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Division of Water Quality

P.O. Box 100

Sacramento, CA 95812-100

Re:  Application for Trash Treatment Control Device - Bio Clean® Modular Wetland
System (MWS) - Revised

Dear Mr. Favila,

Bio Clean® is pleased to submit this revised application for the Modular Wetland System (MWS)
for Certification as a Full Capture System - Trash Treatment Control Device. Documentation for
this application is being submitted in accordance with the California State Water Resources
Control Board Trash Treatment Control Device Application Requirements document that includes
the following minimum requisite sections:

Cover Letter

Table of Contents

Physical Description

Installation Information

Operation and Maintenance Information
Reliability Information

Field/Lab Testing Information and Analysis

He k=

Please contact me with any questions or should additional information be required. Thank you
for your consideration of this application.
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Zachariha J. Kent
Vice President of Product Development & Regulatory Compliance
Bio Clean®, A Forterra Company

398 Via El Centro, Oceanside, CA 92058
(760) 433-7640 » Fax (760) 433-3176
www.biocleanenvironmental.com



1.0 COVERLETTER

1.A. A general description of the Device;

The Modular Wetlands® is a multi-stage, storm water treatment system that incorporates screening,
sedimentation, filtration, adsorption, and biological remediation for removal of trash, floating and
neutrally buoyant debris, suspended sediments, nutrients, heavy metals, and hydrocarbons from
the storm water. The Device consists of a settling chamber, a cartridge-based media pre-filter, a
wetland filtration chamber and an outlet chamber all housed in a precast concrete vault. The
Modular Wetlands® is available in several configurations including configurations that allow for
grated inlet flow, curb inlet flow, pipe or roof drain flow, and online or offline flow. All design
flows must pass through a pre-filter which contains a series of screens that decrease in size to an
aperture not greater than 3.175mm ensuring capture of all particles 5mm in size or larger. Captured
trash and debris is stored in the pretreatment chamber which is hydraulically isolated from the
outlet of the Device by screens.

1.B. The:applicant’s contact information and location;

California Contact:

William Harris

National Product Sales Director
Bio Clean®, A Forterra Company
398 Via El Centro

Oceanside, California

(760) 205-2185
William.Harris(@{forterrabp.com

Corporate Contact:

Zachariah J. Kent

Vice President of Product Development & Regulatory Compliance
Bio Clean®, A Forterra Company

511 East John Carpenter Freeway

Irving, Texas 75062

(760) 433-7640

Zach kent@forterrabp.com




1.C. The Devices” manufacturing location;

The stormwater division of Bio Clean® is supported through manufacturing by its parent company
Forterra Building Products. Forterra Building Products currently has 88 manufacturing locations
throughout the country. Three facilities currently provide support for the California market and are
listed below:

Forterra Building Products

Drainage Pipe and Products Division
7020 Tokay Avenue

Sacramento, California 95828

Fortetra Building Products
Drainage Pipe and Products Division
26380 Palomar Road

Menifee, California 92585

Forterra Building Products

BioClean Stormwater Management Systems
398 Via El Centro

Oceanside, California 92058

1.D. A brief summary of any field/lab testing results that demonstrates the
Device functions as described within the application;

Bio Clean® has conducted numerous field and laboratory tests on the Modular Wetlands® system.
None of these tests contained a technical component or requirement to monitor the removal of
trash or specifically the capture of a 5Smm particle or greater. However, the testing monitored for
removal of fine and dissolved pollutants and the presence of trash in the effluent would be a cause
for concern and potentially non-conformance to the test protocols. One of the most rigorous field
monitoring studies conducted on the Modular Wetlands® system was the Washington Department
of Ecology Field Monitoring Study Conforming to TAPE (Technology Assessment Protocol
Ecology). This field monitoring study spanned a period of just over 13 months and included 28
separate sampled storm events. No evidence of trash or debris in the effluent was detected. A
copy of the TER (Technical Evaluation Report) is included with this application in Appendix F.

Additionally, the Modular Wetlands® system includes a series of screens, the last in the series
containing openings not greater than 3.175mm thereby negating the need for testing but also
ensuring Full Capture of particles Smm or greater.



1.E. A brief summary of the Device limitations, and operational, sizing, and
maintenance considerations;

The Modular Wetlands® is a pre-engineered, multi-stage, storm water treatment system designed to
meet site-specific water quality treatment requirements. Conformance with the Engineer’s Plans and
Specifications is essential to ensure proper operation and function of the Device.

Bio Clean® manufactures the Modular Wetlands® using a precast concrete housing, stainless steel and
durable plastic internal components. The materials selected serve a wide variety of applications and
are the most durable materials available for these type devices. Adherence to minimum and maximum
installation depths and installation recommendations are required to ensure the design service life of
the Device is maintained.

Modular Wetlands® systems should be sized to meet site and region specific water quality objectives
and requirements. Systems that are not designed and installed in conformance within the maximum
treatment flow rate and maximum bypass flow rate limits can cause adverse hydraulic conditions.
Additionally, non-conformance with the Device design limits may cause non-compliance with the
water quality objectives and requirements.

All structural, post-construction Best Management Practices require routine and scheduled inspection
and maintenance. Inspection and maintenance is facilitated by large hatches for access to the treatment
bays and perimeter mounted screens for access to the trash and sediment storage areas. System design
should consider accessibility of the Device for inspection and maintenance. Design considerations for
maintenance frequency should also be a consideration.

1.F. A description or list of locations, if any, where the Device has been
installed. Include the name and contact information of as many as three
municipality(s) purchasing the Device, and

Installation 1

Project Name: Ontario Soccer Park

Device: 8eca MWS Linear Curb and Vault Style
Agency: City of Ontario, CA
Contact: Mr. Stephen Wilson, CPESC/QSD

Environmental Water/Wastewater Engineer
(909) 395-2389
swilson(@ontarioca.gov




Installation 2

Project Name: Oceanside Harbor

Device: lea MWS Linear Curb Style
Agency: City of Oceanside, CA
Contact: Mr. Mo Lahsaie, Ph.D., REHS

Clean Water Coordinator
(760) 435-5803
mlahsaie(@ci.oceanside.ca.us

Installation 3

Project Name: Moffett Drive and Legacy Road Extension Roadway Construction

Device: 18ea MWS Linear Curb Style
Agency: City of Tustin, CA
Contact: Mr. Alex Waite

Environmental Compliance Specialist
(714) 573-3305
awaite(@tustinca.org

1.G. The certification below:

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 assure that qualified personnel properly gather
and evaluate the information submitted. Based on my inquiry of the person or persons that manage the
system or those persons directly responsible for gathering the information, to the best of my knowledge
and belief, the information submitted is, 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.
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: 06/29/2018
Edward Sexe, P.E., Senior Vice President and General Manager Date
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3.0 PHYSICAL DESCRIPTION

3.A. Description on how the Device works to trap all particles that are 5 mm
or greater in size and how it is sized for varying flow volumes;

The Modular Wetlands® is a multi-stage, storm water treatment system that incorporates screening,
sedimentation, filtration, adsorption, and biological remediation for removal of trash, floating and
neutrally buoyant debris, suspended sediments, nutrients, heavy metals, and hydrocarbons from
the storm water. The Device consists of a settling chamber, a cartridge-based media pre-filter, a
wetland filtration chamber and an outlet chamber all housed in a precast concrete vault. The
Modular Wetlands® is available in several configurations including configurations that allow for
grated inlet flow, curb inlet flow, pipe or roof drain flow, and online or offline flow. All design
flows must pass through a pre-filter which contains a series of screens that decrease in size to an

MWS Linear

individual Media Filters

Carridge Housing

(]: Pre-Treatment @\ Biofiltration r/§ Discharge

Figure 1 - Modular Wetlands® System Operational Diagram

aperture not greater than 3.175mm ensuring capture of all particles Smm in size or larger. Captured
trash and debris is stored in the pretreatment chamber which is hydraulically isolated from the
outlet of the Device by screens.



Figure 1 illustrates the operation of the Modular Wetlands® system under normal flow conditions.
Storm water flows must pass through a series of three treatment chambers prior to exiting the
Device. Each of the three chambers provides a critical function to the multi-stage process for
treating the storm water.

The treatment process begins when water enters the pre-treatment chamber of the Modular
Wetlands® system. Water enters the Device either through a grated inlet, a curb inlet or through
piped flows or a combination of the three depending on the designed configuration. Before the
water may exit to the second treatment chamber, it must first pass through the pre-filter, which is
comprised of a series of screens and granular media. See Figure 2. The pre-filter assembly has a
main housing made from High Density Polyethylene. The housing is perforated and slotted and
acts as a screen to block large material from entering the pre-filter. The openings in the housing

Granular
Media

Screened
Cartridge

Housing

Slotted
Central
Tube

Figure 2 - Section View of the Modular Wetlands® Pre-Filter Assembly

are not larger than 0.75in diameter. The storm water progresses through the pre-filter and
encounters the second screen. This screen is made from a vinyl coated wire mesh with openings
not greater than 0.5in square. The mesh cage serves to hold the granular media and serves to block
a slightly smaller trash and debris particle than the first screen. The media is additionally contained
within a polyester bag. The bag also serves to contain the granular media but also functions as a
screen to block additional trash and debris. The openings in the knitted polyester bag do not exceed
10mm in any given direction. The storm water next encounters the media. Since the media is in
a granular form, it also serves to screen particles from the storm water. After treatment by the
media, the water is collected in each cartridge by a central tube. The tube is made from a slotted
PVC pipe and the slots have openings not greater than 3.175mm. All the tubes connect to a lower
channel at the bottom of the pre-filter assembly and water is collected in this location prior to
exiting the pre-treatment chamber. All flows must pass through the media and screens prior to
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exiting the pre-treatment chamber thus ensuring all particles Smm or greater in size are captured
for all flows less than the maximum design flow.

The storm water exits the pre-filter chamber via a 4-inch diameter PVC pipe. One or more pre-
filter assemblies may be utilized and each will convey water to the biofiltration chamber via these
4-inch diameter pipes. The biofiltration chamber consists of a proprietary wetland media, growing
media, and plantings. The chamber provides an advanced level of treatment for the storm water
that includes processes such as filtration, adsorption, absorption, denitrification, and

Figure 3 - Top Down Section View of the Modular Wetlands® system lllustrating Water Flows Through the Chambers

bioaccumulation. Once water enters the chamber it is routed to the perimeter of the chamber
through a system of vertically arranged drain panels. This ensures even dispersal around the
perimeter of the media bed. Water enters the media bed horizontally ensuring a large surface
contact area, which minimizes blockage of the media. Water must pass through a minimum 20-
inch thick depth of media prior to entering an assembly of perforated collection pipes at the center
of the chamber. In addition, the media is contained within a polyester netting material with
openings no larger than 5.0 mm in size. All water must pass through the netting and the media.
There is no flow path that does not pass through the netting or media ensuring all water that enters
the biofiltration chamber is screened and filtered.

The final chamber of the Modular Wetlands® system is the discharge chamber and as the name
suggests this chamber regulates the discharge of water from the Device. An orifice plate or valve
in this chamber is factory set to regulate the water discharge from the Device. Although this
chamber provides no direct treatment, it does determine the amount of water that can be processed
through the Modular Wetlands® system. The orifice plate and/or valve are set so that the design
Maximum Treatment Flow Rate
is not exceeded for the Device.

The Modular Wetlands system
may be utilized as an online or
offline system. Systems that are
designed offline operation must
ensure that the diversion
mechanism utilized diverts all
flows up to the flows generated

Figure 4 - DVert® Low Flow Diversion System by the Full Capture Demgn
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Storm. Figure 4 is an illustration of BioClean’s DVert® low flow diversion system. This system
routes flows for treatment to the Modular Wetlands® and all flows greater than those from the
Design Storm are routed around the system via a bypass pipe. This ensures that large flows do not
enter the Device thus eliminating resuspension of previously captured trash and debris from the

|
Connector Pipe |
Screen |
|

|

|

Figure 5 - Modular Wetlands® System in Bypass

pre-treatment chamber from these peak flows.

When utilized as an online Device, the Modular Wetland® System is designed to internally bypass.
The design of the Device allows flow in excess of the maximum treatment flow rate to bypass the
wetlands treatment chamber while still retaining the Full Capture properties of the Device. Figure
5 illustrates a typical Modular Wetland® System vault configured for internal bypass. Flow enters
the vault on the left side of the vault as illustrated in the Figure with the large blue arrow.
Stormwater may enter through one or multiple pipes, grate or curb inlets. Flows less than the
maximum treatment flow rate for the Device are maintained at a level beneath the top of the bypass
weir and all flows pass through the pre-treatment and wetlands treatment chambers. F lows in
excess of the maximum treatment flow rate will cause the water level in the pre-treatment
chambers to overtop the bypass weir. This flow path is illustrated in the Figure with the red arrows.
These flows are not pre-treated and do not pass through the wetlands treatment area. To prevent
the release of trash and to maintain Full Capture properties for the Device, the Modular Wetland®
System configured for internal bypass is equipped with a Full Capture Certified Connector Pipe
Screen (CPS). The Full Capture Certified CPS is installed at the outlet of the Device and all flows
that enter the Device must pass through the CPS thus ensuring Full Capture of all Trash.

A video demonstrating the operation of the Modular Wetlands® can be found at the link below:

https://vimeo.com/211548965

12



Modular Wetlands® Characteristics and Capacity Table
California Full Capture Certified Capacities

Table 1
| MTFR Trash Storage | Sediment Storage

MWS Model (Trash/Sediment) Capacity Capacity
(cfs) (ft®) (ft3)
MWS-L-4-4 0.052 | 10.7 27
MWS-L-4-6 0.073 15.0 3.7
MWS-L-4-6.33 0.073 16.7 4.2
MWS-L-4-6.5 . 0,073 17.6 4.4
MWS-L-4-8 0.115 19.8 4.9
MWS-L-4-13 0.144 32.0 8.0
MWS-L-4-15 0.175 32.0 8.0
MWS-L-4-17 0.206 32.0 8.0
MWS-L-4-19 0.237 32.0 8.0
MWS-L-4-21 0.268 32.0 8.0
MWS-L-6-8 0.147 30.5 7.6
MWS-L-8-8 \ 0.23 36.7 9.2
MWS-L-8-12 0.346 56.3 14.1
MWS-L-8-16 0.462 85.7 21.4
MWS-L-8-20 0577 94.0 235
MWS-L-8-24 0.693 123.4 30.8
MWS-L-10-20 0.693 90.0 225

3.B. Design drawings for all standard Device sizes including dimensions, and
alternative configurations;

Design drawings for all standard devices and configurations are included in Appendix A.
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3.C. Photographs, if any, of pre- and post-installation examples; and

Photographs of the Modular Wetlands®in various stages of installation and operation are included
below:

Figure 6 — Modular Wetlands® Offload From Truck Figure 9 - Modular Wetlands® Placement

Figure 8 - Modular Wetlands® Placement lacement

14



Figure 14 - Pre-Treatment Chamber with Trash and Debris

15



“

Figure 18 - Maintenance of Modular Wetlands® System

Eigure 19 - Maintenance of Modular Wetlands® System

3.D. Alternative Configurations;

Alternate configurations of the Modular Wetlands® have been included in Appendix A.

3.E. Engineering plans/diagrams for a typical installation;

Typical installation details are included in the Installation Manual located in Appendix C.

3.F. The Device maximum trash capture capacity;

Table 1 lists the trash capture volume (ft*) retained by each Modular Wetlands® model. The trash
capture volumes listed are maximum volumes that can be removed without a reduction in treatment

performance and considers full retention of trash with no re-entrainment under peak flow
conditions.

16



3.G. The Device hydraulic capacity (flow in cfs) at 1ts maximum trash capture
capacity for all standard Device sizes;

The maximum hydraulic capacity at the maximum trash capacity is listed as the MTFR (Trash)
in Table 1.

3.H. Each material and material grade used to construct the Device (stainless
steel, plastic, etc.); '

The Modular Wetlands® treatment system is constructed of high strength, durable materials and
components that ensure a long design and service life for the Device. Appendix B of this submittal

~ includes a detailed Specification. for the Modular Wetlands® Device which includes material
.specifjcations. - Key:materials and components are additionally listed below:

. .. Structure — The Modular Wétlands® and all of its components are self-contained within a

. concrete structure constriicted with a minimum 28 day compressive strength of 5,000psi or
greater, with reinforcing steel per ASTM A 615, Grade 60, and is designed to support a
minimum loading of H-20 per AASHTO.
- o Pre-Treatment Cartridge Screened Housing — The filter housing is made from High Density
. Polyethylene (HDPE) and screened openings are no larger than 0.75in diameter.
» Mesh Media Cages — The pre-treatment media is housed inside of mesh screens made from
14 gauge vinyl coated mesh with openings no larger than 0.5in square. '
¢ Filter Media Bag — The media is housed in bags made from 100% polyester with openings
sized not greater than 9mim and knitted at 9 holes/inch. ‘
¢ Filter Central Tube — The central tube for the pre-treatment filter is made from SCHS80
PVC tube containing slots not greater than 0.125in (3.175mm) in size and spaced 120
degrees apart every 3/16 in.
¢ Media — The media consists of expanded and vitrified ceramic material conforming to
ASTM €330, ASTM C331, and AASHTO M195.
Planting — The plants in the main treatment bay are drought tolerant and native.
Plant Support Media — The growing media for the plantings is made from melted basalt
spun into fibers and formed into blocks that contain no chemicals, fertilizers or organic
material and has a void percentage of 80%.

3.J. Conditions under which the Device re-introduces previously trappéd
trash;

The Modular Wetlands® system has been designed to remove and permanently retain all trash and
debris (and other pollutants) that are 5mm in size or larger. Conditions under which the Device
re-introduces previously trapped trash are listed below:

» If the device is not properly maintained and trash and debris are allowed to accumulate
beyond the prescribed maximum allowable level in the pre-treatment bay, conditions will
be present that could cause a re-introduction of trash into the storm drain flows via the
bypass mechanism.
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¢ Broken or damaged screens, nets or mesh in the pre-treatment bay can cause an adverse
condition that would allow re-introduction of trash and debris into the effluent.

e Missing or un-replaced screens, nets, or mesh after a maintenance service can cause an
adverse condition that could re-introduce trash and debris into the effluent of the Device.

3.J. Estimated design life of the Device;

The estimated design life for Modular Wetlands® system is 75 to 100 years. The design life is
dependent on the materials utilized as well as the proper application of those materials, Certain
components such as the media, media bags, soil, and plantings are consumable materials and are
.intended to be removed and replaced on a routine bases.

3.K. If the Device is substantially similar to a currently listed Certified
Device(s), name the Certified Device(s) and identify the substantial
similarities and any ‘miner changes in materials, material thickness,
structural assembly, etc. Explain how these minor changes in your Device
will impact performance. as compared to the substantially similar
Certified Device. '

_ The Modular Wetlands® is not similar to any currently listed Certified Devices.

4.0 INSTALLATION INFORMATION

4.A. Installation considerations;

Tnstallation considetations for the Modular Wetlands® are included in the Installation Manual in
Appendix C of this Application.

4.B. Device installation procedures; and

Installation requirements and procedures are detailed in the Modular Wetlands® Installation
Guidelines for Modular Wetland System which has been included in Appendix C of this submittal.
The guidelines include requirements and procedures for: '

Delivery & Unloading/Lifting
Inspection

Site preparation

Installation

Wetland Media Install/Planting
Installation Details

Weights and Lifting Details
Connection Details

18



In general terms, installation of the Modular Wetlands® system is similar to installation of precast
utility vaults and storm drain structures. The components unique to the Modular Wetlands® that
make it full capture capable and that provide other pollutant removal capabilities are housed
internally in the Modular Wetlands® vault. These internal components are pre-installed at the
factory or are sometimes post-installed on site by the manufacturer. No Contractor or Owner
installation of these components is required.

Post installation inspection of the Modular Wetlands® is strongly advised. A representative from
Bio Clean® is available for on-site inspection as support for the Owner. Inspection should
determine if the Modular Wetlands® was installed properly as well as provided in a clean condition
with no defects as a result of the installation.

Installation for Trash Capture in gssociation with Full Capture programs, Trash TMDLs, or the
Statewide Trash Amendment are” ofico retrofit type installations. Care should be taken to
- determine existing and as-built conditions to determine if the Modular Wetlands® must be supplied
in a unique configuration to.meet 'the retrofit conditions. Consideration must be given to any
" unique configurations for flow, treatment, and installation,

4.C. Methods for diagnosing and correcting installation errors.

Bio Clean® has a process for design and manufacturer that includes checks and balances to
minimize and eliminate errors in the design and manufacturing processes for the Modular
Wetlands® systems. This process involves a formal submittal and review of the design and
fabrication details for each unit. The Owner has and should take this opportunity to review the
proposed Device prior to installation. This process helps to reduce or eliminate errors during
installation. In the event an installation error does occur, the error should be documented and
reviewed with Bio Clean® and the Contractor immediately upon determination of the error.

Bio Clean® recommends prepating an installation checklist for use during and after installation of
the Modular Wetlands® system. The checklist should include key criteria for determination of
proper installation. This checklist should be reviewed in its entirety at the completion of the
installation and kept as documentation of proper installation. If during the checklist review an
error is determined, the documented error should be reported to Bio Clean® as well as the Owner
and Engineer. The checklist should include key criteria such as;

Inlet/Outlet Pipe Size

Inlet/Outlet Pipe Diameter

Inlet/Outlet Pipe Material

Inlet/Outlet Pipe Elevations

RIM Elevation

Bedding Elevation .
Bedding and Backfill Type and Compaction
Concrete Vault Sections Properly Sealed
Concrete Condition

Internal Component Condition
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¢ Vault Protected from Consiruction Runoff
e Plant Condition

Additionally the Modular Wetlands® can be inspected after commencement of operation to
determine proper operation.

5.0 OPERATION AND MAINTENANCE INFORMATION

5.A. Device inspection frequency considerations and inspection procedures;

The Modular Wetlands® Inspection Guidelines for Modular Wetland System - Linear is included
with this submittal in Appendix D.{ This manual includes detailed requirements and
recommendations for inspection of the Modular Wetlands® when used as a Full Capture Trash
Treatment Control Device. A summary of the requirements and recommendations are listed
below:

Inspection Summary

o Inspect Pre-Treatment Chamber.

Inspect Biofiltration Chamber.

Inspect Discharge Chamber.

Typical inspection interval is six to twelve months.
Typical inspection time is approximately 15 minutes.

Note;

e Pollutant loading varies greatly from site to site and no two sites are the same. Therefore,
the first year requires inspection monthly during the wet season and every other month
during the dry season in order to observe and record the amount of pollutant loading the
system is receiving.

Inspection Procedures

The Modular Wetlands® system can be inspected though visual observation without entry into the
Device. All necessary pre-inspection steps must be carried out before inspection occurs, especially
traffic control and other safety measures to protect the inspector and near-by pedestrians from any
dangers associated with an open access hatches or manholes. Once these access covers have been
safely opened, the inspection process can proceed:

¢ Prepare the inspection form by writing in the necessary information including project
name, location, date & time, unit number and other info.

e Visually observe the conditions of the inside of the Device in each of the treatment
chambers noting any anomalies or non-conforming conditions. -

o Assess and quantify the amount of trash, debris, and sediment that has accumulated in the
pre-treatment chambers and record this information on the inspection form.
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e Visually inspect the condition of the pre-treatment screens and media cartridges noting
- potential clogging as well as color and condition of the media.

e Inspect the biofiltration chamber for plant condition and health of the plants and document
with pictures as necessary. :

e Inspect the discharge chamber for obstructions to the outlet orifice and outlet pipe. Inspect
the water level and drain down filter for signs of proper function. Specific procedures for
monitoring the system performance are noted in the installation manual.

e Maintenance should be initiated should any of the following conditions be present;

o Missing or damaged internal components.
o Obstruction in the system or it inlet or outlet.

‘o Excessive accumulation of trash and debris in the pre-treatment chamber.

o Excessive accumulation of sediment in the pre-treatment chamber or in the media
cartridges. 7 '

Overgrown vegetation in the biofiltration chamber.

o Standing water in the pre-treatment chamber or discharge chamber.

¢

5.B. Maintenance frequency considerations, maintenance procedures, and a
description of necessary equipment and materials for maintenance;
A full description of the maintenance procedures can be located in the Modular Wetlands®
Muaintenance Guidelinies for Modular' Wetlands System - Linear included with this submittal in

Appendix D. A summary of the key components of the procedures is listed below:

Maintenance Summary

¢ Remove Sediment from the Pre-Treatment Chamber —Typical maintenance interval is 12
to 24 months — Typical service time is 10 minutes.

e Replace Pre-Filter Cartridge Media — Typical maintenance interval is 12 to 24 months —
Typical service time is 10-15 minutes per cariridge. -

« Trim Vegetation — Typical maintenance interval is 6 to 12 months — Service time varies.

Maintenance Procedures

The Modular Wetlands® system is maintained by entry into the Device through the access points
as well as through ground level maintenance. All necessary pre-inspection steps must be carried
out before inspection oceurs, especially traffic control and other safety measures to protect the
inspector and near-by pedestrians from any dangers associated with an open access hatches or
manholes. Additionally, some maintenance activities may require confined space entry, Confined
space entry procedures must be strictly adhered to before and during entry into the Device;

Pre-Treatment Chamber (bottom of chamber)

s Remove access hatch or manhole cover over pre-treatment chamber and position vacuum
truck accordingly.
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With a pressure washer spray down pollutants accumulated on walls and pre-filter
cartridges.

Vacuum out Pre-Treatment Chamber and remove all accumulated pollutants including
trash, debris and sediments. Be sure to vacuum the floor until pervious pavers are visible
and clean. .

If Pre-Filter Cartridges require media replacement move onto step 2. If not, replace access
hatch or manhole cover,

Pre-Filter Cartridges (including screens)

After the pre-treatment chamber has been sufficiently cleaned, safely enter pre-treatment
chamber,

Unscrew the two bolts holding the lid on each cartridge filter and remove lid.

Place the vacuum hosé over each individual media filter to suck out filter media.

Once the majority of filter media-has been removed, use a pressure washer to spray down

- the inside of the cartridge and related screens. Remove the cleaned media cages and place

them to the side. Once remoyed; the vacuum hose can be inserted into the cartridge t0

'vacuum oyt.any remaining material near the bottom of the cartridge.

Reinstall the média cages and fill them with new media. Replace the cartridge top ensuring
bolts are properly tightened.

- Exit the pre-treatment chamber, Replace the access hatch or manhole cover,

Biofiltration Chamber (middle vegetated chamber)

In general, the biofiltration chamber is maintenance free with the exception of maintaining the
vegetation. Using standard gardening tools properly trim back the vegetation to healthy levels. The
Modular Wetlands® system utilizes vegetation similar to surrounding landscape areas therefore
trim vegetation to match surrounding vegetation. If any plants have died replace the dead plants
with new ones:

Discharge Chamber (contains drain down cartridge)

Remove the access hatch or manhole cover over the discharge chamber,

Enter the chamber to gain access to the drain down filter, Unlock the locking mechanism
and lift up the drain down filter housing to remove the used filter block.

Insert a new filter block and lock the drain down filter housing back in place.

Replace the access hatch or manhole cover over the discharge chamber.

Record Keeping Maintenance Procedures

Following maintenance and/or inspection, the maintenance operator shall prepare a
maintenance/inspection record. The record shall include any maintenance activities
performed, amount and description of debris collected, and condition of the system and its
various filter mechanism.,
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e The Owner shall retain the maintenance/inspection record for a minimum of five years
from the date of maintenance. These records shall be made available to the governing
. municipality for inspection upon request at any time.

Maintenance Equipment and Materials

The following equipment is helpful when conducting a Modular Wetlands® system inspection and
maintenance;

Recording device (pen and paper form, voice recorder, iPad, ete.)
Suitable clothing (appropriate footwear, gloves, hardhat, safety glasses, etc.)
Traffic contfol equipment (cones, barricades, signage, flagging, etc.)
Manhole hook or pry bar

Flashlight

Tape measure

Measuring stick or sludge sampler

Confined space entry equipment (if necessary)

Vacuum truck

Pressurc washer

7/16” open or closed end wrench

Replacement media

o
a

Effects of delayed maintenance on Device structural integrity,
performance, odors; '

Standardized maintenance frequencies that are suitable for most sites are detailed in Section 5.A.
and 5.B. Maintenance frequency however is very site specific depending on pollutant loading,
Records from inspections and prior maintenances should be periodically reviewed to assess the
appropriateness of the prescribed maintenance frequency. '

Delayed or deferred maintenance can cause diminished pollutant removal, re-entrainment of
pollutants, in vault and upstream hydraulic impacts, and impacts to water quality.

5.D. Vector Control Accessibility:

Unlike other Full Capture storm water treatment Devices, the Modular Wetlands® system does not
require a permanent pool of water to facilitate removal of pollutants. The Modular Wetlands®
system utilizes three unique chambers to facilitate pollutant removal which include a pre-treatment
chamber, a biofiltration chamber, and a discharge chamber. None of the chambers utilize a
permanent pool of water in the pollutant removal process and as a result the Device design does
not promote breeding grounds for mosquitoes and other vector. The Device does maintain a dark
and damp environment between storm events and if regular inspection and maintenance if not
performed the Device could be prone to retain small pools of water. Bio Clean® designed the
Modular Wetlands® to minimize the potential for standing water, Additionally, in the event that
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access for Mosquito/Vector control is necessary, Bio Clean®™ has designed the Modular Wetlands®
with suitable access for these inspection and treatment activities.

The Modular Wetlands® system utilizes three treatment chambers for treatment. Two of these
chambers (pre-treatment chamber and discharge chamber) are subsurface while the third chamber
(Biofiltration chamber) is accessible from the ground level. The pre-treatment chamber and the
discharge chamber are both provided with a single manhole cover or access hatch located centrally
above the chamber. These access points provide for direct access to inspect, and if necessary, to
treat for mosquito and vector. Figure 21 is an illustration of these access points of the Modular
Wetlands® system. The biofiltration chamber is densely populated with biofiltration media and
vegetation. Once populated, the chamber is not accessibly by mosquitoes. The chamber is
accéssible at the ground level for inspection and treatment if necessary.

Biofiltration
Chamber

Pre-Treatment
Chamber

Discharge
Chamber

Figure 21 - Section View of the Modular Wetlands® System

In addition to the access points being conveniently located, the Modular Wetlands® treatment
chambers are relatively shallow and conveniently accessible from ground level. The typical depth
to the inside bottom of a Modular Wetlands® unit is just over four feet. Figure 23 illustrates the
typical depth of a Modular Wetlands® unit. This shallow depth eliminates difficulties experienced
with deeper units and also eliminates the use of specialized equipment that may be required for
inspection and maintenance of deeper units.
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Figure 23 ~15€ction View of Modular Wetlands® Dimensioned with Depth

The Modular Wetlands® system also contains design features that prevent mosquito and vector
breeding and access. The pre-treatmeént chamber and the discharge chamber are both available to

be provided with a drain down feature.” :See Figure 22. Nuisance water that may be present in
these chambers can drain down through a;permeable floor thus eliminating even nuisance standing
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Figure 22 - Permeable Bottom for Drain Down

In addition, all manhole covers and access hatches are supplied with gasketed lids that seal the
Modular Wetlands® system from mosquito and vector access. See Figure 24. Additionally, the
manhole covers are designed with closed pick points. The pick point is a depression or hole in the
cover for a tool to be inserted to help remove the cover. In many cases, the pick point is an open
hole. For the Modular Wetlands® the pick point is a depressed slot that serves the same function
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but does not allow an open hole and access into the vault. Mosquito and Vector are prevented
from entering and escaping through the access points of the Modular Wetlands®.

