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EXECUTIVE SUMMARY 

The Maitland Downtown Stormwater Retrofit facility was constructed as an on-line wet detention pond and wetland along a historical drainage path to Lake Minnehaha in northern Orange County. Its purpose is to provide retrofit stormwater quality treatment. This facility receives inflow from the 120.8-acre Howell Creek - Lake Minnehaha sub-basin located along the western shore of Lake Minnehaha. Although the drainage basin area for the pond is 120.8 acres, 46.58 acres are presently being treated by an existing stormwater system. Therefore, this system provides water quality treatment for the remaining 74.22 acres of developed lands. 

Wet detention ponds are common types of stormwater treatment systems throughout Florida. These ponds are designed to provide not only flood control, but also a certain level of pollutant removal. The goal of this monitoring effort is to quantify the efficiency of the Maitland pond and wetland treatment area in reducing levels of nutrients and metals present in the stormwater flowing into the pond before the water outfalls into Lake Minnehaha. 

Following discussions with the Florida Department of Environmental Protection and under the guidance of its Bureau of Watershed Management, a modified monitoring plan was adopted to best assess the system's pollutant reduction efficiency. The plan required rain event driven water quality monitoring efforts at the two inlets to the pond while conducting continuous water quality sampling at the outfall structure. This plan was adopted to compensate for the continuous discharge condition at the outfall site throughout the monitoring period. 

Seven (7) rain event driven flow composite sample sets were collected from the two (2) inlet sample sites. All seven sets were collected while the outfall site collected continuous composite samples. Collection of samples at all three sample sites was conducted within the inlet or outfall pipes for more accurate flow velocity and volume readings. The rain event samples were laboratory analyzed for water quality parameters including target metals, total suspended solids, nitrogen and phosphorus. Every monitored parameter was detected in at least one of the samples collected from the pond inlet sites. Two parameters (cadmium and orthophosphate) were detected only in trace amounts and only on two of the samples collected. 

To comply with the goal of the study, pollutant removal efficiency was evaluated by comparing the event mean concentrations (EMC) of each of the monitored parameters entering the pond with the EMC of the same parameters leaving the pond. Based on these comparisons, the pollutant removal efficiency of the Maitland Downtown Stormwater Retrofit Facility falls within the 14.14 % - 85.60 % range, depending on the parameter selected. One parameter (ammonia) increased within the system. The reason for the increase is unknown. These results show that the system, as designed, is effectively reducing the pollutant load of untreated stormwater flowing into it before discharging into Lake Minnehaha. With respect to load reductions, the pond removed only 33% of the total nitrogen and 12% of the total phosphorus, which is very low for a wet detention system.

1. INTRODUCTION 

Concerns over predicted versus actual wet detention pond efficiencies have prompted a recent surge in similar studies to better understand how well stormwater systems succeed at removing pollutants and improving water quality. The purpose of this study is to evaluate the pollutant reduction efficiency of the Maitland Downtown Stormwater Retrofit facility in Orange County, Florida. This system was monitored and sampled to compare pollutant concentrations of incoming versus outgoing water. One of the goals of the facility is to reduce phosphorus loadings into Lake Minnehaha by 34 % or approximately 234 pounds estimated to flow into the lake through outfall MI122. 


1.1. 
Project Background 

The Maitland Downtown Stormwater Retrofit facility was constructed as an on-line wet detention pond and wetland along a historical drainage path to Lake Minnehaha in northern Orange County. Its purpose is to provide retrofit stormwater quality treatment and aesthetic value to the area. This facility receives inflow from the 120.8-acre Howell Creek - Lake Minnehaha sub-basin located along the western shore of Lake Minnehaha. However, this system will provide water quality treatment only for the 74.22 acres of untreated stormwater originating from existing development plus the additional pollutants that will be generated with redevelopment of the downtown area. Lake Minnehaha, the receiving water body, was listed by the Florida Department of Environmental Protection (FDEP) as a nutrient impaired lake with Trophic State Index violations. 

