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INTRODUCTION AND BACKGROUND 
  

Meadow Lake is a shallow eutrophic lake located in New Hope, MN. Meadow Lake discharges 

through storm sewer to Bass Creek, a tributary of Shingle Creek. In 2002 the Minnesota 

Pollution Control Agency (MPCA) listed the lake as impaired for excess nutrients. In 2010, 

Wenck completed a TMDL and Implementation Plan to assess nutrient loading concerns and 

provide strategies to reduce excess nutrient loading (Wenck 2010a, 2010b). Table 1 below 

shows the physical characteristics of the lake and its lakesheds. Information about water 

quality, fish, and aquatic vegetation may be found in Appendix A.  

  

Table 1. Physical characteristics of Meadow Lake. 
Parameter Meadow Lake 

Surface Area (ac) 12 

Average (Maximum) Depth (ft)  1.9 (4) 

Volume (ac-ft)  23 

Residence Time (years)  0.1 

Littoral Area (ac)  23 (100%) 

Watershed Size (ac)  88 

 

In 2019 the Commission completed a TMDL Five Year Review, summarizing progress to date 

and updating the nutrient budgets and targets using more recent and complete monitoring 

data (Wenck 2019). Figure 1 depicts the lakeshed, subwatersheds, and BMPs used for 

hydrologic and hydraulic, water quality, and lake response modeling. 

 

The updated modeling shows Meadow Lake requires an 82% reduction in TP, both from the 

watershed and from internal load (Table 2). An estimated 42 of the of the required 62 

pound watershed reduction per year has been achieved through BMPs and street sweeping 

(Table 3). Analysis of sediment cores suggests internal loading from sediment is on the high 

end, exceeding 75 percent of all lakes in our database. The 2016 vegetation surveys for 

Meadow Lake showed low species diversity (four species observed) and a high abundance of 

curly-leaf pondweed (CLP). Only two fish species were observed during a 2017 assessment 

and the population was dominated by fathead minnow. In high densities, fathead minnow 

can have significant water quality impacts by feeding on zooplankton, through secretion, 

and sediment resuspension. It is highly likely that efforts to eradicate the fish would have 

positive impacts on water quality and the vegetation community. Water quality is variable 

but typically exceeds the standards for most of the growing season. 
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Figure 1. Subwatersheds and BMPs in the Meadow Lake lakeshed. 
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Table 2. Updated existing and allowable TP loads for Meadow Lake. 
  Existing TP 

Load 
[lbs/yr] 

Allowable TP 

Load 
[lbs/yr] 

Estimated Load 

Reduction 

  
lbs/yr Percent 

Wasteload Watershed  87.2 25.7 61.5 71% 

Load 
Atmospheric 2.8 2.8 0.0 0% 

Internal 117.7 7.7 110.0 93% 

TOTAL LOAD 207.7 36.2 171.5 83% 

 

Table 3. Estimated watershed load reductions achieved to date. 

Type of BMP 
Annual TP Load 

Reduction 
(lbs/yr) 

Structural BMPs 24 

Street Sweeping 18 

Other - 

TOTAL 42 

 

The TMDL 5 Year Review concluded with updated Implementation Plan activities for the 

coming 5-10 years: 

 

 Reduce watershed loading to Meadow Lake 

o Continue promoting and working with property owners throughout watershed to 

identify and implement curb-cut raingardens near/above existing catch basins 

o Continue promoting Adopt-a-Drain program 

o Continue working with lakeshore owners on lakeshore restorations and native 

plantings 

o Continue enhanced street sweeping program throughout Meadow Lake subwatershed 

and document effectiveness (e.g. number of sweepings, amount of sediment 

removed) 

o Collect water quality samples, bathymetric surveys, sediment cores, and assess fish 

populations on New Hope Golf Course Ponds that are connected to the lake to 

determine if these ponds are a potential source of TP and fish to Meadow lake 

 

 Reduce internal loading to Meadow Lake 

o Conduct water level drawdown(s) during late fall/winter to expose and consolidate 

sediment, promote winterkill of existing fish population, reduce CLP seedbank, and 

promote native vegetation growth 

o Conduct sediment treatment (e.g. aluminum sulfate (alum), Phoslock ®, iron filings) 

to reduce phosphorus release from the sediment 

o Develop long-term plan to treat, manage, and monitor CLP and fish populations 

following water level drawdown(s) and sediment treatment 

 

