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Executive Summary 
 
At the request of Carver County, the University of Minnesota Urban Hydrology class was tasked 
with determining appropriate locations to install rainwater runoff treatment practices. The area of 
provided by Carver County was the southern half of the Lake Waconia and its surrounding 
watershed.  
 
Phosphorus loading was the primary concern addressed in this study. Lake Waconia, though 
not impaired, has experienced an increasing level of phosphorus loading. This is partly due to 
stormwater runoff from urban sources, which includes sources from industrial and residential 
land uses. After a storm event, water collects on impervious surfaces and washes into the storm 
sewer system, carrying sediment and dissolved pollutants into the lake.  
 
We studied stormwater runoff quality using P8 Urban Catchment Model, and GIS data we were 
provided by Carver County was used to determine the best locations for stormwater treatment 
practices. We first used GIS data to find locations of low elevations, where stormwater would 
flow, and measured the flow area, or subwatersheds. The primary land use provided in the GIS 
data was used to determine the physical properties of each subwatershed, such as impervious 
land percentage and curve number. We then modeled each subwatershed in P8, and using 
precipitation and soil composition data provided by the model, measured the amount of 
phosphorus removed using rain gardens, ponds, and infiltration basins. 
 
The total cost for this design would be as follows: a construction cost of $228,157 and an 
additional yearly maintenance cost of $46,400 after the initial five year period. This cost is for 80 
residential rain gardens, an infiltration basin, and the addition of iron-enhanced sand filters 
around the existing wet pond. 
 
We recommend using a combination of rain gardens, infiltration basins, and iron enhanced sand 
filters to reduce the phosphorus load entering Lake Waconia. The rain gardens are 
recommended for residential land uses, as these provide an aesthetic appeal and may be 
installed in residents’ properties. Infiltration basins are recommended in industrial areas, where 
they may be installed under or around parking lots to increase infiltration in areas with a high 
percentage of impermeable surfaces. An iron enhanced filter is recommended to be installed 
around an existing stormwater detention pond to increase phosphorus removal before water is 
routed into existing stormwater sewers. 
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Introduction 
 
Lake Waconia, located in Carver County, Minnesota, has reached phosphorous levels near the 
state allowable limit. This is due to stormwater runoff from both agricultural and urban sources. 
Land to the North of the lake has been used agriculturally, primarily for crop farming, while land 
to the South of the lake has been built upon to make the City of Waconia (see Figure 1). To 
reduce phosphorous runoff, Carver County has begun a study in the City of Waconia. This study 
will determine possible locations to implement stormwater treatment practices to reduce the 
Total Phosphorous (TP) entering the lake.  
 
Carver County is working with the University of Minnesota to develop a plan to locate and 
specify infiltration or treatment practices, and estimate the TP removed from the water by each 
practice. This will be done by modeling the urban regions of the Lake Waconia watershed in the 
P8 Urban Catchment Model, a modeling software produced by William Walker Jr., PhD and 
Jeffrey Walker, PhD (Version 3.5; Walker, 2015). Treatment practices will be added to the 
current stormwater system, and a simulated storm will pass through the system as the program 
estimates the TP removed from the runoff produced from the storm. This removal will be 
compared to that without the treatment practices, to estimate the added TP removal of the 
practices. 

 
Figure 1: Lake Waconia, with the City of Waconia to the South. Farmland can be seen to the 

North and East of the lake. Image source: ArcMap 
 
 
 



3 
 

Methods 
 
Locations for treatment practices were first determined using GIS. Data was provided by Carver 
County of the Lake Waconia watershed, which included current stormwater manholes and pipe 
locations, topography and elevation data, and land use types and locations. Areas of lower 
elevation that were near a manhole were determined to be the best spots for treatment 
practices. This is because surface water was already routed to those areas, and if the treatment 
practices were to overflow, they would flow directly to existing stormwater infrastructure. The 
treatment practices would be installed upstream of the manholes, so surface runoff would first 
come into contact with them before flowing into the storm pipes and be directed into Lake 
Waconia. 

