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Executive Summary

This study was completed to evaluate proposed actions
within Rice Marsh Lake subwatershed RM_12a to
improve the water quality in Rice Marsh Lake, located in

Purgatory
Creek

the city of Chanhassen, Minnesota. The site was
identified in the 2016 UAA as a location for a BMP to
reduce the phosphorus loading to Rice Marsh Lake.

Seven best management practices (BMPs) were
identified that would minimize site impacts, could be

Bluff Creek
Creek

constructed on publically owned property, and have Site within Riley watershed

comparably low maintenance costs. The seven BMPs
evaluated in various combinations include the

following:
conventional BMPs

e Iron-enhanced sand filtration basin with
underdrain

e Underground iron-enhanced sand filtration
system with underdrain

e Subsurface gravel bed wetland

e Pond dredging

Location of proposed water quality BMP
proprietary BMPs

e Modular Wetland Systems (MWS) — Bio Clean (or similar)
e Kraken Filter — Bio Clean (or similar)
e Nutrient Removing Filtration System (NRFS) - SunTree (or similar)

An evaluation for each BMP was completed which considered water quality benefits,
regulatory approvals, upland impacts, and cost to construct and maintain.
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to Rice Marsh Lake. Through a reduction to Rice Marsh Lake.

proprietary filtration media, the BMP has the potential to reduce phosphorus loading to
Rice Marsh Lake by 52 to 59 pounds annually costing about $570 (ranging from $490 to
$810) per pound of phosphorus removed when long-term maintenance is considered
over a 30 year period. The engineer’s opinion of probable cost for the design,
permitting, and construction of the proprietary system is estimated at $569,000 with a
potential range of $456,000 to $854,000 based on the feasibility level of design. Water
quality BMPs require ongoing maintenance and operation to provide the intended
water quality benefits. As additional site-specific information (e.g., soil borings) becomes
available in the next stage of design, the proposed configuration, cost, performance of
the BMP, and maintenance considerations will change. The District will also need to
collaborate closely with the city of Chanhassen to ensure long-term maintenance.

Other recommendations include the following:

e RPBCWD to monitor the Kraken for 2 to 4 years after construction,

e Collection of a sediment boring within the existing RM_12 pond,

e Incorporation of soil amendments (i.e.,, compost) and pollinator lawns into the
disturbed area surrounding the BMP, with potential monitoring, and

e RPBCWD to conduct a study to enhance the understanding of soil health
(structure) throughout the watershed.




1.0 Context and Goals for this Ecological
Enhancement Plan

This report summarizes the proposed actions within subwatershed RM_12a to improve
the water quality in Rice Marsh Lake, located in the city of Chanhassen, Minnesota.
Figure 1-1 illustrates the Rice Marsh Lake watershed and drainage patterns of
RM_12a and the contributing subwatersheds. This report is prepared under the
direction of the Board of Managers of the Riley-Purgatory-Bluff Creek Watershed
District.

The Riley-Purgatory-Bluff Creek Watershed District (RPBCWD or District) was established
by the Minnesota Water Resources Board in 1969, acting under authority of the
Watershed Law. As charged by the law and the order establishing the District, the
general purpose of the District is to protect public health and welfare and to provide for
the provident use of natural resources through planning, flood control, and conservation
projects.

The District is located in the southwestern portion of the Twin Cities Metropolitan Area,
encompassing an area of nearly 50 square miles. There are three major subwatersheds
within the District—Riley Creek, with a watershed area of 10.0 square miles; Purgatory
Creek (31.4 square miles), and Bluff Creek (5.9 square miles). All three creeks discharge
to the Minnesota River. Stormwater management and development were guided by the
District's 1973 Overall Plan, revised in May 1996, February 2011, and July 2018 in
accordance with the Metropolitan Surface Water Management Act and Watershed Law
(Minnesota Statutes Chapters 103B and 103D). The 2018 document is the current
guiding document of the District (the Plan).

The Rice Marsh Lake and Lake Riley use attainability analysis (UAA) was prescribed by
the 1996 Riley-Purgatory-Bluff Creek Watershed District Water Management Plan. The
Rice Marsh Lake UAA was updated in January 2016 as part of the Rice Marsh Lake and
Lake Riley Use Attainability Analysis and includes recommended remedial measures to
improve the water quality (Barr Engineering, 2016).




The UAA provides the scientific foundation for lake-specific management plans that will
preserve existing—or achieve potential—beneficial uses of the lakes. The UAA is a
structured, scientific assessment of the factors affecting attainment of a beneficial use
under both current and ultimate watershed development conditions. “Use Attainment”
refers to achievement of water quality conditions that support lake-specific uses such as
swimming, fishing, wildlife habitat, and aesthetic viewing.

The 2016 UAA Update was completed with the goal of: (1) assessing the water quality of
major lakes in the Riley watershed based on more recent physical, chemical, and
biological data, (2) improving the understanding of current water quality concerns in the
lakes, and (3) identifying best management practices (BMPs) to improve and protect the
lakes” water quality and increase the likelihood of them being removed from the
Minnesota Pollution Control Agency’s (MPCA) list of impaired waters list for excess
nutrients. The overarching purpose of the UAA update was to identify and evaluate
BMPs that can be implemented to improve and/or protect the lakes' water quality and
achieve the long-term vision of sustainable uses, as outlined in the District's Plan.

The District's 2018 Plan articulates the long-term vision of sustainable uses for each
of its water bodies. Achieving this vision will result in:

e Waters dominated by diverse native fish and plant populations.
e Lakes with water clarity of 2 meters or more.
e Delisting of half of all impaired (303d) lakes or stream reaches.

e An engaged and educated public and scientific community that participates in
adaptive management activities.

e Regulatory recommendations necessary for municipal, county, and state
authorities to sustain the achieved conditions.

In February 2020, the MPCA released the Lower Minnesota River Watershed Total
Maximum Daily Load (TMDL) Report which incorporates the 2016 UAA modeling and
water quality data reported in the 2016 UAA. The TMDL utilizes the UAA to determine
pollutant loading to the lake and estimate the required load reductions to meet the
water quality goals (Agency, 2020).
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1.1 Vision, Approach and RM_12a Project Goals

The 2016 UAA update identified the Rice Marsh Lake subwatershed RM_12a as a
targeted location within the Rice Marsh Lake watershed to reduce the phosphorus
loading and improve the water quality of Rice Marsh Lake. The UAA indicates that runoff
from approximately 232 acres drains through the location of the potential stormwater
treatment system. The UAA suggests that an iron enhanced sand filtration system on the
north side of Rice Marsh Lake just south of Dakota Lane and west of the baseball field in
Rice Marsh Lake would be approximately 0.13 acres at the surface with the potential to
reduce the annual total phosphorus (TP) loading to Rice Marsh Lake by 46 pounds. The
UAA suggests a cost-benefit of about $265 per pound of TP removed, assuming the
BMP functions for 30 years. Figure 1-2 shows the location of the proposed iron-
enhanced sand BMP in the UAA report.

The 2018 Plan included this site a potential BMP location as part of the 10-year capital
improvement program. The potential BMP was ranked using the District’s prioritization
metric which resulted in the score summarized in Table 1-1.

Table 1-1 RM_12a Project Benefit Score®@)

‘Z\ +— — c = = -
> = o = & o o = c 3 ©
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e 8 3 5 S5 < @ 0 = 5% | &
= c 35 g 53 N = o o = = m
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N = = n 14 o —
2 5 1 3 1 1 7 5 3 28

@ See Section 4 of 10-Year Watershed Management Plan for additional details about the RPBCWD prioritization methodology and
associated descriptions for the variables used to assess multiple project benefits.

The District ordered this feasibility study to evaluate the viability of constructing a BMP
to treat runoff from the 232 acre watershed, and to identify if an iron enhanced sand
filtration system would be the preferred BMP for the site. This study evaluates the
feasibility of other stormwater BMPs, as well. Estimated total phosphorus removals and
engineer’s opinion of project costs were determined for ten feasible BMPs.
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1.2 Rice Marsh Lake Water Quality Goals and Current Lake
Conditions

The MPCA lake eutrophication criteria establish water quality standards for lakes
based on total phosphorus, chlorophyll a, and Secchi disc transparency ( Minnesota
Pollution Control Agency, 2017). The standards are based on the geographic location
of the water body (and associated ecoregion) and its depth (shallow vs. deep lakes).
The growing season average Total Phosphorus (TP) concentration for the most recent
10 years (86 ug/L) for Rice Marsh Lake based on measurements collected by
RPBCWD consistently failed to meet the MPCA water quality standards as shown in
Figure 1-3. The growing-season average TP concentrations in years 2004, 2005, 2017,
and 2019 were calculated as 56, 35, 60, and 33 ug/L, respectively, which are the only
four years that meet the MPCA goal of <60 pg/L, and the four lowest growing season
average concentrations on record since recording began in 1972. The next lowest
growing season average was 76 ug/L in 2016. TP concentrations reached a maximum
value of 709 ug/L in 1972 and has a generally decreasing trend since recording
began.

