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Executive Summary 

The purpose of this study is to identify specific sources of phosphorus within the Ramsey-

Washington Metro Watershed District (District) and estimate their relative loads to surface waters in 

the study areas.  The information from this study is intended to be used to help guide future work 

program elements.   

More than 40 percent of the District consists of lawn and landscaped open space.  Freeway and 

railroad right-of-way comprises another 19 percent and water represents approximately 9 percent of 

the watershed.  Residential streets, residential roofs and commercial parking lots represent 

approximately 7.5, 6.5 and 5 percent of the District, respectively.  Together, lawns/open space, 

freeways, water, commercial parking lots, and residential streets and roofs comprise more than 87 

percent of the entire District.  For an average year, it is estimated that lawn and open space contribute 

approximately 5 percent of the source area phosphorus loadings throughout the District, despite the 

fact that this source area comprises more than 40 percent of the watershed area.  Residential streets, 

driveways/sidewalks and freeway/railroad rights-of-way contribute 26, 15, and 12 percent of the 

source area phosphorus loadings throughout the District during an average year. Estimated source 

area phosphorus loading percentages for residential streets and driveways/sidewalks are three to five 

times higher than their respective watershed area percentages. 

Comparison of the average, dry and wet source area phosphorus loading estimates generally indicates 

that, while overall loadings vary by a factor of two to three, the relative loading percentages 

throughout the District do not change significantly from dry to average and from average to wet 

conditions.  An exception to this is pet waste, which is estimated to contribute approximately 9 

percent of the total phosphorus load during a dry year, but 3 percent of the load during a wet year.   

Since residential streets, driveways/sidewalks and freeway/railroad rights-of-way, parking lots and 

commercial and industrial streets combine to contribute approximately 70 percent of the total 

phosphorus loading within the District it is recommended that infiltration practices, 

filtration/biofiltration, disconnection from drainageway, pollution prevention/good housekeeping and 

public education are implemented in as many areas as possible to address the phosphorus loadings 

that originate from all of these source areas.  As a result, the District should work closely with the 

cities to implement these BMPs on roadway and redevelopment projects to significantly reduce the 

phosphorus loadings.  The results of this analysis provide further support for the District’s proposed 

infiltration requirements. 
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1.0  Introduction 

1.1 Background 
The Detailed Assessment of Phosphorus Sources to Minnesota Watersheds was completed for the 

Minnesota Pollution Control Agency during 2004 to evaluate the importance of point and nonpoint 

sources of phosphorus during varying climatic conditions (Barr, 2004).  This study provided a good 

means for evaluating phosphorus sources at the basin scale, including four primary urban land use 

categories, but did not provide a good means for a detailed evaluation of urban phosphorus sources at 

a smaller watershed scale.  The Ramsey-Washington Metro Watershed District (District) has 

completed several Strategic Lake Management Plans (SLMPs) which have involved watershed 

modeling of phosphorus in runoff from the impervious and pervious surfaces associated with the land 

uses within each watershed.  The P8 Urban Catchment Model, which has been used to model the 

amounts of phosphorus in runoff from impervious and pervious surfaces, is not typically set up to 

distinguish the runoff water quality differences between the various types of impervious surfaces, 

and consequently, doesn’t summarize the results for each surface type. 

The purpose of the study is to identify specific sources of phosphorus within the District and estimate 

their relative loads to surface waters in the study areas.  The results will incorporate some of the 

source areas from the statewide phosphorus assessment (Barr, 2004), as well as other potentially 

important sources that cannot be modeled with the P8 Urban Catchment Model.  The results will also 

be based on more detailed urban land use categories than those used in the statewide phosphorus 

assessment (Barr, 2004) and will distinguish between the various impervious source areas.  The 

information from this study is intended to be used to help guide future work program elements whose 

benefit cannot be solely evaluated using in-lake or watershed modeling.  This report includes an 

analysis of the data gathered, description of the phosphorus sources, results and concept-level 

recommendations on targeted improvements or controls.     

This study is also intended to compare the total phosphorus loading estimates from the source area 

calculations from this study to the loadings estimated from the existing water quality models set up 

for the Carver Subwatershed, Beaver Lake Subwatershed and the Phalen Chain of Lakes 