 
Figure 2: Example image depicting information used to select treatment practice locations. The 

stormwater network is marked in black; contours are marked in red. The watershed, which 
drains towards Lake Waconia, is marked in blue. Image source: ArcMap 
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Figure 3: Estimated locations for treatment practices are marked numerically. Image source: 

ArcMap 

The drainage areas of the treatment practice locations were delineated using GIS elevation data 
and totaled 122.6 acres. The total urban watershed was measured to be 297.8 acres, meaning 
the total drainage areas were found to compose 41.2% of the total urban watershed. The 
treatment areas were not able to account for the entire watershed because of the steep 
elevation changes of land, particularly close to the lakeshore. These areas are not treated in this 
study, and further research would be required to locate a treatment practice in those areas. The 
treatment locations determined were considered to have the greatest impact on the water 
quality of water entering Lake Waconia. The primary land use of each subwatershed studied 
may be found in Table 1. 
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Figure 4: The area of the Lake Waconia Urban Watershed. The total urban watershed is marked 

in light blue. Stormwater gravity mains are marked in black. Approximate site locations are 
marked numerically with their appropriate subwatersheds marked in other solid colors.  Image 

source: ArcMap 

Site locations were estimated in ArcMap. Using a one meter by one meter digital elevation 
model, obtained from the Minnesota DNR website, subwatersheds pertaining to each site 
location were delineated. These drainage areas were determined using spatial analyst tools 
within the ArcGIS program. The general procedure followed the following sequence: 
 
LiDAR DEM → Fill → Flow Direction → Flow Accumulation → Pour Points → Subwatershed Polygon 

The determined areas were inspected for accuracy by observing the topographic contour lines 
and were found to be accurate estimations. They were highly congruent with the outer extents 
of the watershed as it was defined from the data provided to the University of Minnesota by 
Carver County. 

	
The Lake Waconia watershed was then modeled in P8 by altering the default file provided by 
the program. A subwatershed was added to the model for each treatment practice. Each of 
these subwatersheds were assigned data according to the physical characteristics of the 
watershed such as area, curve number (Singh, 1982), and the directly connected impervious 
fraction (EPA, 2014). The values for each subwatershed are given in the Table 1. The individual 
subwatersheds were routed to Lake Waconia in the model, meaning that one subwatershed 
was not routed into the next and that the devices acted independently from those in different 
subwatersheds. This is similar to the physical subwatersheds, which are located near each 
other, but do not drain into one another.  Each treatment practice was created using known 
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information about them, such as infiltration rate and size. The device specs for each 
subwatershed are listed in Table 2. In the model, Lake Waconia was modeled as a pipe where 
all runoff from each subwatershed was concentrated, with a time of concentration of zero hours. 
Standing water, such as ponds, was assumed to be included in the impervious area of each 
subwatershed, and the percentage impervious areas (IA) were estimated using the average 
conditions that most applications use: 38% IA for residential area and 85% IA for commercial 
area (Singh, 1982). The percentage impervious areas directly connect to the storm sewer 
system were then calculated based on the IA of each subwatershed using the equation for 
commercial and medium density residential land uses (EPA, 2014). The program was run to 
gather both initial and final data, which included pounds of total phosphorous (TP) per year and 
total suspended solids (TSS) delivered to Lake Waconia each year. These values could be 
compared to determine how much TP was removed by each practice. 

 

Table 1: Subwatershed Data Modeled in P8 
 

Subwatershed	Data 

Subwatershed	
Number 

Primary	Land	
Use 

Area	
(acres) 

Curve	
Number 

Soil	
Type 

Directly	
Connected	

Impervious	(%) 
Device	Modeled 

1 Residential 3.173 75 B 23 Rain	Garden 
2 Residential 2.742 75 B 23 Rain	Garden 
3 Industrial 4.713 94 C 78 Infiltration	basin 
4 Residential 5.981 83 C 23 Rain	Garden 

5 
Commercial	
/	Industrial	/	
Residential 

82.937 83 C 37 
Existing	Wet	Pond	(P8) 
Iron-enhanced	filter 

6 Residential 23.083 75 B 21 Rain	Garden 
Baseline - 297.79 84 B/C 28 - 
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Table 2: P8 Parameters Used to Model Subwatershed Practices 
 

P8	Parameters 
Subwatershed	

Number 
1 2 3 4 5 6 

Device	
Modeled 

Rain	
Garden 

Rain	
Garden 

Infiltration	
basin 

Rain	Garden Existing	Wet	Pond 
Rain	

Garden 
Bottom	

elevation	(ft) 
0 0 0 0 0 0 

Total	Bottom	
area	(ac) 

0.023 0.023 0.092 0.092 0.21 0.23 

Permanent	
pool	area	(ac) 