Most Recent 10-year Average = 86 pg/fL

MPCA Shallow Lake Standard = 60 pg/fL

Total Phosphorus (pg/L)
=y
o
=]

EESEEEEEEECrEEEEENE

1972 1975 15978 1980 15B1 1584 1588 1550 1554 1557 2004 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018

Figure 1-3 Growing Season (June through September) Total Phosphorus
Concentrations in Rice Marsh Lake from 1972 to 2019 (pg/L)

Historically Chl-a concentrations in Rice Marsh Lake have exceeded the District goal
of 14 ug/L for all but 6 years on record since 1972. The 2019 growing season average




concentrations was 5 pg/L, which was the lowest value on record. The highest
average value recorded was 189 ug/L in 1972.

Historical Secchi depths in Rice Marsh Lake have achieved the MPCA goal of >1.0
meter in the most recent 10 years. The highest (best) value in the past 10 years was
2.3 min 2017 and 2019. The lowest (worst) value calculated was 0.9 meters in 2015.

An in-lake model was used to determine TP load reductions needed to meet the water
quality goal for Rice Marsh Lake. Table 1-2 shows the measured and modeled growing
season average (June — September) concentration, the TP load to the lake under existing
conditions, the water quality goal, the TP loading capacity for meeting the water quality
standard, and the required percent reduction needed to meet the TP goal (Barr
Engineering, 2016). Under existing conditions, Rice Marsh Lake is not meeting the
MPCA's water quality goal for a shallow lake of 60 pg/L. Modeled and measured
growing season average concentrations in the lake surfaces waters for the 2015 water
year was 110 pg/L and 107 ug/L respectively. The estimated TP load under existing
conditions was 1,642 pounds for the 2014 water year. To achieve the TP goal the load to
Rice Marsh Lake would need to be reduced by 681 pounds, resulting in a 41% TP load
reduction.

Table 1-2  Rice Marsh Lake estimated load reductions required to meet TP
water quality goal for 2014 water year(®
Measured Modeled : Estimated Percent
) : Estimated TP : ;
growing season growing season 5014 TP concentration Loading reduction
Capacity to needed to

loading rate goal meet WQ goal  achieve goal

average TP average TP
concentration concentration
(hg/L) (hg/L) (1bs/yr) (halt) ) (%)
107 110@ 1,642 60 961 41%

@ Values cited from the Lower Minnesota River Watershed Total Maximum Daily Load Part 1l (Agency, 2020)
@ Volumetric average concentration for entire water column




2.0 Existing Conditions

2.1 Rice Marsh Lake Watershed and Lake Description

Rice Marsh Lake is located within the Riley Creek watershed. Riley Creek flows
through Rice Marsh Lake, with the natural channel outlet located on the south side of
the lake. Water levels in Rice Marsh Lake are controlled mainly by weather conditions
(snowmelt, rainfall, and evaporation) and by the elevation of the streambed of Riley
Creek, which is approximately 875 feet MSL. Rice Marsh Lake is split between the
boundaries of the city of Chanhassen and the city of Eden Prairie. The overall
watershed to Rice Marsh Lake is approximately 3,442 acres and includes the areas
that drain through Lake Lucy, Lake Ann, and Lake Susan. The direct watershed to Rice
Marsh Lake is approximately 966 acres, including the surface area of the lake, and
comprises portions of Chanhassen and Eden Prairie. (Figure 1-1). Much of the Rice
Marsh Lake watershed is developed with only a few areas expected to have changes
in land use in the future, mostly in the western portion of the watershed. The existing
land use within the Rice Marsh Lake watershed is primarily low- and medium-density
residential, commercial, and open-space/park areas with some undeveloped,
institutional, and high-density residential areas. The large park and undeveloped
areas around Rice Marsh Lake are not expected to change significantly under future
conditions.

Table 2-1 provides a summary of the physical characteristics for Rice Marsh Lake. Rice
Marsh Lake has an open-water surface area of approximately 83 acres. The lake is
shallow, with a maximum depth of approximately 11 feet and mean depth of
approximately 5 feet. The lake area, depth, and volume depend on the water level of the
lake, which has been observed to vary between a high measurement of 877.25 feet
mean sea level (MSL) in 2012 to a low measurement of 872.0 feet MSL in 1976. Since
1970, water levels have typically been between 874 and 877 feet MSL. Given the shallow
nature of Rice Marsh Lake, especially in comparison with its large surface area, the lake
would be expected to be prone to frequent wind-driven mixing. While daily monitoring
of the lake would be necessary to precisely characterize its mixing characteristics, review
of temperature and dissolved oxygen profile data along the depth of the lake suggests
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that Rice Marsh Lake is polymictic, thermally stratifying and destratifying numerous

times throughout the summer.

Table 2-1

Rice Marsh Lake physical parameters

Lake Characteristic Rice Marsh Lake

Average Water Quality Data

Lake MDNR ID 10000100
MPCA Lake Classification Shallow
Water Level Control Elevation (feet) 875.0
Surface Area (acres) 83

Mean Depth (feet) 5
Maximum Depth (feet) 11

Littoral Area (acres) 81
Volume (below control elevation) (acre-feet) 375
Thermal Stratification Pattern Dimictic
Estimated Residence Time (years) — 2014 0.13
Climatic Conditions

Estimated Residence Time (years) — 2010 0.22
Climatic Conditions

Watershed Area Tributary to Upstream Lake 2,476
Total Watershed Area 3,442
Subwatershed Area (acres) 96623
Trophic Status Based on 2014 Growing Season Hypereutrophic

LiDAR data (2011) and Barr survey data (Data)
(2) Watershed area includes surface area of lakes.

(1) The water level control elevation from Rice Marsh Lake based on channel elevation determined from MDNR

(3) Does not include Lake Lucy, Lake Ann or Lake Susan Lake watersheds




2.2 Project Area Watershed

The drainage area to the proposed BMP in the RM_12a subwatershed to be
approximately 232 acres. The drainage area based on the proposed BMP location south
of Dakota Lane is shown in Figure 1-2. The land use classification of the subwatershed is
primarily low- and medium-density residential, commercial, and open-space/park areas
with some undeveloped, institutional, and high-density residential areas.

2.3 Site Features

The project site consists of park space and managed vegetation. There is a baseball field
south of the existing pedestrian trail (A. in Figure 2-1). The depressed area northwest of
the baseball field and beneath the existing trail (B. in Figure 2-1) could support the
placement of a BMP.

A. Project site looking east from park trail towards B. Project site looking south at RM_12 pond
the baseball field

Figure 2-1 Site Features
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3.0 P8 Model Calibration

RPBCWD has collected several years of monitoring data at the proposed location of the
RM_12a BMP. These data were used to calibrate/validate the existing water quality
modeling of the RM_12a subwatershed. The updated water quality modeling formed the
basis for the estimated phosphorus removal from the conceptual designs.

3.1 RM_12a Monitoring Data

The District gathered grab and composite samples in a manhole along the stormsewer
south of Dakota Lane draining to the RM_12 pond. Grab and composite samples of total
suspended soils (TSS), total phosphorus (TP), and total dissolved phosphorus (TDP) were
collected during 2016, 2017, and 2018. Continuous flow data through the stormsewer
was also collected from 2016 through 2018. District staff reported that the location of
the monitoring gauge was not ideal for accurate readings. In many cases, the sensor did
not capture the entire flow hydrograph, and field notes revealed that debris was often
found on the sensor.

The composite water quality samples were often collected very quickly, capturing only
portions of the rising limb of the flow hydrograph. As a result, phosphorus and total
suspended solids concentrations are not representative of the entire event and are likely
only reflective of pollutant concentrations from the direct residential subwatershed
north of Dakota Lane.

