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Executive Summary 

The RWMWD Board of Managers was presented with this report in June, 2003.  At that meeting, the 

managers decided that the best course of action was to pursue Management Option 2: Public 

Education and On-Lot Infiltration Practices throughout Watershed BL-203 (Beaver Lake’s 

Immediate Watershed).  This option is to be pursued gradually over time, its extent depending on the 

results of the Carver Lake Infiltration Study and future collaborative opportunities that arise between 

developers and other governmental agencies working in this watershed.  It should be noted that other, 

future management options involving in-lake treatment were not completely ruled out, however, they 

are not recommended for action at this time.  In particular, Management Option 4 (Phased Approach 

with Alum/Lime Slurry Beginning with In-Lake Pilot Tests) might be of interest to the District in the 

future, depending on the results of current research being conducted in Wisconsin and elsewhere. 

This decision was based not only on the contents of this report, but also the input of the various other 

parties that were consulted during the course of Phases I and II of the SLMP process.  Most parties 

felt that although the lake’s current water quality conditions were acceptable, adopting a “Do 

Nothing” attitude toward the lake was not. 

It should be noted that since June, 2003, there has been more discussion about the Minnesota 

Pollution Control Agency’s (MPCA’s) Impaired Waters List (on which Beaver Lake appears).  Also, 

more information about the MPCA’s Total Maximum Daily Load (TMDL) guideline that dictates 

which lakes are listed has become available.  It now appears that Beaver Lake’s TMDL guideline will 

be a TP concentration of 60 µg/L (this is expected to be the new guideline for shallow lakes).   

Because Beaver Lake has neither typically met this guideline TP concentration in the past, nor will it 

likely meet this guideline in the future under Management Option 2, this issue will require more 

attention.  The next step in the process, dictated by the MPCA, is the creation of a TMDL report to be 

submitted to the Environmental Protection Agency (EPA) after approval by the MPCA.  Kohlman 

and Keller Lakes (the two other lakes within the RWMWD boundary that are listed as Impaired 

Waters) are slated to have TMDL reports completed and submitted in 2005.  The outcome of this 

process for Kohlman and Keller Lakes will give the District staff and its Board guidance on whether 

the management recommendation described in this Beaver Lake SLMP needs revision in the future. 
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1.0  Introduction 

The purpose of this report is to summarize the work that has been done for the Beaver Lake Strategic 

Lake Management Plan (SLMP), Phases I and II.  This document is presented here to the Ramsey 

Washington Metro Watershed District’s (District’s) Board of Directors in order to solicit feedback 

and to foster discussion about the final direction of the Beaver Lake SLMP.  The first section of this 

document will provide a brief background on the District’s approach to SLMPs as defined in the 

Watershed Management Plan (Plan), (Barr, 1997.).  The second section will provide a brief summary 

of Phase I of the project (the entire Phase I report is included in Appendix A of this report.)  The 

third section will outline the work completed for Phase II of the project.  The final section will 

summarize the various management options that were considered for Beaver Lake and will briefly 

discuss the most viable of the management options and their expected costs and water quality 

benefits. 
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2.0  The SLMP Process 

The purpose of any lake SLMP created for the District is three-fold: 

1. To define a water quality goal for the lake. 

2. To determine whether the lake currently meets its water quality goal. 

3. To determine what can be done to help the lake meet its goal. 

In 1997, the District assessed the recreational use and water quality level of its lakes.  Water use 

categories (Levels 1 through 5) were assigned to each lake.  Preliminary water quality goals were 

established for each lake per the MPCA.  The Plan states that each lakes’ water quality goals may be 

changed during the creation of the SLMP. 

Plan goals are in terms of Total Phosphorus (TP),  Chlorophyll a (Chl a) and Secchi Disc 

Transparency (SD). 
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3.0  Phase I 

Phase I began with gathering background information needed to embark on Beaver Lake’s SLMP.   

Beaver Lake was classified as a “Level 3” lake (for fishing) and was assigned a preliminary water 

quality goal of 60 µg/L Total Phosphorus (summer average concentration).  Because the lake at that 

time had a summer average TP concentration well above 60 µg/L, this goal was described as 

“Restore”.  Table 1 shows the preliminary goals outlined in the Plan for Beaver Lake, as well as the 

lake’s actual conditions in 1999. 