CLOSED PICK
POINT

by : i |
"‘J"LJL | A

Figure 24 - Manhole Access Frame and Cover with Gasket and Sealed Pick Point

It should be noted that the Modular Wetlands® is available in configurations with curb inlet
openings and grated inlet openings that directly connect to the pre-treatment chambers of the
Modular Wetlands® system. These configurations leave the pre-treatment chamber open to the
outside environment without the possibility for exclusion. As the design of the Modular Wetlands®
system does not utilize a permanent pool of water, the exposed pre-treatment chamber is not
expected to be problematic.

6.0 RELIABILITY INFORMATION

6.A. Estimated design life of Device components before major overhaul;

As previously noted in Section 3.J., the estimated design life for Modular Wetlands® system is 75
to 100 years. The design life is dependent on the materials utilized as well as the proper application
of those materials. Certain components such as the media, media bags, soil, and plantings are
consumable materials and are intended to be removed and replaced on a routine bases. The
estimated design life for the major individual components of the Device are listed below

Component [ Meximum
P Expected Life Expected Life

Concrete Vault 75 yrs. 100 yrs.

Access Covers 735 yrs. 100 yrs.
Internal Components )

{plastic) 50 yrs. 75 yrs.

Internal Components )

(xekal) 25 yrs. 50 yrs.
Pre-Treatment Media 6 mo. 2 yrs.

Biofiltration Media 10 yrs. 20 yrs.

Plantings 5 yrs. 10 yrs.
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6.B. Device sensitivity to loadings other than trash (i.e., leaves, sediment,
etc.);

The Modular Wetlands® is designed to treat a variety of pollutants including sediment, heavy
metals, nutrients, and trash and debris. The presence of other pollutant loadings than trash have no
effect on the trash capture performance of the Device. The Modular Wetlands® operates as a
treatment train and the removal mechanisms are independent of one another. In addition, the
Modular Wetlands® is designed to isolate large pollutants with tendencies to clog such as trash,
leaves, and sediment. The presence of these pollutants in the pre-treatment chamber is evidence
of the Device functioning correctly. Areas with higher than average volumes of leaves and
sediment should be monitored and maintenance frequencies adjusted accordingly.

6.C. Warranty Information; and

Bio Clean provides a five year limited warranty for the Modular Wetlands® system per the
conditions listed in the warranty document included in the application in Appendix E.

6.D. Customer support information.

Bio Clean® is a California based ¢company and has three facilities to provide Customer Support
within the State.

Bio Clean® Corporate Office

398 Via El Centro

Oceanside, CA 92058

Phone: (760) 433-7640

Office Fax: (760) 433-3176
info@BioCleanEnvironmental.com
Maintenance(@BioCleanEnvironmental.com

7.0 FIELD/LAB TESTING INFORMATION AND ANALYSIS.

Bio Clean® has conducted numerous field and laboratory tests on the Modular Wetlands® system.
None of these tests contained a technical component or requirement to monitor the removal of
trash or specifically the capture of a Smm particle or greater. However, the testing monitored for
removal of fine and dissolved pollutants and the presence of trash in the effluent would be a cause
for concern and potentially non-conformance to the test protocols. One of the most rigorous field
monitoring studies conducted on the Modular Wetlands® system was the Washington Department
of Ecology Field Monitoring Study Conforming to TAPE (Technology Assessment Protocol
Ecology). This field monitoring study spanned a period of just over 13 months and included 28
separate sampled storm events. No evidence of trash or debris in the effluent was detected. A
copy of the TER (Technical Evaluation Report) is included with this application in Appendix F.
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Additionally, the Modular Wetlands® system includes a series of screens, the last in the series
containing openings not greater than 3.175mm thereby negating the need for testing but also
ensuring Full Capture of particles Smm or greater.
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SITE SPECIFIC DATA

PROJECT NAME
PROJECT LOCATION
STRUCTURE 1D
TREATMENT REQUIRED
VOLUME BASED {CF} FLOW BASED (CFS)
TREATMENT HGL AVAILABLE (FT)
PEAK BYPASS REQUIRED (CFS} — IF APPLICABLE
PIPE DATA LE MATERHL DIAMETER
INLET PiPE 1
INLET FIPE 2
OUTLET PIPE
PRETREATUENT | BIOFITRATION |  DISCHARGE
Rild ELEVATION
SURFACE LOAD PARKWAY | OPEN PLANTER | PARKWAY
FRAME & COVER 830" N/A 824"
WETLANDMEDIA VOLUME (CY) 4.84
WETLANDMEDIA DELIVERY METHOD 18D
ORIFCE SIZE (DI INCHES) 218"
MAXIMUM PICK WEIGHT (185} TBD
NOTES:

INSTALLATION NOTES

|8

CONTRACTOR TO FROVIDE ALL LABOR, EQUIPMENT, MATERIALS AND
INVIDENTALS REQUIRED TO OFFLOAD AND INSTALL THE SYSTEM AND
APPURTENANCES IN ACCORDANCE WITH THIS DRAWING AND THE
MANUFACTURERS SPEUIFICATIONS, UNLESS OTHERWISE STATED IN
MANUFACTURERS CONTRACT.

2. UNIT MUST BE INSTALLED ON LEVEL BASE. MANUFACTURER

RECOMMENDS A MINMUM 87 LEVEL ROCK BASE UNLESS SPECIIED BY
THE PROJECT ENGINEER. CONTRACTOR IS RESPONSIBLE TO VERIFY
PROJECT ENGINEERS RECOMMENDED BASE SPECIFICATIONS.

& ALL PIPES MUST BE FLUSH WITH INSIDE SURFACE OF CONCRETE.

4

(PIPES CANNOT INTRUDE BEYOND FLUSH). INVERT OF OUTFLOW PIPE
MUST BE FLUSH WITH DISCRARGE CHAMBER FLOOR. ALL GAFS
AROUND PIPES SHALL BE SEALED WATER TIGHT WiTH A NON-SHRINK
GROUT PER MANUFACTURERS STANDARD CONNECTION DETAL AND SHAIL
MEET OR EXCEED REGIONAL FIPE CONNECTION STANDARDS.
CONTRACTOR TO SUPPLY AND INSTALL ALL EXTERNAL CONNECTING
PIFES.

5. CONTRACTOR RESPONSIBLE FOR INSTALLATION OF All RISERS,

&

G
1.

Z

MANHOLES, AND HATCHES. CONTRACTOR TO GROUT AL UANEOLES AND
FATCHES TO MATCH FINISHED SURFACE UNLESS SPECIFIED (THERWISE
DRIP OR SPRAY IRRIGATION REQUIRED ON ALL UNITS WITH VEGETATION.

ENERAL NOTES

MANUFACTURER TO PROVIDE ALL MATERALS UNLESS OTHERWISE NOTED.

AND ACCESSORIES PLEASE CONTACT MANUFACTURER.

lllllllll

" 5 a3
! e

OUTLET FIPE
SEE NOTES

Ay
s | Nl
PLAN VIEW
[#73
| Y.

CLIRE OFENING 1
1
'

ELEVATION VIEW

=

70" -
LEFT END VIEW

BIOFILTRATION/PRETREATMENT

n__qé

-—

— 7"|--——J'—5"—~|

RIGHT END VIEW

DISCHARGE/BIOFILTRATION

TREATMENT FLOW (CFS)

0.230

CFERATING HEAD (FT)

34

PRETREATMENT LGADING RATE (GFM/'SF)

BD

WETLAND MEDIA LOADING RATE (6PM/SF)

1.0

ALL DIMENSIONS, ELEVATIONS, SPECIFICATIONS AND CAPACITIES ARE SUBJECT TO
CHANGE  FOR PROJECT SPECIFIC DRAWNGS DETAILING EXACT DIMENSIONS, WEIGHTS

FROPRIETARY AND CONFIDENTAL:

PROTECTED BY ONE GR WORE OF
THE FOLLOWRNG LS PATENTS: THE ANFORWTON CONUINED W THS ORAMNG 5 THE SOLE
FAZE 268 TAMISL 7674575 PROPERTY OF HOIXAAR WETLANDS SYSTEMS. ANY

REFRODUCTION JN PART OR A5 A WHOLE WITHGUT THE MRITIEN
PERNSSION OF MODULAR WETLANDS SYSTEMS 5 PROFIRTER

iMoo BU L AR

st~ WETLANDS

wurdecyicriodandssom | 855 IMODWET
e

MWS-L-8-8-C

STANDARD DETAIL

STORMWATER BIOFILTRATION SYSTEM




SITE SPECIFIC DATA

PROJECT NAME
PROJECT LOCATION
STRUGTURE 1D
TREATMENT REGUIRED
VOLUME BRSED (CF) FLOW BASED (CFS)

TREATMENT H5L AVALABLE (FT)

PFAK BYPASS REQUIRED (CFS) — IF APPLIGABLE

PIPE DATA LE MATERIAL DIAMETER
INLET PIPE 1
INLET PIPE 2
OUTLET PIPE
PRETREATMENT | BIOFILTRATION DISCHARGE
K ELEVATION |
SURFACE LOAD PARKWAY OPEN PLANTER PARKWAY
FRAME & COVER 830" N4 024"
WETLANDMEDIA VOLUME (CY) .84
WETLANDMEDIA DELIVERY METHOD 180
CRIFACE SIZE (DIA. INCHES) o2 16"
MAXWUM PICK WEIGHT (1B5) TBD
NOIES:

INSTALLATION NOTES

I

4

5

6.

G

1
2

CONTRACTGR TO PROVIDE ALL LABOR, EQUIPMENT, MATERIALS AND
INCIDENTALS REQUIRED TO OFFLOAD AND INSTALL THE SYSTEW AND
APPURTENANCES IN ACCORDANCE WITH THIS DRAWING AND THE
MANUFACTURERS SPECIFICATIONS, UNLESS OTHERWISE STATED IN
MANUFACTURERS CONTRACT.

UNIT MUST BE INSTALLED ON [FVEL BASE. MANUFACTURER
RECOMMENDS A MINIMUM 67 LEVEL ROCK BASE UNLESS SPECIFIED BY
THE PROJECT ENGINEER. CONTRACTOR- IS RESPONSIBLE TO VERKY
PROJECT ENGINEERS RECOMMENDED BASE SPECIFICATIONS.

ALL PIPES MUST BE FLUSH WITH INSIDE SURFACE OF CONCRETE
(PIPES CANNOT INTRUDE BEYOND FLUSH). INVERT OF QUIFLOW FIPE
MUST BE FLUSH WITH DISCHARGE CRAMBER FLOOR. AL GAPS
ARCUND PIPES SHALL BE SEALED WATER TIGHT WiTH A NON-SHRINK

GROUT PER MANUFACTURERS STANDARD CONNECTION DETAIL AND SHALL

MEET OR EXCEED REGIONAL PIPE CONNECTION STANDARDS.,
CONTRACTOR TG SUPPLY AND INSTALL ALl EXTERNAL CONNECTING
FIPES.

CONTRACTOR RESPONSIGLE FOR INSTALLATION OF ALL RISERS,
MANHOLES, AMD HATCHES, CONTRACTOR TO GROUF AL MANHOLES AND
HATCHES T0 MATCH FINISHED SURFACE UNLESS SPECIFIED OTHERWISE.
DRIP OR SPRAY IRRIGATION REQUIRED ON ALL UNITS WITH VEGETATION.

GENERAL NOTES

MANUFACTURER TO PROVIDE ALL MATERIALS UNLESS OTHERWISE NOTED.

AL DIMENSIONS, ELEVATIONS, SPECIFICATIONS AND CAPACIIES ARC SUBJECT TO
CHANGE. FOR PROJECT SPECKIC DRAWINGS DETAILING EXACT DIMENSIONS, WEIGHTS

AND ACCESSORIES PLEASE CONTACT MANUPACTURER.

/R

e L

|EI’"""

ELEVATION VIEW

80" |

-

90"
LEFT END VIEW

BIOFILTRATION/FRETREATMENT

RIGHT END VIEW

BISCHARGE/BIOFILTRATION

L

TREATMENT FLOW (CFS)

0230

OPERATING HEAD (FT)

J4

PRETREATHENT LOADING RATE (GPM/SF)

TER

WETLAND MEDIA LOADING RATE (GPM/SF)

1o

FROPRIETARY AND CONFIDENTIAL:

THE SFOBMTION CONIANED & THS DRAING IS THE SOLE
PROPERTY (OF MOGIRAR METLANDS' STSTEMS. ANY
REPRODOCTION N CART OR AS A WHOLE WTHOUT THE WRITTEN
FPOUESSTON OF WODUIAR WETLANDS SYSTENS 55 PROVISTED.

woerw dodularieicnds.com | (855 BMOT-WET
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STORMWATER BIOFILTRATION SYSTEM
STANDARD DETAIL.




SITE SPECIFIC DATA
PROJECT NAME :

PROJECT LOCATION

STRUCTURE 10
) TREATMENT REQUIRED

VOLUME BASED (CF}

FLOW BASED (CFS)

TREATMENT HGL AVARABLE (FT)

FEAK BYPASS REQUIRED (CFS) — IF APPLICABLE

FPIPE DATA iE MATERIAL DIAMETER
INLET PIPE 1
INLET PIFE 2
OUTLET PIPE
| PRETREATMENT | BIOFLTRATION |  DISCHARGE
Rl ELEVATION
SURFACE 1OAD | PARKWAY | OPEN PIANTER | PARKAY
FRAME & COVER 230" /A #24"
WETLANDMEDIA VOLUME (CY) 7.96
WETLANDMEDIA DELNVERY METHOD 150
ORIFICE SIZE (DI INCHES) #2.66"
MAXTMUIN PICK WETGHT (LBS) 755

NGIES:

INSTALLATION NOTES

1. CONTRACTOR TO PROVIDE ALL LABOR, EUUIPMENT, MATERHALS AND
INCIDENTALS REQUIRED TO OFFLOAD AND INSTALL THE SYSTEM AND
APPURTENANCES IN ACCORDANCE WITH THIS DRAWING AND THE
MANUFACTURERS SPECIFICATIONS, UNLESS OTHERWISE STATED IN

MANUFACTURERS CONTRACT.

2 UNIT MUST BE INSTALLED ON LEVEL BASE. MANUFACTURER

RECOMMENDS A MINIMUM 57 LEVEL ROCK PASE UNLESS SPECIFIED BY

THE PROJECT ENGINEER. CONTRACTOR IS RESPONSIBLE TU VERIFY
PROJECT ENGINEERS RECOMMENDED BASE SPECIFICATIONS.
3 AL PIPES MUST BE FLUSH WITH INSIDE SURFACE GF CONCRETE

{PIFES CANNOT INTRUDE BEYOND FLUSH). INVERT OF OUTFLOW FIPE

MUST BE FLUSH WITH DISCHARGE CHAMBER FLOOR. ALL GAPS

ARQUND PIPES SHALL BE SEALED WATER TIGHT WITH A NON—SHRINK
CROUT PER MANUFRACTURERS STANDARD CONNECTION DETAN AND SHALL

MEET OR EXCEED REGIONAL PIPE CONNECTION STANDARDS.
4. CONTRACTOR TO SUPPLY AND INSTALL ALL EXTERNAL CONNECTING

FIFES,

5 CONTRACTOR RESPONSIBLE FOR INSTALIATION OF ALL RISERS,

MANHOLES, AND HATCHES. CONTRACTOR TO GROUT ALL MANHOLES AND
HATCHES TO MATCH FINISHED? SURFACE UMLESS SPECIFIED OTHERWISE.
6. DRIP OR SPRAY IRRIGATION REQUIRED ON AL UNITS WITH VEGETATION.

GENERAL NOTES

1. MANUFACTURER TO PROVIDE ALL MATERIALS UNLESS OTHERWISE NOTED.

} 50" WX

PLAN VIEW

IC/RE

| CURE OPENING

I

A

2 ALL DIMENSIONS, ELEVATIONS, SPEGIFICATIONS AND CAPACITIES ARE SUBJECT TO
CHANGE.  FOR PROJECT SPECKIC DRAWINGS DETAILING EXACT DIMENSIONS, WEIGHTS
AND ACCESSORIES PLEASE CONTACT MANUFACTURER,

ELEVATION VIEW

=l
‘=
i1 ]

8 Tl TN TG A A,

LEFTEND VIEW =

BIOFILTRATION/PRETREATMENT

RIGHT END VIEW

CISCHARGE/BIOFILTRATION

TREATMENT FLOW (CFS) 0348
OPERATING HEAD (FT) 24
PRETREATMENT LOADING RATE (GPM/SF) 7Bl

WETLANDG MEDIA LOADING RATE (GFM/ST)

1.0

PROFRIETARY AND CONFIDENTIEL:

THE WrDRIATON CONTARED 8 TS DRANNG 1S THE SOUE
FROPERTY OF RODUAR WETLANDS SYSTEMS. ANY
REPRODUCTION 15 PART GR AS A WHOLE MITHOUT THE WRTTEN
FERMSSION OF MOOULAR WERANDS SYSTEMS 15 PROWSTED.

e M QO D UL AR

N ETLANDS
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MWS-L-8-12-C

STORMWATER BIOFILTRATION SYSTEM

STANDARD DETAIL




SITE SPECIFIC DATA

FROJECT NAME

FROJECT LOCATION
SIRUCTURE 1D

TREATMENT REQUIRED
VOLUME BASED (CF) FLOW BASED (CF3)

TREATMENT HGL AVALABLE (FT)

PEAK BYPASS REQUIRED [CFS) — IF APPLICABLE

PIFE DATA LE MATERAL
INLET PIPE 1
INLET PIPE 2
OUTLET PIPE

DIAMETER

PRETREATMENT DISCHARGE

BIOFILTRATION

RiM ELEVATION
SURFACE LOAD PARKIWAY OPEN PLANTER PARKWAY

FRAME & COVER 230" N/ 224"
WETLANDMEDI, VOLUME (CY) 7.25
WETLANDMEDIA DELNVERY METHOD bl
ORIFICE SIZE (DI INCHES) #2.65"

MAXIMUM PICK WEIGHT (LBS) 18D
NOTES:

/R

INSTALLATION NOTES

1. CONTRACTOR TO FROVIDE ALL LABOR, EQUIPMENT, MATERMLS AND
INCIDENTALS REQUIRED TO OFFLOAD AND INSTALL THE SYSTEM AND
APPURTENANCES IN ACCORDANCE WITH THIS DRAWING AND THE

MANUFACTURERS SPECIFICATIONS, UMNLESS OTHERWISE STATED IN
MANUFACTURERS CONTRACT.

o

2. UMT MUST BE INSTALLED ON LEVEL DASE.  MANUFACTURER

12'-0"

7%

RECOMMENDS A MINMUM 5° LEVEL ROCK BASE UNLESS SPECIFIED BY

THE FROJECT ENGINEER. CONTRACTOR IS RESPONSIBLE TO VERIFY
FROJECT ENGINETRS RECOMMENDED BASE SPECIFICATIONS.

3. AL PIPES MUST BE FLUSH WITH INSIDE SURFACE OF CONCREIE
(PIPES GANNOT INTRUDE BEYOND FLUSH). INVERT OF OUTFLOW PIPE
MUST BE FLUSH WiTH DISCHARGE CHAMBER FLOOR, ALL GAPS
ARCUND PIFES SHALL BE SEALED WATER TIGHT WITH A NON—SHRINK
GROUT PER MANUFACTURERS STANDARD CONNECTION DETAIL AND SHALL
MEET OR EXCEED REGIONAL PIPE CONNECTION STANDARDS.

4. CONTRACTOR TO SUPFLY AND INSTALL ALL EXTERNAL CONNECTING
PIPES.

5 CONTRACTOR RESPONSIBLE FOR INSTALLATION OF ALL RYSERS,
MANHOLES, AND HATCHES. CONTRACTOR TD GROUT ALL MANHOLES AND
HATCHES TO MATCH FINISHED SURFACE UNLESS SPECIFIED OTHERWISE

6, DRIP OR SPRAY IRRICATION REQUIRED ON ALL UNITS WiTH VEGETATION.

GENERAL NOTES

13-25"
ELEVATION VIEW

LEFT END VIEW

BIOFIL TRATION/PRETREATMENT

C1IF

RIGHT END VIEW

DISCHARGE/BIOFIL TRATIEN

TREATMENT FIOW (CFS)

0545

OPERATING HEAD (FT)

34

PRETREATMENT LOADING RATE {GPM/'SF)

18D

WETLAND MEDIA OADING RETE (GPM/'SF)

1.0

1. MANURACTURER TO PROVIDE ALL MATIRILS UNLESS OTHERWISE NOTED.

2 AL DIMENSIONS, ELEVATIONS, SPECIFICATIONS AND CAPAGITIES ARE SUBJECT TO
CHANGE.  FOR PROJFCT SPECIIC DRAWINGS DETAILING EXACT DIMENSIONS, WEIGHTS
AND ACCESSORIES PLEASE CONTACT MANUFACTURER.

PROFRIETARY AND CONFIDENTIAL:

THE. HEOREATION CONTARED ¥ THIS DRABNG I3 THE S0IE
FROPERTY GF MOCULAR WETLANDS SYSTEMS. ANY
FEPRODUCTION ¥ PART OR A5 A WHOLE HITHOUT THE WRATTEN
PERIESSION OF MGRURAR NERANDS SYSTEMS IS PRONBED.

T
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MWS-L-8-12-V
STORMWATER BIOFILTRATION SYSTEM
STANDARD DETAIL




SITE SPECIFIC DATA

PROJECT NAME
PROJECT LOCATION
STRUCTURE Ip
TREATMENT REQUIRED
VOLLBAE BASED (CF) FLOW BASED (CFS)
TREATMENT HGL AYALABLE (FT}
PEAK BYPASS REQUIRED (CFS) — IF APPLICABLE
PIPE DATA LE MATERIAL DIAMETER
INLET PIPE 1
INLET PIFE 2
OUTLET PIFE
PRETREATHENT | BIOFILTRATION |  DISCHARGE
M ELEVATION
SURFACE 10AD PARKWAY | OFEN PLANTER | PamicmaY
FRAME & COVER 30" N 924"
WETLANDMEDIA VOLUME (CY) 9.50
WETLANDMEDIA DFLIVERY METHOD RO
ORIFICE SIZE (DHA. INCHES) #3.07"
MAXIMUM PICK WEIGHT (155) TRD

NOTES:

1 CURE OPENING \,

‘. | -DRAIN DOWN FILTER
&-0" it————| /.
ﬁ.a_mmﬂr PLAN VIEW T DO LAE
CARTRIDGE
g
o
LURE OPENING 1

INSTALLATION NOTES

w

1. CONIRACTOR TQ PROVIDE ALL LABOR, EQUIFMENT, MATERIALS AND

INCIDENTALS REQUIRED TO OFFLOAD AND INSTALL THE SYSTEM AND

APPURTENSNCET IN ACCORQANCE WITH THIS DRAWING AND THE
MANUFACTURERS SPECIFICATIONS, UNLESS OTHERWISE SIATED iN

MANUFACTURERS CONTRACT.

2. UNIT MUST BE INSTALLED ON LEVEL PASE MANUFACTURER

RECOMUENDS A MINIMUM & LEVEL ROCK BASE UMLESS SPECIFIED BY
THE PROJECT ENGINEER. CONTRACTOR iS5 RESPONSIBLE TO VERIFY

PROJECT ENGINEERS RECOMMENDED BASE SPECIFICATIONS.
3 ALL PIPES MUST BE FLUSH WITH INSIDE SURFACE OF CONCRETE.

(FIPES CANNOT INTRUDE BEYOND FLUSH). INVERT OF QUIFLOW PIPE

MUST BE FLUSH WITH DISCHARGE CHAMBER FLOOR. ALl GAPS

ARQUND PIFES SRALL BE SEALED WATER TIGHT WITH A NON-SHRINK
GROUT PER MANUFACTURERS STANDARD CONNECTION DETAIL AND SHALL

MEET OR EXCEED REGIONAL PIPE CONNECTION STANOARDS.

4 %ﬁ@.& T SUPPLY AND INSTALL ALL EXTERNAL CONNECTING

5 nagnah RESPONSIBLE FUR INSTALIATION OF ALL RISERS,

MANHOLES, AND HATCHES. CONTRACTOR 10 GROUT ALL MANHOLES AND
HATCHES TO MATCH FINISHED SURFACE UNLESS SPECIFIED OTHERWISE,
6. DRIP OR SPRAY IRRIGATION REQUIRED ON ALL UNITS WITH VEGETATION.

GENERAL NOTES
1. MANUFACTURER TO' PROVIDE ALl MATERIALS UNLESS OTHERWISE NOTED.

IEF" —

A

2 AL DIMENSIONS, FLEVATIONS, SPECIFICATIONS AND CAPACITIES ARE SUBJECT TO
GHENGE.  FUR PROVECT SPECIFIC DRAWINGS DETAILING EXACT DIMENSIONS, WEIGHTS
AND ACCESSORIES PLEASE CONTACT MANUFACTURER.

LEFTEND VIEW

BIGFILTRATION/PRETREATMENT

0= 7 RIGHT END VIEW
..w.le- - DISCHARGE/BIOFILTRATION
ELEVATION VIEW
TREATMENT FLOW (CFS) 0.462
OPERATING HEAD (FT) 34
PRETREATMENT LOADING RATE (CPM/SF) BD
WETLAND MEDIA LOADING RATE (GPM/'SF) 1.0
qﬂnﬁmﬁ%ﬁ% PROFPRIETARY AND CONFIDENTIAL: E_\_\.m.lﬁl%l.ﬁmlq
P T param, | PRy G AT VELAS SRS o A om,n_ﬁprzww STORMWATER BIOFILTRATION SYSTEM
i o omth mto. pows | ot G WA WLAS ST 8 PRI T v STANDARD DETAIL




SITE SPECIFIC DATA

PROJECT NAME
PROJECT LOCATION
STRUCTURE 1D
TREATMENT REQUIRED
VOLLME BASED (CF) FLOW BASED {CFS)

TREATMENT HGL AVAILABLE (FT)
PEAK BYPASS REQUIRED (CFS) — I APPLICABLE

PIPE DATA IE MATERIAL DIAMETER

INLET PIFE 1

INLET PIPE 2

OUTLET PIPE

PRETREATMENT | BIOFILTRATION DISCHARGE . LEFT END VIEW/
AU ELEVATION SEE NOTES PRE-FUTERY I \_ ORAN DOWN FILTER BIOFITRATION PRETREATUENT
CARTRIDGE DRAIN DOWN LINE

SURFACE LOAD PARKHAY | OPEN PLANTER |  PaARKWAY PLAN VIEW
FRAME & COVER 230" N #24"

WETLANDMEDIA VOLUME {CY) .50

WETLANDMEDIA DELIVERY METHOD T80

ORIFICE SIZE (DIA INCHES) #3.07" )

MAXIMUM PICK WEIGHT (LES) B2 en & MANHOLE gM&.
HOTES: LA _ o/l / Y o

T==1 el <1

INSTALLATION NOTES

1. CONTRACTOR TO FROVIDE ALL LABOR, EQUIPMENT, MATERIALS AND
INCIDENTALS REQUIRED TO OFFLCAD AND INSTALL THE SYSTEM AND
APPURTENANCES IN ACCORDANCE WITH THIS DEAWING AND THE
MANUFACTURERS SPECIFICATIONS, UNLFSS OTHERWISE STATED IN
MANUFACTURERS CONTRACT. mm Nw

2. UNIT MUST BE INSTALLED ON LEVEL BASE. MANUFACTURER i 16'-0" —7" ;
RECOMMENDS A MINIMUM 6" LEVEL ROCK BASE UNLESS SPECIFIED BY . \Mﬁhﬁﬂh ﬂm\..fcamn mm..u _\_EQ
THE PROJECT ENGINEER. CONTRACTOR IS RESFONSIBLE 10 VERFY 17" I@ RGE/B)

PROJECT ENGINEERS RECOMMENDED BASE SPECIFICATIONS.

3. ALL PIPES MUST BE FLUSH WITH INSIDE SURFACE OF CONCRETE ELEVATION VIEW
(PIPES CANNOT INTRUDE BEYOND FLUSH). INVERT OF OUTFLOW FIPE
MUST BF FLUSH WITH DISCHARGE CHAMBER FLOOR. ALL GAPS
AROUND PIPES SHALL BE SEALED WATER TIGHT WITH A NON-SHRINK
CROUT PER MANUFACTURERS STANDARD CONNECTION DETAIL AND SHALL

. |
—-—J'-s’—-—|

LTI
il

-._-—4'_55

BEARE, e ..