Due to the shortcomings in the data, only a handful of events contained enough
information to inform the model calibration. The calibration events meeting the
following criteria were chosen:

1. velocity and depth readings were collected for the entire event hydrograph;

2. field notes indicated the measured and recorded depths were similar during
dates leading up to the event;

3. the composite sample start and end times fell along a representative segment of
the flow hydrograph; and
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4. the total daily precipitation depth used in the model was similar to the daily
depth reported in the National Weather Service (NWS) Chanhassen precipitation
gauge closest to the monitoring site.

Variability in observed data leads to uncertainty in the model calibration. Total
phosphorus loading to each BMP will be presented in a range in Section 6.0 and Section
7.0.

3.2 P8 Calibration

Before calibrating the water quality model, the hydrology parameters were updated to
reflect more detailed land use conditions. The University of Minnesota published a high-
resolution land-cover dataset in 2015. This dataset was used to estimate the total
percent imperviousness for each subwatershed. The percent directly connected
impervious was determined based on the classification from the 2016 Met Council
Generalized Land Use dataset.

3.2.1 Volume Calibration

The water quality model was first calibrated to the recorded flow data from the selected
events by comparing total volume between the model and the observed data.
Precipitation data from the Flying Cloud Drive rain gauge, supplemented with
precipitation data from the Minneapolis - St. Paul International Airport to fill data gaps,
was used for calibration. In order to match the observed volumes for the selected
events, the following adjustments were made to the P8 model:

1. the Antecedent Moisture Content (AMC) was set to remain at 2,

2. the pervious curve number was increased by 10%, and

3. the time of concentration from RM_11 was increased to simulate the flow
restriction caused by the grate inlet on the north side of Dakota Lane.

Figure 3-1 shows the uncalibrated and calibrated total event volumes compared to the
monitoring data. The uncalibrated model total volume was 18% higher than the
observed data; whereas, the calibrated model total volume is within 1% of the observed
total volume for the selected events.
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5,000,000

Figure 3-1 Modeled vs. Observed Cumulative Event Volumes

3.2.2 Pollutant Calibration

After the model was calibrated to flow data, modeled event mean concentrations of TSS
and TP were compared to the selected composite samples. Events were removed from
the analysis where flow data was incomplete or where composite sample start and end
dates did not capture any portion of the flow hydrograph. The following adjustments
were made to calibrate the model to monitoring data:

1. The TSS particle scale factor was increased from 1.0 to 1.4.
2. The TP particle fractions were revised to the following:

Particle Unadjusted TP Adjusted TP

Fraction (mg/kg) (mg/kg)
P0% 99000 53000
P10% 3850 5500
P30% 3850 5500
P50% 3850 5500
P80% 0 0

Figure 3-2, Figure 3-3, and Figure 3-4 summarize the cumulative event load for TP, DP,
and TSS, respectively, for the selected calibration events.
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TP Cumulative Load (Lbs)

Calibrated P8 TP (lbs)

Observed TP (lbs) = = Uncalibrated P8 TP (lbs)
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Figure 3-2 Modeled vs. Observed Cumulative Event TP Load

DP Cumulative Load (Lbs)

Observed DP (Lbs) = = = Uncalibrated P8 DP (lbs)

Calibrated P8 DP (Ibs)
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Figure 3-3 Modeled vs. Observed Cumulative Event DP Load
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Figure 3-4 Modeled vs. Observed Cumulative Event TSS Load
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4.0 Preliminary BMP Screening

Selection of feasible stormwater BMPs occurs by considering a holistic approach that
accounts for unique site constraints, operation and maintenance, environmental
concerns, effectiveness, and overall cost. Stormwater BMPs can provide stormwater
treatment to reduce or limit downstream pollutant loading in several ways. Many
stormwater manufactured treatment devices (MTDs) utilize a combination of the
following practices:

e Pretreatment: upstream sedimentation, screening, and/or energy dissipation to
protect and extend the long-term functionality of the downstream BMP.

e Infiltration: stormwater enters the soil at the source; sediment and pollutants
remain onsite.

e Sedimentation: as part of stormwater detention, sediment and non-dissolved

(particulate) pollutants settle to the bottom of the water column.

e Filtration: stormwater is routed through a filtering medium to trap sediment and
pollutants but allow stormwater to pass through.

e Biofiltration: similar to filtration, but additional pollutant removal is provided by
evapotranspiration from the vegetation.

e Chemical Treatment: chemicals are used to target and trap, settle, or breakdown

specific pollutants.

4.1 BMP Background

Two types of BMPs were considered during the preparation of this report: conventional
BMPs and manufactured treatment devices (MTDs).

4.1.1 Conventional Stormwater BMP Background

Conventional Stormwater BMPs temporarily store and treat urban stormwater runoff to
reduce flooding, remove pollutants, and provide other amenities (Schueler, 1987).
Conventional BMPs control TSS and TP loadings by slowing stormwater and allowing
particles to settle or be filtered in areas before reaching receiving waters. More recently,
these conventional BMPs have been modified and enhanced with materials such as iron
filings or spent lime to improve removal of not only the pollutants associated with
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particulates but to also begin addressing the soluble fraction of pollutants (such as
phosphorus) that cannot be filtered or settled out of runoff. The MPCA's Minnesota
Stormwater Manual provides estimated median pollutant removal percentages for

conventional stormwater BMPs as shown in Table 4-1.

Table 4-1  Conventional stormwater BMPs and estimated median pollutant

removal efficiencies

Pollutant Removal Efficiencies (%)

Practice Treatment Type Total Total Particulate Dissolved

Suspended Phosphorus Phosphorus Phosphorus
Solids (TSS) (TP) (PP) (DP)

Infiltration® Infiltration 100@ 100@ 100@ 100@

Biofiltration Biofiltration 80 44-71 80 0-60

Sand filter Filtration 85 50 91 0

Iron enhanced Filtration and 85 77 91 60

sand filter Chemical

Dry Swale Pretreatment 68 44-71 80 0-60

Wet Swale Pretreatment 68 0 0 0

Stormwater Pond® | Sedimentation 84 50 91 0

Stormwater Sedimentation and 73 38 69 0

Wetland Biofiltration

Permeable Infiltration or 74 45 82 0

Pavement Filtration

Green Roof Pretreatment 85 0 0 0

(1) BMPs designed to infiltrate stormwater runoff, such as infiltration basins/trenches, bioinfiltration, permeable pavement with no underdrain, tree

trenches with no underdrain, and BMPs with raised underdrains.
(2) Pollutant removal is 100 percent for the volume infiltrated and 0 percent for the stormwater bypassing the BMP. For filtered stormwater, see
values for the other BMPs in the table.
(3) Dry ponds do not receive credit for volume or pollutant removal.

4.1.2 Manufactured Treatment Device Background

There are many options on the market for stormwater MTDs. Two manufacturers that
appear to be active in Minnesota are Bio Clean Environmental and Contech Engineered
Solutions. While Table 4-2 lists a summary of numerous manufacturers that provide
MTDs for filtration, biofiltration, or chemical treatment, it is not intended to be all-
inclusive. MTDs designed primarily for pretreatment, infiltration, or sedimentation
practices are not included in the table.