 

Table 1 Beaver Lake’s Water Quality Goals and 1999 Conditions 

 Goal As Shown in 
1997 Plan 

1999 Summer Average 
Conditions 

Total Phosphorus (TP) 60 µg/L 120 µg/L 
Chlorophyll a (Chl a) 32 µg/L 20.5 µg/L 
Secchi Disc (SD) 2.6 feet 5.2 feet 
 

 

First, the water quality goal was assessed to determine whether it was, in fact, a reasonable goal 

considering the desired future of the lake.  All of Beaver Lake’s historical water quality data from the 

past 20 years were reviewed to provide an idea of the typical state of the lake.  Figure 1 shows the 

growing season (June through August) TP concentrations in the lake from 1984 to 2002.  Two 

specific TP concentrations are indicated on the graph, showing the lake’s approximated TP 

concentration prior to human settlement (25 µg/L, Vighi and Chiaudani, 1985) and the MPCA’s 

average TP concentration for “minimally impacted” lakes in Beaver Lake’s ecoregion (61 µg/L 

Wilson and Walker, 1988).  Figures 2 and 3 show the growing season (June through August) SD 

transparency and Chl a concentrations, respectively, from 1984 to 2002. 
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The lake’s water quality varies widely from year-to-year.  In all but one (2002) of the past 20 years, 

the preliminary TP goal for the lake (60 µg/L) is not met.  WQ Stat was used to perform 

nonparametric seasonal Kendall analyses (Philips et al., 1989) to determine whether Beaver Lake’s 

water quality has been significantly improving or declining over the past 10 years (1991 to 2001). 

The results of this analysis indicate that the SD water transparency of Beaver Lake has improved 

significantly (95 percent confidence interval) over this period of record.  On average, the lake’s 

transparency has increased annually at a rate of 0.07 feet per year.  Hence, the lake's water 

transparency has been, in general, slightly increasing during the past 10 years.  Chl a has also been 

significantly decreasing (90 percent confidence interval) during this period, at a rate of 

0.8 µg/L/year.  By contrast, TP has been increasing (95 percent confidence interval) at a rate of 

4.6 µg/L/year during this period.  In order for an overall change in water quality to be considered 

significant, all three water quality parameters must have the same trend.  Therefore, no significant 

overall trend in water quality can be distinguished for Beaver Lake over the past 20 years. 

The relationship between Beaver Lake’s SD and TP was explored (Figure 4) to determine the 

expected benefit to the lake (in terms of increased summer transparency) that would result from 

reducing the lake’s summer TP concentration.  The fact that, in 1999, the lake’s summer average TP 

concentration was 120 µg/L indicated that if Beaver Lake met its TP goal (60 µg/L), it would 

experience a 45 percent increase in transparency (moving from 3.1 feet to 4.5 feet, in climatic 

conditions similar to 1999).  If the lake’s water quality degraded further, however, reducing the 

lake’s TP by greater percentages would result in a less efficient reduction in transparency due to the 

asymptotic relationship between TP and SD. 

Minnesota Department of Natural Resources (MnDNR) staff were consulted about the current state 

of Beaver Lake’s fishery.  One of their most notable pieces of information was a recent study 

showing the relationship between water transparency and the health of the fishery.  The study 

involved over 6,100 fish surveys from Minnesota lakes conducted since 1980.  The data showed 

(Figure 5) that as SD decreased below 3 feet, the Centrarchid population (bluegills, green sunfish, 

hybrid sunfish and pumpkinseed sunfish) crashed and were replaced by rough fish (carp, suckers, 

bullheads).  This change in fish population represented a dramatic decline in the quality of the fishery 

in these lakes.  Because Beaver Lake’s summer average SD transparency was close to 3 feet in 1999 

(the year that was monitored for the Phase I modeling effort), this was a cause for potential concern. 
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The reason for this “crash” is not known- the fisheries data had already been collected and was 

plotted, revealing this relationship.  Furthermore, whether the change in transparency caused the 

change in fish population or the change in fish population caused the change in transparency (rough 

fish are known to stir up lake bottoms) is unknown.  Regardless, it is true that turbid waters favor 

rough, undesirable fish and that clearer waters generally support a more varied fish population.  

