 60 10 10000 83% 15

01/27/10 Aquip Pretreatment Yd. 3Discharge Yd. 3 O&G 14 2.5 2500 ND 82% 15

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0203
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Aquip® Effluent Data
Site ID #0204

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)
04/01/10 Copper 0.0101 10.1 0.033

07/01/10 Copper 0.006 6 0.033 Aquip® Effluent Data
04/01/10 Lead 0.0081 8.1 0.262
07/01/10 Lead 0.0034 3.4 0.262
04/01/10 Zinc 0.11 110 0.26

07/01/10 Zinc 0.0544 54.4 0.26

© 2011 SWAPE. All rights reserved.
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Aquip® Effluent Data
Site ID #0205

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

04/22/08 Aquip IN-42208 EFF-42208 Copper 0.734 0.0514 51.4 93% 0.033 exceeds NAL levels

10/20/08 Aquip INF-102008 EFF-102008 Copper 0.662 0.167 167 75% 0.033 exceeds NAL levels

10/31/08 Aquip 103108-IN 103108-EFF Copper 0.977 0.126 126 87% 0.0103 0.0588 increased 0.033 exceeds NAL levels

11/03/08 Aquip INF-110308 EFF-110308 Copper 0.799 0.0538 53.8 93% 0.033 exceeds NAL levels

10/20/08 Aquip INF-102008 EFF-102008 Iron 4.81 2.29 2290 52% 1 exceeds NAL levels

10/31/08 Aquip 103108-IN 103108-EFF Iron 32.5 1.46 1460 96% 1 exceeds NAL levels

11/03/08 Aquip INF-110308 EFF-110308 Iron 17.4 1.26 1260 93% 1 exceeds NAL levels

04/22/08 Aquip IN-42208 EFF-42208 Lead 0.797 0.0384 38.4 95% 0.262

10/20/08 Aquip INF-102008 EFF-102008 Lead 0.647 0.0774 77.4 88% 0.262

10/31/08 Aquip 103108-IN 103108-EFF Lead 1.31 0.0227 22.7 98% 0.00268 0.0005 ND 81% 0.262

11/03/08 Aquip INF-110308 EFF-110308 Lead 0.873 0.0117 11.7 99% 0.262

04/22/08 Aquip IN-42208 EFF-42208 Zinc 1.64 0.113 113 93% 0.26

10/20/08 Aquip INF-102008 EFF-102008 Zinc 0.853 0.749 749 12% 0.26 exceeds NAL levels

10/31/08 Aquip 103108-IN 103108-EFF Zinc 2.79 0.170 170 94% 0.0669 0.164 increased 0.26

11/03/08 Aquip INF-110308 EFF-110308 Zinc 2.54 0.153 153 94% 0.26

04/22/08 Aquip IN-42208 EFF-42208 TSS 94.4 16.7 16700 82% 100

10/20/08 Aquip INF-102008 EFF-102008 TSS 1070 15.0 15000 99% 100

10/31/08 Aquip 103108-IN 103108-EFF TSS 667 8.33 8330 99% 100

11/03/08 Aquip INF-110308 EFF-110308 TSS 218 6.70 6700 97% 100

04/22/08 Aquip IN-42208 EFF-42208 Phosphorus 0.268 0.260 260 3% 2

10/20/08 Aquip INF-102008 EFF-102008 Phosphorus 0.348 0.326 326 6% 2

10/31/08 Aquip 103108-IN 103108-EFF Phosphorus 1.07 0.305 305 71% 2

11/03/08 Aquip INF-110308 EFF-110308 Phosphorus 0.165 0.0929 92.9 44% 2

04/22/08 Aquip IN-42208 EFF-42208 BOD5 166 319 319000 increased 30 exceeds NAL levels

10/20/08 Aquip INF-102008 EFF-102008 BOD5 122 66.2 66200 46% 30 exceeds NAL levels

10/31/08 Aquip 103108-IN 103108-EFF BOD5 193 34.1 34100 82% 30 exceeds NAL levels

11/03/08 Aquip INF-110308 EFF-110308 BOD5 37.8 6.86 6860 82% 30

04/22/08 Aquip IN-42208 EFF-42208 COD 475 575 575000 increased 120 exceeds NAL levels

04/20/11 120

04/22/08 Aquip IN-42208 EFF-42208 O&G 19.4 2.5 2500 ND 87% 15

10/31/08 Aquip 103108-IN 103108-EFF O&G 19.7 2.425 2425 ND 88% 15

11/03/08 Aquip INF-110308 EFF-110308 O&G 54 2.425 2425 96% 15

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
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Aquip® Effluent Data
Site ID #0205
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Aquip® Effluent Data
Site ID #0206

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

09/08/09 Aquip Scrap Yd #1 Scrap Yd #2 Copper 0.109 0.01 10 ND 91% 0.033

03/23/10 Aquip Scrap Yd. InletScrap Yd. Outlet Copper 0.028 0.018 18 36% 0.033

05/26/10 Aquip Outlet - Scrap Yd.Inlet - Scrap Yd. Copper 0.024 0.030 30 increased 0.038 0.0431 increased 0.033

11/06/10 Aquip 0091 A-in 0091 A-out Copper 0.0501 0.0100 10 ND 80% 0.0100 ND 0.0100 ND N/A 0.033

05/26/10 Aquip Outlet - Scrap Yd.Inlet - Scrap Yd. Iron 2.64 1.56 1560 41% 0.34 0.025 ND 93% 1 exceeds NAL levels

11/06/10 Aquip 0091 A-in 0091 A-out Iron 6.08 1.60 1600 74% 0.135 0.180 increased 1 exceeds NAL levels

09/08/09 Aquip Scrap Yd #1 Scrap Yd #2 Lead 0.314 0.017 17 95% 0.262

03/23/10 Aquip Scrap Yd. InletScrap Yd. Outlet Lead 0.041 0.028 28 32% 0.262

05/26/10 Aquip Outlet - Scrap Yd.Inlet - Scrap Yd. Lead 0.012 0.012 12 0% 0.002 0.002 0% 0.262

11/06/10 Aquip 0091 A-in 0091 A-out Lead 0.159 0.0500 50 ND 69% 0.0250 ND 0.0250 ND N/A 0.262

09/08/09 Aquip Scrap Yd #1 Scrap Yd #2 Zinc 1.02 0.46 460 55% 0.26 exceeds NAL levels

03/23/10 Aquip Scrap Yd. InletScrap Yd. Outlet Zinc 0.67 0.46 460 31% 0.26 exceeds NAL levels

05/26/10 Aquip Outlet - Scrap Yd.Inlet - Scrap Yd. Zinc 0.51 0.45 450 12% 0.060 0.13 increased 0.26 exceeds NAL levels

11/06/10 Aquip 0091 A-in 0091 A-out Zinc 0.962 0.354 354 63% 0.335 0.246 27% 0.26 exceeds NAL levels

05/26/10 Aquip Outlet - Scrap Yd.Inlet - Scrap Yd. Magnesium 9.25 10.5 10500 increased 9.01 10.2 increased 0.064 exceeds NAL levels

04/20/11 0.064

05/26/10 Aquip Outlet - Scrap Yd.Inlet - Scrap Yd. TDS 767 682 682000 11% 100 exceeds NAL levels

04/20/11 100

05/26/10 Aquip Outlet - Scrap Yd.Inlet - Scrap Yd. COD 200 80 80000 60% 120

04/20/11 120

09/08/09 Aquip Scrap Yd #1 Scrap Yd #2 O&G 5.4 2.6 2600 52% 15

03/23/10 Aquip Scrap Yd. InletScrap Yd. Outlet O&G 1.7 0.6 600 65% 15

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
1 Dissolved concentration reported to be higher than total concentrations

© 2011 SWAPE. All rights reserved.
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Aquip® Effluent Data
Site ID #0206
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Aquip® Effluent Data
Site ID #0207

Influent Effluent Effluent Total Influent Effluent DissolvedNAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

11/19/08 Aquip Inlet #1 Outfall #1 Copper 0.0248 0.00496 4.96 80% 0.033

03/06/09 Aquip Influent Sample Point 1 Copper 0.0319 0.00833 8.33 74% 0.033

10/26/09 Aquip Influent Sample Point #1 Copper 0.117 0.0426 42.6 64% 0.033 exceeds NAL levels

11/19/08 Aquip Inlet #1 Outfall #1 Lead 0.0303 0.0026 2.6 91% 0.262

03/06/09 Aquip Influent Sample Point 1 Lead 0.0364 0.0112 11.2 69% 0.262

10/26/09 Aquip Influent Sample Point #1 Lead 0.362 0.0768 76.8 79% 0.262

11/19/08 Aquip Inlet #1 Outfall #1 Zinc 0.2250 0.0272 27.2 88% 0.26

03/06/09 Aquip Influent Sample Point 1 Zinc 0.175 0.0356 35.6 80% 0.26

10/26/09 Aquip Influent Sample Point #1 Zinc 2.00 0.320 320 84% 0.26 exceeds NAL levels

11/19/08 Aquip Inlet #1 Outfall #1 TSS 4.00 10.0 10000 increased 100

03/06/09 Aquip Influent Sample Point 1 TSS 20.0 5.0 5000 ND 75% 100

10/26/09 Aquip Influent Sample Point #1 TSS 80 20 20000 75% 100

11/19/08 Aquip Inlet #1 Outfall #1 Phosphorus 0.089 0.0961 96.1 increased 2

03/06/09 Aquip Influent Sample Point 1 Phosphorus 0.0883 0.0783 78.3 11% 2

10/26/09 Aquip Influent Sample Point #1 Phosphorus 0.268 0.153 153 43% 2

11/19/08 Aquip Inlet #1 Outfall #1 BOD5 5.42 6.23 6230 increased 30

03/06/09 Aquip Influent Sample Point 1 BOD5 6.0 2 2000 ND N/A 30

10/26/09 Aquip Influent Sample Point #1 BOD5 86.2 43.0 43000 50% 30 exceeds NAL levels

11/19/08 Aquip Inlet #1 Outfall #1 O&G 2.41 ND 2.50 2500 ND N/A 15

03/06/09 Aquip Influent Sample Point 1 O&G 2.43 ND 2.45 2450 ND N/A 15

10/26/09 Aquip Influent Sample Point #1 O&G 2.41 ND 2.41 2410 ND N/A 15

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
1 Contested value now reported as the correct value after further laboratory analysis.

© 2011 SWAPE. All rights reserved.
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Aquip® Effluent Data
Site ID #0207
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Aquip® Effluent Data
Site ID #0301

Influent Effluent Effluent Total Influent Effluent DissolvedNAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

10/23/09 Clara 0075-C-IN 0075-C-OUT Copper 2.75 1.94 1940 29% 0.232 0.204 12% 0.033 exceeds NAL levels

11/11/09 Clara 0075 C-in 0075 C-out Copper 6.87 2.71 2710 61% 0.033 exceeds NAL levels

10/23/09 Clara 0075-C-IN 0075-C-OUT Lead 1.59 1.18 1180 26% 0.262 exceeds NAL levels

11/11/09 Clara 0075 C-in 0075 C-out Lead 2.66 1.10 1100 59% 0.262 exceeds NAL levels

10/23/09 Clara 0075-C-IN 0075-C-OUT Zinc 1.78 1.21 1210 32% 0.272 0.259 5% 0.26 exceeds NAL levels

11/11/09 Clara 0075 C-in 0075 C-out Zinc 2.82 1.42 1420 50% 0.26 exceeds NAL levels

10/23/09 Clara 0075-C-IN 0075-C-OUT TSS 325 325 325000 0% 100 exceeds NAL levels

04/20/11 100

10/23/09 Clara 0075-C-IN 0075-C-OUT O&G 2.45 ND 2.45 2450 ND N/A 15

10/23/09 15

02/06/09 Aquip Inlet Outfall Copper 0.345 0.0315 31.5 91% 0.145 0.0050 ND 97% 0.033

10/23/09 Aquip 0075-C-OUT 0075-A-OUT Copper 1.94 0.342 342 82% 0.204 0.0443 78% 0.033 exceeds NAL levels

11/11/09 Aquip 0075 C-out 0075 A-in Copper 2.71 0.0651 65.1 98% 0.033 exceeds NAL levels

02/26/10 Aquip Inlet 1-3 Outlet Copper 0.223 0.0240 24 89% 0.033

02/06/09 Aquip Inlet Outfall Lead 0.0916 0.0143 14.3 84% 0.262

10/23/09 Aquip 0075-C-OUT 0075-A-OUT Lead 1.18 0.281 281 76% 0.262 exceeds NAL levels

11/11/09 Aquip 0075 C-out 0075 A-in Lead 1.10 0.0446 44.6 96% 0.262

02/06/09 Aquip Inlet Outfall Zinc 0.194 0.0649 64.9 67% 0.26

10/23/09 Aquip 0075-C-OUT 0075-A-OUT Zinc 1.21 0.227 227 81% 0.259 0.0687 73% 0.26

11/11/09 Aquip 0075 C-out 0075 A-in Zinc 1.42 0.0478 47.8 97% 0.26

02/06/09 Aquip Inlet Outfall TSS 30.0 10.0 10000 67% 100

10/23/09 Aquip 0075-C-OUT 0075-A-OUT TSS 325 30.0 30000 91% 100

02/06/09 Aquip Inlet Outfall O&G 14.5 3.53 3530 76% 15

10/23/09 Aquip 0075-C-OUT 0075-A-OUT O&G 2.45 ND 2.45 2450 ND N/A 15

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0301

© 2011 StormwateRx LLC. All rights reserved.

Site ID 0301

325

100

0

50

100

150

200

250

300

350

10/23/09 04/20/11
Timeline After Aquip Installed

Ef
flu

en
t T

ot
al

  (
m

g/
L)

 m
ea

su
re

d 
w

ith
 

C
la

ra

TSS

NAL Level

Site ID 0301

2.45

15

0

2

4

6

8

10

12

14

16

10/23/09 10/23/09
Timeline After Aquip Installed

Ef
flu

en
t T

ot
al

  (
m

g/
L)

 m
ea

su
re

d 
w

ith
 

C
la

ra

O&G

NAL Level

Site ID 0301

0.0315

0.342

0.0651

0.02400.0332
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

02/06/09 10/23/09 11/11/09 02/26/10
Timeline After Aquip Installed

Ef
flu

en
t T

ot
al

  (
m

g/
L)

 

Copper

NAL Level

Site ID 0301

0.0143

0.281

0.0446

0.262

0

0.05

0.1

0.15

0.2

0.25

0.3

02/06/09 10/23/09 11/11/09
Timeline After Aquip Installed

Ef
flu

en
t T

ot
al

  (
m

g/
L)

 

Lead

NAL Level

Site ID 0301

0.0649

0.227

0.0478

0.26

0

0.05

0.1

0.15

0.2

0.25

0.3

02/06/09 10/23/09 11/11/09
Timeline After Aquip Installed

Ef
flu

en
t T

ot
al

  (
m

g/
L)

 

Zinc

NAL Level

Site ID 0301

10.0

30.0

100

0.0

20.0

40.0

60.0

80.0

100.0

120.0

02/06/09 10/23/09
Timeline After Aquip Installed

Ef
flu

en
t T

ot
al

  (
m

g/
L)

 

TSS

NAL Level



Aquip® Effluent Data
Site ID #0301
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Aquip® Effluent Data
Site ID #0302

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

01/27/10 Aquip Pretreatment Yd 1Discharge Yd 1 Aluminum 1.19 0.492 492 59% 0.05 0.015 ND 70% 0.75

04/20/11 0.75

01/27/10 Aquip Pretreatment Yd 1Discharge Yd 1 Arsenic 0 0.016 0.005 69% 0.169

12/07/09 Aquip C-OUT 0096 Yd 1A-OUT 0096 Yd 1Copper 1.50 0.096 96 94% 0.140 0.020 86% 0.033 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd 1Discharge Yd 1 Copper 0.221 0.079 79 64% 0.089 0.012 87% 0.033 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd 1Discharge Yd 1 Iron 3.61 1.93 1930 47% 0.56 0.298 47% 1 exceeds NAL levels

04/20/11 1

12/07/09 Aquip C-OUT 0096 Yd 1A-OUT 0096 Yd 1Lead 2.00 0.180 180 91% 0.016 0.0078 51% 0.262

01/27/10 Aquip Pretreatment Yd 1Discharge Yd 1 Lead 0.301 0.135 135 55% 0.055 0.011 80% 0.262

01/27/10 Aquip Pretreatment Yd 1Discharge Yd 1 Mercury 0.0006 0.0004 0.4 33% 0.262

04/20/11 0.262

01/27/10 Aquip Pretreatment Yd 1Discharge Yd 1 Nickel 0 0.034 0.07 increased 1.02

04/20/11 1.02

12/07/09 Aquip C-OUT 0096 Yd 1A-OUT 0096 Yd 1Zinc 1.90 0.140 140 93% 0.010 ND 0.058 increased 0.26

01/27/10 Aquip Pretreatment Yd 1Discharge Yd 1 Zinc 0.340 0.127 127 63% 0.147 0.0231 84% 0.26

12/07/09 Aquip C-OUT 0096 Yd 1A-OUT 0096 Yd 1TSS 420 90 90000 79% 100

01/27/10 Aquip Pretreatment Yd 1Discharge Yd 1 TSS 37 16 16000 57% 100

01/27/10 Aquip Pretreatment Yd 1Discharge Yd 1 Specific Conductivity223 247 247000 increased 200 exceeds NAL levels

04/20/11 200

12/07/09 Aquip C-OUT 0096 Yd 1A-OUT 0096 Yd 1COD 48 52 52000 increased 120

01/27/10 Aquip Pretreatment Yd 1Discharge Yd 1 COD 78 35 35000 55% 120

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
1 Contested value now reported as the correct value after further laboratory analysis.