_'_7

MEET OR EXCFED REGIONAL PIPE CONNECTION STANDARDS
4. CONTRACTOR TD SUPPLY AND INSTALL AL EXTERNAL CONNECTING

PIPES. .
5 CONTRACTOR RESPONSIBLE FOR INSTALLATION OF ALL RISERS, TREATMENT FLOW (CFE) 0462

MANHOLES, AND HATCHES. CONTRACTOR TO GROUT ALL MANHOLES AND OPERATING HE2D (FT) 54
HATCHES TO MATCH FINISHED SURFACE UMLESS SPECIFIED OTHERWISE,

6 DRIP OR SPRAY IRRIGATION REQUIRED ON ALL UNITS WITH VEGETATION. PRETREATMENT LOADING RATE (GPM/'SF) 18D

GENERAL NOTES WETLAND MEDI LOADING RATE (GPM/SF) 1.0

1. MANUBACTURER TO FROVIDE ALL MATERWLS UNLESS OTHERWISE NGTED. THE erooueT pESCREED My 6| PROPRIETARY AND CONFIDENTIL: m..,w MIVS-L-8-16-V

FROTECTED BY ONE OR MORE OF .
& NG oF PRAECT SPECIC CNINGS CETALING CACT DMENSONS, WEGHTS | Torose et | | B rosamycanar o e ot s e sae ST ARDE STORMWATER BIOFILTRATION SYSTEM
AND ACCESSORIES PLEASE CONTACT MANUFACTURER. EXTAIE RIATED e EFORCTON 0 ST 0% 45 A WAL KA. T T ‘.(Mgsgﬁmaas_sﬂk”._ N STANDARD DETAIL




SITE SPECIFIC DATA

PROJECT NUMBER
PROJFCT NAME
FROJECT LOCATION
STRUCTURE ID
TREATUENT REQUIRED
VOLUME' BASED (CF) FLOW BASED (CF3)
TREATMENT HOL AVALABLE (FT) _
PEAK BYPASS REQUIRED (CFS) — IF APFLICABLE 1.
PIPE DATA IE ATERIAL DIAMETER . M
INLET PIPE 1
IMFT PIPE 2 _
OUTLET FIFE GURE OPENING, I | i %
PPy S SIS, \\\\\\\\ﬁﬂ\\\\\\\\\\\\\\\\\\ N @-II . l.». wm..
Rild ELEVATION BTy ).  “DRAN DOBN LINE .__.|mm. _
PRE-FILTER SE CURBING
SURFACE LOAD PARKWAY OPEN PLANTER | PARKWAY PARTRIDEE . BY OTHERS D
FRAME & COVER| 3 B4 230" N/ 924" PLAN VIEW
WETLANDMEDIA VOLUME (CY) 80 L o
WETLANDMEDIA DELNVERY WETHOD PER CONTRACT
ORIFICE SIZE {DIA. INCHES) B0
NOTES:

INSTALLATION NOTES o
. CONTRACTOR TO PROVIDE ALL LABOR, EQUIPMENT, MATERALS AND _
INCIENTALS REQUIRED T OFFLOAD AND INSTALL THE SYSTEM AND ‘ S— ey
APPURTENANCES I ACCORDANCE WITH THIS DRAWING AND THE T [commormmma] rﬁ_b E
MANUFACTURERS SPECIRCATIONS, UNLESS OTHERMSE STATED i _

MANUFACTURERS CONTRACT
2 UNIT MUST BE INSTALLED ON LEVEL BASE  MANUFACTURER N
RECOMMENDS' A MINMUM 6 LEVEL ROCK BASE UNIESS SPECIFIED 8Y EE N y
THE PROJECT ENGINEER. CONTRACTOR 1S RESPONSIBLE TO VERIFY '
PROJECT ENGINEERS RECOMMENDED BASE SPECIFICATIONS. 1
3 AL PIPES MUST BE FLUSH WITH INSIDE SURFACE OF CONGRETE Lo 3 Losn et ] TR
(PIPES CANNOT INTRUDE BEYOND FLUSH). INVERT OF OUTFLOW PIPE |
UUST BE FLUSH WITH DISCHARGE CHAMBER FLOOR. ALL GAPS 1
AROUND PIPES SHALL BE SERLED WATER TIGHT WITH A NON-SHRINK ] _ 20"
GROUT PER MANUFACTURERS STANDARD CONNECTION DETAIL AND SHALL 21" @u
B e B e |
RS, & ELEVATION VIEW RIGHT END VIEW
5 CONTRACTOR RESPONSIBLE FUR INSTALLATION OF ALL RISERS,
MANHOLES, AND HATCHES, CONTRACTOR TO GROUT ALL MANHOLES AND

HATCHES TO MATCH FINISHED SURFACE UNLESS SPECIFIED OTHERWISE. TREATMENT FLOW (CFS) 0.577
6. DRIP OF SPRAY IRRIGATION REQUIRED ON ALL UNITS WHH VEGETATIGN.
7. CONTRACTOR RESPONSIBLE FOR CONTACTING MODULAR WETLANDS FOR OPERATING HEAD (FT) 34

ACTVATION OF UMIT,  MANUFACTURES WARRANTY IS VOID WITH OUT

FROPER ACTMATION BY A MODULAR WETLANDS REPRESENTATIVE PRETREATHENT LOADING RATE (GPM/SF) 20
GENERAL NOTES WETLAND MEDIA LOADING RATE (CPM/SF) 1.0

2 AL DIMENSIONS, ELEVATIONS, SPECIFICATIONS AND CAPACITIES ARE SUBJELT TO EROIEGIED EY JHE DR FE OF il
CHANGE  FOR PROJECT SPECIFIC DRAWINGS DETALING EXACT DIMENSIONS, WEIGHTS | Bencs sotas s | secer o st souis some - i 22 UL AR STORMWATER BIOFILTRATION SYSTEM

00 ACCESSORES PLEISE CONTCT UENUFACTURER S el | SR et | SICWETLANDS STANDARD DETA/L

m 1. MANUFACTURER TG FROVIDE ALL MATERIALS UNLESS, OTHERWISE NOTED. e ookt pescoeeD we s | PROPRIETARY AND CONFIDENTAL: xw MWS-1-8-20-C




SITE SPECIFIC DATA

FPROJECT NAME
PROJECT LOCATION
STRUCTURE 12

TREATMENT REGUIRED
VOLUME BASED (2F) FLOW BASED (CFS)

TREATMENT HGI AVALABLE (FT)
PEAK BYPASS REQUIRED (CFS) — IF APPLICABLE
PIPE DATA LE MATERIAL DIAMETER
INLET PIPE 1
INLFT PIPE 2
OUTLET PIPE .
PRETREATMENT | BIOFILTRATION |  DISCHARGE
R CLEVATION
SURFACE LOAD PARKWAY OPEN PLANTER PARKWAY
FRAME & COVER 30" NAA a24"
WETLANDMEDIA VOLUME (CY) 11.85
WETLANDMEDIA DELIVERY METHOD 8D
CRIFICE SIZE (DIA. INCHES) 92.43"
MAXIMUM FICK WEIGHT (LBS) 80

NOTES:

INSTALLATION NOTES

W

. CONTRACTOR TO PROVIDE ALL LAGOR, COQUIPMENT, MATERIALS AND
INCIDENTALS REQUIRED TO' OFFLOAD AND INSTALL THE SYSTEM AND
APPURTENANCES IN ACCORDANCE WITH THIS DRAWING AND THE
MANUFACTURERS SPECIFICATIONS, UNIESS OTHERWISE STATED IN
MANUFACTURLES CONTRACT.

2 UNIT MUST BE INSTALED ON LEVEL BASE. MANUFACTURER
RECOMWENDS A MINMUM 6" LEVEL ROCK BASE UNLESS SPECIFIED BY
THE FROJECT ENGINEER. CONTRACTOR IS RESPONSIBLE TO VERIFY
PROJECT ENGINEERS RECOMMENDED BASE' SPECICICATIONS.

3. AL PIPES MUST BE FLUSH WITH INSIDE SURFACE OF CONCREIE,
{PIPES CANNGT INTRUDE BEYOND FLUSH). INVERT OF OUTFLOW PIPE
MUST BE FLUSH WITH DISCHARGE CHAMPER FLOOR. ALL GAPS
AROUND PIPES SHALL BE SEALEDR WATER TIGHT WITH A NON-SHRINK

GROUT PER MANUFACTURERS STANDARD CONNECTION DETAIL AND SHALI

MEET OR EXCEED REGIONAL PIPE CONNECTION STANDARDS.

4. CONTRACTOR TO SUPPLY AND INSTALL ALL EXTERMAL CONNECTING
PIPES.

5 CONIRACTOR RESPONSIBLE FOR INSTALLATION OF AL RISERS,

MANHOLES, AND HATCHES. CONTRACTOR TO GROUT ALL MANHOLES AND

HATCHES TO MATCH FINISHED SURFACE UNLESS SPECIFIED OTHERWISE,
6. ORIP OR SPRAY IRRIGATION REQUIRED ON ALL UNITS WITH VEGETATION.

GENERAL NOTES

1. MANUFACTURER TO PROVIDE ALL MATERIALS UNLESS QTHERWISE NOTED.

2. AlL DIHENSIONS, ELEVATIONS, SPECIFICATIONS AND CAPACITIES ARE SUBJECT TG
CHANGE  FUOR PROJECT SPECIFIC DRAWINGS DETAIUNG EXACT DIMENSIONS, WEIGHTS

AND ACCESSORIES PLEASE CONTALT MANUFACTURER,

LEFT END VIEW
BIOFILTRATION/PRETREATMENT
SEE NOTES
PLAN VIEW
3 WANHOLE n\hmw&
] | / o
== T =l
m T i
- 1 -
-.m .......... _W L1y o @u_u_n_u_ img

A

200"

212"
ELEVATION VIEW

RIGHT END VIEW

DISCHARGE/BIOFILTRATION

TREATMENT FLOW (CF5) 0.577
OPERATING HEAD (FT} 34
PRETREATMENT LOADING RATE (GPU/SF) B0
WETLAND MEDIA [OADING RATE (GPM/SF) 1.0
s oy o | PROPRETARY A CONFIDENTAL £ MWS-1-8-20-V
B ememmeee | Lpnu STORMWATER BIORLTRATION S15TEM
FATENTS OR OTHER FATENTS PENDUING PERASSON OF NODULAR NETLANDS SYSTEMS 15 PROMIBRED. i podmaEwaTiands.aom | (B85 EMBIWET




SITE SPECIFIC DATA

PROJECT NUMBER
PROJECT NAME
PROJECT LOGATION
STRUCTURE Ip
TREATMENT REQUIRED
VOLUME BASED (CF) FLOW BASED (CF5)

TREATHENT HEL AVAILABLE (FT)

PEAK BYPASS REQUIRED (CFS) — I APPLICABLE -
PIPE DATA iE MATERAL DUMETER !
NLET PIPE 1 P & “ %
WNLET PIFE 2 [ 7 . [ .
OUTLET FIPE AT 2" 1 L &g I
B ~

FRAME & COVER| 3 FA #30” N4 2 B p24" 11"

FRETREATMENT | BIOFULTRATION |  DISCHARGE — “. s — n_u_u -
R ELEVATION Rt Ny T M T i riiaickls #
s ry -l
SR 1o | | ore PR T oy [ IAIAY, \\\.‘\w\\\ Ao A A A A5 A C \\\. \\\\R\m\\\\\\\\\\\W\W\\.\\.\\ Z ZATTZ
__‘urn.‘_ a. ) ,

g e | L

WETLANDHEDIA VOLUME (CY) 80 PRETLIER ST U L I — g g
WETLANDMEDIA DELVERY METHOD PER CONTRACT ‘ PLAN VIEW LEFT END VIEW
ORIFICE SIZE (DIA INCHES) TS

NOTES:

INSTALEATION NOTES

1. CONTRACTOR TO FROVIDE ALL LABOR, EQUNPMENT, MATERIALS AND
INCIDENTALS REQUIRED TO OFFLOAD AND INSTALL THE SYSTEW AND
AFPURTENANCES IN ACCORDANCE WITH THIS DRAWING AND THE
MANUFACTURERS SPECIFICATIONS, UNLESS OTHERWISE STATED W
MANUFACTURERS CONTRACT.

2. UNIT MUST BE INSTALLED ON LEVEL BASE. MANUFACTURER
RECOMMENDS A MINIMUM 6" LEVEL ROCK BASE UMLESS SPECIEED BY
THE PROJECT ENGINEER. CONTRACTOR IS RESPONSIBLE TO VERIFY
FPROJECT ENGINEERS RECOMMENDED BASE SPECIFICATIONS. —

3. ALL PIPES MUST BE FLUSH WITH INSIDE SURFACE OF CONCRETE. IE IN iRt
(PIPES CANNOT INTRUDE BEYOND FLUSH). INVERT OF OUTFIOW PIPE TE:
MUST BE FLUSH WITH DISCHARGE CHAMBER FLOOR, ALL GAPS v By
ARQUND PIPES SHALL BE SEALED WATER TIGHT WITH A NON-SHRINK PR
GROUT PER MANUFACTURERS STANDARD CONNECTION DETAIL AND SHALL
MELT OR EXCELD REGIONAL PIPE CONNECTION STANDARDS,

4. CONTRACTOR TO SUPPLY AND INSTALL ALL EXTERNAL CONNECTING §"—-] 240"
PIPES, .
25—
5 CONTRACTOR RESPONSIBLE FOR INSTALLATION OF ALL RISERS,
MANHOLES, AND HATCHES. CONTRACTOR TO GROUT ALL MANHOLES AND ELEVATION VIEW RIGHT END VIEW
HATCHES 70 MATCH FINISHED SURFACE UNLESS SPECIFIED OTHERWISE. TREATHENT FLOW (CFS) 0.695
6 ORIP O SPRAY IRRIGATION REGUIRED ON ALL UMITS WITH VEGETATION.
7. CONTRACTOR RESPONSIBLE FOR CONTACTING MODULAR WETLANDS FOR OFERATING HEAD (FT) 34
ACTIATON OF UNT.  MANUFACTURES WARRANTY IS VOID WITH OUT
PROPER ACTIVATION BY A MODULAR WETLANDS REPRESENTATIVE PRETRGATMENT LOADING RATE (6PU/SF) 20
GENERAL NOTES WETLAND MEDIA LOADING RATE (GPM/SE) 10
H 1. MAUTACTURER T0 PROVIDE ALL MATERULS UNLESS OTHERWSE NOTED, e s ey = | PROPREETARY AND CONFIENTHL j MWS-L-8-24-C
2 AL DMENSIONS, ELEVATIONS SPECIICATIONS AND CAPACITIES ARE SUBJECT T0 o
GHANGE, _FOR FROJECT SPECIIC DRSANGS DETULNG EXACT OMENSIONS, WEIGHTS | FEnist Tt P, | Farcty s Kok o A AN wom%_ ANDS STORMWATER BIOFILTRATION SYSTEM
AND ACCESSORIES PLEASE CONTACT MANUFACTURER. £t A | Ty 4 P 08 45 & WWGE WoUr D e Sl WE ILANLD STANDARD DETAIL




SITE SPECIFIC DATA

PROVECT NUMBER

PROJECT NAME

PROJECT | DCATION

STRUCTURE 1D

TREATMENT REQUIRED

VOLUME BASED (CF)

FLOW BASED (CFS)

TREATMENT HGL AVARABLE (FT)

PEAK BYPASS REQUIRED (CFS) -

i APPLIGABLE

PIPE DATA LE

MATERAL

DIAMETER

INLET PIPE 1

Pc

&

INLET PIFE 2 N

N/A

N/A

QUILET PIPE

A

5

PRETREATMENT

BICFILTRATION

DISCHARGE

Ris ELEVATION

SURFACE LOAD PARKWAY

OPEN PLANTER

FARKWAY

FRAME & COVER| 3 BA #307

A

Z EA 924"

WETLANDMEDIA VOLUME (CY)

WETLANDMEDIA DELIVERY METHOD

PER CONTRACT

ORIFICE SIZF (DA INCHES)

80

NOTES:

INSTALLATION NQTES

1. CONTRACTOR TG PROVIDE ALL LABOR. EQUIPMENT, MATERIALS AND

INCIDENTALS REQUIRED TO OFFLOAD AND INSTALL THE SYSTEM AND
APPURTENANCES IN ACCORDANCE WiTH THIS DRAWING AND THE
MANUFACTURERS SPETIFICATIONS, UNLESS OTHERWISE STATED IN

MANUFACTURERS CONTRACT.

2 UNT MUST BE INSTALLED ON LEVEL BASE MANUFACTURER
RECOMMENDS A MIMMUM 67 LEVEL ROCK BASE UNLESS SPECIIED BY
THE FPROJECT ENGINEER. CONTRACTOR IS RESPONSIGLE TO VERIFY
PROJECT ENGINEERS RECOMMENDED BASE SPECIFICATIONS,

3 AL FIFES MUST BE FLUSH WITH INSIDE SURFACE OF CONCRETE. £ IN
(PIPES CANNOT INTRUDE BEYOND FLUSH). INVERT OF QUTELOW PIFE
MUST BE FLUSH #ITH DISCRARGE CHAMBER FLOUR. AlL GAFS
ARQUND PIPES SHALL BE SEALED WATER TIGHT WITH A NON-SHRINK
GROUT PER MANUFACTURERS STANDARD CONNECTION DETAIL AND SHALL
MEET OR EXCEED REGIONAL PIPE CONNECTION STANDARDS.

4. CONTRACTOR TO SUFPLY AND INSTALL ALL EXTERNAL CONNFCTING  §"——

PIPES,

5. CONTRACTOR RESPONSIBLE FOR INSTALLATION OF ALL RISERS,
MANHOLES, AND HATCHES, CONTRACTOR T GROUT ALL MANHGLES AND
HATCHES TO MATCH FINISHED SURFACE UNLESS SPECIFED OTHERWISE

N

DRIP OR SPRAY IRRIGATION REQUIRED ON ALL UNITS WITH VEGETATION.
CONTRACTOR RESPONSIBLE FOR CONTACTING MODULAR WETLANDS FOR

ACTVATION OF UNIT.  MANUFACTURES WARRANTY IS VOID WITH oUT
PROPER ACTIVATION BY A MODULAR WETLANDS REPRESENTATIVE.

GENERAL NOTES

1. MANUFACTURER TO PROVIDE ALL MATERILS UNLESS OTHERWISE NOTED.

2 AL DIMENSIONS, ELEVATIONS, SPECIICATIONS AND CAPACITIES ARE SUBJECT TO
CHENGE.  FOR PROJECT SPECIFIC DRAWINGS DETAILING EXACT DIMENSIONS, WEIGHTS

AND ACCESSORIES PLEASE CONTACT MANUFACTURER,
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. SITE SPECIFIC DATA

PROJECT NAME
PROJECT LOCATION
STRUCTURE 1D
TREATMENT REQUIRED
VOLUME PASED (CF) FLOW BASED (CFS)

TREATMENT HGL AVALABLE (FT)

PEAK BYPASS REQUIRED (CFS} — IF APPLIGABLE

w

PIPE DATA LE MATERIAL DIAMETER
IWLET PIPE 1
INLET PIPE 2
CUTLET PIPF
PRETREATVENT | BIOFILTRATION | DISCHARGE
Ris§ ELEYATION
SURFACE LOAD | PARKWAY | OPEN PLANTER | PARKWAY
FRAWE & COVER| 36" X 36" NA a2e
WETLANDHEDA VOLUME (CY) 14.50
WETLANDMEDIA DELIVERY METHOD T80
ORIFICE SIZE (DI INCHES) 267"
MAXHUN PICK WEIGHT (L85 T
NOTES:
INSTALLATION NOTES T .
1. CONTRACTOR T0 PROVIDE ALL LASOR, EGUIPMENT, MATERILS AND =
INCIDENTALS REQUIRED TO OFFLOAD AND INSTALL THE SYSTEM AND =

APPURTENANCES IN ACCORDVNCE WITH THIS DRAWING AND THE'
MANUFACTURERS SPECIFICATIONS, UNLESS OTHERWISE STATED IN

MANUFACTURERS CONTRACT,

2 UM MUST BE INSTALLED ON LEVEL BASE  MANUFACTURER
RECOMMENDS A MINIMUM 6" LEVEL ROCK BASE UNLESS SPECIFIED BY

THE PROJECT ENGINEER. CONTRACTOR IS RESPONSISLE TO VERIFY

PROJECT ENGINEERS RECOMMENDED BASE SPECIFICATIONS,

3. AL PIPES MUST BE FLUSH WiTH INSIDE SURFACE OF CONCRETE
(PIPES CANNOT INTRUDE BEYOND FLUSH). INVERT OF OUTFLOW PIFE
MUST BE FLUSH WITH DISCHARGE CHAMBER FLOOR. AlL GAPS
AROUND FIPES SHALL BE SEALED WATER TIGHT WITH A NON—SHRINK gmal
GROUT PER MANUFACTURERS STANDARD CONNECTION DETAIL AND SHALL
MEET OR EXCEED REGIONAL PIPE CONNECTION STANDARDS,

4 CONTRACTOR TO SUPPLY AND INSTALL ALl EXTERNAL CONNECTING

PIFES,

5 CONTRACTOR RESPONSIBLE FOR INSTALLATION OF ALL RISERS,
MANHOLES, AND FATCHES. CONTRACTOR TO GROUT ALL MANHULES AND
HATCHES TO MATCH FIMISHEDY SURFACE UNLESS SPECIFIEDY OTHERWISE

6. DRIP OR SPRAY IRRIGATION REQUIRED ON ALL UNITS WITH VEGETATION.

GENERAL NOTES
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1. MANUFACTURER TO PROVIDE ALL MATERIALS UNLESS OTHERWISE NOTED.
2 ALL DIMENSIONS, ELEVATIONS, SPECIFICATIONS AND CAPACTIES ARE SUBJECT TO

CHANGE. FOR PROVECT SPECIFIC DRAWINGS DETAILNG EXACT DIMENSIONS, WEIGHTS

AND ACCESSORIES PLEASE CONTACT MANUFACTURER.
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Bio® Cle

A Forterra Company

Section [ ]
- Modular Subsurface Flow Wetland System

PART 1 - GENERAL

01.01.00 Purpose

The purpose of this.specification’is to establish generally acceptable criteria for Modular Subsurface

Flow Wetland Systems used for biofiltration of stormwater runoff including dry weather flows and other

" contaminated water sources. It isiinfended to serve as a guide to producers, distributors, architects,
“engineers, contractors, plumbers, installers, inspectors, agencies and users; to promote understanding
* regarding materials, manufacture and installation; and to provide for identification of devices complying

with this specification.

01.02.00 Description

Modular Subsurface Flow Wetland Systems (MSFWS) are used for filtration of stormwater runoff
‘including dry weather flows.  The MSFWS is a pre-engineered biofiltration system composed of a

. pretreatment chamber containing filtration cartridges, a horizontal flow biofiltration chamber with a

. peripheral void area and a centralized and vertically extending underdrain, the biofiltration chamber
containing a sorptive media mix:which does not contain any organic material and a layer of plant
establishment media, and a discharge chamber containing an-orifice confrol structure. Treated water
flows horizéntally in series through the pretreatment chamber cartridges, biofiltration chamber and
orifice control structure.

01.03.00 Manufacturer

The manufacturer of the MSFWS shall be one that is regularly engaged in the engineering design and
production of systems developed for the treatment of stormwater runoff for at least {10) years, and
which have a history of successful preduction, acceptable to the engineer of work. In accordance with
the drawings, the MSFWS(s) shall be a filter device Manufactured by BioClean A Forterra Company,
or assigned disfributors or licensees. Bio Clean A Forterra Company, can be reached at;

Headquarters: :
Bio Clean A Forterra Company
398 Via E| Centro

QOceanside, CA 92058

Phone: (760) 433-7640

Fax: (760) 433-3176

www.biocleanenvironmental.com

Modular Subsurface Flow Wetland System  Page 1 of 6
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01.04.00 Submittals

01.04.01

- 01.04.02

01.04.03

Shop drawings are to be submitted with each order to the contractor and
consulting engineer.

Shop drawirigs are fo detail the MSFWS and all components required and the

sequence for installation, including:

System configuration with primary dimensions

e Interior components

Any accessary equipment called out on shop drawings
Inspection and maintenance documentation submitted upon request.

-3 .

- .
n

01.05.00 Work Included

01.05.01

01.05.p2

Specification requirements for installation of MSFWS.
Manufacturer to supply components of the MSFWS(s):
H ¢ Pretreatment chamber components (pre-assembled)
Concrete Structure(s)

L ]
' « Biofiltration chamber components (pre-assemblad)
y .

Flow control discharge structure (pre-assembled)

01.06.00 Reference Standards

Standard Test Method for Unit Weight and Voids in Aggregate

ASTM C 29
ASTM C 88 C 88 Standard Tesi Method for Soundness of Aggregates by Use of Sodium
Sulfate or Magnesium Sulfate
ASTM.C131 C 131 Standard Te{st Method for Resistance to Degradatlon of Small-Size
] Coarse Aggregates by Abrasion and Impact in the Los Angeles Machine
ASTM G136 | C 136 Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates
ASTM C 330 | C 330 Standard Specification for Lightweight Aggregate for Structural Concrete
ASTM D 698 Test Method for Laboratory Compaction Characteristics of Soil Using Standard
Effort {12,400 ft.-Ibffft3 (600 kN-m/m3)
ASTM D 1621 | 10 Standard Test Method for Compressive Properties Of Rigid Cellular Plastics
ASTM D 1777 {\\nz'tl;al\;lia[l); 777 - 96(2007) Standard Test Method for Thickness of Textile
ASTM D 4716 Standard Test Method for Determining the (In-plane) Flow Rate per Unit Width
and Hydraulic Transmissivity of a Geosynthetic Using a Constant Head
AASHTO T 99- | Standard Method of Test for Moisture-Density Relations of Soils Using a 2.5-kg
01 {5.5-Ib) Rammer and a 305-mm (12-in) Drop
AASHTO T 104 Standard Method of Test for Soundness of Aggregate by Use of Sodium Sulfate
or Magnesium Sulfate
AASHTO T 260 Standard Method of Test_for Sampling and Testing for Chloride lon in Concrete
and Concrete Raw Materials.
AASHTO T 288 | Standard Method of Test for Determining Minimum Laboratory Soil Resistivity
AASHTO T 289 | Standard Method of Test for Determining ph of Soll for Use in Corrosion Testing
AASHTO T 291 gga;lndard Method of Test for Determining Water Soluble Chloride lon Content in
AASHTO T 290 T 290 Standard Method of Test for Determining Water Soluble Sulfate lon

Content in Soil

Modular Subsurface Flow Wetland System
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PART 2 - COMPONENTS

The Modular Subsurface Flow Wetland Systems (MSFWS) and all of its components shall be
self-contained. within a toncrete structure constructed of concrete with a minimum 28 day
“compressive strangth of 5,000 psi, with reinforcing per ASTM A 615, Grade 60, and supports and
H20 loading as indicated by AASHTOQ. Each Chamber shall have appropriate access hatches for

" easy maintenance and sized to allow removal of all internal components. without disassembly. All
water transfer system components shall conform with the following;

, : »: ~Filter netting shall be 100% Polyester with a number 16 sleve size,
L and strength tested per ASTM D 3787.
TR ~+ -« Draihage cells shall be manufactured of lightweight injection-molded
- ‘plastic and have a minimum compressive strength test of 6,000 psi
~* rand a void area along the surface making contact with the filter
“ media of 75% or greater. The cells shall be at least 2 in thickness
and allow water to freely flow in all four directions.

02.01.00 Pretreatment Chamber Components

- 02.01.01.. . Eilter Cartridges shall operate at a loading rate not to exceed 3 gallons per
‘minute per square foot surface area.

02.01.02 -  Drain Down System shall include a pervious floor that allows water to drain into
S ' +the underdrain pipe that is connected to the discharge chamber.

02.02.00 Biofiltration Chamber Components

02.02.01 Media shall consist of ceramic material produced by expanding and vitrifying
select material in a rotary kiln. Media must be preduced to meet the requirements
of ASTM €330, ASTM C331, and AASHTO M195. Aggregates must have a
minimum 24-hour water absorption of 10.5% mass. Media shall not contain any
organic material. Flow through media shall be horizontal from the outer perimeter
of the chamber toward the centralized and vertically extending underdrain. The
retenticn time in the media shall be at least 3 minutes. Downward flow filters are
not acceptable alternatives. The thickness of the media shall be at least 19” from
influent end to effluent end. The loading rate on the media shall not exceed 1.1
gallans per minute per square foot surface area. Media must be contained within
structure that spaces the surface of the media at least 2" from all vertically
extending walls of the concrete structure.

02.02.02 Planting shall be native, drought tolerant species recommend by manufacturer
andforlandscape architect. -
02.02.03 Plant Support Media shall be made of a 3" thick moisture retention cell that is

inert and contains no chemicals or fertilizers, is not made of organic material and
has an internal void percentage of 80%.

02.03.00 Discharge Chamber

The discharge device shall house a flow control orifice plate that restricts flows greater than

designed treatment flow rate. All piping components shall be made of a high-density polyethylena. The
discharge chamber shall also contain a drain down filter if specified on the drawing.

Modular Subsurface Flow Wetland System  Page 3 of 6
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PART 3 — PERFORMANCE

03.01.00 General :

-03.01.01 Function - The MSFWS has no moving internal components and functions based
on gravity flow, unless otherwise specified. The MSFWS is composed of a
pretreatment chamber, a biofiltration chamber and a discharge chamber. The
pretreatment device houses cartridge media filters, which consist of filter media
housed in a perforated enclosure. The untreated runoff flows into the system via
subsurface piping and or surface inlet. Water entering the system is forced
through the filter cartridge enclosures by gravity flow. Then the flow contacts the
filter media. The flow through the media is horizontal toward the center of each
individual media filter. In the center of the media shall be a round slotted PVC
pipe of no greater than 1.5" in diameter. The slotted PVC pipe shall extend
downward into the water transfer cavity of the cartridge. The slotted PVC pipe
shall be threaded on the bottom to connect to the water transfer cavity, After
poliutants have been removed by the filter media the water discharges the
pretreatment chamber and flows into the water transfer system and is conveyed
to the biofiltration chamber. Once runoff has been filtered by the biofiltration
chamber it is collected by the vertical underdrain and conveyed to a discharge
chamber equipped with a flow control crifice plate. Finally the treated flow exits
the system.

03.01.02 - Pollutarits - The MSFWS will remove and retain debris, sediments, TSS,
dissolved and particulate metals and nutrients including nitrogen and phosphorus
‘species, bacteria, BOD, oxygen demanding substances, organic compounds and
hydrocarbons entering the filter during frequent storm events and continuous dry
weather flows.

03.01.03 Treatment Flow Rate and Bypass - The MSFWS operates in-line. The MSFWS
will treat 100% of the required water guality treatment flow based on a minimum
filtration capacities listed in section 03.02.00. The size of the system must match
those provided on the drawing to ensure proper performance and hydraulic
residence time.

03.02.00 Minimum_Treatment Capabilities
System must be capable of treating flows to the specified treatment flow rate on the drawings. The flow
rate shall be controlled by an orifice.

PART 4 - EXECUTION

04.01.00 General
The installation of the MSFWS shall conform to all applicable national, state, state highway, municipal
and local specifications.

04.02.0Q Installation
The Contractor shall furnish all labor, equipment, materials and incidentals required to install the
(MSFWS) device(s) and appurtenances in accordance with the drawings and these specifications.

- 04.02.01 Grading and Excavation site shall be properly surveyed by a registered
professional surveyor, and clearly marked with excavation limits and elevations.
After site is marked it is the respensibility of the contractor to contact local utility
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04.02.02 .

04.02.03

- 04.02.04

04.02.05 ©

.
N

04.02.06

-

Sio® Clean

companies and/or DigAlert to check for underground utilities. All grading permits
shall be approved by governing agencies before commencement of grading and

@xcavation. Soil conditions shall be tested in accordance with the governing
‘agencies fequirements. All earth removed shall be transported, disposed,

stored, and handled per governing agencies standards. It is the responsibility of
the contractor to install and maintain proper erosion control measures during
grading and excavation operations.

Compaction - All soil shall be compacted per registered professional soils
engineer's recommendations prior to installation of MSFWS components.
Backfill shall be placed according fo a registered professional soils engineer's

‘recommendations, and with a minimum of 6” of gravel under all concrete

structures,
Concréte Structures — After backfill has been inspected by the governing agency

.and approved the concrete structures shall be lifted and placed in proper position -

per plans.

. Subsurface Flow Wetland Media shall be carefully loaded ihto area so not to
- damage the Welland Liner or Water Transfer Systems. The entire wetland area

shall be filled to a lavel 9 inches below finished surface.

- Planting layer shall be installed per manufacturer's drawings and consist of a

minimum 3% grow enhancement media that ensures greater than 95% plant

. surviva| raté; and 67 of wetland media. Planting shall consist of native plants
recommended by manufacturer andfor landscape architect. Planting shall be

drip irrigated for at least the first 3 months to insure long term plant growth. No

.- chemical herbicides, pesticides, or fertilizers shall be used in the planting or care

and maintenance of the planted area.

04.03.00 Shipping, Storage and Handling

04.03.01

04.03.02

Shipping — MSFWS shall be shipped to the contractor's address or job site, and
is the responsibility of the contractor to offload the unit(s) and place in the exact
site of installation.

Storage and Handling- The contractor shall exercise care in the storage and
handling of the MSFWS and all components prior to and during installation. Any
repair or replacement costs associated with events occurring after delivery is
accepted and unloading has commenced shall be bom by the contractor. The
MSFWS(s) and all components shall always be stored indoors and transported
inside the original shipping container until the unit(s} are ready to be instalied.
The MSFWS shall always be handled with care and lifted according to OSHA
and NIOSA lifting recommendations andfor contractor's workplace safety
professional recommendations.

Modular Subsurface Flow Wetland System  Page 5 of 6
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04.04.00 Maintenance and Inspection

04.04.01 -

04.04.02

. 04.04.03

Inspection — After installation, the contractor shall demonstrate that the MSFWS
has been properly installed at the correct location(s), elevations, and with
appropriate components. All components associated with the MSFWS and its
installation shall be subject to inspection by the engineer at the place of
installation. In-addition, the contractor shall demonstrate that the MSFWS has
been installed per the manufacturer's specifications and recommendations. All
components shall be inspected by a qualified person once a year and results of
inspection shall be kept in an inspection log.