Subwatershed, as a part of the SLMP process.  The amounts of phosphorus entering the District’s 

surface waters from each of the source categories under low, average and high flow conditions will 

be estimated and evaluated for trends. Since each subwatershed typically drains to a wetland, lake, or 

stream, concept level improvement recommendations will be made to help target actions to protect 

the District’s receiving waters.    
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Estimating the phosphorus source contributions to the District’s surface waters for each of the eleven 

phosphorus study areas required a clear definition of surface waters, as well as knowledge about the 

amount of phosphorus produced and the mechanisms of delivery for each point and nonpoint source 

category, to establish a “frame of reference,” or a basis for comparison by source category and by 

study area.  This assessment estimates the annual phosphorus loading, or amounts of phosphorus, 

entering all of the various types of surface 

waters from each of the source categories 

under dry, average and wet water year 

conditions. The general nature and scale 

of this analysis allows for summarizing 

the estimated loadings for each 

phosphorus study area, and on a District-

wide basis. The characteristics of smaller watershed units, or subwatersheds, were not utilized to 

estimate the phosphorus loadings from each source category. Since each subwatershed typically 

drains to wetlands, lakes, ditches or streams that possess their own unique processes for 

transformation or phosphorus uptake, no further breakdown of phosphorus inflow or outflow 

loadings by subwatershed or surface water type is possible within the scope of this analysis. As a 

result, the phosphorus loadings discussed in this report represent the total amount of phosphorus 

entering all of the surface water areas that are present within each study area for each climatic 

condition.   

Figure 1-1 shows each of the phosphorus study areas within the District, along with the distribution 

of impervious surfaces within each area. 

1.2 Frame of Reference for Quantifying Phosphorus Source 
Contributions to Surface Waters 

Estimating the phosphorus source contributions to surface waters for each of the study areas requires 

the following information to establish a “frame of reference”, or a basis for comparison by source 

category and by basin: 

• A clear definition of surface waters and information about the locations of surface waters 
throughout the watershed 

• Knowledge about the amount of phosphorus produced and mode of transport for each source 
category 

…the phosphorus loadings discussed in 

this report represent the total amount of 

phosphorus entering all of the surface 

water areas that are present within each 

study area for each climatic condition. 



 

RWMWD Phosphorus Study Final Report.doc  3 

The analysis completed for this assessment consists of estimating the total amounts of phosphorus 

entering all of the various types of surface waters from each of the source categories within each 

study area.  As a result, the phosphorus loadings discussed in this report represent the total amount of 

phosphorus entering all of the combined surface water areas that are present within each study area 

under each flow condition.  For example, if urban runoff from the residential street source area 

within a particular study area is estimated to contribute 10 lbs. of phosphorus during average flow 

conditions, this analysis does not attempt to distinguish how much of the 10 lbs. is going to each 

pond or wetland, nor does this analysis attempt to estimate how much of this phosphorus load would 

ultimately be delivered to a downstream lake.     
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2.0  Methods 

2.1 Watershed Hydrology/Precipitation 
This detailed assessment of phosphorus required an analysis of basin hydrology to properly evaluate 

the importance of the varying rainfall/runoff relationships for low, average and high flow conditions 

throughout the District.  This section will discuss how these three flow conditions were defined and 

how rainfall volumes were determined for this analysis.  The determination of rainfall conditions is 

especially important since they facilitate computation of many of the nonpoint phosphorus source 

loadings and allow for the comparison of point and nonpoint phosphorus sources for the varied 

climatic conditions that occur across the District.  Following statistical analysis of the historical 

rainfall volumes, historical water year (October 1 to September 30) data was identified to represent 

low, average and high flow conditions within the District.   

National Weather Service precipitation data was obtained for a central location within the District 

from the State Climatology website.   The combined data consisted of monthly values from the 

closest NWS site with less than 3 missing values in the archive of historical monthly precipitation 

totals for the period of 1890 – 2004.  The data was sorted to determine the driest, wettest and average 

precipitation amounts for each of the water years on record.  The driest and wettest water years 

produced 15.5 and 44.3 inches of precipitation, respectively.  The average amount of annual 

precipitation for all of the water year data was 28.9 inches.  These precipitation amounts were used to 

estimate runoff volumes from each of the phosphorus source areas for the low, average and high flow 

conditions within the District (where applicable). 

2.2 Sources of Phosphorus 
2.2.1 Urban Runoff 

The conversion of land areas to urban land uses leads to changes in watershed hydrology and 

pollutant load rates.  The areal increase in impervious surfaces in urban areas over undeveloped rural 

and natural land uses leads to greater surface water runoff volumes.  The increased runoff coupled 

with human activities increases the types of pollutants and delivery rate of these pollutants to surface 

waters.  Impermeable surfaces shed water as surface runoff, lowering the infiltration and 

evapotranspiration components of the hydrologic cycle.  Surface runoff is generally directed to storm 

sewers and other conveyance systems to rapidly move the large volumes to receiving waters and 

prevent flooding.  This section provides a general discussion about the methodology used to quantify 

the amount of phosphorus entering surface waters from urban runoff.   
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The methodology used for this analysis involved review of the literature to document urban runoff 

quality and quantity for each source area, determining the extent of each urban land cover (and 

source area) type present within each study area, and estimating the phosphorus source loadings 

under each flow condition.  Figure 2-1 shows the various land uses that are planned for each 

phosphorus study area by the year 2020.   