Efforts should continue to identify and implement additional watershed load reductions, and 

to assure that those achieved to date maintain effectiveness. However, since significant 

progress has been made in reducing watershed load, it is appropriate at this time to start to 

manage the internal load. This technical memorandum assesses the feasibility of one or 

more temporary drawdowns to reduce CLP and fathead minnows and restore the biotic 

integrity of the lake, followed by an aluminum sulfate (alum) treatment to reduce internal 

phosphorus loading, and the estimated project costs and longevity of the actions. 
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DATA COLLECTION 
 

Water Quality. Periodic water quality monitoring has been conducted on Meadow Lake since 

the original TMDL study. Much of the data was collected through the Metropolitan Council 

Environmental Services’ Citizen Assisted Monitoring Program (CAMP) and the Minnesota 

Pollution Control Agency’s Citizen Lake Monitoring Program. The Commission monitored 

water quality on Meadow Lake in 2016 through its Intensive Lake Monitoring Program. 

Results of these monitoring efforts are presented in the Commission’s Annual Water Quality 

Reports (link to reports). Average annual total phosphorus (TP), chlorophyll-a (chl-a), and 

Secchi depth over the past 20 years is also summarized in Appendix A of this report.  

 

Aquatic Vegetation Surveys. Spring and summer vegetation surveys were performed by the 

Commission on Meadow Lake in 2016 (Wenck 2017) as part of the routine Intensive Lake 

Monitoring Program. To the Commission’s knowledge, no other systematic vegetation 

surveys have been performed on Meadow Lake to date. The surveys showed low species 

diversity (four species observed). Plant abundance was high (100% coverage) during the 

June 2016 survey and low (19% coverage) during the August 2016 survey. The most 

common species observed during the June and August surveys were CLP (57%) and Elodea 

(19%), respectively. Eurasian water milfoil was not observed during either survey. Copper 

sulfate was applied to the lake in the 1990s to suppress vegetation growth with limited 

success. There was some native vegetation response to a partial drawdown in 2006, which 

was undertaken to facilitate dredging sediment deltas at the storm sewer outfalls, but the 

effect was temporary.  

 

Fish Surveys. A fisheries assessment was completed on Meadow Lake in early August 2017. 

Only two species were observed during the 2017 assessment and the population was 

dominated by fathead minnow. Previous surveys conducted by others for academic research 

showed that the minnow population varies significantly annually, with sampling some years 

finding no minnows and others thousands of individuals. Fathead minnow are very tolerant 

of winter-kill conditions, however, Meadow Lake is likely not deep enough to support the 

species year-round. It is likely that fish over winter in the adjacent golf course ponds and/or 

recolonize the lake from Bass Creek during high water levels. In high densities, fathead 

minnow can have significant water quality impacts through feeding on zooplankton, 

secretion, and sediment resuspension. Thus, it is highly likely that fathead minnows 

contribute to poor water quality conditions in Meadow Lake. 

 

Sediment Chemistry. Sediment data collected in 2009 were used to characterize potential 

for sediment phosphorus release. Triplicate sediment cores were collected from a single 

location and used to determine the sediment release rate. The uppermost 10 cm were 

homogenized for assessment to provide sediment chemistry data. A gravity sediment coring 

device equipped with an acrylic core liner was used to collect the sample. 

 

Meadow Lake profundal sediment exhibited an anoxic rate of P release of 12.4 mg∙m-2∙d-1. 