Maintenance — The manufacturer recommends cleaning and debris removal
maintenance of once a year and replacement of the Cartridge Filters as needed.

. The maintenance shall be performed by someone qualified. A Maintenance

Manual is available upon request from the manufacturer. The manual has
detailed information regarding the maintenance of the MSFWS. A
Maintenanceflnspection record shall be kept by the maintenance operator. The
record shall include any maintenance activities preformed, amount and
description of debris collected, and the condition of the filter.

Material Disposal - All debris, trash, organics, and sediments captured by the

'MSFWS shall be transported and disposed of at an approved facility for disposal

in accordance with local and state requirements. Please refer to state and local

. régulations for the proper disposal of toxic and non-toxic material.

PART 5 — QUALITY ASSURNACE

05.01.00 Warranty

The Manufacturer shall guarantee the MSFWS against all manufacturing defects in materials and
workmanship for a period of (5) years from the date of delivery to the . The manufacturer shall be
notified of repair or replacement issues in writing within the warranty period. The MSFWS is limited to
recommendad application for which it was designed.

05.02.00 Performance Certification

The MSEWS manufacturer shall submit to the Engineer of Record a “Manufacturer's Performance
Certificate” certifying the MSFWS is capable of achieving the specified removal efficiency for suspended
solids, phosphorous and dissolved metals,
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Installation Guidelines for
Modular Wetland System

Delivery & Unloading/Lifting

1. Modular Wetland Systems, Inc. shall deliver the unit(s) to the site in coordination with
the Contractor. '

2. The Contractor will require spreader bars and chains/cables to safely and securely lift
the main structure, risers a set of suitable lifting hooks, knuckles, shackles and eye
bolts.

. 3. The main structure and lid cén be lifted together or separately.

Please see Modufar Wetland Weights and Lifting Details. Contact Modular Wetlands
for additional lifting details.

Inspection

1. Inspection of the Modular Wetland unit and all parts contained in or shipped outside of
the unit shall be inspected at time of delivery by the site Engineer/Inspector and the
Contractor. Any non-conformance to approved drawings or damage to any part of the
system shall be documented on the Modular Wetland shipping ticket. Damage to the
unit during and after unloading shall be corrected at the expense of the Contractor.
Any necessary repairs to the Modular Wetland unit shall be made to the acceptance of
the Engineer/Inspector.

Site Preparation

1. The Contractor is responsible for providing adequate and complete sitefinlet protection
when the Modular Wetland unit is installed prior to final site stabilization (full
landscaping, grass cover, final paving, and street sweeping completed).

2. The Contractor shall adhere to all jurisdictional and/or OSHA safety rules in providing
temporary shoring of the excavation.

3. The Contractor or Owner is responsible for appropriately barricading the Modular
Wetland unit from traffic (in accordance with local codes).

www.modularwetlands.com



Installation _Guidelines for
: Modular Wetland System

Instaliation

1.
- shown on the approved drawings. Any modifications to the elevation or location shall -
~. be at the direction of and approved by the Engineer.

Each unit-shall be constructed at the locations and elevations according to the sizes

The unit shall be placed on:thé compacted sub-grade with a minimum 6-inch gravel
‘base matching the final grade of the curb line in the area of the unit. The unit is to be

placed such that the unit and top slab match the grade of the curb in the area of the
unit. Compact undisturbed sub-grade materials to 95% of maximum density at +1% to

2% of the optimum moisture. Unsuitable material below sub-grade shall be replaced to

site engineer's approval. Please see Modular Wetlands Weights and Lifting Details.

- Contact Modular Wetlands for guidance where slope exceeds 0.5%.

Once the unit is set, the internal wooden forms and protective silt fabric cover must be

left intact (if WetlandMedia pre-installed). The top lid(s) should be sealed onto the box

section before backfilling, using a non-shrink grout, butyl rubber or similar waterproof

- .seal. The boards-on the top of the lid and boards sealed inthe unit's throat must NOT 7

be removed. The Supplier will remove these sections at the time of activation.

Outlet connections shall be aligned and sealed to meet the approved drawings with
modifications hecessary to meet site conditions and local regu|at|ons The correct
outlet will be marked on the Modular Wetland unit.

Backfilling should be perfermed in a careful manner, bringing the appropriate fill
material up in 6-inch lifts on all sides. Precast sections shall be set in a manner that
will resuit in a watertight joint. In all instances, installation of the Modular Wetland unit
shall conform to ASTM specification C891 “Standard Practice for Installation of
Underground Precast Utility Structures” unless specified otherwise in contract
documents.

It is the responsibility of the Contractor to provide curb and gutter and transition to the
Modular Wetland unit for proper stormwater flow into the system through the throat,
pipe or grate opening. A standard drawing of the throat and gutter detail is available in
the following section; however the plans and contract documents supersede all
standard drawings. Several variations of the standard design are available. Effective
bypass for the Modular Wetland System is essential for correct operation (i.e. bypass
to an overflow at lower elevation).

www.modularwetlands.com




The contractor MUST provide all rigging
And lifting apparatus, such as all cables,
chains or straps and a set of lifting hooks,
shackles, knuckles and eye bolis.

It is the contractor’s responsibility to provide
suitable lifting equipment to off-load the
Modular Wetla‘nd unit,

Modular Wetland units are
designed to be off-loaded using the
contractor’s spreader har.

1. Apply Butyl Tape Seal

Apply butyl tape seal along the top of the box
section. Butyl tape seal is provided with every
unit.

Modular Wetland installed protective throat
board and installed silt fabric must be left in
place to protect the unit from construction
sediment.

www.modularwetlands.com



2 Unlecad and Set Box

Unload the Modular Wetland unit
the prepared hole with appropriate sub-grade.*

* Compacted sub-grade with a minimum
of six inches of gravel base which must match
the final grade of curb line the area of the unit.

3. Set TOB On Box
Set-the top slab on fhe box.

The Contractor is responsible for providing
adequate and complete site/inlet protection
when the Modular Wetland is installed prior
to final site stabilization (full landscaping,
grass cover, final paving, and street sweeping
completed).

4. Connect Qutfall Pipe

The correct outlet will be marked on the
Modular Wettand.

Invert of outlet pipe MUST be even
with the floor of the system.

www.modularwetlands.com




5. Install Curb & Gutter

It is the responsibility of the Contractor to
provide curb and gutter and transition to

the Modular Wetland for proper flow into

the system through a 5"~ 7" throat opening.

A standard drawing of the throat and gutter :
detail in the following section. CONTRACTOR
RESPONSIBLE FOR GROUTING IN ANY
VISIBLE LIFTING PGINTS.

6. Activation

Activation is performed ONLY by Modular
Wetland personnel. -

Activation can occur once the project site is
fully stabilized (full landscaping, grass cover,
final paving and street sweeping completed)
and there is a 5" - 7” throat opening.

Call 760-433-7640 to schedule your activation.

NOTE: WetlandMedia Installation

For Larger modeis (MWS-L-4-13 and above) the system will be delivered
without WetlandMedia pre-installed to minimize pick weight and prevent
contamination of the media during construction. For these models the
WetlandMedia will be delivered in bulk or in super sacks. It will be responsibility
of the contractor to fill the system with the WetlandMedia during the installation
process. Installation of the WetlandMedia can be done after the unit is fully
installed to avoid contamination. See following pages for details.

www.modularwetlands.com



MODULAR
WetlandMedia Install (if applicabley ~ WETLANDS

1 F|IIWetIa dMedia

Position super sack Of WetlandMedia over
wetland chamber. Bottom of sack should not
be more than 2’ above top of system. Open
sack and fill evenly®.

* One to several hundred cubic yards of
WetlandMedia will be required based upon the
model numbeér and size of the system. For large
scale jobs WetlandMedia will be delivered in
bulk and will require a bobcat of similar to fill
the system. All equipment is the responsﬂalllty
of the contractor.

2. Install_ Plant Propagation Layer

Fill WetlandMedia up to 9" below the top
of the wetland chamber. Level out the
WetlandMedia as shown. Ensure that
the level does not vary more than one inch
or plant growth will be affected.

3. Install Plant Propagation Layer

Utilize plant propagation blocks provided
by the manufacturer. Each block is
approximately 40" by 8" by 3” thick. Blocks
shall be placed side by side and end to end
and cover the entire length and width of
the wetland chamber unless specified.

www.modularwetlands.com
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4. Finish Filling WetlandMedia

After plant propagation blocks are installed
repeat step 1 and fill the system to the

top of the wetland chamber as shown.
WetlandMedia must be filled within

2" of the top of the unit.

5. Planting

After system is filled with WetlandMedia
planting of vegetation can begin.

Utilizing 1 gallon plants dig down until
The plant propagation blocks are reached.
Remove plant and it's root ball from the
container. Set the bottom of the root

ball on the fops of the blocks. Fill hole
back in with WetlandMedia. After planting
a thorough watering of the plants is
necessary. The plant propagation blocks
must be saturated to provide a water
source for the plants during the
establishment phase. It is recommended
that hand watering is done three times a
week for the first two months. Hand water
can be supplemented with drip or spray
irrigation after the second week. Please
call the manufacturer for more details on
plants, planting arrangement and
irrigation options.

NOTE: planting is required on
all units, including units delivered
with WetlandMedia pre-installed.

www.modularwetlands.com



Curb and Gutter Details

Modular Wetland System, Inc.
P. 760.433-7640
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MWS-L 2.0 Max Pick Weights

Model # Size (0.D} Size (1.D) Unit Weight (Ibs) Media Weight {Ibs} Total Weight {Ibs)
MWS-L-4-4 . 5'x5 4 x4 75000 1607.7 9107.7
MWS-L-4-6 5x7 4'x 8 11,000 1798.9 12,619.2
MWS-L-4-6.5 5x7.58 4'x6.5 11,500 . 13,119.2

MWS-L-4-8 5'x g 8 x4 12500 3066 18466
MWS-L-4-13 5'x 14 13' % 4' 21200 5895 27095
MWS-L-4-15 1. 5" x 18 15'x 4' 23700 8039 31739
MWS-L-4-17 5'x18' 17 x4 28500 10182 36682
MWS-L-4-19 5 x 20 19' x4 28300 12326 40626
MWS-L-4-21 5'x 22 21'x 4 30000 14470 44470

MWS-L-6-8 7'x 9 6'x8 - 24000 6109 301_09
MWS-L-8-8 gxy 8'x8 32000 8253 40253
MWS-L-8-12 o' x1¥ g'x12' 44000 12540 56540
MWS-L-8-16 9 x17 8 x16' 47000 16828 63528

Max Pick Weight if Shipped Max Pick Weight if Shipped
Without Media Installed With Media Installed

Note: All weights listed hareon are standard max pick weights, actual pick weights may vary based upon state and local regulations and
variation in concerte and rebar standards. For project specific pick weights cantact the manufacturer prior to shipping of the unit(s). s is the
contractors responsibility to offload tha unit with an adequate size crane. Units arg shipped with WetlandMEDIA in superbags and
installed by contractor.

When Available see project contract terms, if lifting points are on the inside of the unit due to custom designs or installations requiring
pionts to be on the inside the media will be shipped in bags and the contractor will be reponsibile to install after the unit is installed. For
example, units places agalnst a wall.

For Questions or Comments Please Call 888-566-3938 or emall: info@modularwetlands.com

WETLARNDS




Connection Details

Modular Wetland System, Inc.
P. 760.433-7640
F. 760-433-3176

E. Info@modularwetlands.com
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SPECIFIED OTHERWISE'
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Inspection Guidelines for
Modular Wetland System - Linear

Inspection Summary

o Inspect Pre-Treatment, Biofiltration and Discharge Chambers — average inspection interval is 6 to

12 months.

» (18 minute average inspection Hme).

o NOTE: Pollutant loading varies greatly from site to site and no two sites are the same. Therefore,
the first year requires inspection monthly during the wet season and every other month during the

dry season in order to observe and record the amount of poliutant loading the system is receiving.

System Diagram

@ Pre-treatment Chamber

(2) Biofiltration Chamber

Access to separation chamber
and pre-filter cartridges

@ Discharge Chamber

Access to discharge
{ hamp%r and crifice control

Curb Inlet

Inividual Media Filters

Pre-fiiter Cartridge

Yertical Enderdrain
Manifald

. i ﬂ O ﬁq prambom e Figw Control Riser gt
BioMedioGREEN EDIA

Cartriclge Housing

Qutlet Pipe
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Inspection Overview WETLANDS
As with all stormwatér BMPs inspection and maintenance on the MWS Linear is necessary.
- Stormwater regulations require thatall BMPs be inspected and maintained to ensure they are

operating as designed to allow for effectivé pollutant removal and provide protection to receiving water
“bodies. It is recommended that inspections-be performed multiple times during the first year to assess

the site specific loading conditions. This is recommended because pollutant loading and pollutant
characteristics ¢can vary greatly from site tosite. Variables such as nearby soil erosion or construction

sites, winter. s'anding on roads, amolint of daily traffic and land use can increase pollutant loading on

the system. The first'year of inspections can be used to set inspection and maintenance intervals for
- subsequent years to ensure appropriate maintenance is provided. Without appropriate maintenance a
BMP will exceed its storage capacity which can negatively affect its continued performance in

removing and retaining captured pollutants.

Inspection Equipment

Following is a list of equipment to allow for simple and effective inspection of the MWS Linear:
s Modular Wetland Inspection Form

« Flashlight
. Manhole hook or appropriate tools to remove access hatches and covers
« Appropriate traffic control signage and procedures
* Measuring pole and/or tape measure.
« Protective clothing and eye protection.
e 7/186" open or closed ended wrench.
+ Large permanent black marker (initial inspections only — first year)

* Note: entering a confined space requires appropriate safety and certification. It is generally not

required for routine inspections of the system.

www.modularwetlands.com
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Inspection Steps

The core to any successful stormwater BMP maintenance program is routine inspections. The
inspection steps required on the MWS, Linear are quick and easy. As mentioned above the first year
should be seen as the maintenance interval establishment phase. During the first year more frequent
inspections should occur in order to gather loading data and maintenance requirements for that
specific site. This information cah be used to establish a base for long term inspection and

maintenance interval requirements.

The MWS Linear can be inspected though visual observation without entry into the system. All
necessary pre-inspection steps must be catried out before inspection occurs, especially traffic control
and other safety measures to protect the inspector and near-by pedestrians from any dangers
associated with an open access hatch or manhole. Once these access covers have been safely

opened the inspection process can proceed:

e Prepare the inspection form by writing in the necessary information including project name,
location, date & time, unit number and other info (see inspection form).

« Observe the inside of the system through the access hatches. If minimal light is available and
vision into the unit is impaired utilize a flashlight to see inside the system and all of its
chambers.

e Lock for any o‘ut of the ordinary obstructions in the inflow pipe, pre-treatment chamber,
biofiltration chamber, discharge chamber or outflow pipe. Write down any observations on the
inspection form.

« Through observation and/or digital photographs estimate the amount of trash, debris and
sediment accumulated in the pre-treatment chamber. Utilizing a tape measure or measuring
stick estimate the amount of trash, debris and sediment in this chamber. Record this depth on

the inspection form.

www.modularwetlands.com
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Through visual observation inspect the condition of the pre-filter cartridges. Look for excessive .
build-up of sediments on the cartrigges, any build-up on the top of the cartridges, or clogging -
of the holes. Record this information on the inspection form. The pre-filter cartridges can
further be inspected by removing the cartridge tops and assessing the color of the
BioMediaGREEN filter cubes’ (requires entry into pre-treatment chamber — see notes above

regarding confined space entry)..Record the color of the material. New material is a light green

~Incolor. As the media becomes clogged it will turn darker in color, eventually becoming dark

- brown or hlack. Using the below: color indicator record the percentage of media exhausted.

85%

Exhausted
BioMediaGREEN

) ' _ New
BioMediaGREEN L .,
0% -~ Percent Clogged -- 100%

“The bicfiltration chamber is generally maintenance free due to the system’s advanced pre-

treatment chamber. For units which have open planters with vegetation it is recommended that
the vegetation be inspected. Look for any plants that are dead or showing signs of disease or
other negative stressors. Record the general health of the plants on the inspection and
indicate through visual observation or digital photographs if trimming of the vegetation is
needed. |

The discharge chamber houses the orifice control structure, drain down filter and is connected
to the outflow pipe. It Is important to check to ensure the orifice is in proper operating
conditions and free of any obstructions. It is alsoc important to assess the condition of the drain
down filter media which utilizes a block form of the BioMediaGREEN. Assess in the same
manner as the cubes in the Pre-Filter Cartridge as mentioned above. Generally, the discharge
chamber will be clean and free of debris. Inspect the water marks on the side walls. If possible,
Inspect the discharge chamber during a rain event to assess the amount of flow leaving the
system while it is at 100% capacity (pre-treatment chamber water level at peak HGL). The
water level of the flowing water should be compared to the watermark leve! on the side walls;
which is an indicator of the highest discharge rate the system achieved when initially installed.
Record on the form is there is any difference in level from watermark in inches.

www.modularwetlands.com




NOTE: During the first few storms the water level in the outflow chamber should be observed
and a 6” long horizontal watermark line drawn (using a large permanent marker) at the water
level in the discharge chamber while the system is operating at 100% capacity. The diagram
below illustrates where a line should be drawn. This line is a reference point for future

inspections of the system:

Using a permanent marker draw a 6 inch long horizontal line, as shown, at the

g\\ higher water level in the MWS Linear discharge chamber.

Water level in the discharge chamber is a function of flow rate and pipe size. Observation of
water level during the first few months of operation can be used as a benchmark level for
future inspections. The initial mark and all future observations shall be made when system is
at 100% capacity (water level at maximum level in pre-treatment chamber). If future water
levels are below this mark when system is at 100% capacity this is an indicator that
maintenance to the pre-filter cartridges may be needed.

Finalize inspection report for analysis by the maintenance manager to determine if

maintenance is required.

www.modularwetlands.com
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Maintenance Indicators

Based upon observations made,during inspéction, maintenance of the system may be required based

on the following indicators:

». Missing or damaged internal components or cartridges.
s Obstructions in the system or its inlet or outlet.
» .Excessive accumulation of floatables in the pre-treatment chamber in which the length and

VS width of the chamber is fully impacted more than 18”.

« Excessive accumulation of sediment in the pre-treatment chamber of more than 6” in depth.

www.modularwetlands.com
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« Excessive accumulation of sediment on the BioMediaGREEN media housed within the pre-

filter cartridges. The following chart shows photos of the condition of the BioMediaGREEN

contained within the pre-filter cartridges. When media is more than 86% clogged replacement

is required.

New { - R o - . Exhausted
BioMediaGREEN C ! BioMediaGREEN
0% -- Percent Clogged -- 1100%

e Excessive accumulation of sediment on the BioMediaGREEN media housed within the drain
down fitter. The following photos show of the condition of the BioMediaGREEN contained

within the drain down filter. When media is more than 85% clogged replacement is required.

www.modularwetlands.com



¢ Overgrown vegetation.

« Water level in discharge chamber during 100% operating capacity (pre-treatment chamber

water level at max height) is lower than the watermark by 20%.

www.modularwetlands.com
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Inspection Notes

1. Following maintenance and/or inspection, it is recommended the maintenance operator
prepare a maintenancefinspection record. The record should include any maintenance
activities performed, amount and description of debris collected, and condition of the

system and its various filter mechanisms.
2. The owner should keep maintenancefinspection record(s) for a minimum of five years from
the date of maintenance. These records should be made available to the governing

municipality for inspection upon request at any time.

3. Transport all debris, trash, organics and sediments to approved facility for disposal in

accordance with local and state requirements.

4. Entry into chambers may require confined space training based on state and local

regulations.
5. No fertilizer shall be used in the Biofiltration Chamber.
6. lrrigation should be provided as recommended by manufacturer and/or landscape

architect. Amount of irrigation required is dependent on plant species. Some plants may

not require irrigation after initial establishment.

www.modularwetlands.com
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Maintenance Guidelines for

- Modular Wetland System - Linear

Maintenance Summary

o .

Remove Sediment from Pre-Treatment Chamber — average maintenance interval is 12 to 24

months.
w (10 minute average service time).

o Replace Pre-Filter Cartridge Media — average maintenance interval 12 to 24 months.

m  (70-15 minute per cariridge average service ime).

.o Trim Vegetation — average maintenance interval is 6 to 12 months.

v (Service time vaties).

System Diagram

@ Pre-treatment Chamber

(2) Biofiltration Chamber

Access to separation chamber
and pre-filter cartridge

@ Discharge Chamber

Curb Intet

Incividual Medla Fliters

PreuﬂiterCartrldge\\ B

VYertical Underdraln

Manifold @

BiOMedEOGREEN §}§ Iﬂ E Drain-Dawa Line Flow aontrl ESE? ‘

Outlet Plpe
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Maintenance Overview

The time has come to maintain your-Modular Wetland System Linear (MWS Linear). To ensure
successful and efficient maintenance on the system we recommend the following. The MWS Linear
can be maintained by removing the access hatches over the systems various chambers. All
nécessary pre-maintenance steps must be carried out before maintenance occurs, especially traffic
control and other safety measures to protect the inspector and near-by pedestrians from any dangers
associated with an open access hatch or manhole. Once traffic control has been set up per local and
state regulations and access covers have been safely opened the maintenance process can begin. It
should be noted that some maintenance activities require confined space entry. All confined space
requirements must be strictly followed before entry into the system. In addition the following is

recommended:

¢ Prepare the mainténance form by writing in the necessary information including project name,
location, date & time, unit number and other info (see maintenance form).
.« Set up all appropriate safety and cleaning equipment.
+ Ensure traffic control is set up and properly positioned.

« Prepare a pre-checks (OSHA, safety, confined space entry) are performed.

Maintenance Equipment
Following is a list of equipment required for maintenance of the MWS Linear:
s  Modular Wetland Maintenance Form
¢ Manhole hook or appropriate tools to access hatches and covers
« Protective clothing, flashlight and eye protection.
e 7/16”" open or closed ended wrench.
e Vacuum assisted truck with pressure washer.

- Replacement BioMediaGREEN for Pre-Filter Cartridges if required (order from manufacturer).

@ .f & NH”"’ \
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Maintenance Steps

1. Pre-treatment Chamber (bottom of chamber)

A “Remove access hatch or manhole cover over pre-treatment chamber and position vacuum
truck accordingly.

-B. "With a pressure washerrspray down pollutants accumulated on walls and pre-filter
cartridges.

- C.~Vacuum out Pre-Treatment Chamber and remove all accumulated poliutants including
trash, debrisand sediments. Be sure to vacuum the floor until pervious pavers are visible
and clean.

-~ D. If Pre-Filter Cartridges require media replacement move onto step 2. If not, replace access

hatch or manhole cover.

Removal of aceess hatch to gain access below. Insertion of vacuum hose Into separation chamber.

Removal of trash, sediment and debris, Fully cleaned separation chamber.

www.modularwetlands.com
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2. Pre-Filter Cartridges (attached to wall of pre-treatment chamber)

A. After finishing step 1 enter pre-treatment chamber.
B. Unscrew the two bolts holding the lid on each cartridge filter and remove lid.

Inside cartridges showing media filters ready for

replacement.

Pre-filter cartridges with tops on.

C. Place the vacuum hose over each individual media filter to suck out filter media.

Yacuuming out of media filters.

D. Once filter media has been sucked use a pressure washer to spray down inside of the
cartridge and it's containing media cages. Remove cleaned media cages and place to the
side. Once removed the vacuum hose can be inserted into the cartridge to vacuum out any

remaining material near the bottom of the cartridge.

www.modularwetlands.com
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Reinstall media cages, and fill with new media from manufacturer or outside supplier.
Manufacturer will providé specification of media and sources to purchase. Utilize the

-~ manufacture provided refilling trey and place on top of cartridge. Fill trey with new bulk

media and shake down into place. Using your hands slightly compact media into each filter
cage. Once cages are full removed refilling trey and replace cartridge top ensuring bolts

are properly tightened.

Refilling trey for media replacement. Refilling trey on cartridge with bulk

media.
F. Exit pre-treatment chamber. Replace access hatch or manhole cover.

Biofiltration Chamber {middle vegetated chamber)

A

In general, the biofiltration chamber is maintenance free with the exception of maintaining
the vegetation. Using standard gardening tools properly trim back the vegetation to healthy
levels. The MWS Linear utilizes vegetation similar to surrounding landscape areas
therefore trim vegetation to match surrounding vegetation. If any plants have died replace

plants with new ones:

www.modularwetlands.com




4. Discharge Chamber {(contains drain down cartridge & connected to pipe)

A. Remove access hatch or manhole cover over discharge chamber.
B. Enter chamber to gain access to the drain down filter. Unlock the locking mechanism and
left up drain down filter housing to remove used BioMediaGREEN filter block as shown

below:

C. Insert new BioMediaGREEN filter block and lock drain down filter housing back in place.
Replace access hatch or manhole cover over discharge chamber.

www.modularwetlands.com
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Inspection Notes

- Following maintenance and/or inspection, it is recommended the maintenance- operator

prepare a' maintenance/inspection record. The record should include any maintenance
activities performed, améunt and description of debris collected, and condition of the
system and its various filter mechanisms.

. . The owner should keep maintenance/inspection record(s) for a minimum of five years from

~the daie of maintenance. ‘These records should be made available to the governing

municipality for inspection upon request at any time.

: - Transport all debris, trash, organics and sediments to approved facility for disposal in

accordance with local and state requirements.

., Entry into chambers may require confined space training based on state and local

regulations.
No fertilizer shall be used-in the Biofiltration Chamber.
Irrigation should be provided as recommended by manufacturer and/or landscape

architect. Amount of irrigation required is dependent on plant species. Some plants may
not require irrigation after initial establishment.

www.modularwetlands.com




Inspection Form

Modular Wetland System, Inc.
P. 760.433-7640
F. 760-433-3176

E. InfoOmodularwetiands.com
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ENVIRONMENTAL aawcss. NG,

Inspection Report :
Modular Wetlands System WETLANDS

%

Project Name

For Office Use Only

Project Address :
. — | {oity)

Owner / Management Company

(Zip Codey

{Reviewed By)

!

|
-Contact Phane ( ) -

. Ingpector Name : N . ADate / /

Type of Inspacton  [] Routne - [J FolowUp [0 Complaint: O storm

Weather Condition : Additional Notes

Time

AM/PM

Storm Eventin Last 72-hours? [] No [ Yes

-

Inspection Checklist

Modular Wetland System Type (Curb, Grate or UG Vault): Size (22", 14’ or stc.):
Structural Integrity: . X Yes No Comments
) I 1
Damage to pre-treatment access cover (manhole cover/grate) or cannot be opened usi;ng normal lifting
pressure? . !
Damage to discharge chamber access cover {manhole cover/grate) or cannot be opsned using nermal lifting
pressura? : :
Does the MWS unit show signs of structural deterioration (cracks in the wall, damage o frame)?
‘|Is the inlet/outlet pipe or drain down pibe damaged Br otherwise not functioning properlfy?
j y - : i
Working Condition: '
Is there evidence of Illlcit discharge or excessive oil, grease, or other automobile fiuids ifante’ring and clogging fhd
unit? : :
Is there standing water In inappropriate areas after a dry period? |
Is the filter insert (if applicable) at capacity and/or is there an accumulation of debris/trash on the shelf system?
Does the depth of sediment/trash/debris suggest a blockage of the inflow pipe, bypass or cariridge fiiter? If yes Depth:

specify which one in the comments section. Note depth of accumulation in In pre-treatment chamber,

[oes the cartridge filter media need replacement in pre-treatment chamber andfor discharge chamber?

Chamber:

Any signs of impropar functioning In the discharge chamber? Note issuas In comments section.

Other Inspection ltems:

Is there an accumulation of sediment/trash/debris in the wetland media (if applicable)?

Is it evident that the plants are alive and healthy (if applicable)? Please note Plant Information below.

Is there a septic or foul ador coming from inside the system?

Waste: Yes No Recommended Maintenance
Seadimant / Silt / Clay No Cleaning Needed

Trash / Bags / Bottles Scheduls Malntenance as Planned

Green Waste / Leaves / Follage Needs Immediate Maintenance

Additional Notes:

Plant Information

Damage to Plants

Plant Replacamant

Plant Trimming

2972 San Luis Rey Road, Oceanside, CA 92058 P {760) 433-7640 F (760) 433-3176
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Maintenance Report

Modular Wetland System, Inc.
P. 760.433-7640
F. 760-433-3176

E. Info@modularwetlands.com
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~.Cleaning and Maintenance Report
:Modular Wetlands System

Project Name

Project Address ;
; . {clty} {ZIp Code}
_ Owner / Management Company ‘
Contact ) ' Phone ( ) -
Inspector Name Date / Time AM/PM
I.iType of Inspection [ Routine-++ [ Follow Up-~  : [] Complaint [1 storm Storm Event in Last 72-hours? O Yes
" Weather Condition Additional Notes
‘ U ' o . ' Cendition of Media Oporational Per
Site’ GPS Coordinates . Manufacturer/. Trash . - Foliage | Sediment Total Debris 25/50/76/100 Manufactures'
Map # of insert . Description ./ Sizing Accumulation Accumulatli:n Accumulation | Accumulation | {will be changed Specifications
' _ o ' ) i @ 75%) {If not, why?)
Lat: ' MWS r
Catch Basins !
Long: .
- MWS
Sedimentation
: Basin
: Media Filter
f Condition
Plant Condition
Drain Down Madia
Condition
Discharge Chamber
Condition
Drain Down Pipe
Condition
Inlst and Outlet
Pipe Condition
Comments:

2972 San Luis Rey Road, Oceanside, CA 92058 P. 760.433.7640 F. 760.433.3176
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Modular Wetland System

. BioClean, A Forte’rra Company products are engméered and manufactur'ed with the intent to be = - B S
considered as permanent infrastructure. Bio Clean, A Forterra Company warranties its products .

. to be free 'of manufacturer’s defects fora period of 5 years from the date of purchase. Bio Clean, -
- A Forterra Company warranties that the materials used to manufacture its products will be able
to withstand and remain durable to environmental conditions for a period of 5 years from the
date of purchase. If a warranty claim is made and determined to be valid, Bio Clean, A Forterra
- Company will either repair or replace the product, at:the discretion of Bio Clean, A Forterra Com-
pany Warranty claims must be submitted, evaluated, and approved by Bio Clean, A Forterra .
Company for the claim to be determined to be valid. All warranty work and/or corrective action
- must be authorized by Bio Clean, A Forterra Company prior to beginning the work not covered
by this warranty. There are no other warranties either expressed or implied other than what is
 specifically specified herein. Abusive treatment, neglect, or improper use of Bio Clean, A Forterra
Company products will not be covered by this warranty.

85%) 566-3938 i info biocleanenvironmentai.com
R [

WETLANDS
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TECHNICAL EVALUATION REPORT

~ MODULAR WETLAND SYSTEM STORMWATER
- TREATMENT SYSTEM PERFORMANCE MONITORING

Prepared for
Modular Wetland Systems, Inc.

Prepared by
Herrera Envircnmental Consultants, Inc.

HERRERA




Note:
Some pages in this document have been purposely skipped or blank pages inserted so that this
document will copy correctly when duplexed.



TECHNICAL EVALUATION REPORT

" MODULAR WETLAND SYSTEM STORMWATER
TREATMENT SYSTEM PERFORMANCE MONITORING

Prepared for '
Modular Wetland Systems, Inc.
2972 San Luis Rey Road
Oceanside, California 92058

Prepared by
Herrera Environmental Consultants, Inc.
2200 Sixth Avenue, Suite 1100
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EXECUTIVE SUMMARY

Modular Wetland System - Linear filtration system
{MWS-Linear) is a water quality treatment system
consisting of a pre-treatment chamber, a media
cartridge pre-filter, a wetland biofiltration chamber,
and an outlet control device. The system is housed
in a precast concrete vault and can be designed in
numerous configurations including piped, curb or
grated inlet structures.