The scientific literature was reviewed to determine the phosphorus loading factors for each of the 

urban source area categories and GIS, with aerial photography, was used to estimate the extent of the 

various source areas within each land use category.  Table 2-1 shows the area (in acres) of each of 

the planned land use categories within each phosphorus study area as well as the aerial extent 

(percentage) of each phosphorus source area present within each land use type, based on aerial photo 

analysis of representative areas within each land use.   

The available urban phosphorus source area monitoring data included a combination of flow-

weighted mean or event mean concentrations, expressed as geometric or arithmetic means.  Table 2-1 

shows the phosphorus concentrations that were determined to be the most representative for runoff 

from each of the phosphorus source areas.  For this assessment, all of the developed urban land uses 

are assumed to have storm water conveyance systems in place, such as drainage ditches, conveyance 

channels, and curb and gutter with storm sewer.  Table 2-1 shows the annual runoff coefficients 

(percentage of rainfall resulting in runoff) that were determined for each of the phosphorus source 

areas, based on a review of the literature. 

Phosphorus loading from each source area (shown in Table 2-1) in each study area was then 

calculated according to the following equation: 

Load = Concentration * Land Use Area * % of Source Area for Land Use * Runoff Coefficient * 

Annual Rainfall Depth 

2.2.2 Agricultural/Rural Runoff 

Runoff from agricultural lands contributes phosphorus to surface waters primarily through rainfall 

and snowmelt runoff from pasture and cropland, as well as direct runoff from open feedlots.  The 

approach used to estimate phosphorus loadings from agricultural and rural runoff for this study 

involved the application of the aerial phosphorus export rate for the Upper Mississippi River basin, 

as described in Barr (2004), to the agricultural and rural areas of the phosphorus study areas.  Table 

2-2 shows the aerial phosphorus export rates that were used to estimate phosphorus loadings for dry, 

average and wet water years.
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Table 2-1 Planned Land Use and Phosphorus Source Area Loading Factors 
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Table 2-2 Phosphorus Source Area Loading Assumptions/References  
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2.2.3 Atmospheric Deposition 

Phosphorus in the atmosphere can be derived from a number of sources, including natural sources 

such as pollen, soil (from wind erosion) and forest fires, as well as anthropogenic sources such as 

fertilizer application and oil and coal combustion.  Agricultural activities (pre-planting field 

preparations, harvesting) can increase the amount of soil-derived phosphorus in the atmosphere.  

Phosphorus can also be released into the atmosphere in vapor form from various materials (sewage 

sludge, landfills) by microbial reduction processes.  The atmosphere contributes phosphorus and 

phosphorus-containing material to terrestrial and aquatic ecosystems by wet (precipitation in various 

forms such as rain, sleet or snow) and dry (very small particles) deposition.  The approach used to 

estimate phosphorus loadings from atmospheric deposition for this study involved the application of 

the combined aerial phosphorus wet and dry deposition export rates for the Upper Mississippi River 

basin, as described in Barr (2004), to the water surface areas of the phosphorus study areas.  Table 2-

2 shows the aerial phosphorus export rates that were used to estimate phosphorus loadings for dry, 

average and wet water years. 

2.2.4 Deicing Agents 

The use of deicing chemicals has increased in the U.S. since the 1940s and 1950s to provide “bare 

pavement” for safe and efficient winter transportation.  As more and more transportation agencies 

adopted the “bare pavement” policy, the use of salt, salt and sand mixtures, liquid brines and 

alternative deicers increased with the need to maintain this standard for pavement conditions during 

inclement weather.  Other road agencies in Minnesota such as cities, townships and counties use 

deicing agents to maintain a similar standard for pavement conditions during inclement weather.  

Recently, some limited research has documented water quality concerns related to phosphorus and 

other chemicals present in deicing agents, as well as the alternative compounds.  The approach used 

to estimate phosphorus loadings from deicers for this study involved the application of the aerial 

phosphorus export rate determined for the Upper Mississippi River basin, based on the data presented 

in Barr (2004), to the phosphorus study watershed areas.  Table 2-2 shows the aerial phosphorus 

export rates that were used to estimate phosphorus loadings for dry, average and wet water years. 

2.2.5 Streambank Erosion 

The stability of stream channels is a complex issue that is highly influenced by the dynamics of 

natural and anthropogenic disturbances.  The banks of unstable streams typically undergo erosion, 

both in the form of particle detachment from hydrodynamic drag and mass failure following erosion 

of the bank toe.  The phosphorus attached to eroded streambank material is immediately delivered to 
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the receiving water where it may ultimately become available for biologic uptake, re-deposited 

downstream, or transported with the flow out of the system.  The approach used to estimate 

phosphorus loadings from streambank erosion for this study involved the application of the aerial 

phosphorus export rate for the Upper Mississippi River basin, as described in Barr (2004), to the 

Battle Creek, Bluff Area and Gervais Lake phosphorus study watershed areas.  It was assumed that 

none of the remaining phosphorus study areas had enough stream channels to contribute significant 

quantities of phosphorus in eroded bank material.  Table 2-2 shows the aerial phosphorus export rates 

that were used to estimate phosphorus loadings for dry, average and wet water years. 