19



Table 4-2

Manufacturers and stormwater MTDs

Manufacturer MTD Treatment Type
AquasShield Aqua-Filter with Perlite Media Filtration and Chemical
AquaShield BioFilter Biofiltration
BaySaver Technologies BayFilter with Enhanced Media Cartridges | Filtration and Chemical
Bio Clean Environmental Kraken Filter Filtration
Services
Bio Clean Environmental Modular Wetland Systems Biofiltration
Services
Bio Clean Environmental Water Polisher Filtration
Services
Contech Engineered Solutions Filterra Biofiltration
Contech Engineered Solutions Jellyfish Filter Filtration

Contech Engineered Solutions

StormFilter with PhosphoSorb Media

Filtration and Chemical

Cultec StormFilter 330 Filtration
Environmental 21 ESK Koala Filtration
Environmental 21 PuriStorm Filtration
Hydro International Bioinfiltrator Biofiltration

Hydro International

Up-Flo Filter with CPZ Media

Filtration and Chemical

Lane Enterprises StormKleener Filtration
Oldcastle Infrastructure BioMod Biofiltration
Oldcastle Infrastructure BioPod Biofiltration

Oldcastle Infrastructure

PerkFilter with ZPC Media

Filtration and Chemical

Rotondo Environmental StormGarden Biofiltration
Solutions

StormTree Tree Filter Biofiltration
StormTree DrainGarden Biofiltration
StormwateRx Aquip Filtration

SunTree Technologies

Nutrient Removing Filtration System
(NRFS)

Filtration and Chemical

SunTree Technologies

NutriMax Engineered Wetlands

Biofiltration

SunTree Technologies

SkimBoss UpFlow Filter

Filtration and Chemical

Manufacturers of stormwater MTDs often subject their devices to third party testing to

establish or verify treatment and pollutant removal efficiency. Third-party entities

provide varying levels of verification or certification (Table 4-3) and pollutant removal

efficiencies also vary between manufacturer claims, laboratory testing, and field testing

(Table 4-4).
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Table 4-3

Program

Approval

Third-party testing entities, programs, and approvals

Approval
Qualifications

Approval
Level

State of Washington Technology Pilot Use Level Laboratory Testing N/A
Department of Ecology | Assessment Protocol Designation Data
(WADOE) — Ecology (TAPE) (PULD)
Conditional Use Laboratory Testing N/A
Level Designation | Data and Field Testing
(CULD) Data
General Use Level | Laboratory Testing Removal of
Designation Data and Field Testing | 50% TP and
(GULD) Data following TAPE 80% TSS
protocol
New Jersey Technology Verification Laboratory Testing and | N/A
Corporation for Verification Program Assessment of Data
Advanced Technology Quality (QA/QC)
(NJCAT)
State of New Jersey Process for Approval Certification NJCAT Verification Removal of
Department of of Use for MTDs 80% TSS
Environmental
Protection (NJDEP)
Canadian General Verification Verification and Laboratory Testing N/A
Environmental Protocol (GVP) and Certification Data and Field Testing
Technology General Test Protocol Data
Verification (ETV)
Program
Environmental Environmental Verification Unknown Unknown
Protection Agency Technology
(EPA) Verification (ETV)
Program !
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Table 4-4 MTDs and claimed removal efficiencies

Removal Efficiency (%)

Manufacturer’s Lab WADOE TAPE NJDEP
Manufacturer and MTD Performance Testing Certification Certification
Claims
TSS TP TSS TP TSS TP TSS TP
AguaShield Aqua-Filter with Perlite Media - - 92 69 CIP CIP 80 -
AquasShield BioFilter - - - - - - - -
BaySaver Technologies BayFilter with 80 65 80 64 80 50 80 -
Enhanced Media Cartridges
Bio Clean Environmental Services 89 72 85 72 CIP CIP 80 -
Kraken Filter
Bio Clean Environmental Services Modular 85 64 85 65 80 50 - -
Wetland Systems
Bio Clean Environmental Services Water 85 70 - - - - - -
Polisher
Contech Engineered Solutions Filterra 86 70 85 73 80 50 80 =
Contech Engineered Solutions Jellyfish 89 59 89 59 CIP CIP - -
Filter
Contech Engineered Solutions StormFilter 89 82 85 75 80 50 80 -
with PhosphoSorb Media
Cultec StormFilter 330 70 - - - - - - -
Hydro International Bioinfiltrator - - - - - - - -
Hydro International Up-Flo Filter with CPZ - - 83 - - - 80 -
Media
Lane Enterprises StormKleener 80 - - - - = 80 =
Oldcastle Infrastructure BioPod - - 84 64 80 50 80 -
Oldcastle Infrastructure PerkFilter with ZPC 80 60 85 62 80 50 80 -
Media
Rotondo Environmental Solutions - - 85 54 CIP CIP - -
StormGarden
StormTree DrainGarden - - - - - - - -
StormTree Tree Filter 85 63 94 38 CIP CIP - -
StormwateRx Aquip - - 98 60 CIP CIP - -
SunTree Technologies Nutrient Removing 95 95 61 - - - 50 -
Filtration System
SunTree Technologies NutriMax 83 57 - - - - - -
Engineered Wetlands
SunTree Technologies SkimBoss UpFlow 81 79 - - - - - -
Filter
Manufacturers and MTDs in bold have been submitted to the RPBCWD for review
Manufacturers’ performance claims obtained from brochures or websites
CIP = Certification in Progress
SCC removal efficiency, not TSS removal efficiency
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4.2 BMP Evaluations

When evaluated individually, there may be several BMPs that meet the
recommendations from the UAA. However, when multiple potential BMPs are compared,
more feasible options may be identified. The first step to identify feasible BMPs for the
RM_12a watershed was to complete a high-level qualitative screening. Both proprietary
(aka MTDs) and conventional BMP options were considered. The screening compares
several BMPs based on site specific requirements including minimizing site impacts,
could be constructed primarily on publicly owned property, and have comparably low
maintenance costs. In this analysis, seven conventional treatment devices (Table 4-5)
and sixteen manufactured treatment devices (Table 4-6) were identified as part of the
initial high-level screening. The tables list each BMP considered and summarize
associated performance, estimated footprint, maintenance, design concerns, and
schematic. Devices which were similar in design and approach were grouped together
and are summarized in Table 4-5 and Table 4-6. The differences between treatment
devices presented in the tables were used to identify five potentially feasible BMPs for
the site, which are listed below and highlighted in green in Table 4-5 and Table 4-6.
BMPs that were not identified for further evaluation are highlighted in red.

4.2.1 Conventional BMPs Evaluated

For this evaluation, a conventional BMP is defined as a BMP that a contractor could
construct without purchasing a manufactured treatment system from a third party
manufacturer. Examples of conventional BMPs are iron enhanced sand filtration,
infiltration, woodchip bioreactors, and biofiltration. Four BMPs were identified based on
nutrient reduction performance, device footprint and site constraints, and maintenance
requirements. The most feasible conventional BMPs for the site are listed below.

e Iron-enhanced sand filtration system with underdrain

e Underground iron-enhanced sand filtration system with underdrain
e Subsurface gravel bed wetland with underdrain

e Dredging of existing RM_12 constructed pond
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Table 4-5

Device Name

Underground
Iron-Enhanced
Sand (IES)
Filter with
underdrain?

Description

Underground sand filter in a
storage vault, either on-line or
off-line in the storm drain
system. The first chamber is
used for pre-treatment. The
second is a sand filter
chamber. Flows in excess of
the filter’'s capacity are
diverted through an overflow
weir.

Conventional BMP Evaluation Matrix

Average
Performance and
Features

TP Removal: 50%
TN Removal: 35%
TSS Removal: 85%

Approximate Device
Footprint for RM_12a
Watershed

Can size to match 0.13 acre
footprint recommended by
the UAA.

Typical Maintenance

Periodic inspection of pre-treatment
chamber, clean out of the underdrain
system and pre-treatment chamber,
and occasional addition of filtration
media to maintain the design depth of
media.

Approximately 35 year lifespan of
media.

Site Specific Design Consideration

Would require sand filtration media,
instead of iron-enhanced sand in order
to prevent unit from becoming anoxic.

Larger footprint than manufactured
treatment or IESF devices considered.

Device is not visible - limited
educational or aesthetic component.

Would require deep excavation below
ground level and tree removal.

Schematic

Upper Villa Infiltration and Reuse System,
Roseville, MN. Designed by SRF Consulting
Group, Inc. Courtesy of MPCA Stormwater
Manual.

Iron-Enhanced
Sand (IES)
Filter with
underdrain3

Iron-enhanced sand media
with draintile. Pre-treatment
sump can be used upstream
of basin.

TP Removal: 77%
TN Removal: 35%
TSS Removal: 85%

Can size to match 0.13 acre
footprint recommended by
the UAA.

Periodic inspection of inlet and outlet
structures, clean out of the underdrain
system, and occasional addition of
filtration media to maintain the design
depth of media.

Approximately 35 year lifespan of
media.

IES ditch checks must drawdown
completely so as not to go anoxic.

Potential to go anoxic and must be
accounted for in the design to prevent
the release of phosphorus.

Larger footprint than manufactured
treatment devices considered.

Iron enhanced sand filter basin, Maplewood,
MN. Designed by Barr Engineering.

Subsurface
Gravel Bed
Wetland
(SGW)¢®

The SGW is designed as a
series of horizontal flow-
through treatment cells,
preceded by a sedimentation
forebay. The device is
designed to retain and filter
the entire Water Quality
Volume (WQV) where the
stormwater passes through a
gravel substrate that is a
microbe rich environment.

