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SECTION 1

INTRODUCTION

The Turkey Creek Subdivision is a single-family residential community which is located
on the east side of Turkey Creek, north of Malabar Road and west of Troutman Blvd. in the City
of Palm Bay. The Turkey Creek Subdivision was constructed prior to implementation of
existing stormwater management regulations, and as a result, discharges untreated stormwater
runoff directly into Turkey Creek. A location map for the Turkey Creek Subdivision area is
given on Figure 1-1. This area is thought to be a significant contributor of nutrients and
suspended solids into Turkey Creek. Turkey Creek, an Outstanding Florida Water (OFW), feeds
directly into the Indian River Lagoon, an Estuary of National Significance.

During 2001, the City of Palm Bay entered into an Agreement with the St. Johns River
Water Management District (SJRWMD) to implement several new and innovative pollution
control devices within the Turkey Creek Subdivision to reduce annual mass loadings of nutrients
and suspended solids to Turkey Creek and to demonstrate the performance efficiency and
feasibility of utilizing the evaluated pollution control devices as general BMPs within the City of
Palm Bay. The evaluated pollution control devices include a precast concrete Stormceptor Unit,
a hanging inlet filter called the Ultra-Urban Filter, and a catch basin insert marketed by the name
of Hydro-Kleen Filtration System. Construction and installation of the three units was completed
during July 2005. An evaluation of the performance efficiency of the baffle box structure was
performed by Environmental Research & Design, Inc. (ERD) from September 2005-February
2006.

1-1
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Continuous monitoring of discharges from baseflow and stormwater runoff into the
Stormceptor Unit was conducted by ERD from September 2005-February 2006. However, due
to the unusual logistics and difficult sampling conditions involved with the Hydro-Kleen and
Ultra-Urban Filter Systems, performance evaluations for these units were conducted at the ERD
office using a constructed flume system which allowed precise quantification of the hydrologic
and mass inputs and losses for each system. Twelve separate pilot tests were conducted on each
unit which included an evaluation of hydraulic performance and quantification of separate
performance efficiencies for nutrients as well as suspended solids. Extensive particle size
distributions were also conducted to quantify the particle sizes captured by each of the three
units.

The analyses and conclusions expressed in this report are based upon field monitoring,
pilot testing, and laboratory analyses performed by ERD from September 2005-February 2006.
Field monitoring was initiated during September 2005, and data were collected to estimate the
percent reductions in loadings of total nitrogen, total phosphorus and suspended solids achieved
by each of the three pollution control devices. The contract between ERD and the City of Palm
Bay specified a three-month field monitoring period, although field monitoring activities were
performed by ERD over a period of approximately six months.

This report has been divided into three separate sections for presentation and analysis of
the field and laboratory activities. Section 1 contains an introduction to the report and provides a
summary of the work efforts performed by ERD. Section 2 contains a discussion of the
characteristics of each of the evaluated pollution control devices and anticipated removal
processes. Section 3 contains a description of the field monitoring and laboratory analyses
conducted by ERD. A discussion of the results of the field and laboratory activities is given in

Section 4.

PALMBAY / TURKEY CREEK REPORT



SECTION 2

CHARACTERISTICS OF THE
EVALUATED POLLUTION CONTROL DEVICES

A discussion of the physical characteristics and anticipated pollutant removal
mechanisms for each of the evaluated pollution control devices is given in the following
sections. This information was derived exclusively from the respective manufacturer’s
representations for each device. Photographs and schematic drawings for each of the pollution

control devices are also based upon the manufacturer’s data.

2.1 Stormceptor Unit

Stormceptor is a patented oil/sediment separator unit which is manufactured by the
Stormceptor Company, located in Toronto, Canada. The design for the Stormceptor Unit
installed within the Turkey Creek Subdivision was provided to the City of Palm Bay by
Stormceptor based upon site-specific information provided by the City of Palm Bay. A
schematic of the Stormceptor Unit designed for the Turkey Creek Subdivision outfall project is
given in Figure 2-1. The unit is designated as Model STC 450i with a 335-gallon (45 ft*) sump
capacity and an oil capacity of 85 gallons.

Water enters the unit through the inlet pipe which consists of a 24-inch RCP for this
particular installation. The water initially falls onto a sloped containment area where the water
then enters the sump area of the Stormceptor Unit after passing through a semi-conical shaped
trash guard with approximately 0.5-inch vertical slots. Larger materials in the flow are trapped
and settle onto the bottom of the sump. Water discharges from the sump through an outlet riser
pipe which extracts water from the sump below the normal water level. This causes floating

oils and greases which have entered the sump to be excluded from the outlet pipe. The water

2-1
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Figure 2-1. Schematic of the Turkey Creek Subdivision Stormceptor Unit.
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discharging through the outlet riser pipe then enters the 24-inch RCP discharge from the
structure and ultimately enters Turkey Creek. A minimum difference of 1 inch is required
between the inlet and outlet pipe elevations to operate the separator unit. If the design includes
multiple pipe inlets, a 3-inch difference between the inlet pipe inverts and outlet pipe invert is
required. If the trash guard becomes clogged, the water level can rise and discharge over the
sloped containment area directly into the outlet pipe.

Maintenance of the Stormceptor Unit occurs through the top-mounted manhole cover.
After this cover is removed, the trash guard and down pipe are removed, allowing access into the
lower sump area by a vacuum truck hose connection. The accumulated solids are then removed
from the unit, and the trash guard and down pipe are then replaced. A photograph of the
Stormceptor Unit beneath the manhole cover is shown in Figure 2-2. Additional information

and technical details on Stormceptor Units is included in Appendix A.

Figure 2-2. Photograph of the Stormceptor Unit Beneath the Manhole Cover.
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According to information currently on the Stormceptor website, the Stormceptor Unit is
designed to remove “oil and sediments from stormwater runoff and effectively reduce nonpoint
source pollution from reaching receiving waters downstream”.  The sample technical
specifications provided by Stormceptor indicate that the unit is capable of removing 50-80% of
the total suspended sediment load and 60-95% of the floatable free oil. The specifications
further state that the separator is capable of trapping silt and clay sized particles in addition to

larger particles.

2.2 Ultra-Urban Filter

The Ultra-Urban Filter is a curb inlet insert manufactured by AbTech Industries in
Scottsdale, Arizona. A schematic of the Ultra-Urban Filter System designed for the City of Palm
Bay by AbTech Industries is given in Figure 2-3.

The Ultra-Urban Filter is a plasticized corrugated container which contains a layer of
absorbent media material which is placed across the bottom and sides of the unit. Stormwater
runoff entering through the curb inlet flows into a series of filter boxes which are designed to
span the opening of the curb inlet. Areas of the curb inlet which do not directly discharge into
the filter units are diverted into the units using a flow collector system, similar to the one
indicated on Figure 2-3. The system designed for the City of Palm Bay application contained
three separate filter units.

According to the manufacturer, the absorbent material used within the Ultra-Urban Filter
has been given the trademarked name of “Smart Sponge” which was developed by AbTech
Industries. AbTech Industries states that “the Ultra-Urban Filter absorbs oil and grease and
captures trash and sediment from stormwater runoff before it enters the storm drain system”.
The unit is designed so that trash and sediment collect in the upper basket chamber, while oil and
grease are absorbed in the filtration media. The filtration units utilized by the City of Palm Bay
are designated as Model CO1414H which are designated as “half size” filter units. These units
have a depth of 13 inches compared with depth of 22.5 inches for the normal size units.

According to design specifications provided by AbTech Industries, the acceptance flow rate for

PALMBAY / TURKEY CREEK REPORT
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Figure 2-3. Schematic of the Turkey Creek Subdivision Ultra-Urban Filter Unit.
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the unit exceeds 170 gallons per minute, with a trash and debris capacity of 0.8 ft’. Stormwater
which enters the filter unit flows downward by gravity through the Smart Sponge material and
discharges through a wire mesh material on the bottom of the filter unit. The filtered stormwater
then enters the stormsewer conveyance system for transport to the ultimate receiving waterbody.
A photograph of an Ultra-Urban Filter Unit from the City of Palm Bay installation is
given in Figure 2-4. This filter is one of the three units which were initially installed at the Ultra-
Urban Filter sites. A photograph of the filter units installed within the curb inlet structure is
given in Figure 2-5. The units have been slid apart to show the stormsewer line which
discharges through the curb inlet structure. Under normal operating conditions, the units are
joined together by a stainless steel clip which prevents the incoming stormwater flow from
passing between the individual units. Additional product information for the Ultra-Urban Filter

Systems is included in Appendix B.

Figure 2-4. Ultra-Urban Filter Unit from the City of Palm Bay Installation.

PALMBAY / TURKEY CREEK REPORT



2-7

Figure 2-5. Ultra-Urban Filters Installed in Curb Inlet Structure.

2.3 Hydro-Kleen Filtration System

The Hydro-Kleen Stormwater Filtration System is a patented multi-media filtration
design which combines a pre-settling sedimentation compartment with filtration through media
packets designed for specific pollutant removal. The Hydro-Kleen Filtration System is
manufactured by Hydro Compliance Management, Inc. in Ann Arbor, Michigan. Schematics of
a typical Hydro-Kleen Filtration System and a completed installation are given in Figures 2-6

and 2-7, respectively.
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HYDRO-KLEEN™ FILTRATION SYSTEM

NON-CORROSIVE
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PLATE : » / FRAMING
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REMOVAL MEDIA
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SEDIMENT CHAMBER

e,

ACTIVATED -~
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BOTTOM DRAIN
FOR TREATMENT FLOW

Figure 2-6. Schematic of the Hydro-Kleen Filtration System.

The Hydro-Kleen Filtration System installed by the City of Palm Bay contains three
individual filtration packets. Two of the media packets contain material identified as “Sorb-44”
which is designed to trap hydrocarbons through adsorption to a hydrophobic cellulose material.
The third filtration packet is a special blend of activated carbon (AC-10) which is designed to
remove any remaining hydrocarbons as well as a variety of other organic compounds, metals,
and other contaminants from the runoff. After passing through these media packets, the water
discharges through the bottom of the unit and enters the outfall stormsewer system. According
to Hydro Compliance Management, Inc., the Hydro-Kleen Filtration Unit is designed to handle
40-50 gallons per minute through the media chamber. Maintenance of the unit is accomplished
by vacuuming sediment loadings from the sedimentation chamber and replacing the filters at an

interval of approximately 4-6 months depending on the application.
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Figure 2-7. Typical Hydro-Kleen Installation.
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Photographs of the Hydro-Kleen installation at the Turkey Creek Subdivision are given in
Figure 2-8. Figure 2-8a shows the completed Hydro-Kleen unit inside the inlet box. Stormwater
enters the unit through the concrete channel at the bottom of the picture. A photograph of the
Hydro-Kleen unit with the top grate removed is given in Figure 2-8b. Water initially discharges
into the sedimentation chamber, located in the foreground of the picture, before discharging
through the filtration media. A photograph of the Hydro-Kleen unit with the media cover
removed is given in Figure 2-8c indicating the stacked media cartridges. A photograph of the
Hydro-Kleen chamber with the filter packets removed is given in Figure 2-8d. Additional

product information and literature on the Hydro-Kleen Filtration System is given in Appendix C.
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a. Hydro-Kleen Unit Inside Inlet Box

b. Hydro-Kleen Unit with Grate Removed

Figure 2-8. Photos of the Hydro-Kleen Installation at the Turkey Creek Subdivision.
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¢. Hydro-Kleen Unit with Media Cover Removed

d. Hydro-Kleen Chamber with Filter Packets Removed

Figure 2-8. Photos of the Hydro-Kleen Installation at the Turkey Creek Subdivision (continued).
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SECTION 3
FIELD AND LABORATORY ACTIVITIES

Field and laboratory investigations were conducted from September 2005-February 2006
to evaluate the effectiveness of the three pollution control devices installed in the Turkey Creek
Subdivision. Performance efficiency monitoring for the Stormceptor Unit was conducted in the
field at the site of the Stormceptor Unit. This monitoring included a continuous record of
inflows and outflows from the Stormceptor Unit, as well as collection of flow-weighted
composite inflow and outflow samples. Performance efficiency monitoring for the Hydro-Kleen
and Ultra-Urban filter units was performed in a series of pilot tests conducted at the ERD office
and laboratory. Specific details of monitoring efforts performed for each of the individual

pollution control units are given in the following sections.

3.1 Field Instrumentation, Monitoring, and Pilot Testing

3.1.1 Stormceptor Testing

The Stormceptor Unit was constructed by the City of Palm Bay in a single-family
residential area within the Turkey Creek Subdivision adjacent to Turkey Creek. The location of
the Stormceptor Unit, along with a delineation of the contributing watershed, is indicated on
Figure 3-1. The watershed boundary was determined by ERD based on field reconnaissance and
observations of flow patterns during rain events. The watershed discharging to the unit covers an
area of approximately 5.92 acres.

A schematic of the monitoring locations used to evaluate the performance efficiency of
the Stormceptor Unit is given in Figure 3-2. Instrumentation was installed to provide continuous
measurements of discharges through the Stormceptor Unit, under both storm event and baseflow
conditions, as well as to collect flow-weighted samples from the inflow and outflow to the unit
under a wide range of flow conditions. The sampling equipment was installed by ERD during
August 2005. Formal monitoring was initiated on September 1, 2005 and continued for a period
of 170 days until February 17, 2006.

3-1
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Figure 3-2. Schematic of the Stormceptor Monitoring Locations.

Continuous monitoring of discharges into the Stormceptor Unit and collection of pre-
treatment inflow samples was conducted in the 24-inch RCP which extended between the curb
inlet manhole and the Stormceptor Unit east of River Drive. Inflow into the Stormceptor Unit
included storm drains on each side of River Drive which collect drainage from a 5.92-acre
watershed area. Monitoring of outflow from the Stormceptor Unit was conducted in the 24-inch
RCP which extended from the Stormceptor Unit into Turkey Creek.

An automatic sequential stormwater sampler with integral flow meter, manufactured by
Sigma (Model No. 900 MAX), was installed adjacent to the Stormceptor Unit to provide a
continuous hydrograph record of inflow into the unit and to collect flow-weighted composite
samples of inflow during baseflow and storm event conditions. The automatic sampler was
housed inside an insulated aluminum shelter installed near the edge of River Drive. Sensor
cables and sample tubing were extended from the sampler into the 24-inch RCP to the point of
sample collection. The integral flow meter was programmed to provide a continuous record of
hydraulic inputs into the Stormceptor Unit, with measurements stored into internal memory at
10-minute intervals. Photographs of the Stormceptor monitoring equipment are given in Figure

3-3.
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Figure 3-3. Monitoring Equipment for the Stormceptor Unit.
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A second automatic sequential stormwater sampler, manufactured by Sigma (Model No.
900 MAX), was also installed at the site to collect samples of the outflow from the Stormceptor
Unit. The outflow automatic sampler was housed inside a second insulated aluminum shelter
which was installed near the edge of River Drive. Sample tubing was extended from the sampler
into the 24-inch RCP discharging from the Stormceptor Unit. The outflow autosampler was
electronically connected to the inflow collector so that outflow samples were collected
simultaneously with inflow samples at the site.

Each of the two automatic stormwater samplers contained a single 5-gallon polyethylene
bottle. The inflow sampler was programmed to collect inflow samples in a flow-weighted mode,
without flow samples collected simultaneously with the inflow samples. Since 120 VAC power
was not available at the site, the automatic collectors were operated on gel cell batteries which
were replaced on a weekly basis. A total of 15 separate flow-weighted composite samples of
inflow and 15 composite outflow samples was collected at the inflow site during the monitoring
program (30 samples total). All collected composite samples were analyzed in the ERD
Laboratory for total nitrogen, total phosphorus, total suspended solids (TSS), and turbidity.

Flow measurements were performed at the monitoring site using a pressure transducer
sensor which transforms sensitive measurements of water depth into a flow rate using the
Manning Equation and pipe geometry. A pressure transducer depth probe was inserted into the
24-inch RCP immediately upstream from the Stormceptor Unit which performed continuous
measurements of water depth. The depth measurements were converted into a cross-sectional
area based upon the geometry of the pipe and the velocity of flow was calculated using the
Manning Equation. Discharge was then calculated by the flow meter using the Continuity

Equation (Q = A x V) in cubic feet per second (cfs).
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Rainfall at the site was monitored using a continuous rainfall recorder attached to a 4-
inch x 4-inch wooden post adjacent to the baffle box which was monitored by ERD in a previous
project. The rainfall recorder (Texas Electronics Model 1014-C) produced a continuous record
of all rainfall which occurred at the site This record is used to provide information on general
rainfall characteristics in the vicinity of the Stormceptor Unit during the monitoring program and
to assist in evaluation of hydrologic inputs from the watershed area. However, due to equipment
malfunction, continuous monitoring of rainfall was not initiated until September 22, 2005.
Rainfall information for earlier parts of September were obtained from records maintained by the
sewage treatment plant located immediately west of the Turkey Creek Subdivision.

As indicated on Figure 2-1, the Stormceptor Unit contains a lower sump area
which is designed to collect accumulated solids and debris. At the initiation of the field
monitoring by ERD, the Stormceptor Unit had been in service for several months and had
already accumulated solid material within the sump area. The initial solids contained within the
sump area were removed by ERD on August 30, 2005 using a 3-inch centrifugal pump. The
solids material was pumped into a 300-gallon polyethylene tank and taken to an off-site location
for disposal. Field monitoring of inflow and outflow from the Stormceptor Unit was then
initiated on September 1, 2005 and continued until February 17, 2006. Photographs of sump
pump-out activities for the Stormceptor Unit are given in Figure 3-4.

At the completion of the monitoring program, the accumulated solids were again
removed by ERD field personnel on February 17, 2006 and returned to the ERD Laboratory in a
300-gallon polyethylene tank. The accumulated solids were transferred into 50-gallon
polyethylene barrels (Figure 3-5), allowed to settle for approximately one week, and the water
layer was carefully decanted. The remaining solids were then dried, weighed, and submitted for
laboratory analysis of total nitrogen, total phosphorus, total solids, and particle size distribution.
In addition, total nitrogen and total phosphorus content was also measured on each of the

collected particle fractions from the unit.
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Figure 3-4. Sump Pump-Out Activities for the Stormceptor Unit.
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Figure 3-5. Stormceptor Sump Solids Transferred to 50-Gallon Barrels for Drying.

3.1.2 Ultra-Urban and Hydro-Kleen Filter Testing

Approximate locations for the Hydro-Kleen and Ultra-Urban Filter Units installed by the
City of Palm Bay are indicated on Figure 3-6. These units are located approximately three
blocks south of the Stormceptor unit location, illustrated on Figure 3-1. Similar to the
Stormceptor Units, the Hydro-Kleen and Ultra-Urban Filter Units are installed in an area of
single-family homes within the Turkey Creek Subdivision area. The contributing watershed for
the Hydro-Kleen Filter Unit is approximately 3.65 acres, while the watershed area for the Ultra-

Urban Filter Unit covers approximately 6.93 acres.
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The initial intention of this performance efficiency evaluation was to perform field
monitoring for each of the two units over a continuous period of approximately three months.
However, after consideration of the hydrologic and hydraulic characteristics of the watershed
and stormsewer system, along with the physical characteristics for each of the two filter units, it
was determined that field monitoring of the two units was not feasible for several reasons. First,
the Hydro-Kleen and Ultra-Urban Filter Units are designed to remove suspended sediments,
soils, leaves, and other vegetation. However, traditional autosamplers often perform poorly at
collection of representative samples for suspended sediments and soils in stormwater runoff, and
the strainer unit and corresponding size of the intake tubing for the autosampler excludes
virtually all leaves and other vegetation from the collected sample. As a result, autosamplers
often provide a poor representation of stormwater which contains sediments and vegetated
matter.

Second, both the Hydro-Kleen and Ultra-Urban Filter Units were connected to inlet
structures which have cross connections to other inlets. Even if a representative sample of the
inflow into each unit could be collected, the outflow from the catch basin reflected a combination
of discharge through the respective filter units and untreated flows from the connecting
stormsewer lines. This situation substantially complicated the ability to collect representative
samples of the treated water discharging from each of the filter units. Consideration was given
to constructing troughs under each of the filter units which would collect only runoff which had
flowed through the filter unit. However, the manhole structures at each of the two locations were
very shallow, and even a relatively small accumulation of stormwater within the system would
create submerged conditions within the trough.

Finally, inflow into each of the two filter units occurs through a Miami-type curb and
gutter system. Collection of inflow samples from this system would require placement of flow
monitoring equipment and collection tubing within the gutter which would subject it to damage
by vehicular traffic. In addition, the water level within the curb and gutter system during smaller
storm events may not be sufficient to register as a measurable water level by the flow monitoring

equipment. In general, a minimum water level of several inches is required to accurately register
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flow conditions. Construction of a weir within the curb and gutter system may have been
necessary to increase the water level sufficiently to register on the flow probe. However,
construction of the weir would create a settling area for suspended solids which would alter the
monitoring of the inflow characteristics into the unit.

In view of these significant obstacles for efficient field monitoring at the two sites, it was
decided to perform pilot testing for each of the two units at the ERD office in Orlando. A new
Ultra-Urban Filter Unit was provided to ERD by the City of Palm Bay for use in this testing.
The containment structure for the Hydro-Kleen Filter Unit was removed from its housing inside
the manhole structure and returned to the ERD office. Three new Hydro-Kleen filter inserts
were provided by the City of Palm Bay for use in pilot testing. Therefore, pilot testing with each
of the two units was conducted with entirely new media and cleaned containment structures.

A photograph of the pilot testing apparatus for the Hydro-Kleen and Ultra-Urban Filters
is given in Figure 3-7. The apparatus consisted of a 500-gallon polyethylene storage tank which
was placed on top of an elevated platform. The tank was filled with water from Lake Conway

which is located adjacent to the pilot test site.

Figure 3-7. Pilot Testing Apparatus for the Hydro-Kleen and Ultra-Urban Filters.
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Particulate matter for testing purposes was obtained from a single-family residential
watershed adjacent to the ERD office. This watershed area is similar to the Turkey Creek
Subdivision in terms of unit densities and hydrologic characteristics. A photograph of the
residential area adjacent to the ERD office is given in Figure 3-8. Representative samples of
sediments, soils, vegetation, and other debris were collected from the watershed area on three
separate occasions by vacuuming portions of the curb and gutter and roadway system using a
shop vac. The vacuuming process was continued until approximately 5 gallons of solid material
was collected for us in testing purposes. A photograph of the solids collection activities is given
in Figure 3-9.

The collected material was dried, weighed, and subjected to a grain size distribution
analysis using a combination of standard sieves and nylon filters to trap smaller particle sizes.
Details of this process are provided in a subsequent section. Each of the collected particle
fractions was analyzed for total nitrogen, total phosphorus, total suspended solids, and volatile
suspended solids. After evaluation of grain size characteristics, the separated samples were then
combined back together into a composite sample for testing purposes.

A total of 12 separate pilot tests were conducted for the Hydro-Kleen and Ultra-Urban
Filter Units. To begin each test, the initial hydraulic capacity of the filter unit was evaluated by
adding water from the 500-gallon storage tank into the filter unit until the rate of water inflow
caused the water to begin flowing over the top of the unit. A photograph of hydraulic
performance testing for the Ultra-Urban Filter is given in Figure 3-10. This process was repeated
prior to the initiation of each of the 12 pilot tests performed for each filter. The rate at which
water could be introduced into each of the two filters without overflowing is defined as the initial

hydraulic capacity of the filter unit.
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Figure 3-8. Residential Area Adjacent to ERD Office.

Figure 3-9. Solids Collection Activities.
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Figure 3-10. Hydraulic Performance Testing Using the Ultra-Urban Filter.

After the initial hydraulic performance testing, the water flow rate was reduced to
approximately half of the initial hydraulic inflow rate, and approximately 400-800 g (1-2 lbs) of
the collected composite solids was slowly sprinkled into the flowing water stream within the
plastic trough which conveyed the water from the storage tank to the test filter apparatus. This
process simulated the transport of solids and vegetation through the curb and gutter system
during an actual storm event. Addition of the solids into the flowing water stream occurred at a
slow rate such that the overall time required for addition of the solids was approximately 15-30
minutes. The exact volume of water which passed through the filter unit was recorded for each
test. Photographs of pilot testing using the Ultra-Urban and Hydro-Kleen Filters are given in

Figure 3-11.
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b. Hydro-Kleen Filter

Figure 3-11. Pilot Testing with the Ultra-Urban Filter.
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During each testing procedure, outflow samples from each of the two filter units were
collected on a continuous basis. These outfall samples were designed to evaluate migration of
nutrients and suspended solids through the filter media, as well as evaluate potential leaching of
previously collected materials during subsequent testing conditions. The collected samples from
the bottom of the filter units were combined into a large plastic carboy until completion of each
experiment. The water within the carboy was then well mixed and a sub-sample was collected
for laboratory analysis and particle size evaluation. A photograph of the collection of outflow

samples from the Ultra-Urban Filter System is given in Figure 3-12.

Figure 3-12. Collection of Outflow Samples for the Ultra-Urban Filter.
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3.2 Laboratory Testing

3.2.1 Evaluation of Grain Size
Distribution for Collected Solids

Standard laboratory sieve analyses were conducted on the solids collected from the sump
area within the CDS unit, as well as the solids collected for use in the pilot testing for the Hydro-
Kleen and Ultra-Urban Filter Units. Sieve analyses were conducted using standard sieve sizes of
10, 20, 40, 60, 80, 100, 120, 200, and the bottom pan. Each of the collected particle fractions
was weighed to reflect the representative fraction of the overall sample, and a sub-sample of each
fraction was analyzed for total nitrogen, total phosphorus, and organic content.

Bulk water samples of baseflow and stormwater runoff from the Stormceptor site, as well
as inflow and outflow samples from the pilot tests, were analyzed to evaluate the physical and
chemical characteristics of particles entrained in water. The bulk water samples were generated
by combining equal volumes of all stormwater samples and equal volumes of all baseflow
samples generated during each full month of the monitoring program. Each of the monthly
composite baseflow samples (4 total) and stormwater samples (4 total) were then evaluated in the
ERD Laboratory for particle size distribution.

Bulk water samples of the inflow and outflow collected during the pilot testing for the
Hydro-Kleen and Ultra-Urban Filter Systems were also analyzed for particle size distribution.
Each of the lake water inflow samples used in the pilot testing was evaluated for particle size
distribution. However, the 500-gallon storage tank was sufficient for several separate pilot tests,
and a single particle size distribution analysis was sufficient for each test used with a single
water source. Individual particle size analyses were performed for each of the 24 outfall samples
collected during testing of the Hydro-Kleen (12 samples) and Ultra-Urban (12 samples) filters.

Suspended sediment particles were separated from the baseflow and stormwater samples
using a series of nylon net filters manufactured by Millipore. A sequential series of filtrations was
performed using the net filters with pore sizes of 180 um, 140 pm, 100 um, 60 pm, 30 wm, and 11
um. A 32-liter water sub-sample of the composite baseflow and stormwater samples was used for
the separation.
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Filtration of the sample was performed using a standard 47 mm glass filter holder mounted
on top of a 12-liter polycarbonate carboy. Four carboys were used for the test. When one became
filled with the filtrate, it was replaced with a rinsed empty carboy. The filtration was performed
with very low or no applied vacuum to avoid embedding the particles into the filters. When the
flow rate through the filters became too slow, the filter was removed and placed in a 250-ml
polycarbonate bottle and labeled with the filter pore size. For larger pore sizes, only one or two
filters were necessary to filter the entire sample. However, for the smaller pore sizes, more filters
were needed. A 10-liter sample, sub-sampled from the 32-liter water sample, was filtered through
the 11 um filter to reduce the number of total filters needed. The filtrate from the 11 pm filter was
filtered through a 1 um glass fiber TCLP filter and then through a 1 um glass fiber suspended solids
filter.

The filters were segregated by pore size and placed in 250-ml polycarbonate bottles labeled
with the appropriate pore size. Deionized water (50 ml) was added to each bottle and shaken for
fifteen minutes on a shaker table to resuspend the sediment particles from the filters. The
resuspended particulate solution was then analyzed for total nitrogen, total phosphorus, total

suspended solids, and volatile suspended solids.