© 2011 SWAPE. All rights reserved.
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Aquip® Effluent Data
Site ID #0302
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Aquip® Effluent Data
Site ID #0303

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

01/18/10 Aquip Yard 2 In Yard 2 Out Aluminum 8.86 0.817 817 91% 0.076 0.015 ND 80% 0.75 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd. 2Discharge Yd. 2 Aluminum 3.01 1.31 1310 56% 0.041 0.058 increased 0.75 exceeds NAL levels

12/07/09 Aquip C-OUT 0096 Yd 2A-OUT 0096 Yd 2Copper 5.2 0.58 580 89% 0.70 0.094 87% 0.033 exceeds NAL levels

01/18/10 Aquip Yard 2 In Yard 2 Out Copper 3.17 0.280 280 91% 0.467 0.139 70% 0.033 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd. 2Discharge Yd. 2 Copper 1.17 0.478 478 59% 0.183 0.347 increased 0.033 exceeds NAL levels

01/18/10 Aquip Yard 2 In Yard 2 Out Iron 14.1 1.11 1110 92% 0.061 0.047 23% 1 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd. 2Discharge Yd. 2 Iron 5.12 2.12 2120 59% 0.107 0.115 increased 1 exceeds NAL levels

12/07/09 Aquip C-OUT 0096 Yd 2A-OUT 0096 Yd 2Lead 3.3 0.38 380 88% 0.046 0.0090 80% 0.262 exceeds NAL levels

01/18/10 Aquip Yard 2 In Yard 2 Out Lead 2.00 0.130 130 94% 0.056 0.026 54% 0.262

01/27/10 Aquip Pretreatment Yd. 2Discharge Yd. 2 Lead 0.756 0.327 327 57% 0.040 0.047 increased 0.262 exceeds NAL levels

01/18/10 Aquip Yard 2 In Yard 2 Out Mercury 0.0016 0.0002 0.2 ND 88% 0.002

01/27/10 Aquip Pretreatment Yd. 2Discharge Yd. 2 Mercury 0.0008 0.0007 0.7 13% 0.0006 0.0006 0% 0.002

01/18/10 Aquip Yard 2 In Yard 2 Out Nickel 0 0.024 0.010 58% 1.02

01/27/10 Aquip Pretreatment Yd. 2Discharge Yd. 2 Nickel 0 0.017 0.034 increased 1.02

12/07/09 Aquip C-OUT 0096 Yd 2A-OUT 0096 Yd 2Zinc 3.6 0.39 390 89% 0.041 0.14 increased 0.26 exceeds NAL levels

01/18/10 Aquip Yard 2 In Yard 2 Out Zinc 1.72 0.141 141 92% 0.368 0.074 80% 0.26

01/27/10 Aquip Pretreatment Yd. 2Discharge Yd. 2 Zinc 0.952 0.342 342 64% 0.166 0.325 increased 0.26 exceeds NAL levels

12/07/09 Aquip C-OUT 0096 Yd 2A-OUT 0096 Yd 2TSS 220 73 73000 67% 100

01/18/10 Aquip Yard 2 In Yard 2 Out TSS 208 21 21000 90% 100

01/27/10 Aquip Pretreatment Yd. 2Discharge Yd. 2 TSS 69 52 52000 25% 100

01/18/10 Aquip Yard 2 In Yard 2 Out Specific Conductivity240 380 380000 increased 200 exceeds NAL levels

01/27/10 Aquip Pretreatment Yd. 2Discharge Yd. 2 Specific Conductivity278 300 300000 increased 200 exceeds NAL levels

12/07/09 Aquip C-OUT 0096 Yd 2A-OUT 0096 Yd 2COD 85 87 87000 increased 120

01/18/10 Aquip Yard 2 In Yard 2 Out COD 250 80 80000 68% 120

01/27/10 Aquip Pretreatment Yd. 2Discharge Yd. 2 COD 150 87 87000 42% 120

01/18/10 Aquip Yard 2 In Yard 2 Out O&G 2.5 ND 2.5 2500 ND N/A 15

01/27/10 Aquip Pretreatment Yd. 2Discharge Yd. 2 O&G 10 2.5 2500 ND 75% 15

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.

© 2011 SWAPE. All rights reserved.



Aquip® Effluent Data
Site ID #0303
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Aquip® Effluent Data
Site ID #0303
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Aquip® Effluent Data
Site ID #0304

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

12/07/09 Aquip A-IN 0097 A-OUT 0097 Copper 1.7 0.15 150 91% 0.39 0.12 69% 0.033 exceeds NAL levels

04/20/11 0.033

12/07/09 Aquip A-IN 0097 A-OUT 0097 Lead 0.40 0.019 19 95% 0.0093 0.0044 53% 0.262

04/20/11 0.262

12/07/09 Aquip A-IN 0097 A-OUT 0097 Zinc 2.5 0.091 91 96% 0.042 0.020 ND 52% 0.26

04/20/11 0.26

12/07/09 Aquip A-IN 0097 A-OUT 0097 TSS 2900 61 61000 98% 100

04/20/11 100

12/07/09 Aquip A-IN 0097 A-OUT 0097 COD 240 230 230000 4% 120 exceeds NAL levels

04/20/11 120

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0305

Influent Effluent Effluent Total Influent Effluent DissolvedNAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

12/07/09 Aquip A-IN 0098 A-OUT 0098 Copper 0.150 0.10 100 33% 0.14 0.086 39% 0.033 exceeds NAL levels

04/10/11 0.033

12/07/09 Aquip A-IN 0098 A-OUT 0098 Lead 0.022 0.011 11 50% 0.0092 0.0072 22% 0.262

04/10/11 0.262

12/07/09 Aquip A-IN 0098 A-OUT 0098 Zinc 0.400 0.12 120 70% 0.21 0.096 54% 0.26

04/10/11 0.26

12/07/09 Aquip A-IN 0098 A-OUT 0098 TSS 130 36 36000 72% 100

04/10/11 100

12/07/09 Aquip A-IN 0098 A-OUT 0098 COD 530 500 500000 6% 120 exceeds NAL levels

04/10/11 120

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0401

Influent Effluent Effluent Total Influent Effluent DissolvedNAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

10/06/08 Aquip Filter Inlet Filter Outlet Aluminum 21.4 0.125 125 ND 99% 0.125 ND 0.125 ND N/A 0.75

10/06/08 Aquip Filter Inlet #3 Filter Outlet #3 Aluminum 25.1 0.125 125 ND 99% 0.75

10/15/07 Aquip Filter Inlet Filter Outlet Copper 0.013 ND 0.046 46 increased 0.033 exceeds NAL levels

10/06/08 Aquip Filter Inlet Filter Outlet Copper 0.182 0.005 5 ND 97% 0.0131 0.0101 23% 0.033

10/06/08 Aquip Filter Inlet #3 Filter Outlet #3 Copper 0.204 0.005 5 ND 98% 0.033

10/06/08 Aquip Filter Inlet Filter Outlet Iron 48.6 0.238 238 99% 0.075 ND 0.075 ND N/A 1

10/06/08 Aquip Filter Inlet #3 Filter Outlet #3 Iron 63.6 0.22 220 99% 1

10/15/07 Aquip Filter Inlet Filter Outlet Lead 0.031 0.01 10 ND 84% 0.262

12/17/07 Aquip Filter Inlet Filter Outlet Lead 0.0148 0.005 5 ND 66% 0.262

10/15/07 Aquip Filter Inlet Filter Outlet Zinc 24.9 0.158 158 99% 0.26

12/17/07 Aquip Filter Inlet Filter Outlet Zinc 2.30 1.42 1420 38% 0.26 exceeds NAL levels

10/06/08 Aquip Filter Inlet Filter Outlet Zinc 26.9 5.22 5220 81% 9.68 5.43 44% 0.26 exceeds NAL levels

10/06/08 Aquip Filter Inlet #3 Filter Outlet #3 Zinc 28.8 4.9 4900 83% 0.26 exceeds NAL levels

10/06/08 Aquip Filter Inlet Filter Outlet TSS 480 2 2000 ND 99% 100

04/10/11 100

10/15/07 Aquip Filter Inlet Filter Outlet O&G 3.0 ND 2.5 2500 ND N/A 15

04/10/11 15

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0401
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Aquip® Influent and Effluent Data
Site ID #0402

Influent Effluent Effluent Total Influent Effluent DissolvedNAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

05/06/09 Aquip INLET AQUIPOUTLET AQUIP Zinc 18.6 9.07 9070 51% 0.26 exceeds NAL levels

05/06/09 Purus Metals    OUTLET AQUIPOUTLET IX Zinc 9.07 0.0369 36.9 99% 0.26

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0403

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

10/14/09 Aquip 0088-A-INLT 0088-A-OUTLT Copper 0.0128 0.00349 3.49 73% 0.033

10/14/09 Aquip 0088-A-INRT 0088-A-OUTRT Copper 0.0146 0.00281 2.81 81% 0.00663 0.00100 ND 85% 0.033

10/23/09 Aquip 0088-A-INLT 0088-A OUT Copper 0.0109 0.00209 2.09 81% 0.00385 0.00100 ND 74% 0.033

01/13/10 Aquip 0088 A-IN 0088 A-OUT1 Copper 0 0.00239 0.00100 ND 58% 0.033

10/14/09 Aquip 0088-A-INLT 0088-A-OUTLT Lead 0.0168 0.00471 4.71 72% 0.262

10/14/09 Aquip 0088-A-INRT 0088-A-OUTRT Lead 0.0186 0.00585 5.85 69% 0.262

10/23/09 Aquip 0088-A-INLT 0088-A OUT Lead 0.0263 0.00675 6.75 74% 0.262

01/13/10 Aquip 0088 A-IN 0088 A-OUT1 Lead 0 0.00187 0.00116 38% 0.262

01/13/10 Aquip 0088 A-IN 0088 A-OUT1 Nickel 0 0.00260 0.00285 increased 1.02

10/14/09 Aquip 0088-A-INLT 0088-A-OUTLT Zinc 8.07 0.251 251 97% 0.26

10/14/09 Aquip 0088-A-INRT 0088-A-OUTRT Zinc 8.22 0.198 198 98% 7.30 0.0693 ND 99% 0.26

10/23/09 Aquip 0088-A-INLT 0088-A OUT Zinc 5.43 0.139 139 97% 4.52 0.0778 98% 0.26

01/13/10 Aquip 0088 A-IN 0088 A-OUT1 Zinc 4.91 1.00 1000 80% 4.04 0.965 76% 0.26 exceeds NAL levels

10/14/09 Aquip 0088-A-INLT 0088-A-OUTLT TSS 10.0 10.0 10000 0% 100

10/14/09 Aquip 0088-A-INRT 0088-A-OUTRT TSS 10.0 10.0 10000 0% 100

10/23/09 Aquip 0088-A-INLT 0088-A OUT TSS 20.0 10.0 10000 50% 100

10/23/09 Aquip 0088-A-INLT 0088-A OUT Phosphorus 0.0284 0.0394 39.4 increased 2

04/20/11 2

10/14/09 Aquip 0088-A-INRT 0088-A-OUTRT O&G 6.21 2.50 2500 ND 60% 15

04/20/11 15

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0403
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Aquip® Effluent Data
Site ID #0404

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

12/19/08 Aquip Aquip IN2 Aquip OUT2 Iron 0.649 0.267 267 59% 1

04/20/11 1

12/19/08 Aquip Aquip IN2 Aquip OUT2 Zinc 10.8 0.258 258 98% 0.26

02/09/09 Aquip AQUIP IN AQUIP OUT Zinc 12.3 0.276 276 98% 0.26 exceeds NAL levels

03/04/09 Aquip Aquip Inlet Aquip Out Zinc 12.1 5.08 5080 58% 0.26 exceeds NAL levels

12/19/08 Aquip Aquip IN2 Aquip OUT2 TSS 35.0 2.50 2500 93% 100

04/20/11 100

12/19/08 Aquip Aquip IN2 Aquip OUT2 Specific Conductivity1680 1660 2E+06 1% 200 exceeds NAL levels

04/20/11 200

12/19/08 Purus MetalsAquip OUT2 Ix OUT2 Iron 0.267 0.188 188 30% 1

04/20/11 1

12/19/08 Purus MetalsAquip OUT2 Ix OUT2 Zinc 0.258 0.112 112 57% 0.26

02/09/09 Purus MetalsAQUIP OUT IX OUT Zinc 0.276 0.0966 96.6 65% 0.26

03/04/09 Purus MetalsAquip Out IX Out Zinc 5.08 0.0828 82.8 98% 0.26

12/19/08 Purus MetalsAquip OUT2 Ix OUT2 TSS 2.50 2.50 2500 0% 100

04/20/11 100

12/19/08 Purus MetalsAquip OUT2 Ix OUT2 Specific Conductivity1660 1650 2E+06 1% 200 exceeds NAL levels

04/20/11 200

10/13/09 Aquip + PurusGY 1-D DP-1-D Zinc 22.2 0.0314 31.4 99% 0.26

04/20/11 0.26

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0404
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Aquip® Effluent Data
Site ID #0501

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

09/19/09 Copper 0.003 3 0.033

01/01/10 Copper 0.0041 4.1 0.033

04/01/10 Copper 0.0041 4.1 0.033

07/01/10 Copper 0.0293 29.3 0.033

10/01/10 Copper 0.0018 1.8 0.033

01/01/11 Copper 0.0039 3.9 0.033

09/19/09 Lead 0.02 20 0.262

04/20/11 0.262

09/19/09 Zinc 0.013 13 0.26

01/01/10 Zinc 0.007 7 0.26

04/01/10 Zinc 0.008 8 0.26

07/01/10 Zinc 0.0351 35.1 0.26

10/01/10 Zinc 0.0033 3.3 0.26

01/01/11 Zinc 0.0338 33.8 0.26

© 2011 SWAPE. All rights reserved.
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Aquip® Effluent Data
Site ID #0601

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

11/05/09 Aquip 0095 A-in 0095 A-out Zinc 0.852 0.222 222 74% 0.851 0.206 76% 0.26

03/11/10 Aquip INLET OUTLET Zinc 0.870 0.330 330 62% 0.26 exceeds NAL levels

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0701

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

11/30/10 Clara #1 Clara Inlet#2 Aquip Inlet Aluminum 4.68 3.38 3380 28% 0.010 ND 0.010 ND N/A 0.75 exceeds NAL levels

02/07/11 Clara Stormwater #1Stormwater #2 Aluminum 2.51 2.63 2630 increased 0.010 ND 0.010 ND N/A 0.75 exceeds NAL levels

11/30/10 Clara #1 Clara Inlet#2 Aquip Inlet Iron 6.84 4.84 4840 29% 0.005 ND 0.005 ND N/A 1 exceeds NAL levels

