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Executive Summary 

The Minnehaha Creek Watershed District (MCWD) 2003 Hydrologic Data Report indicates that the 

current Stubbs Bay water quality would only support restricted use, based on the average total 

phosphorus concentration.  Based on the average chlorophyll-a concentration, Stubbs Bay should be 

subject to nuisance algal blooms 50 percent or more of the time.   

In 2002, MCWD Managers authorized an investigation of Stubbs Bay after the City of Orono 

expressed concerns about its water quality.  A diagnostic report, intended to evaluate the total 

phosphorus loadings to Stubbs Bay, was completed in 2004.  As a follow-up to the diagnostic study, 

this report has been prepared to discuss the feasibility analysis for controlling phosphorus loads and 

improving water quality in Stubbs Bay.  This report is intended to: 

• Summarize conclusions from previous studies that discuss watershed and internal phosphorus 

loadings and the resultant water quality of Stubbs Bay 

• Update the water quality response modeling for the planned (2020), full development land 

uses and use it as a benchmark for evaluating expected water quality improvements  

• Present the results of this feasibility analysis to consider and evaluate the expected cost, 

feasibility and benefits of several water quality improvement options 

• Provide recommendations for further evaluation and/or implementation of specific water 

quality improvement options 

Based on the projected 2020 land uses, conversion of undeveloped and agricultural property will increase 

the residential land use percentage to approximately 80 percent of the upland area.  Roadways will 

represent another 7 percent of the projected land use.  Comparing the two land use coverages reveals that 

approximately 983 acres (56% of the watershed area) will be developed or redeveloped by 2020.  Of this 

area, approximately 314 acres have soils that should be appropriate for infiltration practices. 

Each of the in-lake improvement options—in-lake alum application, hypolimnetic aeration, diffused 

aeration and artificial circulation are expected to improve the water quality in Stubbs Bay to 

approximately the same level.  However, the annualized cost per unit decrease in total phosphorus 

concentration is at least twice as high for hypolimnetic aeration, compared to the other options, while 

the cost of artificial circulation is approximately two-thirds of the cost for an in-lake alum 
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application or diffused aeration.  In addition, artificial circulation is the only in-lake improvement 

option in which the units could initially be rented, to verify their performance, before purchase. 

The predicted total phosphorus concentration should be reduced from 62 �g/L to 43 �g/L following 

implementation of the combination of artificial circulation with iron addition, rain water gardens, and 

additional wet detention ponding in Subwatersheds CLC-3, CLC-4 and SB-2.  The predicted 

chlorophyll-a concentration should be reduced from 41 �g/L to 28 �g/L, and the Secchi depth should 

increase from 0.66 meters (2.2 feet) to 0.82 meters (2.7 feet) with this improvement option 

combination.  This should increase the maximum depth of aquatic plant colonization from 

approximately 4.2 to 5.0 feet, according to Canfield et al. (1985).  The severe and very severe 

nuisance algal bloom frequencies, as a percentage of the summer, should be reduced from 

approximately 100 to 45 percent and from 44 to 18 percent, respectively.  This combination of 

improvement options would result in somewhat higher annualized costs, but would result in the best 

water quality for Stubbs Bay.  In addition, this option combines the more feasible and constructible 

options that would have lower land acquisition costs.  A bathymetric survey of the pond in 

Subwatershed CLC-4 should be completed to verify that the existing treatment volume is 

significantly less than the volume assumed for improvement option #8.   

Other potential BMPs (not modeled for this feasibility analysis) that should be considered for 

implementation in the Stubbs Bay watershed include: 

• Street/parking lot sweeping 

• Permeable pavement for driveways 

• Public education concerning waste disposal, litter control, pet waste and lawn care practices 

• Bank stabilization and vegetative buffers for watershed ponds, wetlands, lakes and streams 

Implementation of the recommended improvement options will ensure that the Stubbs Bay 

phosphorus concentrations will meet the goals in MCWD’s Water Resource Management Plan (1997) 

and the Hydrologic/Hydraulic, and Pollutant Loading Study (2003b). The predicted phosphorus 

concentration very nearly meets the full use support designation and would fall in the review 

category for listing eutrophication impairments, based on phosphorus concentrations for the North 

Central Hardwood Forest Ecoregion (MPCA, 2004).  The MPCA intends to further review 
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chlorophyll-a and Secchi depth data, as well as trends and user perception information for lakes in 

the review category to determine the impairment status.  
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1.0  Introduction 

1.1 Background 
Eutrophication of surface waters is a condition in which excess nutrients cause excessive growth of 

algae and other aquatic plants.  Phosphorus is the nutrient primarily responsible for the 

eutrophication of Minnesota’s surface waters.  Too much phosphorus causes excessive growths of 

nuisance algae (blooms) and reduced water transparency, making waters unsuitable for swimming or 

other recreational activities.  When there are excessive amounts of algae in surface waters and those 

algae die, the decay of the algae may consume dissolved oxygen in the water and stress the biological 

community.  This may cause fish kills.  Additionally, severe algal blooms may directly poison 

animals that ingest the algae, or cause allergic reactions in people who swim in the polluted water. 

The Minnehaha Creek Watershed District (MCWD) 2003 Hydrologic Data Report indicates that, 

currently, Stubbs Bay water quality would only support restricted use, based on the average total 

phosphorus concentration.  Based on the average chlorophyll-a concentration, Stubbs Bay should be 

subject to nuisance algal blooms 50 percent or more of the time.  In addition, the last seven years of 

water quality data indicate an increasing (though not statistically significant) trend in surface water 

total phosphorus (TP) and chlorophyll-a concentrations, along with the bottom water seasonal 

maximum SRP concentrations from Stubbs Bay.   

In 2002, MCWD Managers authorized an investigation of Stubbs Bay after the City of Orono 

expressed concerns about its water quality.  A diagnostic report (Wenck, 2004), intended to evaluate 

the total phosphorus loadings to Stubbs Bay, was completed in 2004.  As a follow-up to the 

diagnostic study, this report has been prepared to discuss our feasibility analysis for controlling 

phosphorus loads and improving water quality in Stubbs Bay.  This analysis is based on our review 

of the diagnostic study, available literature, monitoring data, previous assessments, and modeling 

completed for Stubbs Bay.  This report is intended to: 

• Summarize conclusions from previous studies that discuss watershed and internal phosphorus 

loadings and the resultant water quality of Stubbs Bay 

• Update the water quality response modeling for the planned (2020), full development land 

uses and use it as a benchmark for evaluating expected water quality improvements  
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• Present the results of this feasibility analysis to consider and evaluate the expected cost, 

feasibility and benefits of several water quality improvement options 

• Provide recommendations for further evaluation and/or implementation of specific water 

quality improvement options 

1.1.1 Lake Characteristics 

Stubbs Bay has a lake surface area of 199 acres, maximum depth of 37 feet and a mean depth of 15 feet.  

The lake volume is approximately 3,000 acre-feet.  As shown in Figure 1, the lake basin is essentially 

round and fairly well sheltered from the prevailing winds.  Stubbs Bay stratifies throughout the summer 

with the thermocline typically in the range of 12 to 15 feet deep.   

Figure 1 Stubbs Bay morphometry 

 

The lake has a littoral (shallow portion supporting submerged plant growth) area of 104 acres.  The 1997 

aquatic plant survey, completed by the Minnesota Department of Natural Resources, indicated that 

Eurasian watermilfoil was abundant and curlyleaf pondweed was common.  The 2001 Lake Minnetonka 
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Association aquatic plant sampling indicated that Stubbs Bay had low to medium densities of coontail and 

low to rare occurrences of other macrophytes, including Eurasian watermilfoil.  A small survey of three 

transects, done by Barr Engineering in June of 2004, indicated low densities of coontail, Eurasian 

watermilfoil and curlyleaf pondweed in Stubbs Bay. 

1.1.2 Watershed Characteristics 

Stubbs Bay has a total watershed area of 1,749 acres (not including the lake surface area), consisting of 

two main tributaries and a direct drainage area to the lake.  The Classen Lake Creek tributary watershed 

has a monitored area of 994 acres, while the Stubbs Bay Creek tributary has a monitored area of 507 

acres.  The unmonitored direct drainage area represents approximately 248 acres of residential and 

undeveloped land. 

Classen Lake Creek is a perennial stream that extends from the Classen Lake outlet at Highway 12 

through large vegetated wetlands near Watertown Road, before discharging into a quarter-mile long pond, 

created by a dam east of Leaf Road, about one-half mile upstream of Stubbs Bay.   

Stubbs Bay Creek provides intermittent flow to Stubbs Bay from a large wetland area northwest of the 

lake.  The wetland complex is surrounded by wooded, hilly terrain with rural residential land use. 

1.1.3 Watershed Land Use and Soils 

Appendix A provides summaries of the Stubbs Bay subwatershed land use and soils data.  The 

subwatershed land use summary is based on the Metropolitan Council land use data from 2000 and 

projections for 2020.  The developed area represents approximately 35 percent of the watershed in 2000, 

with the remaining upland areas associated with farmsteads and open space or undeveloped land.  Based 

on the projected 2020 land uses, conversion of undeveloped and agricultural property will increase the 

residential land use percentage to approximately 80 percent of the upland area.  Roadways will represent 

another 7 percent of the projected land use.  Comparing the two land use tables reveals that approximately 

983 acres (56% of the watershed area) will be developed or redeveloped by 2020. 

Overlying the Hennepin County Soil Survey data with the Stubbs Bay subwatershed boundaries reveals 

that Hydrologic Soil Group B-type soils cover approximately 56 percent of the upland areas (see 

Appendix A).  This soil group should be appropriate for implementation of infiltration practices within 

the Stubbs Bay watershed, while the remaining soil types are likely to be too impermeable for successful 

implementation of infiltration practices.  Of the 983 acres expected to undergo development or 

redevelopment by 2020, approximately 314 acres are classified with B-type soils. 
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1.2 Summary of Stubbs Bay Diagnostic Report 
As previously discussed, the Stubbs Bay Diagnostic Report (Wenck, 2004) evaluated the total 

phosphorus loadings to Stubbs Bay and developed an in-lake water quality model to estimate the load 

reductions required to meet specific goals.  The following sections discuss the results of the 

diagnostic study. 

1.2.1 Existing Lake Water Quality 

The diagnostic study provided the following synopsis of the existing lake water quality in Stubbs Bay:  

• In-lake phosphorus concentrations are variable with summer surface total phosphorus (TP) 

ranging from 41 to 63 ug/L.  