2.2.6 Individual Sewage Treatment Systems/Unsewered Communities 

The conventional individual sewage treatment systems (ISTS) consist primarily of a septic tank and a soil 

absorption field.  Septic tanks remove most settleable and floatable material and function as an anaerobic 

bioreactor that promotes partial digestion of retained organic matter (EPA, 2002).  Septic tank effluent, 

which contains significant concentrations of pathogens and nutrients, has traditionally been discharged to 

soil, sand, or other media absorption fields for further treatment through biological processes, adsorption, 

filtration, and infiltration into underlying soils which are suitable for treatment and disposal.  Phosphorus 

is present in significant concentrations in most wastewaters treated by ISTS.  Monitoring below ISTS 

systems has shown that the amount of phosphorus leached to groundwater below an operating ISTS 

depends on several factors: the characteristics of the soil, the thickness of the unsaturated zone through 

which the wastewater percolates, the applied loading rate, and the age of the system (EPA, 2002).   

The approach used to estimate phosphorus loadings from ISTS for this study involved the application 

of the average phosphorus load per residential system for the Upper Mississippi River basin, as 

described in Barr (2004), to the estimated number of ISTS systems in the District as a proportion of 

the phosphorus study watershed areas.  The number of systems in the District was taken from 1997 

Metropolitan Council estimates for each of the cities and township areas in the watershed.  Barr was 

unable to obtain more current information about the number of ISTS present within the District.  

Table 2-2 shows the assumptions that were used for this analysis. 

2.2.7 Construction Sites 

Construction sites have a very high potential to mobilize phosphorus to surface waters, especially in 

locations where sediment and erosion control measures are either not installed or not functioning 

properly.  The approach used to estimate phosphorus loadings from construction sites to surface 

waters involved an assumption about the total number of active construction sites within the District 

at any given time, applied to the proportional watershed area of each phosphorus study area.  The 
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total phosphorus loadings calculated for dry, average and wet water years were estimated as the 

product of the number of construction sites, average area of soil disturbance, average total 

phosphorus concentration, runoff coefficient, average number of permit violations, and an assumed 

reduction rate for sites with and without adequate sediment and erosion control measures.  Table 2-2 

shows the assumptions that were used to estimate phosphorus loadings for dry, average and wet 

water years. 

2.2.8 Illicit Discharges 

Illicit discharges of wash water and sanitary waste to drainage channels and storm sewers may 

represent a significant phosphorus load within localized areas of the District.  The approach used to 

estimate phosphorus loadings from illicit discharges to surface waters involved the methodology 

presented in Caraco (2003) and assumptions about the total number of dwelling units and businesses 

within the District, applied to the proportional watershed area of each phosphorus study area (see 

Table 2-2).  The number of dwelling units was estimated by assuming that there are approximately 3 

units per acre of residential development within the District.  The total number of businesses was 

estimated by assuming that there is approximately one business for every five acres of commercial 

and industrial development.  The total annual phosphorus loading was estimated as the product of the 

number of dwelling units, people per dwelling, per capita wastewater discharge rate, average total 

phosphorus concentration, and connections per dwelling unit plus the product of the number of 

businesses, wash water and wastewater connections per business, per business discharge rates and 

average total phosphorus concentration.  Table 2-2 shows the assumptions that were used to estimate 

the phosphorus loads. 

2.2.9 Geese 

Geese may represent a significant source of phosphorus within localized areas of the District.  The 

approach used to estimate phosphorus loadings from geese to surface waters involved the 

methodology presented in Scherer et al. (1995) and an assumption that the 17,456 geese estimated to 

reside in the Twin Cities metro area by Cooper (2004) were equally distributed on an aerial basis, 

applied to the proportional watershed area of each phosphorus study area.  The total annual 

phosphorus loading was estimated as the product of the total number of birds per day (0.0092 birds 

per acre times 245 days District-wide), dry weight of feces produced per bird per day (0.396), 

mobility of phosphorus as a percentage of dry weight of feces (100), phosphorus content of bird feces 

(1.87%), and the probability that phosphorus from the feces would enter a water body (80%). 
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2.2.10 Pet Waste 

If not properly disposed, pet waste may represent a significant phosphorus load within the District.  

The approach used to estimate phosphorus loadings from pet waste to surface waters involved the 

methodology presented in Caraco (2003) and assumptions about the total number of dwelling units 

within the District, applied to the proportional watershed area of each phosphorus study area (see 

Table 2-2).  The total annual phosphorus loading was estimated as the product of the number of 

dwelling units, dogs per dwelling, waste production per dog, average total phosphorus concentration 

in waste, and fraction of phosphorus delivered to surface waters.  The fraction of phosphorus 

delivered to surface waters was estimated by assuming that 70% of the households walk their dog 

and that 20% of them do not properly dispose of the waste.  Table 2-2 shows the assumptions that 

were used to estimate the phosphorus loads. 