Wet detention systems have a permanent pool of water designed to collect stormwater runoff (Figure 1). This permanent pool provides treatment or pollution abatement by slowing down water velocities flowing through the systems and allowing suspended solids to settle out of the water column. In addition, other processes including sedimentation, adsorption and biological uptake, further enhance system efficiency. Once the pond reaches full storage capacity, water leaves the system through a bleeder orifice and v-notch weir. The Maitland Downtown Stormwater Retrofit facility is somewhat atypical in that after the pond reaches full storage capacity, water must pass through an abutting 1.9 acre forested wetland before reaching the outfall structure. 
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Figure 1. Cross-section of Typical Wet Detention System 

The primary goal of this study is to quantify the pollutant removal efficiency of the Maitland Downtown Stormwater Retrofit facility. Removal efficiencies were determined by comparing the event mean concentrations (EMC) of each of the monitored parameters entering the pond to the EMCs of the monitored parameters leaving the pond. This information was used to produce a percent efficiency for each of the parameters analyzed. 

2. METHODOLOGY 

2.1. Site Selection 

DRMP, Inc. was contracted by the City of Maitland to evaluate the pollutant reduction efficiency of the Maitland Downtown Stormwater Retrofit facility. This facility was selected as the study site by a grant agreement (#S0162) between the City and the Florida Department of Environmental Protection (FDEP). The project is located approximately 1,100 feet northeast of the intersection of U.S.17-92 and Horatio Avenue along the east side of Sybelia Parkway in Orange County. A regional and local aerial photograph of the project site are shown on Figure 2 and Figure 3. Construction of the facility was completed in 2007. 
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Figure 2. Regional Aerial of The Maitland Downtown Stormwater Retrofit Facility 
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Figure 3. Local Aerial of the Maitland Downtown Stormwater Retrofit Facility 

3. POND DETAILS 

The Maitland Downtown Stormwater Retrofit facility consists of a 3.49 acre detention pond and abutting 1.9 acre forested wetland. This facility receives inflow from the 120.8-acre Howell Creek – Lake Minnehaha sub-basin located along the western shore of Lake Minnehaha. Although the drainage basin area for the pond is 120.8 acres, 46.58 acres are presently being treated by an existing stormwater system. Therefore, this system will provide water quality treatment only for the 74.22 acres of existing development. Design criteria or the stormwater facility are summarized in Table 1 below. 
Table 1. Maitland Downtown Stormwater Retrofit Facility Details

	PARAMETER 
	INFORMATION 

	Treatment System Type 
	On-line wet detention pond and wetland 

: .. 

	   Pond Area 
	   3.49 acres at NWL 

	Drainage Basin Area to Pond 
	   120.8 acres, of which 74.22 acres are presently untreated 

	Drainage Basin Land Use 
	   Commercial, residential, transportation and wetlands 

	Basin Soil Hydrologic Groups 
	   Mostly A with some B/D and D soils 

	Basin Impervious Area 
	53.49 acres (72%), based on a retrofit untreated basin area of 74.22 acres 

	Treatment Volume 
	   11.14 acre-feet (based on 74.22 acre retrofit area) 

	Permanent Pool Volume 
	   11.27 acre-feet below NWL 

". 

, 

	Pond Depth 
	a. 
	Maximum 
	a. 
	11.71 ft 

.". 

	
	b. 
	Mean 
	b. 
	6.7 ft / 

	Residence Time
	


3.1 Sampling Location 
Three sample sites were used to collect water samples. These were located at the two inlet pipes and at the one outfall structure. The inlet pipes collect stormwater runoff from existing development along U.S. 17 - 92. The discharge locations of the inlet pipes are located below the normal pool elevation on a seawall along Sybelia Parkway. For this reason, the sampling sites were moved up the inlet pipes to the next accessible manhole location. Because water flows through the pond and into the wetland without any control structure, the outfall sampling site had to be located at the outfall of the wetland in the pipe leading from the outfall structure to the downstream ditch which ultimately discharges into Lake Minnehaha. The following is a description of each of the sampling locations: 

· SWOOPENORTH - This location captured runoff entering the pond through a 60 inch inlet pipe. The auto-sampler was placed next to a manhole on the north side of Sybelia Parkway with the flow meter and strainer entering the pipe through the street-side curb inlet.  Stormwater flowing through this pipe is generated from upstream sites consisting primarily of existing commercial development along U.S. 17-92  plus the additional runoff generated from the downtown redevelopment area
· SWOOPESOUTH - This location captured runoff entering the pond through a 60 inch inlet pipe. The auto-sampler was placed next to a manhole on the west side of Sybelia Parkway with the flow meter and strainer entering the pipe through the street-side curb inlet. 
· SWOOPEOUT - This location captured discharge at one of the twin 36 inch outfall pipes located downstream of the pond and wetland. The flow meter and strainer were located downstream of the bleeder orifice and v-notch weir structure. 
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Figure 4. Monitoring Locations at the Maitland Downtown Stormwater Retrofit Facility 

3.2 
Sampling Equipment 
3.2.1 Automated Samplers 

Three Isco model Avalanche refrigerated auto-samplers equipped with peristaltic pumps and poplypropylene strainers were used to collect samples at each of the three collection sites. Each portable sampler was powered by an Optima Blue Top 12 volt deep cycle marine battery.