• Total phosphorus goal from the District’s 1997 509 plan is 50 ug/L; the goal set out in the 

HHPLS study report is practically the same, 50 to 55 ug/L.  

• Over the six years (1997 to 2002) of water quality monitoring on Stubbs Bay, the average TP 

concentration is 53 ug/L. With the exception of 2001, the phosphorus concentrations have 

been increasing steadily, at about 4.6 ug/L per year.  

• Over the same period, Chloropyll-a concentrations ranged from 23 to 39 ug/L, and averaged 

32 ug/L. Chlorophyll-a concentrations are relatively high compared to that which would be 

expected from the total phosphorus concentrations.  

• The average chlorophyll-a concentration of 32 ug/L indicates a summer frequency of 

nuisance algae blooms (defined as Chlorophyll-a exceeding 20 ug/L) of 75 percent, and 

severe nuisance (Chlorophyll-a exceeding 30 ug/L) of 45 percent.  

• Summer average Secchi depth ranged from 0.6 to 0.9 m, and averaged 0.76 for 1997 through 

2002.  

• The concerns that have been raised regarding Stubbs Bay indicate that the public desires a 

more stringent goal and are probably related to the recent negative trend in water quality.  

1.2.2 Water Quality Response Modeling 

Water quality response modeling was developed for the diagnostic study to evaluate and present water 

quality responses of Stubbs Bay to reductions in phosphorus load.  The model results can be used to target 

phosphorus load reductions as required to meet certain water quality goals. The model can also be used to 
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assess the attainability of use-driven goals.  Using the available water and phosphorus budgets, the 

approach was to:  

• Develop in-lake, growing-season water quality data sets;  

• Prepare water quality response models to represent the six data sets;  

• Establish a benchmark water quality data set and model;  

• Evaluate on the basis of the benchmark model(s), the water quality response to load reduction 

strategies.  

The key components of the model were phosphorus sedimentation, Chl-a, and Secchi depth equations. 

The model was developed based on the procedures used in BATHTUB (Walker, 1996). The calibration 

procedure attempted to achieve agreement with in-lake observations as well as maintaining trueness to the 

relevant biochemical correlations to improve the confidence in model predictions.   

1.2.3 Diagnostic Results 

The diagnostic study results for Stubbs Bay were as follows: 

• Stubbs Bay experiences a high internal load as evidenced by high bottom phosphorus 

concentrations. Stubbs Bay ranks about 8th highest bottom concentrations when compared to 

the 43 MCWD lakes and bays monitored in 2002.  

• Estimates of summer internal phosphorus load ranged from 320 to 790 kg per year. For 

reference the internal load calculated for Jennings Bay was 570 kg per year.  

• Internal loading is further evidenced by high lake concentrations which coincide with spring 

and fall overturn, when phosphorus-rich bottom water mixes with the surface water.  

• External tributary loads vary from 34 kg in 2000 to 600 kg in 2002; on average the external 

tributary load is 270 kg. The average inflow TP is 250 ug/L. Most of the water and 

phosphorus loads are derived from the Classen Lake Creek. A second tributary located at the 

northwest corner of the bay discharges mostly during spring snowmelt, and represents a small 

part of the total load. 

• The estimated average annual phosphorus load to Stubbs Bay is summarized as:  
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• Phosphorus profiles taken during 2003 indicate that phosphorus concentrations decrease 

along Classen Lake Creek as it flows toward Stubbs Bay from County Road 6.  

• Development within the Stubbs Bay watershed is expected to approximately double by 2020. 

Loads from the watershed can be expected to increase over the next 20 years 

1.2.4 Water Quality Goals 

Water quality model results presented in the diagnostic study can be used along with Ecoregion use 

designations to determine goals in terms of algal populations (summer mean chlorophyll-a), water clarity 

(Secchi depth), or in-lake total phosphorus, to the required phosphorus load reduction. Use designations 

based on phosphorus concentrations for the North Central Hardwood Forest Ecoregion, where Lake 

Minnetonka is located, are listed in the table below along with the associated modeled chlorophyll-a 

concentrations and estimated load reduction requirements to meet each use designation under existing 

conditions. 

 

Currently, the MCWD’s Water Resource Management Plan (1997) lists a phosphorus goal of 50 �g/L, 

while MCWD’s Hydrologic/Hydraulic and Pollutant Loading Study (2003) lists a range of proposed 

phosphorus goals of 50 to 55 �g/L.  In considering a goal for Stubbs Bay, the Managers should also 

consider:  
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• Acceptable frequency of nuisance algal blooms (based on user/stakeholder perception) and 

tolerance for aquatic macrophytes,  

• Technical feasibility of the load reduction,  

• Unintended effects of improved clarity,  

• Cost of load reduction alternatives. 

1.3 Current Watershed District Rules for Residential Development 
MCWD has established permit requirements for several types of projects that may be associated with 

residential development and redevelopment (MCWD, 2003a).  The following types of projects, 

involving potential water quality issues pertinent to typical residential development, require permits: 

• Erosion Control (Rule B) 

• Wetland Protection (Rule D)  

• Stormwater Management (Rule N) 

The erosion control permit primarily provides water quality protection during development 

construction.  The wetland protection permit is intended to protect the functions and values of 

existing wetlands.  As a result, no long-term, downstream water quality changes (above and beyond 

existing conditions) would be expected due to the erosion control and wetland protection permit 

requirements.   

The stormwater management permit requirements are intended to offset long-term impacts that land 

development projects have on the volume and quality of stormwater runoff.  Rule N does not require 

a permit for construction or reconstruction of single-family homes.  Rule N requires a permit and 

implementation of best management practices (BMPs) for single-family residential subdivisions 

greater than 2 acres.  These BMP requirements consist of site design, structural and non-structural 

practices consistent with the specifications of the latest MPCA manual, “Protecting Water Quality in 

Urban Areas”.  Additional water quality control provisions, requiring facilities that minimally 

achieve 50 percent removal of the average annual phosphorus loadings, apply to single-family 

residential subdivisions that are: 1) 20 acres or more with a density of two units or less per acres; or 

2) 8 acres or more with a density of more than two units per acre.  These same water quality 

provisions also apply to roadway construction projects of five acres or more which generate one acre 

or more of new impervious surfaces. 
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As previously discussed, more than 980 acres (approximately 56%) of the Stubbs Bay watershed area 

will be developed or redeveloped by 2020.  Almost all of this development is expected to involve 

single-family or large-lot, rural residential land use, with some roadway construction.   
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2.0  Data Collection and Analysis 

2.1 Sediment Sampling and Chemical Analysis Methodology 
A gravity corer was used to take a sediment sample in the deep-hole location of Stubbs Bay.  The 

core was sliced into 1 cm sections to a depth of 10 cm.  Each sediment section was analyzed for total, 

mobile, aluminum-bound (Al-P), calcium-bound (Ca-P), and organically-bound (Org-P) phosphorus 

according to Psenner and Puuckso (1988), and modified by Rydin and Welch (1999).  The sediment 

was also evaluated for water content and the fraction of the sediment solids that were composed of 

organic and inorganic content.  From these measurements the density of the sediment was 

determined.  

Amorphous iron, which is predominantly iron hydroxide, was extracted from the sediments with 

ammonium oxalate at pH 3 (Hodges and Zelazny, 1980).  The total iron content of the extract was 

analyzed by graphite furnace atomic absorption spectrometry.   This extraction procedure is used to 

identify iron in sediment that is non-crystalline (i.e. iron that is not incorporated in clay and silt 

particles) and hence this iron fraction is more readily available to bind phosphorus in the sediments. 

2.2 Sediment Chemistry Results 
The basic characteristics of the sediment collected in Stubbs Bay are presented in Table 1 and the 

concentrations of the phosphorus and iron fractions found in the sediment are provided in Table 2.  

The concentration of each phosphorus fraction and the iron fraction are also presented by depth in 

Figure 2.  

Table 1 Basic characteristics of sediment taken at the deep hole of Stubbs Bay 
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Table 2 Chemistry of sediment taken at the deep hole of Stubbs Bay 

 

Figure 2 Amorphous, non-crystalline iron and phosphorus fraction concentrations in 
Stubbs Bay sediment 

 

The mobile P fraction, which consists of the loosely sorbed and the iron-bound phosphorus fractions, 

is the phosphorus fraction considered the most readily available for phosphorus release under 

anaerobic conditions.  The Al-P and the Ca-P fractions are stable under anaerobic conditions if the 
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sediment pH does vary significantly from near-neutral pH (James et al., 2001).  The Org-P fraction 

consists of phosphorus that is incorporated in dead organic matter and bacteria, and is associated with 

humic acids.  Although there is a large body of research that has been devoted to understanding the 

mobile P fraction and its contribution of phosphorus release in sediment, to our knowledge there are 

no studies that have directly identified the contribution of the Org-P fraction to phosphorus release 

under anaerobic conditions.  There is some evidence that the concentration of Org-P fraction 

fluctuates throughout the year, suggesting some phosphorus release from the Org-P fraction, 

however, this fluctuation is minor compared to the fluctuation in the mobile P fraction (Rydin and 

Brunberg, 1998). 

The concentration of mobile P found in the Stubbs Bay sediment is average to slightly below average 

for lakes in the Twin Cities Metropolitan Area.   For example, mobile P in Stubbs Bay (top 4 cm) is 

similar to Bryant Lake, Lake Riley, Hyland Lake, but below the concentration found in Lake Harriet 

and Calhoun and higher than Lake McCarrons in St. Paul.  With the exception of the first centimeter 

of sediment, the concentration of Org-P in the Stubbs Bay sediment appears to be similar to 

published data on lake sediments (Rydin and Welch, 1999; Hansen et al. 2003, James et al. 2000). 