3.2.2 Laboratory Analyses

A summary of laboratory methods and MDLs for analyses conducted on water samples
collected during this project is given in Table 3-1. All laboratory analyses were conducted in the
ERD Laboratory. Details on field operations, laboratory procedures, and quality assurance
methodologies are provided in the FDEP-approved Comprehensive Quality Assurance Plan No.
870322G for Environmental Research & Design, Inc. In addition, a Quality Assurance Project
Plan (QAPP), outlining the specific field and laboratory procedures to be conducted for this
project, was submitted and approved by SJRWMD prior to initiation of any field and laboratory
activities. A summary of laboratory methods and MDLs for analyses conducted on sediment

samples collected during this project is given in Table 3-2.
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ANALYTICAL METHODS AND DETECTION
LIMITS FOR LABORATORY ANALYSES

3-19

PARAMETER OFMAEIZII-:I?YDSIS DETEIC\ZA'II':_I-I(;FI:IOI?I MITS
(MDLs)
Total Nitrogen Alkaline Persulfate Digestion 0.001 mg/1
Total Phosphorus Alkaline Persulfate Digestion 0.001 mg/1
TSS EPA-83, Sec. 160.2° 0.7 mg/l
Turbidity EPA-83, Sec. 180.1° 0.1 NTU
VSS EPA-83, Sec. 160.4° 1.0 mg/l

1. MDLs are calculated based on the EPA method of determining detection limits

2. FDEP-approved alternate method

3. Methods for Chemical Analysis of Water and Wastes, EPA 600/4-79-020, Revised March 1983.

TABLE 3-2

SUMMARY OF LABORATORY METHODS AND

DETECTION LIMITS FOR SEDIMENT ANALYSES
METHOD METHOD
PARAMETER OF ANALYSIS DETECTION LIMITS
Moisture Content EPA/CE-81-1'; p. 3-54, p. 3-58 0.1%
Organic Content EPA/CE-81-1; pp. 3-59 and 3-60 0.1%
Total P EPA-83? Sec. 365.4 0.005 mg/kg
Total N EPA/CE-81-1; p. 3-205 0.010 mg/kg
Particle Size EPA/CE-81-1; pp. 3-33 to 3-47 1%
1. Procedures for Handling and Chemical Analysis of Sediments and Water Samples,

EPA/Corps of Engineers, EPA/CE-81-1, 1981.

2. Methods for Chemical Analysis of Water and Wastes, EPA/4-79-020, Revised March 1983.
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SECTION 4
RESULTS

Field monitoring, sample collection, pilot testing, and laboratory analyses were
conducted by ERD from September 2005-February 2006 to evaluate the hydraulic and pollutant
removal efficiencies of Stormceptor, Hydro-Kleen, and Ultra-Urban filter units installed in the
Turkey Creek Subdivision in the City of Palm Bay. A discussion of the results of these efforts is

given in the following sections.

4.1 Stormceptor Unit

4.1.1 Site Hydrology
4.1.1.1 Rainfall Characteristics

A continuous record of rainfall characteristics was collected at the baffle box site from
September 1, 2005-February 17, 2006 using a tipping-bucket rainfall collector with a resolution
of 0.01 inch and a digital data logging recorder. However, due to equipment malfunction, the
digital rainfall record from September 1-21 was lost. Therefore, supplemental rainfall records
for this period were obtained from the City of Palm Bay Sewage Treatment Plant (STP) located
immediately west of the Turkey Creek Subdivision. The rainfall records collected at the STP site
are daily totals only.

The characteristics of individual rain events measured in the vicinity of the Stormceptor
site from September 1, 2005-February 17, 2006 are given in Table 4-1. Rainfall data from
September 1-21 is based on records collected at the Palm Bay STP site, while the remainder of
the rainfall record was collected by the rain gauge at the baffle box site. Information on total
rainfall, event start time, event end time, event duration, average rainfall intensity, and
antecedent dry period are included in Table 4-1 for each individual rain event measured at the
baffle box site. Average rainfall intensity is calculated as the total rainfall divided by the total
event duration. Since the data collected at the STP represent daily totals, details of individual
rainfall event characteristics are not available for the period from September 1-21, 2005.

4-1
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TABLE 4-1

SUMMARY OF RAINFALL MEASURED IN THE
VICINITY OF THE STORMCEPTOR SITE FROM
SEPTEMBER 1, 2005 - FEBRUARY 17, 2006

EVENT START EVENT END TOTAL DURATION ANTECEDENT AVERAGE
RAINFALL hours) DRY PERIOD INTENSITY
DATE TIME DATE TIME (inches) ( (days) (inches/hour)
9/1/05 | ---- 9/1/05 | - 011 | e e e
9/2/05 | ----- 9/2/05 | = ----- .04 | - 1o | -
9/4/05 |  ----- 9/4/05 | = ----- 021 | - 20 | -
9/5/05 |  ----- 9/5/05 | = - 054 | - 1o | -
9/6/05 | = ----- 9/6/05 | = ----- 094 | - 1o | -
9/7/05 |  ----- 9/7/05 | = ----- 030 | - 1o | -
9/8/05 | ----- 9/8/05 | = ----- 044 | - 1o | -
9/20/05 |  ----- 9/20/05 | = -—--- 015 | - 120 | -
9/21/05 |  ----- 9/21/05 |  -—--- 3.0 | - 1o | -
9/27/05 14:36 9/27/05 14:46 0.02 0.16 6.6 0.12
9/28/05 18:26 9/28/05 20:32 0.66 2.11 1.2 0.31
10/3/05 5:03 10/3/05 6:57 0.05 1.90 44 0.03
10/3/05 16:54 10/3/05 19:32 0.09 2.64 04 0.03
10/4/05 1:11 10/4/05 9:15 0.49 8.07 0.2 0.06
10/4/05 16:21 10/4/05 18:08 0.07 1.78 0.3 0.04
10/4/05 21:16 10/4/05 21:28 0.03 0.19 0.1 0.15
10/5/05 1:13 10/5/05 7:39 0.26 6.44 0.2 0.04
10/5/05 20:53 10/5/05 22:04 0.36 1.18 0.6 0.30
10/6/05 15:05 10/6/05 22:22 0.43 7.28 0.7 0.06
10/24/05 11:11 10/24/05 13:51 2.19 2.67 17.5 0.82
11/1/05 18:51 11/2/05 2:34 0.73 7.71 8.2 0.09
11/14/05 10:03 11/14/05 10:03 0.01 --- 12.3 ---
11/15/05 4:18 11/15/05 4:18 0.01 --- 0.8 ---
11/15/05 | 20:11 11/15/05 21:32 0.15 1.35 0.7 0.11
11/16/05 1:18 11/16/05 1:20 0.02 0.03 0.2 0.70
11/16/05 4:41 11/16/05 4:41 0.02 0.00 0.1 72.00
11/22/05 10:58 11/22/05 11:00 0.02 0.03 6.3 0.64
11/28/05 15:05 11/28/05 19:51 0.30 4.77 6.2 0.06
12/8/05 0:37 12/8/05 16:08 2.33 15.50 9.2 0.15
12/17/05 8:32 12/17/05 11:20 0.14 2.80 8.7 0.05
12/18/05 9:20 12/18/05 9:20 0.01 --- 0.9 ---
12/19/05 7:31 12/19/05 7:33 0.02 0.05 0.9 0.43
12/29/05 7:11 12/29/05 7:31 0.02 0.32 10.0 0.06
1/18/06 3:33 1/18/06 5:40 0.31 2.12 19.8 0.15
1/20/06 11:40 1/20/06 11:40 0.01 --- 2.3 ---
1/30/06 5:42 1/30/06 5:57 0.15 0.27 9.8 0.57
2/3/06 11:54 2/4/06 11:24 1.58 23.51 4.2 0.07
2/11/06 21:06 2/12/06 2:02 0.49 4.93 7.4 0.10

TOTAL: 17.71
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A total of 17.71 inches of rainfall fell in the vicinity of the Stormceptor Unit over the
170-day monitoring period from a total of 38 separate storm events. A summary of rainfall
characteristics measured at the baffle box rain gauge site from September 22, 2005-February 17,
2006 is given in Table 4-2. Individual rainfall amounts measured at the baffle box site range
from 0.01-2.33 inches, with an average of 0.47 inches/event. Durations for events measured at

the site range from 0.01-23.5 hours, with antecedent dry periods ranging from 0.1-19.8 days.

TABLE 4-2

SUMMARY OF RAINFALL CHARACTERISTICS
IN THE VICINITY OF THE STORMCEPTOR SITE
FROM SEPTEMBER 2005-FEBRUARY 2006'

MINIMUM MAXIMUM MEAN
PARAMETER UNITS VALUE VALUE EVENT VALUE
Event Rainfall inches 0.01 2.33 0.47
Event Duration hours 0.01 23.5 3.91
Average Intensity inches/hour 0.03 72.0 3.09
Antecedent Dry Period days 0.1 19.8 4.32

1. Based on data collected at the baffle box rain gauge site only

A comparison of measured and typical “average” rainfall in the vicinity of the
Stormceptor Unit is given in Figure 4-1. Measured rainfall presented in this figure is based upon
the field-measured rain events at the STP and baffle box monitoring sites presented in Table 4-1,
summarized on a monthly basis. ‘“Average” rainfall conditions are based upon historical
monthly rainfall averages recorded at the Melbourne Meteorological Station over the 60-year
period from 1942-2001. This site appears to be the closest long-term meteorological station for
the Stormceptor monitoring site. Comparisons between measured and average rainfall are
provided only for the months of September 2005-January 2006 since measurements performed at
the baffle box site during February 2006 represent only a partial month. Total measured rainfall

during the months of September 2005-January 2006 is 17.71 inches.
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I Measured Rainfall
I Melbourne Average Rainfall

Rainfall (inches)
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September October November December January

Month

Figure 4-1.  Comparison of Average and Measured Rainfall in the Vicinity of
the Palm Bay Stormceptor Site.

As seen in Figure 4-1, measured rainfall in the vicinity of the Stormceptor site was
greater than “normal” during only one of the five complete months included in the monitoring
program. Measured rainfall during September and October was slightly less than “normal”,
while rainfall during November and January was much less than “normal”. Overall, the
measured rainfall of 17.71 inches from September 2005-January 2006 is approximately 3% less
than the “average” rainfall of 18.28 inches which typically occurs during the period from

September-January in the Palm Bay area.

4.1.1.2 Hydrologic Inputs

Continuous hydrographs were recorded at the inflow to the Stormceptor Unit at 10-
minute intervals from September 1, 2005-February 17, 2006. The hydrographs provided
information on inflow rates into the unit as well as total daily volume and cumulative total

volume for the period of record.
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Inflow hydrographs measured in the 24-inch RCP inflow into the Stormceptor Unit are
summarized in Figure 4-2. A summary of total daily rainfall, based upon the information
provided in Table 4-1, is also included for comparison purposes. In general, inflow hydrographs
into each of the Stormceptor Units appear to correspond with rainfall events for much of the
hydrograph record summarized in Figure 4-2. However, significant inflow hydrographs were
recorded at the Stormceptor site during most of October 2005 during a time when little rainfall
was observed at the site. In addition, a relatively high hydrograph peak was observed during
mid-December from a rainfall event of only 0.14 inches. Similarly, a hydrograph peak was also

observed in mid- to late-January which does not correspond to measurable rainfall in the vicinity

of the site.
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Figure 4-2.  Inflow Hydrographs into the Stormceptor Unit from September
2005-February 2006.

PALMBAY / TURKEY CREEK REPORT



4-6

The unusual peaks in the inflow hydrographs indicated on Figure 4-2 are flow
measurement errors caused by raised water level conditions resulting from a clogged inflow into
the Stormceptor Unit. As discussed in Section 2.1, and illustrated on Figure 2-1, the Stormceptor
Unit contains a semi-conical shaped trash guard with approximately 0.5-inch vertical slots. A
photograph of the Stormceptor trash guard removed from the unit is given in Figure 4-3. All
water which enters the Stormceptor Unit must pass through this trash guard. Due to the small
size of the openings in the trash guard, the slots were easily clogged with vegetation and grass
clippings from the residential area and was observed to be heavily clogged during many of the
weekly visits by ERD field personnel even though all vegetation was removed during each visit.
Clogged conditions were particularly apparent on field visits which followed significant rain
events. In fact, the photograph of the Stormceptor Unit inside the manhole, given in Figure 2-2,

shows a clogged trash guard inlet.

W\

e

Figure 4-3. Stormceptor Trash Guard Device.
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When the trash guard becomes clogged, inflow from the stormsewer can no longer enter
into the Stormceptor Unit, causing water to back-up through the stormsewer system until the
level of the overflow weir for the Stormceptor Unit is reached. All inflow through the
stormsewer then bypasses the unit and discharges directly through the downstream stormsewer
system. A photograph of water discharging over the top of the Stormceptor Unit as a result of a
clogged trash grate is given in Figure 4-4. Visible floating oil and grease within the stormsewer
system can be seen bypassing the Stormceptor Unit and entering the outfall pipe discharging to

Turkey Creek.

Figure 4-4.  Stormsewer Inflow Bypassing the Stormceptor Unit Due to a
Clogged Trash Grate.
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A low level baseflow was periodically present at the monitoring site due to discharges of
water into the gutter from a heat pump system located at a residence northwest of the
Stormceptor Unit. Once the trash grate became clogged, the low level baseflow would cause
water elevations within the stormsewer to be elevated for extended periods of time. Since the
flow probe utilized by ERD measures flow rate as a function of water depth using the Manning
Equation, the increases in water elevation within the system caused the flow probe to indicate
conditions of relatively high flow within the stormsewer. This phenomenon is directly
responsible for the hydrograph peaks observed on Figure 4-2 which do not appear to correlate
with significant rain events.

After carefully reviewing the hydrographs provided on Figure 4-2, it was decided that the
information is not an accurate representation of the flow volume which reached the Stormceptor
Unit during the monitoring program. Therefore, it was decided to use a hydrologic model to
estimate the generated runoff volume associated with each of the individual monitored rainfall
events summarized in Table 4-1. The results of this modeling exercise would then be used to
represent the total runoff volume which reached the Stormceptor Unit during the monitoring

program.

The SCS curve number methodology was used to generate estimates of the runoft volumes
produced within the drainage sub-basin area for each of the rainfall events listed in Table 4-1. The
SCS methodology utilizes the hydrologic characteristics of the drainage basin, including impervious
area, directly connected impervious area, and soil curve numbers to estimate runoff volumes for
modeled storm events. Hydrologic characteristics of the Stormceptor basin area were determined
by ERD based upon aerial photography and a field reconnaissance of the sub-basin area. A
summary of these hydrologic characteristics is given in Table 4-3. As indicated previously, the total
basin area discharging to the Stormceptor Unit is approximately 5.92 acres. Approximately 2.39
acres of the basin is considered impervious area, with 1.17 acres considered to be directly connected

impervious area (DCIA). The SCS curve number for the pervious area within the basin is 57.6.
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TABLE 4-3

CHARACTERISTICS OF THE
STORMCEPTOR BASIN AREA

PARAMETER BASIN
Total Area (acres) 5.92
Impervious Area (acres) 2.39
DCIA (acres) 1.17
DCIA (%) 19.8
Pervious CN 57.6
Non-DCIA CN 68.0
S (inches) 4.72

After estimating the hydrologic characteristics of the basin area, the runoff volume for each
rainfall event is calculated by adding the rainfall excess from the non-DCIA portion to the rainfall
excess created from the DCIA portion for the basin. Rainfall excess from the non-DCIA areas is

calculated using the following set of equations:

Soil Storage, S = (ﬂ . 10)
nDCIA CN
DCIA cN = LGN * (100 - IMP)] + [98 (IMP - DCIA)]
(100 - DCIA)
= (P -025)

QnDCIA. - (Pi +0.85)
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where:
CN = curve number for pervious area
IMP = percent impervious area
DCIA = percent directly connected impervious area
nDCIACN = curve number for non-DCIA area
P; = rainfall event
Qupcrai = rainfall excess for non-DCIA for rainfall event

For the DCIA portion, rainfall excess is calculated using the following equation:

QDCIAi = (P - 0.)

When P; is less than 0.1, Qpcia; is equal to zero.

A summary of modeled runoff volumes for rainfall events measured at the Stormceptor
site from September 1, 2005-February 17, 2006 is given in Table 4-4 using the methodology
outlined previously. During the 170-day monitoring program, approximately 67,799 ft* of runoff
was generated within the Stormceptor basin area. Based upon the total measured rainfall depth of
17.71 inches during the 170-day monitoring program, a total rainfall volume of 380,581 ft* fell
within a 5.92-acre watershed area for the Stormceptor Unit. Using the measured runoff
volume of 67,799 ft’, the overall basin runoff coefficient during the monitoring program is
approximately 0.178. This value suggests that approximately 17.8% of the rainfall volume
becomes stormwater runoff within the Stormceptor basin.

A summary of monthly runoff inputs to the Stormceptor Unit is given in Table 4-5. In
general, runoff inputs are proportional to the amount of rainfall which fell within the basin
during any given month. Runoff inputs to the Stormceptor Unit range from a high of 30,576 ft’
during September 2005 to a low of 1104 ft* during January 2006. The value listed for February

of 7942 ft’ reflects rainfall measured only through the 17" day of the month.
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TABLE 4-4

MODELED RUNOFF VOLUMES FOR
RAINFALL EVENTS AT THE STORMCEPTOR SITE
FROM SEPTEMBER 1, 2005-FEBRUARY 17, 2006

RAINFALL DEPTH RUNOFF VOLUME
DATE . 3
(inches) (ft)
9/1/2005 0.11 3125
9/2/2005 1.04 3992
9/4/2005 0.21 467
9/5/2005 0.54 1869
9/6/2005 0.94 3568
9/7/2005 0.30 849
9/8/2005 0.44 1444
9/20/2005 0.15 212
9/21/2005 3.01 12359
9/27/2005 0.02 0
9/28/2005 0.66 2690
10/3/2005 0.05 0
10/3/2005 0.09 0
10/4/2005 0.49 1656
10/4/2005 0.07 0
10/4/2005 0.03 0
10/5/2005 0.26 680
10/5/2005 0.36 1104
10/6/2005 0.43 2482
10/24/2005 2.19 8876
11/1/2005 0.73 2676
11/14/2005 0.01 0
11/15/2005 0.01 0
11/15/2005 0.15 212
11/16/2005 0.02 0
11/16/2005 0.02 0
11/22/2005 0.02 0
11/28/2005 0.30 849
12/8/2005 2.33 9471
12/17/2005 0.14 170
12/18/2005 0.01 0
12/19/2005 0.02 0
12/29/2005 0.02 0
1/18/2006 0.31 892
1/20/2006 0.01 0
1/30/2006 0.15 212
2/3/2006 1.58 6286
2/11/2006 0.49 1657
Generated Volume (ft/yr) 67,799
Weighted Basin "'C"" Value 0.178
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TABLE 4-5

SUMMARY OF MONTHLY RUNOFF
INPUTS TO THE STORMCEPTOR UNIT

RAINFALL RUNOFF VOLUME

kOl (inches) (ft)
September 2005 7.42 30,576
October 2005 3.97 14,798
November 2005 1.26 3,737
December 2005 2.52 9,641
January 2006 0.47 1,104
February 2006 2.07 7,942
TOTAL: 17.71 67,799

4.1.2 Characteristics of Monitored Inflow and Outflow

The chemical characteristics of inflow and outflow from the Stormceptor Unit were
monitored on a continuous basis from September 2005-February 2006. A total of 15 separate
flow-weighted inflow and outflow samples (30 samples total) was collected during the
monitoring program. Each inflow and outflow sample was collected as a flow-weighted
composite between the beginning and ending period for each sample. A complete listing of the
chemical characteristics of individual inflow and outflow samples collected during the
monitoring program is given in Table 4-6. A discussion of the chemical characteristics of

collected inflow and outflow samples is given in the following sections.
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SUMMARY OF MONITORED INFLOW AND
OUTFLOW AT THE STORMCEPTOR SITE FROM
SEPTEMBER 1, 2005 - FEBRUARY 17, 2006

COI‘DIfTC;’EEION INFLOW CHARACTERISTICS OUTFLOW CHARACTERISTICS
Begin End TSS VSS Total N Total P TSS VSS Total N Total P
(mg/) (mg/) (ng/l) (ng/l (mg/) (mg/) (nall) (nall)
9/1/05 9/9/05 30.2 7 1553 456 20.1 11.6 947 205
9/9/05 9/26/05 18.3 12.6 1499 366 12.6 8.4 1312 325
9/26/05 | 9/29/05 8 43 1407 232 6.4 2 3443 321
9/29/05 10/3/05 8.8 4.2 936 181 34.3 30 1457 360
10/3/05 | 10/14/05 8.4 5.4 597 75 22 0.4 676 75
10/14/05 | 10/20/05 31.2 23.4 1790 310 34.2 28.5 2167 557
10/20/05 | 10/27/05 30.2 15.6 2070 470 6.8 2.7 2306 548
10/27/05 | 11/4/05 26.5 23.2 2342 637 22.1 6.2 1239 435
11/4/05 | 11/11/05 1.3 1 598 95 9.1 3.2 512 64
11/11/05 | 11/22/05 29.6 13.1 3070 834 29.8 6.2 2959 537
11/22/05 | 12/16/05 32.1 18.1 2027 652 9.4 6.4 913 378
12/16/05 | 12/20/05 35.5 20.2 3181 581 32.1 18.5 2880 483
12/20/05 | 1/25/06 55 37.2 3013 1067 40.3 27.4 4102 1672
1/25/06 | 2/10/06 33 51.5 2638 997 23.9 17 2576 640
2/10/06 | 2/17/06 68.2 48.4 2954 812 25.9 16.9 4104 487
AVERAGE 31.1 19.0 1978 518 20.6 12.4 2106 472
MINIMUM 1.3 1.0 597 75 2.2 0.4 512 64
MAXIMUM 83.0 51.5 3181 1067 40.3 30.0 4104 1672
4.1.2.1 Inflow Characteristics

In general, a relatively high degree of variability was observed between minimum and

maximum measured values for each of the evaluated inflow parameters. Measured total nitrogen

concentrations in the inflow ranged from relatively low (597 ng/l) to moderately elevated (3181

pg/l) in value. However, the overall mean concentration of 1978 pg/l for total nitrogen in runoff

is typical of total nitrogen concentrations typically observed in urban runoff from residential

arcas.
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A relatively high degree in variability was also observed for measured concentrations of
total phosphorus in the inflow samples, with measured values ranging from 75-1067 pg/l.
However, the overall mean total phosphorus concentration of 518 pg/l observed in stormwater
runoff is high in value compared with concentrations commonly observed in urban runoff from
residential areas.

A significant degree of variability was observed in measured TSS concentrations in the
inflow samples, with measured values ranging from 1.3-83 mg/l. However, the overall mean
TSS concentration of 31.1 mg/l observed in inflow entering the Stormceptor Unit is relatively
low in value compared with concentrations commonly observed in urban runoff. A relatively
high degree of variability was also observed in measured concentrations of volatile suspended
solids (VSS) in the inflow samples, with measured values ranging from 1.0-51.5 mg/l. However,
the overall mean VSS concentration of 19.0 mg/l is relatively low in value compared with
concentrations commonly observed in urban runoff. The measured VSS concentrations suggests

that approximately 61% of the measured TSS (19.0 divided by 31.1) is organic in composition.

4.1.2.2 Outflow Characteristics

In general, measured concentrations of TSS and VSS in outflow samples appear to have
substantially less variability than observed in inflow samples for the two parameters. However, a
somewhat higher degree of variability is apparent for measured concentrations of total nitrogen
and total phosphorus in the outflow compared with the inflow.

Measured concentrations of TSS in the outflow range from 2.2-40.3 mg/l, with an overall
mean of 20.6 mg/l. The mean outflow concentration of 20.6 mg/l is approximately 34% lower
than the inflow TSS concentration of 31.1 mg/1.

Measured VSS concentrations in outflow samples collected at the Stormceptor site
ranged from 0.4-30.0 mg/l, with an overall mean of 12.4 mg/l. The mean outflow concentration

of 12.4 mg/I is approximately 35% lower than the mean inflow VSS concentration of 19.0 mg/I.
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Measured concentrations of total nitrogen in outflow samples ranged from 512-4104 pug/l,
with an overall mean of 2106 pg/l. The mean outflow concentration for total nitrogen of 2106
ng/l reflects an increase of approximately 6% compared with mean total nitrogen concentrations
measured in the inflow samples to the Stormceptor Unit.

Measured concentrations of total phosphorus in outflow samples ranged from 64-1672
pg/l, with an overall mean of 472 pg/l. The mean outflow concentration of 474 pg/l reflects a
decrease of approximately 9% from the mean inflow concentration of 518 pg/l during the

monitoring program.

4.1.2.3 Comparison of Inflow and Outflow Characteristics

A statistical comparison of inflow and outflow samples for the Stormceptor Unit for total
nitrogen, total phosphorus, TSS, and VSS is given in Figure 4-5. A graphical summary of data at
each site is presented in the form of Tukey box plots, also often called "box and whisker plots". The
bottom line of the box portion of each plot represents the lower quartile, with 25% of the data points
lying below this value. The upper line of the box represents the 75% upper quartile, with 25% of
the data lying above this value. The horizontal line within the box represents the median value, with
50% of the data lying both above and below this value. The vertical lines, also known as
"whiskers", represent the 5 and 95 percentiles for the data sets. Individual values which lie outside
of the 5-95 percentile range, sometimes referred to as “outliers”, are indicated as red dots.

As discussed previously, the median concentrations for TSS and VSS appear to be lower in
the outflow than in the inflow samples. In addition, a lower degree of variability is apparent in
outflow samples for both TSS and VSS compared with inflow concentrations.

The median concentration for total phosphorus in the outflow appears to be slightly lower
than the median value for the inflow. In addition, the range reflected by the 25% and 75% quartiles
is also lower for total phosphorus in the outflow than in the inflow. However, in contrast, the
median concentration for total nitrogen appears to be slightly greater in the outflow, and the 25%

and 75% quartile values exhibit a larger range in the outflow than in the inflow.

PALMBAY / TURKEY CREEK REPORT



Total N Total P

5000 1800
[ ]
1600 H
4000 - 1400 H
1200 H
P L o~ L
S, 3000 H 1 S 1000 - T
= =
zZ o 800 -
8 <
2 2000 - 2 600
400 -
1000 -+ L L 200 - L l
[ ] 0 4
0
Inflow Outflow Inflow Outflow
TSS VSS
100 60
80 - ¢ 50 - Rl
60 - 40
2 2
\U-)/ 40 ° ;)/ 30 L)
n 1T 0
— >
20 - 20 1
€L 1
O [ ] ° 10
1L
0 = =
Inflow Outflow Inflow Outflow

Figure 4-5.  Statistical Comparison of Inflow and Outflow Characteristics for
the Stormceptor Site.
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4.1.2.4 Estimated Mass Removal Efficiency

The overall mass removal efficiency of the Stormceptor Unit was estimated by
comparing calculated mass loadings of TSS, VSS, total nitrogen, and total phosphorus in the
inflow and outflow to the unit over the 170-day monitoring period. These estimates were
performed by multiplying the estimated monthly inflow volumes, summarized in Table 4-5,
times the mean monthly chemical characteristics of the inflow and outflow, based upon the
information provided in Table 4-6. This procedure resulted in an estimated mass loading for the
inflow and outflow at the Stormceptor Unit for each month of the monitoring program.

A summary of estimated mass inflow and outflow at the Stormceptor Unit is given in
Table 4-7. The Stormceptor Unit appears to have removed measurable quantities of TSS, VSS,
and total phosphorus from the inflow stream. However, an apparent increase in mass loadings of
total nitrogen was observed in the monitoring data.

A summary of estimated overall mass removal efficiencies for the Stormceptor Unit from
September 1, 2005-February 17, 2006 is given in Table 4-8. The mass removal efficiencies are
calculated by comparing the measured inflow and outflow mass for each evaluated parameter.
During the 170-day monitoring program, the Stormceptor Unit removed approximately 28% of
the incoming TSS and 24% of the incoming mass loading of VSS. However, a net increase of
approximately 18% was observed for total nitrogen between the inflow and outflow of the unit.
Overall reduction in total phosphorus over the monitoring period is approximately 3%.