0.023 0.023 0.092 0.092 0.21 0.23 

Permanent	
pool	volume	

(ac-ft) 
0.046 0.046 0.184 0.184 1.26 0.46 

Flood	pool	
area	(ac) 

- - - - 0.21 - 

Flood	pool	
volume	(ac-ft) 

- - - - 1.68 - 

Void	volume	
(%) 

40 40 40 40 - 40 

Infiltration	
rate	(in/hr) 

0.3 0.3 0.2 0.2 - 0.3 

 
Stormwater treatment practices were unique to each subwatershed. The efficiency of each 
practice was compared in P8, and the most cost efficient practice was then determined for each 
area. Treatment practices including rain gardens, infiltration basins, wet ponds, and iron- 
enhanced sand filters were analyzed in P8. All infiltrated water was assumed to leave the 
watershed without entering Lake Waconia, and the infiltration rate of each infiltration device was 
determined by the hydrologic soil group. After modeling the treatment practices in P8, the total 
annual cost of TP removal was calculated per pound of phosphorous. This was done by 
determining the cost of installation of the treatment practice and comparing it to the TP removal 
efficiency to find the most cost effective TP removal practice. 

Wet ponds improve stormwater quality by settling suspended particles. Suspended particles are 
a source of TP, making wet ponds an efficient removal practice by allowing suspended particles 
to settle (EPA, 2009). To model wet ponds in P8, the size and depth of the pond was estimated 
and entered into the wet pond modeling option. A wet pond currently exists in subwatershed 5. 
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Rain Gardens provide both infiltration and filtering of stormwater. As water enters the garden, 
plants growing in the garden and engineered soil remove phosphorous and filter suspended 
solids. Iron-enhanced rain gardens would more efficiently remove phosphorous, because as 
plants age and the root systems begin to die, the plants themselves may produce phosphorous 
(Gulliver, 2016). An iron-enhanced rain garden continues to remove phosphorous after the 
plants have died, though annual maintenance to the garden could prevent the addition of 
phosphorous. Therefore, annual maintenance is necessary to remove old or dying plants and 
introduce healthy, young plants. The cost of installing a 400 ft2 rain garden is approximately 
$1,800 (LID Stormwater Design, 2016). The yearly maintenance costs in addition to this would 
be about $1,000 per year for the first two years (Gulliver, 2016). This is due to the possible need 
to replace plants until deep roots are established. With deep roots, the plants are hardier and 
can withstand extreme wet or dry conditions. After the first two years, the maintenance costs 
would be reduced to approximately $500 per year (Gulliver, 2016). 

Iron enhanced sand filters remove phosphorus by adsorbing phosphorus to the iron particles 
(Erickson, 2012). Iron enhanced sand filters cannot be modeled in P8, so hand calculations 
were performed to determine the amount of phosphorus removed from the stormwater. The 
existing pond in the City of Waconia was modeled as a wet pond in P8 to calculate the current 
phosphorus levels. An iron enhanced filter may be installed on the perimeter of the pond. To 
determine the amount of TP an iron enhanced filter may remove, the total quantity of 
phosphorus was determined by multiplying the yearly TP removal by the percent removal. Iron 
enhanced filters may be assumed to remove 70% of dissolved phosphorus content when 
properly implemented in the field (Gulliver, 2012). It is recommended that iron enhanced sand 
filters contain between 5 to 8 percent iron filings (by weight). At this time, (as this is a new 
treatment practice) it is difficult to determine the exact cost of installation and operation of this 
treatment practice. 
 
Soils were classified into hydrologic soil groups. This hydrologic soil group indicated the rate of 
infiltration observed for bare soil after prolonged wetting (Wetland Studies 2012). The soil 
groups initially presented concern as to the ability of the soil in the city to infiltrate water quickly 
(much of the city is indicated to have Type C soil types).  However, further inspection of the 
Type C infiltrating layers, predominantly the KB regions in the following image, still suggested 
that infiltration occurs at a reasonable rate per the NRCS Custom Soil Resource Report for 
Carver County, Minnesota. The estimate from this report suggests that this soil (Kilkenny-Lester 
loams with two to six percent slopes), in its most limiting layer, has a “moderately high” capacity 
to infiltrate (0.20 to 0.60 in/hr hydraulic conductivity Ksat). The appropriate table from this report 
is located in the appendix.  While this soil is listed as type C or D in the report, and it comprises 
a significant portion of the City of Waconia’s soil, this does not appear to be cause for concern. 
Based on the soil type for each subwatershed, the infiltration rates were determined according 
to the criteria of design infiltration rates of bioretention from the Minnesota Stormwater Manual 
(MSSC, 2005; Table A3). 
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Figure 5: Soil type map for Lake Waconia urban watershed. Source: NRCS Custom Soil 