This rate is high and exceeds the 75th percentile of lakes with data in Minnesota. Iron-bound 

and loosely-bound phosphorus (redox-P) are the fractions of phosphorus associated with 

sediment P release during periods of low dissolved oxygen (<2 mg/L). Sediments with more 

iron-bound or redox-P typically have higher phosphorus release rates. Sediments that do 

have high internal release rates have a large peak of iron-bound P near the sediment-water 

interface. We find that redox-P concentrations greater than 0.1 mg/g are associated with 

lake sediments that have high phosphorus release rates. Sediments collected from Meadow 

Lake had redox-P concentrations of 0.190 mg/g in the uppermost 10 cm. These are 

moderately high and are consistent with the high release rates observed in Meadow Lake 

sediments.   

http://www.shinglecreek.org/water-quality.html
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MANAGEMENT OPTIONS 
 

Fish and Aquatic Vegetation. There are a number of methods for controlling nuisance or 

invasive fish populations and invasive submersed aquatic vegetation (SAV) such as CLP. The 

chemical rotenone is often used to kill undesirable fish. It is non-selective, meaning it will 

kill all fish, and is often used to “reset” a waterbody prior to fish restocking. Several 

herbicides are effective at reducing CLP, although since the reproductive turions can remain 

dormant on the lake bed for years it typically takes several years of repeated treatment to 

bring the plant coverage down to non-nuisance levels. 

 

As an alternative to ongoing chemical treatment with pesticides and herbicides, temporary 

winter lake drawdowns can be effective at achieving multiple objectives. Pumping as much 

water out of the lake as possible allows the sediment to freeze and consolidate. The CLP 

turions in the sediment are also killed by the freeze. Sediment consolidation encourages 

native plant seed germination, reduces muck, and reduces sediment resuspension. 

Temporary drawdowns in summer months can also stimulate germination of the native 

seedbank. Drawdowns mimic the natural hydrology of undisturbed wetlands and shallow 

lakes, where lake levels are dependent on the amount of precipitation received that year 

rather than by an outlet structure. As noted above, a partial drawdown was completed on 

Meadow Lake to facilitate dredging at storm sewer outfalls, and an immediate response was 

observed, although short-lived. This suggests that there is a high likelihood of success, 

especially if the four-foot deep lake can be pumped completely dry.  

  

Sediment Phosphorus Release. The Meadow Lake sediment core anoxic rate of P release of 

12.4 mg∙m-2∙d-1 is high, although the extent and duration of anoxia in the lake, like most 

shallow, polymictic lakes, is difficult to predict. However, Nurnberg (2004) developed a 

method of estimating an Anoxic Factor using lake morphometry, and application of that 

formula to Meadow Lake suggests that on average the sediments may be releasing about 96 

pounds of phosphorus annually into the water column. However, this does not adequately 

account for the entirety of lake internal loading. Updated lake response modeling estimates 

a 20-25 pound annual “residual load” that is not accounted for by H & H modeling or 

sediment load estimation. The source of this “residual load” could be release from aquatic 

vegetation as it senesces and is broken down, excretions from fish and other wildlife, or 

model underestimation.  

 

Properly dosed chemical treatments such as alum routinely achieve 90-95% reduction of 

release. Assuming a conservative 90% reduction, a chemical treatment has the potential to 

reduce annual internal loading by an estimated 86 pounds per year. While the TMDL 

requires a 62 pound reduction, updated H & H and lake response modeling using the 

sediment core data estimates the required reduction to be closer to 110 pounds per year 

from sediment and residual sources. 

 

Chemical treatments such as alum have progressed significantly in the last decade. 

Scientists and practitioners have found that alum treatments are more effective and 

successful if they are completed in multiple doses over two or more years. Initial, interim, 

and final sediment cores are taken and release rates measured to confirm and adjust dosing 

if necessary and to determine when the desired release rate has been achieved.  

 

 

MEADOW LAKE MANAGEMENT PLAN 
 

The Meadow Lake Management Plan would be comprised of two phases: Phase 1 would be 

focused on reestablishing a balanced biology by removing the fathead minnow population 
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and limiting recolonization, reducing curly-leaf pondweed to non-nuisance levels, and 

restoration of a healthy native aquatic vegetation community through a series of temporary 

drawdowns. Phase 2 is focused on reducing phosphorus loading from the sediments. Annual 

monitoring would be conducted and would guide adaptive management until the desired 

outcome – a clear water lake with a healthy biologic community – is achieved. 

 

PHASE 1. This phase would be completed over 3-5 years, depending on the lake’s response 

to the proposed actions. Adaptive management would use a decision-tree approach to 

determine the most appropriate actions to take based on monitoring results. 