2.2.11 Lawn Fertilizer 

Emerson (2003) described a study by John Barten, with the Three Rivers Park District, in which he noted 

that phosphorus runoff concentrations from the City of Plymouth, which had a ban on the use of 

phosphorus fertilizer, were 23 percent lower than runoff concentrations observed in Maple Grove, which 

didn’t have a ban on phosphorus fertilizer.  While this study did not represent a paired watershed study 

and there was no discussion about the actual use of no- and low-phosphorus fertilizer in each city, there 

was a lack of other literature that could document the phosphorus loading improvements expected from a 

shift to low- and no-phosphorus fertilizer.  As a result, for this study, it was assumed that phosphorus in 

lawn fertilizer contributed 23 percent of the phosphorus loadings estimated for the lawn source area 

(described in Section 2.2.1).  The lawn source area phosphorus loading contributions to each phosphorus 

study area were then reduced accordingly. 
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3.0  Results and Discussion 

3.1 Phosphorus Sources and Estimated Loadings to Surface 
Waters 

This section is intended to present the results of the total phosphorus loading estimates to surface 

waters from each source area, by phosphorus study area and for the entire District.  The following 

sections provide a detailed discussion of the results of the phosphorus loading estimates and an 

assessment of which phosphorus source categories are important during an average, dry and wet 

water year. 

Figure 3-1 shows the percentage of each source area that contributes stormwater runoff within the 

District, based on the data presented in Table 2-1.  According to Figure 3-1, more than 40 percent of 

the District consists of lawn and landscaped open space.  Freeway and railroad right-of-way 

comprises another 19 percent and water represents approximately 9 percent of the watershed.  Figure 

3-1 shows that residential streets, residential roofs and commercial parking lots represent 

approximately 7.5, 6.5 and 5 percent of the District, respectively.  As a result, lawns/open space, 

freeways, water, commercial parking lots, and residential streets and roofs comprise more than 87 

percent of the entire District.  Table 3-1 shows the tabulated summary of the estimated phosphorus 

loadings for each source area within each phosphorus study area for average, dry and wet water 

years.  The average year phosphorus source area loadings are also summarized for the entire District 

and can be directly compared to the percentages of each source area, directly below them.  The 

results show that, for an average year, lawn and open space contribute approximately 5 percent of the 

source area phosphorus loadings throughout the District, despite the fact that this source area 

comprises more than 40 percent of the watershed area (see Table 3-1).  Freeway and railroad right-

of-way contributes approximately 12 percent of the total phosphorus load during an average year, but 

comprises approximately 19 percent of the District.  Table 3-1 shows that estimated source area 

phosphorus loading percentages for residential streets and driveways/sidewalks are three to five 

times higher than their respective watershed area percentages. 

Comparison of the average, dry and wet source area phosphorus loadings, shown in Table 3-1, 

generally indicates that, while overall loadings vary by a factor of two to three, the percentages 

throughout the District do not change significantly from dry to average and from average to wet 

conditions.  An exception to this is phosphorus sources with a constant load, since their loading 

percentages vary from dry to wet conditions.  For example, pet waste is estimated to contribute 

approximately 9 percent of the total phosphorus load during a dry year, but 3 percent of the load 

during a wet year.  The pie charts shown in Figures 3-2, 3-3, and 3-4 and the bar chart shown in 

Figure 3-5 present the data contained in Table 3-1 for average, dry and wet years, respectively. 
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Figure 3-1 Percentage of Each Source Area in the District 



Table 3-1     Source Area Total Phosphorus Loading Estimates for Average, Dry and Wet Years

Average Year Total Phosphorus Loading Estimates by Source Area (lbs/year)

Roofs Parking Lots Streets
Industrial Com/Inst/Park Residential Industrial Com/Inst/Park Residential Com/Inst/Park Industrial