TP Removal: 55%
TN Removal: 80-95%
TSS Removal: 99%

Phosphorus removal is
moderately effective.
Research of removal
performance is still on-

going.

Outlet needs to be 4
inches above wetland
ground surface to create
4 inches of standing
water in BMP.

Gravel length to width ratio of
0.5 (L:W) or greater is
needed for each treatment
cell with a minimum flow path
(L) within the gravel substrate
of 15 feet (4.6 m).

8 in. (20 cm) minimum
thickness of a wetland soil as
the top layer.

Design flowrate through
system of 1.0 cfs based on a
study conducted by the
University of New Hampshire
Stormwater Center.

Routine inspection of inlet and outlet
structures.

Clean out of the underdrain system as
needed.

Thorough revegetation with grasses,
forbs, and shrubs as necessary.

A study conducted by the University of
New Hampshire Stormwater Center
(UNHSC) shows they are among the
most effective systems at protecting
water quality.

Well suited for retrofits within
stormwater pond systems - limited head
required (4 inches), can be lined and
doesn't require separation from
groundwater.

Must be situated in low hydraulic
conductivity soils or lined below the
gravel layer.

Has the potential to go anoxic and
release phosphorus since the gravel
bed is in standing water. However,

¢ LA At hisiis el I
UNHSC Subsurface Gravel Bed Wetland
constructed in 2004.




Device Name

Description

Average
Performance and
Features

Approximate Device
Footprint for RM_12a
Watershed

Typical Maintenance

Site Specific Design Consideration

Schematic

UNHSC study shows DO levels never
below 4 mg/L.

Woodchip
Bioreactor?!

A woodchip bioreactor routes
drainage through a buried
trench filled with woodchips.
Woodchip bioreactors can be
used in conjunction with a
high flow bypass for large
storm events. Woodchip
bioreactors require 12 hours
of contact time before leaving
the system.

TP Removal: 53-79%
TN Removal: 15-60%
(Nitrate)

Research of TP
performance is still on-

going.

Available footprint estimated
by the UAA and verified by
site visit would only treat
approximately 0.3 cfs of the
influent flow.

Periodic inspection of inlet and outlet
structures and occasional addition of
woodchip material to maintain the
design depth of the bioreactor.

Approximately 10+ year lifespan of
woodchip media.

Research for nutrient removal
performance is still on-going.

Long contact time (+12 hr) results in
very large footprint.

S L

Construction of trench for woodchip bioreactor.
Photograph from presentation "Anaerobic
Woodchip Bioreactors Under Minnesota

Conditions,” courtesy of Andy Ranaivoson,
University of Minnesota

Woodchip
Bioreactor in
combination
with upstream
placed iron-
enhanced
phosphorus
filter?

Adding an upstream
phosphorus filter to a
woodchip bioreactor in a
separate chamber can
increase TP reduction.

TP Removal: 88%
TN Removal:15-60%

Research of TP
performance is still
on-going.

Available footprint estimated
by the UAA and verified by
site visit would only treat
approximately 0.3 cfs of the
influent flow.

Periodic inspection of inlet and outlet
structures and occasional addition of
woodchip material to maintain the
design depth of the bioreactor.

Approximately 10+ year lifespan of
woodchip media.

Research for nutrient removal
performance is still on-going.

Long contact time (+12 hr) results in
very large footprint.

See photo above

Biofiltration/
Bioretention
basin with

underdrain?

Planting soil engineered
media with sand trench and
draintile. Pre-treatment sump
can be used upstream of
basin.

The optimally designed
biofilter is at least 2% of its
catchment area and
possesses a sandy loam filter
media, planted with C.
appressa or M. ericifolia.

TP Removal: 44%
TN Removal: 50%
TSS Removal: 80%

Biofilter soil media with
added organic matter
has been known to
reduce phosphorus
treatment effectiveness.

Can size to match 0.13 acre
footprint recommended by
the UAA.

Maximum above ground
storage depth of 1.0 ft.

Pruning and weeding as needed.
Stabilize and replace mulch as needed.
Remove sediment from pre-treatment
systems annually.

Clean out of the underdrain system as
needed.

Larger footprint than manufactured
treatment devices considered.

Lower removal efficiencies for nutrients
than other manufactured treatment
devices, iron-enhanced filters, and
spent lime filters.

May be difficult to establish desired
vegetation, requiring more O&M relative
to an IES basin.

Visible with opportunity for educational
or aesthetic component near ballpark.

Bioretention rain garden at American Legion,
Roseville, MN. Designed by Barr Engineering.

1 - Christianson, Laura E. and Helmers, Matthew J., "Woodchip Bioreactors for Nitrate in Agricultural Drainage" (2011). Agriculture and Environment Extension Publications. 85.
2 - Christianson, Laura E. and Lepine, C., "Denitrifying woodchip bioreactor and phosphorus filter pairing to minimize pollution swapping" (2017). Water Research.

3 - Erickson, A.J. and J.S Gulliver. 2010. Performance Assessment of an Iron-Enhanced Sand Filtration Trench for Capturing Dissolved Phosphorus. Project Report No. 549, St. Anthony Falls Laboratory, University of Minnesota, Minneapolis, Prepared for the City of Prior Lake, Minnesota.
4 - Bratieres, K. (2008). Nutrient and sediment removal by stormwater biofilters: A large-scale design optimisation study.
5 - Antoine, R. (2016). Reducing Phosphorus Contamination in Stormwater Runoff.
6 - UNH Stormwater Center. (2009). Gravel Wetland Design and Maintenance.

7 - UNH Stormwater Center. (2010). Investigation of Nutrient Removal Mechanisms of a Constructed Gravel Wetland Used for Stormwater Control in a Northern Climat




Table 4-6

Device Name and

Manufacturer

Description

Manufactured Treatment Device Evaluation Matrix

Average
Performance and
Features

Approximate Device
Footprint

Typical Maintenance

Site Specific Design Consideration

Schematic

Modular Wetland
Systems (MWS) Bio
Clean

Filterra
Contech

StormTree
StormTree

Nutrimax™
Suntree Technologies,
Inc.

StormTreat Systems
StormTreat

These devices are
stormwater treatment
systems consisting of
biofiltration via horizontal
flow.

System has a pre-treatment
cartridge and overflow pipe
for large events. An open
bottom for infiltration is
possible.

TP Removal: 60-87%?
6,7

TSS Removal: 80-
90%1, 6,7

Concrete-lined vault may
range from 4-8'W x 15-16'L x
2-5' D. Device can have
open bottom for infiltration
purposes.

Can treat maximum flow
rates ranging from 0.175 -
0.462 cfs.

For StormTree: Device can
treat 1.09 acres (0.34 cfs
min.) with 9'x17' box using
proprietary media with a 50
in/hr infiltration capacity.

Clean pre-treatment chamber by
hand or with a standard vacuum
truck.

Only periodic replacement of media
in the pre-filter cartridges is required
for long term operation.

No need to routinely replace or
maintain biofiltration media.

Contech provides a first year of
included maintenance consisting of a
maximum of two scheduled visits.

Low maximum allowable flow rate
through system could prevent
treatment of high volume storms.

Requires additional underground
storage unit upstream of filter.

Proprietary media is more expensive
than locally sourced media.

Requires only 6" of head since it flows
laterally.

MWS Linear

Kraken Filter Bio
Clean

StormFilter
Contech

Perk Filter™
Kristar

Underground vault with a pre-
treatment chamber.
Treatment occurs through
membrane cartridges. This
stormwater treatment device
can treat high flows with the
option of high flow bypass.
Drain down eliminates
standing water in the system.

TP Removal: 63%?2
TSS Removal: 89%?2

Metals Removal: >
50%?2

TPH Removal: 90%?2
Trash Removal: 99%?2

Concrete-lined vault
approximately
8'W x 16'L x 6'D

Contains many filter
cartridges.

Can treat a maximum flow
rate of 2.88 cfs.

No granular media to replace.
Membrane filter cartridges can be
removed and cleaned by hand with a
hose.

Maintenance consists of removing
debris from the pre-treatment sump
with a standard sump vacuum or
vactor truck.

Device requires many filter
cartridges which must be replaced
annually.

Device must be buried and requires at
least 2-3 feet of head between the inlet
and outlet pipes. This configuration
would not be suitable downstream of a
surface basin where available head is
limited.