Resource Report for Carver County, Minnesota 
 
Street sweeping was not modeled in this study due to the current presence of the practice in the 
city. Street sweeping data was provided by Carver County, which included pollutant removal 
and cost. This information may be found in Tables A1 and A2 in the Appendix. The City of 
Waconia’s progressive policy was assumed to have a significant impact in reducing TSS and 
particulate phosphorus levels.  A map of current street sweeping zones may also be found in 
the Appendix (Figure A1). Street sweeping was assumed to be in practice in the TP removal 
analysis. 
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Results and Discussion 
 
Current loads of total phosphorous, loads after applying the practices, load reductions, and 
percentage load reductions in each subwatershed are shown in Table 3. Each treatment 
practice showed some TP reduction, and the percentage reduction of TP for most practices was 
50% to 60%. Subwatershed 6 removed the highest percentage of TP, with a 57.1% load 
reduction, and an 8.7 pounds per year reduction.  
 
Compared to the expected TP removal for infiltration basins (Erickson et al., 2005; Table A4), 
the rain gardens and infiltration basin in these subwatersheds worked effectively.  
 

Table 3: Total Phosphorous Loads and Reductions By Subwatershed 
 

TP	load	and	reduction	by	watershed 

 
Device	Modeled 

Area	of	
subwatershed	

(acres) 

Original	
TP(lb/yr) 

TP	with	
practices	
(lb/yr) 

%	
Reduction	

of	TP 

Reduction	
of	TP	(lb/yr) 

Subwatershed	1 Rain	Garden 3.173 2.2 1.1 50.1 1.1 
Subwatershed	2 Rain	Garden 2.742 1.9 0.9 53.3 1.0 
Subwatershed	3 Infiltration	Basin 4.713 8.7 3.9 54.4 4.7 
Subwatershed	4 Rain	Garden 5.981 5 2.2 54.7 2.7 

Subwatershed	5 
Iron-	Enhanced	
Sand	Filter 82.937 67.4 18.9 45.6 48.5 

Subwatershed	6 Rain	Garden 23.083 15.3 6.3 57.1 8.7 
Baseline - 297.79 282.2 - - - 

Sum	of	original	TP	(lb/yr) 100.5 
Sum	of	TP	with	practices	(lb/yr) 33.3 

Total	reduction	of	TP	(lb/yr) 66.7 

Total	%	reduction	of	TP 66.4 

Total	%	reduction	of	TP	compared	to	Baseline 23.6 
 
 
 
Subwatershed 3 was modeled as an infiltration basin, which would be applied under permeable 
pavement or infiltration basins near parking lots. The area of water directed into the infiltration 
basin is of commercial and industrial use, with a high fraction of impermeable area.  
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Table 4: Total Number of Rain Gardens per Subwatershed: Residential Subwatersheds Only 
Recommended	Number	of	Rain	Gardens 

Subwatershed	
Number 

Total	Rain	
Garden	Area	

(ac) 

Total	Rain	
Garden	Area	

(ft^2) 

Number	of	
Recommended	
Rain	Gardens 

1 0.023 1001.88 5 
2 0.023 1001.88 5 
4 0.092 4007.52 20 
6 0.23 10018.8 50 

 
 
Residential areas in the City of Waconia were modeled with rain gardens that could be installed 
along the right of way. Residents living in the area that was modeled would need to provide 
long- term maintenance to the gardens installed on their property, and would need to agree to 
this. The area of the rain gardens could vary; the model specified only the total area of rain 
gardens. One rain garden area is typically about 200 square feet (Bannerman, 2003). This area 
would be divided into the total area to determine the total number of rain gardens necessary for 
each residential subwatershed. These results may be seen in Table 4. 
 
Rain gardens may also be enhanced with iron filings to increase TP removal. Iron enhanced 
rain gardens remove an average of 88% of TP in laboratory studies (Erickson, 2012). This 
would create an additional cost per rain garden, and more analysis would need to be conducted 
to determine the cost efficiency of such a practice. 
 