 

Year 1: Conduct a fall-winter drawdown to consolidate sediments, eliminate fathead 

minnows and prevent recolonization, and reduce curly-leaf pondweed growth 

 

This phase would span spring 2020 (spring 2021 if the requested grant is not awarded) to 

spring 2021 and has two primary activities: engineering and water quality and biological 

monitoring. Engineering would focus on 1) designing, permitting, and implementing the fall 

drawdown, which would be expected to occur in late August to early-September to 

accommodate migration of wildlife such as turtles and amphibians to a refuge such as the 

adjacent golf course ponds. with pumps estimated to be in place 2-3 months until 

freezeover; 2) determining whether it is necessary to connect the lake and golf course 

ponds; 3) if the connection is to remain, undertake any desired pipe and outfall 

improvements; and 4) design and install fish barriers on the lake outlet structure and if 

necessary the outfall from the pond. 

 

When conducting the drawdown, the pump must be appropriately sized so that it can 

remove the runoff from a storm within 24 hours of its occurrence. Meadow Lake is an 11.8 

ac lake in a 96.6 ac drainage area. According to the New Hope climate station, 2016 had the 

largest amount of precipitation in the August-October period of any year since 1990. The 

greatest amount of precipitation of any of the storms occurring in this period of 2016 was 

2.70”. A precipitation event of this size would result in 6.2 ac-ft of runoff to Meadow Lake, 

which, in order to be drained within 24 hours, requires a pump rate of 1400 GPM. This rate 

would also allow the full lake volume to be drained in 155 hours. Once the water has been 

removed from the lake, it would be transported to a storm sewer catch basin on the 

adjacent street. The water surface elevation of the lake is 893.5’ and the elevation of the 

street where the basin is located is 912’. The lake also reaches a maximum depth of roughly 

4 ft. This will require less than 500 ft of horizontal displacement and 20 ft of static discharge 

head. The pump will likely be gas-powered, and because the site is located in a residential 

area, noise-control measures would be required. 

 

Year one monitoring would include monthly water quality sampling (TSS, chl-a, SD, and 

surface and bottom TP and OP) and DO/ temperature profiles, a fish survey, spring and 

summer aquatic vegetation surveys, and monthly phyto- and zooplankton surveys. Four 

pre-drawdown sediment cores would be taken and tested for bulk density and loss-on-

ignition (a test for organic content) while an additional core would also be tested for 

phosphorus fractionation. 

 

Years 2-3-4: Evaluate impact of drawdown on fish and aquatic vegetation. Chemical 

treatment of curly-leaf pondweed and/or fish if necessary.  

 

This phase would begin in spring 2021 (or 2022) and includes water quality and biologic 

monitoring as in year one and fish and aquatic vegetation management as necessary if the 

drawdown has not eradicated curly-leaf pondweed or the fathead minnows. In year three, 
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spring 2022 (or 2023), if native vegetation response is not satisfactory, a summer 

drawdown may be completed to encourage additional native plant growth.  

 

Four pre-drawdown sediment cores would be taken and tested for bulk density and loss-on-

ignition (a test for organic content) while an additional core would also be tested for 

phosphorus fractionation. When the desired fish and vegetation response has been achieved 

(in year 3 or 4), then the Plan will turn to Phase 2.  

 

PHASE 2. This phase would be completed over 2-3 years. Treat the lake sediments with 

alum or other chemical treatment to bind phosphorus in the water column and limit release 

from the sediments. 

 

Years 4-5-6: Apply alum in two doses one or two years apart. 

 

Two factors are considered when calculating an alum dose: redox-P concentration and the 

depth of anoxia. Anoxic depth is defined as the sediment area that is exposed to dissolved 

oxygen lower than 2 mg/L, which is represents the area that will be treated with alum. The 

second factor is the depth of sediment that will be treated with alum. DO data indicates that 

the average anoxic depth in Meadow Lake is approximately 3.4 feet. Since the maximum 

depth of Meadow Lake is about four feet, the one foot contour was selected as the alum 

treatment area, or about 9 acres of the lake’s 11 acres. Lab results determined that the 0-

10 cm sediment sample contained 0.140 mg/g redox P, which provides us the total amount 

of redox-P in the uppermost 10 cm of sediment. Sediment chemistry data indicates that an 

alum application of approximately 11,180 gallons is required to convert redox-P in the 

uppermost 10 cm to aluminum bound P. 