02/07/11 Clara Stormwater #1Stormwater #2 Iron 4.28 3.79 3790 11% 0.005 ND 0.005 ND N/A 1 exceeds NAL levels

11/30/10 Clara #1 Clara Inlet#2 Aquip Inlet Zinc 8.59 4.33 4330 50% 1.09 1.15 increased 0.26 exceeds NAL levels

02/07/11 Clara Stormwater #1Stormwater #2 Zinc 5.64 6.00 6000 increased 3.93 4.22 increased 0.26 exceeds NAL levels

11/30/10 Aquip #2 Aquip Inlet#3 Aquip Outlet Aluminum 3.38 0.06 60 98% 0.010 ND 0.010 ND N/A 0.75

02/07/11 Aquip Stormwater #2Stormwater #3 Aluminum 2.63 0.04 40 98% 0.010 ND 0.010 ND N/A 0.75

11/30/10 Aquip #2 Aquip Inlet#3 Aquip Outlet Iron 4.84 0.11 110 98% 0.005 ND 0.005 ND N/A 1

02/07/11 Aquip Stormwater #2Stormwater #3 Iron 3.79 0.05 50 99% 0.005 ND 0.005 ND N/A 1

11/30/10 Aquip #2 Aquip Inlet#3 Aquip Outlet Zinc 4.33 0.0285 28.5 99% 1.15 0.0600 95% 0.26

02/07/11 Aquip Stormwater #2Stormwater #3 Zinc 6.00 0.0084 8.4 99% 4.22 0.0477 99% 0.26

11/30/10 Purus Metals#3 Aquip Outlet#5 Purus IX OutletAluminum 0.06 0.03 30 50% 0.010 ND 0.010 ND N/A 0.75

04/20/11 0.75

11/30/10 Purus Metals#3 Aquip Outlet#5 Purus IX OutletIron 0.11 0.04 40 64% 0.005 ND 0.005 ND N/A 1

04/20/11 1

11/30/10 Purus Metals#3 Aquip Outlet#5 Purus IX OutletZinc 0.0285 0.0040 4 86% 0.0600 0.0074 88% 0.26

04/20/11 0.26

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0701
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Aquip® Effluent Data
Site ID #0801

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

01/01/09 Copper 0.46 460 0.033 exceeds NAL levels

03/01/09 Copper 0.27 270 0.033 exceeds NAL levels

04/01/09 Copper 0.37 370 0.033 exceeds NAL levels

05/01/09 Copper 0.7 700 0.033 exceeds NAL levels

08/01/09 Copper 0.34 340 0.033 exceeds NAL levels

10/01/09 Copper 0.12 120 0.033 exceeds NAL levels

11/01/09 Copper 0.074 74 0.033 exceeds NAL levels

12/01/09 Copper 0.00308 3.08 0.033

01/01/10 Copper 0.077 77 0.033 exceeds NAL levels

04/01/10 Copper 0.006 6 0.033

05/01/10 Copper 0.005 5 0.033

06/01/10 Copper 0.02 20 0.033

11/01/10 Copper 0.552 552 0.033 exceeds NAL levels

12/01/10 Copper 0.2 200 0.033 exceeds NAL levels

01/01/09 Nickel 0.061 61 1.02

03/01/09 Nickel 0.036 36 1.02

04/01/09 Nickel 0.047 47 1.02

05/01/09 Nickel 0.078 78 1.02

08/01/09 Nickel 0.034 34 1.02

10/01/09 Nickel 0.026 26 1.02

11/01/09 Nickel 0.02 20 1.02

12/01/09 Nickel 0.015 15 1.02

01/01/10 Nickel 0.029 29 1.02

04/01/10 Nickel 0.017 17 1.02

05/01/10 Nickel 0.009 9 1.02

06/01/10 Nickel 0.007 7 1.02

11/01/10 Nickel 0.045 45 1.02

12/01/10 Nickel 0.02 20 1.02

01/01/09 Zinc 1.05 1050 0.26 exceeds NAL levels

03/01/09 Zinc 0.76 760 0.26 exceeds NAL levels

04/01/09 Zinc 0.98 980 0.26 exceeds NAL levels

05/01/09 Zinc 1.72 1720 0.26 exceeds NAL levels

08/01/09 Zinc 1.08 1080 0.26 exceeds NAL levels

10/01/09 Zinc 0.45 450 0.26 exceeds NAL levels

11/01/09 Zinc 0.25 250 0.26

12/01/09 Zinc 0.088 88 0.26

01/01/10 Zinc 0.191 191 0.26

04/01/10 Zinc 0.079 79 0.26

05/01/10 Zinc 0.088 88 0.26

06/01/10 Zinc 0.12 120 0.26

11/01/10 Zinc 1.08 1080 0.26 exceeds NAL levels

12/01/10 Zinc 0.47 470 0.26 exceeds NAL levels
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Aquip® Influent and Effluent Data
Site ID #0801

© 2011 SWAPE. All rights reserved.
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Aquip® Influent and Effluent Data
Site ID #0802

Influent Effluent Effluent Total Influent Effluent DissolvedNAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

12/12/08 Aquip Inlet Outlet Aluminum 0.771 0.167 167 78% 0.75

04/20/11 0.75

12/12/08 Aquip Inlet Outlet Copper 0.152 0.0352 35.2 77% 0.033 exceeds NAL levels

04/20/11 0.033

12/12/08 Aquip Inlet Outlet Iron 7.47 1.18 1180 84% 1 exceeds NAL levels

04/20/11 1

12/12/08 Aquip Inlet Outlet Lead 0.0157 0.00159 1.59 90% 0.262

04/20/11 0.262

12/12/08 Aquip Inlet Outlet Zinc 0.784 0.0614 61.4 92% 0.26

04/20/11 0.26

12/12/08 Aquip Inlet Outlet TSS 63.6 10.0 10000 84% 100

04/20/11 100

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0803

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

02/10/09 Aquip Rx Influent Rx Effluent Arsenic 0.00115 0.0005 0.5 ND 57% 0.169

04/20/11 0.169

02/10/09 Aquip Rx Influent Rx Effluent Copper 0.184 0.0125 12.5 93% 0.033

04/20/11 0.033

02/10/09 Aquip Rx Influent Rx Effluent Lead 0.0104 0.00131 1.31 87% 0.262

04/20/11 0.262

02/10/09 Aquip Rx Influent Rx Effluent Zinc 0.474 0.0407 40.7 91% 0.26

04/20/11 0.26

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0804

Influent Effluent Effluent Total Influent Effluent DissolvedNAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

11/08/10 Aquip RX-BYV1-InfRX-BYV1-Eff Copper 0.127 0.0458 45.8 64% 0.033 exceeds NAL levels

11/15/10 Aquip RX-BYV1-InfRX-BYV1-Eff Copper 1.36 0.364 364 73% 0.033 exceeds NAL levels

12/08/10 Aquip RX-BYV1-InfRX-BYV1-Eff Copper 1.48 0.0950 95 94% 0.033 exceeds NAL levels

12/08/10 Aquip RX-WEV4-InfRX-WEV4-Eff Copper 0.0308 0.0232 23.2 25% 0.033

11/08/10 Aquip RX-BYV1-InfRX-BYV1-Eff Lead 0.0068 0.0020 2 ND 71% 0.262

11/15/10 Aquip RX-BYV1-InfRX-BYV1-Eff Lead 0.0420 0.0020 2 ND 95% 0.262

12/08/10 Aquip RX-BYV1-InfRX-BYV1-Eff Lead 0.0277 0.0020 2 ND 93% 0.262

11/08/10 Aquip RX-BYV1-InfRX-BYV1-Eff Zinc 0.0415 0.0020 2 ND 95% 0.26

11/15/10 Aquip RX-BYV1-InfRX-BYV1-Eff Zinc 0.445 0.0799 79.9 82% 0.26

12/08/10 Aquip RX-BYV1-InfRX-BYV1-Eff Zinc 0.524 0.0462 46.2 91% 0.26

12/08/10 Aquip RX-WEV4-InfRX-WEV4-Eff Zinc 0.0425 0.0491 49.1 increased 0.26

11/08/10 Aquip RX-BYV1-InfRX-BYV1-Eff TSS 29 25 25000 14% 100

11/15/10 Aquip RX-BYV1-InfRX-BYV1-Eff TSS 24 22 22000 8% 100

12/08/10 Aquip RX-BYV1-InfRX-BYV1-Eff TSS 9 18 18000 increased 100

12/08/10 Aquip RX-WEV4-InfRX-WEV4-Eff TSS 17 13 13000 24% 100

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0901

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

12/15/09 Aquip + Purus UV2A-PhI Inlet 2B-PhI Outlet Copper 0.0105 0.00100 1 ND 90% 0.033

03/12/10 Aquip + Purus UVSample Point 2ASample Point 2B Copper 0.0105 0.00398 3.98 62% 0.033

12/15/09 Aquip + Purus UV2A-PhI Inlet 2B-PhI Outlet Lead 0.0135 0.00390 3.9 71% 0.262

03/12/10 Aquip + Purus UVSample Point 2ASample Point 2B Lead 0.00497 0.00156 1.56 69% 0.262

12/15/09 Aquip + Purus UV2A-PhI Inlet 2B-PhI Outlet Zinc 0.121 0.0261 26.1 78% 0.26

03/12/10 Aquip + Purus UVSample Point 2ASample Point 2B Zinc 0.125 0.0279 27.9 78% 0.26

12/15/09 Aquip + Purus UV2A-PhI Inlet 2B-PhI Outlet TSS 70.0 10.0 10000 86% 100

03/12/10 Aquip + Purus UVSample Point 2ASample Point 2B TSS 30.0 10.0 10000 67% 100

12/15/09 Aquip + Purus UV2A-PhI Inlet 2B-PhI Outlet Phosphorus 0.227 0.101 101 56% 2

03/12/10 Aquip + Purus UVSample Point 2ASample Point 2B Phosphorus 0.596 0.0918 91.8 85% 2

12/15/09 Aquip + Purus UV2A-PhI Inlet 2B-PhI Outlet BOD5 5.48 4.30 4300 22% 30

03/12/10 Aquip + Purus UVSample Point 2ASample Point 2B BOD5 7.89 2.00 2000 ND 75% 30

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.
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Aquip® Effluent Data
Site ID #0902

Influent Effluent Effluent Total Influent Effluent Dissolved NAL

Total Total Total Removal Dissolved Dissolved Removal Levels Notes

Date Product Influent ID Effluent ID Parameter (mg/L) ND (mg/L) (ug/L) ND (%) (mg/L) ND (mg/L) ND (%) (mg/L)

11/30/09 Aquip + Purus UVA-Inlet to AquipB-Discharge Copper 0.00433 0.00100 1 ND 77% 0.033

12/15/09 Aquip + Purus UV3A-PhII Inlet 3B-PhII Outlet Copper 0.0178 0.00704 7.04 60% 0.033

12/30/09 Aquip + Purus UVSample Point #2Sample Point #3 Copper 0.0281 0.00673 6.73 76% 0.033

03/12/10 Aquip + Purus UVSample Point 3ASample Point 3B Copper 0.0161 0.00588 5.88 63% 0.033

11/30/09 Aquip + Purus UVA-Inlet to AquipB-Discharge Lead 0.00219 0.00050 0.5 ND 77% 0.262

12/15/09 Aquip + Purus UV3A-PhII Inlet 3B-PhII Outlet Lead 0.0240 0.00883 8.83 63% 0.262

12/30/09 Aquip + Purus UVSample Point #2Sample Point #3 Lead 0.0306 0.00715 7.15 77% 0.262

03/12/10 Aquip + Purus UVSample Point 3ASample Point 3B Lead 0.0163 0.00496 4.96 70% 0.262

11/30/09 Aquip + Purus UVA-Inlet to AquipB-Discharge Zinc 0.0631 0.00050 0.5 ND 99% 0.26

12/15/09 Aquip + Purus UV3A-PhII Inlet 3B-PhII Outlet Zinc 0.161 0.0534 53.4 67% 0.26

12/30/09 Aquip + Purus UVSample Point #2Sample Point #3 Zinc 0.291 0.0498 49.8 83% 0.26

03/12/10 Aquip + Purus UVSample Point 3ASample Point 3B Zinc 0.140 0.0404 40.4 71% 0.26

12/15/09 Aquip + Purus UV3A-PhII Inlet 3B-PhII Outlet TSS 140 30.0 30000 79% 100

12/30/09 Aquip + Purus UVSample Point #2Sample Point #3 TSS 160 30 30000 81% 100

03/12/10 Aquip + Purus UVSample Point 3ASample Point 3B TSS 100 30.0 30000 70% 100

11/30/09 Aquip + Purus UVA-Inlet to AquipB-Discharge Phosphorus 0.262 0.0100 10 ND 96% 2

12/15/09 Aquip + Purus UV3A-PhII Inlet 3B-PhII Outlet Phosphorus 0.229 0.0896 89.6 61% 2

12/30/09 Aquip + Purus UVSample Point #2Sample Point #3 Phosphorus 0.217 0.0866 86.6 60% 2

03/12/10 Aquip + Purus UVSample Point 3ASample Point 3B Phosphorus 0.270 0.123 123 54% 2

12/30/09 Aquip + Purus UVSample Point #2Sample Point #3 BOD5 24.6 5.46 5460 78% 30

03/12/10 Aquip + Purus UVSample Point 3ASample Point 3B BOD5 6.21 4.93 4930 21% 30

12/15/09 Aquip + Purus UV3A-PhII Inlet 3B-PhII Outlet O&G 5.29 2.38 2380 ND 55% 15

04/20/11 15

Sampling from inlet and outlet of full-scale StormwateRx systems treating stormwater runoff generated from industrial facility
All chemical analyses by third party certified analytical laboratories. Analytical results for all data are provided.
For purposes of calculating removal efficiencies, non-detection values were assumed to be one half of the detection limit.

© 2011 SWAPE. All rights reserved.
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Aquip® Effluent Data
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2503 Eastbluff Dr., Suite 206 

  Newport Beach, California 92660  

  Tel: (949) 887‐9013 

Fax: (949) 717‐0069 

      Email: mhagemann@swape.com 

 

Matthew F. Hagemann, P.G., C.Hg.               

  Geologic and Hydrogeologic Characterization 

Investigation and Remediation Strategies  

Regulatory Compliance  

CEQA Review  

Litigation Support and Testifying Expert 

Education: 

M.S. Degree, Geology, California State University Los Angeles, Los Angeles, CA, 1984. 

B.A. Degree, Geology, Humboldt State University, Arcata, CA, 1982. 

 

Professional Certification: 

California Professional Geologist 

California Certified Hydrogeologist  

 

Professional Experience:   

Matt has 25 years of experience  in environmental policy, assessment and  remediation.   He  spent nine 

years with  the U.S.  EPA  in  the RCRA  and  Superfund  programs  and  served  as  EPA’s  Senior  Science 

Policy Advisor in the Western Regional Office where he identified emerging threats to groundwater from 

perchlorate and MTBE.  While with EPA, Matt also served as a Senior Hydrogeologist in the oversight of 

the assessment of seven major military facilities undergoing base closure.  He led numerous enforcement 

actions under provisions of  the Resource Conservation and Recovery Act  (RCRA) while also working 

with permit holders to improve hydrogeologic characterization and water quality monitoring.   

 

Matt  has worked  closely with U.S.  EPA  legal  counsel  and  the  technical  staff  of  several  states  in  the 

application and enforcement of RCRA, Safe Drinking Water Act and Clean Water Act regulations.  Matt 

has trained the technical staff  in the States of California, Hawaii, Nevada, Arizona and the Territory of 

Guam in the conduct of investigations, groundwater fundamentals, and sampling techniques. 

 

Positions Matt has held include: 

 Founding Partner, Soil/Water/Air Protection Enterprise (SWAPE) (2003 – present); 

 Geology Instructor, Golden West College, 2010 – present;  

 Senior Environmental Analyst, Komex H2O Science, Inc (2000 ‐‐ 2003); 

 Executive Director, Orange Coast Watch (2001 – 2004); 

 Senior Science Policy Advisor and Hydrogeologist, U.S. Environmental Protection Agency (1989– 

1998); 
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 Hydrogeologist, National Park Service, Water Resources Division (1998 – 2000); 

 Adjunct Faculty Member, San Francisco State University, Department of Geosciences (1993 – 

1998); 

 Instructor, College of Marin, Department of Science (1990 – 1995); 

 Geologist, U.S. Forest Service (1986 – 1998); and 

 Geologist, Dames & Moore (1984 – 1986). 