Battle Creek 63 95 151 377 113 563 102 269 290 391 167 0 0 16 32 39 39 4 11 72 150 50 2,993 --
Battle Creek Lake 0 150 113 0 356 440 244 0 282 330 91 0 0 68 29 -- 35 4 10 64 133 27 2,376 1,175 49%
Beaver Lake 3 36 158 18 73 643 56 13 160 297 93 0 0 48 21 -- 25 3 7 46 97 28 1,825 --
Bluff Area 1 63 216 4 84 791 71 3 305 519 159 1 0 6 29 35 35 4 10 64 135 48 2,581 --
Carver Lake 0 93 160 0 196 610 140 0 206 393 114 0 7 26 25 -- 30 3 8 55 115 34 2,215 345 16%
Gervais Lake 58 58 189 347 90 732 67 248 394 405 109 0 0 67 32 39 39 4 11 72 150 33 3,145 758 24%
Keller Lake 27 29 88 160 39 323 33 114 212 211 69 0 0 24 17 -- 20 2 6 37 77 20 1,507 505 33%
Kohlman Lake 104 233 459 622 476 1711 343 444 894 1144 336 0 8 115 84 -- 101 10 28 185 387 100 7,785 3,701 48%
Lake Phalen 6 92 222 35 98 779 92 25 320 445 170 0 0 41 33 -- 40 4 11 73 153 51 2,687 1,718 64%
St. Paul Beltline 2 59 344 12 100 1119 75 9 481 538 136 1 0 0 33 -- 39 4 11 72 151 41 3,227 6,016 186%
Tanners Lake 7 41 145 41 63 574 48 29 173 295 81 0 0 40 19 -- 23 2 6 42 89 24 1,744 --
Total 270 949 2,245 1,616 1,687 8,285 1,270 1,153 3,717 4,968 1,526 2 15 451 355 113 425 44 119 783 1,637 456 32,086
Percentage 1% 3% 7% 5% 5% 26% 4% 4% 12% 15% 5% 0% 0% 1% 1% 0% 1% 0% 0% 2% 5% 1% 100%

Total Source Area % 1% 3% 6% 2% 5% 8% 2% 1% 19% 3% 40% 0% 0% 9% 1% 101%

Dry Year Total Phosphorus Loading Estimates by Source Area (lbs/year)

Roofs Parking Lots Streets
Industrial Com/Inst/Park Residential Industrial Com/Inst/Park Residential Com/Inst/Park Industrial

Battle Creek 34 51 81 202 60 302 55 144 156 210 89 0 0 14 17 0 39 4 7 72 150 50 1,737 --
Battle Creek Lake 0 81 61 0 191 236 131 0 151 177 49 0 0 60 15 -- 35 4 6 64 133 27 1,420 --
Beaver Lake 2 20 85 10 39 345 30 7 86 159 50 0 0 42 11 -- 25 3 4 46 97 28 1,088 --
Bluff Area 0 34 116 2 45 424 38 2 164 278 86 0 0 5 16 0 35 4 6 64 135 48 1,501 --
Carver Lake 0 50 86 0 105 327 75 0 111 211 61 0 4 23 13 -- 30 3 5 55 115 34 1,308 167 13%
Gervais Lake 31 31 101 186 48 393 36 133 212 217 59 0 0 59 17 0 39 4 7 72 150 33 1,829 436 24%
Keller Lake 14 16 47 86 21 173 18 61 114 113 37 0 0 21 9 -- 20 2 4 37 77 20 890 207 23%
Kohlman Lake 56 125 246 333 255 918 184 238 479 614 180 0 4 102 45 -- 101 10 18 185 387 100 4,582 1,918 42%
Lake Phalen 3 49 119 19 53 418 49 13 172 239 91 0 0 36 18 -- 40 4 7 73 153 51 1,605 996 62%
St. Paul Beltline 1 32 184 6 54 600 40 5 258 289 73 1 0 0 18 -- 39 4 7 72 151 41 1,874 4,851 259%
Tanners Lake 4 22 78 22 34 308 26 16 93 158 43 0 0 35 10 -- 23 2 4 42 89 24 1,034 --
Total 145 509 1,204 867 905 4,444 681 619 1,994 2,664 818 1 9 399 190 1 425 44 76 783 1,637 456 18,868
Percentage 1% 3% 6% 5% 5% 24% 4% 3% 11% 14% 4% 0% 0% 2% 1% 0% 2% 0% 0% 4% 9% 2% 100%

Wet Year Total Phosphorus Loading Estimates by Source Area (lbs/year)

Roofs Parking Lots Streets
Industrial Com/Inst/Park Residential Industrial Com/Inst/Park Residential Com/Inst/Park Industrial