Therefore, this SD threshold is upheld as a potential guidepost for this project. 

Also, the MnDNR has recommended that the average water quality for a Class 40 lake be a TSISD 

(Trophic State Index in terms of SD transparency) of approximately 62 or lower (i.e., a summer 

average SD transparency of about 5 feet or greater).  The recommendation is based upon the water 

quality needs of the fishery found in a Class 40 lake.  Currently, Beaver Lake’s water quality does 

meet this recommendation based upon 1999 data.  However, there are recent years that Beaver Lake 

has not met the MnDNR’s recommendation (1996 and 1998, for example, with 3.4 feet and 3.5 feet 

summer average SD, respectively). 

Figure 6 revisits the information presented in Figure 4, focusing on a 3-foot SD transparency and 

using different colors to indicate the month that each data point was collected.  As shown on the 

graph, a TP concentration of 75 mg/L appears to be an important threshold.  At TP concentrations 

less than 75 mg/L, SD is always greater than or equal to 3.0 feet.  At TP concentrations greater than 

75 mg/L, 44 percent of SD measurements are greater than or equal to 3.0 feet.  At TP concentrations 

greater than 75 mg/L, 56 percent of SD measurements are less than 3.0 feet, and all of these 

measurements are from July, August and September- all important recreational months on the lake. 

It was apparent that different local agencies may have very different ideas about the desired 

management strategy of Beaver Lake, and so an inter-agency meeting was called to discuss an 

appropriate goal.  The participating agencies were: 

• Ramsey County Environmental Services 
• Ramsey County Parks and Recreation 
• St. Paul Parks and Recreation 
• Maplewood Parks and Recreation 
• MPCA 
• Metro Region DNR 
• St. Paul Public Works 
• City of Maplewood 
• RWMWD staff 
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Representatives of most of these organizations attended the September 5, 2001 meeting to discuss 

their goals and priorities for Beaver Lake, given the information presented in the report.  All parties 

agreed that while significantly improving the water quality of Beaver Lake was not a reasonable 

approach, keeping the lake at its current level of water quality was important.  Specifically, it was 

agreed that the lake’s transparency should be kept at or above 3 feet (considered a threshold level for 

the well-being of the lake’s fish communities).  All parties deemed this goal to be very important, 

justifying some action in either the lake’s watershed and/or within the lake itself, to reduce total 

phosphorus (TP) loads in the lake.  While no water quality goal was finalized, Phase I proceeded 

with this possible goal in mind. 

Three in-depth studies of the lake and its watershed were conducted: a macrophyte survey (2001), a 

watershed runoff study (1999) and an in-lake water quality study (1999).   

The macrophyte study revealed much about the types of plants growing in Beaver Lake.  The results 

are described in detail in the Phase I report.  Of particular interest were the following results:  

• Native coontail was the most abundant species. 

• No Eurasian Milfoil was found. 

• Non-native curly-leaf pondweed was present at 19 percent of the sampling locations. 

• Native free-floating species (duckweed) was a large component in the plant community.  
(These plants can use nutrients from the water column). 

The watershed runoff study incorporated many different types of watershed information into a 

P8 model of the Beaver Lake watershed.  This model and a detailed account of its results are 

presented in the Phase I report (Barr, 2001).  Figure 7 shows the relative contributions of total 

phosphorus (TP) from the five major drainage networks in the Beaver Lake watershed, prior to 

treatment in ponds and wetlands en route to the lake.  Although the large watershed network in the 

northeast contributes a large amount of TP to the lake, it is mostly in soluble (hence, unsettleable) 

form by the time it reaches Beaver Lake due to treatment in the subwatershed’s ponds and wetlands. 

The in-lake water quality study was conducted in order to evaluate how the watershed loads of water 

and TP affected the water quality of Beaver Lake.  After applying both published lake equations as 

well as a tailored mass balance spreadsheet model, we concluded that internal loading of TP could 

contribute up to approximately 25 percent of the total TP load to Beaver Lake, on average.  Whether 

this load comes from the lake sediments or from a mid-summer die-off of macrophytes in the lake 

(Curlyleaf Pondweed, for example) was unknown. 
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4.0  Phase II 

The scope of the project’s second phase was: 

• To gather more evidence to confirm or deny the impact of Beaver Lake’s internal load. 