 

Senior Regulatory and Litigation Support Analyst: 

With SWAPE, Matt’s responsibilities have included: 

 Lead analyst and testifying expert in the review of numerous environmental impact reports 

under CEQA that identify significant issues with regard to hazardous waste, water resources, 

water quality, air quality, greenhouse gas emissions and geologic hazards.  

 Lead analyst and testifying expert in the review of environmental issues in license applications 

for large solar power plants before the California Energy Commission. 

 Stormwater analysis, sampling and best management practice evaluation at industrial facilities.  

 Manager of a project to provide technical assistance to a comunity adjacent to a former Naval 

shipyard under a grant from the U.S. EPA.  

 Technical assistance and litigation support for vapor intrusion concerns. 

 Manager of a project to evaluate numerous formerly used military sites in the western U.S. 

 Manager of a comprehensive evaluation of potential sources of perchlorate contamination in 

Southern California drinking water wells. 

 Manager and designated expert for litigation support under provisions of Proposition 65 in the 

review of releases of gasoline to sources drinking water at major refineries and hundreds of gas 

stations throughout California. 

 Expert witness on two cases involving MTBE litigation. 

 Expert witness and litigation support on the impact of air toxins and hazards at a school. 

 Expert witness in litigation at a former plywood plant. 

 

With Komex H2O Science Inc., Matt’s duties included the following: 

 Senior author of a report on the extent of perchlorate contamination that was used in testimony 

by the former U.S. EPA Administrator and General Counsel. 

 Senior researcher in the development of a comprehensive, electronically interactive chronology 

of MTBE use, research, and regulation. 

 Senior researcher in the development of a comprehensive, electronically interactive chronology 

of perchlorate use, research, and regulation. 

 Senior researcher in a study that estimates nationwide costs for MTBE remediation and drinking 

water treatment, results of which were published in newspapers nationwide and in testimony 

against provisions of an energy bill that would limit liability for oil companies.  

 Research to support litigation to restore drinking water supplies that have been contaminated by 

MTBE in California and New York. 

 Expert witness testimony in a case of oil production‐related contamination in Mississippi. 

 Lead author for a multi‐volume remedial investigation report for an operating school in Los 

Angeles that met strict regulatory requirements and rigorous deadlines. 

 Development of strategic approaches for cleanup of contaminated sites in consultation with 

clients and regulators. 
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Executive Director: 

As  Executive Director with Orange Coast Watch, Matt  led  efforts  to  restore water  quality  at Orange 

County  beaches  from multiple  sources  of  contamination  including urban  runoff  and  the discharge  of 

wastewater.    In  reporting  to  a  Board  of Directors  that  included  representatives  from  leading Orange 

County universities and businesses, Matt prepared issue papers in the areas of treatment and disinfection 

of wastewater and control of the dischrge of grease to sewer systems.   Matt actively participated in the 

development of  countywide water quality permits  for  the  control of urban  runoff and permits  for  the 

discharge  of  wastewater.   Matt  worked  with  other  nonprofits  to  protect  and  restore  water  quality, 

including Surfrider, Natural Resources Defense Council and Orange County CoastKeeper as well as with 

business institutions including the Orange County Business Council.   

 

Hydrogeology: 

As a Senior Hydrogeologist with  the U.S. Environmental Protection Agency, Matt  led  investigations  to 

characterize and cleanup closing military bases,  including Mare  Island Naval Shipyard, Hunters Point 

Naval  Shipyard,  Treasure  Island Naval  Station, Alameda Naval  Station, Moffett  Field, Mather Army 

Airfield, and Sacramento Army Depot.  Specific activities were as follows: 

 Led efforts to model groundwater flow and contaminant transport, ensured adequacy of 

monitoring networks, and assessed cleanup alternatives for contaminated sediment, soil, and 

groundwater.  

 Initiated a regional program for evaluation of groundwater sampling practices and laboratory 

analysis at military bases.  

 Identified emerging issues, wrote technical guidance, and assisted in policy and regulation 

development through work on four national U.S. EPA workgroups, including the Superfund 

Groundwater Technical Forum and the Federal Facilities Forum. 

 

At  the request of  the State of Hawaii, Matt developed a methodology to determine the vulnerability of 

groundwater to contamination on the islands of Maui and Oahu. He used analytical models and a GIS to 

show  zones of vulnerability,  and  the  results were  adopted  and published by  the State of Hawaii  and 

County of Maui.  

 

As a hydrogeologist with the EPA Groundwater Protection Section, Matt worked with provisions of the 

Safe  Drinking  Water  Act  and  NEPA  to  prevent  drinking  water  contamination.    Specific  activities 

included the following: 

 Received an EPA Bronze Medal for his contribution to the development of national guidance for 

the protection of drinking water.  

 Managed the Sole Source Aquifer Program and protected the drinking water of two communities 

through designation under the Safe Drinking Water Act. He prepared geologic reports, 

conducted public hearings, and responded to public comments from residents who were very 

concerned about the impact of designation. 

 Reviewed a number of Environmental Impact Statements for planned major developments, 

including large hazardous and solid waste disposal facilities, mine reclamation, and water 

transfer.  
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Matt served as a hydrogeologist with the RCRA Hazardous Waste program.  Duties were as follows: 

 Supervised the hydrogeologic investigation of hazardous waste sites to determine compliance 

with Subtitle C requirements. 

 Reviewed and wrote ʺpart Bʺ permits for the disposal of hazardous waste.  

 Conducted RCRA Corrective Action investigations of waste sites and led inspections that formed 

the basis for significant enforcement actions that were developed in close coordination with U.S. 

EPA legal counsel.  

 Wrote contract specifications and supervised contractorʹs investigations of waste sites.  

 

With  the National  Park  Service, Matt  directed  service‐wide  investigations  of  contaminant  sources  to 

prevent degradation of water quality, including the following tasks: 

 Applied pertinent laws and regulations including CERCLA, RCRA, NEPA, NRDA, and the 

Clean Water Act to control military, mining, and landfill contaminants.  

 Conducted watershed‐scale investigations of contaminants at parks, including Yellowstone and 

Olympic National Park. 

 Identified high‐levels of perchlorate in soil adjacent to a national park in New Mexico 

and advised park superintendent on appropriate response actions under CERCLA. 

 Served as a Park Service representative on the Interagency Perchlorate Steering Committee, a 

national workgroup. 

 Developed a program to conduct environmental compliance audits of all National Parks while 

serving on a national workgroup.  

 Co‐authored two papers on the potential for water contamination from the operation of personal 

watercraft and snowmobiles, these papers serving as the basis for the development of nation‐

wide policy on the use of these vehicles in National Parks. 

 Contributed to the Federal Multi‐Agency Source Water Agreement under the Clean Water 

Action Plan. 

 

Policy:  

Served senior management as the Senior Science Policy Advisor with the U.S. Environmental Protection 

Agency, Region 9. Activities included the following: 

 Advised the Regional Administrator and senior management on emerging issues such as the 

potential for the gasoline additive MTBE and ammonium perchlorate to contaminate drinking 

water supplies.  

 Shaped EPA’s national response to these threats by serving on workgroups and by contributing 

to guidance, including the Office of Research and Development publication, Oxygenates in 

Water: Critical Information and Research Needs. 

 Improved the technical training of EPAʹs scientific and engineering staff. 

 Earned an EPA Bronze Medal for representing the region’s 300 scientists and engineers in 

negotiations with the Administrator and senior management to better integrate scientific 

principles into the policy‐making process. 

 Established national protocol for the peer review of scientific documents.  

 

Geology: 

With the U.S. Forest Service, Matt led investigations to determine hillslope stability of areas proposed for 

timber harvest in the central Oregon Coast Range. Specific activities were as follows: 
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 Mapped geology in the field, and used aerial photographic interpretation and mathematical 

models to determine slope stability.  

 Coordinated his research with community members who were concerned with natural resource 

protection.  

 Characterized the geology of an aquifer that serves as the sole source of drinking water for the 

city of Medford, Oregon.  

 

As a consultant with Dames and Moore, Matt led geologic investigations of two contaminated sites (later 

listed on the Superfund NPL) in the Portland, Oregon, area and a large hazardous waste site in eastern 

Oregon.  Duties included the following: 

 Supervised year‐long effort for soil and groundwater sampling.  

 Conducted aquifer tests. 

 Investigated active faults beneath sites proposed for hazardous waste disposal. 

 

Teaching: 

From 1990 to 1998, Matt taught at least one course per semester at the community college and university 

levels: 

 At San Francisco State University, held an adjunct faculty position and taught courses in 

environmental geology, oceanography (lab and lecture), hydrogeology, and groundwater 

contamination.  

 Served as a committee member for graduate and undergraduate students. 

 Taught courses in environmental geology and oceanography at the College of Marin.  

 

In  Fall  2010, Matt  taught  Physical Geology  (lecture  and  lab)  to  students  at Golden West  College  in 

Huntington Beach, California. 

 

Invited Testimony, Reports, Papers and Presentations: 

Hagemann, M.F., 2008.  Disclosure of Hazardous Waste Issues under CEQA.  Presentation to the Public 

Environmental Law Conference, Eugene, Oregon. 

 

Hagemann, M.F., 2008.  Disclosure of Hazardous Waste Issues under CEQA.  Invited presentation to U.S. 

EPA Region 9, San Francisco, California. 

 

Hagemann, M.F., 2005.  Use of Electronic Databases in Environmental Regulation, Policy Making and 

Public Participation.  Brownfields 2005, Denver, Coloradao. 

 

Hagemann, M.F., 2004.  Perchlorate Contamination of the Colorado River and Impacts to Drinking Water 

in Nevada and the Southwestern U.S.  Presentation to a meeting of the American Groundwater Trust, Las 

Vegas, NV (served on conference organizing committee). 

 

Hagemann, M.F., 2004.  Invited testimony to a California Senate committee hearing on air toxins at 

schools in Southern California, Los Angeles. 

 

Brown, A., Farrow, J.,  Gray, A. and Hagemann, M., 2004.  An Estimate of Costs to Address MTBE 

Releases from Underground Storage Tanks and the Resulting Impact to Drinking Water Wells.   
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Presentation to the Ground Water and Environmental Law Conference, National Groundwater 

Association.  
 

Hagemann, M.F., 2004.  Perchlorate Contamination of the Colorado River and Impacts to Drinking Water 

in Arizona and the Southwestern U.S.  Presentation to a meeting of the American Groundwater Trust, 

Phoenix, AZ (served on conference organizing committee). 

 

Hagemann, M.F., 2003.  Perchlorate Contamination of the Colorado River and Impacts to Drinking Water 

in the Southwestern U.S.  Invited presentation to a special committee meeting of the National Academy 

of Sciences, Irvine, CA. 

 

Hagemann, M.F., 2003.  Perchlorate Contamination of the Colorado River.  Invited presentation to a 

tribal EPA meeting, Pechanga, CA. 

 

Hagemann, M.F., 2003.  Perchlorate Contamination of the Colorado River.  Invited presentation to a 

meeting of tribal repesentatives, Parker, AZ. 

 

Hagemann, M.F., 2003.  Impact of Perchlorate on the Colorado River and Associated Drinking Water 

Supplies.  Invited presentation to the Inter‐Tribal Meeting, Torres Martinez Tribe. 

 

Hagemann, M.F., 2003.  The Emergence of Perchlorate as a Widespread Drinking Water Contaminant.  

Invited presentation to the U.S. EPA Region 9. 

 

Hagemann, M.F., 2003.  A Deductive Approach to the Assessment of Perchlorate Contamination.  Invited 

presentation to the California Assembly Natural Resources Committee. 

 

Hagemann, M.F., 2003.  Perchlorate: A Cold War Legacy in Drinking Water.  Presentation to a meeting of 

the National Groundwater Association. 

 

Hagemann, M.F., 2002.  From Tank to Tap: A Chronology of MTBE in Groundwater.  Presentation to a 

meeting of the National Groundwater Association. 

 

Hagemann, M.F., 2002.  A Chronology of MTBE in Groundwater and an Estimate of Costs to Address 

Impacts to Groundwater.   Presentation to the annual meeting of the Society of Environmental 

Journalists. 

 

Hagemann, M.F., 2002.  An Estimate of the Cost to Address MTBE Contamination in Groundwater  

(and Who Will Pay).  Presentation to a meeting of the National Groundwater Association. 

 

Hagemann, M.F., 2002.  An Estimate of Costs to Address MTBE Releases from Underground Storage 

Tanks and the Resulting Impact to Drinking Water Wells.  Presentation to a meeting of the U.S. EPA and 

State Underground Storage Tank Program managers. 

 

Hagemann, M.F.,  2001.    From  Tank  to  Tap: A Chronology  of MTBE  in Groundwater.   Unpublished 

report. 

 

Hagemann, M.F., 2001.   Estimated Cleanup Cost  for MTBE  in Groundwater Used as Drinking Water.  

Unpublished report. 
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Hagemann, M.F., 2001.  Estimated Costs to Address MTBE Releases from Leaking Underground Storage 

Tanks.  Unpublished report. 

 

Hagemann,  M.F.,  and  VanMouwerik,  M.,  1999.    Potential  Water  Quality  Concerns  Related  to 

Snowmobile Usage. Water Resources Division, National Park Service, Technical Report. 

 

VanMouwerik, M. and Hagemann, M.F. 1999, Water Quality Concerns Related  to Personal Watercraft 

Usage. Water Resources Division, National Park Service, Technical Report. 

 

Hagemann, M.F.,  1999,  Is Dilution  the  Solution  to  Pollution  in National  Parks?  The George Wright 

Society Biannual Meeting, Asheville, North Carolina. 

 

Hagemann, M.F.,  1997,  The  Potential  for MTBE  to  Contaminate  Groundwater. U.S.  EPA  Superfund 

Groundwater Technical Forum Annual Meeting, Las Vegas, Nevada. 

 

Hagemann, M.F.,  and Gill, M.,  1996,  Impediments  to  Intrinsic Remediation, Moffett  Field Naval Air 

Station, Conference on Intrinsic Remediation of Chlorinated Hydrocarbons, Salt Lake City. 

 

Hagemann, M.F., Fukunaga, G.L., 1996, The Vulnerability of Groundwater to Anthropogenic 

Contaminants on the Island of Maui, Hawaii. Hawaii Water Works Association Annual Meeting, Maui, 

October 1996. 

 

Hagemann, M. F., Fukanaga, G. L., 1996, Ranking Groundwater Vulnerability in Central Oahu, 

Hawaii.  Proceedings, Geographic  Information  Systems  in  Environmental Resources Management, Air 

and Waste Management Association Publication VIP‐61. 

 

Hagemann,  M.F.,  1994.  Groundwater  Characterization  and  Cleanup  at  Closing  Military  Bases  in 

California. Proceedings, California Groundwater Resources Association Meeting. 

 

Hagemann, M.F.  and Sabol, M.A.,  1993. Role of  the U.S. EPA  in  the High Plains States Groundwater 

Recharge Demonstration Program. Proceedings, Sixth Biennial Symposium on the Artificial Recharge of 

Groundwater. 

 

Hagemann, M.F.,  1993. U.S. EPA Policy on  the Technical  Impracticability of  the Cleanup of DNAPL‐

contaminated Groundwater. California Groundwater Resources Association Meeting. 

 

Hagemann, M.F., 1992. Dense Nonaqueous Phase Liquid Contamination of Groundwater: An Ounce of 

Prevention... Proceedings, Association of Engineering Geologists Annual Meeting, v. 35. 
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Other Experience:  

Selected as subject matter expert for the California Geologist licensing examination, 2009‐2010. 
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State of California
STATE WATER RESOURCES CONTROL BOARD

2009-2010
ANNUAL REPORT

FOR
STORM WATER DISCHARGES ASSOCIATED

WITH INDUSTRIAL ACTIVITI ES

CALIFORNIA REGIONAL WATER

iuN 2I 2010

OUALITY CONTROL BOARD

Reporting Period July 1 , 2009 through June 30, 2010

An annual report is required to be submitted to your local RegionalWater Quality Gontrol Board
(Regional Board) by July 1 of each year. This document must be certified and signed, under penalty
of perjury, by the appropriate official of your company. Many of the Annual Report questions require
an explanation. Please provide explanations on a separate sheet as an attachment. Retain a copy of
the completed Annual Report for your records.