From April 2012 through May 2013, Herrera
Environmental Consultants, Inc. (Herrera} conducted
hydrologic and water quality monitoring of a
MWS-Linear for Modular Wetland Systems, Inc. at
one approved test installation in Portland, Oregon.
Herrera conducted this monitoring to obtain
performance data to support the issuance of a
General Use Level Designation (GULD) for the
MWS-Linear by the Washington Department of
Ecology (Ecology). Monitoring was performed in
accordance with procedures described in Guidance
for Evaluating Emerging Stormwater Treatment N
Technoiogi es; TeChm)logy Assessment Protocol - Installation of the monitored MWS-Linear system at the
Ecology (TAPE_) (Ecology 201 1). Albina Maintenance Facility in Portland, Oregon.

This technical evaluation report {TER} was prepared by Herrera to demonstrate satisfactory
performance of the MWS-Linear in meeting the minimum requirements as specified by Ecology
(2011} for basic treatment, phosphorus treatment, and enhanced treatment.

Sampling Procedures

To evaluate the stormwater treatment performance of the MWS-Linéar based on Ecology’s
TAPE guidelines, a test system was installed at the Portland Bureau of Environmental Services
Albina Maintenance Facility in Portland, Oregon (Figure 1}. This system is identified herein

as the Albina Modular Wetland System (AMWS). Automated monitoring equipment was
installed to continuously measure influent, effluent, and bypass flow volumes. Automated
equipment was used to collect flow-weighted composite samples of the system’s influent

and effluent during 28 separate storm events in the monitoring period. The collected flow-
weighted composite samples were analyzed for the following water quality parameters: '

s Total suspended solids (TSS)
s Particle size distribution (PSD) (influent only)
April 2014 @ HERRERA
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« Total and dissolved copper
o Tota!l and dissolved zinc
s Total phosphorus (TP)
s Soluble reactive phosphorus (SRP)
s Hardness
¢« pH
These data were subsequently analyzed in the following ways:
 Computation.of pollutant.removal efficiencies with bootstrap confidence intervals
o Statistical comparisons of influent and effluent concentrations

» Correlation analysis to examine the influence of treated flow rate on system
performance ‘

These results were then compared to TAPE minimum requirement goals for basic, phosphorus,
and enhanced treatment,

Hydrologic Performance

The water quality treatment goal for the test system was to capture and treat 91 percent of
the average annual runoff volume. Monitoring data showed that stormwater bypassed the
AMWS test system during 49 out of 81 monitored events during the 14-month monitoring
period. The system was able to treat 75 percent of the total volume that entered the system
over this period. Consequently, the goal of treating 91 percent of the volume from the site
was not achieved. This was most likely due to the high level of fine clay content of the runoff
resulting in clogging of the media cartridge pre-filter located in the pre-treatment chamber
(see Maintenance Schedule). In addition, analysis of the flow data at the end of the project
indicated that the system was undersized for the basin. On average, a 1.54-inch storm
(6-month storm for the region) produced a 102.6 gallons per minute peak discharge. The
system was only sized to treat 41 gallons per minute.

During the monitoring period, it appeared that the wetland chamber’s biofiltration media
did not experience a substantial decrease in flow capacity indicating that the pre-treatment
prevented the wetland media from clogging. There was a negative trend over time for
treated flow rate during bypass due to accumulation of fine sediment on the pre-filter
media. On average, the pre-filters required changing every 2 to 3 menths. This frequency

of maintenance was due, in large part, to the high clay content of the runoff from the Albina
site. Under more typical stormwater loading conditions, it is anticipated that the pre-filter
media will last 6 to 24 months before the media is required to be removed and replaced.
Furthermore, since no flow decrease was observed in the WetlandMedia, it is anticipated that
the wetland chamber will not require maintenance for several years. It should also be noted
that with the inclusion of additional pre-filter cartridges the maintenance interval would

@ HERRERA Aprit 2014
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likely have been extended. The required number of pre-filters should be determined on a site
specific basis.

Water Quality Performance
Basic Treatment

The basic treatment goal in. the TAPE guidelines is 80 percent removal of total suspended
solids for influent concentrations ranging from 100 to 200 milligrams per liter (mg/L). For
concentrations less than 100 mg/L, facilities must achieve an effluent goal of 20 mg/L
pursuant to TAPE guidelines.

Total suspended solids removal rates ranged from 61 to 98 percent, with a mean value of

- 84.9 percent. The Upper 95 percent confidence interval about the mean effluent concentration
was 12.8 mg/L. The TAPE effluent goal is 20 mg/L or less, therefore the Basic water treatment
. criterfa were met. Analyses of flow and water quality data indicated the treatment goal for
total suspended solids removal was met up to and through the design flow rate of 41 gallons
per. minyte (gpm) (equivalent of 1 gpm/ft? of media loading rate) for the MWS-Linear and even
exceeded treatment goals at 50 gpm (1.21 gpm/ft?). :

Phosphorus Treatment

The phosphorus treatment goal in the TAPE guidelines is 50 percent removal of total
phosphorus for influent concentrations ranging from 0.1 to 0.5 mg/L.

A bootstrap estimate of the lower 95 percent confidence limit (LCL95) of the mean total
phosphorus reduction was 61.7 percent. Consequently, it can be concluded that the mean
percent removal was significantly greater than the 50 percent goal specified in the TAPE
guidelines. The system also exhibited removal rates greater than 50 percent up to and
through the design flow rate of 41 gpm and even exceeded treatment goals at 50 gpm
{1.21 gpm/ft2),

Enhanced Treatment

The dissolved zinc treatment goal in the TAPE guidelines is 60 percent removal for influent
concentrations ranging from 0.02 to 0.3 mg/L. The dissolved copper treatment goal is

30 percent removal for influent concentrations ranging from 0.005 to 0.02 mg/L. The lower
95 percent confidence limit of the mean percent removal was 60.5 and 32.5 percent for
dissolved zinc and dissolved copper, respectively. These data indicate that the TAPE removal
criteria were met for both dissolved zinc and dissolved copper. Treatment above the TAPE
criteria of 60 percent removal was evident in the dissolved zinc results from treated flow
rates up to and including the design flow rate of 41 gpm. Dissolved copper treatment was only
evident up to 28 gpm; however, if lab data from 2007 are added to the data set, the flow rate
at which 30 percent dissolved copper reduction can be achieved increases to the design flow
rate of 41 gpm (1 gpm/ft? of media).
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INTRODUCTION |

The Modular Wetland Systems - Linear (MWS-Linear) is a structural stormwater treatment
system developed by Modular Wetland Systems, Inc. The MWS-Linear utilizes a multi-stage
treatment processes, including a pre-treatment chamber that houses a settling basin and
a media cartridge pre-filters that are designed to remove coarse to fine sediment and

‘hydrocarbons from entering the subsequent wetland chamber, The wetland chamber
~. media provides chemical and biological filtration and secondary physical filtration. This
- system is housed in a modular. precast concrete structure that can be designed in many inlet
“configurations. The MWS-Linear provides water quality treatment of captured flows through
.. the processés of separation, sedimentation, filtration, adsorption, absorption, sequestration,

volatilization, ion exchange, biological remediation, and uptake.

~.. -The Washington State Department of Ecology (Ecology) has established specific use level

designations for emerging stormwater treatment technologies like the MWS-Linear in

- accordgnce with guidelines that are identified by Ecology (2011) in Technical Guidance for
. Evaluating Emerging Stormwater Treatment Technologies: Technology Assessment Protocol -

Ecology (TAPE).

There are three use level designations: pilot, conditional, and general. Pilot and conditional
use level designations allow limited application of emerging stormwater treatment
technologies in western Washington to facilitate field testing, If the testing shows that the
treatment technology meets minimum treatment goals as identified in the TAPE, Ecology may
issue a general use level designation (GULD) for the treatment technology, permitting its
widespread use in Washington.

TAPE guidelines indicate that a technical evaluation report (TER) must be completed for any
stormwater treatment system under consideration for a GULD. Specifically, the TER should
document treatment performance of a technology to show that it will achieve Ecology’s
performance goals for target pollutants, as demonstrated by field testing performed in
accordance with the TAPE.

This document is the TER for the MWS-Linear, and was prepared by Herrera -to demonstrate
satisfactory performance of the MWS-Linear in meeting treatment goals specified by Ecology
(2011} for basic treatment, total phosphorus and enhanced treatment. It specifically presents
data from a test MWS-Linear instatled at the Portland Maintenance Bureau Albina Maintenance
Facility (Figure 1). This monitoring was performed over a 14-month period, from April 14,
2012, through May 31, 2013.
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TECHNOLOGY DESCRIPTION

The MWS-Linear stormwater filtration system provides water quality treatment of captured
flows through several physical, biological, and chemical unit processes, This section describes
the system’s physical components, treatment processes and removal mechanisms, sizing
methods, expected treatment capabilities, expected design life, and required maintenance
procedures,

System Overview

- The MWS-Linear can be used in a variety of configurations, including curb, grate, and vault-
type (piped) designs (Figures 2, 3, and 4). New construction and stormwater retrofit projects
can utilize the modular design of the MWS-Linear in place of standard catch basin structures,

~ rain gardens, bioretention cells, media filters, or other treatment devices. A variety of inlet,
bypass; -and wetland chamber designs are available for the MWS-Linear and can be easily be

. adapted for different stormwater drainage system designs and needs. However, the hydraulics
within the system itself and the treatment processes are the same for each of these
configurations.

~ Stormwater runoff enters the MWS-Linear via pipe, curb, or grate opening. For the MWS-Linear
- with a grate or curb-type opening, a catch basin filter insert facilitates the removal of gross
‘solids and floatable trash prior to the stormwater entering the pre-treatment chamber. For the
. MWS5-Linear with pipe openings (such as the study unit presented herein}, stormwater enters
the pre-treatment chamber directly. The pre-treatment chamber is specifically designed to
settle out trash and litter, gross solids, and suspended sediment. Stormwater is then treated
by the media cartridge pre-filters, which removes several pollutants, fine TSS, and
hydrocarbons to protect the wetland chamber from clogging. After the stormwater moves
through the media cartridge pre-filter, it enters the wetland chamber, which acts as a biofilter
and is the main treatment component of the system. The MWS-Linear processes stormwater
horizontally through the biofiltration media contained within the wetland chamber. Within this
wetland chamber, a combination of physical, chemical, and biological mechanisms remove
additional particulate and soluble pollutants. Treated runoff leaving the wetland chamber
is controlled by a downstream orifice or flow control structure in the discharge chamber and
leaves the system via the discharge chamber piping. The hydraulic conductivity of the
biofiltration media contained within that wetland chamber is higher than the set orifice rate.
[n this manner the biofiltration media has a built-in hydraulic safety factor to ensure sustained
treatment flow rates.

Physical Components

The MWS-Linear consists of a series of treatment components, beginning with a catch
basin filter insert (for grate and curb-type configurations), a pre-treatment chamber, the
BioMediaGREEN pre-filter, and finishing with a wetland chamber and discharge chamber. The
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Figure 3.  Design Details of Half Size MWS-Linear system with Piped Inlet Flow.
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discharge chamber collects flow from the wetland chamber and internal bypass pipes and
routes stormwater to the outlet pipe.

The BioMediaGREEN can easily be removed and replaced from the media cartridge pre-filters
to maintain the treatment performance within an acceptable range; the catch basin filter
insert, pre-treatment chamber, and media cartridge pre-filter improve the wetland chamber
performance by minimizing the pollutant loading on the biofiltration media. The primary
components of the MWS-Linear are described below.

Structure
..The MWS-Linear is a'‘modular, precast concrete structure. Each MWS-Linear concrete

. structure is available in numerous lengths and widths to accommodate flow or volume

- requirements. There are several alternative configurations and the MWS-Linear can be _
adapted to a variety of site conditions. Each complete unit weighs approximately 9,000 to
70,000 pounds and requires a boom crane for installation.

" Runoff can enter the system via built-in grate or curb inlet or enter directly into the pre-

- treatment chamber via pipe. The system has been designed to accommodate different depths
without changing biofittration media thickness or stormwater detention time, The system’s
horizontal flow biofilter and inlet configurations also allow it to be utilized in volume-based

-~ configurations downstream of storage BMPs, such as detention basins, ponds, or underground

 April 2014

facilities.

The MWS-Linear is constructed with non-corrosive materials. All internal piping is SD35 or
"$D40 PVC, Catch basin filter insert components, including mounting hardware, fasteners,
support brackets, filtration material, and support frame are constructed of non-corrosive
materials (316 stainless steel and UV protected/marine grade fiberglass). Fasteners are
stainless steel and the primary filter mesh is stainless steel welded screens. Media cartridge
pre-filters are constructed of high-strength HDPE. Mounts are constructed of stainless steel.
BioMediaGREEN is a sorptive rock substrate and is inert and non-corrosive, The drain down
filter cover is constructed of high strength HDPE and the hinge and mount are constructed of
stainless steel.

 Inlet

The MWS-Linear is available with a built-in grate or curb opening and/or can accept runoff via
pipe. [n the grate or curb type configuration, a catch basin filter is mounted directly under
the opening to intercept trash and debris as well as coarse or large sediment. The size and
shape of the catch basin filter varies from model to model. The catch basin filter utilizes
progressively finer screen sizes to facilitate removal and maintain flow rates. It also possesses
built-in internal openings for bypassing higher flows.

Pre-Treatment Chamber

The pre-treatment chamber is located below the inlet, The settling area within this chamber
has been specifically designed to provide secondary pre-treatment of stormwater to settle
large and coarse suspended solids.
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Media Cartridge Pre-Filter

The media cartridge pre-filter is designed to house BioMediaGREEN but can use other various
types of filter media. BioMediaGREEN is a proprietary engineered filter media made of a
unique combination of inert, naturally occurring minerals. The BioMediaGREEN is designed as
lightweight porous blocks, which aré then cut into 1- by 1-centimeter cubes, and are packed
into eight (8) separate cells around a center drain tube in each filter cartridges (Figure 5).
This natural product is hon-combustible, stable, biodegradable, and inert, having no known
adverse effects on the environment.

Figure 5. Rendering of Media Cartridge Pre-filters (Right) and Water Routing into the
Wetland Chamber (Left).

The highly porous nature of BioMediaGREEN allows stormwater to easily flow around and
through the cubes. The hydraulic conductivity of BioMediaGREEN is rated at 595 inches per
hour, but stormwater also flows around each cube, so the actual hydraulic conductivity of the
cartridges is much higher than the stated flow above.

BioMediaGREEN cubes also contain a high surface area to volume ratio, which promotes
elevated levels of physical, chemical, and biological processes to treat stormwater.
BioMediaGREEN filter cubes are designed to capture high levels of soluble and insoluble
pollutants and hydrocarbons, including oils and grease, gasoline, diesel, polycyclic aromatic
hydrocarbons {PAHs), and other organic chemicals. BioMediaGREEN cubes have the physical
ability to block and filter trash, litter, vegetative matter, sediment, total suspended solids
(TSS), total and dissolved metals, nutrients, and bacteria.

Maintenance of the media cartridge pre-filter is simple, and only requires access to the pre-
treatment chamber (cartridges do not need to be removed for maintenance). To maintain,
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the lid of the cartridge is removed, the used BioMediaGREEN cubes are removed from each
cell within the cartridge, the cartridge housing cleaned, new BioMediaGREEN cubes added,
and the cartridge lid replaced. BioMediaGREEN cubes are light green in color when new, and
turn a darker color as pollutants and sediment are absorbed onto its surface from untreated
stormwater. Maintenance crews can easily determine if the filter cubes need replacement by
virtue of this color change. The BioMediaGREEN cubes can typically be disposed of in an
ordinary landfill (local regulations may apply)

~."The number and size of media cartridge pre -filters is customizable and can range from one to

dozens depending on the treatment flow rate and influent solids loading. Recommendations
for pre-filter cohfigurations are provided in the Sizing Methodology section.

Stormwater Conveyance into Wetland Chamber and High Flow Bypass

After stormwater has passed through the pre-treatment chamber ‘s settling area and media

cartridge pre-filter, it is transferred. out of the cartridge into a series of 4-inch diameter PVC
-5D35 manifolds (Figure 5) that lead to the wetland chamber’s peripheral void area (known as
- the inlet;water transfer system and described in the next section).

The MWS-Linear is available with.one or more high flow bypass pipes near the top of the pre-
treatment chamber for internal bypass. External bypass configurations are also available. All
bypass configurations are used to convey stormwater around the wetland chamber and to the
discharge chamber or downstréam tie-in points. High flow bypass occurs when the MWS-
Linear’s flow capacity is exceeded. Alternative bypass configurations are also available for
smaller and larger MWS-Linear models that include a built-in internal bypass weir wall. Since
“the wetland chamber is separated from the pre-treatment and discharge chamber, internal
bypass has no effect on performance. Therefore, the wetland chamber only experiences the
orifice controlled water quality flow rate, as determined during MWS-Linear sizing for each
specific contributing drainage area.

Wez‘laﬁd Chamber

The wetland chamber is the primary stage of water treatment for the MWS-Linear. The
system employs an innovative peripheral (perimeter) 2” void area on all four sides of the
biofiltration media that extends to at least the height of the wetland chamber’s operating
hydraulic gradient level (HGL). This is known as the inlet water transfer system. Incoming
stormwater surrounds the biofiltration media bed within the void space and migrates towards
a series of vertically extended underdrain of collection piping located in the center of the
cell. This is known as the outlet water transfer system. As such, it operates similar in fashion
to a radial cartridge filter. The horizontal flow path through the media from an outside
perimeter maximizes the available surface area and thus, treatment flow capacity. Because
flow through the media is horizontal, the media thickness from influent point to effluent
point remains constant, regardless of the height of the wetland chamber. Therefore, shallow
or deeper systems can be specified without compromising treatment efficiencies associated
with downward flow systems such as rain garden, bioretention systems and the like - all of
which require the removal of media to accommodate shallow requirements.

The wetland chamber is filled with an engineered organic-free sorptive biofiltration media
called WetlandMedia. The WetlandMedia is designed to maximize physical, chemical, and
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biological treatment processes along with supporting live vegetation. The WetlandMedia also
includes a layer of plant propagation media above the active treatment zone to help with
establishing vegetation. For example, the MWS-Linear Model #MWS-L-4-21 has a wetland
chamber that is 4 feet wide by 13.8 feet long and has a physical chamber height of 4 feet.
The overall 0.D. dimensions of this model including the concrete vault, pre-treatment, and
discharge chamber is 5 by 22 by 4.8 feet. The active media surface area of the wetland
chamber for this model is 117 square feet at standard height. Radial subsurface flow through
the WetlandMedia provides a combination of physical, chemical, and biological filtration
processes for treatment of stormwater before it enters the discharge chamber. As interstitial
voids in the media begin to slowly accrete suspended solids from the stormwater, the media
becomes more carbon and nutrient rich. This results in more vigorous plant growth and
increased micro-biological processing of the stormwater. The ecosystem that develops around
the roots of the plants (or rhizosphere) is a complex combination of oxygen rich bacteria,
fungi, and carbonaceous plant material. Biological growth and oxygen rich organisms
mobilize, metabolize, and decompose influent pollutants and contribute to the overall
treatment performance of the MWS-Linear.

After stormwater passes through the WetlandMedia it enters a series of perforated, 4-inch
diameter, $D35 PVC outflow chamber transfer pipes, located along the chamber’s central
axis (Figure 3). The vertically extending perforated under drain pipes join to a common

solid horizontal pipe manifold along the bottom of the wetland chamber. This pipe collects
sub-surface flow from the wetland chamber and conveys the treated stormwater to the
discharge chamber through an orifice that regulates treatment flow and loading rates through
the wetland chamber. ‘ _ :

Wetland Chamber Vegetation

A wide variety of upland or wetland plant species can be planted on the surface of the
wetland chamber. Vegetation can be selected based on aesthetics, local climatic conditions,
traffic safety, and maintenance considerations. However, adequate time {months) is
necessary to allow for the plant roots and eco-biological organisms to colonize and to be well
established within the wetland chamber. Table 1 provides a recommended plant palette for
installations in the Pacific Northwest. For installations outside this area, the manufacturer
will recommend other appropriate plants.

Vegetation was initially planted in mid-July of 2011, only 8 months prior to testing. The
MWS-Linear had a physical height of 4 feet, yet due to the height limitation of the external
bypass weir, the WetlandMedia was saturated to a depth of only 2.3 feet. The distance from
the top of the unit, in which the vegetation is planted, and the active WetlandMedia

was 1.6 feet, Based upon the observations of plant growth rate and root establishments
rates for the variety of the plants utilized, it was determined that the roots did not reach
the active treatment zone during at least the first years of testing from April 2012 to April
2013. Consequently, it can concluded that the systems physical, chemical, and biological
treatment of the stormwater was primarily a function of the WetlandMedia and the microbes
and beneficial bacterial that live within in it and less as function of the vegetation’s root
systems.
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Table 1.  Recommended Plant List for MWS Units Installed in the Pacific Northwest,

-~ Scientific Name Common Name

Grasses and Sedges

Bromus carinatus California brome grass
Bromus sifchensis Alaska brome
-Bromusxyulgaris California brome grass
‘Carex exicata Blister sedge
Carex siipata ) Awlfruit sedge
‘Efymus glaucus Blue wildrye
<. Festuca californica California fescue
[Festuca occidentalis - Western fescue
Hordetim:brachyantherum Meadow barley

Forbes (Flowering Plants)

' Aguilegia formosa ) Red columbine
" Aster suspicatus Douglas' aster
" Camassia leichtlinii ' : Leichtlin's camas
Clarkia amoena Farewell to spring
- Delphinitm !éucophaeum Pale larkspur
Epilobium angustifolium Fireweed
" Huechera inicrantha ' Smallflowered alumroot
-2 Irfs tenax Oregon iris
Mimulus guttatus Yellow monkey-flower
Sisyrinchium idahoense Blue-eyed grass
Discharge Chamber

The discharge chamber collects treated stormwater from the outlet water transfer system
as well as stormwater from high flow bypass pipes or weirs. The outlet water transfer
system connects to the discharge chamber via a 4-inch PYC pipe to an orifice or flow
control structure housed in the discharge chamber (Figure 3). The orifice is set to discharge
stormwater at a calculated treatment flow rate equal to and not exceeding the design
wetland loading rate given the media surface area for any size or height system. For example,
the orifice insures the system is operating at 100 in/hr or 1,03 gpm at peak capacity and
never at a higher flow rate to ensure optimal performance. The flow through the orifice is
also much less than the hydraulic conductivity of the media itself and therefore providing

a built-in safety factor against potential clogging over several years or operation. Flows
collected in the discharge chamber are routed to a discharge pipe.

Treatment Mechanisms

The MWS-Linear provides water quality treatment of captured flows through physical,
chemical, and biologic unit processes. Runoff treatment is achieved through screening,
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sedimentation, filtration, absorption, adsorption, sequestration, sorption; biological
remediation, and uptake.

Screening

For MWS-Linear grate-type systems, the catch basin insert located at the inlet intercepts the
majority of floatable and gross solids, trash and litter, and coarse sediment before entering
the pre-treatment chamber. The catch basin insert filter is designed with multiple levels of
various screen sizes to remove pollutants.

Sedimeniation

The MWS-Linear contains a pre-treatment chamber below the inlet, and has been designed
to promote gravity or hydrodynamic settling of entrained particles. Settling of large particles
in the pre-treatment chamber improves the system’s performance as well as extends the

life of the media cartridge pre-filter. The amount of sedimentation is a function of particle

~ density, size, water density and viscosity, internal turbulence, and residence time.

Filtration

Particulates are physically remdved from suspénsion as they contact the BioMediaGREEN
contained within in media cartridge pre-filter(s). Pollutant removal rates achieved through
the cartridges alone are a function of the stormwater compaosition, flow, and pre-treatment
effectiveness. Filtration is also the primary physical unit process or mechanism in the wetland
chamber. The 3- to 5-millimeter WetlandMedia in the wetland chamber creates a non-linear
and torturous flow path which enhances contact between the stormwater and the various
filtration media.

Adsorption

Unlike filtration, where physical processes control removal of sediment from suspension,
adsorption relies on opposing surface charges of the BioMediaGREEN filter media and

wetland chamber media and dissolved constituents to remove pollutants from stormwater.
The BioMediaGREEN filter media is designed with a high surface area so that the binding sites
are not exhausted through its expected life cycle. In addition, both the WetlandMedia and the
BioMediaGREEN possess a high cation exchange capacity that promotes the effective removal
of positively charged dissolved pollutants {including transition and heavy metal ions) from the
incoming stormwater.

Biological Remediation

Bacterial growth, supported by the root system in the wetland chamber, performs a number
of treatment processes. These vary as a function of moisture, temperature, pH, salinity, and
pollutant concentrations. Biologically available forms of nitrogen, phosphorus, and carbon are
actively taken into the cells of vegetation and bacteria, and used for metabolic processes
(i.e., energy production and growth). Nitrogen and phosphorus and many heavy metals
common to stormwater are actively taken up as micronutrients that are vital for a number of
cell functions, growth, and energy production. These biological processes remove metabolites
from the media during and between storm events, making the media available to capture
more nutrients from subsequent storm events.
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Aerobic and anaerobic soil organisms in the wetland chamber break down, decompose,
sequester, and volatilize a wide array of organic compounds into less toxic forms or
completely break them down into carbon dioxide and water (Means and Hinchee 1994).
Bacteria can also cause metals to precipitate out as salts, bind them within organic material,
...and accumulate metals in nodules within the cells. Finally, plant growth may metabolize
many pollutants, sequester them or rendering them less toxic (Reeves and Baker 2000).

Site Requirements
Necessary Soil Characteristics

Specific underlying soil characteristics are not required for the MWS-Linear, since it is a self-
- contained, watertight system andis: fully enclosed. However, the manufacturer does require
that the MWS-Linear systerh be installed on a level bed of gravel 6 inches in depth (see
_Installation Manual). The system can be installed with open holes in the bottom of the
discharge chamber to tranisfer tredted stormwater to soils below to maximize infiltration if
desired.

Hydraulic Grade Requirements

. The MWS-Linear is completely passive and requires a minimum of 4.13 feet fall from the top
- of the unit to pipe invert outlet.for standard models. Taller and shorter units are available
for areas with limited fall conditions. For piped flows, water entering the system can come
in with as little as 6 inches of flow between inflow pipe and outflow pipe, At the same time,
the internal the internal or external bypass must be at an elevation equal to the operating
hydraulic gradient level (HGL} of the system. Bypass can be either internal or external
depending on the site specific configuration. Surface bypass occurs with curb or grate type
configurations where a secondary basin in installed just downstream of the MWS-Linear to
intercept all flows above its treatment capacity. For pipe flows, an internal or external
bypass pipe(s) or weir can be used at the proper elevation. This amount of fall ensures that
the maximum wetland surface area is utilized in the MWS-Linear for maximum performance.
The MWS-Linear can also accept runoff from upstream storage basins in a volume based
configuration.

Depth to Groundwater Limitations ,

Since it is fully enclosed, the MWS-Linear does not have depth to groundwater limitations.
For each installation, the manufacturer assess groundwater depth and calculates buoyancy
assuming dry filtration media to assure that the system will be negatively buoyant.

Utility Requirements

The MWS-Linear system is a passive system that requires no power, and has a free-draining
outfall to an appropriate water conveyance or storage system {e.g., wet pond, storm sewer,
or underground infiltration).

Intended Application

The MWS-Linear is intended to be used for stormwater filtration in applications ranging from -
industrial and commercial to high and low density residential settings. Depending on the

April 2014 @ HERRERA

Technical Evaluation Report—Modular Wetland System Stormwater Treatment System Performance Monitoring 13




land use, maintenance frequency may have to be adjusted accordingly. For instance, the
pre-treatment chamber including the media cartridge pre-filter will likety have to be more
~ frequently maintained when treating high ADT roadway versus residential street runoff.

Pretreatment Reqtliirements

There are no pretreatment requirements for the MWS-Linear since the system includes a
built-in multi-stage pre-treatment system. However, in applications where heavy sediment
loading is anticipated from upstream basins connected to the MWS-Linear via pipe the use of
catch bagin filters or standard sumped catch basins can be helpful.

Current Installations

As of August 2013, there are 143 MWS-Linear installations nationwide. Appendix A provides
the location, land use, and size of each of these installations. There is currently cne
MWS-Linear installed in the Pacifi¢ Northwest, with more than a dozen set for installation by
the end of 2014.

Sizing Methodology

Laboratory testing of the MWS-Linear indicates high levels of pollutant removal performance
at a loading rate of 100 inches an hour or 1.03 gallons per minute per square foot (gpm/sq ft)
of surface area of the WetlandMedia inside the wetland chamber., The MWS-Linear offers
adjustable pre-filter sizing based ‘on influent solids loading, For moderate total suspended
solids runoff concentrations:of between 10 and 50 mg/L (typical of residential basins
“and moderate use parking lots), the pre-filter is sized at 3 gpm/sq ft of surface area. For
total suspended solids loading greater than 50 mg/L (typical of commercial/industrial
basins or high use parking lots), the pre-filter is sized at 2.1 gpm/sq ft of surface area. It is
recommended that periodic monitoring during the first year of instailation be conducted in
order to determine the correct pre-filter configuration.

The MWS-Linear is available in over nine standard models, each model containing different
size wetland chambers and pre-filter configurations, Since the MWS-Linear is a horizontal flow
biofilter, its operation is similar to a radial cartridge. Infiuent stormwater fills the void area
around the biofiltration bed (WetlandMedia) bed in the wetland chamber up to a specific.
operating level or height. The surface area of the biofiltration bed is calculated by adding all
perimeter lengths by the operating height of the biofiltration bed. An orifice or flow control
structure is housed downstream of the wetland chamber in the discharge chamber. The size
of the orifice is calculated based upon a target-loading rate of 1.03 gpm/sq ft of surface
area, with the maximum loading rate not to exceed the maximum flow rate for the three
media cartridge pre-filters. The maximum water level before bypass is set to meet the
required or desired operating level of the wetland chamber. The WetlandMedia has a
hydraulic conductivity of greater than 12.75 gpm/sq (or 1,275 in/hr). This provides a safety
factor of over 12 based on its orifice controlled design rate of 1.03 gpm/sq ft. The pre-filter
media (BioMediaGREEN cubes) has a hydraulic conductivity of 5.95 gpm/sq ft {or 595 in/hr}).
This provides a safety factor of at least two based upon its design loading rate of between
2.1 and 3 gpm/sq ft.
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For preliminary sizing purposes, a sizing table was developed that provides maximum
contributing areas for each of the standard sizes of MWS-Linear for both western (Table 2)
and eastern Washington (Table 3). In addition, the recommended number of pre-filter

. cartridges based on loading from the basin is provided in each table. The following sections
describe the modeling used to generate the tables.

Western Washingion

MWS-Linear systems designed for use in western Washington are sized using the Western
Washington Hydrology Model, Version 2012 (WWHM2012), or another continuous hydrologic
model approved by Ecology,ito treat a minimum 91 percent of the annual stormwater
volume, The remaining 9.percent of the annual stormwater volume bypasses the treatment
- system through either an-external.bypass pipe or internal weir wall. The design calculations
- for-each size MWS-Linear system are determined at an approved hydraulic loading rate
of1.03 gpm/sq ft.