Battle Creek 96 146 232 578 173 863 156 412 445 599 256 0 0 18 50 233 39 4 15 72 150 50 4,587 --
Battle Creek Lake 0 231 173 0 546 675 374 0 432 506 140 0 0 77 44 -- 35 4 13 64 133 27 3,474 --
Beaver Lake 5 56 242 27 112 985 85 20 245 455 143 0 0 54 32 -- 25 3 10 46 97 28 2,670 --
Bluff Area 1 96 331 6 128 1212 109 4 467 795 244 1 0 7 45 210 35 4 14 64 135 48 3,957 --
Carver Lake 0 142 245 0 300 935 214 0 316 602 175 0 13 29 38 -- 30 3 12 55 115 34 3,260 868 27%
Gervais Lake 89 89 289 533 138 1122 103 380 605 621 168 0 0 76 50 233 39 4 15 72 150 33 4,808 752 16%
Keller Lake 41 44 134 246 60 495 51 175 325 323 105 0 0 27 26 -- 20 2 8 37 77 20 2,216 418 19%
Kohlman Lake 159 357 704 953 730 2623 526 680 1370 1754 515 0 14 130 129 -- 101 10 39 185 387 100 11,466 3,756 33%
Lake Phalen 9 140 341 53 150 1194 140 38 490 682 260 0 0 46 51 -- 40 4 15 73 153 51 3,930 1,564 40%
St. Paul Beltline 3 90 527 18 153 1715 115 13 738 825 209 2 0 0 50 -- 39 4 15 72 151 41 4,781 7,942 166%
Tanners Lake 11 62 222 63 96 880 73 45 265 453 124 0 0 45 30 -- 23 2 9 42 89 24 2,559 --
Total 413 1,454 3,441 2,477 2,586 12,700 1,947 1,768 5,698 7,615 2,339 4 27 509 544 677 425 44 165 783 1,637 456 47,708
Percentage 1% 3% 7% 5% 5% 27% 4% 4% 12% 16% 5% 0% 0% 1% 1% 1% 1% 0% 0% 2% 3% 1% 100%
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Figure 3-2 District-Wide Phosphorus Source Area Loadings (lbs/yr)—Average Water Year Precipitation 
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Figure 3-3 District-Wide Phosphorus Source Area Loadings (lbs/yr)—Dry Water Year Precipitation 
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Figure 3-4 District-Wide Phosphorus Source Area Loadings (lbs/yr)—Wet Water Year Precipitation 
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Figure 3-5 District-Wide Phosphorus Source Area Loading Bar Chart—Average, Dry and Wet Water Years 
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Figure 3-2 shows that residential streets, driveways/sidewalks and freeway/railroad rights-of-way 

contribute 26, 15, and 12 percent of the source area phosphorus loadings throughout the District 

during an average year.  These three sources account for more than 50 percent of the total phosphorus 

loading.  The remaining source percentages are fairly evenly distributed with none of the other 

sources exceeding 7 percent of the total loading.  Agriculture/rural runoff, undeveloped, atmospheric 

deposition, construction sites, streambank erosion, geese, ISTS, deicers, illicit discharges, fertilizer 

and industrial roofs are each estimated to each contribute 2 percent or less of the District’s total 

phosphorus loading to surface waters from the source areas shown.  With the exception of pet waste 

which jumps to 9 percent of the total, Figure 3-3 shows that the remaining source area percentages of 

phosphorus loading remain approximately the same during a dry year as they were during an average 

year.  During a wet year, Figure 3-4 shows that pet waste drops to 3 percent of the total loading 

phosphorus loading, while residential streets and driveways/sidewalks account for approximately 43 

percent of the total source area phosphorus loadings throughout the District.   

Table 3-1 shows that residential streets generate more of the total phosphorus load for all of the 

phosphorus study areas than any other source category.  Comparing phosphorus study areas within 

Table 3-1 shows that residential streets are estimated to contribute between 19 and 35 percent of the 

total load during an average year.  The phosphorus study areas with the higher residential street 

percentages also possess a higher proportion of multi-family residential land use.  Figure 3-4 also 

shows that lawns/open space and fertilizer combine for approximately 6 percent of the source area 

phosphorus loadings, despite the fact that this land cover type accounts for more than 40 percent of 

the area of the District (see Figure 3-1).  Comparing phosphorus study areas within Table 3-1 shows 

that the lawns/open space and fertilizer sources combine to contribute an estimated 4 to 8 percent of 

the total load during an average year.  The phosphorus study areas with the higher lawns/open space 

and fertilizer source percentages also possess a higher proportion of single-family residential land 

use and a lower proportion of commercial and industrial land uses. 

3.2 Comparison of Total Phosphorus Loadings from All Sources 
and Monitored/Modeled Loadings in Phosphorus Study Areas 

The estimates of phosphorus loadings to surface waters, with the best estimates for each water year 

presented in Section 3.1, were independently determined for each source category.  This section is 

intended to provide a comparison between the total phosphorus loadings from all sources within the 

phosphorus study areas and the available monitoring or modeling studies that have been completed 

for the District as a way of validating that the combined estimates for all of the source categories are 

appropriate.   
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Table 3-1 shows that the Battle Creek Lake, Carver Lake, Gervais Lake, Keller Lake, Kohlman Lake, 

Lake Phalen and St. Paul Beltline phosphorus study areas each had monitored and/or modeled 

phosphorus loadings estimated for them as a product of a SLMP or a water quality study.  The Battle 

Creek Lake study area had an estimated total phosphorus loading for the average year, only.  Table 3-