Please circle or highlight any information contained in ltems A, B, and C below that is new or revised
so we can update our records. Please remember that a Notice of Termination and new Notice of Intent
are required whenever a facility operation is relocated or changes ownership.

lf you have any questions, please contact your Regional Board Industrial Storm Water Permit Contact.
The names, telephone numbers and e-mail addresses of the Regional Board contacts, as well as the
Regional Board office addresses can be found at http://www.waterboards.ca.gov/stormMr/contact.html.
To find your Regional Board information, match the first digit of your WDID number with the
corresponding number that appears in parenthesis on the first line of each Regional Board office.

GENERAL INFORMATION:

A. Facility lnformation: Facility WDID No,' 238101 391 1

Facility Business Name: BAE Svstems San Francisco Ship Repair Contact Person: Shaun Halvax

Physical Address: Foot of 20tn Street e-mail: sandor.halvax@baesvstems.com

CA Zip: 94107 Phone: 619-572-6477City: San Francisco

Standard Industrial Classification (SlC) Code(s): 3731

B. Facility Operator Information:
Operator Name: Same as above Same as above

Mailing Address:

City: State: Zio: Phone:

c. Faci I ity B i I I i n g I nformati on :

Operator Name: BAE Svstems San Francisco Ship Repair

Mailing Address: PO Box 7644

Contact Person:

e-mail:

Contact Person: Same as above

e-mail:

City: San Francisco State: CA Zip: 94120 Phone:
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ANNUAL REPORT

SPECIFIC INFORMATION

MONITORING AND REPORTING PROGRAM

D. SAMPLING AND ANALYSIS EXEMPTIONS AND REDUCTIONS

1. For the reporting period, was your facility exempt from collecting and analyzing samples from two storm events in
accordance with sections 8.12 or 15 of the General Permit?

YES Go to ltem D.2 NO Go to Section t
2. Indicate the reason your facility is exempt from collecting and analyzing samples from two storm events. Attach a

copy of the first page of the appropriate certification if you check boxes ii, iii, iv, or v.

i. tr Participating in an Approved Group Monitoring Plan Group Name:

ii. n Submitted No Exposure Certification (NEC)

Re-evaluation DaIe: | |

Does facility continue to satisfy NEC conditions?

iii. I Submitted Sampling Reduction Certification (SRG)

Re-evaluation Date: | |

Does facility continue to satisfy SRC conditions?

iu. tr Received Regional Board Certification

u. f Received Local Agency Certification

3. lf you checked boxes i or iii above, were you scheduled to sam

L_l YES Go to Section E

4. lf you checked boxes ii, iv, or v, go to Section F.

E. SAMPLING AND ANALYSIS RESULTS

1. How many storm events did you sample? 2

3. How many storm water discharge locations are at your facility? 132

answer "0").

2. Did you collect storm water samples from the first storm of the wet season that produced a discharge during
scheduled facility operating hours? (Section B.5 of the General Permit)

Date Submitted:

YES INo
Date Submitted:

YES INo

Certification Date: | |

Certification Date: | |

storm event during the reporting year?

NO Go to Section F

lf less than 2, attach explanation (if you checked
item D.2.i or iii. above, only attach explanation if you

NO attach explanation (Please note that if
you do not sample the first storm event, you
are still required to sample 2 storm events)

ple one

T

YES

-2-
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4. For each storm event sampled, did you collect and analyze a

sample from each of the facility's' storm water discharge locations? n YES, go to ltem E.6 X NO

5. Was sample collection or analysis reduced in accordance

with Section B.7.d of the General Permit?

lf "YES', attach documentation supporting your determination
that two or more drainage areas are substantially identical.

Date facility's drainage areas were tast evatuated 6 F-l lUlD

6. Were all samples collected during the first hour of discharge? X YES n NO, attach explanation

7. Was all storm water sampling preceded by three (3)

working days without a storm water discharge?

8. Were there any discharges of storm water that had been

temporarily stored or contained? (such as from a pond)

9. Did you collect and analyze samples of temporarily stored or
contained storm water discharges from two storm events?

(or one storm event if you checked item D.2.i or iii. above)

YES n NO, attach explanation

YES n NO, attach explanation

YES X No, go to ltem E.10

YES I NO, attach explanation

YES X No, Go to ltem E.11

10. Section B.5. of the General Permit requires you to analyze storm water samples for pH, Total Suspended Solids
(TSS), Specific Conductance (SC), Total Organic Carbon (TOC) or Oil and Grease (O&G), other pollutants likely to
be present in storm water discharges in significant quantities, and analytical parameters listed in Table D of the
General Permit.

a. Does Table D contain any additional parameters

related to your facility's SIC code(s)?

b. Did you analyze all storm water samples for the

applicable parameters listed in Table D?

c. lf you did not analyze all storm water samples for the

applicable Table D parameters, check one of the

following reasons:

In prior sampling years, the parameter(s) have not been detected in significant quantities from two
consecutive sampling events. Attach explanation

The parameter(s) is not likely to be present in storm water discharges and authorized non-storm water
discharges in significant quantities based upon the facility operator's evaluation. Attach explanation

Other. Attach explanation

11. For each storm event sampled, attach a copy of the laboratory analytical reports and report the sampling and
analysis results using Form 1 or its equivalent. The following must be provided for each sample collected:

. Date and time of sample collection r Testing results

. Name and title of sampler o Test methods used

. Parameters tested . Test detection limits
r Name of analytical testing laboratory r Date of testing
o Discharge location identification . Copies of the laboratory analytical results

YES T NO

-3-
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F. QUARTERLY VISUAL OBSERVATIONS

1. Authorized Non-Storm Water Discharges
Section 8.3.b of the General Permit requires quarterly visual observations of all authorized non-storm water
discharges and their sources.

a. Do authorized non-storm water discharges occur at your facility?

n YEs X No Go to ttem F.2

b. Indicate whether you visually observed all authorized non-storm water discharges and their sources during the
quarters when they were discharged. Attach an explanation for any "NO" answers. lndicate "N/A" for
quarters without any authorized non-storm water discharges.

Juty-september nves Inro nr.ue october-December I ves [,lo I r.rn

January-Marcrr !ves f,ruo Ir,rn Aprit-June f ves I*o Ir.rn
c. Use Form 2 to report quarterly visual observations of authorized non-storm water discharges or provide the

following information:

i. name of each authorized non-storm water discharge
ii. date and time of observation
iii. source and location of each authorized non-storm water discharge
iv. characteristics of the discharge at its source and impacted drainage arealdischarge location
v. name, title, and signature of observer
vi. any new or revised BMPs necessary to reduce or prevent pollutants in authorized non-storm water

discharges. Provide new or revised BMP implementation date.

2. Unauthorized Non-Storm Water Discharges
Section B.3.a of the General Permit requires quarterly visual observations of all drainage areas to detect the
presence of unauthorized non-storm water discharges and their sources.

a. Indicate whether you visually observed all drainage areas to detect the presence of unauthorized non- storm
water discharges and their sources. Attach an explanation for any "NO" answers.

July-September X ves I to october-December X ves tr *o

January-Marcn Xves I*o Aprit-June XYes Itto
b. Based upon the quarterly visual observations, were any unauthorized non-storm water discharges detected?

n YES X No Go to ttem F.2.d

c. Have each of the unauthorized non-storm water discharges been eliminated or permitted?

f| YES n No Attach explanation

d. Use Form 3 to report quarterly unauthorized non-storm water discharge visual observations or provide the
following information:

i. name of each unauthorized non-storm water discharge
ii. date and time of observation
iii. source and location of each unauthorized non-storm water discharge
iv. characteristics of the discharge at its source and impacted drainage arealdischarge location
v. name, title, and signature of observer
vi. any corrective actions necessary to eliminate the source of each unauthorized non-storm water discharge

and to clean impacted drainage areas. Provide date unauthorized non-storm water discharge(s) was
eliminated or scheduled to be eliminated.

-4-
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G. MONTHLY WET SEASON VISUAL OBSERVATIONS

Section B.4.a of the General Permit requires you to conduct monthly visual observations of storm water discharges at all
storm water discharge locations during the wet season. These observations shall occur during the first hour of discharge
or, in the case of temporarily stored or contained storm water, at the time of discharge.

1. Indicate below whether monthly visual observations of storm water discharges occurred at all discharge locations.
Attach an explanation for any "NO" answers. Include in this explanation whether any eligible storm events
occurred during scheduled facility operating hours that did not result in a storm water discharge, and provide the
date, time, name and title of the person who observed that there was no storm water discharge.

NO

tr
n
n
n

2. Report monthly wet season visual observations using Form 4 or provide the following information:

date, time, and location of observation
name and title of observer
characteristics of the discharge (i.e., odor, color, etc.) and source of any pollutants observed
any new or revised BMPs necessary to reduce or prevent pollutants in storm water discharges.
Provide new or revised BMP implementation date.

ANNUAL COMPREHENSTVE SITE COMPLTANCE EVALUATTON (ACSCE)

H. ACSCE CHECKLIST

Section A.9 of the General Permit requires the facility operator to conduct one ACSCE in each reporting period (July 1-
June 30). Evaluations must be conducted within 8-16 months of each other. The SWPPP and monitoring program shall
be revised and implemented, as necessary, within g0 days of the evaluation. The checklist below includes the minimum
steps necessary to complete a ACSCE. Indicate whether you have performed each step below. Attach an
explanation for any "NO" answers.

1. Have you inspected all potential pollutant sources and industrial activities areas?
The following areas should be inspected:

areas where spills and leaks have occurred
during the last year
outdoor wash and rinse areas
process/manufactu ri ng areas
loading, unloading, and transfer areas
waste storage/disposal areas
dusUparticulate generating areas
erosion areas

October

November

December

January

February

March

April

May

YES

X
x
X
X

a.
b.

o.

2.

?

o

a

O

a

o

a

Have you reviewed your SWPPP to assure that its BMPs address existing
potential pollutant sources and industrial activities areas?

Have you inspected the entire facility to veriff that the SWPPP's site map

is up-to-date? The following site map items should be verified:

. facility boundaries

. outline of all storm water drainage areas

. areas impacted by run-on
r storm water discharges locations

I vrs Iuo
o building repair, remodeling, and construction
. material storage areas
. vehicle/equipment storage areas
o truck parking and access areas
. rooftop equipment areas
r vehiclefueling/maintenanceareas
o non-storm water discharge generating areas

X vrs ENo

I vrs Iuo
r storm water collection and conveyance system
. structural control measures such as catch basins, berms,

containment areas, oil/water separators, etc.

-5-

YES

X
x
X
X

NOl
n
T
I



2009-2010
ANNUAL REPORT

Have you reviewed all General Permit compliance records generated

since the last annual evaluation?

The following records should be reviewed:

. quarterly authorized non-storm water
discharge visual observations

. monthly storm water discharge visual
observation

a

a

o records of spills/leaks and associated
clean-up/response activities

5. Have you reviewed the major elements of the SWPPP to assure

compliance with the General Permit?

The following SWPPP items should be reviewed:

o pollution prevention team
. list of significant materials
. description of potential pollutant sources

I. ACSCE EVALUATION REPORT

The facility operator is required to provide an evaluation report that includes:

. identification of personnel performing the evaluation

. the date(s) of the evaluation

. necessary SWPPP revisions

Based upon your ACSCE, do you certify compliance with the Industrial

Activities Storm Water General Permit?

6. Have you reviewed your SWPPP to assure that a) the BMPs are adequate
in reducing or preventing pollutants in storm water discharges and authorized

non-storm water discharges, and b) the BMPs are being implemented?

The following BMP categories should be reviewed:

o good housekeeping practices .
. spill response .
. employee training .
. erosion control .
o qualit! assurance

7. Has all material handling equipment and equipment needed to

implement the SWPPP been inspected?

X vrs I ruo

. quarterly unauthorized non-storm water discharge
visual observations
Sampling and Analysis records
preventative maintenance inspection and
maintenance records

X vrs I*o

. assessment of potential pollutant sources
o identification and description of the BMPs to be

implemented for each potential pollutant source

X vrs Iro

preventative maintenance
material handling and storage practices
waste handling/storage
structural BMPs

X ves Iro

o schedule for implementing SWPPP revisions
. any incidents of non-compliance and the

corrective actions taken

X vrs trro

Use Form 5 to report the results of your evaluation or develop an equivalent form.

J. ACSCE CERTIFICATION

The facility operator is required to certify compliance with the Industrial Activities Storm Water General Permit. To certify
compliance, both the SWPPP and Monitoring Program must be up to date and be fully implemented.

lf you answered 'NO' attach an explanation to the ACSCE Evaluation Report why you are not in compliance with the
Industrial Activities Storm Water General Permit.

-6-
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ATTACHMENT SUMMARY

Answer the questions below to help you determine what should be attached to this annual report. Answer NA (Not
Applicable) to questions 2-4 if you are not required to provide those attachments.

1. Have you attached Forms 1 ,2,3,4, and 5 or their equivalent?

2. lf you conducted sampling and analysis, have you attached the
laboratory analytical reports?

lf you checked box ll, lll, lV, or V in item D.2 of this Annual

Report, have you attached the first page ofthe
appropriate certifi cations?

Have you attached an explanation for each "NO" answer in
items E.1, E.2, E.s-E.7, E.9, E.10.c, F.1.b, F,2.a, F.2.c,

G.1, H.1-H.7, or J?

X Yrs (Mandatory)

X ves INo INa

! vrs nruo XNn

f Yrs trNo Xrun

?

4.

ANN UAL REPORT CERTIFICATION

I am duly authorized to sign reports required by the INDUSTRIAL ACTIVITIES STORM WATER GENERAL
PERMIT (see Standard Provision C.9) and I certify under penalty of law that this document and all attachments
were prepared under my direction or supervision in accordance with a system designed to ensure that qualified
personnel properly gather and evaluate the information submitted. Based on my inquiry of the person or persons
who manage the system, or those person directly responsible for gathering the information, the information
submitted is, to the best of my knowledge and belief, true, accurate and complete. I am aware that there are
significant penalties for submitting false information, including the possibility of fine and imprisonment for knowing
violations.

Printed Name: 'u €, C I,?

Signature:

Title: ftEft4L /4,4s

-7-
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Evaluation for Reduction of Sampling by Consolidation of Sampling Points

Evaluation of Sampling Point SD-1/SD-1A:

l-6 drains in location. Location includes wharf areas between block stowage and Pier 3. Pollutant-

generating activities in this location include general refuse storage, hazardous materials storage, general

maintenance, vehicular traffic and material movement. Most drains/scuppers are closed to allow water

and material to collect at the designated sampling point.

Evaluation of Sampling Point SD-2:

1 drain in location. Location includes the north side of Building 38. Pollutant-generating activities in this

location include general refuse storage, general maintenance, vehicular traffic and material movement.

Evaluation of Sampling Point SD-3/SD-3A:

4 drains in location. Location includes the northeast side of Building 38 and Building 111 (Brick Building).

Pollutant-generating activities in this location include general refuse storage, general maintenance,

general storage, vehicular parking, equipment and material staging, abrasive grit blasting, hazardous

material storage and staging, vehicular traffic and material movement.

Evaluation of Sampling Point SDP3

2l drains in location. Location includes Pier#3. Pollutant-generating activities in this location include

painting operations, abrasive grit blasting, general maintenance, docking operations, ship repair, over-

water material transfer, ship refueling, hydroblasting, general refuse storage, hazardous materials

staging, equipment staging, vehicular traffic and material movement. All drains/scuppers are closed to

allow water and material to collect at the designated sampling point.

Evaluation of Sampling Point SDP4

24 drains in location. Location includes Pier#4. Pollutant-generating activities in this location include

painting operations, abrasive grit blasting, general maintenance, docking operations, ship repair, over-

water material transfer, ship refueling, hydroblasting, general refuse storage, hazardous materials

staging, equipment staging, vehicular traffic and material movement. All drains/scuppers are closed to

allow water and material to collect at the designated sampling point.