2.3 Aluminum (Alum and Aluminum Chloride) Dosing  
Calculations were performed to evaluate the use of several alum or aluminum chloride doses and the 

corresponding expected decline of mobile P in the lake sediments.   This methodology was developed 

by Pilgrim (2002) and is based upon the consistent relationship between mobile P in sediment, alum 

dose, formation of Al-P, and loss of mobile P in sediment.   This method enables the estimation of 

the expected formation of Al-P and hence loss of mobile P in sediment.  Four different alum doses 

were evaluated and these doses correspond to ratios of alum (expressed as aluminum) to Al-P that is 

expected to be formed (see Figure 3).  From these doses, estimates of the alum cost to treat 122 acres 

of the lake bottom area (corresponding to the area below the 10 foot contour) were developed (Figure 

4).  Finally, the expected change in phosphorus release rates with alum treatment was calculated from 

the reduction in mobile P for each alum/aluminum chloride dose.  It is assumed that the average rate 

of phosphorus release (15 mg m-2 d-1) from internal loading, presented in the diagnostic report, will 

decline in proportion to the expected loss in Mobile P in the sediment (Figure 5).   
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Figure 3 Expected change in Al-P and mobile P given a range of alum doses 

 

 

Figure 4 Expected reduction of mobile P with a range of alum doses and associated cost 
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Figure 5 Predicted change in the rate of phosphorus release with a range of alum doses 

 

The alum doses that are prescribed in Figure 4 are based on treating the top 6 cm of lake sediment.  

Rydin and Welch (1999) recommended treating the top 4 cm of lake sediment, and this 

recommendation appears to be based, in part, on the results of a study by Rydin and Brunberg (1998) 

that showed significant fluctuations (suggesting phosphorus release) in mobile P in the top 2 cm of 

sediment during a full year.  In a recent study by Engstrom (in press, submitted to Lake and 

Reservoir Management on 2/27/04), it was suggested that phosphorus has potentially migrated in the 

Vadnais Lake sediments from depths below 10 cm.  The amount of alum that should be added should 

also depend upon the expected depth of sediment with which the alum will mix.  In Cedar Lake, alum 

has mixed to the 4-5 cm depth.  In a survey of Washington state lakes that have been treated with 

alum, several years after alum treatment the alum mixed with 3 to 6 cm of lake sediment.  For this 

study, we chose to estimate the alum dose such that the top 6 cm of sediment is treated.  This is based 

upon the approximate depth of sediment that phosphorus can release from and the depth that alum 

will mix.  

It should be noted that some research (Hansen et al., 2003) has suggested that there would be some 

benefit to using aluminum chloride rather than alum.  Hansen noted that the sulfate in alum has the 

potential to bind iron in sediment, thus reducing the future potential of iron to bind phosphorus.  The 

costs presented in Figure 4 would be 33% higher with the use of aluminum chloride.  At the highest 

aluminum chloride dose presented in Figure 4, the whole-lake chloride concentration would increase 
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by 29 mg/L.  The average chloride concentration in Stubbs Bay was 47 mg/L in 2002.   According to 

the Minnesota State Statutes 7050, the chronic aquatic life criteria for chloride is 230 mg/L, which is 

far above the maximum expected chloride concentration of 76 mg/L. 

Another alternative for the alum application improvement option involves the application of lime 

slurry to the shallow or littoral portions of the lake along with the alum.  There are several potential 

benefits of adding lime slurry with the alum, as discussed below: 

• It holds the alum floc in place, preventing wind movement and scour from motor boats 

• It reduces aquatic plant density (but does it non-selectively, which may hinder growth of 
desirable native species) 

• It adds capacity for binding phosphorus, which controls filamentous and planktonic algae 
growth, and 

• Lime slurry neutralizes pH 

2.4 Iron Dosing and Aeration 
The results of the sediment analysis show that the concentration of available iron in the sediment is 

low and that some phosphorus would release from the Stubbs Bay sediment under oxygenated 

conditions. In a study by Hansen et al. (2003), the phosphorus release rate of non-aerated sediment 

was approximately 14 mmol P/m2 over 35 days while aerated sediment had a release rate of 5 mmol 

P/m2 over 35 days.  This sediment had a Fe to Mobile P molar ratio of 4.  The average molar ratio of 

Fe to Mobile P in Stubbs Bay sediment for the top 6 cm is 2.5.  When Hansen et al. (2003) increased 

the molar ratio of Fe to Mobile P in their test sediment to 10:1 there was essentially no phosphorus 

release under aerated conditions.  According to Engstrom (in press, submitted to Lake and Reservoir 

Management 2/27/04) the Fe:NAI-P ratio in Lake Vadnais sediments was approximately 8 in 1998 

(NAIP=mobile P+Al-P).  Iron has been applied to Lake Vadnais sediments to inhibit phosphorus 

release in conjunction with aeration and this has essentially eliminated phosphorus release from Lake 

Vadnais sediments.  It is recommended that if aeration is used to inhibit phosphorus release in Stubbs 

Bay sediment, then iron should be added to the sediments to achieve a 10:1 molar ratio of iron to 

mobile P in the top 6 cm of sediment.  This would require the application of 153 gallons of iron 

sulfate per acre (see Table 3).  Assuming that application would similar to an alum treatment (i.e., 

treatment barge), it would cost approximately $40,465 to apply 122 acres of lake area (below the 10 

foot contour) with this volume of iron sulfate. 
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Table 3 Evaluation of additional iron required in the top 6 cm of sediment to inhibit 
phosphorus release under oxic conditions 

 

 

2.5 Water Quality Modeling 
The diagnostic study utilized monitored watershed loadings to develop an in-lake water quality 

response model with existing land use conditions.  This feasibility analysis is intended to evaluate the 

long-term effectiveness of various watershed and in-lake water quality improvement options to 

identify the most sustainable overall solution.  As a result, the water quality modeling needs to 

account for the water and phosphorus loadings associated with future land development.   

A Pondnet watershed model of existing land use and drainage conditions was developed and 

optimized to match the average water and phosphorus loadings presented in the diagnostic report, for 

the Classen Lake Creek and overall Stubbs Bay watersheds.  Appendix A provides summaries of the 

Stubbs Bay subwatershed land use conditions, based on the Metropolitan Council land use data from 

2000 and projections for 2020.  The land use summary table also shows the runoff coefficients and 

runoff total phosphorus concentrations used for each land use type for optimization of the Pondnet 

watershed model for existing land uses.  For the model optimization, assumptions about the average 

depth of the ponds and wetlands in each subwatershed were varied (while keeping consistency for 

similar wetland types), along with the runoff coefficients and total phosphorus concentrations.  The 

optimized Pondnet watershed model was then updated, based on 2020 land use projections, and the 

estimated watershed flow and phosphorus loadings were used to update the BATHTUB water quality 
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response model for full development land use conditions.  The estimated average annual phosphorus 

load to Stubbs Bay is summarized as:  

 

The updated loadings and water quality response model were used as a benchmark for evaluating 

expected water quality improvements associated with each of the BMPs and in-lake options 

discussed in this feasibility analysis.  The updated water quality response model was used to predict 

the lake phosphorus and chlorophyll-a concentrations, Secchi disc transparency depth, and the severe 

(Chl-a > 30 �g/L) and very severe (Chl-a > 60 �g/L) nuisance algal bloom frequencies (as a 

percentage of the summer), for each improvement option.  The severe nuisance algal bloom 

frequencies were estimated using the relationship developed by Osgood (1989) for the Twin Cities 

Metropolitan Area lakes.  The very severe nuisance algal bloom frequencies were estimated with the 

relationship presented in the MPCA’s (2004) Guidance Manual for Assessing the Quality of 

Minnesota Surface Waters for the North Central Hardwood Forest ecoregion. 

2.6 Cost Estimation 
Capital construction and annual operation and maintenance costs were developed for this feasibility 

analysis to evaluate the long-term annualized costs associated with each of the improvements 

options.  The cost estimates for several of the in-lake improvement options were based on quotes 

obtained from contractors, while the watershed BMP costs were estimated from past experience.  The 

following summarizes the general assumptions made for each of the cost estimates: 

Cost Assumptions for All Options (5% Engineering/Permits for Option #10): 
15% Engineering/Permitting (as percentage of project subtotal costs) 
25% Contingencies (as percentage of project subtotal costs) 

Detention Pond Cost Assumptions (5% Mobilization for Option #10): 
10% Mobilization/Demobilization (as percentage of total project costs) 

$5,000 Outlet Structure Cost 
$12.00 Pond Excavation and Off-Site Disposal ($/C.Y.) 
$5,000 Pond Restoration Cost 
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$10,000 Wetland Restoration/Mitigation Cost per acre 
Annualized Cost Assumptions for All Options: 

5% Annual Percentage Rate 
25 Year Term 

 

Annual operation and maintenance costs for wet detention ponds assumed that half of storage volume 

would be taken up by the sediment storage volume once every five years and would need to be 

excavated at that time.  This is consistent with the timing of maintenance found by MCWD (2003a).  

It was assumed that excavation of existing wetlands would require mitigation at a two to one ratio for 

the disturbed areas.  Land acquisition and costs for easements will vary and are not included in the 

estimated costs for this feasibility study.  More specific details about the cost estimates for each 

improvement option are discussed individually for each option in Section 3.0.   
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3.0  Evaluation of Water Quality Improvement 
Options 

This section presents the evaluation of the expected cost, feasibility and benefits of several in-lake 

treatment options for Stubbs Bay.  Results of the watershed and in-lake water quality modeling, 

discussed in previous sections, were used to evaluate the benefits of various in-lake treatment 

options.   

3.1 In-Lake Improvement Options 
This feasibility analysis is intended to consider and evaluate the feasibility and expected cost of the 

following in-lake treatment options: 

• Chemical treatment of anoxic sediments using  

o Alum 

o Lime 

o Alum plus lime 

o Ferric chloride, both with and without aeration 

o Calcium carbonate (spent lime) 

o Calcium nitrate (i.e., RIPLOX) 

• Hypolimnetic aeration 

• Artificial destratification (i.e., mixing) 

• Copper sulfate 

Hansen et al. (2003) evaluated the effects that treatment with various chemicals would have on 

anoxic sediments in the laboratory.  In comparison to the control treatment, nitrate, iron with 

aeration, iron without aeration, and alum resulted in sediment phosphorus release rate reductions of 

90%, 98%, 96%, and more than 100%, respectively.  Since calcium nitrate has limited use and 

documented long-term effectiveness in in-lake treatments and was less effective than the iron and 

aluminum precipitants it was not considered further for this feasibility analysis.  As a previously 

discussed, the addition of lime to an alum treatment has the added benefits of holding the alum floc 

in place, while inhibiting (nonselectively) macrophyte growth.  However, we do not anticipate that 

alum will have to be applied in littoral areas of Stubbs Bay, so the added cost of lime would not be of 
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significant benefit.  By themselves, the lime products and ferric chloride without aeration are not as 

effective as aluminum in precipitating phosphorus under anoxic conditions, and were not considered 

further for this analysis.  As a result, alum and iron with aeration are the only chemical treatments 

that warranted further consideration in this feasibility analysis. 