Device would be a stand-alone system
or could be downstream of an
underground vault. Device is not
visible - limited educational or
aesthetic component.

TAPE evaluation frequent replacement
or cleaning of filter cartridges to
achieve pollutant reduction claims.

Nutrient Removing
Filtration System
(NRFS)®

Suntree Technologies,
Inc.

Underground vault without a
prefilter chamber. Bold &
Gold biosorption media
accommodates high flow
rates and resists clogging.

TP Removal: 80%1>
TSS Removal: 95%?15

Concrete-lined vault
approximately
12'x24'

Can treat a maximum flow
rate of 0.6 cfs.

Granular media replacement and
filter inspection.

Requires only 6" of head since it flows
laterally.

Higher construction and maintenance
cost than non-prefabricated BMPs.
Filter media must be replaced every
few years.

Device is not visible - limited
educational or aesthetic component.




Device Name and

Manufacturer

Description

Average
Performance and
Features

Approximate Device
Footprint

Typical Maintenance

Site Specific Design Consideration

Schematic

AquaFilter™

Flow-through water quality
device custom designed to
remove fine-grained
sediment, heavy metals
bound to particulate matter
and residual oil by utilizing a
treatment train approach.

TSS Removal: 90%°
No nutrient removal

Sizing guidance not readily
available from manufacturer

Inspection and maintenance
activities are performed from the
surface. A vacuum truck is typically
used to perform maintenance on the

Replacing filters requires entry into
filtration chamber. Confined space
procedures must be followed.
Installation of filter bags is more
complicated than other proprietary

AR AquaFilter™ technology provided by device. webpage. swirl chamber while filter systems.

incorporates a hydrodynamic replacement requires personnel

separation chamber (Aqua- entry to the filtration chamber. No nutrient removal provided by Adua FltaL Syeiecs FRSSF Bsech.

Swirl™) for pretreatment manufacturer.

and a separate chamber to

provide filtration treatment.

Pre-engineered stormwater

treatment system removes

trash, sediment, oil and other Annual vacuum pumping of the oil No nutrient removal provided b

pollutants from stormwater floating inside the BioSTORM® manufacturer P y

runoff. The BioSTORM®'s separation module. Annual pumping ‘

. i X - SO - . . .

BioSTORM® unique offfllne deS|gr:j TSS Re_moval. 90/(; SlZlflwgng]u;dance not ][eadlly out of the solids frolm eacr:]h tank or Expensive and labor intensive
BioMicrobics consists of a patented No nutrient remova available from manufacturer | compartment. To clean the . maintenance

StormTEE® self-cleaning provided by device. webpage. StormTEE® deflector screen, raise ‘

deflector screen and a and lower the internal swab to : :

. . Requires annual pumping out of the
modular dislodge any debris that may be ;
. . : solids from each tank or compartment.

separation/coalescing unit, all stuck to the screen.

housed in readily-available

precast concrete tanks.

Enhanced media filtration Device requires 3'9" of drop | Device is a passwe,_underground Used for industrial applications.
Aquip system for industrial - 75010 between inlet and outlet. system with no moving parts. " " |
stormwateRx stormwater application. Media TP Removal: 75% Head differential is too large to use

housed in concrete vault.

TSS Removal: 80%:1°

Treats up to 1.7 cfs with a
13'W by 52'L device.

Maintenance requirements not
provided on webpage.

downstream of a surface basin.




Device Name and
Manufacturer

BioHaven® Floating
Islands

Floating Island
International

Description

BioHaven® Floating Islands
are patented biomimetic, self-
sustaining floating treatment
wetlands. The islands
typically use a combination of
microbial and plant growth to
effectively take up, precipitate
and/or filter nutrients and
other pollutants from water.
The islands can be anywhere
up from 100 square feet and
beyond by linking the islands
together.

Average
Performance and
Features

TP Removal: 42-
919%711

TSS Removal: 54-
93%011

TN Removal: 40-
87%11

Approximate Device

Footprint

250 square feet of
BioHaven® floating island is
equal to 1 acre of natural
wetland surface area

Typical Maintenance

Invasive species are expected to
grow on the islands. Access to
perform vegetative maintenance
requires additional equipment.
Mechanical removal of invasive
species would be required.

As the floating treatment wetlands
absorb suspended solids and
develops a biofilm, the absorption
rate declines. For the floating
wetland to continue to function as a
biofilter, the entire wetland would
have to be removed from the water,
allowed to drain, and the matrix
beneath the island would have to be
rinsed off into an approved area to
not allow the suspended solids to
reenter the water body.

Site Specific Design Consideration

Device requires extensive plant

maintenance (see typical maintenance

column).

Lifespan and pollutant reduction are
unproven.

Device does little to reduce algal
growth.

Device could be placed within the
RM_12 pond.

Schematic

Jellyfish Stormwater
Treatment
Contech

The Jellyfish features high
flow pretreatment and
membrane filtration in a
compact stand-alone system.
Jellyfish removes floatables,
trash, oil, debris, TSS, fine
silt-sized particles, and a high
percentage of particulate-
bound pollutants; including
phosphorus, nitrogen, metals
and hydrocarbons.

TP Removal: 59%?!3
TSS Removal: 89%?13

The Jellyfish filter requires a
maximum design flux rate
(surface loading rate) across
the membrane filter
cartridges of less than 0.21
gpm/ft2.

Would require 48 cartridges
to treat 7.8 cfs. The
dimensions would be a
surface area of 8 x 16 ft.
Requires > 6.5 ft. between
inlet pipe invert and bottom
of system.

Contech has created a network of
Certified Maintenance Providers to
provide maintenance on stormwater
BMPs.

Ongoing maintenance of the filter
cartridges is performed by removing,
rinsing and reusing the cartridge
tentacles (once per year). Vacuum
extraction of captured pollutants in
the sump is recommended (once per
year). Replacement of filter
cartridges is anticipated every 2-5
years.

High surface area membrane filtration

Can treat a maximum of 7.8 cfs under
largest design (48 filter cartridges)

Development located with the
RPBCWOD has Jellyfish experiencing
very low removals and flowrates.

Requires low driving head (18 in or
less).

High surface area membrane filtration.

1 - Bio Clean Environmental. (2015). Modular Wetlands Advanced Stormwater Biofiltration: MWS Linear. Modular Wetland Systems, Inc.
2 - Bio Clean Environmental. (2015). The Kraken Filter.
3 - Hydrolnternational (2018). Up-Flo Filter.

4 - Contech Engineered Solutions. The Stormwater Management StormFilter® Solutions Guide.
5 - Contech Filterra Bioscape. http://www.conteches.com/products/stormwater-management/biofiltration-bioretention/filterra/filterra%20-%208830672-configurations
6 - StormTree. (2017). StormTree. Retrieved December 11, 2017, from http://www.storm-tree.com/

7 - AguaShield Water Treatment Solutions. Aqua-Filter. http://www.aquashieldinc.com/--agua-filter.html.
8 - BioMicrobics. BioSTORM Stormwater Treatment Systems. http://www.biomicrobics.com/products/biostorm-stormwater-treatment-systems/

9 - stormwateRx. Aquip®. http://stormwaterx.com/stormwaterx products/aquip/
10 - BioHaven® Floating Islands. http://www.floatingislandinternational.com/products/biohaven-technology/
11 - StormTreat Systems. https://stormtreat.com/

12 - Jellyfish Contech. https://www.conteches.com/stormwater-management/treatment/jellyfish-filter

13 - Nutrimax. Engineered Wetlands Biofilter. https://www.suntreetech.com/nutrimax.html
14 - Nutrient Removing Filtration System. https://www.suntreetech.com/nrfs.html



http://www.conteches.com/products/stormwater-management/biofiltration-bioretention/filterra/filterra%20-%208830672-configurations
http://www.aquashieldinc.com/--aqua-filter.html
http://www.biomicrobics.com/products/biostorm-stormwater-treatment-systems/
http://stormwaterx.com/stormwaterx_products/aquip/
http://www.floatingislandinternational.com/products/biohaven-technology/
https://www.conteches.com/stormwater-management/treatment/jellyfish-filter
https://www.suntreetech.com/nutrimax.html
https://www.suntreetech.com/nrfs.html

4.2.2 Manufactured Treatment Devices Evaluated

In addition to conventional devices, fourteen different MTDs were also considered. The

differences between treatment devices, including typical maintenance required and

implementation concerns, are presented in Table 4-6. MTDs that are similar in treatment

type and configuration were grouped into a single row. The rows highlighted in green

represent the devices which are considered feasible for application at the site. The rows

highlighted in red are devices which were considered, but, for reasons indicated in the

“Design Concerns” column, and further outlined in Table 4-7 below, would not be

feasible at this site.