Evaluation of Sampling Point SWMW-1:

28 drains in location. Location includes wharf area between Drydock #1 and bridge to High Water

Platform, Pier #4 and the fenced off area near the bridge. Pollutant-generating activities in this location

include general maintenance, general refuse storage, hazardous materials staging, equipment staging,

vehicular traffic and material movement. All drains/scuppers are closed to allow water and material to

collect at the designated sampling point.

Evaluation of Sampling Point SWMW-2



13 drains in location. Location includes High Water Platform area near Drydock #2. Pollutant-

generating activities in this location include general maintenance, general refuse storage, hazardous

materials staging, equipment staging, waste water storage, vehicular traffic and material movement.

All drains/scuppers are closed to allow water and material to collect at the designated sampling point.

Evaluation of Sampling Point SWMW-3

24 drains in location. Location includes wharf area between Pier #3 and Drydock #L. Pollutant-

generating activities in this location include general maintenance, general refuse storage, hazardous

materials staging, equipment staging, oil/water separation activities, boiler functions, sewer water

storage, vehicular traffic and material movement. All drains/scuppers are closed to allow water and

material to collect at the designated sampling point.

Evaluation of Block Stowage Area

No drains in location. The area is partially paved over with concrete and is only used for storage and

repairs of wooden dry dock blocks.

Evaluation of Sampling Point Building L9

One drain in location. Pollutant-generating activities in this location include the storage and movement

of abrasive grit blasting material.



























































































































































































 

 
 
 
 
 
 
 
 
 
 
 
                   

Sampling and Analysis Study of Treated Wood 
(Draft) 

 
 
 

 
 
 

Prepared by 
 

Department of Toxic Substances Control 
Toxics in Products Branch 

Environmental Chemistry Laboratory 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

July 2008 
 
 

                                                                   Printed on Recycled Paper 
 

Linda S. Adams 
Secretary for 

Environmental Protection 

Department of Toxic Substances Control 
 

 

Maureen F. Gorsen, Director 
1001 “I” Street 
P.O. Box 806 

Sacramento, California  95812-0806 

Arnold Schwarzenegger
Governor 



Draft 
 

ii  
 

 
 
 
 
 
 
 
 
 

Acknowledgements 
 
The Department of Toxic Substances Control (DTSC) appreciates the time and 
cooperation provided by Mr. Stephen L. Quarles, Wood Durability Advisor, University of 
California Cooperative Extension, Division of Agriculture and Natural Resources. 

 
 
 
 



Draft 
 

iii  
 

Table of Contents 
 
 

Executive Summary………………………………………………………………………......iv 

1. Introduction ............................................................................................................ 1 

2. Background ............................................................................................................ 2 

3.     Field Sample Preparation ...................................................................................... 5 

3.1  Sampling Locations........................................................................................... 6 
3.2  Field Preparations............................................................................................. 7 

3.2.1  Field Preparation of Copper-based Treated Lumber ................................. 7 
3.2.2  Field Preparation of Railroad Ties ............................................................. 8 
3.2.3 Field Preparation of Control Samples ........................................................ 9 

4. Analytical Procedures ........................................................................................... 9 

4.1 Particle Size Reduction..................................................................................... 9 
4.2  Composite Samples.......................................................................................... 9 
4.3  Sample Analyses ............................................................................................ 10 

4.3.1 Metal Analyses ........................................................................................ 10 
4.3.2 Organic Compound Analyses .................................................................. 10 
4.3.3  Aquatic Bioassay ..................................................................................... 11 

5. Quality Control and Quality Assurance ............................................................. 11 

6.     Results and Discussion ...................................................................................... 12 

7. Conclusions.......................................................................................................... 17 

References ................................................................................................................... 18 

 
Appendix I   Retention Required by AWPA 
 
Appendix II   Sampling Locations and Allocations along Wood Samples 
 
Appendix III   Sampling Preparation Photographs 
 
Appendix IV   Laboratory Reports



Draft 

iv 

Executive Summary 
 
The Department of Toxic Substances Control (DTSC) sampled and analyzed three 
types of treated wood pursuant to California Code of Regulations (Cal. Code Regs.), 
Title 22, Section 66262.24. Samples were collected of creosote-treated wood waste 
(out-of-service railroad ties), Alkaline Copper Quaternary (ACQ-C) treated wood, and 
Copper Azole (CA-B) treated wood. All railroad tie samples were collected from a 
railroad maintenance yard in Flanigan, Nevada. This site acts as a collection point for 
California out-of-service railroad ties. Composite samples were analyzed by DTSC’s 
Environmental Chemistry Laboratory. The sample preparation and analysis protocols 
were consistent with the requirements of Cal. Code Regs., Title 22, Section 66262.24, 
and Appendix II of Chapter 11.  
 
The analytical results were compared with California regulatory toxic criteria for 
hazardous waste. DTSC presents the following conclusions: 
 

1. Wood products treated by ACQ-C and CA-B contain high level of copper, 
which exceeds California Total Threshold Level of Concentration and Soluble 
Threshold Level of Concentration regulatory criteria. Therefore, wood products 
treated by ACQ-C and CA-B have the potential to be a California hazardous 
waste when disposed.  

 
2. Untreated wood samples were not toxic to fish. The fish survival rate in 500 

mg/l dose 96-hour bioassay was 100 percent for all untreated wood samples. 
 

3. Creosote-treated railroad ties contain materials toxic to fish. Sampled out-of-
service creosote-treated railroad ties have the potential to fail the California 
regulated acute aquatic 96-hr LC50 bioassay. The survival rates in all three 
Douglas fir out-of-service railroad tie composite samples were less than 50 
percent in 500 mg/l bioassay. Therefore, out-of-service creosote-treated 
railroad ties have the potential to be a non-RCRA hazardous waste when 
disposed.  

 
4. Treated wood samples can be prepared by cutting lumber into sections, sub-

sections, cubes, and further by grinding to obtain a proportional representative 
treated and non-treated mixture. 

 
5. Visually distinguishing the treated and non-treated areas at the cross sections 

of both treated copper-base lumber products and out-of-service railroad ties is 
feasible.   

 
6. It is the generator’s responsibility to determine waste classification.
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1. Introduction 
 
Wood is typically treated with chemical preservatives to improve its durability. Arsenic, 
chromium, copper, pentachlorophenol, and creosote are all used as preservatives in 
wood. Unfortunately, these chemicals are also known to be toxic or carcinogenic, and 
certain levels of exposure to these chemicals can pose serious risks to human health 
and the environment. The Department of Toxic Substances Control (DTSC) has 
completed a study of chemicals found in treated wood in order to properly manage 
wood waste. The results of this study show the toxic characteristics of selected copper-
based treated wood products and out-of-service creosote-treated railroad ties.   
 
The objectives of DTSC’s sampling and analysis study were: 
 

1. To develop a sampling collection plan to obtain representative treated wood 
material in California; 

2. To apply appropriate methods for treated wood sample preparation and 
analyses; and 

3. To determine whether the copper-based and creosote-treated wood exhibit 
toxicity characteristics that meet regulatory criteria for hazardous waste.   

 
Copper-based preservative treated lumber was sampled from wood products that were 
treated with Alkaline Copper Quaternary (ACQ-C) and Copper Azole (CA-B) 
preservatives. The creosote-treated wood was sampled from out-of-service railroad ties. 
Representative samples were collected from different locations in California by a staff 
member of University of California Cooperative Extension working as a DTSC 
contractor. All sample analyses, except aquatic bioassay, were conducted by the DTSC 
Environmental Chemistry Laboratory (ECL). The aquatic bioassays were performed at a 
DTSC-contracted laboratory.  
 
The determination of whether treated wood waste is hazardous waste should be 
conducted in accordance with the California Code of Regulations (Cal. Code Regs.), 
Title 22, Division 4.5, Chapter 11. It is the generator’s responsibility to determine if a 
waste is a hazardous waste. The generator must determine if the waste exhibits 
hazardous waste characteristics by testing the waste according to the approved 
methods or applying knowledge of the hazards characteristic of the waste in light of the 
processes that the materials have undergone. This study did not try to classify any 
individual waste stream. Although waste classified as hazardous is generally subject to 
uniform regulatory management requirements (Cal. Code Regs., Title 22, Chapter 12 
through Chapter 20), DTSC developed alternative management standards for treated 
wood waste (Cal. Code Regs., Title 22, Division 4.5, Chapter 34) that adjusted for the 
unique circumstances associated with treated wood waste. Treated wood waste that is 
removed from utility services, or classified as Resource Conservation and Recovery Act 
(RCRA) hazardous waste, is not eligible for the alternative management standards.   
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Because treated wood is widely available in California, sampling locations need to be 
diversified to obtain representative samples. Additionally, because the preservative 
chemicals are not distributed uniformly inside the treated wood, and the wood is a bulk 
but grindable (or millable) solid material, it is not easy to obtain a proportional and 
representative sample from a waste wood stream for laboratory analysis. Field and 
laboratory preparation of the wood samples becomes important and needs to be 
specified and standardized. This study demonstrated the sample preparation and 
analytical methods for millable hazardous solid materials, which are required in Cal. 
Code Regs., Title 22, §66261.24, and Appendix II of Chapter 11. 
 
2. Background 
 
Many biological organisms, such as insects and decaying fungi, can destroy wood 
products. The purpose of incorporating preservative chemicals into wood products is to 
make the wood toxic to organisms that would ordinarily consume it and, thus, to 
increase its useful service life. The chemical treatment is a surface penetration process, 
such as pressure treatment. The chemicals are not distributed evenly inside the wood: a 
higher concentration occurs at the surface, and low or zero levels occur at the center.  
 
There are five categories of preservatives for pressure treatment processes: organo-
organometallic; waterborne (acid-based); waterborne (alkali-based); other waterborne; 
and fire-retardants. In this study, wood treated by Alkaline Copper Quaternary (ACQ-C) 
and Copper Azole (CA-B) (both alkali-based waterborne), and creosote (an organic 
preservative) were sampled and analyzed. 
 
At processing facilities, the quality of the treated wood is evaluated by monitoring the 
penetration and retention of the preservative chemicals in wood and comparing the 
actual values with those specified in the American Wood Preservers’ Association 
(AWPA) standards [AWPA, 2007]. Retention level refers to the amount of preservative 
that remains in the wood after the treatment process is complete. It is measured on a 
weight basis and is typically measured as pounds of preservative per cubic foot of wood 
(lbs/ft3) in the assay zone. Standard retention levels required by AWPA vary with the 
conditions to which the wood is intended to be exposed. Levels are higher when the 
intended in-service exposure is more severe. For example, wood that is intended to be 
in contact with soil contains more preservatives than wood to be used above the 
ground. Required retention levels are also a function of preservative type and the 
species of wood for a certain product category. For example, for wood used in ground 
contact in Use Category 4A (UC4A) (see a table in Appendix I), the retention level with 
ACQ-C treatment is 0.40 lbs/ft3, but with CA-B treatment, it is 0.21 lbs/ft3. The minimum 
retention for creosote-treated coastal Douglas fir in UC4A is 10.0 lbs/ft3, but for Red 
Oak, it is 7.0 lbs/ft3 for commodities less than 5 inches thick, or 6.0 lbs/ft3 for 
commodities 5 inches or thicker.   
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Once treated wood is out-of-service it is considered waste. Wood preserving chemicals, 
such as arsenic, chromium, copper, pentachlorophenol, and creosote (creosote 
contains cresol and polycyclic aromatic hydrocarbons) are toxic substances. The waste 
toxicity characteristics for hazardous waste classification are determined by analyzing 
the total or leachable/soluble concentrations of the chemicals in the waste and by 
testing acute LD50 and LC50

1 of the waste.  
 
This study did not sample and analyze any wood treated by arsenic/arsenate 
preservatives because there were numerous data available from early research. 
Previous research concluded that arsenic in treated wood was hazardous to humans 
and the environment [Gradient Corporation, 2001 and 2002; US Consumer Product, 
Safety Commission, 1990]. US EPA excluded arsenic-treated wood waste from RCRA 
hazardous waste definition, but launched a voluntary consumer awareness program 
due to the toxicity of arsenic. Since December 31, 2003, the wood treatment industries 
have been banned from using Chromated Copper Arsenate (CCA) to treat wood for 
residential uses2 [US EPA, 2002]. California did not exempt the arsenate-treated wood 
from the hazardous waste definition.  
 
Besides arsenate preservatives, non-arsenic wood preservatives were developed 
recently and are available. Among these non-arsenic preservatives, copper is primarily 
applied with additional co-biocide(s) added to provide additional anti-fungal activity 
[Laks, 1997]. ACQ-C and CA-B are two commonly used non-arsenic copper-based 
wood preservatives. Copper is not a US EPA regulated toxic substance, but it is 
regulated by California as a persistent and bioaccumulative toxic substance. Wastes 
containing copper exceeding a certain level are regulated as non-RCRA hazardous 
wastes in California. Thus, it is necessary to measure the total and soluble copper level 
in the copper-based treated wood waste in order to determine if it needs to be handled 
as a hazardous waste. 
 
Leaching tests on copper-based preservative treated wood have been conducted by the 
University of Florida [Townsend, 2003]. Research focused on the comparison of 
different leaching solutions. Samples were collected from Southern Yellow Pine that 
was freshly treated by five different preservatives: Alkaline Copper Quaternary (ACQ-D); 
Copper Boron Azole (CBA-A); Copper Citrate (CC); Chromated Copper Arsenate (CCA-
C#1); and Chromated Copper Arsenate (CCA-C#2). Copper was detected in all 
samples. Because the leaching methods used in this research were different from 
California’s regulatory required leaching method, the leachable copper concentrations 
could not be compared with California hazardous waste criteria. 
 

                                            
1 LD50 and LC50 are toxicological terms. LD50 means Lethal Dose, 50% survival; LC50 means Lethal 
Concentration, 50% survival. 
2 CCA had been used for home construction and landscaping. 
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Creosote and pentachlorophenol (PCP) are the most commonly used organic wood 
preservatives for treating railroad ties. As a wood preservative, creosote is used alone, 
or in combination with coal tar or petroleum. 
  
Creosote is a complex mixture of compounds derived from the coking of coal. The 
composition of creosote varies, depending on the kind of coal, type of coke oven, coking 
temperature, and time [Leach, 1976]. Creosote is a RCRA listed hazardous waste 
(U051). Wastewaters, process residuals, preservative drippage, spent formulations 
(F034), and wastewater bottom sediment sludge (K001) from wood creosote preserving 
processes are RCRA listed hazardous waste as well. The majority of compounds in 
creosote are aromatic hydrocarbons (including polycyclic aromatic hydrocarbons 
(PAHs) such as phenanthrene, acenaphthene, fluorene, and anthracene), alkylated 
PAHs, benzene, toluene, xylene, and pyridine (65% to 90% of creosote). The PAHs in 
creosote are toxic to aquatic life [Rotard and Mailahn, 1987; Neff, 1979]. Creosote may 
also contain cresols (methyl phenols) and other phenols [Wolfgang, 1987] which are 
regulated by both federal and state law (Code of Federal Regulations [40 CFR], Chapter 
1, § 261.24 and Cal. Code Regs., Title 22, Division 4.5, Chapter 11, § 66261.24). US 
EPA’s risk assessment evaluation led to the identification of creosote as a possible 
human carcinogen [US EPA, 2003 and 2007]. Therefore, US EPA also terminated use 
of certain creosote products based on public health, and environmental considerations 
[US EPA, 2004]. 

In 1987, the Association of American Railroads (AAR) began a test program to 
determine if railroad ties would be considered RCRA hazardous waste. A report 
[Hockensmith, 1994] described six different toxicity leaching testing programs. Among 
the 39 chemicals in the Toxicity Characteristic (TC) regulatory list, only six were 
detected at low (near detection limit) concentrations in the extracts: cresol(s); arsenic; 
barium; lead mercury; and selenium. The analytical results consistently showed that, in 
general, a railroad tie waste would not be classified as RCRA hazardous waste. 

