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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. 
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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. 
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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 ft3) 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 
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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 
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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 ft3.  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. 
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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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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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c.  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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Stormceptor Unit

 
 

a.  Inflow and Outflow Equipment Shelters 
 
 

Inflow  Sampler Outflow  Sampler

 
 

b.  Inflow and Outflow Autosamplers 
 
 

 
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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a.  Ultra-Urban Filter  

 

 
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 μm, 140 μm, 100 μm, 60 μm, 30 μm, and 11 

μm.  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 μm filter to reduce the number of total filters needed.  The filtrate from the 11 μm filter was 

filtered through a 1 μm glass fiber TCLP filter and then through a 1 μm 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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TABLE 3-1 

ANALYTICAL  METHODS  AND  DETECTION 
LIMITS  FOR  LABORATORY  ANALYSES 

 

PARAMETER METHOD 
OF  ANALYSIS 

METHOD 
DETECTION  LIMITS 

(MDLs)1 

Total Nitrogen Alkaline Persulfate Digestion2 0.001 mg/l 

Total Phosphorus Alkaline Persulfate Digestion2 0.001 mg/l 

TSS EPA-83, Sec. 160.23 0.7 mg/l 

Turbidity EPA-83, Sec. 180.13 0.1 NTU 

VSS EPA-83, Sec. 160.43 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 

 

PARAMETER METHOD 
OF   ANALYSIS 

METHOD 
DETECTION  LIMITS 

Moisture Content EPA/CE-81-11; 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-832, 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 

DATE TIME DATE TIME 

TOTAL 
RAINFALL 

(inches) 

DURATION
(hours) 

ANTECEDENT 
DRY  PERIOD 

(days) 

AVERAGE 
INTENSITY 
(inches/hour) 

9/1/05 
9/2/05 
9/4/05 
9/5/05 
9/6/05 
9/7/05 
9/8/05 

9/20/05 
9/21/05 
9/27/05 
9/28/05 

----- 
----- 
----- 
----- 
----- 
----- 
----- 
----- 
----- 

14:36 
18:26 

9/1/05 
9/2/05 
9/4/05 
9/5/05 
9/6/05 
9/7/05 
9/8/05 
9/20/05 
9/21/05 
9/27/05 
9/28/05 