Table 4-7

Device

Evaluation

MTD Evaluation Summary

Reasoning

WADOE —
Use Level
Designation
(GULD) using
TAPE

Modular Wetland Preferred Requires only 6" of head since it flows laterally. Visual General

System component for enhanced educational value. (64% TP,

Bio Clean 85% TSS).

Filterra Feasible Similar to MWS. Product is a pre-cast concrete box General

Contech with engineered soil. More costly than the same
conventional system. Requires tree planted in BMP.

Smaller than needed for site.

StormTree Feasible Similar to MWS. Product is a pre-cast concrete box Pilot

StormTree with engineered soil. More costly than the same
conventional system. Comparable TP removal to the
MWS (63% TP, 85% TSS). Requires tree planted in
BMP. Smaller than needed for site.

Nutrimax Suntree Feasible Similar to MWS. No nutrient removal claims. No

Tech.

StormTreat Feasible Similar to MWS. Lower TP removal than MWS (44% No

StormTreat TP, 89% TSS). Has many chambers and components
which makes maintenance labor intensive.

Kraken Filter Bio Preferred Device is being proposed by developers for stormwater General

Clean permitting. Opportunity for District to monitor
performance. Higher flowrate than many similar
proprietary systems (up to 2.9 cfs). (63% TP, 89%

TSS)

StormFilter Contech Feasible Similar to Kraken. Higher TP removal (82% TP, 89% General (using
TSS). Kraken was chosen as preferred device since PhosphoSorb
developers are proposing to use the device for Media)
stormwater permitting.

Perk Filter Feasible Similar to Kraken. Monitoring results indicate a lower General

Kristar flowrate and lower TP removal compared to Kraken.

(62% TP, 85% TSS)




WADOE —
Use Level

Evaluation Reasoning Designation
(GULD) using
TAPE

NRFS Preferred Requires only 6" of head since it flows laterally.
Suntree Tech Because of this, it can be placed on the downstream
side of a surface basin.

Filter media can be replaced easily by vacuum.
Doesn't require filter cartridges. High treatment claims
(73% TP, 83% TSS).

AquakFilter Infeasible Requires confined space entry for maintenance. Costly No
AguaShield to replace media. No nutrient removal claims.

BioSTORM Infeasible No nutrient removal claims. No
BioMicrobics Expensive and labor intensive maintenance.

Requires annual pumping out of the solids from each
tank or compartment.

Aquip stormwaterRx Infeasible Industrial above ground application from above ground Conditional
systems (roof drainage). Not visually appealing for the
site and requires a lot of head.

BioHaven Floating Infeasible Requires extensive plant maintenance. No
Islands Lifespan and pollutant reduction are unproven.

Floating Island Int. Does little to reduce algal growth.

Jellyfish Infeasible Though appears feasible for site, a development General
Contech located with the RPBCWD has a Jellyfish experiencing

very low removals and flowrates.

Of the fourteen manufactured treatment devices considered, the following three were
identified as the most feasible (preferred) MTDs for the site.

e Modular Wetland Systems (MWS) — Bio Clean (or similar)
e Kraken Filter — Bio Clean (or similar)
e Nutrient Removing Filtration System (NRFS) — SunTree (or similar)

4.2.3 Implementation of MTDs in RPBCWD

RPBCWD is seeing an increased interest in using proprietary stormwater manufactured
treatment devices (MTDs) for development and redevelopment projects. As part of the
permit review process for development and redevelopment projects in the RPBCWD,
RPBCWD's engineer has reviewed stormwater MTDs for the following projects:

e Shoppes at Southwest Station — Eden Prairie (RPBCWD #2015-029)
0 Contech Engineered Solutions — Jellyfish Filter

e Chanhassen Retail (aka Total Wine) — Chanhassen (RPBCWD #2015-030)
0 Royal Environmental Systems Inc — EcoStorm Plus




e Preserve Boulevard Reconstruction — Eden Prairie (RPBCWD #2018-073)
0 Bio Clean Environmental Services — Kraken Filter

e Culvers — Eden Prairie (RPBCWD #2018-026)
0 Momentum Environmental — Preserve
o Contech Engineered Solutions — Jellyfish Filter

However, there are not widely accepted levels of treatment or pollutant removal
efficiencies associated with these devices. While most proprietary MTDs undergo
testing, the conditions that they are tested under may not be independent or
representative with the conditions in the Minnesota or RPBCWD. While RPBCWD's
stormwater management rule includes a specific regulation allowing the District to
impose monitoring, performance evaluation, additional compliance measures or other
requirements for the purposes of demonstrating that performance standards are being
met, efficiencies are gained by all parties to utilize existing data where applicable.

To address the shortcoming in Minnesota specific testing, RPBCWD cooperated with
other watershed management organizations to send a letter to the Minnesota Pollution
Control Agency (MPCA), formally requesting that the MPCA evaluate the performance of
stormwater MTDs and include protocols for MTDs in the MN Stormwater Manual. In
response to the joint letter the MPCA developed a small working group, including
RPBCWD and Barr, to discuss MTDs, how these devices are being used, how MTDs are
credited in regulatory programs (esp. phosphorus), incorporation of information into the
MN Stormwater Manual, and an overview of existing testing programs. Some of the key
takeaways to date include:

e Stormwater BMP testing and certification is costly and time intensive. Cost
savings can be made through less sampling and/or lab sampling only (i.e. no field
sampling).

e MTD verification testing can take several years

e MN workgroup focus is on phosphorus removal. There was some discussion of
dissolved phosphorus, which is currently not required for TAPE and NJCAT.

e MN workgroup is leery of lab-tested approval — need field verification. There was
some discussion of approved testing sites. For example, the University of New




Hampshire is approved as a testing site. Is this something we might want to
pursue in Minnesota?

e Operation and maintenance are critical in the evaluation of MTDs

e Stormwater Testing and Evaluation for Products and Practices (STEPP) is not
currently funded to take on regional verification of MTDs

While RPBCWD's stormwater management rule includes a specific regulation allowing
the District to impose monitoring, performance evaluation, additional compliance
measures or other requirements for the purposes of demonstrating that performance
standards are being met, RPBCWD recognizes the efficiencies gain by all parties to
utilize existing data where applicable. The following sequencing from RPBCWD rule
guidance document was used to aid in identifying potential MTDs for this specific site.

1. Provide verification that the proposed stormwater MTDs have achieved General
Use Level Designation (GULD) certification from the State of Washington's
Technology Assessment Protocol — Ecology (TAPE) program. Applicant can then
apply 50% TP and 80% TSS removals for the MTDs, as long as the MTDs are
designed in accordance with the manufacturer's recommendations/guidelines or
the GULD certification criteria, whichever is more restrictive.

2. Higher pollutant removal efficiencies require submitting third party testing data
from the TAPE program for analysis by RPBCWD engineer. The MTDs need to be
designed in accordance with the manufacturer's recommendations/guidelines or
the GULD certification criteria, whichever is more restrictive, as well as maintained
in a manner consistent with the testing data used to achieve the GULD
certification.

3. If the MTD has not been evaluated as part of the TAPE program, independent
third-party testing and monitoring data is needed for analysis by RPBCWD
engineer. The MTDs need to be designed in accordance with the manufacturer’s
recommendations/guidelines as well as maintained in a manner consistent with
the manufacturer's recommendation and/or as required by the district. If
insufficient testing data representative of MN climate conditions, typical particle
size distributions, and/or pollutant concentration for the land use proposed are




available for review, additional monitoring in accordance with Rule J, subsection

2.6 may be required.

Given the constraints of this site, there may be advantage to implementing an MTDs. In
addition, implementation of an MTD would allow the monitoring of an MTD to aid
RPBCWD and other water resources regulators in Minnesota with understanding how
the MTD performs in Minnesota climatic conditions.