Copper sulfate has also been used extensively for controlling algae blooms.  The primary drawback 

to killing algae with copper sulfate is that it is a short-term fix and not a long-term, sustainable 

solution.  Also, the dead algae can release toxins to the water, toxic levels of copper can be deposited 

in the sediments and the composition of algae species can shift towards those that are more copper-

resistant, but equally undesirable (World Health Organization, 1999).  This feasibility analysis is 

focused on improvement options that are intended to limit the growth of algae.  The following 

sections are intended to discuss each of the remaining in-lake improvement options, in more detail. 

3.1.1 Alum Application 

Phosphorus release, from the mobile phosphorus sediment fraction, occurs when sediments become 

anoxic.  The mobile P sediment fraction consists of iron bound and loosely sorbed phosphorus.  

Alum works to control phosphorus release because the aluminum in alum exchanges with the iron 

bound and loosely sorbed phosphorus, creating a bond that is stable under anaerobic conditions.  

Alum reacts with both phosphorus and solids in the water column and removes them by creating a 

sweeping floc.  Alum will reduce the alkalinity and pH of the lake water following its application, so 

a typical permit condition is that the applied dose needs to be low enough that the pH is maintained 

at or above 6.0.  As a result, more than one application of alum to the lake may be needed to achieve 

the desired dose for the sediment phosphorus release, yet ensure that the pH does not drop below 6.0.  

It is also likely that another permit condition will require ongoing monitoring for pH during the alum 

application to verify that the lake pH is not dropping below 6.0.   

The alum should be applied to all of the lake sediments that are more than ten feet deep.  The long-

term success of in-lake alum treatment is mostly dependent on the following factors: 

• Adequate dose determination 

• Good application technique 

• Proper control of watershed phosphorus loadings to prevent phosphorus-rich sediments from 

re-accumulating 
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The longevity of alum treatment has been shown to vary greatly for alum treated lakes. In an 

evaluation of 21 alum-treated lakes, Welch and Cooke (1999) estimated that the average longevity 

for dimictic lakes treated with alum has been 13 years.  Welch and Cooke (1995) concluded that 

higher alum dosages were positively correlated to phosphorus control longevity.  For some lakes in 

the Welch and Cooke (1999) study the alum dose was not appropriately determined and new dosing 

methods such as the ones used in this current study for Stubbs Bay are more accurate than the dosing 

techniques used for the alum-treated lakes included in the Welch and Cooke study.  However, the 

longevity of an alum treatment will also depend upon the rate of sediment accumulation on the lake 

bottom as well as the alum dose.   Some time after alum is applied to the lake bottom the alum floc 

will generally begin to mix in with the sediment.  At the same time, more sediment will be deposited 

on the lake bottom.   This process results in a peak of alum in sediment with lower concentrations 

towards greater sediment depth and lower concentration towards the sediment-water interface.  

Eventually enough sediment will deposit above the alum-treated layer that the effectiveness of the 

alum treatment will be reduced.  Hence, the longevity of the treatment can be highly dependant upon 

the sedimentation rate of a given lake.  This sedimentation rate can vary greatly.  For Rice Marsh 

Lake in Eden Prairie, the sedimentation rate is approximately 0.3 cm/yr.  For Vadnais Lake, the 

sedimentation rate is approximately 1 cm/yr.  For Lake Wappogasset, the sedimentation rate is 

approximately 0.1 cm/yr.  Because as little as 2 cm of sediment can contribute significantly to 

internal loading (Rydin and Brunberg, 1998), the rate of sedimentation can have a significant effect 

on the longevity of alum treatment.  Also, because approximately 79 percent of the solids in Stubbs 

Bay sediment is inorganic or carbonate, the rate of sediment accumulation in Stubbs Bay is largely 

dependant upon watershed inputs.  For purposes of budgetary planning, it can be expected that over a 

25 year period Stubbs Bay will need to be treated twice to maintain low rates of phosphorus release 

from sediment.   

As discussed in Section 2.3, an in-lake alum treatment, properly applied at a dose of 1956 gallons per 

acres, will typically reduce the rate of sediment phosphorus release by approximately 80 percent for 

several years (see Figure 5).  Since sediment phosphorus release and recycling is expected to account 

for approximately 50% of the total phosphorus load, an in-lake alum treatment would significantly 

improve the water quality in Stubbs Bay.  In-lake alum treatment is the most reliable and one of the 

most cost-effective control measures for minimizing sediment phosphorus release.  Table B-1 

(Appendix B) provides a matrix of factors for consideration as improvement options for addressing 

phosphorus loadings are being compared.  There is a description of each improvement option along 

with its benefits, limitations, predicted water quality parameters (with fully developed land uses), 
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estimated costs and other considerations.  Table B-1 presents the estimated capital and annualized 

costs, as well as the annualized cost divided by the expected reduction in the in-lake TP 

concentration, associated with an in-lake alum application to Stubbs Bay (Option #1).  The 

annualized cost is based on the cost associated with making payments on the upfront capital cost 

(assuming 25 year term at 5% interest), combined with the annual operation and maintenance costs 

for any water quality improvement option.  As shown in Table B-1, the estimated total capital cost is 

$341,000 for one in-lake alum application to Stubbs Bay.  In the case of an in-lake alum application, 

the annualized cost also includes a second alum application after 13 years.  For the purposes of the 

cost estimate, a unit cost of $1 per gallon of alum was assumed, along with a 

mobilization/demobilization cost of $5,000.   

Figure 6 shows the assumed alum treatment area (depths greater than 10 feet) for this improvement 

option.  Table B-1 shows that the predicted total phosphorus concentration should be reduced from 

62 �g/L to 49 �g/L following implementation of an in-lake alum treatment.  The predicted 

chlorophyll-a concentration is predicted to change from 41 �g/L to 32 �g/L, and the Secchi depth 

should increase from 0.66 meters to 0.76 meters with this improvement option.  The severe and very 

severe nuisance algal bloom frequencies, as a percentage of the summer, should be reduced from 

approximately 100 to 65 percent and from 41 to 25 percent, respectively.  The annualized cost for an 

in-lake alum treatment is $2,800 per �g/L reduction in the Stubbs Bay total phosphorus 

concentration.   

3.1.2 Hypolimnetic Aeration/Iron Addition 

As previously discussed, phosphorus release, from the mobile phosphorus sediment fraction, occurs 

when sediments become anoxic.  The mobile P sediment fraction consists of iron bound and loosely 

sorbed phosphorus.  If enough iron is present and the sediment remains oxic, the iron bound and 

loosely sorbed phosphorus sediment fractions will remain stable.  Hypolimnetic aeration is a means 

of maintaining oxic conditions in the sediment without destratifying the water column.  As discussed 

in Section 2.4, sediment testing done for this feasibility analysis indicates that an in-lake iron 

application will be necessary to prevent sediment phosphorus release in Stubbs Bay under oxic 

conditions.  Hypolimnetic aeration works by drawing water out of the hypolimnion, injecting it with 

air, and then returning it to the hypolimnion with no appreciable temperature change.  As a result, 

this improvement option would likely result in circulation of the bottom waters of Stubbs Bay, but 

since it maintains the lake stratification, the system is not likely to change the circulation of the 

surface waters of the lake.  This improvement option would likely result in improved habitat for fish 

and zooplankton in the bottom waters of the lake, since it would significantly increase the dissolved  
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Figure 6 Location of potential water quality improvements 
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oxygen concentrations.  However, Cooke et al. (1993) cite several studies that have found that 

hypolimnetic aeration systems may not provide uniform or consistent mixing and partial lift systems 

may allow anoxia near the top of the metalimnion, which would discourage migration of fish and 

zooplankton.   

Engstrom (in press, submitted to Lake and Reservoir Management 2/27/04) shows that average 

hypolimnetic TP concentrations were reduced by approximately 85 percent after hypolimnetic 

aeration was begun.  Hansen et al. (2003) indicated that the mean sediment phosphorus release rate 

was reduced by 84 percent with 100% dissolved oxygen saturation in laboratory experiments.  Based 

on the internal load assessment done for the diagnostic report (Wenck, 2004), an 85 percent reduction 

in the hypolimnetic TP concentrations should have a corresponding reduction in the internal load to 

Stubbs Bay.  Table B-1 shows the predicted water quality conditions in Stubbs Bay following an 85 

percent reduction in internal load, which should result from implementation of this improvement 

option.  Table B-1 shows that the predicted total phosphorus concentration should be reduced from 

62 �g/L to 48 �g/L following implementation of this improvement option.  The predicted 

chlorophyll-a concentration is predicted to change from 41 �g/L to 32 �g/L, and the Secchi depth 

should increase from 0.66 meters to 0.77 meters with this improvement option.  The severe and very 

severe nuisance algal bloom frequencies, as a percentage of the summer, should be reduced from 

approximately 100 to 62 percent and from 41 to 24 percent, respectively.   

Estimates of the equipment costs for the in-lake aeration equipment, the associated compressor 

system, and the estimated cost of a structure to house the compressor units were supplied by a 

national vendor of aeration equipment.  The hypolimnetic aeration system is estimated to require 2 

in-lake aeration systems (and 2-50 horsepower compressors) that can provide 716 kg of oxygen per 

day.  The sizing of the hypolimnetic system is based upon the average oxygen demand in Stubbs Bay 

from late April through August (321 kg of oxygen per day) and the expectation that sediment oxygen 

demand will increase with an increase in available oxygen.  The cost to install in-lake aeration 

equipment was supplied by a local company that installs aeration equipment.  Operation and 

maintenance costs for two hypolimnetic aeration systems that have been installed in Pleasant Lake 

and Vadnais Lake were supplied by the Saint Paul Water Utility.  Estimated power costs for the 

proposed Stubbs Bay hypolimnetic and diffused air systems were based upon the compressor size, 

the assumption that the systems will be operated for 6 months of the year, and a power cost of $0.1 

kWh.  Annual maintenance costs were assumed to be $73 per horsepower of the compressor.   