The measured mass removal efficiency of 28% for TSS in the Stormceptor Unit is
approximately half of the removal efficiency of 50-80% claimed in the Stormceptor Technical
Specifications. An argument could be made that the measured performance efficiency of the unit
during this study is skewed since some of the inflow bypassed the unit due to clogging of the
trash grate. However, the trash grate is part of the Stormceptor Unit installed at the City of Palm
Bay site and, therefore, limitations on system performance imposed by this component must be
included in the overall performance efficiency of the unit. The trash grate causes virtually all
vegetation to be excluded from entering the Stormceptor Unit. Unfortunately, this is exactly the
type of contaminant present in residential subdivision areas which has significant pollution

potential in receiving waterbodies.
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TABLE 4-7
ESTIMATED MASS INFLOW AND
OUTFLOW AT THE STORMCEPTOR UNIT FROM
SEPTEMBER 1, 2005 - FEBRUARY 17, 2006

Inflow Mass Load (kq)

MONTH VOLUME | TSS | VSS | TOTAL N | TOTAL P
September 30,576 14.1 6.1 1.17 0.27
October 14,798 10.1 7.1 0.71 0.16
November 3,737 2.2 1.1 0.20 0.06
December 9,641 123 | 78 0.84 0.22
January 1,104 2.6 1.6 0.08 0.03

Februa 7,942 153 | 10.9 0.66 0.18
Mean 67,799 56.6 | 34.6 3.67 0.92

Outflow Mass Load (kq)

MONTH VOLUME | TSS | VSS | TOTAL N TOTAL P
September 30,576 159 | 11.2 1.55 0.26
October 14,798 6.8 4.0 0.67 0.17
November 3,737 1.7 0.6 0.15 0.03
December 9,641 9.9 6.3 0.95 0.29
January 1,104 0.7 0.5 0.08 0.02

Februa 7,942 5.8 3.8 0.92 0.11
Mean 67,799 40.8 | 26.3 4.32 0.89

TABLE 4-8

ESTIMATED OVERALL MASS REMOVAL
EFFICIENCY FOT THE STORMCEPTOR UNIT
FROM SEPTEMBER 1, 2005 - FEBRUARY 17, 2006

PARAMETER TOTAL INFLOW TOTAL OUTFLOW MASS REMOVAL
(kg) (kg) (%)
TSS 56.6 40.8 28
VSS 34.6 263 24
Total N 3.67 432 -18
Total P 0.92 0.89 3
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The Stormceptor Unit installed in the City of Palm Bay appears to be best suited for
removal of sediments and oils and greases and not the stormwater stream typical of residential
areas. It is virtually certain that the unit would have performed much more effectively if the
trash grate device had been removed and all inflow had been allowed to enter into the sump area
of the Stormceptor Unit. The existing Stormceptor configuration with the trash grate will only
perform effectively in areas, such as parking lots, which have no vegetation or trash components
that can clog the strainer device. ERD recommends strongly that the City of Palm Bay
permanently remove the trash grate device from the Stormceptor Unit to enhance the overall

performance of the system.

4.1.2.5 Particle Fractionation of Inflow and Outflow Samples

Each of the composite samples of inflow and outflow to the Stormceptor Unit was
subjected to particle fractionation procedures to evaluate the physical and chemical
characteristics of particles entrained in the inflow and outflow samples. This analysis is intended
to evaluate changes in particle characteristics during migration through the Stormceptor Unit and
to identify the range of particle fractions which can be successfully captured by the unit. A
complete listing of the results of the individual fractionation studies on the inflow and outflow
samples is given in Appendix D.

A statistical comparison of TSS particle distribution in the inflow and outflow to the
Stormceptor Unit is given in Figure 4-6 in the form of box and whisker plots. Substantial
reductions in both mean concentrations and variability in measured values is apparent between
the inflow and outflow for particles greater than (>) 180 microns (um), 140-180 um, 100-140
pum, and 60-100 um. However, at particle sizes less than (<) 60 um, differences in
characteristics between inflow and outflow samples become less apparent, with virtually no
difference in the particle size distribution between inflow and outflow for particles in the range
of 11-30 um and <11 pm. It appears that the lower limit of particles which can be successfully

removed by the Stormceptor Unit is approximately 60 pum.
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Figure 4-6.  Statistical Comparison of TSS Particle Distribution in the Inflow
and Outflow to the Stormceptor Unit.

A statistical comparison of VSS particle distribution in the inflow and outflow to the
Stormceptor Unit is given in Figure 4-7. The distribution for VSS particles in the inflow and
outflow appears to be very similar to that observed for TSS. Substantial differences in inflow
and outflow VSS concentrations are apparent, both in terms of mean concentration and
variability of measured concentrations, for particles as low as 60 um. However, below 60 um,
differences between inflow and outflow samples become substantially less, particularly for

particles in the 11-30 um range and <11 pm.
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Figure 4-7.  Statistical Comparison of VSS Particle Distribution in the Inflow
and Outflow to the Stormceptor Unit.

A statistical comparison of total nitrogen particle distribution in the inflow and outflow to
the Stormceptor Unit is given in Figure 4-8. Total nitrogen particles >180 um in size appear to
be lower in both concentration and variability in the outflow than measured in the inflow.
However, no significant difference is apparent between inflow and outflow particulate nitrogen
for any of the remaining particle fractions. In fact, outflow particles <11 um in size appear to be
greater in concentration as well as higher in variability than measured in inflow samples for total

nitrogen.
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Figure 4-8.  Statistical Comparison of Total Nitrogen Particle Distribution in the
Inflow and Outflow to the Stormceptor Unit.

A statistical comparison of total phosphorus particle distribution in the inflow and
outflow to the Stormceptor Unit is given in Figure 4-9. Phosphorus concentrations in particles
>180 um appear to be lower in mean value as well as lower in variability in the outflow
compared with the inflow. However, no significant difference is apparent in particle phosphorus
fractionation for inflow and outflow samples at smaller particle sizes. In fact, a higher level of

variability is apparent for outflow phosphorus particles <11 um compared with inflow samples.
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Figure 4-9.  Statistical Comparison of Total Phosphorus Particle Distribution in
the Inflow and Outflow to the Stormceptor Unit.

4.1.2.6 Characteristics of Collected Solids

As discussed previously, accumulated solids from the sump of the Stormceptor Unit were
removed on February 17, 2006. The accumulated solids reflect the total solids removed by the
unit over the 170-day monitoring period. The solids were returned to the ERD Laboratory where
they were dried, weighed, and analyzed for organic content, total nitrogen, total phosphorus, and
particle size distribution. A photograph of semi-dry solids collected from the Stormceptor sump

is given in Figure 4-10. The solids had a strong septic odor which remained even after drying.
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Figure 4-10. Sample of Solids Removed from Stormceptor Sump.

A summary of general characteristics of the solids collected from the Stormceptor Unit

sump is given in Table 4-9. A total of 15.704 kg of dry solids was removed from the unit.

TABLE 4-9

GENERAL CHARACTERISTICS OF SOLIDS
COLLECTED FROM THE STORMCEPTOR SUMP

PARAMETER VALUE
Total Dry Weight 15.704 kg
21,926 pg Total N/g solids
Total N 2.2% Total N by weight
0.344 kg Total N total
6,149 pg Total P/g solids
Total P 0.6% Total P by weight
0.097 kg Total P total
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Grain size analyses were also conducted on the solids removed from the Stormceptor
sump. The complete listing of grain size measurements for the collected solids is given in
Appendix E. A summary of the grain size distribution of solids removed from the Stormceptor
sump is given in Figure 4-11. The majority of solids removed from the unit were approximately
180 um in size or larger. Each of these fractions represented approximately 13% or more of the
solids collected from the sump. Substantially smaller amounts of solids were collected from
particle sizes of approximately 150 um or less. It appears that the Stormceptor Unit is most

effective in removing particles of approximately 180 pm in size or greater.
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Figure 4-11. Grain Size Distribution of Solids Removed from the Stormceptor Sump.
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As indicated previously, monitoring was conducted at the Stormceptor site over a 170-
day period from September 1, 2005-February 17, 2006. During this time, a total of 67,799 ft* of
water passed through the Stormceptor Unit (Table 4-5), and a total of 15.704 kg of dried solids
was collected. These solids contained a total of 344 g of total nitrogen and 96.6 g of total
phosphorus. The collected mass of dry solids divided by the inflow volume of 67,799 ft* equate
to a mean TSS removal of 8.2 mg/l by the Stormceptor Unit. Based on the summary of
monitored inflow and outflow characteristics summarized in Table 4-6, the mean inflow TSS
concentration into the Stormceptor Unit was 31.1 mg/l, with a mean outflow concentration of
20.6 mg/l, for a field measured removal of approximately 10.5 mg/l. The mean TSS
concentration removed, calculated based on sediments collected from the Stormceptor sump,
provides close agreement with the removal of 10.5 mg/l for TSS calculated based on inflow and
outflow water samples.

The nutrient content was measured for each of the particle size ranges, indicated on
Figure 4-11, for the solids removed from the Stormceptor sump. A summary of these analyses is
given in Table 4-10. First, the concentration of nitrogen and phosphorus was measured in raw
particles collected in each of the particle size ranges. Particles <75 um in size were found to
have the highest concentration of total nitrogen and total phosphorus. Particles in this size range
often consist of silt particles and ground-up vegetation which are high in nutrients. Elevated
levels of nitrogen and phosphorus were also measured in particles >2000 pm and in the 850 um
range, which are often associated with larger vegetation particles. Particles between these two
extremes are often associated with soil particles and have a lower raw nutrient content.

The contribution of nitrogen and phosphorus from each particle size range to the overall
composite raw sample is also summarized in the final two columns of Table 4-10. Although
particles <75 pm in size have the highest raw concentrations for total nitrogen and total
phosphorus, only a small amount of these particles were present in the raw sample, and as a
result, particles in this range contributed the smallest amount of nitrogen and phosphorus to the

composite raw sample. The largest amounts of nitrogen and phosphorus were contributed by
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particles >2000 um, due to a combination of elevated concentrations and high particle mass

associated with this fraction.

In general, the contributions of various particle fractions to

nitrogen and phosphorus in the raw sample appear to decrease with decreasing particle size.

TABLE 4-10

NUTRIENT CONTENT IN SOLIDS

REMOVED FROM THE STORMCEPTOR SUMP

4.2 Ultra-Urban Filter Unit

CONCENTRATION CONTRIBUTION TO
PARTICLE OF RAW PARTICLES COMPOSITE RAW SAMPLE
SIZE (no/g) (no/g)
(pm)
Total N Total P Total N Total P
> 2000 43,702 16,711 6,949 2,657
850 33,365 7,327 4,237 931
425 22,587 4,152 3,817 702
250 13,448 2,706 3,093 622
180 9,572 2,915 1,503 458
150 9,351 3,346 814 291
125 11,130 3,755 434 146
75 25,781 7,701 619 185
<75 57,616 19,669 461 157
TOTALS: 21,926 6,149

As discussed in Section 3.1.2, performance testing for the Ultra-Urban Filter Unit was

performed in a series of pilot tests conducted at the ERD Laboratory in Orlando. Particulate

matter for testing purposes was obtained from a single-family residential watershed adjacent to

the ERD Office which is similar in terms of unit densities and hydrologic characteristics to the

Turkey Creek Subdivision.
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Twelve separate pilot tests were conducted using the Ultra-Urban Filter System. A pre-
measured portion of collected solids from the residential area was added into a flowing water
stream which deposited the solids into the Ultra-Urban Filter Unit. A summary of the quantity of
residential solids used in pilot testing for the Ultra-Urban Filter Unit is given in Table 4-11. The
weight of solids used in the 12 pilot test experiments ranged from 290.3-3980.8 g per test. For
comparison purposes, this value was converted to an equivalent runoff TSS concentration based
on the watershed area of 6.93 acres for the Ultra-Urban Filter, a rainfall depth of 0.25 inches, and
a runoff coefficient of 0.200. Using the runoff generated from a hypothetical 0.25-inch rain
event and the weight of solids used for each experiment, the equivalent runoff TSS concentration
used in the pilot test experiments ranged from 7.9-112 mg/l. Concentrations within this range
are typical of the variability observed in TSS concentrations from residential areas over an

annual cycle.
TABLE 4-11

SUMMARY OF RESIDENTIAL SOLIDS USED IN
PILOT TESTING FOR THE ULTRA-URBAN FILTER UNIT

EXPERIMENT SOLIDS USED TS5 CONCENTRATION:

©) (mg/l)
1 2969.41 83.4
2 3043.28 85.5
3 3980.78 112
4 927.03 26.0
5 823.48 23.1
6 756.69 21.3
7 329.95 9.3
8 280.06 7.9
9 371.60 10.4
10 293.69 8.3
11 290.30 8.1
12 329.91 9.3

TOTAL: 14,396.18

1. Based on a watershed area of 6.93 acres for the Ultra-Urban Filter, a rainfall of 0.25 inches, and a runoff
coefficient of 0.200

PALMBAY / TURKEY CREEK REPORT



4-29

The solids utilized in the pilot testing consisted of a combination of leaves, vegetation,
small gravel, sand, and silt which was collected from the residential area. A photograph of

accumulated solids in the Ultra-Urban Filter Unit during the pilot testing is given in Figure 4-12.

Figure 4-12. Accumulated Solids in the Ultra-Urban Filter Unit.

4.2.1 Hydraulic Characteristics of the Ultra-Urban Filter Unit

The hydraulic characteristics of the Ultra-Urban Filter Unit were measured prior to each
pilot test experiment. A photograph of this initial hydraulic performance testing is given in
Figure 3-10. During each hydraulic evaluation, clean water was allowed to discharge into the
filter unit until an equilibrium inflow was reached where the water level inside the filter rose to
the top of the unit without overflowing. Once this flow rate was established, the volume of water
added over a measured period of time was used to determine the hydraulic flow rate through the

filter unit.
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A summary of the results of the hydraulic testing performed on the Ultra-Urban Filter
Unit is given in Table 4-12 for each of the 12 experiments. The initial flow rate of the system
exceeded 134 gallons per minute (gpm). This is the maximum rate at which water could be
introduced into the unit using the pilot test equipment. Even at this relatively high flow rate, the
water within the filter unit did not rise to the top, indicating that additional flow capacity was
available within the unit. It is likely that the initial flow rate was near the design acceptance flow

rate for the unit of 170 gpm stated by AbTech Industries.

TABLE 4-12

HYDRAULIC CHARACTERISTICS OF
THE ULTRA-URBAN FILTER UNIT MEASURED
PRIOR TO EACH PILOT TEST EXPERIMENT

PILOT TEST W\,/AQFIE%M,EDSED TIME FLOW RATE
EXPERIMENT NO. teellins) (minutes) (gpm)
1 150 1.12 134.33
2 35 1.35 25.93
3 40 3.88 10.30
4 4 0.83 4.80
5 3 0.45 6.67
6 3 1.03 2.90
7 2 2.85 0.70
8 2 4.07 0.49
9 1 3.28 0.30
Unit cleaned
10 26 4.43 5.86
11 22 2.92 7.54
12 9 1.40 6.43

After the initial experiment, the hydraulic characteristics of the Ultra-Urban Filter Unit
declined rapidly, decreasing to a flow rate of only 0.3 gpm after pilot test experiment #9. After
nine pilot test events, the filter unit would have received the suspended solids equivalent of

approximately 9 rain events of 0.25 inches or 2.25 inches of total rainfall.
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Due to the poor performance of the unit after pilot test experiment #9, the unit was
cleaned by turning it upside down and hitting it forcefully against the pavement to dislodge any
embedded solids within the filter in hopes of restoring hydraulic capacity. After this cleaning
procedure, the final pilot tests (numbers 10-12) were conducted. The clean-out procedure
improved the hydraulic capacity to approximately 5.9 gpm, but this value is still substantially
less than the initial flow rate for the filter. A graphical representation of the hydraulic

performance of the Ultra-Urban Filter Unit during pilot testing is given in Figure 4-13.
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Figure 4-13. Hydraulic Performance of the Ultra-Urban Filter Unit During Pilot Testing.

A comparison of the hydraulic characteristics of pilot tests conducted with the Ultra-
Urban Filter Unit is given in Table 4-13. In general, pilot testing was conducted at flow rates of
approximately 25-75% of the maximum hydraulic capacity of the unit at the time of each pilot
test experiment. This range of inflow values was selected to avoid overflowing of the filter and

loss of solids in the overflow.
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HYDRAULIC CONDITIONS DURING
ULTRA-URBAN FILTER PILOT TESTING

4-32

PILOT TEST WATER USED TIME FLOW RATE

EXPERIMENT NO. (gallons) (minutes) (gpm)
1 65 1.93 33.68
2 55 4.38 12.56
3 74 11.92 6.21
4 24 13.93 1.72
5 14 14.33 0.98
6 11 11.22 0.98
7 14 30.60 0.46
8 10 31.63 0.32
9 11 36.33 0.30

Unit cleaned

10 29 5.53 5.24
11 26 4.90 5.31
12 21 6.67 3.15

Whenever the inflow into the filter unit began to approach the hydraulic capacity of the

unit during pilot testing, floating debris (primarily consisting of leaves) would begin to overflow

the unit, and in a real application, would enter into the outfall stormsewer line. Discharge of

floating leaves in the overflow of the Ultra-Urban Filter Unit is illustrated in Figure 4-14.

Overflow of the unit begins to be a more significant problem as the filter begins to become

clogged and the hydraulic flow rate begins to drop, in some tests to values <1 gpm. This inflow

rate would be exceeded by virtually any storm event, causing overflow and discharge of floatable

debris not only in the incoming stormwater flow but also from material which had previously

accumulated within the unit.
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Figure 4-14. Loss of Leaves During Overflow of the Ultra-Urban Filter Unit.

4.2.2 Pilot Test Results

4.2.2.1 Characteristics of Residential Solids

Twelve separate pilot test experiments were conducted with the Ultra-Urban Filter Unit
with dried solids masses ranging from 290.30-3980.78 g per test. Standard grain size analyses
were performed on each of the 12 solids samples used during the pilot testing. The results of the
individual grain size analyses for the 12 solids samples are given in Appendix F.1.

A statistical comparison of the distribution of particle sizes in residential solids used in
the Ultra-Urban pilot testing is given in Figure 4-15 in the form of box and whisker plots. The
largest particle fractions, in terms of sample mass, are the >2000 um and 250 um fractions. The
>2000 pm fraction consists primarily of organic matter and debris, while the 250 pum fraction
consists primarily of fine sand. Particle fractions <250 pm in size make up less than 10% each
of the total mass of solids used in the pilot test experiments. The smallest mass of particles

collected from the residential area is contributed by the <75 pm category.
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Figure 4-15. Distribution of Particle Sizes in Residential Solids Used in the
Ultra-Urban Pilot Testing.

The results of lab analyses of nitrogen and phosphorus in the residential solids used in
pilot test experiments are given in Appendix F.2. Concentrations of total nitrogen by particle
size in residential solids used in the Ultra-Urban pilot testing are summarized in Figure 4-16.
Although particles <75 pum in size represent the smallest mass of particles present in the
residential solids, these particles contain the highest concentrations of total nitrogen, with a mean
concentration of approximately 60,000 ug total nitrogen per gram of particle for this range.
Relatively elevated concentrations of total nitrogen were also observed in the >2000 um and 850
um categories, with mean concentrations of approximately 25,000 and 35,000 pg/g, respectively.
A nitrogen concentration of approximately 25,000 pg/g was also observed in the 75 um particle
range. The remaining particle sizes contained approximately 10,000-15,000 pg total nitrogen per

gram of solids in each range.

PALMBAY / TURKEY CREEK REPORT



4-35

70000
[ ]
T
60000 - o
T .

—~ 50000 1 i
(@]
5 [ ]
=2
c 40000 -
(0D
(@)
o °
= 30000 - T .
czs . ;

20000 4 e

° —T— ‘l’
10000 - T Jr
o - T _l_
[ ]
T

0 T T T T
>2000 850 425 250 180 150 125 75 <75

Particle Size

Figure 4-16. Concentrations of Total Nitrogen by Particle Size in Residential
Solids Used in the Ultra-Urban Pilot Testing.

A statistical comparison of concentrations of total phosphorus by particle size in
residential solids used in the Ultra-Urban pilot testing is given in Figure 4-17. Similar to the
results observed for total nitrogen, the highest total phosphorus concentrations were measured in
the <75 pum particles (with a concentration of ~16,000 pg total phosphorus per gram), followed
by the >2000 and 850 pum (~5000 pg total phosphorus per gram), and 75 pum particle ranges
(~7500 pg total phosphorus per gram). Concentrations of total phosphorus in the remaining
particle sizes appears to be approximately 50% of the concentrations measured in the >2000 pm

and 850 um ranges.
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Figure 4-17. Concentrations of Total Phosphorus by Particle Size in Residential
Solids Used in the Ultra-Urban Pilot Testing.

The relative mass of total nitrogen contributed by various particle sizes in the residential
solids used in the Ultra-Urban pilot testing is given in Figure 4-18. This figure provides a
summary of the relative mass of total nitrogen contained within the solids sample which is
contributed by each of the evaluated particle size fractions. The largest contribution of total
nitrogen occurs from particles >2000 um in size. This fraction appears to contribute one-third of
the total nitrogen contained within the test samples. Approximately 15-20% of the total nitrogen
is contributed by nitrogen contained in each of the 850, 425, and 250 um particle size fractions.
Relatively small contributions of total nitrogen are contributed by particle sizes <250 um in size.
Although the highest nitrogen content was observed in particle sizes <75 pm, these particles
contribute a relatively small percentage of the total mass of nitrogen present in each of the pilot

test samples.
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Figure 4-18. Relative Contributions of Total Nitrogen by Particle Size in Residential
Solids Used in the Ultra-Urban Pilot Testing.

Relative contributions of total phosphorus by particle size in the residential solids used in
the Ultra-Urban pilot testing are summarized in Figure 4-19. The largest contributions of total
phosphorus are provided by particles >2000 um in size and particles in the 250 pm range.
Particles in these categories each contribute approximately 20-25% of the total phosphorus
present in the raw sample. Particles in the 850 and 425 pum range contribute approximately 5%
each of the total phosphorus present in the raw sample. Substantially smaller contributions of
total phosphorus are provided by particles >250 um in size. Similar to the situation observed for
total nitrogen, a relatively small portion of the overall total phosphorus content is provided by
particles <75 um in size, even though these particles contain the highest unit concentration of

total phosphorus.
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Figure 4-19. Relative Contributions of Total Phosphorus by Particle Size in
Residential Solids Used in the Ultra-Urban Pilot Testing.

4.2.2.2 Characteristics of Raw Water Samples

As discussed in Section 3.1.2, bulk water used in pilot testing for the Ultra-Urban Filter
was obtained from Lake Conway which is located adjacent to the ERD pilot test site. Lake
Conway is an oligotrophic lake which typically maintains extremely low levels of both total
nitrogen and total phosphorus. This source was selected since it would contribute relatively little
additional loading to the suspended solids used during each experiment. However, to provide a
complete mass balance for each experiment, particle size characteristics of the raw water samples

used in the pilot testing were also evaluated.
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During pilot testing for the Ultra-Urban Filter, each 500-gallon tank of lake water was
used for three separate pilot tests, with one tank of water used for experiments 1-3, another tank
of water used for experiments 4-6, another tank used for experiments 7-9, and a final tank used
for experiments 10-12. Suspended solids were separated from the bulk water samples using the
nylon net filters, as described in Section 3.2.1. Solids collected from each of the filters were
analyzed for total nitrogen, total phosphorus, TSS, and VSS.

A summary of the characteristics of raw water samples used in pilot testing for the Ultra-
Urban Filter is given in Table 4-14. The raw water samples are characterized by a mean TSS
concentration of approximately 5.4 mg/l. Approximately 17% of the TSS in the raw water
samples is comprised of particles >180 pum, with 39% of the TSS comprised of particles of
approximately 11 um or less. The remaining suspended solids are distributed approximately
equally in the remaining particle sizes.

The raw water sample is characterized by a mean VSS concentration of 3.7 mg/l. Similar
to the trend observed for TSS, approximately 22% of the VSS is comprised of particles >180
um, with 32% contributed by particles of approximately 11 pm or less. VSS concentrations are
distributed approximately equally between the remaining particle sizes.

The raw water samples are characterized by a mean total nitrogen concentration of
approximately 578 pg/l. Of this amount, approximately 88% is comprised of particles <11 pm
in size, reflecting a combination of algal cells and dissolved nitrogen constituents.
Approximately 3% of the total nitrogen measured in the lake water sample is comprised of
particles >180 um in size. Nitrogen concentrations in particles collected from the remaining
filter sizes contribute only a small portion of the total nitrogen measured.

The raw water samples are characterized by a mean total phosphorus concentration of
approximately 21 pg/l. Of this amount, approximately 77% is comprised of particles <11 um
which consist of algal cells and dissolved phosphorus compounds. Approximately 7% of the
phosphorus measured in the samples is attached to particles >180 um in size. Phosphorus

concentrations are distributed approximately equally between the remaining particle fractions.
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CHARACTERISTICS OF RAW WATER SAMPLES
USED IN ULTRA-URBAN FILTER PILOT TESTING
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EXPERIMENT TSS CONCENTRATION (mg/l)
NO. >180pam | 140pm | 100 ppm | 60 pum 30 pm 11um [ <11pam Total
1-3 0.1 0.1 0.1 0.2 0.2 0.8 2.5 4.0
4-6 1.3 0.4 0.7 1.0 0.5 1.3 0.6 5.8
7-9 1.3 0.9 0.9 0.7 0.5 1.3 0.3 5.9
10-12 1.1 0.8 0.7 1.4 0.5 0.9 1.0 6.4
Mean 0.9 0.5 0.6 0.8 0.4 1.0 11 5.4
EXPERIMENT VSS CONCENTRATION (mg/l)
NO. >180pam | 140pm | 100 ppm | 60 pm 30 pm 11um [ <11pam Total
1-3 0.0 0.1 0.0 0.1 0.1 0.4 1.3 2.0
4-6 1.0 0.4 0.4 0.6 0.4 0.6 0.4 3.8
7-9 1.0 0.6 0.4 0.5 0.4 0.8 0.1 3.8
10-12 1.1 0.8 0.6 1.0 0.4 0.8 0.8 5.5
Mean 0.8 0.4 0.4 0.5 0.3 0.6 0.6 3.7
EXPERIMENT TOTAL NITROGEN CONCENTRATION (ug/l)
NO. >180pam | 140pm | 100 pm | 60 pm 30 pm 11um [ <11pam Total
1-3 5.6 4.6 5.1 3.3 6.8 24.3 437 487
4-6 27.7 4.9 6.3 10.6 10.2 31.0 566 657
7-9 17.9 11.9 10.1 10.7 6.8 25.2 436 519
10-12 6.7 3.4 5.6 11.6 4.5 16.9 599 648
Mean 14.5 6.2 6.8 9.0 7.1 24.3 510 578
EXPERIMENT TOTAL PHOSPHORUS CONCENTRATION (ag/l)
NO. >180pam | 140pm | 100 ppm | 60 pm 30 pm 11um [ <11pam Total
1-3 0.1 0.1 0.1 0.1 0.1 0.2 18.4 19
4-6 3.5 0.4 0.5 1.2 0.7 2.1 19.6 28
7-9 0.7 0.8 0.4 0.6 0.3 1.0 7.2 11
10-12 1.3 0.4 0.9 1.8 0.6 1.4 19.6 26
Mean 14 0.4 0.5 0.9 0.4 1.2 16.2 21
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4.2.2.3 Characteristics of Filter Outflow

Composite samples of outflow from the Ultra-Urban Filter were collected during each of
the 12 pilot test experiments and analyzed for TSS, VSS, total nitrogen, and total phosphorus by
particle size fraction. A complete listing of lab analyses for TSS, total nitrogen, and total
phosphorus on outflow samples from the Ultra-Urban Filter by particle size is given in Appendix
G.1. A statistical distribution of TSS in the outflow from the Ultra-Urban Filter during pilot
testing as a function of particle size is given in Figure 4-20. In general, low TSS concentrations
were observed for each of the evaluated particle sizes, although elevated outlier concentrations
were observed for TSS in particles >180 um and <11 um. Distribution of VSS in the outflow
from the Ultra-Urban Filter during pilot testing is illustrated in Figure 4-21. In general, the
distribution of VSS particles is similar to that exhibited by TSS. VSS concentrations appear to

be extremely low in value for each of the evaluated particle size fractions.
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Figure 4-20.  Distribution of TSS in the Outflow from the Ultra-Urban
Filter During Pilot Testing.
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Figure 4-21. Distribution of VSS in the Outflow from the Ultra-Urban
Filter During Pilot Testing.