In 2001, a study of hazardous waste classification for railroad ties was conducted at 
Wheelabrator Shasta Energy Company [DTSC, 2002]. This company uses out-of-
service railroad ties to produce bio-fuel. Railroad ties and fly ash samples were 
collected on site and were analyzed at the DTSC Environmental Chemistry Laboratory 
(ECL) at Berkeley, California. The analytical results revealed very low metal content in 
the creosote-treated ties. All tested organic compounds were either non-detectable or at 
low levels in both leachable and total concentration analyses. This sampling report 
concluded that railroad tie waste was not hazardous. DTSC’s review of the report 
identified two points of concern: 

1) The sample particle size was not recorded and might not meet the 
requirements prescribed in Cal. Code Regs., Title 22, Chapter 11, Appendix II 
subsections (c)(1) and (d)(1). For hazardous waste classification, the millable 
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solid sample must be milled to pass through a 2 mm (for metals) or 1 mm (for 
organics) standard sieve before it is analyzed. 

2) The detection levels or quantitation limits were set too high for most organic 
compounds, compared to the regulated threshold levels. For example the 
regulated Total Threshold Level Concentration (TTLC) of Pentachlorophenol 
is 17 mg/kg. The analytical result was non-detectable (ND) with a 620 mg/kg 
quantitation limit, which did not prove that the concentration of 
pentachlorophenol in the sample was lower than the regulated level. 

These two factors make it necessary to reanalyze railroad ties to determine if they have 
any toxic characteristics of hazardous waste.   

The scope of the current study was limited to determine the toxicity of lumber products 
treated with copper-based preservatives and out-of-service creosote-treated railroad 
ties. A sampling plan was prepared prior to the sampling activity in order to ensure that 
representative samples were collected and prepared. In accordance with the test 
methods given in Cal. Code Regs., Title 22, the total and soluble metals in treated 
lumbers and semi-volatile organic compounds in creosote ties were analyzed. All 
samples were tested for their acute aquatic 96-hour LC50 (see page 3, footnote 1). The 
toxicity characteristic determination was based on California regulatory toxicity criteria 
(Cal. Code Regs., Title 22, §66261.24).   

3.     Field Sample Preparation  
 
The total samples used for each composite sample are listed in Table 1.  

Table 1  Number of Samples and Sources of Each Composite Sample 

Preservatives Wood Species Number 
of 

Samples 

Number of 
Collecting 
Location 
Points 

Number of 
Replicates 
(Composite 
Samples ) 

Name of Composite 
Samples 

(Collector’s No.) 
Douglas fir 80 5 4 CADF-COMP CA-B 

Hem-fir 
Species Group 

(white fir) 

80 4 4 CAHF-COMP 

ACQ-C Douglas fir 80 11 4 ACQDF 
Douglas fir 62 1 3 DF creosote Comp Creosote 
White Oak 18 1 1 HW (oak) creosote 
Douglas fir 80 10 4 DFCONTROL-COMP 

Hem-fir 
Species Group 

(white fir) 

20 1 1 HFCONTROL-COMP 
Untreated 

White Oak 20 1 1 Oak control 
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Representative treated wood samples were collected. In order to obtain general 
characteristics, at least 18 individual lumber/railroad tie samples with the same 
preservative and same wood species were collected and combined to form one 
composite sample for analysis3. Replicated samples were collected simultaneously. 
Untreated wood samples were collected in the same manner for quality control purpose.  
 
3.1  Sampling Locations 

Copper-based preservative treated lumber samples were collected from Home Depot 
stores and lumber yards statewide. Two species of woods were selected: white fir 
(Hem-fir species group) and Douglas fir, which are both softwoods (gymnosperms). As 
per DTSC’s sampling plan, the copper-based preservative treated lumber samples 
included two CA-B treated wood species and one ACQ-C treated wood species. The 
UC4A standard retention level for ACQ-C is 0.4 lb/ft3, and for CA-B is 0.21 lb/ft3 (see 
Appendix I).  

Sampling locations are listed in Tables 1 – 4 in Appendix II. Tables 1 and 2 list the 
source locations for CA-B and ACQ-C treated Douglas fir samples, respectively. Table 3 
shows the source locations for CA-B treated Hem-fir. ACQ-C treated Hem-fir samples 
were not collected. Table 4 shows the source location of creosote treated railroad ties. 

Even though the wood might have been treated by different companies, the copper-
based preservative chemicals were obtained from the same manufacturers and were 
applied using the same standards provided by the AWPA. The CA-B preservative was 
produced by Arch Wood Protection, Inc., and the ACQ-C preservative was produced by 
Osmose, Inc.    

With the collaboration of the industry, all creosote-treated railroad tie samples were 
obtained from the Union Pacific Railroad Company at a collection yard operated by RTI 
Railroad Services, Flanigan, Nevada. Union Pacific Railroad is the largest railroad 
company in North America. The railroad ties at this yard are considered to be 
representative of railroad ties that are out-of-service. Treated railroad tie samples were 
collected from two species of wood as well: white oak (hardwood species group) and 
Douglas fir. 

Three untreated wood control samples were selected and obtained from different 
locations. Untreated Douglas fir lumber was purchased at various lumber yards. 
Untreated white fir (Hem-fir species group) lumber was obtained at a Mendocino Forest 
Products lumber mill in Ukiah. Untreated oak was obtained from one-inch boards 

                                            
3 The use of composite samples in this study was to obtain statewide general data on treated wood toxic 
characteristics, not to classify any single waste stream. Composite sampling is not appropriate for 
individual generator’s waste classification purposes. 
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purchased from a lumber yard in Berkeley. This yard carries oak from many locations, 
primarily from the Midwestern United States.  

3.2  Field Preparations 

The lumber or railroad ties were first sawn into sections, then cut into quarters or cubes 
in the field prior to delivery to the ECL laboratory. Different cutting processes were used 
to break down the lumber treated with the copper-based preservatives and the 
creosote-treated railroad ties. The intent in each case was to provide a proportional 
mixture of treated and untreated material for analysis. The control samples were sawn 
following the same process as the treated wood samples. The field sample preparations 
for wood lumber and railroad ties are described in detail in the following sections. 

3.2.1  Field Preparation of Copper-based Treated Lumber 

Three sample allocations were identified in each 8-ft CA-B and ACQ-C treated lumber 
product (nominal 2”x 8”x 8’). These samples were designated ‘left’, ’center’, and ‘right’, 
respectively, and were allocated at 2, 4, or 6 feet from one end of the lumber. A 0.25-
inch section was cut from one randomly selected location. This section was used in the 
laboratory analysis. The remaining portion of each 8-ft lumber was retained so that 
additional sections can be processed if necessary. Figure 1 in Appendix III shows 
photographs of the breakdown process. Tables 5-8 in Appendix II list the selected 
sample allocations. The sample sections were further divided into quarters and were 
stored in glass jars, which were sealed to ship to ECL. Quarter-sections were prepared 
to facilitate further processing at ECL. Figure 2 in Appendix III shows the quarter cutting 
and storing process. From the cross section pictures, the treated and untreated portions 
of the lumber can be identified. 

For each selected treatment-species combination, four replicate samples were collected 
and processed simultaneously. The replicated sections were separately stored in four 
boxes prior to further quartering. Each replicate would be composed as one final sample 
in the laboratory (Figure 3 in Appendix III). 

A chop (cross cut) saw was used to process the lumber into sections. A new blade was 
used to process samples from woods treated with different preservatives. Alcohol in a 
spray bottle was used to clean the blade in between processing samples. 

A band saw was used to process the 0.25-inch sections into quarter sections. A new 
band-saw blade was used for each replication. 

As copper is not a toxic contaminant under federal hazardous waste regulations, there 
was no need to prepare the cubes for the leaching test. 
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3.2.2  Field Preparation of Railroad Ties 
 
The sampled out-of-service railroad ties, randomly selected from out-of-service tie 
bundles, were shipped to the yard in open-top train containers. Douglas fir and white 
oak ties were sampled separately. To protect the chain saw, metal spikes and other 
contaminants were removed before cutting. Two cross-cut sections, two to three inches 
thick, were cut from individual ties using a chain saw. One of the sections was randomly 
selected as the sample for laboratory analyses. The railroad tie sample selection is 
shown in Table 4 of Appendix II. A total of 80 railroad ties were cut: 62 treated Douglas 
fir railroad ties formed three composite samples, and 18 treated oak railroad ties formed 
one composite sample. 

Collecting a cross-cut section from railroad ties was difficult. The original sampling plan 
specified four replicate samples for analysis. A total of 80 samples would be required to 
form four composites with 20 samples each. However, the removal of metal spikes and 
other miscellaneous metal contaminants in the railroad ties damaged the railroad ties, 
and it was difficult to obtain more than two complete cross-cut sections from an out-of-
service railroad tie.   

The cross-cut sections were laid flat and wrapped with aluminum film prior to further 
processing. Two sub-sections (0.9 cm x 0.9 cm x random length) were cut from the 
cross-cut section at visually determined representative areas. The size and locations of 
sub-sections varied depending on the various shapes of the cross-cut sections. Some 
cross-cut sections got split into pieces after cutting due to weathering damage or metal 
spike removal. Figures 4 and 5 in Appendix III are examples of the cutting. The treated 
and untreated areas could be visually distinguished. For two types of laboratory analysis, 
one sub-section was further cut into 0.9 cm cubes at field, and another sub-section was 
prepared for further processing (grinding) at ECL. All cubes and sub-sections were 
stored in glass jars. 

A chain saw was used to cut the cross-cut sections. A chop saw was used to expose a 
fresh surface and to prepare sections for band sawing. A band saw was used to cut the 
grinding sub-sections and 0.9 cm cubes. Alcohol from a spray bottle was used for 
decontaminating the chop saw and band saw blades in between processing samples. 
 
Note that the three railroad tie Douglas fir composite samples were not replicate 
samples. The creosote-treated samples were collected from different railroad ties at 
random allocations along the length. Samples were individually collected, then 
composited in the laboratory. 
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3.2.3 Field Preparation of Control Samples 

All untreated Douglas fir samples were cut at two feet from the end piece of lumber. For 
each wood species, twenty sections were cut, except Douglas fir. Eighty samples were 
collected for the Douglas fir. The extra amount of untreated wood was used for cleaning 
the laboratory mill. For metal analysis and bioassays, four composite samples were 
used, but combined as one composite sample for organic analysis. Some quarters were 
cut into 0.9 cm cubes and stored in a jar for a leaching test. The remaining quarters 
were put in jars for grinding. 

4. Analytical Procedures 
 
4.1 Particle Size Reduction 

All sampled quarters/sub-sections of lumber and ties were ground to pass through a No. 
10 (2 mm) standard sieve before they were analyzed, except the 0.9 cm railroad tie 
cubes that would be extracted by the Toxicity Characteristic Leaching Procedure 
(TCLP). Figure 6 in Appendix III shows a Thomas-Wiley Laboratory Mill, Model 4 that 
was used for this project. The mill has a 2 mm sieve at the outlet. The composite 
samples were milled in this order: DFCONTROL-COMP; CADF-COMP; ACQDF; CAHF-
COMP; HFCONTROL-COMP; DF Creosote Comp; HW (oak) Creosote; and Oak 
Control (see Table 1 in Section 3 for sample names). Before and after grinding each 
composite replicate, the mill was cleaned using brushes, laboratory spatulas, and 
compressed air. Once clean of particulate matter, the mill was wiped with acetone. To 
avoid any analyte carry-over between replicates, approximately 50g of untreated 
Douglas fir was milled, and then discarded.   

4.2  Composite Samples 

The milled wood was mixed in an aluminum pan using a plastic scoop until 
homogeneous (evidenced by a uniform color distribution). About one-half of each 
composite sample was transferred to pre-cleaned sample jars that were distributed for 
the analyses. The remaining samples were retained in sealed polyethylene bags. 

Portions of the four untreated Douglas fir samples were further composited as one 
sample (DFCONTROL-COMP) for organic analyses. 
 
Cube samples that did not need to be ground were simply mixed as per analytical 
requirements.  
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4.3  Sample Analyses 
 
4.3.1 Metal Analyses 
 
Metal contents were analyzed by the ECL Berkeley Inorganic Section. Only the copper-
based preservative treated wood and untreated control wood needed to be tested for 
metal content. All metals listed in Cal. Code Regs., Title 22, § 66261.24 (a)(2)(A) were 
analyzed for both total and extractable concentrations, which were compared to their 
Total Threshold Limit Concentrations (TTLC) and Soluble Threshold Limit 
Concentrations (STLC), respectively.  
 
The wood samples were acid-digested using US EPA Method 3050B and analyzed 
using Method 6010B, Inductively Coupled Plasma - Atomic Emission Spectrometry 
(ICP-AES) for total metal concentration. The extractable metal concentration was 
determined using California Waste Extraction Test (WET) and Method 6010B.   
 
4.3.2 Organic Compound Analyses 
 
Railroad tie samples were tested for organic compounds. Cal. Code Regs., Title 22  § 
66261.24 (a)(1) and (a)(2)(B) list Toxicity Characteristic (TC), TTLC and STLC, 
respectively. This study did not analyze the organic soluble concentration using WET 
because the total concentrations were very low. 
 
The TCLP is a procedure to determine a leachable concentration. Approximately 100 
grams of cubed creosote-treated or untreated Douglas fir or white oak samples were 
extracted with two liters TCLP extraction fluid #1 (20:1 ratio), which is an acetate buffer 
at pH 4.93 ±0.05. The cube sample and extraction fluid were put into PTFE bottles, 
which were then put into a TCLP rotary agitation device (Associated Design and 
Manufacturing, Alexandria, VA). After 18 hours, the samples were filtered using a 
pressure filtration device (Millipore, Inc., Bedford, MA) and GF/F filters. Figure 7 in 
Appendix III shows the devices. The filtrates (light brown for the controls, and dark 
amber for the creosote samples) were transferred to labeled bottles, and then sent, 
packed in ice, by overnight courier to ECL at Los Angeles for analysis. 
  
The aqueous TCLP extracts were solvent-extracted within the seven-day holding time 
specified by the TCLP (SW-846, Method 1311).   
 
The total semi-organic (SVOC) concentration was obtained from the milled railroad tie 
samples. The milled wood samples were extracted by Method 3540, Soxhlet extraction. 
The wood extracts were then subjected to a gel permeation column cleanup, Method 
3640, to remove interferences. 
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Both cubed and milled wood extracts were analyzed by gas chromatography with a 
mass selective detector (GC/MS), with US EPA Method 8270C. The cube sample 
results were compared with TC, and the milled sample results compared with TTLC. 
The analyses in this project did not limit the regulated organic compounds, but also 
quantified, if possible, all compounds on the Method 8270 target list.4 
 
4.3.3  Aquatic Bioassay 

 
Aquatic bioassays were conducted at Associated Laboratories in Orange County, 
California using Pimephales promelas (fathead minnows) as the test organism. In 
accordance with California Department of Fish and Game procedure, the milled wood 
sample was shaken for 6 hours with water (50 g: 50 ml) to disperse the sample before 
an aliquot was taken and added to the aquarium water. Aliquots of this mixture were 
then added to the aquarium. The bioassays conducted in this project were screening 
procedures. The wood concentrations were added at three doses:  250 mg/l; 750 mg/l; 
and 500 mg/l. The 500 mg/l dose was run in duplicate. The results were compared with 
the California acute aquatic 96-hr LC50 toxicity characteristic level.   
 
5. Quality Control and Quality Assurance 

 
As mentioned above, untreated wood samples were collected and analyzed 
simultaneously as background control samples. The purpose was to assure that the 
wood matrix itself was not contaminated by chemicals or harmful to aquatic life.   

In order to assure that the mill process does not cause any cross contamination, after 
each composite sample was ground, and 50g untreated Douglas fir was ground and 
discarded, another 50g Douglas fir was ground and retained as a mill blank (MB). One 
MB was prepared before the first sample and after each treatment replicate.    

Standard methods established in U.S. EPA publication SW-846 and ECL quality control 
procedures were followed for the metals and organic analyses. Method blanks, solid 
laboratory control samples (LCS), method standards, matrix spikes (MS), and matrix 
spike duplicates (MSD) were analyzed.   
 