 3.2.2 Flow Meters 
Isco model 750 Area/Velocity Doppler meters were connected to each auto-sampler. Flow was calculated directly by these meters and stored by the sampler. The flow meters and strainers were installed at the bottom of the pipes.

3.2.3 Rain Gauge 

An Isco model 674 rain gauge was connected to the auto-sampler at the SWOOPEOUT site. This tipping bucket style rain gauge was installed in an area near the sampler with a 45-degree vertical clear zone. The gauge recorded rainfall to the nearest 0.01 inch. Data from the rain gauge was stored by the sampler. 

3.3 
Monitoring Conditions 

Due to potential for tampering or theft at the two inlet locations sites (SWOOPENORTH and SWOOPESOUTH), these samplers were only installed when forecasts for rain events exceeded 30%. The SWOOPEOUT site was secure allowing the sampler and rain gauge to operate continuously. 


3.1 
Event Triggering 

During each monitored rain event, the two inlet site auto-samplers were set to collect samples every time a preset volume of flow was achieved. In order to obtain a more representative flow-weighted composite sample, the flow between grabs was set at 20 gallons. Flow through the outfall structure was controlled by the size of the 10 inch bleeder orifice, making the volume of flow fairly constant throughout the monitoring duration thus allowing for samples to be collected on a preset time interval. The 15 minute sample interval allowed for continuous sampling without concern of overfilling or underfilling the sampler bottles due to slight changes in flow volumes over a 7 day period.. 


3.2 
Flow Compositing 

Flow composite samples were collected from each of the sample locations. During each monitored rain event, the samplers collected distinct sample aliquots over the course of the event based on the amount of flow detected by the monitoring device. The faster the flow, the more samples were collected. In this manner, a more representative sample of -the rain event hydro graph was obtained. 


3.3 
Flow Calculations 

Flows through the three sampling location pipes were calculated by the Isco Area/Velocity meter as follows: 

Q = A*V where A = area of water in the pipe (ft2) and V = flow velocity (ft/s). 

The factory calibrated Doppler flow meters monitored the height of water in the pipe to calculate the area based on the size of the pipe and the height of the water in the pipe and the velocity of suspended particles in the water to calculate flow volumes. 

3.4 
Water Quality Parameters 

Selected by FDEP and specified in the grant conditions, water samples collected were analyzed for the parameters listed in Table 2.1. These parameters are known to be common pollutants found in urban stormwater runoff. Nutrients such as nitrogen and phosphorus are commonly found in household fertilizers while heavy metals, oil and grease can be deposited in trace amounts from normal wear of vehicle engines and brakes. 

Table 2. Water Quality Parameters Analytical Methods and Minimum Detection Limits 

	WATER QUALITY 

PARAMETER 
	ANALYTICAL METHOD 
	MINIMUM DETECTION

LIMIT (Typical)