 

Alum should be applied in two doses. Between the doses, sediment cores will be taken to 

verify second dose application rates. Monitoring will include water quality sampling as in 

year one. Monitoring may also include aquatic vegetation and fish and zoo- and 

phytoplankton surveys as warranted.  

 

  

ESTIMATED LOAD REDUCTION AND LONGEVITY 
 

Phase 1 drawdown. The first phase of the proposed project is focused on restoring the 

biology of the lake to improve water clarity and chlorophyll-a concentrations. Based on 

experience gained from other shallow lake drawdowns (see for example Cleary Lake in 

Carver County), the initial lake response is likely a dramatic decrease in chl-a concentration 

and improvement in transparency. While it is difficult to say with certainty what the numeric 

TP benefit would be, lake response modeling using Walker’s BATHTUB estimates a residual 

annual load of 20-25 pounds TP that cannot be accounted for from the watershed or from 

sediment release based on the measured release rate. This may be the load attributable to 

resuspension from minnows foraging in the sediments, and from wind resuspension of the 

unconsolidated sediments. That residual is based on use of Nurnberg’s shallow lakes 

equation for the anoxic factor, which may be conservative and attribute too much load to 

sediment release and not to residual. 

 

Phase 2 alum treatment. Wenck’s experience with internal load reduction using alum 

suggests that phosphorus release rates will decrease by greater than 90%. In many cases 

phosphorus release rates will decrease by 95-99%. Sediment core release rates suggest the 

current internal load from sediments in Meadow Lake is about 96 pounds per year. A 90% 

reduction is 86 pounds. With the targeted residual reduction of 20-25 pounds, achieving the 

updated internal load reduction of 110 pounds P/year is feasible.  
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Longevity. To estimate the effectiveness of the alum, we consider the questions, “What is 

the potential longevity of an alum treatment and what factors will impact longevity of alum 

treatments?” Our goal is to be able to assess how long it will take to bury the alum layer 

after the alum application. The important factor is how much P sedimentation is occurring 

and not just overall sediment. We focused on the P sedimentation from the lake response 

models. We used the Canfield-Bachmann sedimentation term (Equation 1) to estimate how 

long it would take to replace inactivated phosphorus in the top 5 cm of sediment. It is 

important to note that this analysis should not be interpreted as the exact life of an alum 

treatment. The goal of this analysis is to assess whether a treatment will be quickly buried 

based on phosphorus settling and if additional watershed load should be reduced prior to an 

alum treatment.  

 

We ran two scenarios to assess potential longevity of an alum treatment. The first scenario 

was to assess the longevity based on current watershed loading conditions. The second 

scenario assessed the potential longevity assuming TMDL watershed load reductions have 

been met (Table 4). This data suggests that additional watershed reductions would increase 

the longevity of the alum treatment for both lakes.  

 

 

Equation 1. 

 

 

 

 

Table 4. Expected longevity of alum treatment effectiveness. 
Longevity (years) 

Current  
Watershed Load Rate 

TMDL  
Watershed Load Rate 

17 59 

 

  

VTP
V

W
CCP

b

P
CBPsed 








 ][



APPENDIX A 

 

 

 
9 

 G:\PubWorks\PROJECTS\Current Projects\2020 Meadow Lake Watershed Project\CWF Grant Information\DRAFT application and study\Meadow Lake Feasibility Study.docx 

COST AND FEASIBILITY 

 

The estimated costs of the two phases of the Meadow Lake Management Plan are set forth 

in Tables 5 and 6 and totaled in Table 7.  

 

Table 5. Phase 1 estimated costs. 