 

P:\23\27\F10\Draft Stubbs Bay Feasibility Study.doc  24 

For budgetary planning purposes, it is assumed that Stubbs Bay will only require one iron treatment 

during a 25 year period.  However it is difficult to estimate whether additional iron treatments will be 

required in the future. Unlike alum, iron has the potential to diffuse upward in the sediments, 

potentially enriching surface sediments with iron even after sediments have accumulated on top of 

the iron-treated layer.  It is also unknown whether future sediments will have enough iron such that 

phosphorus release will not occur under aerobic conditions.   Hence, it can only be estimated that 

Stubbs Bay will need to be treated with iron once in a 25 year period. 

As shown in Table B-1, the estimated total capital cost is $510,000 for hypolimnetic aeration and 

iron application in Stubbs Bay.  The total annual operation and maintenance costs are $40,000, 

resulting in a total annualized cost of $76,000.  The total annualized cost for this improvement option 

is $5,600 per �g/L reduction in the Stubbs Bay total phosphorus concentration.  This cost is more 

than double the cost for an in-lake alum application. 

3.1.3 Diffused Aeration/Iron Addition 

Unlike hypolimnetic aeration, diffused aeration is intended to destratify the lake as a means of 

maintaining oxic conditions in the sediment.  As discussed in Section 2.4, sediment testing done for 

this feasibility analysis indicates that an in-lake iron application will also be necessary to prevent 

sediment phosphorus release in Stubbs Bay under oxic conditions.  Diffused aeration/destratification 

works by injecting compressed air into the water from a diffuser on the lake bottom resulting in 

circulation of the lake and increased oxygenation.  This improvement option would likely result in 

improved habitat for fish and zooplankton in the bottom waters of the lake, since it would increase 

the dissolved oxygen concentrations.  The development of scum-forming algal species is highly 

dependent on the stability of the water column (World Health Organization, 1999).  In water without 

vertical mixing, blue-green algae can migrate up and down by changing their buoyancy.  Interrupting 

this vertical migration of blue-greens by artificial mixing can prevent rapid development of surface 

scums (World Health Organization, 1999).  This will also reduce the growth rate of blue-green algae 

by limiting optimum light conditions, enabling other phytoplankton species that can’t regulate their 

buoyancy to better compete under fully mixed conditions.  The species that would likely benefit from 

these conditions include green algae and diatoms, which do not form surface scums and are preferred 

food sources for zooplankton.   

Holdren et al. (2001) noted that the results of destratification have varied.  Some of the results 

include the following: 



 

P:\23\27\F10\Draft Stubbs Bay Feasibility Study.doc  25 

• Problems with low dissolved oxygen have typically been solved 

• Where small water column temperature differences have been maintained all summer, algae 

blooms seem to decline 

• Phosphorus and turbidity have increased, and in some cases, transparency has decreased 

• Surface scums have been prevented, although total biomass may not decline 

• Systems that bring deep water to the surface must move enough water to prevent anoxia at 

the sediment-water interface, or the quality of the bottom water may cause the surface water 

conditions to deteriorate 

As with hypolimnetic aeration, we assumed that diffused aeration would reduce the average 

hypolimnetic TP concentrations (and internal load) by approximately 85 percent.  This corresponds 

well with the results of Engstrom (in press, submitted to Lake and Reservoir Management 2/27/04) 

and Hansen et al. (2003).  Table B-1 shows the predicted water quality conditions in Stubbs Bay 

following an 85 percent reduction in internal load, which should result from implementation of this 

improvement option.  As discussed in Section 3.1.2, it was assumed that an in-lake iron application, 

along with diffused aeration, would again be required to limit sediment phosphorus release.  Table B-

1 shows that the predicted total phosphorus concentration should be reduced from 62 �g/L to 48 �g/L 

following implementation of this improvement option.  The predicted chlorophyll-a concentration is 

predicted to change from 41 �g/L to 32 �g/L, and the Secchi depth should increase from 0.66 meters 

to 0.77 meters with this improvement option.  The severe and very severe nuisance algal bloom 

frequencies, as a percentage of the summer, should be reduced from approximately 100 to 62 percent 

and from 41 to 24 percent, respectively.   

Estimates of the equipment costs for the in-lake aeration equipment, the associated compressor 

system, and the estimated cost of a structure to house the compressor unit was supplied by a national 

vendor of aeration equipment.  The cost to install in-lake aeration equipment was supplied by a local 

company that installs aeration equipment.  The diffused aeration system cost estimate was based 

upon lake area, depth, and volume.  The diffused aeration system will require one 50 horsepower 

compressor and 8900 feet of diffuser lines.  Estimated power costs for the proposed Stubbs Bay 

diffused air system was based upon the compressor size, the assumption that the system will be 

operated for 6 months of the year, and a power cost of $0.1 kWh.  Annual maintenance costs were 

assumed to be $73 per horsepower of the compressor.   
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For budgetary planning purposes, it is assumed that Stubbs Bay will only require one iron treatment 

during a 25 year period.  However it is difficult to estimate whether additional iron treatments will be 

required in the future. Unlike alum, iron has the potential to diffuse upward in the sediments, 

potentially enriching surface sediments with iron even after sediments have accumulated on top of 

the iron-treated layer.  It is also unknown whether future sediments will have enough iron such that 

phosphorus release will not occur under aerobic conditions.   Hence, it can only be estimated that 

Stubbs Bay will need to be treated with iron once in a 25 year period. 

As shown in Table B-1, the estimated total capital cost is $250,000 for diffused aeration and iron 

application in Stubbs Bay.  The total annual operation and maintenance costs are $20,000, resulting 

in a total annualized cost of $38,000.  The total annualized cost for this improvement option is 

$2,800 per �g/L reduction in the Stubbs Bay total phosphorus concentration.  This cost is the same as 

the cost for an in-lake alum application. 

3.1.4 Artificial Circulation/Iron Addition 

This improvement option is designed and intended to produce artificial circulation in each of the 

layers of the lake, like diffused aeration, but maintain thermal stratification, as with hypolimnetic 

aeration.  Artificial circulation will be produced by five solar-powered up-flow circulators evenly 

spaced throughout the lake (see Figure 6).  Four of the circulators would be mixing the lake at or 

above the thermocline and the fifth circulator would be positioned over the deepest part of the lake to 

provide hypolimnetic aeration (with the intake set at 32 feet deep).  As discussed in Section 2.4, 

sediment testing done for this feasibility analysis indicates that an in-lake iron application will also 

be necessary to prevent sediment phosphorus release in Stubbs Bay under oxic conditions.   

With the proposed design of this improvement option, each artificial circulation unit is intended to 

work by pulling approximately 3,000 gallons per minute up through an intake hose and discharging 

the water at the lake surface, which induces an additional 7,000 gallons per minute of flow to 

circulate from the thermocline in a radial fashion from the circulator.  Each circulation unit is 

intended to replace 25 to 50 hp of aeration and achieve more uniform mixing, since the colder water 

brought up by diffused aeration typically drops back down and creates a circulation pattern where 

more nutrient rich water with lower dissolved oxygen flows toward the littoral regions of the lake.   

As with diffused aeration, this improvement option should improve the habitat for fish and 

zooplankton throughout the lake, while shifting the phytoplankton composition from domination of 

blue-green algae to other green algae and diatom species.  There have also been some assertions that 
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up-flow water circulators can significantly control Eurasian watermilfoil in lakes, despite the fact 

that these units typically produce increased water clarity (Pump Systems, Inc., 2004).   

Since the hypolimnetic circulator will be drawing water from 32 feet deep, we assumed that the unit 

would prevent sediment phosphorus release from the lake area above this depth.  This should reduce 

the overall sediment phosphorus release (and internal load) by approximately 90 percent.  Table B-1 

shows the predicted water quality conditions in Stubbs Bay following a 90 percent reduction in 

internal load, which should result from implementation of this improvement option.  As discussed in 

Section 3.1.2, it was assumed that an in-lake iron application, along with artificial circulation, would 

again be required to limit sediment phosphorus release.  Table B-1 shows that the predicted total 

phosphorus concentration should be reduced from 62 �g/L to 47 �g/L following implementation of 

this improvement option.  The predicted chlorophyll-a concentration is predicted to change from 41 

�g/L to 31 �g/L, and the Secchi depth should increase from 0.66 meters to 0.78 meters with this 

improvement option.  The severe and very severe nuisance algal bloom frequencies, as a percentage 

of the summer, should be reduced from approximately 100 to 59 percent and from 41 to 23 percent, 

respectively.   

For budgetary planning purposes, it is assumed that Stubbs Bay will only require one iron treatment 

during a 25 year period.  However it is difficult to estimate whether additional iron treatments will be 

required in the future. Unlike alum, iron has the potential to diffuse upward in the sediments, 

potentially enriching surface sediments with iron even after sediments have accumulated on top of 

the iron-treated layer.  It is also unknown whether future sediments will have enough iron such that 

phosphorus release will not occur under aerobic conditions.   Hence, it can only be estimated that 

Stubbs Bay will need to be treated with iron once in a 25 year period. 

The system design and layout, as well as the estimates of the equipment and installation costs for the 

circulation equipment were supplied by a national vendor of circulation equipment.  Since the units 

are solar powered, and not intended for operation during the winter, annual maintenance costs were 

assumed to be $500.  As shown in Table B-1, the estimated total capital cost is $338,000 for artificial 

circulation and iron application in Stubbs Bay.  The total annual operation and maintenance costs are 

$500, resulting in a total annualized cost of $24,000.  The expected lifetime of the circulation units is 

25 years.  The total annualized cost for this improvement option is $1,700 per �g/L reduction in the 

Stubbs Bay total phosphorus concentration.  This cost is approximately two-thirds of the cost for an 

in-lake alum application or diffused aeration.  In addition, artificial circulation is the only in-lake 
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improvement option that could realistically involve an option of renting the units, to verify their 

performance, before purchase.   

3.2 Watershed Best Management Practices (BMPs) 
As previously discussed, the average watershed total phosphorus loading under full development land 

use conditions is expected to contribute nearly 50 percent of the overall phosphorus load to Stubbs 

Bay.  The following sections are intended to discuss each of the watershed improvement options in 

more detail. 