----- 
----- 
----- 
----- 
----- 
----- 
----- 
----- 
----- 

14:46 
20:32 

0.11 
1.04 
0.21 
0.54 
0.94 
0.30 
0.44 
0.15 
3.01 
0.02 
0.66 

----- 
----- 
----- 
----- 
----- 
----- 
----- 
----- 
----- 
0.16 
2.11 

----- 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 

12.0 
1.0 
6.6 
1.2 

----- 
----- 
----- 
----- 
----- 
----- 
----- 
----- 
----- 
0.12 
0.31 

10/3/05 
10/3/05 
10/4/05 
10/4/05 
10/4/05 
10/5/05 
10/5/05 
10/6/05 

10/24/05 

5:03 
16:54 
1:11 

16:21 
21:16 
1:13 

20:53 
15:05 
11:11 

10/3/05 
10/3/05 
10/4/05 
10/4/05 
10/4/05 
10/5/05 
10/5/05 
10/6/05 

10/24/05 

6:57 
19:32 
9:15 

18:08 
21:28 
7:39 

22:04 
22:22 
13:51 

0.05 
0.09 
0.49 
0.07 
0.03 
0.26 
0.36 
0.43 
2.19 

1.90 
2.64 
8.07 
1.78 
0.19 
6.44 
1.18 
7.28 
2.67 

4.4 
0.4 
0.2 
0.3 
0.1 
0.2 
0.6 
0.7 

17.5 

0.03 
0.03 
0.06 
0.04 
0.15 
0.04 
0.30 
0.06 
0.82 

11/1/05 
11/14/05 
11/15/05 
11/15/05 
11/16/05 
11/16/05 
11/22/05 
11/28/05 

18:51 
10:03 
4:18 

20:11 
1:18 
4:41 

10:58 
15:05 

11/2/05 
11/14/05 
11/15/05 
11/15/05 
11/16/05 
11/16/05 
11/22/05 
11/28/05 

2:34 
10:03 
4:18 

21:32 
1:20 
4:41 

11:00 
19:51 

0.73 
0.01 
0.01 
0.15 
0.02 
0.02 
0.02 
0.30 

7.71 
--- 
--- 

1.35 
0.03 
0.00 
0.03 
4.77 

8.2 
12.3 
0.8 
0.7 
0.2 
0.1 
6.3 
6.2 

0.09 
--- 
--- 

0.11 
0.70 
72.00 
0.64 
0.06 

12/8/05 
12/17/05 
12/18/05 
12/19/05 
12/29/05 

0:37 
8:32 
9:20 
7:31 
7:11 

12/8/05 
12/17/05 
12/18/05 
12/19/05 
12/29/05 

16:08 
11:20 
9:20 
7:33 
7:31 

2.33 
0.14 
0.01 
0.02 
0.02 

15.50 
2.80 
--- 

0.05 
0.32 

9.2 
8.7 
0.9 
0.9 

10.0 

0.15 
0.05 
--- 

0.43 
0.06 

1/18/06 
1/20/06 
1/30/06 

3:33 
11:40 
5:42 

1/18/06 
1/20/06 
1/30/06 

5:40 
11:40 
5:57 

0.31 
0.01 
0.15 

2.12 
--- 

0.27 

19.8 
2.3 
9.8 

0.15 
--- 

0.57 
2/3/06 

2/11/06 
11:54 
21:06 

2/4/06 
2/12/06 

11:24 
2:02 

1.58 
0.49 

23.51 
4.93 

4.2 
7.4 

0.07 
0.10 

 TOTAL: 17.71  



PALMBAY / TURKEY  CREEK  REPORT 

4-3 

 

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  20061 
 

PARAMETER UNITS MINIMUM 
VALUE 

MAXIMUM 
VALUE 

MEAN 
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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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. 
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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. 

 

 

 
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 runoff 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: 
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where: 

 CN  = curve number for pervious area 

 IMP  = percent impervious area 

 DCIA  = percent directly connected impervious area 

 nDCIA CN = curve number for non-DCIA area 

 Pi  = rainfall event  

 QnDCIAi  = rainfall excess for non-DCIA for rainfall event 
 
 

 

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

 

When Pi is less than 0.1, QDCIAi 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 ft3 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 ft3 fell 

within a 5.92-acre watershed area  for  the  Stormceptor Unit.  Using  the  measured  runoff 

volume of 67,799 ft3, 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 ft3 

during September 2005 to a low of 1104 ft3 during January 2006.  The value listed for February 

of 7942 ft3 reflects rainfall measured only through the 17th day of the month.   

 0.1)   -   P(   =   Q iDCIAi
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TABLE  4-4 

 
MODELED  RUNOFF  VOLUMES  FOR 

RAINFALL  EVENTS  AT  THE  STORMCEPTOR  SITE 
FROM  SEPTEMBER  1,  2005-FEBRUARY  17,  2006 

 

DATE RAINFALL  DEPTH 
(inches) 

RUNOFF  VOLUME 
(ft3) 

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 (ft3/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 

 

MONTH RAINFALL 
(inches) 

RUNOFF  VOLUME 
(ft3) 

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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TABLE  4-6 

 
SUMMARY  OF  MONITORED  INFLOW  AND 

OUTFLOW  AT  THE  STORMCEPTOR  SITE  FROM 
SEPTEMBER  1,  2005 – FEBRUARY  17,  2006 

 
COLLECTION 

DATES INFLOW  CHARACTERISTICS OUTFLOW  CHARACTERISTICS 

Begin End TSS 
(mg/l) 

VSS 
(mg/l) 

Total N 
(μg/l) 

Total P 
(μg/l) 

TSS 
(mg/l) 

VSS 
(mg/l) 

Total N 
(μg/l) 

Total P 
(μg/l) 

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 4.3 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 2.2 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 83 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 μg/l) to moderately elevated  (3181 

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

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

areas.  
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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 μg/l.  