For preliminary flow-based sizing purposes, a sizing table was developed that provides
maximum contributing areas for.each of the standard sizes of MWS-Linear systems (Table 2).
* The table provides design:flow rates for MWS-Linear systems with external bypasses, the
design flow rates will be reduted by 29 and 18 percent for systems with internal piped or
internal weir bypasses; respectively. The sizing table was generated based on a developed

- (“mitigated”) basin that consists of a flat parking area located in a region represented by the

“SeaTac rain gage with a precipitation-scaling factor of 1.0. The sizing table is to be used for
planning level use only. The designh engineer must use a continuous model with the site-
specific drainage area and precipitation to confirm that the unit will treat the required
volume. As part of the design process Modular Wetland System’s engineering department

~ reviews the water quality requirerhents and confirms the MWS-Linear is sized correctly and

according to the approved loading rate and projects treatment flow.

Eastern Washington

MWS-Linear systems designed for use in Eastern Washington are sized to treat the 6-month,
3-hour storm. For preliminary sizing purposes, a sizing table was developed that provides
maximum contributing areas for each of the standard sizes of MWS-Linear systems in

Region 3 - Spokane {Table 3). The table provides design flow rates for MWS-Linear systems
with external bypasses, the design flow rates will be reduced by 29 and 18 percent for
systems with internal piped or internal weir bypasses, respectively. The sizing table is to be
used for planning level use only. The design engineer must use an approved single event
model with the site-specific drainage area and precipitation to confirm that the unit will
treat the required volume.

Expected Treatment Capabilitics

The MWS-Linear is designed to remove gross solids, suspended solids, heavy metals,
petroleum hydrocarbons, bacteria, and nutrients from stormwater. A combination of field and
laboratory tests have been conducted on the MWS-Linear and the media cartridge pre-filter
BioMediaGREEN. Specifically, in 2007 a scaled-down laboratory test was conducted to assess
the performance of the MWS-Linear system; the same year, a separate laboratory test was
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conducted to assess the performance of the BioMediaGREEN alone. Subsequent to these tests,
a full-scale field test of the MWS-Linear system was conducted in California to evaluate
removal of several stormwater pollutants of concern, including total suspended solids,
phosphorus, and total and dissolved metals. The results from these experiments indicated
that the combination of the media cartridge pre-filter containing BioMediaGREEN and
MWS-Linear WetlandMedia removed greater than 80 percent total suspended solids,

70 percent dissolved copper, 88 percent dissolved zinc, and 70 percent total phosphorus.
Additional information about previous studies of the MWS-Linear and BiosMediaGREEN can be
found in the Conditional Use Level Designation (Herrera 2011a) for the MWS-Linear, which was
filed with the Washington State Department of Ecology in May 2011.

Estimated Design Life

The non-consumable structural components of the MWS-Linear system are designed to last
25 years or more before needing maintenance or replacement of internal components.

The concrete structure of the system has a user life of over 50 years, The manufacturer
recommends that, on average, the pre-treatment chamber be maintained every 6 to

12 months. The manufacturer also recommends that the pre-filter media be replaced every
6 to 24 months depending on loading conditions and number of pre-filters installed. If
pollutant loading is abnormally high, however (e.g., due to roadway sanding, construction
runoff, or when installed at Industrial sites), the maintenance requirements of the pre-

" treatment chamber and media cartridge pre-filter will increase. In addition, if the system is
inadvertently undersized for the basin it is expected that more frequent replacement of the
pre-filter media will be required. Maintenance on the wetland chamber is not expected for
many years, as the media cartridge pre-filter will prevent sediments and hydrocarbons from
entering and clogging the WetlandMedia. Due to the high variation of loading conditions
from site to site, it is recommended that first year inspections are done to assess the loading
condition of the site on the MWS-Linear. Based upon this first year of observation, a site-
specific maintenance frequency and pre-filter configuration can be established.

installation

The MWS-Linear is a precast watertight concrete structure. The internal components are
pre-assembled prior to delivery to the installation site. The system is delivered on a flatbed
truck. The installer or contractor will need to provide a crane capable of off-loading the
unit and placing it into the ground. Prior to delivery, the appropriate excavation should

be completed, and the bottom 6 inches backfilled and leveled using the appropriate and
recommended material compacted to 95 percent of maximum density.

Prior to installation, all inlets are blocked and wetland chamber covered to prevent
construction sediment contamination from the site. Backfilling should be performed in a
careful manner, bringing the appropriate fill material up in 6-inch lifts on all sides. Precast
sections shall be set in a manner that will result in a watertight joint. In all instances,
installation of the MWS-Linear shall conform to ASTM specification C891 Standard Practice for
Installation of Underground Precast Utility Structures, unless directed otherwise in contract
documents.
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Operation and Maintenance Requirements

Every installed MWS-Linear unit is to be maintained by the Supplier, or a Supplier approved
contractor for at least the first.year. The cost of this service varies among outside service
providers. The MWS-Linear is a multi-stage self-contained treatment train for stormwater
treatment. Each stage is designéd and intended to protect subsequent stages from clogging.
- “Stages include screening, separation, cartridge media filtration, and biofiltration. The
biofiltration stage can contain various types of vegetation or plantings. Annual inspection is
required to evaluate plant health and trim excess vegetation. The maintenance procedures
are described below. '

- 1. Clean Catch Basin Filter - On systems with surface inlet flow, screening is provided
= by a catch:basin filter. The filter will contain coarse sediment, trash, and other
. floatables. Sediment capacdity is reached at 2 cubic feet for the curb style inlet and
. 4 cubic feet for the drop or.grated inlet configuration (varies with smaller and larger
- .models). The filter remaoves gross solids, including litter, and sediment greater than
' 200 microns. The cleaning procedure is easily done by hand or with a small industrial
- vacuum device. This filter is located directly under the manhole cover or grate for

easy access.

. 2. Clean Pre-Treatment:Chamber - separation occurs in the pre-treatment chamber’s

" settling area located directly under the curb or grated inlet. This chamber has a

 capacity of approximatety 21 cubic feet for trash, debris, and sediments for most
‘model sizes (varies with smaller and larger models). The chamber targets total
suspended solids and particulate metals and nutrients, Cleaning the settling area can

“be performed with a standard vacuum truck or hand held industrial shop vacuum. This
chamber is located directly-under the manhole or grate access cover for easy access
into the chamber.

3. Replace Pre-Filter Cartridge Media (BioMediaGREEN™) - Initial filtration is provided
by a horizontal flow cartridge filter utilizing BioMediaGREEN media. Media life
depends on local sediment loading conditions and can easily be replaced and disposed
of without any equipment. The BioMediaGREEN media is held within the media
cartridge pre-filters that are housed in the pre-treatment chamber. Entry into the
pre-treatment chamber is required to replace the BioMediaGREEN media. The lid
of the media cartridge pre-filter is removed by loosening two bolts. Once removed
maintenance personnel have unimpeded access to each media cage housing the
BioMediaGREEN which can be quickly removed by hand or with a vacuum truck. Once
old BioMediaGREEN is removed new material, provided is pre-weighed bags, is dropped
into the media cage housings. Once completed, the cartridge lid is replaced and bolts
tightened on the lid of the media cartridge pre-filter.

4. Replace Drain Down Filter Media (BioMediaGREEN™) ~ An optional drain down filter
(not included in the test unit), similar in function to the media cartridge pre-filter
is located in the discharge chamber. This filter allows any standing water from the
pre-treatment chamber to drain from under the pervious pavers through the small
filtration cartridge located in the discharge chamber. The drain down device addresses
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any vector issues, by eliminating all standing water within the MWS-Linear.
Replacement of media can be performed by hand.

5. Trim Vegetation - The MWS-Linear utilizes multiple plants in the wetland chamber to
enhance pollutant removal. The vegetation will need to be maintained (trimmed) as
needed and is done as part of regular site landscaping or system maintenance. Modular
Wetland Systems, Inc. recommends that the plantings are never given any fertilizer to
promote plant growth or health.

6. Evaluate Flow Hydrautic Conductivity - The system’s flow characteristics can be
assessed from the discharge chamber. This inspection for adequate flow capacity
should be done during a rain event. By inspecting and viewing the discharge chamber,
the flow out of the system can be easily observed or measure. If flow out of the orifice
is too low, it could indicate media cartridge pre-filter fouling and maintenance may
need to be provided to the BioMediaGREEN as described above.

7. WetlandMedia Maintenance - biofiltration is provided by an advanced horizontal flow
vegetated wetland chamber. This biofilter contains a mix of sorptive media, known as
WetlandMedia, which is designed to supports abundant plant and biological life. The
life of this media can be up to 20 years when properly maintained. The peripheral void
area surrounding the perimeter of the WetlandMedia can be accessed to remove any
surface clogging. The vertical risers in the middle of the WetlandMedia can also be
accessed.and water injected to backwash the WetlandMedia. These features allow the
wetland chamber to be fully maintained to ensure the WetlandMedia will not need to
be replaced for'many years. If full flow capacity cannot be restored by these steps,
the WetlandMedia can be replaced.

8. WetlandMedia Replacement - Removal of spent WetlandMedia can be done with a
shovel nose of any vacuum truck. Replacement of the WetlandMedia, although not
anticipated for 20 years, is done by adding new WetlandMedia from a number of
vendor supplied supersacs and added to fill the wetland chamber to recommended
levels.

Reliability

The MWS-Linear is a robust water quality system designed to withstand a variety of conditions
in the field. The media cartridge pre-filter containing BioMediaGREEN is designed to capture
sediment and hydrocarbons and subsequently clog before the WetlandMedia in the biofiltration
or wetland chamber. Once the pre-filter clogs, flow capacity decreases and the influent flows
are routed around the wetland chamber through the external or internal bypass mechanism
until the unit is maintained. The likelihood of this occurring is also significantly reduced by the
design of the bypass. If an MWS-Linear begins to clog, it will go into bypass before flushing
built up pollutants from the media(s) as bypass occurs around these mechanisms and not
through their chambers. The pre-treatment chamber can also be fitted with an optional drain
down system to prevent any standing water conditions in the chamber between storm events.
This can be used in areas where vector control may be an issue. The current flow capacity of
the MWS-Linear can easily be monitored by observing flow into the discharge chamber. Various
instrumentation can be used to verify the flow rate through the system. If the system is
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operating at less than 100 percent, \treatment flow capacity maintenance procedures can be
pre-formed in the pre-treatment chamber.

Modular Wetlands Systems, Inc, warranties that the materials used to manufacture its
products will be able to withstand and remain durable to environmental conditions for a
period of 5 years from the date of purchase. All other proprietary stormwater systems on the
market today only offer a 1-year limited warranty.

Other Benefits and Challenges

Unlike many precast stormwater treatment devices, the MWS-Linear has a vegetative
component that can add aesthetics to any streetscape. The plants in the wetland chamber
perform an important fittration function while also adding an aesthetically pleasing element
to what may otherwise be a’barren urban context. Though the aesthetic aspects of the
- technology are in no way assessed herein, they are mentioned here as an element that may
-be of interest to.municipalities serving the many landscape interests of their citizens.

April 2014 (@HERRERA

Technical Evaluation Report—Modular Wetland System Stormwater Treatment System Performance Monitoring 21







SAMPLING PROCEDURES

- This section.describes the Sampling procedures that were used to evaluate the performance
of the MWS-Linear. |t begins with asgeneral overview of the monitoring design and describes
the specific goals Ecology has established for the types.of treatment that are being sought

under the GULD. Separate sections then describe in more detail the site location, test system,

monitoring schedule, and the specific procedures used to obtain the hydrologic and water
~quality data, respectively. Analytical methods, quality assurance and control measures, data
- management.procedures, and data analysis procedures are also discussed.

Monitoring Design

- To facilitate performance monitoring pursuant to the TAPE procedures, a 4- by 13-foot (D)
MWS-Linear unit (Model # MWS-L-4-13) was installed for testing purposes at the Portland
Bureau of Maintenance Albina Maintenance Facility, which is located at North Mississippi and
- North Monroe Street in Portland, Oregon (Figure 1). This system is identified herein as the
Albina Modular Wetland System (AMWS).

Automated equipment was installed in conjunction with the AMWS system to facilitate
continuous monitoring of influent, effluent, and bypass flow volumes over a 14-month period
extending from April 14, 2012,:through May 31, 2013, In association with this hydrologic
monitoring, automated samplers were also employed to collect flow-weighted composite
samples of the inflyent and ‘effluent during discrete storm events for subsequent water -
quality analyses.

Using the data obtained from the AMWS monitoring, removal efficiencies and effluent
concentrations were characterized for targeted monitoring parameters. These data were
subsequently compared to goals identified in the TAPE to support the issuance of a GULD for
the MWS-Linear.

These treatment goals are described below for the three types of treatment that are under
consideration for inclusion in the GULD;

1. Basic Treatment - 80 percent removal of total suspended solids for influent
concentrations that are greater than 100 mg/L, but less than 200 mg/L. For influent
concentrations greater than 200 mg/L, a higher treatment goal may be appropriate.
For influent concentrations less than 100 mg/L, the facilities are intended to achieve
an effluent goal of 20 mg/L total suspended solids.

2. Phosphorus Treatment - 50 percent removal of total phosphorus for influent
concentrations ranging from 0.1 to 0.5 mg/L

3. Dissolved Metals Treatment - 30 percent removal of dissolved copper when influent
concentrations range from 0.005 to 0.02 mg/L and 60 percent removal of dissolved
zinc when influent concentrations range from 0.02 to 0.3 mg/L
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Site Location
The AMWS system was installed at the Portland Bureau of Maintenance Albina Maintenance
Facility, which is located at North Mississippi Avenue and North Monroe Street in Portland,
Oregon (Figure 1). The Facility includes a parking lot for trucks and heavy equipment as well
as outdoor storage of stockpiles of rack and dirt debris and miscellaneous snow removal
_equipment. Stormwater from the parking area for trucks and heavy equipment on the south
side of the facility is collected in a series of catch basins along the westemn edge of the lot.
Stormwater was conveyed from this system to Portland’s municipal drainage system. The
AMWS system received stormwater runoff from this parking area, and the treated effluent
from the system was then discharged into the existing municipal drainage system before
discharging via outfatl to the Willamette River.

The drainage area for this parking lot and storage areas is approximately 0.45 acres (see site
map in Figure 6 for delineation), and generally slopes from the east to the west with a grade
of approximately 5.0 percent. The installation location for the MW5-Linear system within this
drainage basin is designated “AMWS” in Figure 6.

Monitoring Scheduie

Hydrologic and water quality monitoring were conducted at the AMWS test system over a
14-month period April 14, 2012, through March 31, 2013. During this monitoring per1od
28 separate storm events were successfully sampled.

Test System Description

The AMWS test unit consists of a 4- by 13-foot ID vault with an 18.4-foot perimeter
biofiltration bed (WetlandMedia), and had a piped inflow configuration (Figure 3). The
Modular Wetland System Linear was constructed with an 8-inch smooth-walled PVC inlet
pipe that enters the northeast wall of the pre-treatment chamber, Water exits the system
through a 12-inch smooth-walled PVC outlet pipe located on the northeast wall of the
discharge chamber.

In order to simplify monitoring, the AMWS was installed with an upstream external bypass
weir (Figures 6 and 7). This configuration made it possible to segregate treated and bypassed
flows for quantity and quality monitoring. The bypass weir was adjustable in order to
maintain a specified driving head in the AMWS. The weir was adjusted to route the design
flow rate of 41 gpm to the system before bypass occurred. The internal bypass piping was
capped to prevent internal bypass flows from affecting estimates of treated effluent flow
rates and chemistry.

Test System Sizing

The WWHM2012 was used to estimate water quality design flow rates for the 0.45-acre study
basin. The WWHM2012 model was run for a moderate sloped basin (5 to 15 percent) and with
a 15-minute time step. The resultant model run indicated that the water quality design flow
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rate for the basin was 0.0676 cubic feet per second. However, preliminary flow monitoring
indicated that a 1.5-inch storm generated a flow rate of 0.23 cubic feet per second -

(103 gallons per minute). This was an indication that additional flow was entering the basin,
The basin is complex due to potential upslope contributions and the absence of a curb along
the base of the basin. Due to the complexity of the drainage, it was exceedingly difficult to

- estimate the basin size for accurate WWHM3 modeling; consequently, the system was sized
‘assuming a 0.45-acre drainage area. As mentioned above, this resulted in a design flow

rate for the test system of 0.091 cfs (41 gpm). Subsequent analysis of the flow data after

- completion of the project indicated that, on average, a 1.54-inch storm produced a flow

rate of 95 gpm. Based on hydrologic modeling, the 1.54-inch storm for the study region is
equivalent to the 6-month storm. Standard sizing techniques dictate that in order to treat

- 91 percent of the annual runoff the system must be able to treat 100 percent of the 6-month
- storm. This is an indication that, even though the basin area was assumed larger than the

mapped basin during the sizing calculations, the system was undersized for the basin.

Maintenance Schedule

.- Maintenance of the MWS:Linear consists of vactoring and power washing the pre-treatment
- chamber and replacing the BioMediaGREEN in the media cartridge pre-filters. The frequency

of these maintenance activities is a function of solids loading from the site. The Albina
Maintenance Facility was a challenging environment for stormwater filtration due to the high
degree of fine sediment loading in the runoff (likely sourced from the debris piles in the yard

- and from mud and seédiment from high levels of vehicle traffic in and out of the maintenance
- yard). The excessive fines fraction (Figure 9) blinded the BioMediaGREEN in the media

cartridge pre-filter more quickly relative to what would be expected from suspended solids
with a more typical particle size distribution (PSD} found in streets, parking lots and other
land uses where installation of these systems generally occur. This site demonstrated a “worst
case scenario” type condition that is in general found on dirty and unmaintained industrial
sites. To adapt to this condition, various configurations of the BioMediaGREEN were tried to
decrease maintenance frequency requirements on this site. These steps are described in this
section,

Initially, standard solid BioMediaGREEN blocks were instatled in the media filter pre-cartridge
located in the pre-treatment chamber on April 12, 2012, After noting that the filter was
blinding quicker than anticipated based on initial sediment load estimates (Figure 9),

it was replaced on May 2, 2012 with a modified BioMediaGREEN with ribs to increase the
filter surface area (Figure 9). These modified blocks were in place through a dry period
during which one sample was collected, but again flow rates through the media diminished
too rapidly and the BioMediaGREEN media was replaced again on August 8, 2012. To set

a baseline, an perlite media (Figure 9) was installed for 2 months during which time two
samples were collected. On October 26, 2012, a cubed BioMediaGREEN was installed
(Figure 9), this media provided similar resistance to surface occlusion (blinding) as the
perlite but with a more reactive surface. The cubed BioMediaGREEN lasted until January 27,
2013 (3 months), during which 13 samples were collected. It is anticipated that the cubed
BioMediaGREEN would last 6 to 24 months depending on stormwater loading conditions. Per
the current TAPE protocol, maintenance interval will be determined on a site-by-site basis
after issuance of a GULD. In addition, the manufacturer now recommends using additional
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pre-filter cartridges for sites with high solids loading (see Tables 2 and 3). Analysis of the
potential effect of the various pre-filters on the final data set is presented below in the
Water Quality Results section.

During the entire duration of the field testing the flow rate through the wetland chamber and
its WetlandMedia was unaffected. The last few storms during May of 2013 had some of the
highest recorded treatment flow rates proving that the pre-treatment chamber and its pre-
settling and pre-filters prevented the migration of fine sediments and hydrocarbons from
reaching the wetland chamber and affecting its flow rate capacity directly. Based upon these
findings it is estimated that maintenance on the wetland chamber will not be required for
several years. ,

Hydrologic Monitoring Procedures

" Generalized schematics of the eguipment that was installed in association with the AMWS
test system are provided in Figures 6 and 7. The equipment installation was completed on

- April 22, 2011. Continuous hydrologic monitoring was performed in conjunction with the
AMWS test system at four separate monitoring stations: AMWS-BP, AMWS-OQUT, AMWS-RG, and
 AMWS-IN (Figures 6 and 7). AMWS-BP was a bypass flow monitoring station, AMWS-OUT was an
effluent flow monitoring station located at the outlet that was used to characterize influent
flows since there are no water losses through the system, and AMWS-RG was a precipitation
monitoring station. AMWS-IN was only used for sample collection and no hydrologic monitoring
was conducted at the station. These hydrologic monitoring stations are discussed in separate
subsections below, followed by a summary of the maintenance procedures performed on

the monitoring equipment. These monitoring procedures are also described in greater detail
within the quality assurance project plan (QAPP) that were prepared for this study (Herrera
2011b) (Appendix B).

Hydrologic monitoring instruments at each of the stations discussed below were all interfaced
with a Campbell Scientific CR1000 datalogger, which served to record data, run simple
algorithms based on those data, and control the automated sampling equipment. The
datalogger was programmed to scan every 10 seconds and record average readings on a
5-minute time step. The datalogger was interfaced with an Airlink Raven XTV digital cellular
modem (Appendix B). This communication system was configured to automatically download
data on a 5-minute basis and send text message alarms to field technicians and project
managers. Power to the system was supplied using a 12-volt sealed, rechargeable battery that
" was charged using an 80-watt solar panel installed at the site.

The datalogger, battery, digital cell phone link, and automated samplers were housed in a
Knaack box model 69 enclosure {Appendix B). Conduit was installed to convey pressure
transducer cabling and autosampler suction lines from the base of the enclosure to each
station.

Bypass Fiow Monitoring (AMWS-5F)

In order to simplify monitoring, the AMWS was installed with an upstream external bypass
(Figures 6 and 7). This configuration made it possible to segregate treated and bypassed flows
for quantity and quality monitoring. The upstream bypass weir was adjustable in order to
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maintain required driving head in the MWS-Linear. The weir was adjusted to route the design
flow rate of 0.091 cfs (41 gpm) to the system before bypass occurred. The internal bypass
piping was capped to prevent internal bypass flows from affecting estimates of treated
effluent flow rates and chemistry. Engineering design plans for the AMWS system are provided
in Appendix C.

Water that passed over the diversion weir was routed through a 10-inch pipe to CB-14

(Figure 7). A 10-inch Thel-Mar weir was installed at the end of this pipe and a hole was drilled
through the face of the weir for connecting a section of reinforced 3/8-inch 1D polyethylene
tubing. The other end of the tubing was connected to a stilling well that was constructed
from 3-inch diameter PVC pipe. An Instrumentation Northwest PS9805 submersible pressure
transducer (0 to 2.5 psi} was installed in the stilling well to measure water levels behind the
Thel-Mar weir. The pressure transducer was interfaced with the Campbell Scientific CR1000
datalogger described above.. When bypass occurred, the datalogger converted bypass weir
water level readings to estimates of discharge based on standard hydraulic equations
(Walkowiak 2006). -

Influent/Effluent Flow Monitoring Station (AMWS-0UT)

. -To facilitate continuous monitoring of influent and effluent flow rates, a monitoring station,
designated AMWS-OUT; was established at the end of the 12-inch outlet pipe {Figures é

- and 7). It was assumed that; given the small size and associated low water residence time for
the AMWS, the effluent flow would be essentially equivalent to influent. A 12-inch Thel-Mar
was installed at the end of the outlet pipe in CB15 and a hole was drilled through the face of
the weir for connecting a section of reinforced 3/8-inch ID polyethylene tubing. The other
end of the tubing was connected to a stilling well that was constructed from 3-inch diameter
PVC pipe. An Instrumentation Northwest PS9805 submersible pressure transducer (0 to 2.5 psi)
was installed in the stilling well to measure water levels behind the Thel-Mar weir.

The AMWS-OUT pressure transducer was interfaced with the same Campbell Scientific CR1000
datalogger described above. The datalogger converted water level readings in the stilling well
(which were equivalent water levels behind the Thel-Mar weir) to estimates of discharge
based on standard hydraulic equations (Walkowiak 2006),

Precipitation Monitoring Station (AMWS-RG)

In addition to the two pressure transducer stations, a third hydrologic monitoring station,
designated AMWS-RG, was installed adjacent to the equipment enclosure (Figures 6 and 7) to
facilitate continuous monitoring of precipitation depths, The station was equipped with a
Hydrological Services TB4-L60 rain gauge (Appendix B) that was mounted on an 8-foot steel
pole and interfaced with the same Campbell Scientific CR1000 datalogger described above.

Monitoring Equipment Maintenance and Calibration

Maintenance and calibration of the rain gauge and flow monitoring equipment was conducted
on a routine basis during pre- and post-storm checks. Instrument maintenance and calibration
activities were documented on standardized field forms. Rain gauge and level calibration
data can be found in the hydrologic data quality assurance memorandum in Appendix D. In
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addition, on February 14, 2013, a dynamic flow test was conducted using known flow rates
from a nearby fire hydrant. The hydrant flows were used to calibrate the Thel-Mar weir
equations at AMWS-OUT and AMWS-BP. Results from the dynamic flow testing are presented in
Appendix D. The adjusted rating curves which resulted from this testing were applied to the
entire dataset prior to final analysis.

Water Quality Monitoring Procedures

To evaluate the water guality treatment performance of the AMWS test system, water
quality sampling was conducted at the influent (AMWS-IN) and effluent (AMWS-OUT) stations
(Figures 6 and 7) during 28 discreté storm events over the period from April 2012 through May
2013. A general description of the procedures used for this monitoring is provided herein. A
‘more detailed description of these procedures can also be obtained from the QAPP that was
prepared for this study (Herrera2011b). To facilitate water quality sampling for this study,
Isco 6712 portable automated samplers were installed in association with the AMWS-IN and
AMWS-OUT stations. The intake strainer for the automated sampler at the AMWS-IN station
was positioned in the outlet pipe of the bypass structure (Figures 6 and 7); the intake strainer
for the automated sampler at the AMWS-OUT station was located in a sampling tray located
below the invert of the outlet pipe in:CB15. In each case, the sampler intakes were positioned
to ensure the homogeneity and representativeness of the collected samples. Specifically,

- sampler intakes wete installed to make sure adequate depth was available for sampling and
to avoid capture of litter, debris, and other gross solids that might be present. The sampler
suction lines consisted of Teflon tubing with a 3/8-inch inner diameter.

The following conditions served as: guidelines in defining the acceptability of specific storm
events for sampling:

o Target storm depth: A minimum of 0.15 inches of precipitation over a 24-hour period

o Antecedent conditions: A period of at least 6 hours preceding the event with less
than 0.04 inches of precipitation

» End of storm: A continuous period of at least 6 hours after the event with less than
0.04 inches of precipitation '

Antecedent conditions and storm predictions were monitored via the Internet, and a
determination was made as to whether to target an approaching storm. Once a storm was
targeted, field staff visited each station to verify that the equipment was operational and to
start the sampling program. A clean 20-liter polyethylene carboy and crushed ice were also
placed in the sampling equipment at this time. The speed and intensity of incoming storm
events were tracked using Internet-accessible Doppler radar images. Actual rainfall totals
during sampled storm events were quantified based on data from the rain gauge installed at
the site. During the storm event sampling, the datalogger was programmed to enable the
sampling routine in response to a predefined increase in water level (stage) at AMWS-OUT.
The automated samplers were then programmed to collect 220-milliliter sample aliquots at
preset flow increments. Based on the expected size of the storm, the flow increment was
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adjusted to ensure that the following criteria for acceptable composite samples were met at
each station:

« A minimum of 10 aliquots
» Sampling was targeted to capture at least 75 percent of the hydrograph

* - Due to sample holding time considerations, the maximum duration of automated
sample collection was 36 hours.

After each targeted storm event, field personnel returned to each station, made visual and
operational checks of the sampling equipment, and determined the total number of aliquots
composited. Pursuant.to the sampling goals identified above, the minimum number of
‘composites that constituted an acceptable sample was 10. If the sample was determined to
be acceptable, the carboy was immediately capped, removed from the automated sampler,
and kept below 6°C using ice during transport to the laboratory. All samples were delivered to
the laboratory with appropriate chain-of-custody documentation, Collected flow-weighted
composite samples were then analyzed for the following parameters:

s Total suspended solids {TSS)

» Particle size distribution (PSD)
¢ Total phosphorus (TP)

¢ Orthophosphorus

» Total and dissolved copper

* Total and dissolved zinc

s pH.

e Hardness

Additional parameters were measured, but this report only addresses those parameters that
are pertinent to the basic, phosphorus, and enhanced treatment GULD.

Sediment Monitoring Procedures

In addition to water sampling, TAPE guidance calls for the assessment of sediment
accumulation and sediment particle size distribution within the monitored treatment
technology. However, under normal operating conditions, sediment will settle in the pre-
treatment chamber of MWS-Linear system and the media cartridge pre-filter. Each pool of
sediment will have a different volume and particle size distribution. To assess the particle
size distribution and sediment volume within the each of these areas would be exceedingly
difficult. This process would also likely be prohibitively expensive and, due to the difficulty of
differentiating between media and accumulated sediment, would result in an inaccurate
assessment of accumutated sediment volume and particle size distribution. Due to these
considerations, field technicians only recorded sediment depth within the pre-treatment
chamber. Particle size distribution of these accumulated sediments was not conducted
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because it would not provide an assessment of total system treatment; rather, it would only
provide an assessment of the setting unit-process aspect of the pre-treatment.

Analytical Methods

Analytical methods for this project are summarized in Table 4. Test America in Portland,
QOregon, was the initial laboratory used for this project. However, due to performance issues
with the lab that did not affect data quality, ALS, Inc. in Kelso, Washington, was used for

the final 17 collected composite samples. Both laboratories are certified by Ecology, and
participate in audits and inter-laboratory studies by Ecology and EPA. These performance and
system audits have verified the adeguacy of the laboratory’s standard operating procedures,
which include preventive maintenance and data reduction procedures. Chemoptix Laboratories
in West Linn, Oregon was initially used for PSD analysis; when the lab switch occurred, PSD
was analyzed at Analytical Resources, Inc. in Tukwila, Washington.

Quality Assurance and Control Measures

~ Field and laboratory quality control procedures used for the MWS-Linear evaluation are
discussed in the following sections. Quality assurance memorandums discussing hydrologic and
water quality data can be found in Appendices C and D, respectively.

Field Qualily Assurance/Qualily Control

This section summarizes the quality assurance/quality control (QA/QC) procedures that were
implemented by field personnel to evaluate sample contamination and sampling precision.

Field Blanks

Automated sampler tubing was cleaned before the collection of each aliquot using an
automated double rinse cycle. In addition, deionized water was back flushed through the
sample tubing before each monitored event. Field blanks were collected on November 10,
2011, prior to the first sampled storm event at both monitoring locations. A second set of
field blanks was collected on March 1, 2012, after a few storm events had been sampled. The
field blanks were collected by pumping reagent-grade water through the intake tubing into

a pre-cleaned sample container. The volume of reagent grade water pumped through the
sampler for the field blank was similar to the volume of water collected during a typical
storm event.

Feld Duplicate Samples

Field duplicates were collected for approximately 10 percent of the samples. The station
where the field duplicates were collected was chosen at random in advance of the storm
event. To collect the field duplicates, a separate automated sampler (i.e., ISCO 6712 Full Size
Portable Sampler) with a 9.4-liter bottle was set up at the selected monitoring station with a
separate set of sample tubing. The automated sampler was wired to the Campbell Scientific
datalogger, and each time the flow trigger occurred, both samplers would draw a stormwater
sample at the same time. Sample tubing was staggered, so the two pumps would not affect
sample volume if sufficient flow were present. The resultant data from these samples was
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used to assess variation in the analytical results that is attributable to environmental
{natural} and analytical variability.