3.2.1 Rain Water Gardens in New Development 

As discussed in Section 1.1.3, Hydrologic Soil Group B-type soils should be appropriate for 

implementation of infiltration practices within the Stubbs Bay watershed, while the remaining soil 

types are likely to be too impermeable for successful implementation of infiltration practices.  Of the 

983 acres expected to undergo development or redevelopment by 2020, approximately 314 acres are 

classified with B-type soils.  Rain water gardens are areas of lower elevation adjacent to roads, 

parking areas or structures which contain aesthetically-pleasing hydric plants and shrubs that provide 

temporary storage of peak flows and infiltration of approximately 90 percent of volume increases 

associated with new development (MCWD, 2003).  Figure 7 shows an area typical of residential 

development throughout the watershed.  Since none of the streets have curb and gutter and most of 

them have rural ditch cross-sections, the stormwater runoff is allowed to sheet flow into the ditches 

where it is conveyed downstream.  With this improvement option, rain water gardens would be 

installed in the ditches wherever soil conditions are favorable.   

Figure 7 Typical residential development in Stubbs Bay watershed 
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For this improvement option, it was assumed that developers/landowners would construct rain water 

gardens in the areas that contain B-type soils and are expected to undergo future development.  It was 

further assumed that the 314 acres of future development area with rain water gardens would 

experience a 90 percent reduction in runoff and phosphorus loads increases (MCWD, 2003a).  The 

net effect of this improvement option is that it would offset approximately 30 percent of the 

anticipated increases in flow and phosphorus loads from future development.  Table B-1 shows that 

the predicted total phosphorus concentration should be reduced from 62 �g/L to 60 �g/L following 

implementation of this improvement option.  The predicted chlorophyll-a concentration is predicted 

to change from 41 �g/L to 40 �g/L, and the Secchi depth should increase from 0.66 meters to 0.67 

meters with this improvement option.  Insignificant reductions in nuisance algal bloom frequency, as 

a percentage of the summer, would be realized from implementation of this improvement option, 

alone.   

Since the rain water gardens would be constructed during future development or redevelopment, it 

was assumed that the developer would incur the capital cost, while the landowner would provide 

maintenance activities.  As a result, Table B-1 shows that the estimated total capital cost and annual 

operation and maintenance costs are zero, resulting in a total annualized cost of zero.   

3.2.2 Subwatershed CLC-3 Wet Detention Pond 

Wet detention ponds have a normal pool of water to settle out pollutants, as well as storage volume 

above the normal pool that enables a slower release of excess runoff from the watershed.  As a result, 

wet detention ponds provide reliable and predictable water quality benefits, and are cost-efficient, 

maintainable and provide aesthetic benefits to the area (MCWD, 2003a).  The diagnostic report 

provided results of grab samples taken from the Classen Lake Creek watershed which indicated that 

phosphorus concentrations decreased as the creek flows downstream from Subwatershed CLC-3 to 

Stubbs Bay (Wenck, 2004).  This may be due to the fact that Classen Lake experiences sediment 

phosphorus release and/or the wetland complexes in Subwatersheds CLC-2 and CLC-3 have been 

channelized and do not remove significant quantities of the incoming total phosphorus load.  With 

this improvement option, approximately 12 acre-feet of additional wet detention storage would be 

provided near the downstream portion of Subwatershed CLC-3 (see Figure 6).  This scenario was 

entered into the Pondnet model (discussed in Section 2.5), which predicted that the watershed load to 

Stubbs Bay would be reduced by 33 pounds under fully developed land use conditions.  Table B-1 

shows that the predicted total phosphorus concentration should be reduced from 62 �g/L to 61 �g/L 

following implementation of this improvement option.  The predicted chlorophyll-a concentration is 

predicted to change from 41 �g/L to 40 �g/L, and the Secchi depth should increase from 0.66 meters 
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to 0.67 meters with this improvement option.  Insignificant reductions in nuisance algal bloom 

frequency, as a percentage of the summer, would be realized from implementation of this 

improvement option, alone.   

As shown in Table B-1, the estimated total capital cost is $467,000 for this improvement option.  The 

total annual operation and maintenance costs are $24,000, resulting in a total annualized cost of 

$57,000.  The total annualized cost for this improvement option is $154,000 per �g/L reduction in the 

Stubbs Bay total phosphorus concentration.  This cost is significantly higher than all of the in-lake 

improvement options evaluated for this feasibility study. 

3.2.3 Subwatershed CLC-5 Wet Detention Pond 

With this improvement option, approximately 2.1 acre-feet of additional wet detention storage would 

be provided near the downstream portion of Subwatershed CLC-5 (see Figure 6).  This scenario was 

entered into the Pondnet model, which predicted that the watershed load to Stubbs Bay would be 

reduced by 54 pounds under fully developed land use conditions.  Table B-1 shows that the predicted 

total phosphorus concentration should be reduced from 62 �g/L to 61 �g/L following implementation 

of this improvement option.  The predicted chlorophyll-a concentration is predicted to change from 

41 �g/L to 40 �g/L, and the Secchi depth should increase from 0.66 meters to 0.67 meters with this 

improvement option.  Insignificant reductions in nuisance algal bloom frequency, as a percentage of 

the summer, would be realized from implementation of this improvement option, alone.   

As shown in Table B-1, the estimated total capital cost is $77,000 for this improvement option.  The 

total annual operation and maintenance costs are $4,000, resulting in a total annualized cost of 

$9,000.  The total annualized cost for this improvement option is $15,000 per �g/L reduction in the 

Stubbs Bay total phosphorus concentration.  This improvement option would treat all of the runoff 

being treated with Improvement Option #6, but at a significantly lower cost.  It should be pointed out 

that the costs for this improvement option do not include land acquisition or easement costs, which 

may be more significant in this portion of the watershed.  Also, it may not be feasible to provide this 

volume of wet detention storage without removing a significant area of woodland and significant 

volumes of soil above the existing elevations of Classen Lake Creek. 

3.2.4 Subwatershed CLC-4 Wet Detention Pond 

With this improvement option, approximately 4.7 acre-feet of additional wet detention storage would 

be dredged from the existing Subwatershed CLC-4 pond (see Figure 6).  This scenario was entered 

into the Pondnet model, which predicted that the watershed load to Stubbs Bay would be reduced by 
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63 pounds under fully developed land use conditions.  Table B-1 shows that the predicted total 

phosphorus concentration should be reduced from 62 �g/L to 61 �g/L following implementation of 

this improvement option.  The predicted chlorophyll-a concentration is predicted to change from 41 

�g/L to 40 �g/L, and the Secchi depth should increase from 0.66 meters to 0.67 meters with this 

improvement option.  Insignificant reductions in nuisance algal bloom frequency, as a percentage of 

the summer, would be realized from implementation of this improvement option, alone.   

As shown in Table B-1, the estimated total capital cost is $217,000 for this improvement option.  The 

total annual operation and maintenance costs are $9,100, resulting in a total annualized cost of 

$24,000.  The total annualized cost for this improvement option is $34,000 per �g/L reduction in the 

Stubbs Bay total phosphorus concentration.  This improvement option would treat some of the runoff 

being treated with Improvement Option #6, but at a significantly lower cost.  It should be pointed out 

that the costs for this improvement option do not include easement costs, but this option should not 

require land acquisition costs.  This option is likely more feasible and constructible than 

Improvement Option #7, without the potential for significant land acquisition costs. 

3.2.5 Subwatershed SB-LM Wet Detention Pond 

With this improvement option, approximately 1.6 acre-feet of additional wet detention storage would 

be provided in a roadside wetland within Subwatershed SB-LM (see Figure 6).  This scenario was 

entered into the Pondnet model, which predicted that the watershed load to Stubbs Bay would be 

reduced by 43 pounds under fully developed land use conditions.  Table B-1 shows that the predicted 

total phosphorus concentration should be reduced from 62 �g/L to 61 �g/L following implementation 

of this improvement option.  The predicted chlorophyll-a concentration is predicted to change from 

41 �g/L to 40 �g/L, and the Secchi depth should increase from 0.66 meters to 0.67 meters with this 

improvement option.  Insignificant reductions in nuisance algal bloom frequency, as a percentage of 

the summer, would be realized from implementation of this improvement option, alone.   

As shown in Table B-1, the estimated total capital cost is $72,000 for this improvement option.  The 

total annual operation and maintenance costs are $3,000, resulting in a total annualized cost of 

$8,000.  The total annualized cost for this improvement option is $17,000 per �g/L reduction in the 

Stubbs Bay total phosphorus concentration.  It should be pointed out that the costs for this 

improvement option do not include land acquisition or easement costs, which may be significant for 

this portion of the watershed.  Also, it may not be feasible to provide this volume of treatment 

without significant grading and redirection of flow. 
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3.2.6 Subwatershed SB-2 Wet Detention Pond 

The large wetland complex in Subwatershed SB-2 has been channelized and may not remove 

significant quantities of the incoming total phosphorus load under fully developed conditions.  With 

this improvement option, approximately 44 acre-feet of additional wet detention storage would be 

provided near the downstream portion of the wetland in Subwatershed SB-2 (see Figure 6).  This 

scenario was entered into the Pondnet model, which predicted that the watershed load to Stubbs Bay 

would be reduced by 32 pounds under fully developed land use conditions.  Table B-1 shows that the 

predicted total phosphorus concentration should be reduced from 62 �g/L to 61 �g/L following 

implementation of this improvement option.  The predicted chlorophyll-a concentration is predicted 

to change from 41 �g/L to 40 �g/L, and the Secchi depth should increase from 0.66 meters to 0.67 

meters with this improvement option.  Insignificant reductions in nuisance algal bloom frequency, as 

a percentage of the summer, would be realized from implementation of this improvement option, 

alone.   

As shown in Table B-1, the estimated total capital cost is $360,000 for this improvement option.  The 

total annual operation and maintenance costs are $21,000, resulting in a total annualized cost of 

$47,000.  The total annualized cost for this improvement option is $131,000 per �g/L reduction in the 

Stubbs Bay total phosphorus concentration.  This cost is significantly higher than most of the other 

improvement options evaluated for this feasibility study, but would likely incur little or no expense 

for land acquisition.  In addition, this option is feasible and constructible. 

3.2.7 Other Potential BMPs 

This section is intended to discuss other potential BMPs that could be considered for implementation 

in the Stubbs Bay watershed.  The following BMPs should also be considered for implementation: 

• Street/parking lot sweeping 

• Permeable pavement for driveways 

• Public education concerning waste disposal, litter control, pet waste and lawn care practices 

• Bank stabilization and vegetative buffers for watershed ponds, wetlands, lakes and streams 

None of these BMPs were modeled for this feasibility analysis since their effectiveness is highly 

variable, difficult to predict, and/or dependent on community acceptance and maintenance. 