However, the overall mean total phosphorus concentration of 518 μg/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/l.   

 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/l is approximately 35% lower than the mean inflow VSS concentration of 19.0 mg/l. 
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 Measured concentrations of total nitrogen in outflow samples ranged from 512-4104 μg/l, 

with an overall mean of 2106 μg/l.  The mean outflow concentration for total nitrogen of 2106 

μg/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 

μg/l, with an overall mean of 472 μg/l.  The mean outflow concentration of 474 μg/l reflects a 

decrease of approximately 9% from the mean inflow concentration of 518 μg/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. 
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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 (kg) 

      
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 12.3 7.8 0.84 0.22 
January 1,104 2.6 1.6 0.08 0.03 

February 7,942 15.3 10.9 0.66 0.18 

Mean 67,799 56.6 34.6 3.67 0.92 

 
Outflow Mass Load (kg) 

      
MONTH VOLUME TSS VSS TOTAL  N TOTAL  P 
September 30,576 15.9 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 

February 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 
(kg) 

TOTAL  OUTFLOW 
(kg) 

MASS  REMOVAL 
(%) 

TSS 56.6 40.8 28 
VSS 34.6 26.3 24 

Total N 3.67 4.32 -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 (μm), 140-180 μm, 100-140 

μm, and 60-100 μm.  However, at particle sizes less than (<) 60 μm, 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 μm and <11 μm.  It appears that the lower limit of particles which can be successfully 

removed by the Stormceptor Unit is approximately 60 μm. 
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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 μm.  However, below 60 μm, 

differences between inflow and outflow samples become substantially less, particularly for 

particles in the 11-30 μm range and <11 μm. 
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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 μm 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 μm 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 μm 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 μm 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 

Total N 
21,926 μg Total N/g solids 

2.2% Total N by weight 
0.344 kg Total N total 

Total P 
6,149 μg Total P/g solids 
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 μm 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 μm or less.  It appears that the Stormceptor Unit is most 

effective in removing particles of approximately 180 μm 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 ft3 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 ft3 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 μm 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 μm and in the 850 μm 

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 μm 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 μm, 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 
 

CONCENTRATION 
OF  RAW  PARTICLES 

(μg/g) 

CONTRIBUTION  TO 
COMPOSITE  RAW  SAMPLE 

(μg/g) 
PARTICLE 

SIZE 
(μm) 

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 

 

 

4.2  Ultra-Urban Filter Unit 

 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 
NO. 

MASS  OF  DRY 
SOLIDS  USED 

(g) 

EQUIVALENT  RUNOFF 
TSS  CONCENTRATION1 

(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 
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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 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 

EXPERIMENT  NO. 

VOLUME  OF 
WATER  ADDED 

(gallons) 

TIME 
(minutes) 

FLOW  RATE 
(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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TABLE  4-13 

 
HYDRAULIC  CONDITIONS  DURING 

ULTRA-URBAN  FILTER  PILOT  TESTING 
 

PILOT  TEST 
EXPERIMENT  NO. 

VOLUME  OF 
WATER  USED 

(gallons) 

TIME 
(minutes) 

MEAN 
FLOW  RATE 

(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 μm and 250 μm fractions.  The 

>2000 μm fraction consists primarily of organic matter and debris, while the 250 μm fraction 

consists primarily of fine sand.  Particle fractions <250 μm 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 μm 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 μm 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 μg total nitrogen per gram of particle for this range.  

Relatively elevated concentrations of total nitrogen were also observed in the >2000 μm and 850 

μm categories, with mean concentrations of approximately 25,000 and 35,000 μg/g, respectively.  