	Cadmium 
	EPA 200.7
	0.00032 mg/L 

	Chromium 
	EPA 200 7

"
	0.00050 mg/L 

	Copper 
	EPA 200.7
	, 0.0025 mg/L 

	Zinc 
	EPA 200.7
	0.0020 mg/L 

	Orthophosphate 
	EPA 300

,
	0.095 mg/L 

	TSS 
	SM2540D
	<; 2.0 mg/L 

	Total Nitrogen 
	Calculation
	0.052 mg/L 

	Oil and Grease 
	SW 1664 AW
	1.4 mg/L 

	Ammonia 

~ 
	EPA 350.1
	0.010 mg/L 

	TKN 
	EPA 350.2

)
	0.052 mg/L 

	Nitrate + Nitrite 
	SM 4500N03-F
	0.048 mg/L 

	Total Phosphorus 
	EPA 365.4
	0.038 mg/L 

	Fecal Coliform 
	SM 9222D
	1.0 Col/100mL 


The analytical methods employed by the afforded the minimum detection limits for each parameter so that even the smallest amounts of pollutants would be able to be detected as accurately as possible.
3.5
Rain Event Sample Collection 
Weather forecasts were monitored to select potential monitoring events when the forecast rain probability exceeded 30%. For the first monitoring rain event, the auto-sampler at each of the three monitoring sites was installed and programmed. Each sampler contained fourteen (14) 950 ml bottles for sample collection. Up to forty-five (45) sample aliquots of 20 ml each were collected by the automated samplers and deposited in each of the fourteen (14) bottles at the two inlet samplers (SWOOPENORTH and SWOOPESOUTH). These were programmed to collect flow-weighted composite samples by drawing a sample every twenty (20) gallons of flow through each inlet pipe. The SWOOPEOUT sampler was programmed to collect an 18 ml sample every fifteen (15) minutes for seven (7) days as the flow through the outfall pipe was controlled by the bleeder orifice size. Samples at the two inlet sites were stored in the refrigerated auto-samplers until retrieval the following day. Samples in the outfall site were collected on the seventh day at the end of each program run. 
To process the samples, DRMP field personnel collected the bottles from the auto-sampler and compo sited the samples while wearing disposable latex gloves. Each compo sited sample was transferred to the pre-labeled laboratory supplied containers. After entering the necessary label information, the containers were placed in a cooler with ice for immediate transfer to the Advanced Environmental Laboratories, Inc. facility in Maitland, Florida. Travel time from the collection sites to the lab averaged less than fifteen (15) minutes. All collection, transfer and handling of the water quality samples were performed in accordance with FDEP Standard Operating Procedures (SOPs). 

3.6 
Laboratory Data Quality Assurance 

All water quality samples collected for this project were analyzed by Advanced Environmental Laboratories, a National Environmental Laboratory Accreditation Conference (NELAC) certified laboratory. All laboratory data was generated under the requirements of the National Environmental Laboratory Accreditation Program (NELAP) system. Laboratory analytical reports, chain of custodies, and quality control data are included in Appendix A. 

3.7 
Pond Efficiency Calculations 

Pond efficiency is typically defined as "percent removal" which is a measure of how well the pond performed at removing pollutants of concern. For the purpose of this study, pond efficiency was calculated from the efficiency ratio. The efficiency ratio is defined in terms of the average event mean concentration (EMC) of pollutants over a specified time period: 

ER = (average inlet EMC - average outlet EMC)/average inlet EMC 

It should be noted that this method treats EMCs from all rain storms equally and does not compensate for differences in storm volumes or intensities. It is assumed that all storms would generate similar inlet and outlet ECMs. Another assumption made is that ECMs calculated from continuous sample collections at the outfall pipe which included one to several rain events are comparable to those obtained from single rain events at the inlet pipes. Ultimately, however, the attempt is made to best compare the water quality entering the system with the water quality exiting the system and thus rate the system's success or failure at reducing pollutant loads exiting the system. 

During the month-long monitoring period between July 29, 2009 and August 24, 2009, water quality samples were collected at the SWOOPENORTH and 

SWOOPESOUTH sites during seven (7) rain events. Since these were flow composite samples, the average concentration of each parameter within each sample represents the EMC for that monitored event. The average inlet EMCs were calculated by summing all of the EMCs collected at the two inlet locations and dividing by the number of events monitored. Similarly, the ECMs for each of the three composite samples taken over a six day period at the SWOOPEOUT site were averaged to calculate the average outlet ECM. 

4. RESULTS 


4.1 
Rainfall Data   
Rainfall data collected by the rain gauge was stored every five minutes. Rainfall event characteristics are tabulated below for the seven monitored rain events. 