Flow Measiurements

The accuracy and precision of the automated flow measurement equipment were tested prior
to the first monitoring round and periodically throughout the project. Level calibration data
can be found in the hydrologic data quality assurance memorandum in Appendix D.

Laboratory Quality Control

Accuracy of the laboratory analyses was verified with blank analyses, duplicate analyses,
laboratary control spikes, and matrix spikes in accordance with the analytical methods
employed. Test America, Inc. and ALS, Inc. were responsible for conducting internal quality
control and quality assurance measures in accordance with their own quality assurance plans.

Water quality results were first reviewed at the laboratory for errors or omissions, and to
verify compliance with acceptance criteria. The laboratories also validated the results by
examining the completeness of the data package to determine whether method procedures
-and laboratory quality assurance procedures were followed. The review, verification, and
validation by the laboratory were documented in a case narrative that accompanied the
analytical results.

Data were also reviewed and validated by Herrera within 7 days of receiving the results

from the laboratory. This review was performed to ensure that all data were consistent,
correct, and complete, and that all required quality control information was provided.
Specific quality control elements for the data were also examined to determine if the method
quality objectives (MQOs) for the praject were met. Results from these data validation
reviews were summarized in quality assurance worksheets prepared for each sample batch.
values associated with minor quality control problems were considered estimates and
assigned J qualifiers. Values associated with major quality control problems were rejected
and qualified with an R. Estimated values were used for evaluation purposes, but rejected
values were not used.

Data Management Procedures

Flow and precipitation data was uploaded after each storm event remotely using telemetry
systems (i.e., Raven cell link modem) and transferred to a database (LoggerNet and Aquarius
software) for all subsequent data management tasks.

Test America, Inc. and ALS, Inc. reported the analytical results within 30 days of receipt of
the samples. The laboratories provided sample and quality control data in standardized
reports suitable for evaluating project data. These reports included all quality control
results associated with the data, a case narrative summarizing any problems encountered
in the analyses, corrective actions taken, any changes to the referenced method, and an
explanation of data qualifiers. Laboratory data was subsequently entered into a Microsoft
Access database for all subsequent data management and archiving tasks.
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Data Management Quality Control

An independent review was performed to ensure that the data were entered into the database
without error. Specifically, all of the sample values in the database were crosschecked to
“confirm they were consistent with the laboratory reports.

Data Analysis Procedures

Analysis procedures that were used for the hydrologic and water quality data are summarized
below.

Hydrologic Data Analysis Procedures

The compiled hydrologic data were analyzed to obtain the following information for each
- sampled and unsampled storm during the monitoring study:

e Precipitation depth

e Average precipitation intensity
e Peak precipitation intensity

e Antecedent dry period

* Precipitation duration

* Bypass flow duration

» Effluent flow duration

* Bypass peak discharge rate

¢ Effluent peak discharge rate

+ Bypass discharge volume

« Effluent discharge volume

A subset of this information was examined in conjunction with sample collection data to
determine if individual storm events met the TAPE guidelines for valid storm events. Bypass
frequency data was also used to assess when BioMediaGREEN media required replacement.

Water Quality Data Analysis Procedires

Data analyses were performed to evaluate the water quality treatment performance of the
test system. The specific procedures that were used in these analyses are as follows:

« Statistical comparison of influent and effluent concentrations
« Calculation of pollutant removal efficiency using bootstrap analysis
e Calculation of pollutant removal efficiency as a function of flow

Each of these procedures is described in more detail in the following subsections.
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Statistical Comparisons of Influent and Efffuent Concentrations

Pollutant concentrations were compared for paired influent and effluent across all storm
events using a 1-tailed Wilcoxonisigned-rank test {Helsel and Hirsch 2002). Using a paired
test, differences in the influent and effluent concentrations could be more efficiently
assessed, because the noise (or variance) associated with monitoring over a range of storm
sizes can be factored out of the statistical analyses. A 1-tailed test was used to evaluate the
specific hypothesis that effluent poltutant concentrations were significantly lower than those
in the influent were. In all cases, the statistical significance was evatuated at an alpha level
(e) of 0.05.

 Calculation of the Polfutant Removal Efficiency using Bootstrap Analysis
The removal (in percent) in pollutant concentration during each individual storm (AC) was

calculated as:
) (€0 =Cur)

AC =100x

- Whérer Ci
1 Cepr

Flow-weighted influent pollutant concentration
Flow-weighted effluent pollutant concentration

After the pertent removal fot each qualifying event was calculated, the mean percent
removal values and 95 percent confidence interval about the mean were estimated using

a bootstrapping approach (Davisen and Hinkley 1997). Bootstrapping offers a distribution-
free method for estimates_ of ¢onfidence intervals of a measure of central tendency. The
generality of bootstrapped confidence intervals means they are well suited to non-normally
distributed data or datasets not numerous enough for a powerful test of normality.

Ta perform the bootstrapping analysis, the percent removal values for each valid event

were sampled randomly with replacement until a new synthetic percent remaval dataset

of equivalent size was generated. The median percent removal was then calculated on the
synthetic dataset and the process was repeated. Repetition generates a distribution of
possible values for the mean. Quantiles of this distribution are confidence intervals of the
statistic. For example, in the analysis the mean was replicated 10,001 times; after sorting the
replications, the 250th and 9,750th elements constituted the 95 percent confidence interval
of the median, while the reported mean was the 5,000th ranked value.

The results from this test were used to determine if the mean percent removal was
significantly different from percent removal thresholds presented in TAPE (e.g., 80 percent
total suspended solids removal).

Calcufation of Pollutant Removal Efficiency as a Function of Flow

To determine pollutant remaval performance as a function of flow rate the sampled flow rate
must first be calculated. Specifically, for composite samples the instantaneous flow rates
associated with each aliquot were averaged over the sampled event to generate an average
sampled flow rate. This value was then compared with the percent pollutant removal for

the event. This process was repeated for each sampled event, the results were plotted on

a percent removal versus sampled flow rate graph, and a regression analysis conducted to
determine if system performance varied as a function of influent flow rate.
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DATA SUMMARIES AND ANALYSIS

. This section summarizes data collected during the 2012-2013 monitoring period. The

~presentation of these data is organized under separate subsections for the hydrologic and
water quality monitoring results, respectively. A memorandum discussing the quality of the
hydrologic data is presented in Appendix D, while Appendix E presents a quality assessment of
the water quality data.

Hydrologic Data

- To provide some context for interpreting the data, this section begins with a comparison of

- rainfall totals measured during the’'monitoring period relative to historical data. Appendix D
- summarizes results from the quality:assurance review that was performed on hydrologic data
prior to their analysis herein.

Historical Rainfall Data Comparison

- To provide some context for interpreting the hydrologic performance of the MWS-Linear, an
analysis was performed on rainfall data collected at the National Weather Service (NWS) rain
. gauge at Portland Airport (PDX) to determine if rainfall totals from the monitoring period
~(i.e., April 1, 2012, through May 31,:2013) were anomalous. The NWS rain gauge is located at
Portland. International Aifport, approximately 4.9 miles northeast of the AMWS rain gauge.
The analysis specifically involved a comparison of rainfall totals measured at the PDX rain
gauge over the monitoring period to averaged totals for the same gauge from the past

73 years. These data are summarized in Table 5 along with data from the rain gauge
associated with the AMWS monitoring site.

Resuits from this analysis showed the average annual rainfall total at the Portland Airport
rain gauge from 1940 through 2013 was 42.9 inches. In comparison, the rainfall total at the
same rain gauge over the monitoring period was 41.3 inches. This value is within the normal
range of rainfall (i.e., 25th to 75th percentile) for the Portland Airport rain gauge based on
the 73-year rainfall record thus, the rainfall total during the monitoring year is generally
representative of rainfall during an average year.

Table 5 also indicates that precipitation measured at the Albina Maintenance Facility Bureau
of Environmental Services gauge were similar to rainfall measurements at PDX during the
monitoring period. However, rain data collected with the project rain gauge at AMWS-RG
were approximately 17 percent greater than at the Albina Maintenance Facility Bureau of
Environmental Services or PDX gauge. This discrepancy is discussed further in the hydrologic
quality assurance assessment (Appendix D).
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Table 5.  Monthly and Annual Precipitation Totals (in inches) for 2012-2013 at the
MWS-Linear Monitoring Site, Compared to Historical Totals at Portland Airport.
.Portland Albina Portland Airport NWS | Portland Airport NWS
AMWS Rainfall Maintenance Facility Station PDX Rainfall Station PDX Rainfall
Data BES Gauge Rainfall Data Data
Month (2012-2013) * ‘Data (2012-2013) © {2012-2013) (1940-2013) ©
April 4.09 3.18 3.25 273
May 3.83 311 3.37 2.47
June 3.45 2,98 410 1.70
July’ 0.39 0.29 0.21 0.65
August 0.00 0.01 0.00 0.67
Saptember 0.02 0.01 0.04 1.47
Cctober 8.41 i 5.61 6.14 3.00
November 9.36 .‘. 8.32 8.23 583 °
December 9.6 -3 " 8.54 7.58 9,63
January 3.09 2.83 3.49 - 4.88
February 322 oy  1.48 1.26 3.66
March 219 2.09 1.46 3.68
April 287 2.38 2.19 2.73
May 5.18 J 4,21 4,57 3.35
Total 535 T 45.04 45.87 46.25

AMWS: Albina Modular Wetland System

BES: Bureau of Envircnmental Services

& Source: AMWS RG precipitation monitoring station for the AWMS
b Source: Portland Bureau of Environmental Services

< Source: Portland Airport rain gauge (http://www.wrh, noaa.gov/pgr/ pdxclimate/index.php). Based on average
monthly and annual precipitation totals measured over the period from 1940 to 2013.

Water Budget

The water budget for the AMWS test system was analyzed to determine bypass frequency and
volume (Table 6). WWHM modeling indicated that with the estimated basin area of 0.45 acres,
the water quality design flow rate is 0.091 cfs or 41 gpm.

Separate analyses of hydrologic data were performed to meet the following objectives:

+ Determine whether treatment goals for the test system were met based on the volume
treated and bypassed

« Determine whether bypass frequency and volume varied as a function of storm rainfall
depth, storm rainfall intensity, influent flow volume, and sampling date

¢ Determine site specific maintenance frequency by examining bypass over the course of
the study

The data used in these analyses are presented in their entirety in Appendix F.
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Table 6.  Summary Statistics for Storms That Produced Bypass Flow at the AMWS Test System from Aptil 1, 2012, Through
May 31, 2013,
. Peak Treated Flow
. : Peak Storm Rate durlng
Storm Start Date & Storm Dapth | - Intensity Total Volume Bypass Volume % of Total Volume Bypass
Time {Inchas) {inthr} {gpn) {galtons) Bypassed [gpm)
e I New Pre-Filtar Installed 4/12/2012 (Solid BloMediaGREEN} P D e
A17/2012 2120 0.31 0.03 1168 407 28 24.1
419/2012 8:30 068 0.02 1495 291 40 120
4/29/2012 22:50 0.33 0.01 1786 112 ] 19,8
6M1/2042 13:10 015 0,03 202 o8
T T - New Pre-Filfor Installed 512/2012 (Ribbed BloMedlaGREEN) - _
5/4/2012 5:10 0.41 0.08 2133 4179
B222012 8:35 0.37 003 3689 497 12 28,5
512412012 19110 015 0.03 1330 165 11 29.8
572512012 19:35 0.21 T 0,02 249 264 17 28.7
6/4/2012 20:20 0.63 f .04 2838 1885 40 8.7
8712012 310 4.52 f 70.02 1602 1286 42 5.7
/812012 710 0.57 . i 01 839 2806 77 3.9
8/22/2012 18:40 0.5 T 0,04 1428 261 16 101
62412012 3:45 0.23 0.02 388 168 33 24
: N vstallad 8/26/2012 (Petlitaj
10M14/2012 19215 . 0.65 0.06 8308 180 3 41.3
10/15/2012 12:30 - 0,58 .06 5210 2370 3 4.3
101812012 13:00 0.39 3 0.08 3286 33
T T i pra Fior e 10262012 [oed BloMosRORERN)
1072712012 6:50 © 061 ) 0.03 4834 272 5
10/28/20128:15 1.04 ! 4.03 10302 399 4 48.0
10/20/2012 22:45 085 . 0,058 5786 572 E] 480
111172012 13:20 141 0,02 12362 84 1 423
11172012 3:05 0.72 0.04 5820 267 4 40.8
1118/20192 16:10 227 Q.08 24874 8491 25 370
#1/20/2012 3;50 0.58 k a1 5170 2710 34 30,0
11/20/2012 19.25 0.28 i .02 2251 789 26 26.1
11/21i2012 9:15 019 003 1519 154 ] ' 23.4
114232012 825 1.61 0.03 16628 6982 30 234
11/29/2012 8:15 0.57 0.03 4597 762 14 20,6
1113072012 17:35 0.7 0.04 4181 6085 54 21.0
12172012 14:10 0.86 0,03 8123 2604 25 16.3
1243/2012 22:30 0.51 003 2937 5052 63 120
120472012 9:45 082 005 8118 2437 23 42.9
121102012 11:20 0.33 0.02 3118 918 23 309
1218672012 2:10 0.38 0.03 2600 480 16 24,3
121672012 3:15 1.37 0.03 11654 4597 28 23.9
12119/2012 2:10 1.85 0.03 20266 8113 29 210
12/23/2012 5:15 0.44 0. 4208 &1 1 17.8
12/25/2012 310 1.13 0.02 10044 2620 21 17.0
1/6/2013 1950 0.56 0.02 44812 226 4 25,7
1/24/2013 17:50 0.5 0.02 3096 51 2 250
- New Pre-Filter Instailed 1/27/2013 {Cubed BloMadiaGREEN] K P
22242013 %30 0.67 0.03 9208 ’ 1442 14 386
3H9/2013 15:35 1.03 0.04 11259 3555 24 318
452013 14:20 0.63 0.0% 4349 2182 33 323
4812013 16:45 0.1 0.02 6524 131 2 18.2
410/2013 8:50 915 0.05 1468 157 10 261
: New Pre-Filter installed 5/6/2013 [Cubed BioMediaGREEN}
5/18/2013 12:15 017 0.08 1422 440 24 47.8
5/21/2013 11:15 0.43 0.05 3522 543 13 458
5/22/2013 5:40 2.78 0.05 22799 24475 52 21.8
5/27/2013 2:20 Q0,76 0.1 8473 1213 13 21,8
5/28/201317.45 0.58 0.03 4260 3058 42 19.0
gpm: gallons per minute
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Performance in Relation to Design Treatment Goal

The water quality treatment goal for the AMWS test system was to capture and treat

~ 91 percent of the average annual runoff volume. Precipitation and flow data measured during
storms that produced bypass flow are presented in Table 6. These data indicate that the
AMWS test system bypassed during 49 out of 81 qualifying storm events that occurred from
“April 1, 2012, through May-31; 2013. The system was able to treat 75 percent of the total
14-month volume. Consequently, the goal of treating 91 percent of the volume from the site
was not achieved. This was due to the high clay content loading to the AMWS of the runoff
clogging the media cartridge pre-filter in the Pre-treatment Chamber (see Maintenance
Schedule section above) and the fact that the system was undersized by a factor of 2.3 (see
Test System Sizing section). Analysis of the rainfall and flow data at the end of the project

" indicated that, on average, the 1.54-inch storm (the 6-month event for the region) produced

a peak storm-discharge of 95 gallons per minute. If the system was sized correctly {i.e.,

to treat 100 percent of the.6-month storm), then the design flow rate should have been
equivalent to approximately 95 gpm, instead it was sized to 41 gpm (undersized by a factor
of 2.3). The maintenance frequency is discussed in more detail below.

Treated Flow Rate during Bypass-

In order to investigate system performance over the course of the study period, peak treated
flow rate during bypass was assessed as a function of time. During bypass, 2.3 feet of the
WetlandMedia is activated, so the peak treated flow rate during bypass should be at or above
the water quality design flow rate: If this flow rate consistently falls below the design flow
rate, it is likely that the pre-filter media is clogging. Figure 10 presents a plot of treated .
bypass flow rate through the course of the 14-month study. As is apparent, the treated flow
rate decreases between each pre-filter change. In the three periods during which the cubed
BioMediaGREEN was installed, the time it took for the treated flow rate to drop to 50 percent
of the design flow rate ranged from 1 month to 3 months. These data indicate that for an
undersized system with a pre-filter sized at 3.0 gpm/sq ft located at an industrial site with
fine TSS loading, such as that observed at the Albina Maintenance Facility testing site, a
maintenance interval of Z to 3 months would be appropriate. If the MWS-Linear system is
granted TAPE approval, site-specific maintenance intervals and pre-filter configurations will
be determined for each installation, Under more typical loading conditions and with proper
unit sizing and pre-filter configuration, the manufacturer expects the maintenance interval to
be between 6 and 24 months due to the high variation of loading from site to site. With each
replacement of BioMediaGREEN in the pre-filters the MWS-Linear once again was able to
operate near the original peak treatment flow rate of 41 gpm indicating that the wetland
chamber and its WetlandMedia was protected from clogging by the pre-filters and orifice
control. Considering that minimal clogging was observed in the wetland chamber it can be
anticipated the WetlandMedia will not need to be maintained for several years.

Water Quality Data

This section summarizes water quality data collected during the monitoring period at the
AMWS, including a comparison of data compiled over this period with guidelines identified
by Ecology (2011) for assessing data acceptability. Monitoring results for each parameter
are summarized and discussed in separate sections. Field forms completed by staff during
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each sampling visit are presented in Appendix G. Individual Storm Reports showing sample
collection times in relation to influent and effluent hydrographs are presented in Appendix H
for all sampled storm events. In addition, laboratory reports for each sampled event are

* presented in Appendix I.

Comparison of Data to TAPE Guidelines

Ecology (2011)provides guidelines for determining data acceptability based on the
characteristics-of sampled storm events and the collected samples. The data collected
through this monitoring effort are evaluated relative to these guidelines in the following
'subsections. In this section, only the data that are being submitted as valid for TAPE
certification are presented.-Water quality and hydrologic data from all events, including
those that did'not meet the TAPE criteria, are presented in Appendix F,

Storm Event Guidelines

During the April 14, 2012, through May 31, 2013 monitering period, 28 storm events were
sampled to characterize the water quality treatment performance of the AMWS Filter test
system. Precipitation data from the sampled storm events was compared to the following
TAPE storm event guidelines:

¢ Minimum precipitation depth: 0.15 inches
* Minimum antecedent dry period: 6 hours with less than 0.04 inches of rain
s  Minimum storm duration: 1 hour

¢ . Minimum average storm intensity: 0.03 inches per hour for at least half the sampled
storms

Summary data related to these guidelines are presented in Table 7 for each of the 28 sampled
storm events. These data show the guideline for minimum precipitation depth {0.15 inch) was
met during all storm events except the April 29, 2013, event. Because it was determined that
the precipitation gauge may have been overestimating rainfall by 17 percent, two additional
storms may have not met the minimum storm depth requirement of 0.15 inches: the April 10,
2013, and the May 16, 2013, event (Table 7). All three of these events had precipitation
intensities that exceeded 0.03 inches/hour, so they were included in the final data set

and analyzed herein. The minimum, median, and maximum precipitation depths across all

28 sampled storm events were 0.14, 0.51, and 2.27 inches, respectively. The guideline

for minimum antecedent dry period (6 hours) was met for all 28 of the events. The storm
duration criteria (1 hour) was also met for all 28 storm events except the April 19, 2013,
event which was a short intense event lasting 0.3 hours. The April 19, 2013, event was
included in the final analysis because it met other storm and sampling requirements.
Antecedent dry periods during the sampled storm events ranged from 9.5 to 416.8 hours,

with a median value of 33.3 hours. Storm durations ranged from 0.3 to 35.2 hours, with a
median value of 10.0 hours (Table 7).
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Table 7. Comparison of Precipitation Data from Sampled Storm Events at the AMWS Test
System to Storm Event Guidelines in the TAPE.
Storm Start Storm Precipitation | Storm Antecedent | Storm Precipitation | Average Storm Intensity
Dafe & Time Depth (in) Dry Period {(hours) Duration (hours} (inches/hour) ¥

4/15/2012 22:45 0.60 514 10.1 0.06
411712012 21:20 0.31° 36.8 9.2 0.034
4/19/2012 8:30 0.68 28.6 9.3 0.073
4{25/2012 20:50 0.31 13 9.8 0.032
5/2/2012 21:50 0.90 208 15.4 0.058
5/21/2012 4:45 0.38 16.8 13.4 0.028
10/14/2012 19:15 0.65 45.9 6.7 0.097
10/15/2012 12:30 0.58 10.9 8.5 0.068
10/28/2012 8:15 1.04 10 233 0.045
10/29/2012 22:45 0.65 18.8 17.2 0.038
10/31/2012 5:25 0.49 . 16.1 33.3 0.015
11/23/2012 8:25 1.61 445 17.8 0.091
11/29/2012 6:15 0.57 20 31.2 0.018
12/2/2012 1410 0.35 9.5 25.8 0.014
12/3/2012 22:30 0.51 13 4.3 0.118
12/11/2012 11:20 0.33 44 5 7.4 0.044
127192012 210 1.85 17.4 35.2 0.052
1/23/2013 12:15 .25 2141 4,7 0.054
1/24/2013 17:60 0.50 257 16.8 0.03
2/22/2013 930 @ 0.67 41.6 8.4 0.104
3/16/2013 15:35 2 1.03 1.7 16 0.084
4/4/2013 8:00 0.22 305.2 7.5 0.029
4/6/2013 16:45 0.71 10.5 30.8 0.023
4/10/2013 8:50 0.15 63.5 3.2 0.047
4/18/2013 20:45 0.39 69.9 10.9 0.036
4/29/2013 3:15 014 236.4 0.3 0.420
5/16/2013 12162 0.17 416.8 4.8 0.036
5/21/2013 11.15° 0.43 67 6.3 0,068
Minimum 0.14 9.5 0.3 0.014
Median 0.51 33.3 9.95 0.046
Maximum 2.27 416.8 352 0.420

Values in bold do not meet storm event guidelines recommended in the TAPE (Ecology 2011},
values in ftalics indicate the events which may not meet the TAPE guidelines for precipitation depth because the

project precipitation gauge may not have been properly calibrated.

a Al sampled events were flow-weighted composite sampled-except these events, which consisted of samples

collected above a high flow rate threshold.

b Majority of events exceeded the 0.03 in/hr rainfall intensity criteria
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The minimum average storm intensity of 0.03 inches per hour was achieved for 80 percent
of the sampled storm events (Table 7). The TAPE storm event guidelines recommend this
threshold for at least half of the sampled storms; consequently this criterion was also met.

Sample Collection Guidelines

As described in the methods section, automated samplers were programmed with the goal of
meeting the following criteria for acceptable composite samples that are identified by
Ecology (Ecology 2011):

~e A minimum of 10 aliquots‘were- collected for each event.
» Sampling was targeted to capture at least 75 percent of the hydrograph.

e. - Due to sample holding time considerations, the maximum duration of automated
sample collection at all stations was 36 hours.

- The guideline for minimum number of sample aliquots (10} was met for all of the sampled

- storm events (See Table 8). It should be noted that 4 of the 28 sampled events were peak
flow sample events, not flow weighted composites. The TAPE {2011) indicates that samples
must represent a wide range of treated flows; in order to get samples representative of the
highest treated flow rates discrete peak flow sampling is required.

The criterion for minimum portion of storm volume covered by sampling (75 percent) was met
for all but one of the sampled flow-weighted storm events (see Table 8). The December 19,
-2012, event had 71 percent sampling coverage. This was deemed close enough to 75 percent
and the sample was included for analysis.
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Table 8. Comparison of Flow-weighted Composite Data from Sampled Storm Events at
the AMWS Test System to Criteria in the TAPE.
Storm Start Influent and Effluent Influent and Effluent Influent and Effluent
Date & Time Sample Aliquots (#) Storm Coverage (%) Sampling Duration
4/15/2012 22:45 18 92.3 8.6
AM7/2012 21:20 31 97.9 8
4/19/2012 8:30 32 95.1 6.8
4{25/2012 20:50 50 98 £.4
51212012 21:50 75 81.4 10.4
5/21/2012 4.45 53 96.7 9.7
10/114/2012 1915 35 96.5 6.5
10/15/2012 12:30 39 98 5.9
10/28/2012 6:15 74 94.9 16.1
1072972012 22:45 31 95.3 14.7
10/31/2012 5:25 33 94.4 23.9
11/23/2012 8:25 80 77.3 12.9
11/29/2012 8:15 63 98.4 24.1
12/2/2012 14:10 24 77.5 19.2
12/3/2012 22:30 10 83.4 3.8 °
12/11/2012 11:20 68 97.3 4.2
12/19/2012 2:10 80 71 237
1/23/201312:15 32 99.2 6.1
17242013 17:50 20 88.7 12.8
212212013 9:30 2 20 NA 0.4
3/M19/2013 15:35 @ 55 NA 0.8
4/4/2013 8:0C 12 89.4 53
4/6/2013 16:45 36 96.8 27.8
4/10/2013 8:50 4 95.6 5.3
4/18/2013 20:45 56 96.6 7.3
412912013 315 24 91.2 3.3
5/16/2013 12:156 2 20 NA 0.4
5/21/2013 11:15 @ 12 NA 0.2
Minimum 10 71 0.2
Median 35 895.2 7.3
Maximum 80 99,2 27.8

Values in bold do not meet storm event guidelines recommended in the TAPE (Ecology 2011)

MA = not applicable

2 All sampled events were flow-weighted composite sampled except these events, which consisted of samples
collected above a high flow rate threshold
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PERFORMANCE EVALUATION

This section evaluates water quality data based on treatment goals addressed in this TER.

Particle Size Distribution

The TAPE guidelines state that Pacific Northwest stormwater typically contains mdstly 'silt-
sized particles; thus, PSD. results should be provided to indicate whether the stormwater
- runoff analyzed is consistent with particle sizes typically found in urban runoff in this region.

“Two separate laboratories weré used.for PSD analysis. For the first 18 events, Chemoptix, Inc.
was used, while Analytical Resources, Inc, was used for the last 10 events. The laboratories
where switched due to inadequate service from the first laboratory and the fact that they

- could not bin the PSD data in the desired format. The separate PSD results obtained from the

Chemoptix, Inc. and Analytical Resources, Inc. are shown in Figures 11 and 12, respectively.
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Figure 11, Influent PSD Results from Chemoptix (First 18 Samples).
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Figure 12. Influent PSD Results from Analytical Resources, Inc. (Last 10 Samples).

In Figure 11, it is apparent that the suspended solids in the stormwater are mostly comprised
of silt sized particles. As was indicated in the Maintenance Schedule section above, the
stormwater at the AMWS test site was unusually turbid. In order to quantify this, the mean
PSD from a previous TAPE monitoring project (KriStar Perk Filter) was plotted with the AMWS
data in Figure 11. As is apparent from Figure 11, there is 25 percent more silt at the AMWS
site and an equivalent amount of clay when compared to the Kristar PSD. A somewhat similar
pattern was observed with the PSD results from Analytical Resources, Inc. (Figure 12},

Figure 12 shows there is, on average, equivalent silt content between AWMS and the KriStar

" data and 14 percent more clay at the AMWS site, In both cases, the data clearly show that
significantly more fine sediment (either silt or clay) was being exported from the AMWS site
than was from the KriStar site.

This comparison helps explains why the pre-filters were clogging at the AMWS site (see
Maintenance Schedule and Treated Flow Rate during Bypass sections above). Figure 12 also
highlights two events that produced PSD results that are considered outliers. The P5D results
from the April 4, 2013, event indicated that 80 percent of the suspended solids were finer
than clay {colloidal). This was deemed a spurious result and the PSD results were not used in
calculating the mean PSD for the site; however, the chemistry results for the same sample
appeared typical so they were included in the final analyses. Also noted on Figure 12 is the
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PSD result from February 22, 2013. This sample exhibited the highest clay content
(47 percent) of any of the accepted samples and was characterized by only 61 percent TsS
removal (see Basic Treatment section below).

Basic Treatment

The basic treatment goal listed in the TAPE guidelines indicate that the bootstrapped

95 percent lower confidence ‘interval (LCL95) of the mean total suspended solids (TSS)
removal must be greater than or equal to 80 percent for influent concentrations ranging
from 100 to 200 mg/L. For, influent TSS concentrations less than or equal to 100 mg/L but
greater than 20 mg/L, the upper 95 percent confidence interval (UCL95) of the mean effluent
concentration must be less than or equal to 20 mg/L. There is no specified criterion for
“influent TSS concentrations less than 20 mg/L; consequently, those sample pairs (influent
and effluent) cannat be used.for assessment of TSS removal performance. For influent
.concentration that exceed 200:mg/L, the treatment goal is an LCL95 of greater than an

80 percent reduction, Additiohally, it must be shown that a statistically significant difference
- between influent and effluent concentrations exists. Finally, pollutant removals that meet
the TAPE goals must be shown for sample pairs across a range of treated flow rates up to
-and including the design flow rate.: This section describes the sampling results in relation to
these criteria based on data from 24 events where influent concentrations were greater than
20 mg/L.

‘Before any performance analyses:were conducted, the dataset was analyzed in relation to
the different pre-filters configurations that were installed during monitoring, Due to issues
associated with the high clay content of the runoff, the pre-filter design had to be altered
during the course of the monitoring project. This resulted in samples being collected with four
different types of pre-filters: BioMediaGREEN blocks, ribbed BioMediaGREEN blocks, perlite,
and finally BioMediaGREEN cubes. The manufacturer plans to use cubed BioMediaGREEN for
all future MWS-Linear installations; consequently, a statistical test was run to indicate if the
cubed BioMediaGREEN performed differently than the other pre-filters types. Specifically, a
Mann-Whitney U-test was run on the 16 TSS percent removal results collected with the cubed
BioMediaGREEN versus the 8 collected with the other pre-filter configurations. The test
indicated that there was no significant difference between the datasets (p = 0.110).
Consequently, the data collected under all pre-filter configurations were combined for use
in the following analyses.

A one-tailed Wilcoxon signed-rank test performed on the total suspended solids data with
influent concentrations 20 mg/L (n = 24) indicated there was a statistically significant

(p < 0.001) decrease in effluent total suspended solids concentrations compared to influent
total suspended solids concentrations. Consequently, this aspect of the Basic Treatment
criteria for TAPE was met.

The majority of the samples collected at AMWS had influent concentrations below 100 mg/L
(Table 9). Of the 28 sampled events, 18 had influent concentrations between 20 and

100 mg/L. The UCL95 mean concentration for these 18 samples was 12.8 mg/L, which is
below the 20 mg/L threshold and consequently these samples also show the Basic Treatment
criteria for TAPE was met.
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Seven of the sampled events were characterized by influent concentrations greater than
100 mg/L, with three events exceeding 200 mg/L (Table 9). The mean TSS removal for these
events was 84.9 percent (above the 80 percent reduction criteria). While the mean T55
removal for the events with influent from 100 to 200 mg/L and >200 mg/L, was 90.8 and

77 percent, respectively (Table 9). An LCL95 mean removal was not calculable for these
samples, since at least 10 samples are required for a bootstrap analysis. However, these
samples were used in the assessment of removal efficiency at various treatment flow rates.