• To determine the release rate of TP from the lake’s sediments. 

• To calculate a dose of alum/lime slurry to inactivate the TP release from the sediments. 

4.1 Evaluating the Internal Load to Beaver Lake 
Detailed in-lake water quality monitoring data was collected from the lake from May to September, 

2002 at various water depths.  Figure 8 shows the 2002 TP concentration in Beaver Lake’s 

epilimnion (surface waters) during the season.  The summer average TP concentration was 60 µg/L.  

This was the first time that the lake had (according to the monitoring data) met its preliminary TP 

goal as proposed in the Plan. 

Isopleth diagrams of Beaver Lake’s 2002 water quality are shown in Figures 9 through 11.  Isopleth 

diagrams represent the change in a parameter relative to depth and time.  For a given time period, 

vertical isopleths indicate a complete mixing and horizontal isopleths indicate stratification.  These 

diagrams can be particularly useful in visually detecting the presence or absence of an internal load 

of phosphorus in a lake.  Figures 9 through 11 indicate that the lake experienced an internal load 

from its sediments in late-July/early-August.  Heavy rains in late-August brought relatively clean 

water into the lake, dropping the lake’s TP dramatically.  In-lake modeling of 2002 indicates that the 

lake also may have been impacted by curlyleaf die-off in early-July.   

The release rate results (presented below) further helped to confirm the presence and magnitude of 

the lake’s internal load from its sediments. Incorporating this information into the in-lake water 

quality model showed that internal load from the lake’s sediments increased the lake’s summer 

average TP concentration by ~20 percent in 2002 and by ~50 percent in 1999.  The degree of internal 

load to the lake appears to be heavily dependent on climatic conditions. 
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4.2 Sediment Core Microcosm Experiments 
The sediment core experiments (Figure 12) represent a significant part of the Phase II effort.  The 

purpose of these experiments was to calculate the actual release rate of extractable phosphorus from 

Beaver Lake’s bottom sediments.  The extractable phosphorus is the phosphorus that can travel from 

the sediments up into the water column, feeding algae and adversely affecting water quality.  By 

determining its true rate of release, a much more reliable estimate of the magnitude of Beaver Lake’s 

internal load can be made. 

The sediment core experiments also served to test:  (1) the effectiveness of different alum/lime slurry 

doses in controlling the phosphorus release from the lake’s sediments; and (2) the stability of an 

alum/lime floc layer on top of the lake’s sediments (Figure 13) (this can give an indication of the 

treatment’s longevity). 

Table 2 and Figure 14 show some of the results of the sediment core experiments. 

Table 2 Results of the Sediment Microcosm Experiments 

Microcosm Sediment Total Phosphorus 
Release Rate 

Control 1 29 mg/m2/day 
Control 2 35 mg/m2/day 
Treated 1- 25:1 8.4 mg/m2/day 
Treated 2- 25:1 8.1 mg/m2/day 
Treated 3- 50:1 2.4 mg/m2/day 
Treated 4- 50:1 3.4 mg/m2/day 
 

A 50:1 alum dose was deemed the most appropriate for Beaver Lake (should that management option 

be selected)  because it would provide a 90 percent reduction in phosphorus release rate, and a 

80 percent reduction in the phosphorus content of Beaver Lake’s sediments.  This is the dose that 

was assumed in the cost estimate for the treatment. 
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5.0  Management Options for Beaver Lake 

Many different management options were considered for Beaver Lake.  Several potential options 

were ruled out early in the process: 

• Mechanical harvesting of Curlyleaf pondweed.  Because native coontail is so pervasive in 
Beaver Lake, it would also be cut up in the process.  Because native coontail can grow from 
fragments, it would likely become much more dense and choke out other kinds of desirable 
vegetation.  Also, harvesting curlyleaf only combats a small part of Beaver Lake’s internal 
load problem. 

• Hand harvesting of curlyleaf  Harvesting by hand would be an extremely time-intensive 
process that would at best, not affect the internal load from the sediments, and at worst, 
increase the load due to disturbing the sediments. 