Task # Task Tot Hrs Staff Costs 
Const. 
Costs Lab Costs Expense TOTAL Cost 

1 Project Coordination           32  $6,088        $6,088  

2 Construction            

  Drawdown           40  $8,160   $      50,000      $58,160  

  SAV Treatment           24  $4,896   $        6,000    $500  $11,396  

  Fish Barriers           12  $2,448   $      15,000      $17,448  

  Fish Treatment           24  $3,076   $        5,000    $500  $8,576  

3 Monitoring            

  Water Quality         129  $15,252    $8,370  $3,150  $26,772  

  Fish Surveys and Permits           86  $10,274      $750  $11,024  

  SAV Surveys and Permits         108  $6,660      $2,850  $9,510  

  Sediment Coring           31  $3,555    $4,000  $600  $8,155  

4 Report           36  $4,004        $4,004  

5 Meetings           48  $8,220        $8,220  

6 Grant Reporting           6  $852        $852  

     Subtotal $170,205 

           Contingency 10% $17,020 

     TOTAL $187,225 

     SAY $187,000 

 

 

Table 5. Phase 2 estimated costs. 

Task # Task Tot Hrs Staff Costs Const. Costs Lab Costs Expense TOTAL Cost 

1 Project Coordination           32  $6,272        $6,272  

2 Construction            

  Alum Treatment           36  $7,560   $      70,000    $500  $78,060  

3 Monitoring           

  Water Quality         129  $15,645    $8,370  $3,150  $27,165  

  Fish Surveys and Permits           86  $10,532      $750  $11,282  

  SAV Surveys and Permits         108  $6,840      $2,850  $9,690  

  Sediment Coring           45  $5,250    $6,000  $900  $12,150  

4 Report           30  $4,120        $4,120  

5 Meetings           48  $8,468        $8,468  

6 Grant Reporting           6  $876        $876  

          Subtotal $158,083  

      Contingency 10% $15,810 

     TOTAL $173,893  

     SAY $174,000 
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Table 7. Total estimated cost, Meadow Lake Management Plan.  

Task # Task Tot Hrs Staff Costs Const. Costs Lab Costs Expense TOTAL Cost 

1 Project Coordination           64  $12,360  $0  $0  $0  $12,360  

2 Construction         

  Drawdown           40  $8,160  $50,000  $0  $0  $58,160  

  SAV Treatment           24  $4,896  $6,000  $0  $500  $11,396  

  Alum Treatment           36  $7,560  $70,000  $0  $500  $78,060  

  Fish Barriers           12  $2,448  $15,000  $0  $0  $17,448  

  Fish Treatment           24  $3,076  $5,000  $0  $500  $8,576  

3 Monitoring             

  Water Quality         258  $30,897  $0  $16,740  $6,300  $53,937  

  Fish Surveys and Permits         172  $20,806  $0  $0  $1,500  $22,306  

  SAV Surveys and Permits         216  $13,500  $0  $0  $5,700  $19,200  

  Sediment Coring           76  $8,805  $0  $10,000  $1,500  $20,305  

4 Report           66  $8,124  $0  $0  $0  $8,124  

5 Meetings           96  $16,688  $0  $0  $0  $16,688  

6 Grant Reporting           12  $1,728  $0  $0  $0  $1,728  

          Subtotal $328,288  

      Contingency 10% $32,830  

     TOTAL $361,118 

     SAY $361,000 

 

The City of New Hope has reduced watershed load to Meadow Lake through BMPs and by 

enhanced street sweeping. Updated nutrient budgets and TMDL calculations suggest that 

Meadow Lake requires an estimated 93% internal load reduction.  

 

Phase 1 is estimated to reduce TP loading by 20-25 pounds per year, which is the modeled 

residual load and is approximately one-third the reduction required by the TMDL. More 

importantly, it is expected that the outcome of Phase 1 will be dramatically reduced chl-a 

concentrations and improved clarity.  

 

In Phase 2, alum treatments have reduced internal load by 90-99% on other Minnesota 

lakes. Sedimentation scenarios estimate a useful life of 17 years if no additional watershed 

load reductions are completed, and 59 years if the watershed load reduction targets are 

met. A 90% reduction in sediment load is 86 pounds.  

 

Assuming the model residual load is reduced 20-25 pounds by the drawdown and fish and 

CLP control, and the alum treatment successfully reduces sediment loading by the estimated 

86 pounds, achieving the updated internal load reduction of 110 pounds P/year is feasible.  

 

The cost of undertaking the proposed actions, excluding monitoring and administration is 

approximately $125,000 for Phase 1 and $120,000 for Phase 2, or about $1,318 per 

pound TP.  
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Add fish and veg data 