A nitrogen concentration of approximately 25,000 μg/g was also observed in the 75 μm particle 

range.  The remaining particle sizes contained approximately 10,000-15,000 μg total nitrogen per 

gram of solids in each range. 
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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 μm particles (with a concentration of ~16,000 μg total phosphorus per gram), followed 

by the >2000 and 850 μm (~5000 μg total phosphorus per gram), and 75 μm particle ranges 

(~7500 μg 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 μm 

and 850 μm 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 μm 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 μm particle size fractions.  

Relatively small contributions of total nitrogen are contributed by particle sizes <250 μm in size.  

Although the highest nitrogen content was observed in particle sizes <75 μm, 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 μm in size and particles in the 250 μm 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 μm 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 μm 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 μm in size, even though these particles contain the highest unit concentration of 

total phosphorus. 



PALMBAY / TURKEY  CREEK  REPORT 

4-38 

 

Particle Size (µm)

Raw > 2000 850 425 250 180 150 125 75 < 75

To
ta

l P
ho

sp
ho

ru
s 

(µ
g/

g)

0

1000

2000

3000

4000

5000

6000

7000

 
 

 
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 μm, with 39% of the TSS comprised of particles of 

approximately 11 μm 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 

μm, with 32% contributed by particles of approximately 11 μm 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 μg/l.  Of this amount, approximately 88% is comprised of particles <11 μm 

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 μm 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 μg/l.  Of this amount, approximately 77% is comprised of particles <11 μm 

which consist of algal cells and dissolved phosphorus compounds.  Approximately 7% of the 

phosphorus measured in the samples is attached to particles >180 μm in size.  Phosphorus 

concentrations are distributed approximately equally between the remaining particle fractions. 
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TABLE  4-14 

 
 CHARACTERISTICS  OF  RAW  WATER  SAMPLES 
 USED  IN  ULTRA-URBAN  FILTER  PILOT  TESTING 
 

TSS  CONCENTRATION  (mg/l) EXPERIMENT 
NO. >180 μm 140 μm 100 μm 60 μm 30 μm 11 μm <11 μm 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 1.1 5.4 

 
 
 
 

VSS  CONCENTRATION  (mg/l) EXPERIMENT 
NO. >180 μm 140 μm 100 μm 60 μm 30 μm 11 μm <11 μm 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 

 
 
 
 

TOTAL  NITROGEN  CONCENTRATION  (μg/l) EXPERIMENT 
NO. >180 μm 140 μm 100 μm 60 μm 30 μm 11 μm <11 μm 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 

 
 
 
 

TOTAL  PHOSPHORUS  CONCENTRATION  (μg/l) EXPERIMENT 
NO. >180 μm 140 μm 100 μm 60 μm 30 μm 11 μm <11 μm 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 1.4 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 μm and <11 μm.  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 μm or greater.  However, for particle sizes <11 μm, 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 μm and greater.  

However, an elevated total phosphorus concentration was observed for particles <11 μm 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 

CALCULATED  MASS  REMOVAL  EFFECTIVENESS  OF 
THE  ULTRA-URBAN  FILTER  DURING  PILOT  TESTING 

 
Outflow TSS Mass (g) Exp. 

# 
Volume 

(gal) >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <11 μm Total (g) 
Inflow     

(g) 

Percent 
Removal 

(%) 
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 0.000 329.91 >99.9 

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

Outflow Total Nitrogen Mass (g) Exp. 
# 

Volume 
(gal) >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <11 μm Total (g) 

Inflow    
(g) 

Percent 
Removal 

(%) 
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 
 

Outflow Total Phosphorus Mass (g) Exp. 
# 

Volume 
(gal) >180 μm 140 µm 100 µm 60 µm 30 µm 11 µm <11 μm Total (g) 

Inflow    
(g) 

Percent 
Removal 

(%) 
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 

FLOW  RATE 
(gpm) 

MASS  TREATMENT 
EFFICIENCY 

(%) 
0.5 0.4 
6.6 4.3 
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 μm.  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 
NO. 