Distribution of total nitrogen particles in the outflow from the Ultra-Urban Filter during
pilot testing is illustrated in Figure 4-22. In general, extremely low nitrogen concentrations were
measured for particle sizes of 11 um or greater. However, for particle sizes <11 um, a
substantially elevated total nitrogen concentration was observed. This value reflects a
combination of small particles which may have passed through the filter as well as dissolved
nitrogen species.

A distribution of total phosphorus particles in the outflow from the Ultra-Urban Filter
during pilot testing is illustrated in Figure 4-23. Similar to the trend observed for total nitrogen,
extremely low phosphorus concentrations were observed for particle sizes of 11 um and greater.
However, an elevated total phosphorus concentration was observed for particles <11 um which
reflects the combination of small particles passing through the filter and dissolved phosphorus

species.
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Figure 4-22. Distribution of Total Nitrogen in the Outflow from the Ultra-Urban
Filter During Pilot Testing.
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Figure 4-23. Distribution of Total Phosphorus in the Outflow from the Ultra-Urban
Filter During Pilot Testing.
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4.2.2.4 Removal Effectiveness

Estimates of the mass removal effectiveness of the Ultra-Urban Filter were calculated for
TSS, total nitrogen, and total phosphorus for each of the 12 pilot test experiments. The
concentration of TSS, total nitrogen, and total phosphorus measured in each particle fraction
discharging from the filter was multiplied times the volume of water used during each pilot test
experiment, summarized in Table 4-13, to obtain an estimate of the total mass of suspended
solids, nitrogen, and phosphorus discharged through the filter for each particle fraction. The
mass associated with each particle fraction was then added together to provide an estimate of the
total mass discharged from the filter. The inflow into the filter was calculated as the mass of
suspended solids, total nitrogen, and total phosphorus contained in the raw solids sample as well
as in the water volume used during each experiment. The difference between the inflow and
outflow mass is used to calculate percent removal for each experiment.

Calculated mass removal efficiencies of the Ultra-Urban Filter during pilot testing of TSS
removal are summarized in Table 4-15. Removal efficiencies for TSS, total nitrogen, and total
phosphorus exceeded 98% during each of the 12 pilot test experiments, with an overall TSS
removal of >99.9%, total nitrogen removal of 99.2%, and an overall total phosphorus removal of
99.1%. It appears that the Ultra-Urban Filter is extremely effective in retaining particulate
matter within the filter and in producing extremely high removal efficiencies for the water
volume which passes through the filter.

However, as discussed previously, the hydraulic efficiency of the Ultra-Urban Filter
decreased rapidly during the pilot test experiments. The amount of solids added during each
pilot test experiment is roughly equivalent to the amount of suspended solids which would be
deposited onto the Ultra-Urban Filter during a typical 0.25-inch rain event within the
contributing watershed. A hydrologic model was developed for the Ultra-Urban Filter, similar to
the hydrologic model discussed in Section 4.1.1.2 for the Stormceptor Unit, to generate estimates
of runoff volumes which would reach the Ultra-Urban Filter site during each of the measured

rain events during the field monitoring program from September 2005-February 2006. The plot
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TABLE 4-15

THE ULTRA-URBAN FILTER DURING PILOT TESTING
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Exp. | Volume Outflow TSS Mass (g) Inflow ::r;c;\?;
# (@) | >180um | 140pm | 100um | 60pum | 30um | 11pm | <1lpum | Total (g) (9) %)
1 65 0.042 0.000 0.003 0.002 0.002 0.001 0.027 0.077 2969.41 >99.9
2 55 0.008 0.002 0.000 0.003 0.002 0.001 0.015 0.031 3043.28 >99.9
3 74 0.003 0.001 0.001 0.001 0.002 0.001 0.001 0.010 3980.78 >99.9
4 24 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 927.03 >99.9
5 14 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 823.48 >99.9
6 11 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 756.69 >99.9
7 14 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 329.95 >99.9
8 10 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 280.06 >99.9
9 11 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 371.60 >99.9
10 29 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.003 293.69 >99.9
11 26 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 290.30 >99.9
12 21 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 32991 >99.9

Mean 0.005 0.000 0.000 0.001 0.000 0.000 0.004 0.010 1199.682 >99.9

Exp. | Volume Outflow Total Nitrogen Mass (g) Inflow I'E:r:::g\r/];l

# (@al) | >180pm | 240 pm | 100um | 60 pm 30 um 11pm | <1lpm | Total (g) (@ (%)
1 65 0.007 0.002 0.003 0.004 0.004 0.005 0.233 0.257 55.14 99.5
2 55 0.018 0.004 0.004 0.011 0.014 0.016 0.103 0.170 57.77 99.7
3 74 0.016 0.011 0.004 0.006 0.052 0.011 0.125 0.226 62.28 99.6
4 24 0.001 0.001 0.000 0.000 0.000 0.003 0.102 0.108 62.20 99.8
5 14 0.000 0.000 0.000 0.000 0.000 0.001 0.041 0.043 11.17 99.6
6 11 0.000 0.000 0.000 0.000 0.000 0.001 0.044 0.046 12.62 99.6
7 14 0.000 0.000 0.000 0.000 0.000 0.001 0.085 0.088 10.91 99.2
8 10 0.000 0.000 0.000 0.000 0.000 0.001 0.039 0.041 5.55 99.3
9 11 0.000 0.000 0.000 0.000 0.000 0.001 0.036 0.038 10.29 99.6

10 29 0.034 0.003 0.004 0.005 0.006 0.011 0.066 0.128 10.33 98.8
11 26 0.004 0.001 0.001 0.002 0.001 0.003 0.049 0.062 7.11 99.1
12 21 0.000 0.000 0.000 0.000 0.000 0.001 0.041 0.043 6.03 99.3
Mean 0.007 0.002 0.001 0.002 0.007 0.005 0.080 0.104 25.950 99.4

Exp. | Volume Outflow Total Phosphorus Mass (g) Inflow I‘E:rl:g\?atl
# (@al) | >180pum | 140um | 200pm | 60um | 30um | 1lum | <1lpm | Total (g) (9) %)

1 65 0.003 0.001 0.001 0.001 0.001 0.001 0.056 0.063 13.79 99.5
2 55 0.003 0.001 0.003 0.003 0.003 0.004 0.034 0.050 14.47 99.7
3 74 0.004 0.006 0.002 0.003 0.012 0.004 0.013 0.044 15.95 99.7
4 24 0.000 0.000 0.000 0.000 0.000 0.000 0.057 0.057 15.95 99.6
5 14 0.000 0.000 0.000 0.000 0.000 0.000 0.020 0.020 2.87 99.3
6 11 0.000 0.000 0.000 0.000 0.000 0.000 0.014 0.014 3.08 99.5
7 14 0.000 0.000 0.000 0.000 0.000 0.000 0.024 0.025 1.58 98.4
8 10 0.000 0.000 0.000 0.000 0.000 0.000 0.013 0.013 1.00 98.7
9 11 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.006 1.49 99.6
10 29 0.011 0.001 0.001 0.001 0.002 0.002 0.003 0.021 1.49 98.6
11 26 0.001 0.000 0.000 0.000 0.000 0.000 0.007 0.008 1.72 99.5
12 21 0.000 0.000 0.000 0.000 0.000 0.000 0.006 0.006 0.93 99.3

Mean 0.002 0.001 0.001 0.001 0.002 0.001 0.021 0.027 6.194 99.3
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of hydraulic performance vs. time for the Ultra-Urban Filter Unit, presented in Figure 4-13, is
used to model decreases in the infiltration capacity of the filter over time. Each pilot test
experiment is assumed to represent 0.25 inches of rainfall, and the infiltration capacity of the unit
is assumed to decrease based on cumulative rainfall measured at the monitoring site. After a
total rainfall of 2.5 inches, removal efficiencies are calculated for equilibrium filter flow rates of
0.5 gpm (uncleaned conditions) and 6.6 gpm (cleaned conditions). The hydraulic simulation
assumes that the Ultra-Urban Filter will accept water at the applicable hydraulic rate during
storm events, with the remainder of the runoff volume bypassing the unit and entering directly
into the downstream stormsewer system.

A summary of the estimated mass removal efficiency of the Ultra-Urban Filter Unit for
TSS, total nitrogen, and total phosphorus under actual field conditions is given in Table 4-16.
These efficiencies are calculated based on an assumed mass removal of 99% for TSS, total
nitrogen, and total phosphorus which passes through the Ultra-Urban Filter. At an equilibrium
flow rate of 0.5 gpm, the estimated mass removal efficiency for TSS, total nitrogen, and total
phosphorus over the 170-day monitoring period would be 0.4%. If the equilibrium filter flow
rate is increased to 6.6 gpm, the mass treatment removal efficiency increases to 4.3%. If the
equilibrium filter flow rate could be maintained at the manufacturer’s stated flow capacity of 160
gpm, the filter would have provided a 52.0% removal for TSS, total nitrogen, and total

phosphorus, assuming that leaching of materials from the filter does not occur over time.

TABLE 4-16

ESTIMATED OVERALL MASS REMOVAL EFICIENCY OF
THE ULTRA-URBAN UNIT FOR TSS, TOTAL NITROGEN, AND
TOTAL PHOSPHORUS UNDER ACTUAL FIELD CONDITIONS

EQUILIBRIUM FILTER MASS TREATMENT
FLOW RATE EFFICIENCY
(gpm) (%)

0.5 0.4
6.6 43
160 52.0
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4.2.2.5 Summary

In summary, it appears the Ultra-Urban Filter is extremely effective in removing and
retaining solids in stormwater runoff to particle sizes as low as 11 um. Measured removal
efficiencies for TSS, total nitrogen, and total phosphorus, based upon the equilibrium acceptance
flow rate for the filter unit, exceed 99%. However, it appears that the hydraulic performance of
the system decreases rapidly, reaching levels less than 1% of the initial flow capacity after only
1-2 inches of rainfall. Based upon the actual field conditions for the Palm Bay installation, the
estimated removal for TSS, total nitrogen, and total phosphorus at the Ultra-Urban Filter site
would have been approximately 5% or less, based upon an equilibrium filter flow rate of 6.6 gpm

or less.

4.3 Hydro-Kleen Filter Unit

As discussed in Section 3.1.2, performance testing for the Hydro-Kleen Filter Unit was
conducted in a series of pilot tests at the ERD Laboratory in Orlando. Particulate matter for
testing purposes was obtained from a single-family residential watershed adjacent to the ERD
Office which is similar in terms of unit densities and hydrologic characteristics to the Turkey
Creek Subdivision.

Twelve separate pilot tests were conducted using the Hydro-Kleen Filter System. A pre-
measured portion of collected solids from the residential area was added into a flowing water
stream which deposited the solids into the Hydro-Kleen Filter Unit. A summary of the quantity
of residential solids used in pilot testing for the Hydro-Kleen Filter Unit is given in Table 4-17.

The weight of solids used in the 12 pilot test experiments ranged from 225.56-792.02 g per test.
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TABLE 4-17

SUMMARY OF RESIDENTIAL SOLIDS USED IN
PILOT TESTING FOR THE HYDRO-KLEEN FILTER UNIT

EXPERIMENT SOLIDS USED TS5 CONCENTRATION:

(@) (mg/l)

1 777.78 41.5

2 594.34 31.7

3 655.25 34.9

4 792.02 422

5 535.26 28.5

6 761.21 40.6

7 637.11 34.0

8 700.97 374

9 691.80 36.9

10 300.97 16.1

11 225.56 12.0

12 301.08 16.1

TOTAL: 6973.35
1. Based on a watershed area of 3.65 acres for the Hydro-Kleen Filter, a rainfall of 0.25 inches, and a runoff
coefficient of 0.200

For comparison purposes, the amount of residential solids used in each of the 12 pilot test
experiments was converted to an equivalent runoff TSS concentration based on the watershed
area of 3.65 acres for the Hydro-Kleen Filter, a rainfall depth of 0.25 inches, and a runoff
coefficient of 0.200. Using the runoff generated from a hypothetical 0.25-inch rain event and the
weight of solids used for each experiment, the equivalent runoff TSS concentration used in the
pilot test experiments was calculated for each test. A summary of this information is given in
Table 4-17. The equivalent runoff TSS concentrations for the 12 test runs ranged from 12.0-42.2
mg/l.  Concentrations within this range are typical of the variability observed in TSS

concentrations from residential areas over an annual cycle.
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The solids utilized in the pilot testing consisted of a combination of leaves, vegetation,
small gravel, sand, and silt which was collected from the residential area. A photograph of
accumulated solids in the Hydro-Kleen Filter Unit during the pilot testing is given in Figure

4-24.

Figure 4-24. Accumulated Solids in the Hydro-Kleen Filter Unit.

4.3.1 Hydraulic Characteristics of the Hydro-Kleen Filter Unit

The hydraulic characteristics of the Hydro-Kleen Filter Unit were measured prior to each
pilot test experiment. During each hydraulic evaluation, clean water was allowed to discharge
into the unit until an equilibrium inflow was reached where the water level inside the filter rose
to the top of the unit without overflowing. Once this flow rate was established, the volume of
water added over a measured period of time was used to determine the hydraulic acceptance rate

through the filter unit.
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A summary of the results of the hydraulic testing performed on the Ultra-Urban Filter
Unit is given in Table 4-18 for each of the 12 experiments. The initial flow rate of the system,
performed using new filter cartridges provided by the City of Palm Bay, was slightly >16 gpm.
This is the maximum rate at which water could be introduced into the unit without overflow
through the orifice holes. This initial test value is substantially lower than the rated flow

capacity of 40-50 gpm for the unit stated by Hydro Compliance Management, Inc.

TABLE 4-18

HYDRAULIC CHARACTERISTICS OF
THE HYDRO-KLEEN FILTER UNIT MEASURED
PRIOR TO EACH PILOT TEST EXPERIMENT

PILOT TEST W\,/AQFIE%MAI\EDSED TIME FLOW RATE
EXPERIMENT NO. (minutes) (gpm)
(gallons)
1 25.5 1.58 16.14
2 14 1.38 10.12
3 115 1.30 8.85
4 9 1.62 5.57
5 6.75 2.38 2.84
6 7 2.35 2.98
7 7.5 2.90 2.59
8 8 3.52 2.27
9 7.25 3.57 2.03
10 7.75 3.82 2.03
11 8.25 4.00 2.06
12 4.75 2.35 2.02

However, after the initial experiment, the hydraulic characteristics of the Hydro-Kleen
Filter Unit declined rapidly, decreasing to an equilibrium flow rate of approximately 2 gpm after
pilot test experiment #8. After eight pilot test events, the filter unit would have received the
suspended solids equivalent of approximately 8 storm events with a rainfall depth 0.25 inches or
2.00 inches of total rainfall. A graphical representation of the hydraulic performance of the

Hydro-Kleen Filter Unit during pilot testing is given in Figure 4-25.
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Figure 4-25. Hydraulic Performance of the Hydro-Kleen Filter Unit During Pilot Testing.

After the ninth pilot test experiment, visible debris resting on top of the filter cartridges
was removed in an attempt to restore hydraulic capacity to the unit. Since the Hydro-Kleen unit
contains cartridges, it did not seem feasible to attempt to remove debris by turning the unit
upside down similar to the activities performed on the Ultra-Urban Filter System. However,
removing the accumulated solids from the top of the filter cartridges did not appear to enhance
the performance efficiency of the unit which remained at an equilibrium flow of approximately 2
gpm.

A comparison of the hydraulic characteristics of pilot tests conducted with the Hydro-
Kleen Filter Unit is given in Table 4-19. In general, pilot testing was conducted at flow rates of
approximately 20-50% of the maximum hydraulic capacity of the unit at the time of each pilot
test experiment. This range of inflow values was selected to avoid overflowing of the filter and

loss of solids in the overflow.
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TABLE 4-19

HYDRAULIC CONDITIONS DURING
HYDRO-KLEEN FILTER PILOT TESTING

PILOT TEST VOLUME OF TIME WS
EXPERIMENT NO. /AL Bl i) FLOW RATE

(gallons) (gpm)

1 12.5 2.05 6.10

2 8 1.95 4.10

3 6.5 2.42 242

4 6.5 4.03 1.61

5 7.5 438 171

6 4.5 6.68 0.67

7 4 6.15 0.65

8 5.5 6.28 0.88

9 4 7.57 0.53

10 4.75 7.68 0.62

1 4.25 742 057

12 4.25 7.32 0.58

Similar to the condition observed with the Ultra-Urban Filter, whenever the inflow into
the Hydro-Kleen Filter Unit began to approach the hydraulic capacity of the unit, floating debris
(primarily consisting of leaves) would begin to overflow the unit and, in a real application,
would enter into the outfall stormsewer line. Discharge of floating leaves in the overflow of the
Hydro-Kleen Filter Unit is illustrated in Figure 4-26. Although overflow of the unit is less of a
problem when the unit operates at the maximum hydraulic capacity for the filter at a given time,
it becomes much more significant as the filter begins to become clogged and the hydraulic flow
rate begins to drop to approximately 2 gpm. This inflow rate would be exceeded by virtually any
storm event, causing overflow and discharge of floatable debris not only in the incoming

stormwater flow but also from material which had previously accumulated within the unit.
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Figure 4-26. Loss of Leaves During Overflow of the Hydro-Kleen Filter Unit.

4.3.2 Pilot Test Results

4.3.2.1 Characteristics of Residential Solids

Twelve separate pilot test experiments were conducted with the Hydro-Kleen Filter Unit
with dried solids masses ranging from 225.56-792.02 g per test. Standard grain size analyses
were performed on each of the 12 samples used during the pilot testing. Results of the individual

grain size analyses for the 12 solids samples are given in Appendix F.2.
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A statistical comparison of the distribution of particle sizes in residential solids used in
the Hydro-Kleen pilot testing is given in Figure 4-27 in the form of box and whisker plots. The
largest particle fraction, in terms of sample mass, is the 250 um fraction which comprised
approximately 32% of the total solids mass used in each test. Approximately 20% of the solids
were contributed by particles in the 425 um and 180 um range each, with approximately 14%
contributed by particles >2000 um. Each of the remaining particle sizes contributed
approximately 10% or less of the total mass of solids used in each test. The smallest mass of

particles contained within the residential solids is in particle sizes <75 pm.
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Figure 4-27. Distribution of Particle Sizes in Residential Solids Used in the
Hydro-Kleen Pilot Testing.
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The results of lab analyses of nitrogen and phosphorus in the residential solids used in
pilot test experiments are given in Appendix F.2. Concentrations of total nitrogen by particle
size in residential solids used in the Hydro-Kleen pilot testing are summarized in Figure 4-28.
Although particles <75 um in size represent the smallest mass of particles present in the
residential solids, these particles contain the highest concentration of total nitrogen, with a
median concentration of approximately 45,000 pg total nitrogen per gram of particle in this size
range. Relatively elevated concentrations of total nitrogen were also observed in the >2000 pm
and 850 um categories, with median total nitrogen concentrations of approximately 30,000 ug/g
and 35,000 pg/g, respectively. A nitrogen concentration of approximately 22,000 pg/g was also
observed in the 75 um particle range. The remaining particle sizes contained approximately

10,000 pg total nitrogen per gram of solids in each range.
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Figure 4-28. Concentrations of Total Nitrogen by Particle Size in Residential
Solids Used in the Hydro-Kleen Pilot Testing.

PALMBAY / TURKEY CREEK REPORT



4-56

A statistical comparison of concentrations of total phosphorus by particle size in
residential solids used in the Hydro-Kleen pilot testing is given in Figure 4-29. Similar to the
results obtained for total nitrogen, the highest total phosphorus concentrations were found in
particles <75 um in size, with a median concentration of approximately 16,000 pg total
phosphorus per gram of particle within this range. The second highest phosphorus concentration
was found in particles in the 75 pm range, with a median concentration of approximately 7000
ng total phosphorus per gram. Particles in the >2000 um and 850 pwm range were found to have
total phosphorus concentrations of approximately 4000 pg/g. Phosphorus concentrations in the

remaining particle sizes averaged approximately 2500 pg/g or less.
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Figure 4-29. Concentrations of Total Phosphorus by Particle Size in Residential
Solids Used in the Hydro-Kleen Pilot Testing.
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The relative mass of total nitrogen contributed by various particle sizes in the residential
solids used in the Hydro-Kleen pilot testing is given in Figure 4-30. In this comparison, the sum
of the total nitrogen mass in the individual fractions is equal to the raw concentration. This
figure provides a summary of the relative mass of total nitrogen contained within the solids
samples which is contributed by each of the evaluated particle size fractions. The largest
contribution of nitrogen mass occurs from particles >2000 um in size. This fraction appears to
contribute approximately 30% of the total nitrogen contained within the overall test sample.
Approximately 15-20% of the total nitrogen is contributed by particle sizes of 250 and 425 pm.
Approximately 10-15% of the total nitrogen is contributed by particle sizes of 180 and 850 pum,

with relatively small contributions from particles <180 pum.
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Figure 4-30. Relative Contributions of Total Nitrogen by Particle Size in Residential
Solids Used in the Hydro-Kleen Pilot Testing.
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Relative contributions of total phosphorus by particle size in the residential solids used in
the Hydro-Kleen pilot testing are summarized in Figure 4-31. In this comparison, the sum of the
total phosphorus mass in the individual fractions is equal to the raw concentration. The largest
contribution of total phosphorus is provided by particles >2000 um in size and particles in the
250 pum range. Particles in these range categories contribute approximately 20-30% of the total
phosphorus present in the raw sample. Particles in the 850 and 425 um range each contribute
approximately 10-15% of the total phosphorus in the sample. Similar to the situation observed
for total nitrogen, a relatively small portion of the overall total phosphorus content is contributed
by particles of 180 um or less in size, even though some of these particles contain the highest

unit concentration of total phosphorus.
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Figure 4-31. Relative Contributions of Total Phosphorus by Particle Size in
Residential Solids Used in the Hydro-Kleen Pilot Testing.
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4.3.2.2 Characteristics of Test Water

A summary of the physical and chemical characteristics of the test water used in pilot test
experiments for the Hydro-Kleen Filter Unit is given in Table 4-20. All test water used for
testing with the Hydro-Kleen Filter was obtained from Lake Conway. Two separate bulk
quantities of test water were used during the Hydro-Kleen experiments. One bulk test water
sample was used to conduct experiments 1-3. The second bulk test water sample was used to
conduct pilot test experiments 4-12 since, as indicated in Table 4-19, very little water was used
during the later pilot tests for the Hydro-Kleen Filter due to the extremely low hydraulic
conductivity of the filter unit.

As seen in Table 4-20, the test water was characterized by a relatively low TSS
concentration of approximately 2.5 mg/l. On an average basis, approximately 36% of the TSS
was present in particles <11 pm in size. Approximately 20% of the TSS in the test water was
present as particles >180 pm in size. The remaining particle size categories contributed
approximately 10-15% or less of the total TSS in the test water.

A similar situation was observed for VSS concentrations in the test water.
Approximately 41% of the VSS in the test sample was contributed by particles <11 um in size,
suggesting organic matter such as algal cells. The remaining particle fractions contributed
approximately 10-20% of the VSS measured in the test water for each particle fraction.

The total nitrogen measured in the test water was relatively low in value, with a mean
concentration of 545 pg/l. The vast majority of this, approximately 95%, was contributed by
particles <11 pm in size which included algal cells as well as dissolved nitrogen constituents.
The remaining particle sizes contributed approximately 2% or less of the total nitrogen measured
in the raw sample.

A similar situation was observed for total phosphorus. Approximately 94% of the total
phosphorus was observed in particles <11 um in size, which includes algal cells and dissolved
phosphorus compounds. The remaining particle sizes contributed approximately 2% or less of

the total phosphorus measured in the test water.

PALMBAY / TURKEY CREEK REPORT



4-60

TABLE 4-20

CHARACTERISTICS OF RAW WATER SAMPLES
USED IN HYDRO-KLEEN FILTER PILOT TESTING

EXPERIMENT TSS CONCENTRATION (mg/l)
NO. >180pm | 140pam | 100 am | 60 pm 30 um 11pam | <11pam Total
1-3 0.9 0.4 0.2 0.3 0.0 0.2 1.1 3.1
4-12 0.2 0.1 0.2 0.1 0.4 0.2 0.7 1.9
Mean 0.5 0.3 0.2 0.2 0.2 0.2 0.9 2.5
EXPERIMENT VSS CONCENTRATION (mg/l)
NO. >180pm | 140pam | 100 am | 60 pm 30 um 11pam | <11uam Total
1-3 0.0 0.3 0.1 0.2 0.4 0.3 0.9 2.2
4-12 0.1 0.0 0.0 0.1 0.3 0.1 0.6 1.2
Mean 0.1 0.2 0.1 0.2 04 0.2 0.7 1.7
EXPERIMENT TOTAL NITROGEN CONCENTRATION (pg/l)
NO. >180pm | 140pam | 100 am | 60 pm 30 um 11pam | <11uam Total
1-3 4.1 2.2 0.8 2.1 4.6 16.6 573 603
4-12 1.4 2.1 1.4 1.1 5.1 8.9 457 487
Mean 2.7 21 1.1 1.6 4.8 12.8 520 545
EXPERIMENT TOTAL PHOSPHORUS CONCENTRATION (pg/l)
NO. >180um | 140 am | 100pam | 60 pam 30 pm 11pm | <1lpum Total
1-3 0.1 0.1 0.1 0.7 0.1 0.3 22.7 24
4-12 0.1 0.1 0.4 0.3 0.1 0.3 16.7 18
Mean 0.1 0.1 0.2 0.5 0.1 0.3 19.7 21
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4.3.2.3 Characteristics of Filter Outflow

Composite samples of outflow from the Hydro-Kleen Filter were collected during each of
the 12 pilot test experiments and analyzed for TSS, VSS, total nitrogen, and total phosphorus by
particle size fraction. A complete listing of lab analyses for TSS, total nitrogen, and total
phosphorus on outflow samples from the Hydro-Kleen Filter by particle size is given in
Appendix G.2. A distribution of TSS in the outflow from the Hydro-Kleen Filter as a function of
particle size during pilot testing is given in Figure 4-32. In general, low TSS concentrations in
the outflow were observed for particles >180 um and in the 140 and 100 um ranges. More
elevated TSS concentrations were observed for particle sizes of approximately 60 pum and less.
The data in Figure 4-32 suggest that the Hydro-Kleen Unit is not as effective as the Ultra-Urban

Filter in removing TSS particles <60 pum in size.
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Figure 4-32.  Distribution of TSS in the Outflow from the Hydro-Kleen Filter
During Pilot Testing.
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Distribution of VSS particles in the outflow from the Hydro-Kleen Filter during pilot
testing is illustrated in Figure 4-33. In general, the distribution of VSS particles is similar to that
exhibited by TSS. Low VSS concentrations were observed for particles of approximately 100
um or greater, while somewhat larger VSS concentrations were observed for particles of
approximately 60 um or smaller. The data in Figure 4-33 suggest that the Hydro-Kleen Unit is

less effective in removing VSS particles <60 um in size than was observed for the Ultra-Urban

Filter Unit.
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Figure 4-33. Distribution of VSS in the Outflow from the Hydro-Kleen Filter
During Pilot Testing.