• Using Barley straw as an algal growth inhibitor.  Although this technique has gained some 
interest in recent years, the EPA has placed it under the “pesticide” category and it can’t be 
used until further study is completed. 

• Treating curlyleaf with herbicides.  This strategy would require treatment every single 
year.  If a year is skipped curly leaf can easily invade, beating out native plant populations.  
Also, herbicides are largely non-selective, killing both nuisances and desirable species 
simultaneously. 

• Watershed load reductions.  Watershed load reductions through BMPs in the northeast 
watershed network are not feasible because:  (1) the TP is largely in unsettlable form by the 
time it reaches the lake; and (2) alum treatment of inflows would not be feasible due to the 
large volumes of inflowing water and the cost to treat it. 

• Dredging the lake to prevent internal TP load from sediments and to limit the growth of 
curlyleaf.  This is clearly not a reasonable option in a fishing lake.  Also, deeper lakes can 
also have internal loading problems. 

• Aerating the lake to keep sediments oxygenated, reducing the potential for internal 
load.  This is generally not a viable option in shallow lakes, as it tends to stir up the 
sediment, creating the potential for internal load.  Aeration in shallow lakes during winter 
months is acceptable for fisheries health, however, as water quality is a lesser concern at 
these times of year. 

Four potential “finalists” are presented here.  
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5.1 Management Option 1: Do Nothing 
The Do Nothing option simply involves the continuation of current activities surrounding the lake 

and its watershed. 

5.2 Management Option 2: Public Education and On-Lot Infiltration 
Practices throughout Watershed BL-203 (Beaver Lake’s 
Immediate Watershed) 

In response to questions raised at the inter-agency meeting, a second round of more detailed 

watershed modeling was conducted for the watershed immediately adjacent to Beaver Lake (BL-203) 

(Figure 15).  The runoff from this watershed represents 34 percent of the overall TP load to the lake 

and receives very little treatment before reaching the lake.  Therefore, it seemed a likely candidate 

for BMPs that could positively impact Beaver Lake’s water quality.  Portions of this study (presented 

in the Beaver Lake SLMP: Phase I Summary and Phase II Recommendations Report (October, 2001) 

are excerpted in Appendix B of this report because they outline one of the management options for 

Beaver Lake.   

Essentially, after an extensive re-evaluation of BL-203’s subwatersheds, it appeared that the best 

course of action (in terms of watershed management) may be to pursue public education and on-lot 

infiltration practices throughout BL-203 rather than undertake an extensive capital improvement 

project to reduce TP loads to the lake.  Because capital improvement projects, such as the infiltration 

trenches described for subwatershed BL-203f and rainwater gardens throughout subwatersheds, 

BL-203c through BL-203e are likely to be very expensive and result in a fairly small reduction in the 

overall TP load to the lake (~5 percent to 20 percent)1 , it may be wise to turn to in-lake treatments of 

Beaver Lake to make a bigger impact on the lake’s water quality, if that is the ultimate goal for the 

lake. 

                                                      

1 The actual magnitude of treatment effectiveness depends on the climatic conditions of any given year 
(particularly the amount and intensity of the rainfall events throughout the year, and the extent to which 
infiltration projects are conducted throughout the subwatersheds.  A 20 percent reduction in the lake’s summer 
average TP concentration should be considered the absolute maximum that this option could achieve. 
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5.3 Management Option 3:  In-Lake Alum/Lime Slurry Treatment of 
Beaver Lake’s Internal Load 

In-lake treatment has the benefit of directly addressing a significant source of Beaver Lake’s summer 

TP- the internal load from both curlyleaf die-off and sediment loadings.  While alum has been used 

as a lake management tool for decades, the addition of lime to control internal TP loads is a relatively 

new phenomenon.  Detailed background information on this treatment technique is included in 

Appendix C of this report.   

Sweetwater Technologies estimates that an alum/lime slurry treatment of Beaver Lake would cost 

approximately $92,500. 

5.4 Management Option 4:  Phased Approach with Alum/Lime 
Slurry Beginning with In-Lake Pilot Tests 

Because alum/lime slurry treatments are relatively new and, therefore, potentially invite a higher 

level of risk than other, more known lake treatments, a 3-year pilot study is recommended for the 

lake.  This phased approach would involve both treated and untreated (control) test plots in the lake 

from which duplicate sediment cores can be extracted and studied.   