1 also shows how much (as a percentage) the monitored or modeled total phosphorus loading for 

each of these study areas represents of the total phosphorus loadings estimated for all of the source 

areas in this study.  With the exception of the St. Paul Beltline study area, the monitored or modeled 

loadings for all of the remaining study areas were between 13 to 64 percent of the total phosphorus 

loadings estimated for all of the source areas in this study.  This implies that approximately 36 to 87 

percent of the total phosphorus contributions from all of the source areas are not reaching the 

ultimate receiving water within each of these study areas.  This can be explained by the removal of 

phosphorus by wetlands, NURP ponds, biological uptake and removal by other BMPs that treat 

runoff from the source areas before it reaches the receiving waters.  Loading percentage differences 

for each of these study areas were fairly consistent for the average, dry and wet climate years.  The 

percentages for the St. Paul Beltline study area were between 166 and 259 percent of the total 

phosphorus loadings estimated for all of the source areas in this study.  This implies that phosphorus 

loadings from all of the source areas within the St. Paul Beltline study area are contributing 

approximately 1.5 to 2.5 times more phosphorus than was estimated for all of the phosphorus source 

areas in this study.  The difference between the water year precipitation amounts used in each study 

can explain some of the difference in the estimated phosphorus loadings for the dry and average 

climatic years.  The remaining difference between the phosphorus loadings estimated for each study 

of the St. Paul Beltline subwatershed may be explained by the one or more of the following: 

• The phosphorus contribution from Lake Phalen and Beaver Lake may have been 

underestimated as part of the calibration of the Beltline Interceptor P8 Modeling, which 

would have resulted in more of the monitored load at the downstream end of the Beltline 

sewer being attributed to the Beltline subwatershed runoff 

• The statistical error associated with the analysis done for each study.  For example, for the 

phosphorus runoff concentrations used in this study (and cited in Table 2-1), Pitt et al. (2005) 

reported a range for coefficients of variation (COV) between 0.37 and 1.39, with a median 

COV of 1.05.  This indicates that it would not be uncommon for the phosphorus 

concentrations observed in runoff from each source area to vary by plus or minus 100% of 

the values shown in Table 2-1.  Likewise, there typically is significant variability in the flow-
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weighted mean phosphorus concentrations used to calibrate the P8 modeling done for each 

study area 

• There may be an inordinate amount of illicit connections to the Beltline sewer that supply 

low volumes of water with high phosphorus concentrations  
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4.0  Recommendations 

This section provides recommendations intended to significantly lower phosphorus loadings to the 

District’s surface waters from each of the important source areas.  Table 4-1 provides a list of 

potential phosphorus source area control BMPs and indicates their utility for addressing each of the 

source areas discussed in this study.  The key for the table indicates whether a particular BMP is 

recommended for a particular source area, not recommended, recommended if pretreatment of 

stormwater runoff is provided, or is applicable for the source area but is not expected to provide as 

much treatment as other recommended practices.  A blank space in the table indicates that the BMP 

is not applicable for a particular source area or would not be likely to significantly reduce the 

expected phosphorus load.  It should also be noted that wet detention and extended detention basins 

are also applicable for end-of-the-pipe treatment of stormwater runoff, but this section is limited to 

considering BMPs for reductions of phosphorus at the source. 

As discussed in Section 3.1, agriculture/rural runoff, undeveloped, atmospheric deposition, 

construction sites, streambank erosion, geese, ISTS, deicers, illicit discharges, fertilizer and 

industrial roofs are each contributing 2 percent or less of the District’s total phosphorus loading to 

surface waters from the source areas.  Section 3.1 also showed that residential streets, 

driveways/sidewalks and freeway/railroad rights-of-way combine to contribute more than 50 percent 

of the total phosphorus loading within the District.  Table 4-1 shows that infiltration practices, 

filtration/biofiltration, disconnection from drainageway, pollution prevention/good housekeeping and 

public education are recommended BMPs for addressing the phosphorus loadings that originate from 

all three of these source areas.  Some form of pretreatment is also recommended for implementation 

of infiltration and filtration practices for most applications involving these three source areas.  Table 

4-1 also shows that those same five BMPs are also recommended to control phosphorus loadings in 

runoff from parking lots and commercial and industrial streets which comprise another 18 percent of 

the estimated total phosphorus load.  As a result, the District should work closely with the cities to 

require implementation of one or some combination of these BMPs on all roadway and 

redevelopment projects since they could significantly reduce the phosphorus loadings that currently 

comprise approximately 70 percent of the total phosphorus load throughout the District.  In addition, 

infiltration practices and disconnection from the drainageway will likely reduce the volumes of 

stormwater runoff that currently enter the storm drainage systems.  The results of this analysis 

provide further support for the District’s infiltration requirements proposed as part of its rules 
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revisions process (i.e. infiltration of one inch from impervious surfaces for all 

development/redevelopment projects). 

Since Beaver Lake, Lake Phalen and/or illicit connections may be contributing more of the observed 

total phosphorus load to the Beltline sewer than was estimated for the Beltline Interceptor P8 

Modeling, it is recommended that the Beltline WOMP data be analyzed for relationships with flow 

rate to evaluate the potential from illicit connections and then possibly conduct flow and water 

quality monitoring during baseflow conditions to determine the potential contributions associated 

with Beaver Lake, Lake Phalen and illicit connections. 
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Table 4-1 Recommended Phosphorus Source Area Control BMPs 
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