PALMBAY / TURKEY CREEK REPORT



4-63

Distribution of total nitrogen particles in the outflow from the Hydro-Kleen Filter during
pilot testing is illustrated in Figure 4-34. In general, extremely low nitrogen concentrations were
measured for particle sizes of approximately 60 um or greater. Nitrogen concentrations for
particles in the 30 um and 11 pm range appear to be slightly higher in concentration . However,
for particle sizes <11 um, a substantially elevated total nitrogen concentration was observed.
This value reflects a combination of small particles which may have passed through the filter as

well as dissolved nitrogen species.
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Figure 4-34. Distribution of Total Nitrogen in the Outflow from the Hydro-Kleen
Filter During Pilot Testing.
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A distribution of total phosphorus particles in the outflow from the Hydro-Kleen Unit
during pilot testing is illustrated in Figure 4-35. Similar to the trend observed for total nitrogen,
extremely low phosphorus concentrations were observed for particle sizes of approximately 60
um in size, with slightly higher concentrations observed for particles in the 30 um and 11 pm
range. However, a substantially elevated total phosphorus concentration was observed for
particles <11 pm in size which reflects a combination of small particles passing through the filter

and dissolved phosphorus species.
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Figure 4-35. Distribution of Total Phosphorus in the Outflow from the Hydro-Kleen
Filter During Pilot Testing.

PALMBAY / TURKEY CREEK REPORT



4-65

4.3.2.4 Removal Effectiveness

Estimates of the mass removal effectiveness of the Hydro-Kleen Filter were calculated
for TSS, total nitrogen, and total phosphorus for each of the 12 pilot test experiments. The
concentrations of TSS, total nitrogen, and total phosphorus measured in each particle fraction
discharging from the filter was multiplied times the volume of water used during each pilot test
experiment, summarized in Table 4-15, to obtain an estimate of the total mass of suspended
solids, nitrogen, and phosphorus discharging through the filter for each particle fraction. The
mass associated with each particle fraction was then added together to provide an estimate of the
total mass discharged from the filter. The inflow into the filter was calculated as the mass of
suspended solids, total nitrogen, and total phosphorus contained in the raw solids sample as well
as in the water volume used during each experiment. The difference between the inflow and
outflow mass is used to calculate percent removal for each experiment.

Calculated mass removal efficiencies for the Hydro-Kleen Filter during pilot testing are
summarized in Table 4-21. Removal efficiencies for TSS, total nitrogen, and total phosphorus in
individual particle fractions exceeded 98% during each of the 12 pilot test experiments, with an
overall TSS removal efficiency of >99.9%, a total nitrogen removal efficiency of 99.8%, and a
total phosphorus removal efficiency of 99.3%. It appears that the Hydro-Kleen Filter is
extremely effective in retaining particulate matter within the unit and in producing extremely
high removal efficiencies for the water volume that passes through the filter.

However, as discussed previously, the hydraulic efficiency of the Hydro-Kleen Filter
decreased rapidly during the pilot test experiments, with an equilibrium water acceptance rate of
approximately 2 gpm. The amount of solids added during each pilot test experiment is roughly
equivalent to the amount of suspended solids which would be deposited onto the Hydro-Kleen
Filter during a typical 0.25-inch rain event within the contributing watershed. A hydrologic
model was developed for the Hydro-Kleen Filter, similar to the hydrologic model discussed in
Section 4.1.1.2 for the Stormceptor Unit, to generate estimates of runoff volumes which would

reach the Hydro-Kleen Filter site during each of the measured rain events during the field
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CALCULATED MASS REMOVAL EFFECTIVENESS OF

THE HYDRO-KLEEN FILTER DURING PILOT TESTING

4-66

Exp. | Volume Outflow TSS Mass (9) Inflow F'::;fg\?;l
# (@al) | >180pm | 240pm | 100pm | 60 um 30 um 11pm | <1lpum | Total (g) (9) (%)
1 12.5 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.002 777.78 100.0
2 8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 594.34 >99.9
3 6.5 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.002 655.25 >99.9
4 6.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 792.02 >99.9
5 7.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 535.26 >99.9
6 4.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 761.21 >99.9
7 4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 637.11 >99.9
8 5.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 700.97 >99.9
9 4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 691.80 >99.9
10 4.75 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 300.97 >99.9
11 4.25 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 225.56 >99.9
12 4.25 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 301.08 >99.9

Mean 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 581.113 >99.9

Exp. | Volume Outflow Total Nitrogen Mass (g) Inflow Iseer:ch\?atl
# (@) | >180pum | 140pm | 100um | 60um 30 pm 11um | <11pum | Total (g) (9) (%)
13 12.5 0.001 0.000 0.001 0.001 0.002 0.002 0.051 0.057 19.60 99.7
14 8 0.000 0.000 0.000 0.001 0.002 0.002 0.032 0.037 9.63 99.6
15 6.5 0.000 0.000 0.000 0.000 0.001 0.002 0.019 0.023 8.42 99.7
16 6.5 0.000 0.000 0.000 0.000 0.001 0.001 0.025 0.027 8.38 99.7
17 7.5 0.000 0.000 0.000 0.000 0.001 0.002 0.027 0.030 10.67 99.7
18 4.5 0.000 0.000 0.000 0.000 0.000 0.001 0.012 0.014 8.67 99.8
19 4 0.000 0.000 0.000 0.000 0.001 0.001 0.009 0.011 7.27 99.9
20 5.5 0.000 0.000 0.000 0.000 0.001 0.001 0.009 0.012 9.13 99.9
21 4 0.000 0.000 0.000 0.000 0.001 0.001 0.007 0.008 8.94 99.9
22 4.75 0.000 0.000 0.000 0.000 0.000 0.000 0.012 0.014 10.07 99.9
23 4.25 0.000 0.000 0.000 0.000 0.001 0.001 0.007 0.009 7.02 99.9
24 4.25 0.000 0.000 0.000 0.000 0.000 0.001 0.010 0.012 5.39 99.8

Mean 0.000 0.000 0.000 0.000 0.001 0.001 0.018 0.021 9.432 99.8

Exp. | Volume Outflow Total Phosphorus Mass (g) Inflow ;s;:gc;l
# (@al) | >180pm | 140pm | 100um | 60pm 30 um 11um | <1lpm | Total (g) (9 (%)
13 12.5 0.000 0.000 0.000 0.000 0.001 0.001 0.024 0.026 2.89 99.1
14 8 0.000 0.000 0.000 0.000 0.001 0.001 0.019 0.021 1.77 98.8
15 6.5 0.000 0.000 0.000 0.000 0.001 0.001 0.015 0.016 2.10 99.2
16 6.5 0.000 0.000 0.000 0.000 0.000 0.000 0.013 0.014 241 99.4
17 7.5 0.000 0.000 0.000 0.000 0.001 0.001 0.017 0.019 1.65 98.9
18 4.5 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.007 1.67 99.6
19 4 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.008 1.74 99.6
20 5.5 0.000 0.000 0.000 0.000 0.000 0.000 0.010 0.011 1.85 99.4
21 4 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.008 2.16 99.6
22 4.75 0.000 0.000 0.000 0.000 0.000 0.000 0.009 0.009 1.52 99.4
23 4.25 0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.008 0.98 99.2
24 4.25 0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.008 1.40 99.4

Mean 0.000 0.000 0.000 0.000 0.000 0.000 0.012 0.013 1.85 99.3
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monitoring program from September 2005-February 2006. The plot of hydraulic performance
vs. time for the Hydro-Kleen Filter Unit, presented in Figure 4-25, is used to model decreases in
the infiltration capacity of the filter over time. Each pilot test experiment is assumed to represent
0.25 inches of rainfall, and the infiltration capacity of the unit is assumed to decrease based on
cumulative rainfall measured at the monitoring site. After a total rainfall of 2.5 inches, the flow
through the Hydro-Kleen Filter is assumed to be constant at approximately 2 gpm.

The hydraulic simulation assumes that the Hydro-Kleen Filter will accept water at the
equilibrium hydraulic rate during storm events, with the remainder of the runoff volume
bypassing the unit and entering directly into the downstream stormsewer system. Separate
removal efficiencies were calculated for final equilibrium flow rates of 2.0 gpm, which is the
equilibrium acceptance rate of the Hydro-Kleen Filter Unit measured during the hydraulic
testing, as summarized in Table 4-18, and for an equilibrium filter flow rate of 16.1 gpm,
representing the initial hydraulic acceptance rate of the cleaned unit. Overall mass removal
efficiencies are also calculated for an equilibrium filter flow rate of 6.6 gpm, a flow rate used in
estimation of removal efficiencies for the Ultra-Urban Unit, for comparison purposes.

A summary of the estimated mass removal efficiency of the Hydro-Kleen Filter Unit for
TSS, total nitrogen, and total phosphorus under actual field conditions is given in Table 4-22,
assuming a mean removal efficiency of 99% for TSS, total nitrogen, and total phosphorus for
water which migrates through the Hydro-Kleen Filter Unit. At an equilibrium flow rate of 2.0
gpm, the estimated mass removal efficiency for TSS, total nitrogen, and total phosphorus over
the 170-day monitoring period would be 2.6%. If the equilibrium filter flow rate could be
maintained at the initial hydraulic flow capacity of 16.1 gpm, the filter would have provided a
16.0% removal for TSS, total nitrogen, and total phosphorus. If the equilibrium filter flow rate is
assumed to be 6.6 gpm, the mass treatment removal efficiency increases to 5.6%. This
equilibrium flow rate was also tested in the Ultra-Urban Filter System which indicated a removal

efficiency of 4.3%.
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TABLE 4-22

ESTIMATED OVERALL MASS REMOVAL EFICIENCY OF
THE HYDRO-KLEEN UNIT FOR TSS, TOTAL NITROGEN, AND
TOTAL PHOSPHORUS UNDER ACTUAL FIELD CONDITIONS

EQUILIBRIUM FILTER

MASS TREATMENT

FLOW RATE EFFICIENCY"
(gpm) (%)
2.0 2.6
6.6 5.6
16.1 16.0

1. Assuming a mean removal of 99% for TSS, total nitrogen, and total phosphorus in the

Hydro-Kleen Filter Unit

4.2.3.5 Summary

4-68

In summary, it appears that the Hydro-Kleen Filter is extremely effective in removing

and retaining solids in stormwater runoff for particle sizes as low as 11 um. Measured removal

efficiencies for TSS, total nitrogen, and total phosphorus, based upon the acceptance flow rate

for the filter unit, exceeds 99%. However, it appears that the hydraulic performance of the

system decreases rapidly, reaching levels of approximately 10% of the initial flow capacity after

only 1-2 inches of rainfall passes through the unit. Based upon the actual field conditions for the

Palm Bay installation, the estimated removal for TSS, total nitrogen, and total phosphorus at the

Hydro-Kleen Filter site would have been approximately 3-5% or less.
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APPENDIX A

PRODUCT INFORMATION FOR
THE STORMCEPTOR SEPARATOR UNIT
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SAMPLE SPECIFICATION
Oil/Sediment In-Line Separator Unit

The oil/sediment separator unit shall be a Stormceptor® model as manufactured by a licensed S
affiliate, or approved equal.

The separator shail remove oil and sediment from storm water during frequent wet weather eve
shall treat a minimum of 75 to 90 percent of the annual runoff volume and be capable of removi
percent of the total suspended sediment load (TSS) and 60 to 95 percent of the floatable free o
must be capable of trapping silt and dlay size particles in addition to large particles. The separatc
underground as part of the storm sewer system and be structurally designed for HS-20 (OHBDC'
the surface. The storage in the separator shall be vertically oriented. The separator shall be mair
surface via one access point without requiring entry into the separator.

The separator shall be equipped with an internal high flow bypass that regulates the flow rate in
chamber and conveys high flows directly to the outlet such that scour and/or re-suspension of v
collected in the separator does not occur.

External bypasses are not acceptable. The bypass area shall be physically separated from the se
prevent mixing. The separator shall be circular, and constructed from either fiberglass or precast
The concrete separator shall be designed and manufactured in accordance with ASTM C-478. Th
shall be oil resistance, water tight and meet the design criteria according to ASTM (C-443. In the
Stormceptor®, a fiberglass insert, bolted and sealed watertight to the inside of the bypass cham
to normal stormwater flows into the treatment chamber. The first 16 inches (405 mm) of ail stor
with fiberglass to prevent migration through the pores in the concrete.

The difference between the inlet pipe elevation to the separator and the outlet pipe elevation frc
shall be 1 inch (25 mm). For a multiple inlet pipe design there is a 3-inch (75 mm) difference be
inverts and the outlet pipe invert. The separator shail be able to be used as a bend structure in t
system. The access cover for the separator shalt clearly indicate that it is an oil/sediment separal

The separator shall be capable of containing spills of floatable substances such as free oil and n¢
by temporary backwater conditions (i.e., trapped poliutants should not be re-suspended and sco
separator during backwater conditions). The capabilities of the selected separator must be docus
scientific studies and reports.

Srovireseptor b femors e mas
OVER 16,000 STORMCEPTOR D‘/ INDEPENDENTLY  Stormospior ot unsergono e mos
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Inlet Unit | Single Inline Unit | Multiple Inline Unit | Sertes Inline Unit | Submerged Infine
Frame and Cover | Inlet / Qutlet Elevation Difference | Stormceptor®Capacities

Inlet Unit
[STC300/450 only]

¥ Grated opening at surface.

» Grated opening oriented directly over orifice plate/drop tee assembly.
»  Qutlet is oriented 180 degrees to orifice plate/drop tee assembly.

»  Accomimodates up to three horizontal inlet pipes.

¥ Useable as a bend structure.

*  Minimum direction change from horizontal inltet to outlet is 90 degrees

*  Minimum depth from finished grade to outlet invert (contact your local Stormceptor® Affiliate)
Single Inline Unit
[STC 750/900, 1000/1200, 1500/1800, 2000/2400, 3000/3600,4000/4800, 5000/6000, 6000/72(

* Frame and cover are orientated directly over riser pipe and oil port.
»  Useable as a bend structure.

¥ Minimum direction change from inlet to outlet is 90 degrees
Multiple Inline Unit
[STC 750/900, 1000/1200, 1500/1800, 2000/2400, 3000/3600, 4000/4800,5000/6000, 6G00/72(

» Frame and cover orientated directly over riser pipe and oil port.
»  Accommodates up to two horizontal infet pipes
»  Useable as a bend structure.

®  Minimum direction change from either inlet to the outlet is 90 degrees

Series Inline Unit

[STC 9000/11000, 10000/13000, 14000/16000]

= Two 2.4 m (8) diameter upper by-pass structures
* Two 3.0 m {10 or 3.7 m (12') diameter treatment chambers
* Inlets and outlet of upstream structures must be 180 degrees.

¥ Minimum direction change from inlet to outlet of downstream structure is 90 degrees,

http://www.stormceptor.com/product_specls.aspx 4/3/2006
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*  Joining weir must be installed between both units,

» Frame and covers orientated to over riser pipes and oil ports in both units.
Submerged Inline Units

¢ Extended weir and second drop tee height are custom designed based on tailwater elevation.
»  Height of weir corresponds to the difference of outlet invert and tail water elevation.

*  Weir can be extended to a maximum of 45” from the outlet elevation (including the existing weir).
Frame and Cover

Cover embossed with Stormceptor® Two 25 mm (1") square pick-holes for removal and air qual
There are standard design parameters that must be provided in any storm sewer design, which i
installation of a Stormceptor®.

Inlet / Cutlet Elevation Difference

There is a 25.4mm {1”) difference in elevation between the inlet invert and the outlet invert in a
designed for one inlet. There is a 76.2mm (3") difference in elevation between the inlet invert ar
in a Stormceptor® designed for multiple inlets. Storm sewer designs must take this elevation dif
account. This elevation difference is constant for all Stormceptor® applications.

Stormceptor®Capacities

Model STA/STC
USA Canada Down Pipe Diameter / Orifice Sediment CapacityL Oil CapacityL  Total

mm (inches) (f£3) (USG)
450 300 300 (12)** 1275 (45) 325 (85)
900 750 150 (6) 2460 (87) 915 (242)
1200 1000 150 (6) 3260 (115) 915 {242)
1800 1500 150 (6) 5660 (200) 915 (242)
2400 2000 200 (8) 5150 (217) 2945 (778)
3600 3000 200 (8) 16415 (368) 2945 (778)
4800 4000 250 (10) 14060 (497) 3490 (922)
6000 5000 250 (10) 18510 (654) 3490 (922)
7200 6000 300 (12) 23445 (828) 4150 (1096)

* approximate flowrate without by-passing
** gutlet restricted to 100 mm (4"} diameter

Influent and Effluent Pipe Diameter

Flexible rubber boots are attached to the influent and effluent pipes to facilitate the installation ¢
the Stormceptor® These boots are required for the fiberglass Stormceptor® as well as most cor
certain exceptions.

The influent/effluent pipes can be grouted into the concrete Stormceptor® if desired. Pipes up b
diameter can be grouted without any special preparation. Larger pipe diameters will need to be i
curvature of the Stormceptor® It should be noted at the time of ardering whether flexible boots

The boots that are typically used are Kor-N-Seal® Pipe Connectors. Equivalent substitute produc
as long as an engineer approves them. The Kor-N-Seal® Pipe Connectors are available for pipe
outside diameter {0.D.) up to 1150 mm (45"} [300 mm (36”) concrete 1.D.]. In new developmer
these pipe diameters should not be exceeded due to the source control nature of the product. Ir
treatment situations, however, it may be necessary to connect a larger diameter pipe to the Stor
itself. In these situations Stormceptor® should be contacted for custom manufacturing/instaliati:
design engineer should ensure that Table 1 is reviewed as well.

http://www.stormceptor.com/product_specls.aspx 4/3/2006
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Head Loss Through the Stormceptor®

The measured head loss through the Stormceptor® is approximately equal to a 60° bend ata i
appropriate K vaiue to use in calculating minor losses through the storm sewer system for a Stor
would be 1.3 (Minor Loss = 1.3 v2/2g).

Installation Depth

There is a minimum inlet crown (inside top of pipe) to grade elevation required to physically imp
concrete Stormeceptor® due to the modular construction of the structure. The minimum crown &
im (~3’). Fiberglass units can be installed in shallow invert to grade situations. The maximum in
the precast concrete Stormceptor® is 10m (~33"). The fibergiass units have been designed hase
depth to the bottom of the treatment chamber of 6m (~20"). The dimensions (i.e. depth of treat
for various Stormceptor®units are given in Table 2.

Stormceptor® instaltations at depths greater than those noted above will require custom manuf:

Stormceptor® should be consulted for recommendations in these instances.
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Stormceptor Home / Monitoring Protocol

Back to Topa

N Monitoring Protocol

Please contact the Rinker Stormceptor office, with any questions
regarding your monitoring program. Toll Free (800) 909-7763.

Pollutants to be Monitored

Table 1 indicates the pollutants to be monitored during the storm
events and the minimum acceptable detection limit for each pollutant
to be analyzed. Approved federal or state laboratory analysis
methodologies are to be used for the analysis.

The optional metals indicated in Table 1 refer to the Resource
Conservation Recovery Act and may be covered by a generic metals
scan.

Two sediment samples are to be extracted from the monitored
Stormceptor at the end of the study and analyzed for the particle size
distribution and water content. A minimum of 10 particle sizes are to
be used to determine the particle size distribution. Sieves to be used
include the 35, 60, 100, 140, 200, 270, and 400 size. Three clay
particle sizes must be analyzed to denote particle sizes between 5
and 25 p m. The particle size distributions should be plotted on a
standard grain size distribution graph.

PAATERIALS ™

Table 1. Monitored Pollutants
Minimum
Detection Limit
Pollutant (MDL)
Total Suspended Solids (TSS) 5 mg/I
Total Phosphorus (P) 0.02 mg/I
Total Kjeldahl Nitrogen (TKN) 0.1 mg/I
Copper (Cu) 0.001 mg/!
Cadmium (Cd) 0.005 mg/!
Lead (Pb) 0.05 mg/!
Zinc (Zn) 0.01 mg/I
Chromium (Cr) 0.01 mg/!
Total Petroleum Hydrocarbons (TPH) 1 mg/I
Conductivity 0.1 u mho/cm
Fecal Coliform * 1/100 ml




Additional Metals (optional)

Arsenic (As) 0.005 mag/l
Barium (Ba) 0.01 mg/i

Mercury (Hg) 0.0005 mg/!
Selenium (Se) i 0.005 mg/I
Silver (Ag) 0.01 mg/I

Back to Topi
Monitoring Methodology

The following monitoring protocol should be followed to ensure
reasonable monitoring results and interpretation:

1.Mo nitoring protocols should conform to EPA 40 CFR Part
136.

2.The EPA guideline of 72 hours dry period prior to a
monitoring event should be used. This will ensure that there is
sufficient poliutant build-up available for wash-off during the
monitored event.

3.F low proportional monitoring must be conducted for the
parameters indicated in Table 1. Samples should be analyzed
separately for the first flush versus the remainder of the storm
event. Monitoring need not extend longer than an 8-hour
period after the start of the storm event (composite).

4.Sediment s ampling (measuring the sediment depth in the
unit at the beginning and end of the monitoring period) must
be conducted. The water content of the sediment layer must
be analyzed to determine the dry volume of suspended solids.
Sediment depth sampling will indicate the rate of pollution
accumulation in the unit, provide confirmation that the unit is
not scouring and confirm the flow proportional monitoring
results. A mass balance using the sediment sampling should be
calculated to validate the flow proportional sampling.

5.G rab sampling (just taking samples at the inlet and outlet) is
an unacceptable methodology for testing the performance of
the Stormceptor during wet weather conditions. The oil
containment area underneath the insert should be inspected
via the vent pipe for dry weather spills capture once a month
during the monitoring period since the flow rate of a dry
weather spill may not trigger the automated samplers.

6.Ati pping bucket rain gauge should be installed on-site to
record the distribution of storm intensities and rainfall volume
during the monitored events.

7.Re sults that are within the laboratory error (both inlet and
outlet) or are representative of relatively clean water should be
discarded. Typical concentrations of pollutants in stormwater

are:
TSS 100mg/L
Total P 0.33mg/L
TKN 1.50mg/L
Total Cu 34pg/L
Total Pb 144ug/L
Total Zn 160pg/L

http://www.rinkermaterials.com/stormceptor/SS_MonitProt.htm



- A threshold first flush/composite TSS value of 50 mg/L at the
intet to the Stormceptor should be used as the lower limit of an
acceptable storm for reporting event efficiency. Monitoring
results where the influent TSS concentration is less than 50
mg/L should only be used in mass load removal calculations
over the entire monitoring period with other storms where the
influent concentration is greater than 50 mg/L. The results
should not be analyzed if the influent TSS concentrations
during all monitored storms are less than 50 mg/L. Storms
where the influent TSS concentration is less than 10 mg/L
should be discarded from all analyses.

8. A threshold storm event volume equal to 1.5 times the storage
vo lume of the Stormceptor being monitored should be used as
the lower limit of an acceptable storm for monitoring.

Back to Topa 9.The perso nnel monitoring the Stormceptor should record
incidental information in a log file. Information such as
weather, site conditions, inspection and maintenance
information, monitoring equipment failure, etc. provide
valuable information that can explain anomalous results.

10. Laboratory results of monitored samples should be analyzed
within 10 days of being submitted to the lab.

11. Weekly inspections of the sampling tubes, flow meter, rain
gauge, and quality samplers should be conducted to ensure
proper operation of the monitoring equipment. Debris and
sediment that collects around the sampling intakes should be
cleaned after each event.

12. During the installation of automated quality samplers, care
should be exercised to ensure that representative samples will
be extracted (placement of intakes, ensuring that tubing is not
constricted or crimped).

13. Sampling should be conducted for a minimum of 6 storms.
Ideally 15 storms should be sampled if the budget aliows.

Copyright 2003 Rinker Materials Corporation, All rights reserved.
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APPENDIX B

PRODUCT INFORMATION FOR
THE ULTRA-URBAN FILTER SYSTEMS
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ULTRA-URBAN® FILTER WITH SMART SPONGE®
TECHNICAL SPECIFICATION

ULTRA-URBAN® FILTER WITH
SMART SPONGE?®
& SMART SPONGE® PLUS

ULTRA-URBAN® FILTER DESCRIPTION

The Ultra-Urban® Filter with Smart Sponge®, developed and manufactured
by AbTech Industries, is an innovative low-cost BMP that helps meet
NPDES requirements with effective filtration, efficient application, and
moderate maintenance. The Ultra-Urban Filter absorbs oil and grease and
captures trash and sediment from Stormwater runoff before it enters the
storm drain system. The Ultra-Urban Filter is ideal for municipal,
industrial, and construction applications. The filter comes in two standard
designs; one a modular unit geared toward curb inlet openings, and the
other, a single unit designed for typical drop-in catch basin drains.

The Ultra-Urban Filter, made of a high strength corrugated recycled con-
tent plastic, is designed for use in storm drains that experience oil and
grease pollution accompanied by sediment and debris. Trash and
sediment accumulate in the upper basket chamber while oil and grease
are absorbed in the filtration media.

PERFORMANCE

Field and laboratory tests have confirmed the capability of the Smart Sponge
to absorb, depending on the type of oil contaminant, up to five times its own
weight and remove 70% to 95% of the hydrocarbons present in Stormwater
runoff, typically in the range of 5 to 30 mg/liter (ppm). The captured oil is per-
manently bound within the Smart Sponge, eliminating leaching and allowing
for easy disposal of the filtration media. Flow rates through the CO1414 fil-
ters exceed 200 gpm. Flow rates through the filters exceed 500 gpm for the
DI12020 series at installation.

INSTALLATION

The Ultra-Urban Filter is easily installed. Installation time varies depending
upon mounting devices selected. A single mounting bracket made of 16-
gauge galvanized steel is required for the installation of the Curb Opening (CO)
series. The Ultra-Urban Filter should not be installed where modules obstruct
the drain pipe outlet. The size of the drain should allow room for stormwater
overflow. The Drain Inlet (D) series Ultra-Urban Filter will suspend from the
drain into the catch basin through a structural plastic mount and funnel
mechanism (see drawings).

MAINTENANCE

The Ultra-Urban Filter should be serviced as needed to remove sediment and
debris, according to expected debris accumulation. The sediment and debris
can be quickly vacuumed out of the modules through the opening of the drain
with conventional maintenance equipment. For example, a curb inlet with
four to five Ultra-Urban Filter modules can be typically serviced in 10 minutes
or less. Under normal operating conditions the Ultra-Urban Filter should be
replaced every 1-3 years.

C01414 for DI2020 for
Curb Opening Drains Drop-in Drains
“Inlets” “Catch Basins”

ADVANTAGES AND
BENEFITS

Removes oil, grease, trash, sedi-
ment & debris

Modular desigh accommodates
most storm drains

Smart Sponge media removes up
10 95% of oil and grease in Storm-
water runoff

The only true structural catch ba-
sin insert filter

Lightweight and easy to handle
Quick installation, easy to main-
tain, can be serviced from street
level

Cost effective BMP

Filter housing made from Recycled
Content Plastic

t Recyclable through WTE




ULTRA-URBAN® FILTER WITH SMART SPONGE®
TECHNICAL SPECIFICATION

PAGE 2

SMART SPONGE® AND SMART SPONGE® PLUS DESCRIPTION

Over the past seven years, AbTech has developed the Smart Sponge® technology based on its pro- » A
prietary blend of synthetic polymers aimed at removal of hydrocarbons and oil derivatives from sur-
face water. AbTech’s process creates a very porous structure (see Figure A) with hydrophobic and
oleophilic characteristics capable of selectively removing hydrocarbons while allowing high flow
through rates for water. As hydrocarbons are absorbed into its structure, the Smart Sponge® swells

and maintains porosity and filtering capabilities.

Field and laboratory tests have confirmed the Smart Sponge® capability to absorb, depending on the
type of oil contaminant, up to five times its own weight and remove 75% to 95% of the hydrocarbons
present in Stormwater runoff, typically in the range of 5 to 30 mg/liter (ppm). The absorption is per-
manent and the saturated product does not leach or leak contaminants, transforming the contami-

53

Figure A (1,000 X)

nant - in most cases - into a solid waste with lower disposal costs.

= Organosilane quaternary amine
Molecular Structure:

o
0 CH,
CH 30 Ti (CHZ))_ Nt (CHz)u_ CH3
Q CH,
CH, I
Surface m[)diﬁcation Antimicrobial
Figure B

Microbial reduction efficiency will vary depending on colony size, flow s

rates and site specific conditions.

e  Consistent positive reduction in microbial concentration realized
in laboratory setting and field testing sites in the United States.

e Larger scaled field deployment and data generation projects are

ongoing.