  Table 3.  Rainfall Data of Monitored Rain Events 

	EVENT 

NO. 
	DATE 
	RAINFALL (in) 
	DURATION 

	1 
	7/29/2009 
	0.30 
	8:23 pm - 11:43 pm 

	2 
	8/4/2009 
	1.05 
	8: 12 pm - 9:02 pm 

	3 
	8/5/2009 
	0.01 
	3:02 pm - 5:52 pm 

	4 
	8/6/2009 
	2.18 
	7:11 pm - 8:02 pm 

	5 
	8/13/2009 
	0.28 
	5:57 pm - 8:37 pm 

	6 
	8/19/2009 
	0.35 
	2:01 pm - 2:50 pm 

	7 
	8/20/2009 
	     0.24

-
	10: 17 pm - 11:22 pm 



4.2 
Laboratory Data 

The water quality parameters analyzed are important due to their relative impact to receiving waters. Of particular concern are the potential effects of nutrient loading on downstream surface waters. Table 4 below depicts the result of the water quality analysis for the three sampling sites. Only three composite samples were collected at the outfall structure. This is due to the rapid succession of rain events experienced in August, 2009 and the fact that the SWOOPEOUT sampler was reset after a 5 day period without rain events between August 14, and August 18, 2009. 

	SWOOPESOUTH 
	7/30/2009 
	8/5/2009 
	8/6/2009 
	8/7/2009 
	8/14/2009 
	8/20/2009 
	8/21/2009 

	  Cadmium 
	  0.00032 U 
	0.00032 U 
	0.00038  I 
	 0.00032 U 
	0.00032 I 
	0.00032 U 
	0.00032 U 

	  Chromium 
	  0.00092 V,I 
	0.00072 I 
	0.0010 V,I 
	0.0013 V,I 
	0.0036 I 
	0.00094 I 
	0.00078 I 

	  Copper 
	  0.0025 U 
	0.0025 U 
	0.0025 U 
	0.0025 U 
	0.017 
	0.0025 I 
	0.0043 

	  Zinc 
	  0.030 
	0.020 
	0.027 
	0.037 
	0.16 
	0.038 
	0.050 V 

	  Orthophosphate 
	  0.095 U 
	0.095 U 
	0.095 U 
	0.095 U 
	0.095 U 
	0.095 U 
	0.095 U 

	  Total Suspended Solids 
	  5.0 
	2.8 
	7.4 
	5.6 
	16 
	6.8 
	9.2 

	  Total Nitrogen 
	  0.93 
	0.88 
	1.1 
	0.38 
	2.2 
	0.62 
	0.74 

	  Oil and Grease 
	  l.5 U 
	l.5 U 
	l.5 U 
	1.4 U 
	2.0 
	1.4 U 
	1.4 U 

	  Ammonia 
	  0.010 U 
	0.059 
	0.17 
	0.025 I 
	0.50 
	0.078 
	0.077 

	  Total Kie1dah1 Nitrogen 
	  0.47 
	0.32 
	0.94 
	0.24 
	2.1 
	0.62 
	0.49 

	  Nitrate + Nitrite 
	  0.46 
	0.56 
	0.16 I 
	0.14  I 
	0.10 I 
	0.048 U 
	0.25 

	  Total Phosphorus 
	  0.038 U 
	0.038 U 
	0.038 U 
	0.038 U 
	0.099 
	0.038 U 
	0.038 U 

	  Fecal Coliform 
	  60 Z 
	4800 
	100 U 
	1600 
	100 
	600 
	1100 (500 on 

8/25) 

	SWOOPENORTH 
	7/30/2009 
	8/5/2009 
	8/6/2009 
	8/7/2009 
	8/14/2009 
	8/20/2009 
	8/21/2009 

	  Cadmium 
	  0.00032 U 
	0.00032 U 
	0.00051 I 
	0.00032 U 
	0.00032 U 
	0.00032 U 
	0.00032 U 

	  Chromium 
	  0.0023 V,I 
	0.0015 I 
	0.0022 I 
	0.0022 V,I 
	0.0018 I 
	0.0023 I 
	0.0013 I 

	  Copper 
	  0.0084 
	0.0056 
	0.024 
	0.0082 
	0.012 
	0.011 
	0.0080 

	  Zinc 
	  0.075 
	0.035 
	0.12 
	0.050 
	0.077 
	0.11 
	0.053 V 

	  Orthophosphate 
	  0.095 U 
	0.12 
	0.095 U 
	0.097 
	0.095 U 
	0.095 U 
	0.095 U 