Triplicate extractions and analyses were conducted on the copper-based treated wood 
composites. Matrix spikes for the soluble metal concentrations were done after 
extraction and dilution, and before instrumental analyses. Daily multi-point ICP-AES 
calibration standards and a reagent blank were run to establish response linearity, and 
calibration verification standards were analyzed after every ten samples.   

                                            
4 It would be valuable to determine if any other kinds of organic compounds, such as PAHs, were present 
in creosote-treated wood or their TCLP leachates. Some organic compounds may be interesting as 
environmental contaminants, but may not have regulatory TC and TTLC levels.   
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For the solvent extraction and GC/MS analysis, standard ECL and SW-846 quality 
control practices were followed. Method blanks, method standards, surrogates, matrix 
spikes, and matrix spike duplicates were analyzed to assess bias (accuracy) and 
precision. For quantitation, multi-point calibrations were conducted using commercially 
available reference mixtures. Response factors were verified by analyzing continuing 
calibration check standards. Analyte identification was performed by comparison of the 
unknown and reference compound spectra, using characteristic ions.  
 
For the aquatic bioassay, the contract laboratory used three sample dilutions; each 
dilution was run in duplicate. A control was run for each batch using un-spiked waste.  
  
6.         Results and Discussion 
 
All analytical results were summarized in Table 2. The concentrations shown in this 
table are average values of replicate sample results if there was more than one 
replicate. The total cresol concentrations in this table were the sum of concentration of 
2-methylphenol and 4- and/or 3-methylphenol.   
 
Discussions about the analytical results on metal, semi-volatile organic compounds, and 
acute aquatic LC50 are presented below. Tables 3-6 show these analytical results in 
more detail than Table 2, respectively. 
 
All laboratory analytical data are reported in Appendix IV. Since samples CADF-COMP, 
CAHF-COMP, ACQDF, DF creosote Comp have replicate composite samples, the 
names of the samples are CADF-COMP1, CADF-COMP2. MB indicates mill blank or 
equipment blank (see Section 5 above). 

Most metals were non-detectable (ND) in the copper-based preservative treated lumber 
samples, except barium, copper, and zinc. Trace levels of barium and zinc were found 
in both treated and untreated control samples.   

Copper concentrations exceeded regulatory threshold levels (TTLC and STLC) in all 
samples, except three CADF composites. However, the average copper concentration 
in four CADF composite samples was higher than its TTLC (2,500 mg/kg) (see Table 3). 
Therefore, the copper-based treated lumber products, when disposed, should be 
handled as a non-RCRA hazardous waste.  
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Table 2 

Comparison of Analytical Results with California Waste Classification Criteria 

Name of 
Composite 

Sample 

Number of 
Replicates 
Averaged 

Metal Total 
Concentration 

vs. TTLC 

Metal Soluble 
Concentration 

vs. STLC 

Organic Total 
Concentration 

vs. TTLC 

Organic 
Leachable 

Concentration 
vs. TC 

96-hr 
Aquatic 
Bioass
ay LC50 
Results

* 

Hazardous 
Waste     
when 

disposed 

? 

CADF-
COMP 

4 Only Cu 
exceeded  
2518 vs. 
2500 mg/kg 

Only Cu 
exceeded 
218 vs. 25 
mg/l 

N/A N/A Not 
less  

Yes 

CAHF-
COMP 

4 Only Cu 
exceeded  
4843 vs. 
2500 mg/kg 

Only Cu 
exceeded 
468 vs. 25 
mg/l 

N/A N/A <250 
mg/l  

Yes 

ACQDF 
COMP 

 

4 Only Cu 
exceeded  
3900 vs. 
2500 mg/kg 

Only Cu 
exceeded 
365 vs. 25 
mg/l 

N/A N/A Not 
less 

Yes 

DF 
Creosote 
Comp 

3 N/A N/A ND ** ND***, 
except trace 
Total Cresol  
1.4 vs. 200 
mg/l 

<250 
mg/l  

Yes 

HW (oak) 
Creosote 

1 N/A N/A ND ** ND***, 
except trace 
Total Cresol  
0.42 vs. 200 
mg/l 

Not 
less  

No 

DFCONT
ROL-
COMP 

4 ND ND ND ND Not 
less 

No 

HFCONT
ROL-
COMP 

1 ND ND ND ND Not 
less 

No 

Oak 
Control 

1 N/A N/A ND ND Not 
less 

No 

ND  -- non-detectable  N/A  -- not analyzed 

*   The regulated 96-hr acute aquatic LC50 is less than 500 mg/l. 
**  Some organic compounds that have no regulatory TTLC were detected: naphthalene, acenapthalene, 
acenapthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, ideno(1,2,3-cd)pyrene, benzo(ghi)perylene, phenol, 2,4-
dimethyl phenol, carbazole, 2-methyl naphthalene, dibenzofuran, and 4-nitroanaline. 
*** Some organic compounds that have no regulatory TC were detected: naphthalene, acenapthalene, 
acenapthene, fluorene, phenanthrene, phenol, 2,4-dimethyl phenol, carbazole, and dibenzofuran. 
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Table 3  Copper Concentrations in Samples 

Total Copper Concentration   (mg/kg) Soluble Copper Concentration  (mg/l) Sample 
COMP

1 
COMP

2 
COMP

3 
COMP

4 
AVERAGE COMP

1 
COMP

2 
COMP

3 
COMP

4 
AVERAGE 

CADF-COMP 2480 2420 2730 2440 2518 213 198 245 216 218 
CAHF-COMP 4890 4680 4630 5170 4843 447 457 452 515 468 
ACQDF 
COMP 

3980 3790 3860 3970 3900 364 356 360 378 365 

DFCONTROL
-COMP 

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

HFCONTROL
-COMP 

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

 
Because this study was not done on out-of-service lumber samples, it is hard to predict 
how much copper was left in the treated lumber after service. The copper levels in out-
of-service treated lumber may vary in a range, depending on their service condition 
(above ground, under ground, soil or water contact, and weather conditions) and service 
age. However, as the level of copper in the lumber products was at such a high level, 
compared with the regulatory threshold level, the out-of-service copper-based 
preservative treated lumber may exhibit a toxicity characteristic as well. 

The CADF samples contained much lower copper concentration than ACQDF samples, 
and the CA-B treated Hem-fir special group (white fir) sample contained the highest 
copper concentration, which may be due to originally different retention levels for 
different combinations of wood species and preservatives.    

Many semi-volatile organic compounds (SVOCs) can be analyzed by GC/MS (US EPA 
SW-846, method 8270C). However, only a few of them have their regulatory TTLC and 
TC. Most regulated SVOCs in the out-of-service creosote railroad tie samples are non-
detectable (ND), except very low levels of cresol (methyl phenol). The leachable cresol 
concentrations ranged from ND to 0.94 mg/l, much less than its TC 200 mg/l. The total 
cresol concentrations ranged from 10 to 100 mg/kg, but there is no TTLC level for cresol.  
Please see Table 4 for the cresol concentrations in samples.   
 
Both leachable (using TCLP) and total concentrations of pentachlorophenol (PCP), 
which are regulated, in all railroad tie samples were reported ND. The total 
concentrations of PCP were reanalyzed since the first analysis reported the PCP 
quantitation limit at 25 mg/kg or 50 mg/kg. In order to compare with the PCP regulatory 
TTLC (17 mg/kg), the second analysis reported ND again with a PCP quantitation limit 
of 10 mg/kg.  
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Table 4  Total and Leachable Semi-Volatile Organic Compounds (SVOC)  
in Creosote-Treated Railroad Ties 

 
Total SVOC (mg/kg) Leachable SVOC (using TCLP)  (mg/l) Sample 

Cresol PCP Total 
PAHs* 

Phenolics** Hetero-
cycles***

Cresol PCP Total 
PAHs* 

Phenolics** Hetero-
cycles***

DF Creosote 
Comp1 

69 <10 11,830 103 750 1.40 <0.5 3.3 2.54 0.30 

DF Creosote 
Comp2 

120 <10 19,328 246 1,700 <0.04 <0.5 
4.5 & 
3.5 

<0.04 <0.04 

DF Creosote 
Comp3 

130 <10 16,838 275 1,500 <0.04 <0.5 
4.7 & 
3.9 

<0.04 <0.04 

HW (Oak) 
Creosote 

43 <10 8,148 43 680 <0.04 <0.5 3.1 0.71 0.34 

DFCONTROL-
COMP <2 <10 <2**** <2**** <2 <0.04 <0.5 <0.04 <0.04 <0.04 

Oak Control <2 <10 <2**** <2**** <2 <0.04 <0.5 <0.04 <0.04 <0.04 

*      The PAHs include napthalene, acenapthene, acenapthalene, fluorene, phenanthrene, anthracene, 
fluoranthene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
benzo(a)pyrene,  ideno(1,2,3-cd)pyrene, benzo(g,h,i)perylene, and 2-methyl naphthalene. 

**    The phenolics include phenol, 2,4 dimethyl phenol, 2-methylphenol, and 4-&/or3-methylphenol. 
***   The hetero-cycles include carbazole and dibenzofuran. 
**** The Quantitation Limit of total concentration for naphthalene, acenapthene, fluorene, phenanthrene, 
anthracene, fluoranthene, pyrene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, carbazole, 
2-methyl naphthalene, and dibenzofuran for some samples is 200 mg/kg, for 2,4 dinitrophenol, 2-methyl-
4,6-dinitrophenol, and 4-nitro phenol is 25 mg/kg. 
 
Some organic compounds that are not listed in TTLC and TC regulated tables were 
detected, including polycyclic aromatic hydrocarbons (PAHs) that are toxic. Table 4 also 
shows the other regulated and non-regulated SVOCs in the creosote-treated railroad tie 
samples. DTSC summarized the total PAHs, phenolics, and hetero-cycles that were 
found in the creosote-treated railroad tie samples in Table 4.   
 

Table 5  Total vs. Leachable (using TCLP) Concentrations of PAHs 
 

PAH naphthalene acenapthene fluorene phenanthrene
Total (mg/kg mean, n=4) 2400 1600 675 3100 
Leachable (mg/l mean, n=6) 3.2 0.27 0.13 0.18 

 
Compared with their total concentrations, the leachable concentrations were much 
lower than expected. Table 5 lists a few PAHs average total and leachable 
concentrations. These results reveal that the PAHs in creosote-treated wood were not 
highly leachable.  
 
Only two kinds of composite samples could not pass the 96-hour aquatic bioassay LC50 
regulatory level (500 mg/l) (see Table 6). One was CA-B treated Hem-fir (white fir). It 
also contained more copper than the other two copper treated lumbers – ACQ-C treated 
Douglas fir and CA-B treated Hem-fir (white fir). The other was out-of-service creosote-
treated Douglas fir. Three replicate samples all had an LC50 less than 250 mg/l. The 
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results indicate that the sampled creosote-treated Douglas fir waste could be a potential 
non-RCRA hazardous waste. Different from the Douglas fir railroad tie samples, the 
creosote-treated Oak ties did not fail the aquatic bioassay analysis, although the 
survival rates were 60 and 70 percent for the duplicate bioassays at 500 mg/l. The fish 
survival rate in all 500 mg/l untreated wood bioassay tests was 100 percent, which 
indicated that the untreated wood is not toxic to fish.   
 

Table 6  Results of Acute Aquatic 96-hr LC50 Tests 
 

Sample LC50 (mg/l) Survival Percentage (500 mg/l) 
CADF-COMP (n = 4) >750 100% 
CAHF-COMP (n = 4) <250 0% 
ACQDF COMP (n = 4) >750 100% 
DF Creosote Comp1 <250 20% & 10% 
DF Creosote Comp2 <250 20% &  10% 
DF Creosote Comp3 <250 10% & 0% 
HW (oak) Creosote >500 60% & 70% 
DFCONTROL-COMP (n = 4) >750 100% 
HFCONTROL-COMP >750 100% 
Oak Control >750 100% 

The aquatic bioassay results on railroad ties are different from those previously 
obtained by Wheelabrator Shasta Energy Company. The difference could be caused by 
the wood species, the particle size, or the age of the railroad ties. The bioassay results 
obtained in this study reflect that certain railroad ties are hazardous to fish. Although the 
aquatic bioassay in this study was a screening test, the results indicate that it is 
necessary to take into account bioassay results prior to discharging the railroad tie 
waste. 

Although staff of DTSC and University of California Cooperative Extension carefully 
planned this sampling study, many uncertainties still exist. For example, the wood 
moisture was unknown, which may affect the results. The service years of creosote-
treated ties were undetermined, and could be a significant range.  
 
Additionally, uncertainties arise from the practical realities of sample collection. Selected 
sampling locations must be representative of California. DTSC initially planned to collect 
samples from approximately 20 locations statewide. However, DTSC found that most 
lumber yards carry only one kind of treated lumber, so it is rare to find all three treated 
wood species at one lumber yard. Thus, the samples were collected from fewer 
locations than planned.  
 
Notwithstanding these uncertainties, DTSC believes that the composite samples are 
representative of California’s treated wood. The high levels of copper in the treated 
wood with copper-based preservatives are significant. 
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There are different sizes of lumber and timber available in the California market. 
Because the wood treatment is a surface process, it is reasonable to assume that the 
higher the ratio of surface to volume, the higher the concentration of preservative is 
absorbed. The 8”x 8” lumber, which DTSC did not sample, may have less copper 
concentration than the 2”x 8” lumber. The surface to volume ratio for a large timber is 
smaller. The surface to volume ratio for an 8” x 8” is 0.52, and for a 4” x 4” is 1.02. The 
2” x 8” lumber was selected because it is fairly common, and its surface area to volume 
ratio is approximately 1.27. This study did not plan to collect other sizes of lumber.  
 
This project studied the commonly commercially available wood treated by copper-
based wood preservative. It was not DTSC’s intent to compare the different chemical 
manufacturers. Therefore, DTSC did not research different chemical companies’ 
products during the sampling. 
 
In accordance with Cal. Code Regs., Title 22, Chapter 11, Appendix II, two millimeter (2 
mm) or less of particle size is required for: (1) total and extractable metal content listed 
in Section 66261.24(a)(2)(A); and (2) extractable organic content listed in Section 
66261.24(a)(2)(B) if the waste is a millable solid. One millimeter (1 mm) or less of 
particle size is required for total content of organic listed in 66261.24(a)(2)(B) if the 
waste is a millable solid. The US EPA sample extraction Method 3540 for semi-volatile 
organic compounds in solid sample (by Soxhlet extraction) also calls for 1 mm particle 
size. 

The composite samples prepared in ECL were all milled to pass through the 2 mm sieve. 
Further grinding would have caused excess heat in the mill that may have degraded the 
sample. For fibrous samples, Method 3540 states that particle size reduction should be 
sufficient to ensure contact with solvent. Appendix III in Cal. Code Regs., Title 22, 
Chapter 11, states that SW-846 should be consulted for appropriate methods for each 
“specific sample analysis situation.” It was therefore determined that the 2 mm sieve 
size used for the CA and ACQ, and creosote wood analyses was acceptable. 

7. Conclusions  
 
Based on the analytical results of copper-based and creosote-treated wood samples, 
DTSC summarized the following conclusions: 
 

1. Wood products treated by ACQ-C and CA-B contain high level of copper, which 
exceeds California TTLC and STLC regulatory criteria. Therefore, wood products 
treated by ACQ-C and CA-B have the potential to be a non-RCRA hazardous 
waste when disposed.  

 
2. All untreated wood samples were not toxic to fish. The fish survival rate in 500 

mg/l bioassay was 100 percent. 
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3. Creosote-treated railroad ties contain materials toxic to fish. Sampled out-of-
service creosote-treated railroad ties have the potential to fail the California 
regulated acute aquatic 96-hr LC50 bioassay. The survival rates in all three 
Douglas fir out-of-service railroad tie composite samples were less than 50 
percent in 500 mg/l bioassay. Therefore, out-of-service creosote-treated railroad 
ties have the potential to be a non-RCRA hazardous waste when disposed.  

 
4. Treated wood samples can be prepared by cutting lumber into sections, sub-

sections, cubes, and further by grinding to obtain a proportional representative 
treated and non-treated mixture. 

 
5. Visually distinguishing the treated and non-treated areas at the cross sections of 

both treated copper-base lumber products and out-of-service railroad ties is 
feasible.   

 
6. It is the generator’s responsibility to determine waste classification. 
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