TARGETED MICROORGANISMS

® Enterococcus

e Coliforms

- Fecal coliform

- Escherichia Coli

During the past couple of years, AbTech has worked on the development
of an antimicrobial technology. Smart Sponge® Plus features a proprie-
tary antimicrobial agent (see Figure B) chemically and permanently
bound to the Smart Sponge polymer surface and therefore does not
leach or leak, avoiding any downstream toxicity issues.

The antimicrobial mechanism is based on the patented agent's interac-
tion with the microorganism cell membrane, causing the microorganism
disruption (see Figure C), but no chemical or physical change in the
agent.

Antimicrobial activity does not reduce the agent capability or cause its
depletion and, therefore, maintains long-term effectiveness. Additionally,
the hydrocarbon absorption capability is not inhibited.

Active agent at-
tached perma-
nently to the sur-

face of the Smart
Sponge.

2. Microorganisms

contact the sur-

r face and are de-
<y P stroyed.

@ = - @ 3. Further growth of

T TENT G 7 I ™ B

oI IEC) & @3 G 8y &

microorganisms is
inhibited.

4. Left behindis a
Clean Surface

Figure C
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I NDUSTRIES
Surface Water Quality Solutions for Clean Water Today and Tomorrow

UUF FEATURES

CATCH BASIN TRASH & DEBRIS FLOW RATE Q GROSS WEIGHT
MODEL CAPACITY (approx.) (approx.)
For New UUF
DI1414 N 1.5 ft? 200 gpm = 0.44 cfs 20 Ibs
CO1414N 1.5 ft 200 gpm = 0.44 cfs 20 Ibs
DI1414H 0.8 ft 171 gpm = 0.39 cfs 13 |bs
CO1414H 0.8 ft 171 gpm = 0.39 cfs 13 Ibs
DI1420N 2.1t 307 gpm = 0.70 cfs 23 |bs
DI1420H 1118 307 gpm = 0.70 cfs 14 Ibs
DI1616N 1.6 ft 240 gpm = 0.55 cfs 24 |bs
DI2020N 3.0 f£} 500 gpm = 1.11 cfs 30 Ibs

DI12020H 1.7 fi 500 gpm = 1.11 cfs 22 |bs
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phfech cO1414 Ultra Urban Filter Installation Instructions

1.

Installation of the Mounting
Bracket

The location and number of Ultra Urban Filter (UUF)
box(es) in each catch basin should be determined by
the end user, based on actual flow rates and
characteristics of the drain.

Measure width of the drain opening and the
depth of the drain inlet.

Determine the number of UUF boxes to be
installed. '

Determine the length of the bracket, number and
location of the holes. Table 1 is meant to provide
suggestions.

Users should follow their-own safety protocols
and confined space entry procedures.

Setup the appropriate barriers and traffic control
equipment. Remove the drain inlet cover. Make

sure the drain is ¢lean and clear of debris.

SUCGESTEDLBNGTHCOF MOUNTING BRACKET AND LOCATICN CF HOLES

Nuvber of Boxes] 102 3to5 6-7 8to 10
lerghof Bradet] Nurterofbaxes | Nmberofboxes | Nvberofboxes | Nurberof boxes
times 275" fives 1307 bmes 131251 bmes 13125
MNomordAch| - 2 3 4 5
Eotts
Locaionof Anch|  3'fromtheedges | € framthe edges FandI from | 12’ad ¥ fromthe
Boks : +oreinthe nidde fraedes - | edps+1(ridde)
Table 1.

« Use gloves when handling or installing mounting

bracket, sharp edges can cause injuries.,

Figure 1.

Procedure EP-03, Rev. 1 of 01/11/02

Cross-sectional view shown in Figure 2 gives the
suggested elevation of anchor bolts and the
interference between the bracket’s flange and
the inlet radius.

EXSISTING RADIJS OF INLET TRANSITION

INTERFERENCE OF BRACKET
WITH INLET RATOST REQUIRLD

4/8-16 POWVER HEAD ANCHDR,
INSTALL FLOW DIVERTER ’
UNDER FLAT WASHER AND NUT,

P}

BOTTOM OF 8

ATTACH ITVERTER TO COI414 HOOK
USING DNE $8 SELF~TAPPING ICREW.
ATTACH OPPOSITE END {F DIVERTER
T3 CATCH BASIN WALL USDSG S/16-18
ANCOR,

TOP UF

/ Q1414 WF

,——FLOw BIVERTER

Figure 2.
UUF Box(es) should be installed so that there is
approx. 2"-3" clearance between the bottom of
the catch basin and the bottom of the box,
Use 3/8-16 wedge anchor bolts, 2.25” long, to

. attach Mounting Bracket to catch basin wall.

Installation of the UUF Boxes

UUF boxes should be installed so that the flow
through inlet-outlet pipes is not affected.

Prior installation, remove necessary Over-Flow
Cut-Outs to provide openings for lateral overflow
between boxes.

Over-Flow Cut-Outs

L1
8

U-shaped Clips

Figure 3.
Page 1 of 1



o Install U-shaped Clips over the Over-Flow Cut-
Outs as shown in figure 3.

3. Installation of the Flow Diverter
(FD)

« When determining the length of the Flow
Diverter, an additional 2” must be added to the
length to allow over-flow the UUF box.

« Table 2 is intended to provide suggested number
and location for the anchor bolts.

« Users are encouraged to develop and follow their
own procedures and safety protocols.

. At approximately 1.5 from the overhanging
edge, vertically cut the higher side of the Flow
Diverter to approximately 3/16” below the first
bend.

Free Hanging Edge

Bent down flange Vertical Cut

Figure 4.

» Use gloves when handling and installing the Flow
Diverter, sharp edges can cause injuries.

L]

L]

Bend down the cut portion of the flange, as
shown in figure 4.

The bent down flange of the Flow Diverter should
engage the bracket and sit on top of the hook of
the UUF box as shown in figures 2 and 5.

Use 1/4-20 Wedge Anchor bolts, 2.25" long to
secure the Flow Diverter to the catch basin wall.

E01414 Hook

Flow Diverter

| ’/ /*’.: /

#8 Self-Tapping Screw 1/4-20 wedge anchor bolt

n

" - Figure 5.

Secure Flow Diverter to C01414 Hook using one
#8 Self-Tapping screw as shown in figure 5;
drilling 3/16” clearance hole may be required.
Clean up the area and make sure that tools and
debris have been removed from the catch basin.
Replace the cover to the drain and secure as
needed.

SUGGESTED LOCATION OF THE HOL.ES FOR FLOW DIVERTERS (FD)

FD Length Lessthan 3 Jto s StoT 7to 11
Number of Anch. 1 2 2-3 3-4
Bolts

‘cocation of Anch.
Bolts

At 3" from the free
hanging edge (FH)

At 3" rom the (FH)
edge and one in the
middle .

At 3" from the (FH)
edge and approx.
every 3'

At 3" from the (FH)
edge and approx.
every 3’

Procedure EP-03, Rev. 1 of 01/11/02

Table 2.

Page 2 of 2



The Ultra-Urbanc® Filter Technical Specifications

DESCRIPTION

The Ultra-Urban® Filter with Smart Sponge®
developed and manufactured by AbTech Industries, is an innovative
low-cost BMP that helps meet NPDES requirements with effective
filtration, efficient application, and moderate maintenance. The
Ultra-Urban Filter absorbs oil and grease and captures trash and
sediment from Stormwater runoff before it enters the storm drain
system. The Ultra-Urban Filter is ideal for municipal, industrial, and
construction applications. The filter comes in two standard designs;
one a modular unit geared toward curb inlet openings, and the
other, a single unit designed for typical drop-in catch basin drains.
The Ultra-Urban Filter, made of a high strength corrugated recycled
content plastic, is designed for use in storm drains that experience
oil and grease pollution accompanied by sediment and debris. Trash
and sediment accumulate in the upper basket chamber while oil and
grease are absorbed in the filtration media.

PERFORMANCE

Field and laboratory tests have confirmed the capability of the Smart Sponge to absorb, depending on the
type of oil contaminant, up to five times its own weight and remove 70% to 95% of the hydrocarbons
present in Stormwater runoff, typically in the range of 5 to 30 mg/liter (ppm). The captured oil is perma-
nently bound within the Smart Sponge, eliminating leaching and allowing for easy disposal of the filtration
media. Flow rates through the CO1414 filters exceed 200 gpm. Flow rates through the filters exceed
500 gpm for the DI2020 series at installation.

INSTALLATION

The Ultra-Urban Filter is easily installed. Instal-
lation time varies depending upon mounting
devices selected. A single mounting bracket
made of 16-gauge galvanized steel is required
for the installation of the Curb Opening (CO)
series. The Ultra-Urban Filter should not be
installed where modules obstruct the drain pipe
outlet. The size of the drain should allow room
for stormwater overflow. The Drain Inlet (DI)
series Ultra-Urban Filter will suspend from the
drain into the catch basin through a structural
plastic mount and funnel mechanism (see draw-

ings).

MAINTENANCE

The Ultra-Urban Filter should be serviced as needed to remove sediment and debris, according to
expected debris accumulation. The sediment and debris can be quickly vacuumed out of the modules
through the opening of the drain with conventional maintenance equipment. For example, a curb inlet
with four to five Ultra-Urban Filter modules can be typically serviced in 10 minutes or less. Under normal
operating conditions the Ultra-Urban Filter should be replaced every 1-3 years.

MAKERS O

smart sponge



smarisponge pesScRIPTION

AbTech developed the Smart Sponge technology based on its proprie-
tary blend of synthetic polymers aimed at removal of hydrocarbons &
AbTech’s process creates a
very porous structure (see Figure A) with hydrophobic and oleophilic
characteristics capable of selectively removing hydrocarbons while al-

and oil derivatives from surface water.

) L \

lowing high flow through rates for water. As hydrocarbons are ab- = %Q‘ L 'ﬂ -
sorbed into its structure, the Smart Sponge® swells and maintains po-‘ w2 > _ w8
rosity and filtering capabilities. P Lt

Figure A (1,000 X)

Field and laboratory tests have confirmed the Smart Sponge capabil-

ity to absorb, depending on the type of oil contaminant, up to five times its own weight and remove
75% to 95% of the hydrocarbons present in Stormwater runoff, typically in the range of 5 to 30 mg/
liter (ppm). The absorption is permanent and the saturated product does not leach or leak contami-
nants, transforming the contaminant - in most cases - into a solid waste with lower disposal costs.

®  Active agent
attached
permanently to the
surface of the Smart
Sponge.

®  Microorganisms
contact the surface
and are destroyed.

L] Further growth of
microorganisms is
inhibited.

® Leftbehindisa
Clean Surface

During the past couple of years, AbTech has worked on
the development of an antimicrobial technology.
Smart Sponge Plus features a proprietary antimicrobial
agent chemically and permanently bound to the Smart
Sponge polymer surface and therefore does not leach
or leak, avoiding any downstream toxicity issues. The
antimicrobial mechanism is based on the patented
agent’s interaction with the microorganism cell mem-
brane, causing the microorganism disruption (see Fig-
ure C), but no chemical or physical change in the
agent. Antimicrobial activity does not reduce the
agent capability or cause its depletion and, therefore,
maintains long-term effectiveness. Additionally, the
hydrocarbon absorption capability is not inhibited.

e Microbial reduction efficiency will vary depending on colony size, flow rates and site specific condi-

tions.

e Consistent positive reduction in microbial concentration realized in laboratory setting and field test-

ing sites in the United States.

Larger scaled field deployment and data generation

projects are ongoing.
TARGETED
Enterococcus
Coliforms

- Fecal coliform
- Escherichia Coli

Organosilane quaternary amine
Molecular Structure:

CH,

] CH;

CH,0 — ‘T- (CHy)y—— Nt—0 (CH),;—— CH;,
0 CH,
CH,

#

Antimicrobial

Surface modification

Figure B

MAKLRS O
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ULTRA-URBAN® FILTER DRAWINGS

Complete product drawings for each model available from AbTech in CAD or PDF format.
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C0O1414N Side & Front View DI2020N
"ULTRA-URBAN® FILTER KEY FEATURES
Gross Weight Trash &
_(ﬁPProx-)h Debris
Wit Trash &
o ) ] o babiis Flow Rate Q Ca_pac-
Part # Description Dimensions Sponge® Only (approx.) ity
Curb Opening Module:
CO1414N | UUF, Normal 13V " x 14%4" x 22%2" | 20Ibs. | 5.5Ibs. | 200 gpm = 0.44 cfs | 1.5ft
size
CO1414H | UUF, Half size | 13%a” x 14va" x 13" 131bs. [4.51bs. | 170 gpm =0.39cfs | 0.8 f£’
Drain Insert Module:
DI1414N UUF, Normal 13Y4" x 144" x 21 1/8 | 20 Ibs. | 5.6 Ibs. | 200 gpm = 0.44cfs | 1.5 f
size i
DI1414H UUF, Half size | 134" x 14%" x 13" 131bs. |4.51bs. | 1770gpm =0.39cfs [ 0.8 f°
DI1420N UUF, Normal 14" x 194" x 21 1/8” 241bs. | 6.51Ibs. | 300 gpm =0.70cfs | 2.1f
size '
DI1420H UUF, Half size | 14" x 192" x 13 3/8” 18 Ibs. [5.01bs. | 300gpm =0.70cfs | 1.1t
DI1616N UUF, Normal 16" x 16" x 21 1/8” 24 Ibs. | 6.51bs. | 240 gpm = 0.55 cfs 1.8 ft
size
DI1616H UUF, Half size | 16" x 16" x 13 3/8” 18 Ibs. | 5.0 Ibs. | 240 gpm = 0.55 cfs 1.0 ft
DI2020N | UUF, Normal 19%" x 19%” x 21 1/8” | 301Ibs. | 7.5Ibs. | 500 gpm = 1.11cfs | 3.0 ft’
size
DI2020H UUF, Half size 194" x 19Va" x 13 3/8” | 22 Ibs. | 6.0 Ibs. | 500 gpm = 1.11 cfs 1.7 f£

Each of the above available with Smart Sponge®, Smart Sponge® Plus, or Trash & Debris

MAKERS OF
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DISPOSAL OPTIONS

AbTech’s Smart Sponge technology transforms liquid hydrocarbons into a stable solid*. The handling
and disposal of this solid waste is less expensive and less problematic than that of other plastic and
organic solvents which leach and leak hydrocarbons back into the environment. The following waste
disposal and resource recovery industries will accept spent Smart Sponge for disposal and/or recycling.

e Waste-to-Energy Facilities - A specialized segment of the solid waste industry will use spent
Smart Sponge as an alternative fuel in the production of electricity. '
WTE is acknowledged at the federal level as a renewable energy source under the Federal
Power Act, Title IV of the Clean Air Act.
WTE is a participant in the Department of Energy’s National Renewable Energy Program.

e Cement Kilns - This industry will use the spent Smart Sponge as an alternative fuel in the
production process of Portland Cement. This process is considered a beneficial reuse of waste
products. The BTU value of spent Smart Sponge is consistently above the average acceptable
levels set for this high temperature.

e Landfills - The ability of Smart Sponge to transform liquid hydrocarbons into a solid waste makes
for less expensive and easy disposal. Spent Smart Sponge generated from the AbTech laboratories
have been classified as a solid waste and are acceptable at Subtitle D Landfills?.

‘Generators of spent Smart Sponge will need to have their waste analyzed, tested, and classified to determine the generator's particular waste.
According to testing performed for AbTech Industries, spent Smart Sponge soaked with petroleum hydrocarbons are transformed into solid wastes.
AbTech does not take any responsibility for the generator's waste classification for handling, transport and the ultimate disposal or recycling of the
waste. The generator must always classify and characterize its own waste.

2 Spent Smart Sponge generated from the AbTech laboratories with a multitude of liquid petroleum hydrocarbons have passed the EPA Toxicity
Characteristic Leachate Procedures and Paint Filter Test. These tests are used in determining the amount of liguid waste and any free liquids present:
that may be released into the landfill environment.

FOR MORE INFORMATION CONTACT: ,bTenc-Iz!

I NDUST

MaktRs il

» 4110 N Scottsdale Rd., Suite 235 Scottsdale AZ 85251
smar<sponge 480.874.4000 1.800.545.8999 www. industries.



APPENDIX C

PRODUCT INFORMATION FOR
THE HYDRO-KLEEN FILTRATION SYSTEM

PALMBAY / TURKEY CREEK REPORT
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Storm Water Filtraion Systm

In-drain treatment for 'Hot Spot’ applications.

Recongnized as a Best Management Practice for meeting regulatory requirements.

What a BMP should be

Removes hydrocarbons, metals, sediments,
and other organic chemical compounds from
wet weather flows and industrial runoff

Utilizes pre-settling sediment chamber
prior to treatment chamber

H Patented dual media filtration system
provides consistent removal efficiencies
between change-outs

mBy-pass system prevents flooding or ponding
during high flow storm events

& Unit custom built for retrofit or new sites

Excellent post construction control for
hot spot applications

@ Pre-treatment device for groundwater

protection and infiltration practices

UNITS AVAILABLE FOR ROUND 08
SQUARE CATCH BASIN GRATES

ET« PARTICIPANT

EPA's Environmental Technoiagy
Verlfcatian Program

Municipal or Private Sector Financing
and/or Leasing Options Available

HYDRO COMPLIANCE MANAGEMENT, inc.

v ANN ARBOR ¢ SEATTLE
For more information, please call: (800) 526-9629 or visit us at our web site at: www.Hydro-Kleen.com



HYDRO-KLEEN™ Filtration Systems
Specification

he storm water runoff filtration system shall consist of a unit or units to be installed in existing or
esigned catch basins.

oL

The media within the filtration chamber shall be a layered dual media system.

The first or primary filtration media shall consist of 8” in two or more mesh bags. This primary media
shall be a non-leaching absorbent cellulose material that will attach hydrocarbons.

The second filter media shall consist of 4” of specially textured activated carbon to achieve a final
polishing effect on the hydrocarbons in the discharge water as well as removing other organics, metals,

J and other contaminants.

Run-off water entering the unit shall be first diverted into the sediment chamber and from there shall
flow into the filtering chamber through a transition inlet.

The units shall have sufficient overflow capacity to prevent ponding or ﬂooding on the surface.

Filtration systems effectiveness shall be verified through third party testing.

The filtration system shall be the Hydro-Kleen™ Filtration System or equivalent.

Office: 800-526-9629 or (734) 332-7300
Fax: 734-332-7972
www.Hydrocompliance.com

Hydro Compliance Management, Inc.

912 North Main Street
Ann Arbor, Michigan 48104



Parts Per Million

Third Party Analytical Test of the
Hydro-Kleen " Filtration System
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HYDRO-KLEEN™ FILTRATION SYSTEM

Application Profile

The Hydro-Kleen™ Fiitration System is a patented multi-media filtration design combined with pre-settling sedimentation
containment and overflow by-pass protection. Each unit is custom manufactured for retrofit or specification to fit your specific catch
basin or drain invert size. Units are placed into drains by removing the grate/cover, inserting the unit onto the grate lip, and
replacing the cover. Water flow enters the unit and is directed into a pre-settling sedimentation chamber that collects heavy
sediments and debris passing through the grate. Water then passes through transition inlets at the top of the sediment chamber
into the filtration chamber. The primary media, Sorb-44, traps hydrocarbons through adsorption to a hydrophobic cellulose material.
The secondary media is a special blend of activated carbon (AC-10) that removes any remaining hydrocarbons as well as a variety
of other organics, and metals and other contaminants from the runoff. Water then passes through the of the bottom treatment

chamber into the catch basin.

A properly maintained unit will achieve substantial reductions of contaminants from entering surface waters. Units are
designed to trap contaminants contained in the "first flush" from storm events while allowing overflow protection to eliminate flooding
during heavy wet weather events. To accomplish this, the filtration chamber is designed to handie 40 — 50 gpm through the media
chamber, effectively handling up to %" of rain per hour in a properly designed drain. Higher flows from high intensity wet weather
events are diverted to by-pass outlets that are designed to move whatever flows the drain is designed to handle. This prevents
flooding or ponding on the surface while capturing the majority of contaminant loadings from impervious surfaces. Units strategically
placed downstream from “hot spots” such as gas stations, parking lots and other industrial/commercial sites containing higher
contaminate loadings, give municipalities and businesses an effective tool for reducing pollutants.

Hydro-Kleen™ Filtration Systems are cost-effective and can be installed at a fraction of the cost of a conventional oil-water
separator and other BMP's. A typical unit will cost under $2,000. Moreover, this system does not require expensive installation as it
can be retrofitted into existing storm drains as well as specified into new or re-development projects.

Hydro-Kleen™ Filtration System is also an effective pre-treatment device when used in conjunction with groundwater
infiltration systems, detention facilities, water retention systems and oil/grit separators. it can also be utilized as a post-treatment
device in wet pond risers. The application of a Hydro-Kleen™ Filtration System for compact project sites is ideal for eliminating the
need to set aside land for detention basins or for using traditional, expensive oil-water separators, where land use is minimal such
as in urban settings.

As with any system, the unit must be maintained on a regular schedule to prevent saturation of the filter media by
contaminants and blockage from sedimentation and debris buildup. Maintenance is simple and can be accomplished in minutes by
merely vacuuming sediment loadings from the sedimentation chamber and replacing the filters. With surface access there is no
confined space entry. There is also no pump and haul issues as there is no free product or liquid hydrocarbons to dispose of. Itis
recommended that filters be changed every 4 to 6 months depending on the application. Disposal of the spent media in a typical
application may be accomplished through ptacement into lined landfills, as the filter media is non-leaching. Always ensure
compliance with all local regulations prior to disposal.

With new storm water rules directed at smaller municipalities and businesses and an increased emphasis on watershed
protection at the local, state and federal levels, the Hydro-Kleen™ Filtration System provides an effective, low-cost technology for
reducing pollutants from storm runoff, human generated flows, and other non-point sources.

Hydro Compliance Management, Inc. — www.hydrocompliance.com




HYDRO-KLEEN™ FILTRATION SYSTEM

NON-CORROSIVE

DIVERTER 1/16' STAINLESS STEEL
PLATE FRAMING

OVERFLOW/BYPASS
OUTLETS

TRANSITION

OUTLETS
SORB 44 .
MASS LOADING PRE-SETTLING
REMOVAL MEDIA SEDIMENT CHAMBER

ACTIVATED -~

CARBON
POLISHING MEDIA

BOTTOM DRAIN
FORTREATMENTFLOW



HYDRO-KLEEN™ FILTRATION SYSTEM
SPECIFICATION

PAVEMENT SLOPE
4—-————'/

PAVEMENT siopg DIVERTER PLATE

W OO O il

|-
—;——1: DUAL MEDIA CHAMBER
]| <«————— PRIMARY MEDIA

1
~=———— POLISHING MEDIA

4

TRANSITION INLET
TO FILTRATION CHAMBER [

) _
=]
PRE-SETTLING SEDIMENT CHAMBER ° ll

TREATED |-
s DRAINAGE |»

—-——-—————-{-24"—-—- )

». y—rr e e e e - £ o = e 2 e e 2 §
' OUTLET PIPE
| OUTLET PPE_
. " 8" TO 12"
" J  avricay

CATCH BASIN
SUMP

1. UNIT SHIPPED READY TO INSTALL WITH ONE EXTRA SET OF REPLACEMENT MEDIA.

2. UNIT DOES NOT INCLUDE CATCH BASIN OR GRATE FRAME.
3. PRINT SHOULD DESIGINATE HYDRO-KLEEN FILTRATION SYSTEM (HKFS) NEXT TO

DESIGNATED CATCH BASIN.

Hydro Compliance Management, Inc. www.Hydrocompliance.com
(800) 526-9629
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Installation and Maintenance Index @ Back Nexteg
Hydro-Kleen Filtration System

Installation Instructions

1. Secure and place proper traffic safety barriers around site to prevent
unauthorized traffic in work area.
Use proper safety equipment and procedures when removing and
replacing grates and installing and servicing filters.
Clear work area and remove grate.
Confirm measurements of filter and catch basin.
Clean catch basin if necessary.
Place filtration unit in the catch basin.
Caulk with food grade silicone around metal frame to prevent water from
bypassing system.
8. Install Media in filter housing.
9. Record data of system/filter installationin log.
10. Replace grate
11. On curb inlets, install deflector devices.

&

N LW

General

Timely change-out of the filter media is necessary to keep the media from
becoming saturated. Upon saturation, pollutants will freely pass through the filter
system. The following information is provided for the user to establish an
maintenance program. Depending on site specific needs, units may require more
frequent change outs.

There are two types of systems, one with sediment chambers and one without
sediment chambers.

A site that does not have moving sediments, leaves or debris, or are too small for
sediment chambers are candidates for standard flow-through units.

For outside locations, sediment chambers are highly recommended.
Unit maintenance consists of the following two activities:

1) Removal of trapped solids, debris and foreign matter is necessary
to prevent flow restrictions and blockage.
2) Media replacement prior to saturation by pollutants.

Flow Restrictions & Blockage

Filter flow rates are reduced when, sediments such as silt and sand, collesct
without maintenance in the treatment chamber. Blockage may also occur when
leaves and debris enter the filter chamber.

Sedfment Removal

Sediment chambers may be vacuumed clean with an 8" or smaller hose. This
should be performed when the sediment levels approach the transition flow ports or
the meadia chamber accumilates sediement on the filters.

Debris Removal

Debris screens prevent leaves, grass clippings, etc. from entering the filtration and
sedimentation chambers. These screens should be cleaned as required to keep an
unobstructed flow through the filtration media.



Media Replacement

Media should be changed twice annually for typical applications.
Use one of the following methods to determine when to replace your filter media.

Water Sampling

Water sampling is the most positive indicator of media performance. Change the
media when effluent contaminant levels approach regulatory and/or predetermined
concentration discharge limits.

Visual Inspection

As the media becomes saturated with hydrocarbons, the Sorb-44 media changes
to a dark greyish color . The absorbent bags may be removed and inspected for
color change.
Calendar Based

Filter saturation is dependent on the volume of contaminants removed. For normal
road and parking lot applications, changing media every 6 months should be
satisfactory.

Electronic Monitoring

Certain poliutants may be monitored electronically. Electronic monitors may be tied
to alarm centers, such as an EBW or EMCO Electronics sensor monitor.

When filter discharges exceed alarm threshold settings the media should be
changed.

=i | NPDES | News | Links | State information | Goniact Us

Web Slte Updated and Maintained by: Hydro Compliance Managemeni, Inc and Web Weavers. Inc.
All Rights Reserved

http://www.stormwatercompliance.com/installation_and_maintenance.html



Third Party Testing Results

for the Hydro-Kleen Filtration System

Initial

After

Containment Concentration Filtration* MDL/PQL
EPA 8015/8020/8021
Gasoline 100,000 ppb N.D.* 50 ppb
Toluene 46,000 ppb N.D.* 5 ppb
2-Methylpentane 9,000 ppb N.D.* 5 ppb
2-Methylheptane 8000 ppb N.D.* 3 ppb
Benzene 28,000 ppb N.D.* 10 ppb
Xylene 66,000 ppb N.D.* 16 ppb
2-Methylhexane 1500 ppb N.D.* 10 ppb
Trimethylhexane 4700 ppb N.D.* 15 ppb
EPA 8270
Diesel 100,000 ppb N.D.* 50 ppb
EPA 413/418/1664
Oil and Grease 100,000 ppb N.D.* .02 ppb
EPA 601
1,1-Dichloroethane 17,000 ppb 5 ppb 3 ppb
Chloromenthane 20,000 ppb N.D.* 2 ppb
EPA 603
Acrylonitrile 11,000 ppb 4 ppb 3 ppb
Anthracene 15,000 ppb N.D.* 20 ppb
EPA 608
PCB's 50,000 ppb 5 ppb 20 ppb
Chlordane 20,000 ppb N.D.* 25 ppb
Aldrin 20,000 ppb N.D.* 20 ppb
Endrin 20,000 ppb N.D.* 10 ppb
Heptachlor 20,000 ppb N.D.* 5 ppb
EPA 610
Phenanthrene 6,000 ppb N.D.* 7 ppb
Benzo(a)pyrene 12,000 ppb N.D.* 40 ppb
Chrysane 7,000 ppb N.D.* 30 ppb
EPA 613
Dioxins 10,000 ppb 4 ppm
(2,3,7,8-TCDD)
*N.D.