MASS  OF  DRY 
SOLIDS  USED 

(g) 

EQUIVALENT  RUNOFF 
TSS  CONCENTRATION1 

(mg/l) 
1 777.78 41.5 
2 594.34 31.7 
3 655.25 34.9 
4 792.02 42.2 
5 535.26 28.5 
6 761.21 40.6 
7 637.11 34.0 
8 700.97 37.4 
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 
EXPERIMENT  NO. 

VOLUME  OF 
WATER  ADDED 

(gallons) 

TIME 
(minutes) 

FLOW  RATE 
(gpm) 

1 25.5 1.58 16.14 
2 14 1.38 10.12 
3 11.5 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 
EXPERIMENT  NO. 

VOLUME  OF 
WATER  USED 

(gallons) 

TIME 
(minutes) 

MEAN 
FLOW  RATE 

(gpm) 
1 12.5 2.05 6.10 
2 8 1.95 4.10 
3 6.5 2.42 2.42 
4 6.5 4.03 1.61 
5 7.5 4.38 1.71 
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 
11 4.25 7.42 0.57 
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 μm 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 μm and 180 μm range each, with approximately 14% 

contributed by particles >2000 μm.  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 μm. 
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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 μm 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 μg total nitrogen per gram of particle in this size  

range.  Relatively elevated concentrations of total nitrogen were also observed in the >2000 μm 

and 850 μm categories, with median total nitrogen concentrations of approximately 30,000 μg/g 

and 35,000 μg/g, respectively.  A nitrogen concentration of approximately 22,000 μg/g was also 

observed in the 75 μm particle range.  The remaining particle sizes contained approximately 

10,000 μg 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. 
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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 μm in size, with a median concentration of approximately 16,000 μg total 

phosphorus per gram of particle within this range.  The second highest phosphorus concentration 

was found in particles in the 75 μm range, with a median concentration of approximately 7000 

μg total phosphorus per gram.  Particles in the >2000 μm and 850 μm range were found to have 

total phosphorus concentrations of approximately 4000 μg/g.  Phosphorus concentrations in the 

remaining particle sizes averaged approximately 2500 μg/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 μm 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 μm.  

Approximately 10-15% of the total nitrogen is contributed by particle sizes of 180 and 850 μm, 

with relatively small contributions from particles <180 μm. 
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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 μm in size and particles in the 

250 μm 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 μm 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 μm 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 μm in size.  Approximately 20% of the TSS in the test water was 

present as particles >180 μm 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 μm 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 μg/l.  The vast majority of this, approximately 95%, was contributed by 

particles <11 μm 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 μm 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. 
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TABLE  4-20 
 
 CHARACTERISTICS  OF  RAW  WATER  SAMPLES 
 USED  IN  HYDRO-KLEEN  FILTER  PILOT  TESTING 
 

TSS  CONCENTRATION  (mg/l) EXPERIMENT 
NO. >180 μm 140 μm 100 μm 60 μm 30 μm 11 μm <11 μm 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 
 
 
 
 

VSS  CONCENTRATION  (mg/l) EXPERIMENT 
NO. >180 μm 140 μm 100 μm 60 μm 30 μm 11 μm <11 μm 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 0.4 0.2 0.7 1.7 
 
 
 
 

TOTAL  NITROGEN  CONCENTRATION  (μg/l) EXPERIMENT 
NO. >180 μm 140 μm 100 μm 60 μm 30 μm 11 μm <11 μm 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 2.1 1.1 1.6 4.8 12.8 520 545 
 
 
 
 

TOTAL  PHOSPHORUS  CONCENTRATION  (μg/l) EXPERIMENT 
NO. >180 μm 140 μm 100 μm 60 μm 30 μm 11 μm <11 μm 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 μm and in the 140 and 100 μm ranges.  More 

elevated TSS concentrations were observed for particle sizes of approximately 60 μm 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 μm 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 