	  Total Suspended Solids 
	  18 
	2.6 
	11 
	18 
	33 
	13 
	13 

	  Total Nitrogen 
	  l.2 
	0.76 
	2.4 
	0.43 
	l.9 
	0.88 
	0.88 

	  Oil and Grease 
	  2.0 
	3.6 
	1.4 U 
	1.4 U 
	2.5 
	l.5U 
	1.4 U 

	  Ammonia 
	  0.010 U 
	0.030 I 
	0.010 U 
	0.017 I 
	0.24 
	0.12 
	0.043 

	  Total Kie1dah1 Nitrogen 
	  0.62 
	0.30 
	l.2 
	0.29 
	l.8 
	0.88 
	0.43 

	  Nitrate + Nitrite 
	  0.59 
	0.46 
	1.1 
	0.14 I 
	0.18  I 
	0.048 U 
	0.44 

	  Total Phosphorus 
	  0.038 U 
	0.038 U 
	0.076 
	0.063 
	0.13 
	0.038 U 
	0.087 

	  Fecal Coliform 
	  60 Z 
	60 Z 
	n/a 
	n/a
	100 
	n/a  
	n/a

	  SWOOPEOUT 
	8/6/2009 
	8/14/2009 
	8/25/2009 
	
	
	
	

	  Cadmium 
	0.00032 U 
	0.00032 U 
	0.00032 U 
	c 
	 
	
	

	  Chromium 
	0.00074 I 
	0.00052  I 
	0.00055  I 
	
	
	
	

	  Copper 
	0.0029 I 
	0.0025 U 
	0.0025 U 
	
	
	
	

	  Zinc 
	0.032 
	0.041 
	0.028 V 
	
	
	
	

	  Orthophosphate 
	0.095 U 
	0.095 U 
	0.095 U 
	
	
	
	

	  Total Suspended Solids 
	6.0 
	8.6 
	5.3 
	
	
	
	

	  Total Nitrogen 
	0.76 
	0.85 
	0.59 
	
	
	
	

	  Oil and Grease 
	1.4 U 
	l.7 U 
	1.4 U 
	
	
	
	

	  Ammonia 
	0.95 
	0.019  I 
	0.1 
	
	
	
	

	  Total Kie1dah1 Nitrogen 
	0.75 
	0.61 
	0.59 
	
	
	
	

	  Nitrate + Nitrite 
	0.048 U 
	0.24 
	0.048 U 
	
	
	
	

	  Total Phosphorus 
	0.038 U 
	0.059 
	0.042  I 
	
	
	
	

	  Fecal Coliform 
	260 
	120 (700 on 

8/21) 
	140 
	
	
	
	


Parameter Qualifiers: 

U 
The compound was analyzed for but not detected. 

I
The reported value is between the laboratory method detection limit and the laboratory practical quantitation limit. 

V 
Method blank contamination. 

Z 
Too numerous to count: the numeric value represents the colony count calculated using the upper limit of the ideal range and the lowest filtration volume used. 

Laboratory analytical reports and chains of custody for all samples collected are provided in Appendix A 

Although the lab's Method Detection Limits (MDLs) for the monitored parameters were low, concentrations for several parameters (especially Cadmium, Copper and Orthophosphate) were not always detected above those levels and thus could not be verified as present in the samples. This presented a challenge in calculating the mean average EMC some of the parameters analyzed. Because of this, a value of 0.0 was used to calculate the average EMC of the parameters that had no more than two concentrations detected above the MDL per sampling site. For parameters that had more than two concentrations detected above the MDL, the MDL value was used for the concentrations that may have been below the MDL. This affected calculations of the mean average EMC for cadmium, copper, orthophosphate, oil and grease, ammonia and total phosphorus. In addition, fecal coliform was found in concentrations too high to count on three sampling events. The highest recorded value for this parameter was used for the unknown values. The adjusted concentration values are shown on Table 5. The efficiency ratios derived from the average EMC values calculated for each of the parameters collected at the three sampling sites are reported on Table 6. 

	SWOOPESOUTH 
	7/30/2009 
	8/5/2009 
	8/6/2009 
	8/7/2009
	8/14/2009 
	8/20/2009 
	8/21/2009 

	  Cadmium 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	  Chromium 
	0.00092 
	0.00072 
	0.0010 
	0.0013 
	0.0036 
	0.00094 
	0.00078 

	  Copper 
	0.0025 
	0.0025 
	0.0025 
	0.0025 
	0.017 
	0.0025 
	0.0043 

	  Zinc 
	0.030 
	0.020 
	0.027 
	0.037 
	0.16 
	0.038 
	0.050 

	  Orthophosphate 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	  Total Suspended Solids 
	5.0 
	2.8 
	7.4 
	5.6 
	16 
	6.8 
	9.2 