{"non detect"at or below method detection limits)

Comments:

The results indicate that the two media used in




tandem, under ideal conditions, can be extremely
efficient at moving a wide range of hydrocarbons,
petroleum distillates, and related organic compounds
from an aqueous matrix.

Note:

Methods from EPA, 40CFR Part 136: SW846 (Test Methods for
Evaluating Solid Wastes): and EPA 600/4-79-020 (Methods for Chemical
Analysis of waters and Wastes)

Evaluation of the Hydro-Kleen

Results are based on tests performed by laboratories certified by the Department of Health Services, State of California,
for Environmental Testing. Testing was conducted on a scale-model of the Hydro-Kleen Storm Drain System. The scale-
model had a top chamber about 10"X10" and a bottcm chamber about 8"X 8" with approximately 10" depth of filter
medium in each chamber. The top chamber contained a cellulose material called Sorb 44 and the lower chamber a
special activated carbon called AC-10. The unit was tested for its ability to remove hydrocarbons and related organics
from water. Both pre- and post filtered water was tested by GC (gas chromatography) to determine levels of hydrocarbons
present. The fuels and oils used in these tests contained hydrocarbons varying from C3 to C22 (i.e., propane, docosane,
etc) .

The first test involved contaminating water with items such as gas, diesel fuel, and oil, in a 100-1000 ppm range. This
contaminated water was drained through the filter unit. Concentrations as high as 100 ppm initial total petroleum
hydrocarbon (TPH) were reduced to 1-3 ppm under a flow rate of 5-10 gpm. Concentration as high as 1000 ppm are
highly unusual, yet were reduced with the Hydro Kleen filtration system to the 5-10 ppm TPH range even under the
highest flow rates.

We also tested running water contaminated with automobile drain oil at approximately 1,100 ppm in a closed loop,
through the system and into a tank of live fish. A reservoir filled with contaminated water was set cver the filtration system
and drained into a 40-galion tank holding 12 fish. The water was recirculated by way of a pump up through the
contaminating reservoir and drained through the filter unit back inte the fish tank for three consecutive days at 3-4 gpm.

After three days of continuous operation there were still absolutely no signs of toxicity. The fish were still quite healthy.
The GC was down in the 20-30 ppb range. Even though flow rates were lower than in the first set of tests, this is still a
dramatic demonstration of the systems effectiveness. In conclusion, our testing found your Hydro Kleen filtration system
to be 95-99% effective under conditions of our tests in removing hydrocarbon substances from water.

Greg S. Conrad,Ph.D.

WALSH, LONG & COMPANY, INC.
25 South Washington Street
Naperville, IL 60540
. Phone: (630) 527-9933 - Fax: (630) 527-0097
HOME

http://www.walshlong.com/hk%20test%20result.htm



APPENDIX D
RESULTS OF PARTICLE FRACTIONATION

ANALYSES ON INFLOW AND OUTFLOW WATER
SAMPLES FOR THE STORMCEPTOR UNIT

PALMBAY / TURKEY CREEK REPORT



Results of Particle Fractionation on Palm Bay Stromceptor Inflow Water Samples

Collected on Se

ptember 09, 2005

Parameter| Units >180 ym | 140 pm 100 um 60 um 30 um 11 um <11 Total
Total N pg/l 26.3 19.0 34.5 80.4 62.4 45.0 1285.4 1553.0
Total P Hg/l 6.3 4.2 9.3 24.2 14.9 11.5 385.6 456.0

TSS mg/l 5.0 1.9 4.9 9.0 57 3.1 0.5 30.2
VSS mg/l 1.3 0.5 1.0 2.1 1.3 0.7 0.1 7.0
Collected on September 29, 2005

Parameter| Units >180 ym | 140 pm | 100 um 60 pm 30 pm 11 ym <11 Total
Total N Mg/l 14.9 10.6 14.2 25.3 29.0 19.8 1293.3 1407.0
Total P pg/l 3.3 2.6 3.3 7.9 5.8 2.0 2071 232.0

TSS mg/l 0.5 0.4 0.4 1.3 1.0 0.3 4.1 8.0
VSS mgl/| 0.3 0.3 0.2 0.6 0.5 0.1 2.2 4.3
Collected on October 05, 2005

Parameter| Units >180 pm | 140 pm 100 um 60 um 30 pm 11 pm <11 Total
Total N pg/l 5.0 2.9 37 12.4 8.5 14.8 888.7 936.0
Total P pg/l 0.5 0.1 0.3 2.7 1.4 1.5 174.5 181.0

TSS mg/l 0.6 0.4 0.5 0.8 0.4 0.7 5.4 8.8
VSS mg/| 0.2 0.1 0.3 0.4 0.1 0.3 2.7 4.2
Collected on October 14, 2005

Parameter| Units >180 um | 140 um 100 ym 60 um 30 um 11 um <11 Total
Total N pg/l 1.1 2.6 2.7 6.7 10.1 18.1 545.7 597.0
Total P Hg/| 3.0 0.7 0.5 0.9 1.8 3.0 65.1 75.0

TSS mg/| 1.0 0.1 0.2 0.3 0.4 0.3 6.1 8.4
VSS mg/| 2.1 0.0 0.4 0.6 0.5 0.1 1.5 5.4
Collected on October 20, 2005

Parameter| Units >180um | 140 pum | 100 ym 60 ym 30 um 11 ym <11 Total
Total N pg/l 100.1 18.6 25.2 49.1 92.1 75.1 1429.7 1790.0
Total P pg/l 22.7 3.2 4.5 10.2 21.9 13.9 233.5 310.0

TSS mg/l 12.2 2.3 2.5 2.7 5.1 2.8 3.7 31.2
VSS mg/l 9.7 1.9 2.3 1.9 3.2 1.6 2.9 23.4
Collected on October 27, 2005

Parameter| Units >180 ym | 140 pm | 100 ym 60 um 30 um 11 um <11 Total
Total N Jg/l 133.1 13.2 18.5 34.5 55.4 64.0 1751.4 2070.0
Total P pg/l 32.4 2.2 3.6 7.1 13.7 14.9 396.1 470.0

TSS mg/l 15.6 2.3 2.2 1.9 3.9 3.1 1.3 30.2
VSS mg/l 9.1 0.4 0.7 1.1 2.0 1.6 0.6 15.6




Results of Particle Fractionation on Palm Bay Stromceptor Inflow Water Samples

Collected on November 04, 2005

Parameter| Units >180 ym | 140 ym 100 pym 60 pm 30 um 11 um <11 Total
Total N Vo] 214.0 35.9 17.3 24.4 38.2 59.0 1953.2 2342.0
Total P g/l 69.6 0.1 5.4 7.3 11.7 16.4 526.5 637.0

TSS mg/! 13.4 2.1 1.3 1.3 2.0 3.0 3.5 26.5
VSS mg/l 11.4 1.9 1.3 1.3 1.7 2.2 3.4 23.2
Collected on November 11, 2005

Parameter| Units >180 um | 140 um 100 ym 60 um 30 um 11 um <11 Total
Total N yg/l 74.9 13.1 13.2 17.9 14.4 37.5 427.0 598.0
Total P pg/l 8.7 1.5 1.8 2.9 1.7 3.7 74.7 95.0

TSS mg/l 0.4 0.1 0.1 0.1 0.1 0.2 0.3 1.3
VSS mg/l 0.3 0.1 0.0 0.1 0.1 0.1 0.2 1.0
Collected on November 22, 2005

Parameter| Units >180 um | 140 um | 100 ym 60 um 30 um 11 um <11 Total
Total N pg/l 101.0 32.7 47.4 135.2 239.2 328.0 2186.4 3070.0
Total P pg/l 37.4 5.3 8.7 48.1 77.2 85.0 572.3 834.0

TSS mg/l 5.3 0.7 1.2 4.8 7.0 6.5 4.1 29.6
VSS mg/| 2.8 0.4 0.6 2.1 3.0 2.7 1.5 13.1
Collected on December 16, 2005

Parameter| Units >180pum | 140 um | 100 ym 60 um 30 um 11 um <11 Total
Total N pg/l 339.4 114.0 58.3 98.6 296.1 292.5 828.1 2027.0
Total P pg/l 95.3 24.0 11.9 20.9 78.2 81.0 340.8 652.0

TSS mg/l 15.1 15.2 2.9 1.7 6.2 7.8 8.8 57.8
VSS mg/l 3.9 0.7 1.3 0.8 2.7 3.2 4.4 17.0
Collected on December 20, 2005

Parameter| Units >180pum | 140 um | 100 ym 60 um 30 uym 11 um <11 Total
Total N pg/l 171.5 69.0 76.8 49.5 164.2 226.5 2423.4 3181.0
Total P pg/l 31.5 12.8 14.1 11.8 22.4 22.6 465.8 581.0

TSS mg/| 19.3 1.8 2.9 4.4 9.8 9.0 21.4 68.6
VSS mg/l 6.5 0.6 0.5 1.5 2.8 2.6 5.7 20.2
Collected on January 25, 2006

Parameter| Units >180 ym | 140 pum [ 100 pm 60 um 30 um 11 um <11 Total
Total N ug/l 1341.6 23.4 8.2 55.4 56.5 141.4 1386.5 3013.0
Total P pgl | 2796 3.8 1.3 9.7 8.4 19.8 744.5 1067.0

TSS mg/| 314 1.4 0.5 4.9 4.3 8.1 4.4 55.0
VSS mg/| 22.4 1.0 0.4 3.3 2.7 4.6 2.8 37.2




Results of Particle Fractionation on Palm Bay Stromceptor Inflow Water Samples

Collected on February 10, 2006

Parameter| Units >180 um | 140 um | 100 um 60 um 30 ym 11 um <11 Total
Total N pg/l 573.0 67.2 43.0 33.2 97.1 69.0 1755.5 2638.0
Total P yg/l 100.4 13.6 7.7 6.7 14.4 10.7 843.4 997.0

TSS mg/| 40.5 37 2.3 1.7 4.5 3.1 27.2 83.0
VSS mg/l 24.5 24 1.6 1.7 2.6 1.6 17.2 51.5
Collected on February 17, 2006

Parameter| Units >180 um | 140 ym | 100 um 60 um 30 um 11 ym <11 Total
Total N ug/l 4995 57.5 74.3 179.2 311.3 149.7 1682.4 2954.0
Total P g/l 93.9 9.3 12.4 36.5 59.4 249 575.6 812.0

TSS mg/l 19.8 2.5 4.2 10.4 17.1 6.7 7.5 68.2
VSS mg/l 15.3 1.8 3.0 7.0 15.5 0.8 5.1 48.4




Results of Particle Fractionation on Palm Bay Stromceptor Outfall Water Samples

Collected on September 09, 2005

Parameter] Units | >180 um | 140 um | 100 um 60 um 30 um 11 ym <11 Total
TotalN [ g/l 96.1 28.2 16.8 48.9 78.5 236.3 442 .1 947.0
Total P ug/l 10.8 2.6 1.7 5.3 13.6 35.7 135.3 205.0

TSS mg/| 3.5 0.7 0.6 1.8 3.4 6.9 3.2 20.1
VSS mg/| 2.0 0.5 0.4 1.1 1.9 5.5 0.2 11.6
Collected on September 29, 2005

Parameter| Units >180 um | 140 um | 100 um 60 um 30 um 11 um <11 Total
Total N VeIl 55.8 53.9 56.8 78.7 81.6 67.1 3049.1 3443.0
Total P pg/l 7.6 5.3 5.0 4.3 11.7 11.2 275.9 321.0

TSS mg/l 0.7 0.6 0.5 0.9 0.3 1.7 1.8 6.4
VSS mg/| 0.2 0.3 0.1 0.3 0.1 0.6 0.4 2.0
Collected on October 05, 2005

Parameter[ Units >180 ym [ 140 um [ 100 um 60 um 30 um 11 um <11 Total
TotalN | g/l 48.8 26.3 13.1 18.5 451 35.6 1269.6 1457.0
Total P ug/l 13.4 42 5.8 4.0 14.0 8.1 310.5 360.0

TSS mg/l 7.4 2.3 2.3 2.8 7.4 5.6 6.5 34.3
VSS mg/l 6.7 1.8 1.8 2.3 6.3 5.1 5.9 30.0
Collected on October 14, 2005

Parameter| Units | >180um | 140 um | 100 um 60 pum 30 um 11 pm <11 Total
TotalN [ g/l 13.7 1.1 0.9 3.9 9.8 13.7 633.0 676.0
Total P yg/l 1.5 0.1 0.1 0.5 1.3 1.6 69.9 75.0

TSS mg/| 0.5 0.2 0.1 0.3 0.3 0.5 0.3 22
VSS mg/! 0.1 0.0 0.1 0.1 0.1 0.1 0.0 0.4
Collected on October 20, 2005

Parameter] Units [ >180um | 140 ym | 100 um 60 um 30 um 11 um <11 Total
TotalN [ g/l 133.6 43.8 105.5 144.0 144.3 179.3 1416.5 2167.0
Total P pg/l 19.1 3.1 7.4 16.4 22.9 29.5 458.5 557.0

TSS mg/l 13.2 1.0 1.6 3.5 6.1 6.8 2.0 34.2
VSS mg/| 12.2 1.0 1.3 2.8 4.7 5.1 1.4 28.5
Collected on October 27, 2005

Parameter| Units >180 um [ 140 um | 100 um 60 um 30 um 11 um <11 Total
Total N pg/l 6.3 27.7 25.3 40.0 87.5 70.6 2048.6 2306.0
Total P pg/l 1.7 6.6 5.6 8.8 221 16.2 487.0 548.0

TSS mg/| 0.2 0.6 0.6 0.8 22 1.3 1.1 6.8
VSS mg/l 0.1 0.3 0.3 0.4 0.8 0.5 0.4 2.7




Results of Particle Fractionation on Palm Bay Stromceptor Outfall Water Samples

Collected on November 04, 2005

Parameter| Units >180 um | 140 um [ 100 um 60 um 30 um 11 uym <11 Total
Total N Hg/l 106.5 18.7 30.0 49.7 457 164.6 823.8 1239.0
Total P ug/l 14.1 3.1 6.3 13.1 10.1 455 342.8 435.0

TSS mg/l 0.4 0.6 1.3 3.3 2.2 9.6 45 21.9
VSS mg/| 0.4 0.6 1.0 2.5 1.0 3.5 2.9 11.7
Collected on November 11, 2005

Parameter| Units >180 um | 140 ym | 100 pm 60 um 30 um 11 um <11 Total
Total N g/l 9.1 8.2 8.4 56 17.5 39.4 423.8 512.0
Total P ug/l 1.4 1.6 1.6 0.8 36 3.9 51.2 64.0

TSS mgl/l 0.2 0.1 0.2 0.0 02 0.3 8.1 9.1
VSS mg/l 0.1 0.1 0.1 0.1 0.1 0.1 2.6 3.2
Collected on November 22, 2005

Parameter| Units >180 um [ 140 um | 100 um 60 um 30 uym 11 um <11 Total
Total N pg/l 97.4 9.0 26.7 35.0 96.1 59.7 2635.1 2959.0
Total P ug/l 21.3 1.2 5.8 7.6 16.9 33.8 450.4 537.0

TSS mg/| 4.3 0.6 1.1 2.0 3.8 5.6 12.4 29.8
VSS mg/| 4.8 0.4 1.1 0.9 3.2 4.5 7.9 22.8
Collected on December 16, 2005

Parameter| Units >180 um [ 140 um | 100 um 60 um 30 ym 11 um <11 Total
Total N ug/l 25.0 17.4 39.1 6.1 27.0 454 753.1 913.0
Total P g/l 6.6 4.0 8.9 1.0 4.0 11.0 342.4 378.0

TSS mgl/l 1.3 0.7 12 0.9 0.5 0.7 4.0 9.4
VSS mg/| 0.7 0.5 0.8 0.5 0.3 0.4 3.3 6.4
Collected on December 20, 2005

Parameter| Units >180 um [ 140 um [ 100 um 60 um 30 um 11 um <11 Total
Total N pg/l 344 259 23.9 27.9 62.6 160.0 25452 2880.0
Total P g/l 4.9 2.8 2.1 3.4 8.5 14.3 447 1 483.0

TSS mg/| 2.3 1.5 14 1.8 17 2.8 20.6 321
VSS mg/l 2.1 1.0 1.0 1.4 1.3 1.8 9.9 18.5
Collected on January 25, 2006

Parameter| Units >180 um | 140 um | 100 um 60 um 30 um 11 um <11 Total
Total N g/l 508.5 47.4 128.3 99.5 267.6 194.1 2856.6 4102.0
Total P ug/l 99.1 7.6 20.9 17.3 54.9 33.1 1439.2 1672.0

TSS mg/! 5.7 0.6 12 1.8 2.9 1.9 26.2 40.3
VSS mg/| 5.5 0.6 1.3 1.8 2.6 1.6 141 27.4




Results of Particle Fractionation on Palm Bay Stromceptor Outfall Water Samples

Collected on February 10, 2006

Parameter[ Units >180 um | 140 um | 100 um 60 um 30 um 11 um <11 Total
Total N ug/l 89.5 16.8 15.8 23.2 48.9 37.3 2344.5 2576.0
Total P pg/l 18.0 3.2 3.2 4.9 9.7 7.0 594.1 640.0

TSS mg/l 6.0 1.5 1.1 1.4 8.3 2.0 3.6 23.9
VSS mg/l 4.9 1.2 1.1 0.6 4.6 1.7 2.9 17.0
Collected on February 17, 2006

Parameter| Units >180 um [ 140 um | 100 ym 60 um 30 ym 11 um <11 Total
Total N pg/l 24.7 8.7 7.3 22.5 102.4 49.1 3889.4 4104.0
Total P pg/l 4.2 1.5 1.5 5.7 25.7 13.1 435.3 487.0

TSS mg/I 3.1 0.6 0.7 3.0 7.8 3.9 6.8 25.9
VSS mg/l 2.4 0.2 0.7 1.8 5.2 2.1 4.5 16.9




APPENDIX E

GRAIN SIZE ANALYSES FOR SOLIDS
REMOVED FROM THE STORMCEPTOR SUMP

PALMBAY / TURKEY CREEK REPORT
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Seive
Number

10
20
40
60
80
100
120
200
PAN

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Weight
of Seive

474.52
445.20
42279
393.29
390.63
380.61
364.10
375.69
369.04

Palm Bay
Stormceptor Sump Solids

Weight
Seive +
Sed

641.98
578.52
601.08
635.24
555.94
472.42
405.39
400.47
377.49

Weight
of Sed

167.5
133.3
178.3
2420
165.3
91.8
413
248
8.4

1062.7

Uniformity Coefficient=
Coefficient of Gradiation=

Percent
Retained
on Seive

15.9
12.7
16.9
23.0
15.7
8.7
3.9
24
0.8

100.0

3.38
0.67

Cummulative
Percent
Retained

15.9
28.6
455
68.5
842
92.9
96.8
99.2
100.0

D10=
D30=
D60=

Percent
Finer

84.1
714
54.5
31.5
15.8
7.1
3.2
08
0.0

0.16
0.24
0.54



APPENDIX F
ANALYSES ON RESIDENTIAL SOLIDS

USED FOR TESTING OF THE ULTRA-URBAN
AND HYDRO-KLEEN FILTER UNITS

1. Grain Size Analyses
2. Nutrient Content

PALMBAY / TURKEY CREEK REPORT



1. GRAIN SIZE ANALYSES
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Palm Bay
Residential Solids - Sample A

Seive Grain Size Weight Weight Weight Percent Cummulative  Percent
Number (mm) of Seive Seive + of Sed Retained Percent Finer
Sed on Seive Retained
10 >2 832.90 1185.96 353.1 11.0 11.0 89.0
20 0.85 44527 636.47 191.2 6.0 17.0 83.0
40 0.425 422 .61 1076.60 654.0 20.4 37.4 62.6
60 0.25 393.17 1806.25 1413.1 441 81.5 18.5
80 0.18 390.59 871.42 480.8 15.0 96.5 3.5
100 0.15 380.70 478.43 97.7 3.0 99.5 0.5
120 0.125 364.13 367.06 2.9 0.1 99.6 0.4
200 0.075 375.76 384.37 8.6 0.3 99.9 0.1
PAN <0.075 369.24 373.56 43 0.1 100.0 0.0
Total 3205.8 100.0
D10= 0.21
D30= 0.28
D60= 0.41
Uniformity Coefficient= 1.95
Coefficient of Gradiation= 0.91
Palm Bay
Residential Solids - Sample B
Seive Grain Size Weight Weight Weight Percent  Cummulative Percent
Number (mm) of Seive Seive + of Sed Retained Percent Finer
Sed on Seive Retained
10 >2 833.08 1161.16 328.1 10.0 10.0 90.0
20 0.85 445.89 642.10 196.2 6.0 15.9 84.1
40 0.425 423.63 965.84 5422 16.5 324 67.6
60 0.25 396.35 2175.55 1779.2 54.1 86.5 13.5
80 0.18 39212 740.40 348.3 10.6 97.1 29
100 0.15 381.56 434.75 53.2 1.6 98.7 1.3
120 0.125 364.19 370.89 6.7 0.2 98.9 1.1
200 0.075 375.77 391.35 15.6 0.5 99.4 0.6
PAN <0.075 369.25 388.22 19.0 0.6 100.0 0.0
Total 3288.4 100.0
D10= 0.22
D30= 0.29
D60= 0.40
Uniformity Coefficient= 1.82

Coefficient of Gradiation= 0.96



Seive
Number

10
20
40
60
80
100
120
200
PAN

Seive
Number

10
20
40
60
80
100
120
200
PAN

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Weight
of Seive

833.04
446.93
424 .34
396.35
392.46
381.74
364.25
375.83
369.20

Palm Bay
Residential Solids - Sample C

Weight
Seive +
Sed

1199.66
672.28
1659.20
2427.30
649.72
441.35
371.22
378.92
371.46

Weight
of Sed

366.6
2254
1234.9
2031.0
2573
59.6
7.0
3.1
23

4187.0

Uniformity Coefficient=
Coefficient of Gradiation=

Percent
Retained
on Seive

8.8
5.4
29.5
48.5
6.1
14
0.2
0.1
0.1

100.0

1.88
0.87

Residential Solids - Sample D

Weight
of Seive

474.51
445.52
42517
396.48
391.60
380.90
364.13
375.73
369.14

Palm Bay
Weight Weight
Seive + of Sed

Sed
569.45 94.9
496.53 51.0
572.80 147.6
1024.50 628.0
403.66 12.1

399.29 18.4
371.92 7.8
391.98 16.3
377.95 8.8
984.9
Uniformity Coefficient=

Coefficient of Gradiation=

Percent
Retained
on Seive

9.6
5.2
15.0
63.8
1.2
1.9
0.8
1.6
0.9

100.0

1.50
0.95

Cummulative
Percent
Retained

8.8
141
43.6
92.1
98.3
99.7
99.9
99.9
100.0

D10=
D30=
D60=

Cummulative
Percent
Retained

9.6
14.8
29.8
93.6
94.8
96.7
97.5
99.1
100.0

D10=
D30=
D60=

Percent
Finer

91.2

85.9

56.4
7.9
1.7
0.3
0.1
0.1
0.0

0.25
0.32
0.47

Percent
Finer

90.4
85.2
70.2
6.4
5.2
3.3
2.5
0.9
0.0

0.26
0.31
0.39



Seive
Number

10
20
40
60
80
100
120
200
PAN

Seive
Number

10
20
40
60
80
100
120
200
PAN

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Weight
of Seive

474.59
445.73
424.52
396.47
391.49
380.99
364.19
375.77
369.25

Palm Bay
Residential Solids - Sample E

Weight
Seive +
Sed

559.01
492.05
544.57
780.78
490.88
464.52
388.83
423.87
391.57

Uniformity Coefficient=
Coefficient of Gradiation=

Weight
of Sed

84.4
46.3
1201
384.3
99.4
83.5
246
48.1
223

913.1

Percent
Retained
on Seive

9.2
5.1
13.1
421
10.9
9.1
2.7
5.3
2.4

100.0

240
1.16

Residential Solids - Sample F

Weight
of Seive

474.61
445.83
424.91
396.50
391.59
381.00
364.20
375.78
369.16

Palm Bay
Weight Weight
Seive + of Sed

Sed
560.75 86.1
498.85 53.0
562.05 1371
981.14 584.6
441.68 50.1
435.78 54.8
379.37 15.2
391.19 15.4
382.58 13.4

1009.8

Uniformity Coefficient=
Coefficient of Gradiation=

Percent
Retained
on Seive

8.5
53
13.6
57.9
50
54
1.5
1.5
1.3

100.0

2.1
1.15

Cummulative
Percent
Retained

9.2
14.3
27.5
69.6
804
89.6
92.3
97.6
100.0

D10=
D30=
D60=

Cummulative
Percent
Retained

8.5
13.8
274
85.3
90.2
95.6
97.1
98.7

100.0

D10=
D30=
D60=

Percent
Finer

90.8
85.7
72.5
30.4
19.6
10.4
7.7
2.4
0.0

0.15
0.25
0.36

Percent
Finer

91.5
86.2
72.6
14.7
9.8
4.4
2.9
1.3
0.0

0.18
0.28
0.38



Palm Bay
Residential Solids - Sample G

Seive Grain Size Weight Weight Weight Percent = Cummulative Percent
Number (mm) of Seive Seive + of Sed Retained Percent Finer
Sed on Seive Retained
10 >2 474.50 623.34 148.8 41.0 41.0 59.0
20 0.85 44552 476.81 31.3 8.6 497 50.3
40 0.425 422.75 466.12 434 12.0 61.6 38.4
60 0.25 393.81 439.90 46.1 12.7 74.3 257
80 0.18 390.56 421.32 30.8 8.5 82.8 17.2
100 0.15 350.98 396.01 45.0 12.4 95.3 47
120 0.125 364.11 371.34 7.2 2.0 97.2 2.8
200 0.075 375.71 383.81 8.1 2.2 99.5 0.5
PAN <0.075 369.12 371.01 1.9 0.5 100.0 0.0
Total 362.6 100.0
D10= 0.186
D30= 0.30
D60= NA
Uniformity Coefficient= NA
Coefficient of Gradiation= NA
Palm Bay
Residential Solids - Sample H
Seive Grain Size Weight Weight Weight Percent Cummulative  Percent
Number (mm) of Seive Seive + of Sed Retained Percent Finer
Sed on Seive Retained
10 >2 474.68 603.20 128.5 41.4 414 58.6
20 0.85 445.74 477.81 32.1 10.3 51.8 48.2
40 0.425 423.23 464.58 414 13.3 65.1 34.9
60 0.25 395.10 439.11 44.0 14.2 79.3 20.7
80 0.18 391.27 421.05 29.8 9.6 88.9 11.1
100 0.15 381.14 397.38 16.2 52 94.1 59
120 0.125 364.24 371.20 7.0 2.2 96.4 3.6
200 0.075 375.75 384.41 87 28 99.2 0.8
PAN <0.075 369.12 371.74 26 0.8 100.0 0.0
Total 310.2 100.0
D10= 0.17
D30= 0.36
D60= NA
Uniformity Coefficient= NA

Coefficient of Gradiation= NA



Seive
Number

10
20
40
60
80
100
120
200
PAN

Seive
Number

10
20
40
60
80
100
120
200
PAN

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Grain Size
(mm)

>2
0.85
0.425
0.256
0.18
0.15
0.125
0.075
<0.075

Total

Palm Bay

Residential Solids - Sample |

Weight Weight Weight

of Seive Seive + of Sed
Sed
474 .55 585.58 111.0
445 68 477.95 32.3
423.31 471.50 48.2
394.76 450.29 55.5
391.04 427.08 36.0
381.07 402.39 21.3
364.22 371.46 7.2
375.77 386.17 10.4
369.14 372.20 3.1
325.1