μm or greater, while somewhat larger VSS concentrations were observed for particles of 

approximately 60 μm or smaller.  The data in Figure 4-33 suggest that the Hydro-Kleen Unit is 

less effective in removing VSS particles <60 μm 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. 
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 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 μm or greater.  Nitrogen concentrations for 

particles in the 30 μm and 11 μm range appear to be slightly higher in concentration .  However, 

for particle sizes <11 μm, 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 

μm in size, with slightly higher concentrations observed for particles in the 30 μm and 11 μm 

range.  However, a substantially elevated total phosphorus concentration was observed for 

particles <11 μm 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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TABLE  4-21 

CALCULATED  MASS  REMOVAL  EFFECTIVENESS  OF 
THE  HYDRO-KLEEN  FILTER   DURING  PILOT  TESTING 

 
Outflow TSS Mass (g) Exp. 

# 
Volume 

(gal) >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <11 μm Total (g) 
Inflow     

(g) 

Percent 
Removal 

(%) 
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 

 
Outflow Total Nitrogen Mass (g) Exp. 

# 
Volume 

(gal) >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <11 μm Total (g) 
Inflow     

(g) 

Percent 
Removal 

(%) 
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 

 
Outflow Total Phosphorus Mass (g) Exp. 

# 
Volume 

(gal) >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <11 μm Total (g) 
Inflow     

(g) 

Percent 
Removal 

(%) 
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 2.41 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 

FLOW  RATE 
(gpm) 

MASS  TREATMENT 
EFFICIENCY1 

(%) 
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 

 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 μm.  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. 

 

 



PALMBAY / TURKEY  CREEK  REPORT 

APPENDICES



PALMBAY / TURKEY  CREEK  REPORT 

APPENDIX  A 
 

PRODUCT  INFORMATION  FOR 
THE  STORMCEPTOR  SEPARATOR  UNIT 

























PALMBAY / TURKEY  CREEK  REPORT 

APPENDIX  B 
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PRODUCT  INFORMATION  FOR 
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RESULTS  OF  PARTICLE  FRACTIONATION 
ANALYSES  ON  INFLOW  AND  OUTFLOW  WATER 

SAMPLES  FOR  THE  STORMCEPTOR  UNIT 
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GRAIN  SIZE  ANALYSES  FOR  SOLIDS 
REMOVED  FROM  THE  STORMCEPTOR  SUMP 

 







PALMBAY / TURKEY  CREEK  REPORT 

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 
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PALMBAY / TURKEY  CREEK  REPORT 

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 



PALMBAY / TURKEY  CREEK  REPORT 

1.  ULTRA-URBAN  FILTER  UNIT 



Experiment >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <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/I-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

Experiment >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <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/I-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 Total N Outflow Particle Size Analysis

Ultra Urban Total P Outflow Particle Size Analysis



Experiment >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <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 1.4 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 1.4 2.0 2.7 2.4 1.7 16.5 46.1

Experiment >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <11 Total
Palm Bay Exp #1/A-Outfall 108.0 6.3 7.6 6.2 4.2 1.5 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 1.5 1.6 0.9 7.6 25.8

Ultra Urban TSS Outflow Particle Size Analysis

Ultra Urban VSS Outflow Particle Size Analysis



PALMBAY / TURKEY  CREEK  REPORT 

2.  HYDRO-KLEEN  FILTER 



Experiment >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <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

Experiment >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <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 Total N Outflow Particle Size Analysis

Hydro-Kleen Total P Outflow Particle Size Analysis



Experiment >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <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

Experiment >180 µm 140 µm 100 µm 60 µm 30 µm 11 µm <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

Hydro-Kleen TSS Outflow Particle Size Analysis

Hydro-Kleen VSS Outflow Particle Size Analysis