	  Total Nitrogen 
	0.93 
	0.88 
	1.1 
	0.38 
	2.2 
	0.62 
	0.74 

	  Oil and Grease 
	1.5 
	1.5 
	1.5 
	1.4 
	2.0 
	1.4 
	1.4 

	  Ammonia 
	0.010 
	0.059 
	0.17 
	0.025 
	0.50 
	0.078 
	0.077 

	  Total Kie1dah1 Nitrogen 
	0.47 
	0.32 
	0.94 
	0.24 
	2.1 
	0.62 
	0.49 

	  Nitrate + Nitrite 
	0.46 
	0.56 
	0.16 
	0.14 
	0.10 
	0.048 
	0.25 

	  Total Phosphorus 
	0.038 
	0.038 
	0.038 
	0.038 
	0.099 
	0.038 
	0.038 

	  Fecal Coliform 
	  4800 
	4800 
	100 
	1600 
	100 
	600 
	1100 (500 on 

8/25) 

	SWOOPENORTH 
	7/30/2009 
	8/5/2009 
	8/6/2009 
	8/7/2009 
	8/14/2009 
	8/20/2009 
	8/21/2009 

	  Cadmium 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	  Chromium 
	0.0023 
	0.0015 
	0.0022 
	0.0022 
	0.0018 
	0.0023 
	0.0013 

	  Copper 
	0.0084 
	0.0056 
	0.024 
	0.0082 
	0.012 
	0.011 
	0.0080 

	  Zinc 
	0.075 
	0.035 
	0.12 
	0.050 
	0.077 
	0.11 
	0.053 

	  Orthophosphate 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	  Total Suspended Solids 
	18 
	2.6 
	11 
	18 
	33 
	13 
	13 

	  Total Nitrogen 
	l.2 
	0.76 
	2.4 
	0.43 
	l.9 
	0.88 
	0.88 

	  Oil and Grease 
	2.0 
	3.6 
	1.4 
	1.4 
	2.5 
	1.5 
	1.4 

	  Ammonia 
	0.010 
	0.030 
	0.010 
	0.017 
	0.24 
	0.12 
	0.043 

	  Total Kie1dah1 Nitrogen 
	0.62 
	0.30 
	l.2 
	0.29 
	l.8 
	0.88 
	0.43 

	  Nitrate + Nitrite 
	0.59 
	0.46 
	1.1 
	0.14 
	0.18 
	0.048 
	0.44 

	  Total Phosphorus 
	0.038 
	0.038 
	0.076 
	0.063 
	0.13 
	0.038 
	0.087 

	  Fecal Coliform 
	  4800 
	  4800 
	n/a 
	n/a 
	100 
	n/a 
	n/a 

	SWOOPEOUT 
	8/6/2009 
	8/14/2009 
	8/25/2009 
	
	
	
	

	  Cadmium 
	0.0 
	0.0 
	0.0 
	, 
	
	
	

	  Chromium 
	0.00074 
	0.00052 
	0.00055 
	
	
	
	

	  Copper 
	0.0.029 
	0.0025 
	0.0025 
	
	
	
	

	  Zinc 
	0.032 
	0.041 
	0.028 
	
	
	
	

	  Orthophosphate 
	0.0 
	0.0 
	0.0 
	
	
	
	

	  Total Suspended Solids 
	 6.0 
	8.6 

-- 
	5.3 
	
	
	
	

	  Total Nitrogen 
	 0.76 
	0.85 
	0.59 
	
	
	
	

	  Oil and Grease 
	 1.4 
	1.7 
	1.4 
	
	
	
	

	  Ammonia 
	 0.95 
	0.019 
	0.1 
	
	
	
	

	  Total Kie1dah1 Nitrogen 
	 0.75 
	0.61 
	0.59 
	
	
	
	

	  Nitrate + Nitrite 
	 0.048 
	0.24 
	0.048 
	
	
	
	

	  Total Phosphorus 
	 0.038 
	0.059 
	0.042 
	
	
	
	

	  Fecal Coliform 
	260 
	120 (700 on 

8/21) 
	140 
	
	
	
	


Bold numbers indicate adjusted concentration values.