 

P:\23\27\F10\Draft Stubbs Bay Feasibility Study.doc  33 

3.3 Combinations of Improvement Options 
The following sections discuss the predicted in-lake water quality and costs associated with 

combinations of improvement options. 

3.3.1 Artificial Circulation/Iron Addition and Wet Detention Ponds in Subwatersheds 
CLC-3, CLC-5, SB-LM and SB-2 

This combination of improvement options were entered into the Pondnet model, which predicted that 

the watershed load to Stubbs Bay would be reduced by 213 pounds under fully developed land use 

conditions.  The internal load would be reduced by 90 percent.  Table B-1 shows that the predicted 

total phosphorus concentration should be reduced from 62 �g/L to 45 �g/L following implementation 

of this improvement option combination.  The predicted chlorophyll-a concentration is predicted to 

change from 41 �g/L to 29 �g/L, and the Secchi depth should increase from 0.66 meters to 0.80 

meters with this improvement option combination.  The severe and very severe nuisance algal bloom 

frequencies, as a percentage of the summer, should be reduced from approximately 100 to 50 percent 

and from 41 to 20 percent, respectively.    

As shown in Table B-1, the estimated total capital cost is $1,314,000 for this combination of 

improvement options.  The total annual operation and maintenance costs are $53,000, resulting in a 

total annualized cost of $146,000.  The total annualized cost for this improvement option is $8,600 

per �g/L reduction in the Stubbs Bay total phosphorus concentration.  This combination of 

improvement options would result in significantly higher annualized costs.  It should be pointed out 

that the costs do not include land acquisition or easement costs, which should be more significant for 

this combination of improvements.  Also, it may not be feasible to provide the volumes of wet 

detention storage assumed for improvement options 7 and 9. 

3.3.2 Artificial Circulation/Iron Addition, Rain Water Gardens, and Additional Wet 
Detention Ponding in Subwatersheds CLC-4 and SB-LM 

This combination of improvement options were entered into the Pondnet model, which predicted that 

the watershed load to Stubbs Bay would be reduced by 293 pounds under fully developed land use 

conditions.  The internal load would be reduced by 90 percent.  Table B-1 shows that the predicted 

total phosphorus concentration should be reduced from 62 �g/L to 43 �g/L following implementation 

of this improvement option combination.  The predicted chlorophyll-a concentration is predicted to 

change from 41 �g/L to 28 �g/L, and the Secchi depth should increase from 0.66 meters to 0.82 

meters with this improvement option combination.  The severe and very severe nuisance algal bloom 

frequencies, as a percentage of the summer, should be reduced from approximately 100 to 45 percent 

and from 41 to 19 percent, respectively.    
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As shown in Table B-1, the estimated total capital cost is $627,000 for this combination of 

improvement options.  The total annual operation and maintenance costs are $13,000, resulting in a 

total annualized cost of $57,000.  The total annualized cost for this improvement option is $3,100 per 

�g/L reduction in the Stubbs Bay total phosphorus concentration.  This combination of improvement 

options would result in significantly lower annualized costs with the better water quality for Stubbs 

Bay.  However, the costs for this improvement option do not include land acquisition and easement 

costs, but this option should require less land acquisition cost than improvement option #11.  This is 

primarily due to the fact that improvement option #8 is likely more feasible and constructible than 

Improvement Option #7, without the potential for significant land acquisition costs.  It should be 

pointed out that it may not be feasible to provide the volumes of wet detention storage assumed for 

improvement option #9 without significant grading and redirection of flow.   

3.3.3 Artificial Circulation/Iron Addition, Rain Water Gardens, and Additional Wet 
Detention Ponding in Subwatersheds CLC-3, CLC-4 and SB-2 

This combination of improvement options were entered into the Pondnet model, which predicted that 

the watershed load to Stubbs Bay would be reduced by 310 pounds under fully developed land use 

conditions.  The internal load would be reduced by 90 percent.  Table B-1 shows that the predicted 

total phosphorus concentration should be reduced from 62 �g/L to 43 �g/L following implementation 

of this improvement option combination.  The predicted chlorophyll-a concentration is predicted to 

change from 41 �g/L to 28 �g/L, and the Secchi depth should increase from 0.66 meters to 0.82 

meters with this improvement option combination.  The severe and very severe nuisance algal bloom 

frequencies, as a percentage of the summer, should be reduced from approximately 100 to 44 percent 

and from 41 to 18 percent, respectively.    

As shown in Table B-1, the estimated total capital cost is $1,382,000 for this combination of 

improvement options.  The total annual operation and maintenance costs are $55,000, resulting in a 

total annualized cost of $153,000.  The total annualized cost for this improvement option is $8,200 

per �g/L reduction in the Stubbs Bay total phosphorus concentration.  This combination of 

improvement options would result in lower annualized costs with better water quality for Stubbs Bay 

than improvement option #11.  This combination of improvement options would result in somewhat 

higher annualized costs and similar water quality for Stubbs Bay, compared to improvement option 

#12.  The costs for this improvement option do not include land acquisition and easement costs, but 

this option should require less land acquisition cost than improvement options #11 and #12.  This is 

primarily due to the fact that improvement option #8 is likely more feasible and constructible than 

improvement options #7 and #8, without the potential for significant land acquisition costs.   
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3.4 Permitting 
Projects involving aeration or artificial circulation will require permits from the MDNR, both for 

construction and on-going operation.  The floating circulators will also require an approved buoy and 

marker system, along with permits from the Hennepin County Sheriff and/or the Lake Minnetonka 

Conservation District.  Currently, in-lake alum and iron treatments do not require permits from the 

MDNR or MPCA, but it is advisable to solicit and obtain letters of support from both agencies to 

ensure that the MPCA will allow a short-term exceedance of the turbidity standard. 

All projects involving dredging would have to comply with the provisions of the Lake Minnetonka 

Dredging Joint Policy Statement, the MPCA’s Section 404 Permit, and the permitting requirements 

of the MDNR, Wetland Conservation Act and/or Army Corps of Engineers.   
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4.0  Conclusions and Recommendations 

4.1 Conclusions 
The results of the diagnostic study and this feasibility analysis support the following conclusions: 

• Based on the average total phosphorus concentration, Stubbs Bay water quality would only 

support restricted use, while the average chlorophyll-a concentration indicates that Stubbs Bay 

should be subject to nuisance algal blooms 50 percent or more of the time. 

• Based on the projected 2020 land uses, conversion of undeveloped and agricultural property will 

increase the residential land use percentage to approximately 80 percent of the upland area.  

Roadways will represent another 7 percent of the projected land use.  Comparing the two land 

use coverages reveals that approximately 983 acres (56% of the watershed area) will be 

developed or redeveloped by 2020.  Of this area, approximately 314 acres have soils that should 

be appropriate for infiltration practices. 

• The updated average annual phosphorus load to Stubbs Bay for full development land use is 

estimated to be:  

 

  The updated water quality modeling indicates that the predicted average annual total phosphorus 

concentration in Stubbs Bay will increase from 57 �g/L, under existing conditions, to 62 �g/L 

with fully developed land use conditions. 

• The primary drawback to killing algae with copper sulfate is that it is a short-term fix and not 

a long-term, sustainable solution.  Also, the dead algae can release toxins to the water, toxic 

levels of copper can be deposited in the sediments and the composition of algae species can 

shift towards those that are more copper-resistant, but equally undesirable. 
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• Each of the in-lake improvement options—in-lake alum application, hypolimnetic aeration, 

diffused aeration and artificial circulation are expected to improve the water quality in Stubbs 

Bay to the same level.  However, the annualized cost per decrease in total phosphorus 

concentration is at least twice as high for hypolimnetic aeration, compared to the other 

options, while the cost of artificial aeration is approximately two-thirds of the cost for an in-

lake alum application or diffused aeration.  In addition, artificial circulation is the only in-

lake improvement option that could realistically involve an option of renting the units, to 

verify their performance, before purchase. 

• The predicted total phosphorus concentration should be reduced from 62 �g/L to 43 �g/L 

following implementation of the combination of artificial circulation with iron addition, rain 

water gardens, and additional wet detention ponding in Subwatersheds CLC-3, CLC-4 and 

SB-2.  The predicted chlorophyll-a concentration should be reduced from 41 �g/L to 28 �g/L, 

and the Secchi depth should increase from 0.66 meters (2.2 feet) to 0.82 meters (2.7 feet) 

with this improvement option combination.  This should increase the maximum depth of 

aquatic plant colonization from approximately 4.2 to 5.0 feet, according to Canfield et al. 

(1985).  The severe and very severe nuisance algal bloom frequencies, as a percentage of the 

summer, should be reduced from approximately 100 to 44 percent and from 41 to 18 percent, 

respectively.  The total annualized cost for this improvement option is $8,200 per �g/L 

reduction in the Stubbs Bay total phosphorus concentration.    

• Implementation of the recommended improvement options will ensure that the Stubbs Bay 

phosphorus concentrations will meet the goals in MCWD’s Water Resource Management Plan 

(1997) and the Hydrologic, Hydraulic, and Pollutant Loading Study (2003). The predicted 

phosphorus concentration very nearly meets the full use support designation and would fall in the 

review category for listing eutrophication impairments, based on phosphorus concentrations for 

the North Central Hardwood Forest Ecoregion (MPCA, 2004).  The MPCA intends to further 

review chlorophyll-a and Secchi depth data, as well as trends and user perception information for 

lakes in the review category to determine the impairment status. 

4.2 Recommendations for Implementation 
The conclusions of this feasibility analysis support our recommendation to implement the 

combination of artificial circulation with iron addition, rain water gardens, and additional wet 

detention ponding in Subwatersheds CLC-3, CLC-4 and SB-2 (see Figure 6).  This combination of 

improvement options would result in somewhat higher annualized costs, but would result in the best 
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water quality for Stubbs Bay.  In addition, this option combines the more feasible and constructible 

options that would have lower land acquisition costs.  A bathymetric survey of the pond in 

Subwatershed CLC-4 should be completed to verify that the existing treatment volume is 

significantly less than the volume assumed for improvement option #8. 

4.3 Monitoring Program Recommendations 
Currently, the MCWD watershed monitoring program includes collection of water quality grab 

samples and flow measurements on a weekly basis from the Classen Lake and Stubbs Bay Inlet creek 

sites.  The samples are analyzed for total phosphorus, soluble reactive phosphorus, total nitrogen, 

total suspended solids, chloride, fecal coliform, temperature and dissolved oxygen.    