Because flow-weighted composite sampling consists of combined samples collected across a
wide range of flow rates through the entire storm hydrograph, the resultant average sampled
_treated flow rate for a given composite sample will almost always be below the design flow
rate. In order to see how the system performed at higher flow rates discrete “peak flow™
samples had to be collected (see Table 9). A potential ramification of having most of the
samples collected below the design flow rate is that the average percent removal result will
be biased high. This is based on the assumption that treatment will be more efficient at lower
flow rates through the filter. Figure 13 displays percent removal as a function of treated flow
rate. As can be seen from this figure, there is no frend indicating that lower treated flow
rates produced higher percent removal results. Consequently, we posit that the sampling
design is not biased and is sufficient to determine treatment performance across a range of

- flow rates.

To determine with what flow rates the TSS removals were associated, the flow rate at the
point when each aliquot was collected was calculated. These flow rates were then averaged
for each sampled event. As shown in Table 9, these results indicate the mean sampled
treated flow rate was 17.3 gpm. As described in the Test System Sizing section above, the
design flow rate for the system is 41 gpm. Figure 13 displays percent removal versus average
treated flow rate for all of the 24 qualifying TSS sample pairs. For reference, the open blue
dots on the figure are sample pairs with influent less than 100 mg/L while the solid red dots
are sample pairs with influent TSS from 100 - 200 mg/L, and the black squares represent
sample pairs with influent TSS > 200 mg/L. The TAPE. (Ecology 2011) indicates that a
regression analysis should be conducted to determine the treatment efficiency varies as
function of treated flow rate. The results of the regression analysis indicated there is no
significant relationship between treatment efficiency and treated flow rate (p = 0.822).

Visual examinations of the relationship between treatment efficiency and treated flow

rate in Figure 13 highlight the anomalous results from the February 22, 2013, event. As
indicated in the Particle Size Distribution section above, the influent sample for this event
was characterized by 47 percent suspended clay, 21 percent more clay than the average for
the site. This may explain why the TSS removal for this sample pair was so low. If this data
point is removed, it is clear that the TSS removal is above 80 percent up to and through the
design flow rate of 41 gpm, In addition, it appears as if the system is capable of removing T55
at flow rates up to 50 gpm.

Taken together, the above analyses indicate that the Basic Treatment criteria were met
based on the data collected at the AMWS test site.
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Test System.

Table 9.  Total Suspended Solids Concentrations and Removal Efficiency Estimates for Valid Sampling Events at the AMWS

Effluent Max
Influent Effluent Cone. % % Sampled Treated
Storm Start Cone. Cone. {In= 20-100) Removal Removal | FlowRate | Flow Rate
Data & Time frngil) Qualifier {mg/L) Qualifler [mgiL) {In = 100-200)| (In >200} {gpm} © lgpm} Bypass?
41512012 22:45 26 2.8 2.8 7 16.5
41712012 21:20 100 23 23 o8 13 24,1 v
411942012 8:30 45 4.8 48 6 12,0 v
412512042 20:50 20 3.2 1.2 10 241
512/2012 21:50 22 3 3 15 358
6/24/2012 4:45 70 12 12 22 233
1011412012 10,15 26 7.4 74 28 418 v
10A15/2012 12:30 67 ¥ 17 17 2 418 v
10/28/2012 6:15 22 4.1 a1 2 480 v
1012012012 22:45 7 12 12 23 48 v
10/31/2012 5:25 30 " 1" 6 12.7
14/23/2012 B:25 6.5 7 19 234 v
1142912012 6:15 342 : 16 16 10 21.0 v
12/22012 14:10 6.7 : 2.6 8 10.2
121312012 22:30 22.8 5.7 57 19 12.0 v
1201172012 11:20 67 - 5 19 30.9 v
1211972012 2:10 48.7 5.5 55 17 21.0 v
17232013 12:15 42 267 287 8 10.2
172462013 17:50 "2 . 14.3 14.3 ] 250 v
2/22/20139:202 1| 339 132 &t 40 33,6 v
3/19/2013 15:35 ° 209 a7 78 28 31.8 v
441203 8:00 145 J 19 87 3 55
4/8/2013 186:45 12 : 2.1 1 18.2 v
41012013 8:50 153 ; 17 89 13 26.1 4
41812013 20:45 208 B 2,6 28 14.3
41202013 3115 188 : 21 89 20 37.0
56/2013 12:15 0 251 20,8 82 50 478 v
52102013 11:15 # 79 20,6 20,8 28 456 v
n 78 28 18 4 3 28 2% |
UCL95 Mean © 123
Mean 5.4 157 9.5 90.8 7o 17.3 21,0
LCL9S Mean ¥

o

L

Bootstrapped estimate of the upy

per the TAPE {Ecolagy 20t1).

a

All sampled events were flow-weighted composite sampled except these avents,
TAPE requirements).

Sampled flew rate is caloulated by averaging the instantaneous flow rate asscefated with each aliguot in the composite sample.
per 95% confidence Limit of the meah. Only calculated for efflusnt concentration with influent betwean 20 and 100 mg/L

Bootstrapped estimate of the lower 95% confidence imit of the mean, Cnly calculated for percent

2011). Not calculated for this data set because n value was too low for bootstrap procadire,
Bold values met influent screening criteria and were used in performance analyses,

J = estimated value based on water quality data (Appendix E)
gpm = gallons/minute
mg/L = milligram/ liter
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Figure 13. TSS Removal (%) as a Function of Average Treated Flow Rate.

Phosphorus Treatment

The phosphorus treatment goal listed in the TAPE guidelines indicates that the LCL95 of the
mean removal must be greater than or equal to 50 percent for influent total phosphorus (TP)
concentrations ranging from 0.1 to 0.5 mg/L, In addition, it must be shown that a statistically
significant difference between influent and effluent concentrations exists. Finally, pollutant
removals that meet the TAPE goals must be shown for sample pairs across a range of treated
flow rates up to and including the design flow rate. This section describes the sampling results
in relation to this criterion based on data from 17 events where influent concentrations were
within the specified target range.,

Before any performance analyses were conducted, the dataset was analyzed in relation to the
pre-filters that were installed during monitoring. Specifically, a Mann-Whitney U-test was run
on the 10 qualifying TP percent removal results collected with the cubed BioMediaGREEN
versus the 7 collected with the other pre-filter configurations. The test indicated that there
was no significant difference between the datasets (p = 0.482). Consequently, the data
collected under all prefilter configurations were combined for use in the following analyses.

it should also be noted that one of the data points used in the analyses presented herein is
an orthophosphorus result instead of a TP result. A high flow rate sample was collected on
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May 16, 2013, but the sample was mistakenly not analyzed for TP. Orthophosphorus was used
in lieu of TP for this everit, which is a conservative approach as orthophosphorus is more
difficult to treat and remove than is TP. This substitution was approved by Ecology in a
meeting held on June 5, 2013.

A one-tailed Wilcoxon signed-rank test performed on the TP data with influent concentrations
from 0.1 to 0.5 mg/L (n = 19);indicated there was a statistically significant {p < 0.001}
decrease in effluent TP concentrations compared to influent concentrations, Cansequently,
this aspect of the Phosphorus Treatment criteria for TAPE was met.

The LCL95 mean percent reduction for the 17 qualifying TP sample pairs was 57.6 percent
(Table 10), which is above the goal of 250 percent; consequently, these samples also show
the Phosphorus Treatment criteria for TAPE was met.

To determine with what flow rates the TP removals were associated, the flow rate at the
point when each aliquot was collected was calculated. These flow rates were then averaged
for.each sampled event. As shown in Table 10, these results indicate the mean sampled
treated flow rate was 17.3 gpm’ As described in the Test System Sizing section above, the
design flow rate for the system is 41 gpm. Figure 14 displays percent removal versus average
treated flow rate for all of the 17 quatifying TP sample pairs. Figure 14 indicates the high
flow rate orthophosphorus result as well as all of the qualifying TP results. As is apparent,
only one result fell below the 50 percent reduction threshold. It should be noted that in
Figure 14, it is apparent that thereiis no trend indicating that there is increased TP removal
at lower treated flow rates. Consequently, the LCL95 mean removal of 57.6 percent is not
biased by the fact that the majority of the samples were collected below the design flow
rate.

The results of the regression analysis on the percent removal versus flow rate data indicated
there is no significant linear relationship between these variables (p = 0.834). A visual
assessment of the data in Figure 14 also indicates treatment efficiency greater than

50 percent is evident up to and through the design flow rate; therefore, it can be safely
assumed that the system can reduce TP by greater than 50 percent at the design flow rate of
41 gpm. In addition, it appears as if the system can effectwely remove phosphorus at flow
rates up to 50 gpm (Figure 14).

Taken together, the above analyses indicate that the Phosphorus Treatment criteria were met
based on the data collected at the AMWS test site.

Enhanced Treatment

The TAPE enhanced treatment criteria indicate that the LCL95 of the mean dissolved zinc
removal must be greater than 60 percent for influent concentrations ranging from 0.02 to

0.3 mg/L. In addition, the LCL95 of the mean dissolved copper removal must be greater

than 30 percent for influent concentrations ranging from 0.005 to 0.02 mg/L. In addition,

it must be shown that a statistically significant difference between influent and effluent
concentrations exists. Finally, pollutant removals that meet the TAPE goals must be shown for
sample pairs across a range of treated flow rates up to and including the design flow rate.
Separate subsections below describe the sampling results in relation to these criteria based
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Table 10. Total Phosphorus Concentrations and Removal Efficlency Estimates for Valid Sampling Events at the AMWS Test

System,
. Sampled Flow | Max Treated
Storm Start Influent Conc. Efftuent Cene. % Removal Rate Flow Rate
Data & Tine {maiL) GQualifier {maiL) Qualifter {in=0.1-0.5) * {gpmje {gpm} Bypass?
4H5/2012 22:45 0.092 0.026 72 7 16,5
AM7/2012 21:20 014 £ J 0.02 86 13 24.1
411912012 8:30 0,087 J 0.4 B 120
4/25/2012 20:50 0,15 0.062 59 10 24.1
5/2/2012 21:50 0,080 0.038 58 15 358
612142012 4:45 048 0.062 66 22 333
1011412012 19:15 0.18 0.079 86 28 418 '
10116£2012 12:30 0008 0.01 90 28 4.8 v
1012812012 6:15 0085 0.038 28 48,0 v
10/29/2012 22:45 013 0.041 £8 23 480 4
1073112012 5:25 04 0,039 61 8 12.7
11/23/2012 8:25 0.026 0.1 U 19 23.4 v
11/29/2012 6:15 - 0.083 - 0,038 81 10 21.0
124212012 14:10 0.027 0.01 3 10.2
12/3/2012 22:30 0,075 ¢ 0.023 1 12.0
1211172012 11:20 0.257 ‘ 0.054 79 19 309
12H9/2012 2:10 .0.073 ‘ . 0025 17 21.0
/2312013 12:15 0103 0.083 19 6 102
142412013 47:50 0098 0.039 60 8 28,0
2/22/2013 9:30 * L] . 0.26 40 385
3/19/2013 15:35 * 0.398 ‘ 013 67 28 31.8
414/2013 8:00 "2.15 J 04 3 55
4/6/2013 16:45 0.185 4 0,041 75 1 18.2
4/102013 8:50 4 13 26.1
41812013 20145 : 9 14.3
42972013 3:15 . 20 370
5MB/20H3 1215 0.414 1 K 005 f 567 50 476
B/21/2013 1:15 2 0.212 ’ 0.1 53 28 455
n 225 25 17 28 28
UCLS5 Mean d
Mean 0.231 0.078 63.9 17.3 27.0
LCLY5 Mean ® 57.6

“wn o oTs

Bold values met influent screening criteria and were used in performance analyses
) = estimated value based on water quality data {Appendix E)

U =rasult at or below the reporting limit
gpm = galtons/minute
mg/L = milligram/ liter

April 2014

All sampled events were flow-weighted composite sampled except these events, which consisted of samples collected above a high flow rate threshold.
Percent remaoval Is enly calculated for sample pairs with influent 0.1 - 0.5 mg/L.
Sampled flow rate {5 calculated by averaging the instantaneous flow rate associated with each aliquot in the composite sample.
Bootstrapped estimate of the upper 95% confidence limit of the mean. Only calculated for TSS effluent concentrations (not applicable for TPY,
Bootstrapped estimate of the lowar 5% confidence limit of the mean, Used to compare te the TAPE TP criteria of at least 50 percent removal.
Orthophosphorus results used in lieu of TP results for this event (due to missing TP data),
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on data from 11 and 14 events'wheresinfluent concentrations were within the specified ranges
for dissolved zinc and copper, respectively.
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Figure 14. TP Removal (%} as a Function of Average Treated Flow Rate.

Dissolved Zinc Treatment

Before any performance analyses were conducted, the dissolved zinc dataset was analyzed

in relation to the pre-filters, which were installed during monitoring. Specifically, a Mann-
Whitney U-test was run on the 11 qualifying dissolved zinc percent removal results collected
with the cubed BioMediaGREEN versus the 7 collected with the other pre-filter configurations.
The test indicated that there was a significant difference between the datasets (p = 0.004),
Consequently, only the data collected when the cubed BioMediaGREEN was installed were
used in the final assessment., This results in a dataset with only 11 qualifying events. The
TAPE indicates that 12 events are required. However, based on conversations with Douglas
Howie of Ecology (June 5, 2013} and due to the challenging site conditions, 11 events was
deemed adequate for this TER.

A one-tailed Wilcoxon signed-rank test performed on the dissolved zinc data with influent
concentrations from 0.02 to 0.3 mg/L (n = 11) indicated there was a statistically significant
{p < 0.001} decrease in effluent dissolved zinc concentrations compared to influent
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concentrations. Consequently, this:aspect of the Enhanced Treatment criteria for TAPE was
met,

The LCL95 mean percent reduction for the 11 qualifying dissolved zinc sample pairs was
60.5 percent (Table 11), which is above the goal of 260 percent; consequently, these samples
alsorshow the Enhanced Treatment criteria for TAPE was met.

To determine what flow rates were associated with the dissolved zinc removals, the flow rate
was calculated at the point when gadh aliquot was cotlected. These flow rates were averaged
for each sampled event. As shawn in Table 11, these results indicate the mean sampled
treated flow rate was 17.3 gpm. As described in the Test System Sizing section above, the
design flow rate for the system is 41 gpm. Figure 15 displays percent removal versus average
treated flow rate for all of the 11 qualifying dissolved zinc sample pairs (closed red dots).
Figure 15 indicates the results from when the other pre-filters were installed (open blue
_circles) for reference purposes only. As is apparent, only three results from when the cubed
BioMediaGREEN was installed fell below the 50 percent reduction threshold. These three
results occurred at lower sampled flow rates. Closer to and through the design flow rate, the
percent reduction results exceéd 60 percent. The results of the regression analysis on the
percent removal versus flow rate data also indicated there is no significant relationship
between these variables (p = 0.707). Therefore, it can be safely assumed that the system
can reduce dissolved zinc by greater than 60 percent at the design flow rate of 41 gpm. It
“should be noted that in Figure 15 it is apparent that there is no trend indicating that there
is increased dissolved zinc removal at lower treated flow rates. Consequently, the LCL95
mean removal of 60.5 percent is not biased by the fact that the majority of the samples were
collected below the design flow rate.

Taken together, the above a\'halyses indicate that the Enhanced treatment criterion for
dissolved zinc in TAPE was met based on the data collected at the AMWS test site.

Dissolved Copper Treatment

Before any performance analyses were conducted, the dissolved copper dataset was analyzed
in relation to the pre-filters, which were installed during monitoring. Specifically, a Mann-
Whitney U-test was run on the nine qualifying dissolved copper percent removal results
collected with the cubed BioMediaGREEN versus the five collected with the other pre-filter
configurations. The test indicated that there was no significant difference between the
datasets (p = 0.797). Consequently, the data collected under all pre-filter configurations were
combined for use in the following analyses.

A one-tailed Wilcoxon signed-rank test performed on the dissolved copper data with influent
concentrations from 0.005 to 0.02 mg/L (n = 14) indicated there was a statistically significant
{p < 0.001) decrease in effluent dissolved copper concentrations compared to influent
concentrations. Consequently, this aspect of the Enhanced Treatment criteria for dissolved
copper in TAPE was met.

The LCL95 mean percent reduction for the 14 qualifying dissolved copper sample pairs was
32,5 percent (Table 12), which is above the goal of 230 percent; consequently, these samples
also show the Enhanced Treatment criterion for dissolved copper in TAPE was met,
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Table 11, Dissolved Zinc Concentrations and Removal Efficiency Estimates for Valtd Sampling Events at the AMWS Test

System.
T Sampled Flow | Max Treated
Storm Start Influent Conc. Effluant Gone. % Rermoval Rate Flow Rate
Date & Time {marly Quallfier {ma/L) Qualifier [In= 0.02-D.3) © {gpm} ¢ {gpm) Bypass?
4F18/2012 22:45 0.029 0.02 31 (NA} 7 16.5
411712012 21:20 0.020 7 0.011 45 (NA) 13 24.1 v
4119£2012 §:30 0,011 0.0 u [ 120 v
A125/2012 20.50 0,060 0,058 7 (NA} 10 24.1
5/2/2012 24:50 0,022 0.012 46 (NA} 15 35.8
512112012 4:45 .06 0,033 45 (NA) 22 33.3
1011412012 19:15 0,031 0.012 61 (NA} 28 1.8 v
10/15/2012 12:30 0.022 0011 &0 [NA) 28 418 v
10/28/2012 6:15 0015 i 0.0046 28 430 v
10/29/2012 22:45 - 0.020 0.0074 83 23 480 v
10/31/2012 5:25 10015 0.0068 6 12.7
11/23/2012 8:25 -a.0t07 ’ 0.0034 18 234 v
11£2812012 8:15 0.0108 0.0099 10 210 v
12/2/2012 14:1G 10.0148 0.008 5 0.2
124342012 22:20 0,013 0,008 " 120 v
12112012 120 0.045 0.0133 70 19 309 v
121812012 2:10 0.0314 0.0072 77 17 210 v
142372013 12:15 0.0156 0,0076 6 102
1/24r2013 17:50 0.0198 0.006% 85 8 25.0 v
202212013 9:30 * 0.0022 ’ 0.0060 40 38,6 v
3H9/2013 15:35 ¢ 0.0104 00122 28 31.8 v
4142013 8:00 0.352 ¢ 0.1840 45" 3 55
4/6/2013 16:45 0.0238 0.0166 &4 11 182 v
4/10/2012 850 0152 ’ 0.0652 57 13 26,1 v
441812013 20:45 0.298 0,032 %0 9 143
4/29/2013 3.5 0.315= 0,0510 81e 20 37.0
5/6/2013 12:15 * 0.0716 4 0.0235° 7 50 47.6 4
5/21/2012 11:15 = 0,0349 4 0.0136 61 28 456 v
n 128 28 1 28 28
UCL9S Mean*
Mean 00620 £.0240 86.4 17.3 270
LCLOE Mean f 50,5

5 a6 8 B

Bold values met influent screening criterfa and were used in performance analyses

HA = pot applicable. Percent removal results are assoclated with pre-filters which performed statistically worse that the cubed BioMediaGREEN. These results
wera not used in the final analysls,

U = result at or batow the reporting limit
gpm = gallons/minute
ma/L = milligram/ liter

April 1014

All sampled events were flow-weighted composite sampled except these events, which consisted of samples collected above a high flow rate threshold.
Percent removal Is anly calculated for sample pairs with influent (.02 - 0.3 mg/L. For exception see footnote c.
Influent exceeded 0,3 mg/l. but after discussions with Ecology on 6/5/201 3, it was determined that these samples could be included for analysis.
Sampled flow rate Is calculated by averaging the instantaneous flow rate asscciated with each aliquot in the compasite sample,
Baotstrapped estimate of the upper 95% confidence it of the mean, Only calculated for TSS effluent concentrations (not applicable to dissolved zinc).

Bootstrapped estimate of the lower 95% confldence limit of the mean. Used ta compare to the TAPE dissolved zine criteria of at least 60 percent removal.
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Table 12, Dissolved Copper Concentrations and Removal Efficiency Estimates for Valid Sampling Events at the AMWS Test
. System.
Sampled Flow | Max Treated
Storm Start Influent Gene. Effluant Cong. % Ramoval Rate Flow Rate

Date & Time {maiL} “Clualifler (maiL) Qualifier _ |{in= 0,008.0,02) b {gpm) ¢ fapm} Bypass?
A/15/2012 22:45 0.0053 0.0027 49 7 16.5
ANTRM2 2120 0.0026 0.002 U 13 241 v

411912012 8:30 Q.0021 0.002 u -] 12.0 v
426/2012 20:80 0.011 0.0073 k) 10 241

SI22012 21:50 0.0025 0.0021 15 358

512112012 4:45 0,0066 0.0038 a2 22 333
10H4/2012 16:15 0.0057 : 0.0043 26 26 418 v
1015/2012 12:30 0.0049 ’ 0.0034 3 28 41.8 '4
10/28/2012 6:15 0.0018 0.0016 28 48,0 v
10/20/2012 22:46 0.0028 ’ 0.0021 23 48.0 v .
10312012 5:25 0.0018 0.0011 3 12,7

11/23/2012 8:25 0.0012 0.0018 10 23.4 v
114202012 6:15 0,0027 ’ 0.0012 10 21.0 v
12/2/2012 14:10 0.0032 0.0045 5 10.2

1243/2012 22:30 00024 0.0028 11 12,0 v
12/11/2012 11:20 0.0061 ’ 0,0024 53 19 30,9 v
1211912012 2:10 0.001 . £,0009 17 21.0 v
1/23/2013 1215 0.0041 J 0.0035 & 10.2

1/24/2013 17:60 0.0117 ’ 0.0053 54 8 25,0 v
2/22/20139:30 0.0025 ’ 0.0024 40 386 v
3/19/2013 16:35* 0,0026 ‘ 0.0022 28 31.8 v

4/4/2013 8:00 0.034 = J 00276 19° 3 5.5

4/8/2013 16:46 0.0144 0.0086 40 1M 18.2 v

4/10/2013 8:50 0.0205 © . 0.0090 56° 13 26.1 v
4/18/2013 20:45 0,0225 < 0.0090 g0° 9 143

4/29/2013 3:16 0,0471 0.0354 25° 20 370
5/16/2013 12:16 ® 0,012 ’ 0.0093 23 50 476 v
5i21/2013 14:16. @ 0.0075 0.0058 2 28 - 458 v

n 28 28 14
UCLRS Maan ©
Mean 0.0049 0.0058 36.4

LCLOS Moan T 32.5

All sampled events were flow-weighted composite sampled except these avents that consisted of samples collected above a high flow rate threshald,

Percent removal 1s only calculated for sample pairs with influent 0,005 - 0,02 mg/L. For exception see faotnote ¢.

Influent exceaded 0.02 mg/L but after discussions with Ecology on 6/5/2013, it was determined that these samples could be included for analysis.

Sampled flow rate is calculated by averaging the instantaneous flow rate assoclated with each aliquot in the composite sample.

Bootstrapped estimate of the upper 95% confidence limit of the mean. Only calculated for TS5 affluent concentrations.

Bootstrapped estimate of the lower 95% confidence limit of the mean. Used to compare to the TAPE dissolved copper criterla of at least 30 parcent removal.
Bold valuas met influent screeniing criteria and were used in performance analyses

J = estimatad value based on water quality data {Appendix E}

U = result at or below the reporting limit

gpm = gallans/minute

mg/L = milligram/{ftar

p e A T om
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Figure 15. Dissolved Zinc Removal (%) as a Function of Average Treated Flow Rate.

To determine with flow rates were associated with dissolved copper removals, the flow rate
at the point when each aliquot was collected was calculated. These flow rates were then
averaged for each sampled event. As shown ih Table 12, these results indicate the mean
sampled treated flow rate was 17.3 gpm. As described in the Test System Sizing section
above, the design flow rate for the system is 41 gpm. Figure 16 displays percent removal
versus average treated flow rate for all of the 14 qualifying dissolved copper sample pairs
(open blue circles). In addition, a data point from lab data collected in 2007 is included as a
high flow rate reference point (red closed dot). The lab study data are summarized in the
CULD application for the Modular Wetland System (Herrera 2011a). The TAPE indicates that
lab data can be used to augment field data when determining performance at different flow
rates. It should be noted that in Figure 16 it is apparent that there is no trend indicating that
there is increased dissolved copper removal at lower treated flow rates. Consequently, the
LCL95 mean removal of 32.5 percent is not biased by the fact that the majority of the
samples were collected below the design flow rate.

The results of the regression analysis on the percent removal versus flow rate data indicated
there is no significant relationship between these variables (p = 0.079); a visual assessment
of the data in Figure 16 also show treatment above the TAPE target of 30 percent removal
is evident until approximately 28 gpm. However, when the lab data point is included in

the assessment, it is evident that the system (under less adverse conditions) can treat at a
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much higher efficiency at the design flow rate of 41 gpm. Given this, and considering the
challenging site conditions at the Albina Maintenance Facility, we propose that Ecology grant
dissolved copper removal certification at 41 gpm. '
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Figure 16, Dissolved Copper Removal (%) as a Function of Average Treated Flow Rate.

Taken together, the above analyses indicate that the Enhanced Treatment criteria for
dissolved copper in TAPE was met. The flow rate at which dissolved copper is approved
needs to be investigated further, but we propose approving dissolved copper at a flow rate
of 41 gpm based on the lab data that indicates high removal at 41 gpm flow rate.

Other Parameters

The TAPE (Ecotogy 2011) indicates that in addition to required parameters mentioned above,
screening parameters should be analyzed. The screening parameters consist of hardness,

pH, and orthophasphate. The results for these parameters are presented in Table 13.

The AMWS system had a negligible effect on hardness and pH. The average hardness
concentrations were 37.6 and 40.6 mg CaCO;/L at the inlet and outlet, respectively. The
average pH concentrations were 7.6 and 7.5 at the inlet and outlet, respectively. TAPE
guidelines indicate that the test system should not increase of decrease pH by more than one
unit for any given event or export concentration less than 4 or greater than 9. The pH data
presented in Table 13 indicate that these conditions were met for each sampled event.
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Table 13. Summary Results for Screening Parameters.

Influent Eftluent . Influent Effluent
Storm Start Hardness Hardness Influent pH Effluent pH ortho-P ortho-P
Date & Time {mg CaCOz /L) (mg CaCOz /L) | QA | (std. units) {std. units) {std. units) | QA | (std. units) | QA

4/15/2012 22:45 31 43 7.53 6.17 0.01 0.01 u
4/17/2012 21:20 37 51 7.54 7.51 0.01 u 0.01 u

4/19/2012 8:30 28 33 7.46 7.41 0.01 U 0.1 U
4/25/2012 20:50 39 438 7.51 7.54 0.069 0.024

5/2/2012 21:50 26 31 7.4 7.28 0.016 0.01 U

5/21/2012 4:45 37 44 7:48 7:45 0047 - 0.013 .
10/14/2012 19:15 30 48 713 5.82 0.073 0.05 u
10/15/2012 12:30 35 42 73 7.2 0.059 0.08 .| .:
10/28/2012 6:15 29 31 R e TeBT o e . 7.45 0.05 H 0.05 UH".
10/29/2012 22:45 35 35 741 7.36 0.05 u 0.05 u
10/31/2012 5:25 45 46 7.52 7.56 0.05 U 0.05 U
11/23/2012 8:25 7.28 7.41

11/28/2012 6:15 332 304 7.74 7.32 0.05 U 0.05 U
12/2/2012 14:10 29.2 30 7.15 7.19 0.05 U 0.05 U
12/3/2012 22:30 0.05 U 0.05 U
12/11/2012 11:20 27.2 296 7.88 7.92 0.05 U 0.05 u
12/19/2012 2:10 19.6 25.2 7.86 7.71 0.05 u 0.05 u
1/23/2013 12115 40 41.2 8.08 7.72 0.05 u 0.0 u
1/24/2013 17:50 38 34.8 7.71 7.81 0.05 U 0.05 U
2/22/20139:30 # 62.8 50.8 8.84 8.14 0.05 U 0.05 U
3/19/201315:352 36.8 39.2 7.86 7.77 0.05 U 0.05 u
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Table 13 (continued). Summary Results for Screening Parameters.
Influent Effluent . Influent Effluent
Storm Start Hardness Hardness Influent pH Effluent pH ortho-P ortho-P
Date & Time (mg CaCOs/L) | QA | (mgCaCOs/L}| QA | (std.units) | QA | (sid. units) | QA | (std.units) | QA [ (std. units) | QA
4/4/2013 8:00 76 58.8 7.09 J 7.69 J 0.96 0.189
4/6/2013 16:45 38 384 7.67 6.96 0.123 0.05 U
4/10/2043 8:50 43.2 416 7.83 8.13 0.426 0.05 U
4/18/2013 20145 48 47.2 7.66 7.69 ’ 0.06 0.05 U
4/29/2013 3:15 424 47.6 7.33 7.52 0.156 0.05 U
5M16/2013 12:15# | 47.2 53.2 7.32 7.41 0.114 0.05 u
5i21/2013 11152 284 34.4 ) - 7.65 J 7.57 J 0.062 0.05 U
Minirmum 19.6 25.2 7.09 6.17 o.M U 0.01 U
Mean 376 40.6 - 78 75 0.093 0.031.
Maximum 76 58.8 8.84 8.14 0.960 0.199
a All sampled events were flow-weighted compasite sampled except these events, which consisted of samples collected above a high flow rate threshold.
Ortho-P = Orthophospherus
J = estimated value based on water gquality data (Appendix E)
QA = guality assurance
¥
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The orthophosphorus data indicated that the AMWS system reduced orthophosphorus by
67 percent, on average. When compared with other treatment systems (Herrera 2006, 2009,
2010, 2011c), the AMWS exhibited a substantially higher orthophosphorus removal rate.
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CONCLUSIONS

To obtain performance data to' support the issuance of a GULD for the Modular Wetland
System - Linear stormwater filtratiowy system, Herrera conducted hydrologic and water quality
- monitoring at a test system in Portland, Oregon from April 14, 2012, to May 31, 2013, During
this monitoring period, 28 separate storm events were sampled.

Of the 28 sampled events, 24 qualified for total suspended solids analysis. The data were
segregated into sample pairs with influent concentration greater than and less than

100 mg/L. The UCL95 mean effluent concentration for the data with influent less than

- 100 mg/L was 12.8 mg/L, below the 20 mg/L threshold. In addition, the system exhibited
TSS removal greater than 80 percent at flow rates up to and including the design flow rate

- - of 41 gpm. Based on these results we recommend the system be granted Basic Treatment
...certification at 50 gpm (equivalent to 1.21 gpm/ft2 of media).

Nineteen of the 28 sampled events qualified for total phosphorus analysis. The LCL95 mean
percent removal was 61.7, well above the TAPE goal of 50 percent. Treatment above

50 percent was evident at flow: rates up to and including the design flow rate of 41 gpm.
Based on these results we recommend the system be granted Phosphorus Treatment
certification at 50 gpm (equivalent to 1.21 gpm/ft* of media).

Eleven of the 28 sampled everits qualified for assessment for dissolved zinc removal. The
I.CL95 mean removal was 605 percent while the TAPE goal is greater than 60 percent

- removal. Treatment above 60 percent was evident at flow rates up to and including the
design flow rate of 41 gpm. Consequently, the MWS-Linear met the Enhanced Treatment |
criterion specified for dissolved zinc in TAPE at the design flow rate.

Fourteen of the 28 sampled events qualified for assessment for dissolved copper removal.
The LCL95 mean removal was 32.5 percent while the TAPE goal is greater than 30 percent
removal. Treatment above 30 percent was evident at flow rates up to 28 gpm. When lab data
are used to augment the dataset, the results indicate the MWS-Linear met the Enhanced
Treatment criterion specified for dissolved copper in TAPE at flow rates up to and including
the design flow rate of 41 gpm.
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