	WATER QUALITY 

PARAMETER 
	INFLOW 

EMCs (mg/L) 
	OUTFLOW 

EMCs (mg/L) 
	PARAMETER 

EFFICIENCY (%) 

	  Cadmium 
	0.0
	0.0 
	NA 

	  Chromium 
	0.0016
	0.00060 
	62.50 

	  Copper
	0.0079
	0.0026 
	67.09 

	  Zinc 
	0.063
	0.034 
	46.03 

	  Orthophosphate 
	0.0
	0.0 
	NA 

	  TSS 


Solids 
	11.5
	6.6 
	42.61 

	  Total Nitrogen 
	1.09
	0.73 
	33.03 

	  Oil and Grease 
	1.8
	1.5 
	16.67 

	  Ammonia 
	0.099
	0.36 
	-72.50 

	  TKN 
	0.76
	0.65 
	14.47 

	  Nitrate + Nitrite 
	0.33
	0.11 
	66.67 

	  Total Phosphorus 
	0.057
	0.046 
	19.30 

	  Fecal Coliform (col/l00mL) 
	2118
	305 
	85.60 


 Table 6. Maitland Downtown Stormwater Retrofit Facility Efficiency Ratios
The efficiency ratios for all sampled parameters were positive except for ammonia. Of particular interest are the reductions in total nitrogen and total phosphorus. These nutrients are known to cause deleterious effects including algal blooms and fish kills on water bodies. This is doubly important in this case because the receiving water body is Lake Minnehaha which is listed as impaired due to nutrient loading. Total suspended solids also exhibited a marked reduction of 42.61% over the untreated stormwater flowing into the system. The efficiency ratios for cadmium and orthophosphate could not be calculated because most of the reported concentrations did not surpass the MDL and therefore the parameter could not be verified as occurring in the sample. 
Mass pollutant load reductions were calculated by multiplying the mean EMC values with the predicted annual flows passing through the pond.  Annual flows were calculated from the following: 

(0.70) x (74.22 ac) x (52 in/yr) / (12 in/ft) = 225 ac*ft/yr ;

Where:

0.70 = runoff coefficient

74.22 ac = catch basin

52 in/yr = local average annual rainfall

The results can be found in Table 7.

	WATER QUALITY

PARAMETER
	INFLOW 

MASS LOAD (Kg)
	OUTFLOW 

MASS LOAD  (Kg)
	MASS LOAD REDUCTION (Kg)
	PERCENT LOAD REDUCTION

	  Cadmium 
	NA
	NA
	NA
	

	  Chromium 
	0.45
	0.17
	0.29
	65%

	  Copper
	2.20
	0.46
	1.74
	79%

	  Zinc 
	17.48
	9.34
	8.14
	47%

	  Orthophosphate 
	NA
	NA
	NA
	

	  TSS SusSuspended Solids 
	3,199.56
	1,840.97
	1,358.59
	43%

	  Total Nitrogen 
	303.30
	203.52
	99.78
	33%

	  Oil and Grease 
	485.68
	416.3
	69.38
	14%

	  Ammonia 
	27.54
	98.89
	-71.36
	

	 TKN 
	212.11
	180.40
	31.72
	15%

	  Nitrate + Nitrite 
	92.70
	31.08
	61.61
	66%

	  Total Phosphorus 
	14.59
	12.86
	1.73
	12%


Table 7.  Annual Pollutant Mass Load Reductions

5. CONCLUSIONS 

Overall, the Maitland Downtown Stormwater Retrofit Facility exhibited positive reductions in pollutant concentrations exiting the system versus pollutant concentrations entering the system. Efficiency ratios based on average event mean concentrations ranged from 14.47% (TKN) to 85.60% (fecal coliform) for the positive ratios. However, one parameter (ammonia) showed an increase in concentration (-72.50%). These results show that the facility is having a positive impact on the water quality as stormwater passes through the system before ultimately reaching Lake Minnehaha. 

While the facility did not reach the projected goal of 34% phosphorus loading reduction, it did remove 12% of the total phosphorus. Given time to allow the wetland to adjust to changes in hydroperiod and the pond banks to stabilize and revegetate, this facility will meet the current and future needs of the City of Maitland's Downtown Redevelopment Area including the Maitland Town Center and the Swoope Avenue extension. 

In summary, the Maitland facility provides efficient removal of excess nutrients, metals and solids found in stormwater draining from U.S. 17-92 and surrounding residential and commercial development. This should result in improved quality of water flowing into Lake Minnehaha and aid in achieving the goal set by FDEP of a trophic state index below 60. 
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