Uniformity Coefficient=
Coefficient of Gradiation=

Palm Bay

Percent
Retained
on Seive

34.2
9.9
14.8
171
11.1
6.6
2.2
3.2
0.9

100.0

7.35
0.42

Residential Solids - Sample J

Weight Weight Weight

of Seive Seive + of Sed
Sed
474.59 601.48 126.9
44562 486.79 41.2
42365 488.85 65.2
394.90 477.70 82.8
391.14 441,22 50.1
381.31 405.63 24.3
364.26 370.31 6.1
375.78 384.85 9.1
369.14 372.05 29
408.5

Uniformity Coefficient=
Coefficient of Gradiation=

Percent
Retained
on Seive

31.1
10.1
16.0
20.3
12.3
6.0
1.5
22
0.7

100.0

522
0.57

Cummulative
Percent
Retained

34.2
441
58.9
76.0
871
93.6
95.9
99.1
100.0

D10=
D30=
D60=

Cummulative
Percent
Retained

311
41.1
571
77.4
89.6
95.6
97.1
99.3
100.0

D10=
D30=
D60=

Percent
Finer

65.8
55.9
411
24.0
12.9
6.4
41
0.9
0.0

0.17
0.30
1.25

Percent
Finer

68.9
58.9
429
22.6
10.4
4.4
2.9
0.7
0.0

0.18
0.31
0.94



Palm Bay
Residential Solids - Sample K

Seive Grain Size Weight Weight Weight Percent Cummulative  Percent
Number (mm) of Seive Seive + of Sed Retained Percent Finer
Sed on Seive Retained
10 >2 474.53 606.54 132.0 40.9 40.9 59.1
20 0.85 44562 478.67 33.1 10.3 51.2 48.8
40 0.425 423.58 468.22 446 13.8 65.0 35.0
60 0.25 393.97 439.96 46.0 14.3 79.3 20.7
80 0.18 391.09 422 .51 31.4 9.7 89.0 11.0
100 0.15 381.20 396.64 15.4 4.8 93.8 6.2
120 0.125 364.20 372.21 8.0 25 96.3 3.7
200 0.075 375.76 384.67 8.9 2.8 99.1 0.9
PAN <0.075 369.16 372.11 2.9 0.9 100.0 0.0
Total 3224 100.0
D10= 0.17
D30= 0.36
D60= NA
Uniformity Coefficient= NA
Coefficient of Gradiation= NA
Palm Bay
Residential Solids - Sample L
Seive Grain Size Weight Weight Weight Percent  Cummulative Percent
Number (mm) of Seive Seive + of Sed Retained Percent Finer
Sed on Seive Retained
10 >2 474 61 607.16 132.6 36.7 36.7 63.3
20 0.85 445.59 480.55 35.0 97 46.4 53.6
40 0.425 423.39 475.21 51.8 14.3 60.7 39.3
60 0.25 394.39 453.38 59.0 16.3 77.0 23.0
80 0.18 391.08 430.74 39.7 11.0 88.0 12.0
100 0.15 381.24 401.88 206 57 93.7 6.3
120 0.125 364.25 372.90 8.6 24 96.1 3.9
200 0.075 375.76 386.47 10.7 3.0 99.1 0.9
PAN <0.075 369.14 372.51 34 0.9 100.0 0.0
Total 361.4 100.0
D10= 0.17
D30= 0.32
D60= 1.50

Uniformity Coefficient= 8.82
Coefficient of Gradiation= 0.40



Palm Bay
Residential Solids - Sample M

Seive Grain Size Weight Weight Weight Percent Cummulative  Percent
Number (mm) of Seive Seive + of Sed Retained Percent Finer
Sed on Seive Retained
10 >2 474.44 540.60 66.2 7.8 7.8 92.2
20 0.85 445 .37 492.26 46.9 5.5 13.4 86.6
40 0.425 422.71 611.80 189.1 22.4 35.8 64.2
60 0.25 393.13 811.68 418.6 49.5 85.3 14.7
80 0.18 390.49 476.49 86.0 10.2 95.5 4.5
100 0.156 380.53 414.23 33.7 4.0 99.4 0.6
120 0.125 364.10 366.12 2.0 0.2 99.7 0.3
200 0.075 375.69 377.49 1.8 0.2 99.9 0.1
PAN <0.075 369.06 369.94 0.9 0.1 100.0 0.0
Total 8451 100.0
D10= 0.22
D30= 0.29
D60= 0.41
Uniformity Coefficient= 1.86
Coefficient of Gradiation= 0.93
Palm Bay
Residential Solids - Sample N
Seive Grain Size Weight Weight Weight Percent Cummulative  Percent
Number (mm) of Seive Seive + of Sed Retained Percent Finer
Sed on Seive Retained
10 >2 474.62 566.02 91.4 141 14.1 85.9
20 0.85 44578 483.88 38.1 5.9 20.0 80.0
40 0.425 423.41 545.21 121.8 18.8 38.8 61.2
60 0.25 393.53 638.32 2448 37.8 76.6 234
80 0.18 390.56 484.71 94.2 14.5 91.1 8.9
100 0.15 380.59 428.11 47.5 7.3 98.4 1.6
120 0.125 364.09 366.69 26 0.4 98.8 1.2
200 0.075 375.69 381.09 54 0.8 99.7 0.3
PAN <0.075 369.11 371.26 2.1 0.3 100.0 0.0
Total 647.9 100.0
D10= 0.18
D30= 0.27
D60= 0.41

Uniformity Coefficient= 2.28
Coefficient of Gradiation= 0.99



Seive
Number

10
20
40
60
80
100
120
200
PAN

Seive
Number

10
20
40
60
80
100
120
200
PAN

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.16
0.125
0.075
<0.075

Total

Weight
of Seive

474.55
445.99
422.83
393.32
390.70
380.92
364.14
375.70
369.11

Palm Bay
Residential Solids - Sample O

Weight
Seive +
Sed

577.26
490.96
553.41
650.42
503.07
426.12
369.26
381.01
370.77

Uniformity Coefficient=
Coefficient of Gradiation=

Weight
of Sed

102.7
45.0
130.6
2571
112.4
452
5.1
53
1.7

705.0

Percent
Retained
on Seive

14.6
6.4
18.5
36.5
16.9
6.4
0.7
0.8
0.2

100.0

2.21
0.85

Residential Solids - Sample P

Weight
of Seive

474.52
445.37
422.83
393.18
390.53
380.60
364.12
375.71
369.08

Palm Bay
Weight Weight
Seive + of Sed

Sed
580.41 105.9
500.73 55.4
592.37 169.5
725.22 332.0
507.46 116.9
42222 416
370.01 5.9
379.27 3.6
370.33 1.3

832.1

Uniformity Coefficient=
Coefficient of Gradiation=

Percent
Retained
on Seive

12.7
6.7
20.4
39.9
14.1
50
0.7
0.4
0.2

100.0

2.26
0.96

Cummulative
Percent
Retained

14.6
209
39.5
75.9
91.9
98.3
99.0
99.8
100.0

D10=
D30=
D60=

Cummulative
Percent
Retained

12.7
19.4
39.8
79.7
937
98.7
99.4
99.8
100.0

D10=
D30=
D60=

Percent
Finer

854
79.1
60.5
241
8.1
1.7
1.0
0.2
0.0

0.19
0.26
0.42

Percent
Finer

87.3
80.6
60.2
20.3
6.3
1.3
0.6
0.2
0.0

0.19
0.28
0.43



Seive
Number

10
20
40
60
80
100
120
200
PAN

Seive
Number

10
20
40
60
80
100
120
200
PAN

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Residential Solids - Sample Q

Weight
of Seive

474.62
445.49
422.85
393.26
390.55
380.60
364.11
375.69
369.10

Residential Solids - Sample R

Weight
of Seive

474.58
445.29
422.82
393.23
390.56
380.61
364.12
375.70
369.07

Palm Bay

Weight
Seive +
Sed

589.27
483.70
525.23
534.87
488.66
427.28
376.70
390.68
372.94

Uniformity Coefficient=
Coefficient of Gradiation=

Weight
of Sed

114.7
38.2
102.4
141.6
98.1
46.7
12.6
15.0
3.8

5731

Palm Bay
Weight Weight
Seive + of Sed

Sed
530.15 55.6
498.24 53.0
593.41 170.6
766.82 373.6
493.55 103.0
418.98 38.4
369.02 49
376.64 0.9
369.56 0.5

800.4

Uniformity Coefficient=
Coefficient of Gradiation=

Percent
Retained
on Seive

20.0
6.7
17.9
247
171
8.1
22
26
0.7

100.0

3.18
0.77

Percent
Retained
on Seive

6.9
6.6
213
46.7
12.9
4.8
0.6
0.1
0.1

100.0

2.05
0.96

Cummulative
Percent
Retained

20.0
26.7
445
69.3
86.4
94.5
96.7
99.3
100.0

D10=
D30=
D60=

Cummulative
Percent
Retained

6.9
136
34.9
81.5
944
99.2
99.8
99.9

100.0

D10=
D30=
D60=

Percent
Finer

80.0
73.3
55.5
30.7
13.6
55
3.3
0.7
0.0

0.16
0.25
0.51

Percent
Finer

93.1
86.4
65.1
18.5
5.6
0.8
0.2
0.1
0.0

0.20
0.28
0.41



Seive
Number

10
20
40
60
80
100
120
200
PAN

Seive
Number

10
20
40
60
80
100
120
200
PAN

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Weight
of Seive

474.56
445.29
422.76
393.30
390.59
380.63
364.12
375.69
369.07

Palm Bay
Residential Solids - Sample S

Weight
Seive +
Sed

524.23
492.88
554.79
596.78
532.72
449.00
379.51
389.88
372.78

Uniformity Coefficient=
Coefficient of Gradiation=

Weight
of Sed

49.7
476
132.0
203.5
1421
68.4
15.4
14.2
37

676.6

Percent
Retained
on Seive

7.3
7.0
19.5
30.1
21.0
101
23
2.1
0.5

100.0

2.38
0.87

Residential Solids - Sample T

Weight
of Seive

47457
445.33
422.83
393.24
390.60
380.76
364.13
3756.69
369.06

Palm Bay
Weight Weight
Seive + of Sed

Sed
527.16 52.6
496.14 50.8
575.23 152.4
636.48 2432
543.77 163.2
452.18 714
372.75 8.6
382.79 71
371.30 22

741.6

Uniformity Coefficient=
Coefficient of Gradiation=

Percent
Retained
on Seive

71
6.9
206
32.8
20.7
96
1.2
1.0
0.3

100.0

2.29
0.87

Cummulative
Percent
Retained

7.3
14.4
33.9
64.0
85.0
95.1
97.4
99.5
100.0

D10=
D30=
D60=

Cummulative
Percent
Retained

7.1
13.9
34.5
67.3
87.9
97.6
98.7
99.7
100.0

D10=
D30=
D60=

Percent
Finer

92.7
85.6
66.1
36.0
15.0
4.9
26
0.5
0.0

0.16
0.23
0.38

Percent
Finer

92.9
86.1
65.5
327
121
24
1.3
0.3
0.0

0.17
0.24
0.39



Palm Bay
Residential Solids - Sample U

Seive Grain Size Weight Weight Weight Percent Cummulative  Percent
Number (mm) of Seive Seive + of Sed Retained Percent Finer
Sed on Seive Retained
10 >2 474.55 519.84 45.3 6.1 6.1 93.9
20 0.85 445.40 496.61 51.2 6.9 13.0 87.0
40 0.425 422.84 570.69 147.9 19.9 329 67.1
60 0.25 393.24 589.63 196.4 26.5 59.4 40.6
80 0.18 390.63 543.16 152.5 20.6 79.9 20.1
100 0.15 380.74 447 .48 66.7 9.0 88.9 11.1
120 0.125 364.13 410.33 46.2 6.2 95.2 4.8
200 0.075 375.75 402.01 26.3 35 98.7 1.3
PAN <0.075 369.08 378.81 9.7 1.3 100.0 0.0
Total 742.2 100.0
D10= 0.14
D30= 0.22
D60= 0.38
Uniformity Coefficient= 2.71
Coefficient of Gradiation= 0.91
Palm Bay
Residential Solids - Sample V
Seive Grain Size Weight Weight Weight Percent Cummulative  Percent
Number (mm) of Seive Seive + of Sed Retained Percent Finer
Sed on Seive Retained
10 >2 474.53 562.53 88.0 26.3 26.3 73.7
20 0.85 44560 469.68 241 7.2 335 66.5
40 0.425 422.97 451.05 281 8.4 41.9 58.1
60 0.25 393.40 448.40 55.0 16.4 58.3 417
80 0.18 390.83 470.87 80.0 23.9 82.2 17.8
100 0.15 380.77 424 .32 436 13.0 95.2 4.8
120 0.125 364.16 374.45 10.3 3.1 98.3 1.7
200 0.075 375.73 380.30 4.6 14 99.7 0.3
PAN <0.075 369.15 370.24 1.1 0.3 100.0 0.0
Total 334.7 100.0
D10= 0.16
D30= 0.22
D60= 0.49

Uniformity Coefficient= 3.06
Coefficient of Gradiation= 0.62



Seive
Number

10
20
40
60
80
100
120
200
PAN

Seive
Number

10
20
40
60
80
100
120
200
PAN

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Grain Size
(mm)

>2
0.85
0.425
0.25
0.18
0.15
0.125
0.075
<0.075

Total

Residential Solids - Sample W

Weight
of Seive

474.52
445.37
422.96
393.49
390.75
380.65
364.15
375.69
369.09

Residential Solids - Sample X

Weight
of Seive

474.52
445.29
422.85
393.29
390.63
380.59
364.12
375.68
369.07

Palm Bay

Weight
Seive +
Sed

572.67
457.22
440.30
432.28
441.40
401.61
376.32
381.46
369.97

Uniformity Coefficient=
Coefficient of Gradiation=

Palm Bay
Weight Weight
Seive + of Sed

Sed
558.36 83.8
470.19 24.9
450.05 27.2
452.46 59.2
470.61 80.0
424.21 43.6
375.05 10.9
380.56 49
370.13 1.1

3356

Uniformity Coefficient=
Coefficient of Gradiation=

Weight
of Sed

98.2
11.9
17.3
38.8
50.7
21.0
12.2
5.8
0.9

256.6

Percent
Retained
on Seive

38.3
46
6.8
151
19.7
8.2
4.7
2.2
0.3

100.0

8.75
0.24

Percent
Retained
on Seive

250
7.4
8.1

17.6

23.8
13.0
3.3
1.5
0.3

100.0

2.69
0.70

Cummulative
Percent
Retained

38.3
429
49.6
64.8
84.5
92.7
97.4
99.7
100.0

D10=
D30=
D60=

Cummulative
Percent
Retained

250
324
40.5
58.1
82.0
95.0
98.2
99.7
100.0

D10=
D30=
D60=

Percent
Finer

61.7
571
50.4
35.2
15.5
7.3
26
0.3
0.0

0.16
0.23
1.40

Percent
Finer

75.0
67.6
59.5
41.9
18.0
50
1.8
0.3
0.0

0.16
0.22
0.43
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2. NUTRIENT CONTENT

PALMBAY / TURKEY CREEK REPORT
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APPENDIX G
ANALYSES OF TSS, VSS, TOTAL NITROGEN,

AND TOTAL PHOSPHORUS ON PILOT TEST
OUTFLOW SAMPLES BY PARTICLE SIZE

1. Ultra-Urban Filter Unit
2. Hydro-Kleen Filter Unit
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1. ULTRA-URBAN FILTER UNIT
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Ultra Urban Total N Outflow Particle Size Analysis

Experiment >180 um | 140 um | 100 um 60 pm 30 um 11 ym <11 Total
Palm Bay Exp #1/A-Outfall 29.6 8.4 11.8 15.2 16.0 19.4 947.5 1,048
Palm Bay Exp #2/B-Outfall 84.9 16.9 21.5 53.0 69.4 78.6 494.7 819
Palm Bay Exp #3/C-Outfall 59.0 40.7 14.1 21.7 185.5 39.6 448.4 809
Palm Bay Exp #4/D-Outfall 7.7 8.4 5.2 4.4 5.4 36.0 1,127.8 1,195
Palm Bay Exp #5/E-Outfall 6.5 3.3 4.0 4.6 8.1 20.6 771.9 819
Palm Bay Exp #6/F-Outfall 5.4 3.6 3.0 2.8 4.6 18.3 1,067.3 1,105
Palm Bay Exp #7/G-Outfall 8.5 4.3 4.1 6.4 9.4 23.2 1,614.1 1,670
Palm Bay Exp #8/H-Outfall 3.7 2.5 1.9 1.9 7.2 21.9 1,044.9 1,084
Palm Bay Exp #9/1-Outfall 4.0 3.3 3.0 7.1 6.7 21.7 870.2 916
Palm Bay Exp 10-J Outflow 308.9 27.3 34.4 41.1 57.7 96.7 600.9 1,167
Palm Bay Exp 11-K Outflow 39.5 13.6 13.0 22.4 11.2 27.9 501.4 629
Palm Bay Exp 12-L Outflow 3.9 1.6 1.2 1.0 4.8 17.3 514.3 544
Mean 46.8 11.2 9.8 15.1 32.2 35.1 833.6 983.8
Ultra Urban Total P Outflow Particle Size Analysis
Experiment >180 um | 140 um | 100 um 60 um 30 um 11 um <11 Total
Palm Bay Exp #1/A-Outfall 10.6 2.8 4.5 6.0 3.8 2.7 227.7 258
Palm Bay Exp #2/B-Outfall 12.9 3.8 13.4 14.5 14.1 17.5 165.8 242
Palm Bay Exp #3/C-Outfall 15.9 22.2 7.2 11.7 42.3 13.7 46.0 159
Palm Bay Exp #4/D-Outfall 1.2 0.6 0.6 0.5 0.7 4.2 625.3 633
Palm Bay Exp #5/E-Outfall 1.0 0.2 0.3 0.8 1.4 1.3 374.0 379
Palm Bay Exp #6/F-Outfall 0.2 0.1 0.5 0.2 0.3 1.3 339.3 342
Palm Bay Exp #7/G-Outfall 1.0 0.1 2.4 7.5 2.4 6.5 452.2 472
Palm Bay Exp #8/H-Outfall 0.2 0.2 0.1 0.2 1.6 4.3 341.4 348
Palm Bay Exp #9/1-Outfall 0.3 0.4 0.3 1.4 1.3 3.0 132.3 139
Palm Bay Exp 10-J Outflow 99.3 7.4 10.3 12.6 16.3 21.9 28.2 196
Palm Bay Exp 11-K Outflow 5.1 2.0 2.0 3.4 1.7 2.7 67.0 84
Palm Bay Exp 12-L Outflow 0.3 0.1 0.1 0.2 0.5 1.1 76.7 79
Mean 12.3 3.3 3.5 4.9 7.2 6.7 239.6 277.6




Ultra Urban TSS Outflow Particle Size Analysis

Experiment >180 um | 140 um | 100 um 60 pm 30 um 11 ym <11 Total
Palm Bay Exp #1/A-Outfall 172.2 1.1 12.7 10.1 6.8 2.5 109.6 315
Palm Bay Exp #2/B-Outfall 36.6 8.5 1.5 12.6 8.5 7.2 74.1 149
Palm Bay Exp #3/C-Outfall 11.8 3.6 4.8 3.6 6.3 2.8 2.4 35
Palm Bay Exp #4/D-Outfall 0.4 0.4 0.2 0.4 0.6 0.8 1.4 4
Palm Bay Exp #5/E-Outfall 0.4 0.1 0.2 0.3 0.7 0.5 1.1 3
Palm Bay Exp #6/F-Outfall 0.5 0.2 0.2 0.2 0.1 0.8 1.8 4
Palm Bay Exp #7/G-Outfall 0.2 0.1 0.2 0.3 0.4 0.5 1.3 3
Palm Bay Exp #8/H-Outfall 0.2 0.1 0.1 0.0 0.3 0.5 1.8 3
Palm Bay Exp #9/I-Outfall 0.2 0.0 0.0 0.0 0.3 0.5 1.0 2
Palm Bay Exp 10-J Outflow 6.7 2.5 3.2 3.2 2.9 3.0 2.1 24
Palm Bay Exp 11-K Outflow 2.7 0.6 0.9 1.1 1.1 14 0.7 9
Palm Bay Exp 12-L Outflow 0.4 0.2 0.1 0.2 0.3 0.3 1.1 3
Mean 19.4 14 2.0 2.7 2.4 1.7 16.5 46.1
Ultra Urban VSS Outflow Particle Size Analysis
Experiment >180 um | 140 um | 100 um 60 um 30 um 11 um <11 Total
Palm Bay Exp #1/A-Outfall 108.0 6.3 7.6 6.2 4.2 15 52.2 186
Palm Bay Exp #2/B-Outfall 19.6 3.0 0.9 6.2 8.2 3.1 29.1 70
Palm Bay Exp #3/C-Outfall 6.7 2.0 2.3 1.9 2.9 1.1 1.1 18
Palm Bay Exp #4/D-Outfall 0.3 0.1 0.2 0.2 0.5 0.5 1.1 3
Palm Bay Exp #5/E-Outfall 0.2 0.0 0.1 0.2 0.5 0.3 0.8 2
Palm Bay Exp #6/F-Outfall 0.3 0.2 0.4 0.4 0.3 0.5 0.9 3
Palm Bay Exp #7/G-Outfall 0.1 0.1 0.1 0.2 0.4 0.5 0.7 2
Palm Bay Exp #8/H-Outfall 0.1 0.0 0.0 0.0 0.3 0.5 1.2 2
Palm Bay Exp #9/I-Outfall 0.2 0.0 0.0 0.1 0.1 0.1 1.3 2
Palm Bay Exp 10-J Outflow 4.4 1.6 2.1 2.2 1.5 1.7 1.3 15
Palm Bay Exp 11-K Outflow 1.7 0.3 0.5 0.6 0.6 0.7 0.6 5
Palm Bay Exp 12-L Outflow 0.4 0.1 0.0 0.2 0.2 0.1 0.9 2
Mean 11.8 1.2 1.2 15 1.6 0.9 7.6 25.8




2. HYDRO-KLEEN FILTER
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Hydro-Kleen Total N Outflow Particle Size Analysis

Experiment >180 um | 140 um | 100 um 60 um 30 um 11 um <11 Total
Palm Bay Exp 13-M 13.5 5.7 10.9 19.1 40.3 44.7 1,076.9 1,211
Palm Bay Exp 14-N 16.1 4.9 10.4 17.9 71.4 55.2 1,047.1 1,223
Palm Bay Exp 15-O 3.3 2.4 2.8 10.7 60.5 97.9 775.4 953
Palm Bay Exp 16-P 5.5 2.5 1.9 14.2 27.7 24.1 1,007.1 1,083
Palm Bay Exp 17-Q 4.9 1.7 2.2 7.8 39.5 62.8 944.1 1,063
Palm Bay Exp 18-R 2.3 1.3 0.7 3.7 27.8 55.5 711.5 803
Palm Bay Exp 19-S 9.8 4.0 4.0 11.5 34.3 49.9 595.6 709
Palm Bay Exp 20-T 6.6 5.3 6.7 13.4 49.3 49.5 453.3 584
Palm Bay Exp 21-U 4.6 2.5 3.7 6.6 35.5 54.2 439.0 546
Palm Bay Exp 22-V 4.1 3.0 4.1 7.1 20.0 25.8 696.0 760
Palm Bay Exp 23-W 5.5 3.1 7.8 12.2 33.8 45.5 455.1 563
Palm Bay Exp 24-X 6.2 12.4 4.9 5.7 27.6 36.0 635.2 728
Mean 6.9 4.1 5.0 10.8 39.0 50.1 736.4 852.2

Hydro-Kleen Total P Outflow Particle Size Analysis

Experiment >180 um | 140 um | 100 um 60 pm 30 um 11 ym <11 Total
Palm Bay Exp 13-M 5.3 1.3 4.6 9.2 17.8 15.3 506.5 560
Palm Bay Exp 14-N 2.8 1.0 2.8 7.2 31.0 19.8 625.4 690
Palm Bay Exp 15-O 0.8 0.7 1.1 4.3 24.9 28.3 602.0 662
Palm Bay Exp 16-P 1.5 0.7 1.0 5.2 12.2 8.7 540.8 570
Palm Bay Exp 17-Q 1.2 0.4 1.0 4.4 21.5 38.1 601.3 668
Palm Bay Exp 18-R 0.5 0.4 0.4 1.4 11.6 25.0 388.6 428
Palm Bay Exp 19-S 2.2 0.7 0.9 2.8 14.9 20.7 472.0 514
Palm Bay Exp 20-T 1.1 1.2 1.6 4.3 19.2 22.6 481.0 531
Palm Bay Exp 21-U 0.9 0.5 0.7 2.2 15.1 25.2 470.3 515
Palm Bay Exp 22-V 0.5 0.3 0.5 1.3 5.6 7.7 477.0 493
Palm Bay Exp 23-W 0.9 0.2 0.8 2.6 9.9 12.2 475.3 502
Palm Bay Exp 24-X 1.0 5.7 0.7 0.9 8.1 9.1 471.4 497
Mean 1.6 1.1 1.3 3.8 16.0 19.4 509.3 552.5




Hydro-Kleen TSS Outflow Particle Size Analysis

Experiment >180 um | 140 um | 100 um 60 pm 30 um 11 ym <11 Total
Palm Bay Exp 13-M 3.4 0.6 3.2 7.5 11.9 5.1 3.5 35
Palm Bay Exp 14-N 1.5 0.6 1.6 6.2 13.4 8.6 4.8 37
Palm Bay Exp 15-O 1.1 0.9 1.4 8.3 24.7 17.5 11.9 66
Palm Bay Exp 16-P 2.4 0.7 0.8 2.4 6.7 3.4 2.0 19
Palm Bay Exp 17-Q 0.7 0.2 0.3 1.3 5.9 10.1 6.1 25
Palm Bay Exp 18-R 0.2 0.3 0.2 0.9 4.7 6.7 5.3 18
Palm Bay Exp 19-S 0.5 0.2 0.3 1.0 4.1 5.5 3.6 15
Palm Bay Exp 20-T 0.3 0.4 0.5 1.5 7.3 6.9 5.7 23
Palm Bay Exp 21-U 0.2 0.3 0.3 0.8 5.4 8.3 3.9 19
Palm Bay Exp 22-V 0.2 0.1 0.2 0.4 2.6 1.8 1.5 7
Palm Bay Exp 23-W 0.2 0.1 0.3 0.2 0.9 1.3 11.4 14
Palm Bay Exp 24-X 0.1 0.2 0.2 0.4 2.1 1.9 7.1 12
Mean 0.9 0.4 0.8 2.6 7.5 6.4 5.6 24.1
Hydro-Kleen VSS Outflow Particle Size Analysis
Experiment >180 um | 140 um | 100 um 60 um 30 um 11 um <11 Total
Palm Bay Exp 14-N 0.8 0.4 0.9 3.0 5.3 3.2 2.1 16
Palm Bay Exp 15-O 1.5 1.6 1.6 8.4 19.0 12.8 8.8 54
Palm Bay Exp 16-P 1.6 0.4 0.5 1.2 2.8 1.3 0.9 9
Palm Bay Exp 17-Q 0.5 0.1 0.2 0.8 3.0 4.2 2.3 11
Palm Bay Exp 18-R 0.1 0.1 0.1 0.4 2.1 2.5 3.1 9
Palm Bay Exp 19-S 0.2 0.2 0.2 0.6 2.1 2.7 1.4 7
Palm Bay Exp 20-T 0.2 0.2 0.4 0.9 5.9 0.2 2.8 11
Palm Bay Exp 21-U 0.1 0.1 0.2 0.5 3.1 3.9 1.8 10
Palm Bay Exp 22-V 0.1 0.0 0.1 0.3 1.4 1.0 1.1 4
Palm Bay Exp 23-W 0.4 0.1 0.2 0.3 1.3 1.7 3.7 8
Palm Bay Exp 24-X 0.0 0.1 0.1 0.3 1.3 1.2 3.3 6
Palm Bay Exp 13-M 1.8 0.2 1.7 3.3 4.2 2.0 1.2 14
Mean 0.6 0.3 0.5 1.7 4.3 3.1 2.7 13.1