The current MCWD lake monitoring program includes collection of water quality samples and 

measurements on a bi-weekly basis from the deep-hole location of Stubbs Bay.  The surface water 

samples are analyzed for total phosphorus, soluble reactive phosphorus, chlorophyll-a, total nitrogen, 

chloride.  Thermocline and deep-water samples are analyzed for total and soluble reactive 

phosphorus.  Also, temperature, dissolved oxygen, pH, and conductivity profile measurements (at 

one meter intervals) are taken throughout the water column, along with a Secchi disc measurement.   

As previously discussed, some macrophyte surveys have been completed on Stubbs Bay in the past, 

but there currently are no plans for another detailed survey to determine plant densities along 

transects throughout the lake area.  Also, water quality samples from Stubbs Bay have not been 

analyzed for phytoplankton and zooplankton species.   

The Stubbs Bay diagnostic and feasibility studies have identified the following water quality 

concerns and issues associated with implementing the potential improvement options: 

• Both watershed and internal sources of phosphorus are contributing, and will continue to 

contribute, to the impaired water quality of the lake.  It is important to collect detailed water 

quality data to establish an accurate account of the internal and external phosphorus loadings 

to Stubbs Bay before future development and implementation of watershed and in-lake 

improvement options. 

• A significant reduction in the in-lake phosphorus concentrations may significantly reduce 

algae growth, but in turn, may boost the growth of macrophytes.  It is important to collect 

detailed data and establish the baseline conditions for the presence of the predominant 

macrophyte species in Stubbs Bay. 
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• Several of the in-lake improvement options are intended to create an environment that will 

reduce algae growth by limiting the internal phosphorus load (or recycling), limiting light, 

and/or improving conditions for algal grazing.  Since this may result in a redistribution of 

algae and grazing species, as well as lower algal bloom frequencies, samples should be 

analyzed for phytoplankton and zooplankton species both before and after implementation. 

The following specific changes to the Stubbs Bay watershed monitoring program are recommended: 

• Continuous flow monitoring equipment should be installed at the Classen Lake and Stubbs 

Bay Inlet creek locations 

• Continuous flow and weekly water quality sampling should be done for a year, both before 

and after implementation of the chosen watershed and in-lake improvement options  

The following specific changes to the Stubbs Bay lake monitoring program are recommended both 

before and after implementation of the chosen watershed and in-lake improvement options: 

• Total and soluble phosphorus samples should be taken at one-meter intervals and analyzed, 

on a monthly (or bi-weekly, if possible) basis, as part of the regular lake water quality 

monitoring visits 

• Regular lake water quality monitoring events should continue, on a monthly basis in the 

winter, between November and March 

• A detailed survey to determine macrophyte densities and depth of colonization for observed 

plant species along transects throughout the lake area 

• Samples should be taken biweekly from May through September and enumerated for 

phytoplankton and zooplankton species.  Phytoplankton samples should be taken from a surface 

to 2-meter composite sample, and zooplankton from a bottom-to-surface vertical tow with a 

Wisconsin-style plankton net  

The recommended changes to the watershed and lake monitoring programs are estimated to cost an 

additional $30,000 and $45,000, respectively, compared to the existing programs, on an annual basis.   
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Appendix A 

Stubbs Bay Watershed Land Use and Soils Summaries 
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Appendix B 

Estimated Cost and Benefits/Limitations of Potential 

Improvement Options for Stubbs Bay 
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Table B-1 Estimated Cost and Benefits/Limitations of Potential Improvement Options for Stubbs Bay 

Potential Water 
Quality 

Improvement 
Options 

Benefits Limitations Other Considerations 
Predicted TP 

Concentration 
(�g/L) 

Predicted Chl-a 
Concentration  

(�g/L) 

Predicted 
Secchi 
Depth 

(meters) 

Severe Algal 
Bloom 

Frequency (% 
of Summer) 

Very Severe 
Algal Bloom 

Frequency (% 
of Summer) 

Estimated 
Capital Cost 

($) 

Estimated 
Annual 

Operation & 
Maintenance 

Cost ($) 

Total 
Annualized 

Cost 
Estimate ($) 

Annualized 
Cost/ 

Decrease in 
TP  ($/�g/L) 

Full Development 
Land Use 
Without WQ 
Improvements 

-- -- -- 62 41 0.66 100 41 --- --- --- --- 

1. Alum Treatment � Proven control option 
� Cost-effective 

� Longevity varies 
(influenced by watershed 
runoff treatment and 
sedimentation) 

� Implementation should 
follow control of other 
sources 

� May require MPCA, 
MDNR permitting 

49 32 0.76 65 25 $341,000 $0 $36,000 $2,800 

2. Hypolimnetic 
Aeration/Iron 
Addition 

� Significantly reduces 
phosphorus buildup 

� Maintains lake stratification 
� Improved habitat for fish 

and zooplanktion 

� Higher long-term 
expense for in-lake 
improvement 

� Effects may not be 
uniform or consistent 

� Iron addition needed to 
promote phosphorus 
precipitation 

� Requires MDNR 
permitting 

� Partial lift systems may 
allow anoxia near top of 
metalimnion, 
discouraging migration 
of fish and zooplankton 

48 32 0.77 62 24 $510,000 $40,000 $76,000 $5,600 

3.     Diffused 
Aeration/Iron 
Addition 

� Reduces surface buildup of 
algal scums, promotes 
uniform appearance 

� May disrupt growth of blue-
green algae 

� Improved habitat for fish 
and zooplanktion 

� Compared to pumping, 
circulation may not be as 
uniform and long-term 
costs are higher 

� Iron addition needed to 
promote phosphorus 
precipitation 

� Requires MDNR permit 
� Will destratify the lake 
� Algae bloom conditions 

may be reduced greater 
than phosphorus conc. 
would dictate 

48 32 0.77 62 24 $250,000 $20,000 $38,000 $2,800 

4. Artificial 
Circulation/Iron 
Addition 

� Reduces surface buildup of 
algal scums, promotes 
uniform appearance 

� May disrupt growth of blue-
green algae & macrophytes 

� Improved habitat for fish 
and zooplanktion 

� Solar power pumping 
reduces long-term costs 

� Limited study of effects 
on macrophytes 

� Iron addition needed to 
promote phosphorus 
precipitation 

� Requires MDNR permit 
� Does not have to 

destratify the lake 
� Algae bloom conditions 

may be reduced greater 
than phosphorus conc. 
would dictate 

� Equipment can be rented 
to verify effectiveness 

47 31 0.78 59 23 $338,000 $500 $24,000 $1,700 

5. Rainwater 
Gardens for New 
Development 

� Maintains flow and 
phosphorus loadings very 
near pre-development 
condition 

� May require maintenance 
and covenant from 
landowners 

� Costs assume that 
developer would 
construct and landowners 
maintain 

60 40 0.67 100 40 $0 $0 $0 $0 

6. CLC-3 Wet 
Detention Pond 

� Effective, reliable control 
option with potential flood 
control benefits 

� Higher long-term cost 
compared to expected 
benefit 

� Requires MDNR, MPCA 
and WCA permitting 61 40 0.67 100 41 $467,000 $24,000 $57,000 $154,000 
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Potential Water 
Quality 

Improvement 
Options 

Benefits Limitations Other Considerations 
Predicted TP 

Concentration 
(�g/L) 

Predicted Chl-a 
Concentration  

(�g/L) 

Predicted 
Secchi 
Depth 

(meters) 

Severe Algal 
Bloom 

Frequency (% 
of Summer) 

Very Severe 
Algal Bloom 

Frequency (% 
of Summer) 

Estimated 
Capital Cost 

($) 

Estimated 
Annual 

Operation & 
Maintenance 

Cost ($) 

Total 
Annualized 

Cost 
Estimate ($) 

Annualized 
Cost/ 

Decrease in 
TP  ($/�g/L) 

7. CLC-5 Wet 
Detention Pond 

� Effective, reliable control 
option 

� Flood control benefits 
� Low annualized costs 

� Will likely require land 
acquisition and/or 
easements 

� Costs for land 
acquisition and 
easements not included 61 40 0.67 100 40 $77,000 $4,000 $9,000 $15,000 

8. Deeper CLC-4 
Wet Detention 
Pond 

� Effective, reliable control 
option 

� Higher annualized cost 
than Option #7 

� Requires MPCA and 
WCA permitting 61 40 0.67 100 40 $217,000 $9,100 $24,000 $34,000 

9. SB-LM Wet 
Detention Pond 

� Effective, reliable control 
option 

� Flood control benefits 
� Low annualized costs 

� Will likely require land 
acquisition and/or 
easements 

� May not be feasible to 
provide significant 
treatment volume 

� Requires MPCA and 
WCA permitting 

� Costs for land 
acquisition and 
easements not included 

61 40 0.67 100 40 $72,000 $3,000 $8,000 $17,000 

10. SB-2 Wet 
Detention Pond 

� Effective, reliable control 
option 

� Flood control benefits 

� Higher long-term cost 
compared to expected 
benefit 

� Requires MDNR, MPCA 
and WCA permitting 61 40 0.67 100 41 $360,000 $21,000 $47,000 $131,000 

11. BMPs 4, 6, 7, 9 
& 10 

� Expected to result in 
significant water quality 
improvements 

� High annualized costs � Requires MDNR, MPCA 
and WCA permitting 

� Does not include cost for 
acquiring land or 
easements 

45 29 0.80 50 20 $1,314,000 $53,000 $146,000 $8,600 

12. BMPs 4, 5, 8, & 
9 

� Expected to result in 
significant water quality 
improvements 

� Lowest annualized cost for 
expected benefit 

� Will likely require land 
acquisition and/or 
easements 

� May not be feasible to 
provide significant 
treatment volume 

� Requires MDNR, MPCA 
and WCA permitting 

� Does not include cost for 
acquiring land or 
easements 

43 28 0.82 45 19 $627,000 $13,000 $57,000 $3,100 

13. BMPs 4, 5, 6, 8 
& 10 

� Expected to result in the 
most significant water 
quality improvements 

� Combines the most feasible 
improvement options 

� Higher annualized costs � Requires MDNR, MPCA 
and WCA permitting 

� Does not include cost for 
easements 

43 28 0.82 44 18 $1,382,000 $55,000 $153,000 $8,200 

 