Subwatershed 5 contained a pre-existing stormwater pond. This was modeled in P8 and the 
results of modeling showed that the existing pond removed 24.5% of TP each year. The 
addition of an iron enhanced filter was manually calculated. The filter is recommended for 
installation around the perimeter of the pond to capture additional phosphorus, and to be 
composed of 5% iron filings by weight (Erickson, 2012). Table 5 shows the amount of 
phosphorus removed with the addition of an iron enhanced sand filter around the stormwater 
pond. The filters are capable of removing dissolved phosphorus, which composes 44% of the 
total phosphorus in the stormwater (Erickson, 2012). 
 

Table 5: TP Removed from Stormwater with the Addition of an Iron Enhanced Sand Filter 
 

Subwatershed	5	TP	Removal 
Current	TP	with	
Existing	Pond	

(lbs/yr) 

Percent	Removal	
with	Existing	Pond	

Per	Year	(%) 

TP	Removed	with	
Iron	Enhanced	Filter	

(lbs/yr) 

Percent	Removal	
with	Iron	Enhanced	

Filter	(%) 
67.40 24.5 18.9 45.6 
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The most cost effective method of phosphorus removal consists of a combination of rain 
gardens, infiltration basins, and an iron enhanced sand filter. The final design included 80 rain 
gardens at a total construction cost of $228,000 a maintenance cost of $80,000 per year for the 
first two years, and $46,400 per year each year after. One infiltration basin located in 
subwatershed 3 was estimated to have a construction cost of $84,157 and an additional yearly 
maintenance cost of $4,800 (MPCA 2011). An iron-enhanced sand filter was added to the 
perimeter of the pond in subwatershed 5. As discussed previously, we are unable to estimate 
the cost of this treatment practice at this time. 
 
Further Study 
 
One area where further reduction can be accomplished is shown in figure 6. The red box 
displays the outlet for subwatershed 5 in addition to blue shaded area. There is a large 
accumulation of flow at this intersection (along W. Lake Street), further investigation into 
underground infiltration trenches may be needed. This would remove additional phosphorous 
before it enters the lake at approximately 80-90% removal (Erickson et al, 2011). More research 
is recommend for this practice and testing soil specific samples in this location to determine how 
well this practice will perform. 
 

Figure 6: The area designated for further research into underground infiltration trenches at the 
intersection of W Lake St and N Vine St. Stormwater gravity mains are marked in purple. 

Approximate site location is shown in the red box with the appropriate subwatersheds marked in 
other solid colors.  Image source: ArcMap 
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Conclusion 
 
Infiltration practices are recommended for installation in the City of Waconia. Rain gardens are 
recommended for installation in the residential districts. The total area of rain gardens should 
equal the modeled area, but each rain garden may be of different size according to the site and 
the desires of the private landowner. Rain gardens may also be installed with 5% iron filings to 
create an iron enhanced garden, which may have a greater removal efficiency than a non- 
enhanced garden. However, this will create an additional cost to the project and more data may 
be needed to determine the cost efficiency of iron enhancement. Infiltration basins are 
recommended in the industrial subwatershed, which may consist of the installation of permeable 
pavement where parking lots are currently located, or infiltration trenches surrounding the 
parking lot, and in parking lot islands. The pond in subwatershed 5 may have increased TP 
removal efficiency if an iron enhanced sand filter is installed along the pond perimeter. This is 
recommended as a cost efficient TP removal practice. The addition of infiltration practices will 
reduce the amount of phosphorus entering Lake Waconia from urban sources. 
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Appendix A 
 

Table A1: Existing Street Sweeping Costs and Efficiency. Data provided by Carver County 

 
 

 
Table A2: Predicted Street Sweeping Pollutant Removal By Region. Data provided by Carver 

County. 
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Figure A1: Map of Street Sweeping Zones 
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Table A3: Expected phosphorous removal for different types of treatment devices. 
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Appendix AS 
 

Standard AS 1: 2014 Study of the Water Quality of 169 Metropolitan Area Lakes 
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Figure AS1: Part One of Description of Kilkenny-Lester loams from NRCS Custom Soil Report 
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Figure AS2: Part 2 of Description of Kilkenny-Lester loams from NRCS Custom Soil Report 
 

 
 
 
 
 
 
 
 



24 
 

 
Figure AS3: Runoff Curve Numbers for selected land uses and soil types (Singh, 1982). 
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Table AS 1: Design Infiltration Rates for each hydrologic soil group (MPCA, Minnesota 
Stormwater Manual website) 
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Standard AS 2: UCOWR Stormwater Treatment Practices Maintenance Guide (Erickson, 2005)

 