4.3 Preliminary BMP Screening Summary

Combining the aforementioned BMPs, the following ten combinations were identified
for further evaluation. The BMPs selected include both manufactured treatment devices,

as well as, non-propriety BMPs:

e Iron-enhanced sand filtration basin with underdrain
0 As astand-alone system, or
0 Upstream of a NRFS — SunTree (or similar)
e Manufactured Treatment Device
0 Modular Wetland System: as a stand-alone system,
0 Modular Wetland System: downstream of an underground iron-enhanced
sand filtration system,
0 Modular Wetland System: downstream of an underground storage system,
or
0 Kraken Filter: as a stand-alone system
e Subsurface gravel bed wetland with underdrain
0 As astand-alone system, or
0 Upstream of a NRFS — SunTree (or similar)
e Dredging of the existing RM_12 constructed pond

Each potential BMP identified was further evaluated to identify the anticipated nutrient
removal, and identify a system that would fit within city-owned parcels, maximize TP
reduction, minimize project cost, and minimize site impacts. Each conceptual design is

discussed in Section 5.0.




5.0 Evaluated Best Management Practices

The following BMPs were evaluated:

e Tla-smaller iron-enhanced sand filtration basin with underdrain,

e 1b-larger iron-enhanced sand filtration basin with underdrain upstream of the
SunTree NRFS,

e 1c-largeriron-enhanced sand filtration basin with underdrain,

e 1d - larger iron-enhanced sand filtration basin with underdrain upstream of the
SunTree NRFS,

e 2a - Bio Clean Modular Wetland Systems (MWS),

e 2b - Bio Clean Modular Wetland Systems (MWS) downstream of an underground
iron-enhanced sand filtration system,

e 2c - Bio Clean Modular Wetland Systems (MWS) downstream of an underground
storage system,

e 2d - Bio Clean Kraken Filter,

e 3a-subsurface gravel bed wetland with underdrain,

e 3b - subsurface gravel bed wetland with underdrain upstream of the SunTree
NRFS, and

e 4 —dredging the existing RM_12 constructed pond.

Each of the separate components of these BMPs are described in the following sections.

5.1 Iron-Enhanced Sand Filtration Basin

Iron-enhanced filtration consists of mixing iron filings or steel wool with a filtration
media (i.e., sand). Filtration through the sand (or other filtration media) removes the
particulate phosphorus, while the iron filings, which form iron oxide when rusted,
increase the removal of dissolved phosphorus. When water containing dissolved
phosphorus contacts the iron oxide, the dissolved phosphorus is removed from the
stormwater through surface sorption. Figure 5-1 includes photographs of iron-enhanced
sand filtration systems.




e z . pto T A
Construction of Lake Susan Park iron-enhanced sand Iron-enhanced sand filtration system in Lake Susan Park

filtration system (Riley Purgatory Bluff Creek Watershed following a rainfall event (Riley Purgatory Bluff Creek
District, 2018). Watershed District, 2018).

Figure 5-1 Photographs of iron-enhanced sand filtration system

The use of iron-enhanced filtration in stormwater management is recognized by the
MPCA and included as a BMP in the Minnesota Stormwater Manual (Minnesota Pollution
Control Agency, 2015). Monitoring data reported in the Minnesota Stormwater Manual
has shown promising results for the removal of both total and dissolved phosphorus.
Total phosphorus removal through the system ranges from 70-77 percent (Minnesota
Pollution Control Agency, 2015).

Use of iron-enhanced filtration was identified to target the removal of soluble
phosphorus in the Rice Marsh Lake watershed. A relatively short contact time (20-30
minutes) is required for the surface sorption to bind phosphorus to the iron oxide on
the iron filings. However, the filtration media must dry out between rainfall events to
prevent anoxic conditions within the filter which can release phosphorus. Therefore, the
filter must be drawn down within 48 hours of a rainfall event. This means the BMP
footprint must be designed proportionally to the volume of water to be treated.
Deposition of buildup of organic matter on the filter can adversely impact system
performance. Periodic maintenance activities are required, including inspection of inlet
and outlet structures, cleanout of the underdrain system, and occasional addition or
replacement of filtration media to maintain the design depth (i.e., contact time) of the
material.




Iron-enhanced sand can also be used in underground filtration systems. Similar to
surface iron-enhanced sand basins, the filtration media must dry out between rainfall
events to prevent anoxic conditions. Underground sand filtration is a common practice
for stormwater treatment and rate control; using iron-enhanced media further increases
total phosphorus removal. Figure 5-2 is a schematic of an example underground sand
filtration system.

Maintenance

o
access
.

QOutlet to
storm sewer

Perforated
pipe

Qil/grit trap

Example schematic of an underground sand filtration system (Protection, 2013).

Figure 5-2 Schematic of underground sand filtration system

5.2 Subsurface Gravel Bed Wetland

Subsurface gravel bed wetlands are designed as a series of horizontal flow-through
treatment cells, preceded by a sedimentation forebay. The device is designed to retain
and filter the stored water quality volume by passing the stormwater through a
microbe-rich gravel substrate. The system’s outlet is situated below the normal water
level to create approximately 4 inches of standing water in the gravel bed. The standing
water creates an anoxic environment for denitrification of stormwater runoff. Although
phosphorus release has been known to occur in anoxic sediment, the uptake from
properly maintained wetland vegetation has been found to prevent the release of
phosphorus in the effluent. Subsurface gravel bed wetlands are well-suited for retrofits




within stormwater pond systems. They do not have a large head requirement (4 inches)
and are most effective when situated in low hydraulic conductivity soils (University of
New Hampshire Stormwater Center (UNHSC), 2009). These systems can be lined if
needed, but do require separation from groundwater (University of New Hampshire
Stormwater Center (UNHSC), 2009). When established, the surface of the wetland should
be thoroughly vegetated with grasses, forbs, shrubs, and a dense, complete root mat.
Figure 5-3 is a photo of the subsurface gravel bed wetland used in the University of New
Hampshire study on the effectiveness of these BMPs. Standing water exists in the
wetland during and after a rainstorm but draws down within 48 hours. A schematic of a

typical subsurface gravel bed wetland is also shown in Figure 5-4.

Subsurface gravel bed wetland used in the UNHSC study on the BMP's treatment effectiveness. Image on
left shows the basin during dry weather conditions. Image on the right shows the basin during a rain
storm (University of New Hampshire Stormwater Center, 2010).

Figure 5-3 Photo of a subsurface gravel bed wetland
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Schematic of a subsurface gravel bed wetland from the University of New Hampshire Stormwater Center Design
Criteria (University of New Hampshire Stormwater Center (UNHSC), 2009).

Figure 5-4 Schematic of a subsurface gravel bed wetland

The University of New Hampshire study showed that the BMP has the potential to
remove approximately 55% TP and 99% TSS (University of New Hampshire Stormwater
Center, 2010). The primary benefit of the BMP is retention of sediment and associated
pollutants, however, the wetland may export phosphorus if not designed and
maintained properly. Nutrients utilized by plants are removed from the water or
sediments and stored in the plants. In the fall, the leaves and stems die back and
accumulate on the surface of the wetland. If the plant debris are not cleared and
removed from the wetland, the accumulated nutrients will be released back into the
sediment as the plant matter decays. In addition, phosphorus removal is significantly
higher during periods of vegetation establishment when plants have a high demand for
nutrients and phosphorus. After the first few years, once vegetation is established, a
cycle of growth-death-growth recycling of the nutrients and phosphorus occurs,
reducing nutrient uptake and increasing the likelihood of nutrient release. In order to
continue to remove certain pollutants, dead vegetation must be removed and existing
plantings should be trimmed or mowed down to encourage new growth fed by
nutrients from incoming stormwater.




5.3 Modular Wetland Systems (MWS) - Bio Clean

The Linear Modular Wetland System (MWS), by Bio Clean, increases filtration capacity
for a given surface area by utilizing horizontal flow. This allows for a smaller footprint
and higher treatment capacity than traditional vertical filtration BMPs (like a filtration
basin). The MWS incorporates a pre-treatment chamber that includes separation and
pre-filter cartridges allowing for a high particulate reduction capacity (Figure 5-5).
According to manufacturer information, the pre-treatment chamber reduces
maintenance costs and improves the filter performance. The vault-type configuration
with an external diversion weir structure would receive upstream piped flow and allow
for bypass during high-flow events. A detailed schematic of the curb-type is shown in
Figure 5-6. This device has the capacity to treat 0.7 cfs through the filter, and the
manufacturer indicates the filter will remove approxima