Phase I of the study would be to treat test plots with a 50:1 alum dose.  Phase II would be an annual 

monitoring program involving sediment cores taken from the test plots.  The location of the 

alum/lime layer in the sediment cores, as well as the extractable phosphorus, aluminum-bound 

phosphorus and the calcium-bound phosphorus present in the 0-4 cm, and 5-8 cm depth would be 

measured and recorded.  If the alum/lime layer has sunk deeper than 8 cm, testing could also be 

conducted at deeper levels. 

If the floc settles and the extractable phosphorus content of the sediment at or above the floc layer 

warrants additional treatment to achieve the lake’s goals then additional treatment would be tested 

and/or recommended for the whole lake.  The results of the test plots analyses will determine whether 

the 50:1 dose will accomplish the District goal or whether additional alum and lime may be needed to 

compensate for unforeseen conditions in the lake.  During these 3 years, a continuation of the 

monitoring program for the lake, in terms of SD, TP and Chl a would be extremely helpful. 

Sweetwater Technologies estimates that an alum/lime slurry treatment of a 1-acre test plot at Beaver 

Lake would cost approximately $8,200.  The sediment core collection and analysis of the cores for 

mobile total phosphorus is estimated to total around $3,500 per year.  The estimate assumes around 
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$1,900 in core collection/extrusion labor, $400 for sample expenses, $200 in lab analyses costs, and 

around $1,000 in data evaluation and letter report preparation costs. 

5.5 Pros and Cons of Management Options 1, 2 and 3 
5.5.1 Pros and Cons of Management Option 1: Do Nothing 
The main “pro” for Option 1 is that there is no immediate monetary cost.  If the status quo is deemed 

acceptable, then the “Non Degradation” goal could be considered to be met.  This option may be a bit 

risky in the long run, however, if status quo watershed controls do not sufficiently hold the lake at its 

current water quality; if a lake’s TP is high, more TP needs to be removed to show a significant 

increase in transparency.  Also, it is quite possible, given Beaver Lake’s water quality history that the 

lake would have years where it’s summer average SD will be less than 3 feet—a potentially 

important transparency threshold for the fisheries’ health.   

It is hard to say what the future water quality of Beaver Lake would be if no management action is 

taken, based on the conflicting results of the trend analysis (described as a part of the Phase I 

summary in this report).  Even if a goal of 75 µg/L TP is set for the lake, there would likely be 

several years where the lake does not meet its goal. 

5.5.2 Pros and Cons of Management Option 2: Public Education and On-Lot 
Infiltration Practices Throughout Watershed BL-203 (Beaver Lake’s Immediate 
Watershed) 

This option offers many potential benefits.  Educating the public about how their activities affect 

their lake while simultaneously improving water quality is a desirable combination that could work 

well in Beaver Lake’s immediate subwatershed.  On-lot infiltration practices have gained much 

attention of late.  There are several wonderful resources available now (including Henderson et al., 

1999 and Barr Engineering and Metropolitan Council, 2001) that can guide park personnel and 

private landowners toward developing basic, aesthetically pleasing, small-scale projects that can help 

to improve the water quality of Beaver Lake.  Some local examples in Maplewood could provide 

further guidance.   

The implementation of these education and infiltration projects, however, requires long-term 

commitment, both in terms of public contact and site maintenance (all too often neglected in these 

types of projects).  Ultimately, these projects can be as (or more) expensive as in-lake treatments, 

with less noticeable improvements in lake water quality.  The estimated benefit of implementing 

on-lot infiltration practices in Beaver Lake’s immediate watershed is a reduction in the lake’s 

summer average TP concentration on the order of 5 to 20 percent, depending on the climatic year and 
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how extensive the infiltration practices are.  Those “cons” notwithstanding, this option could still be 

considered a way of meeting a “Non Degradation” goal for Beaver Lake.  If a goal of 75 µg/L were 

set for the lake, these practices could be expected to help the lake meet its goal under some, but not 

all years. 

5.5.3 Pros and Cons of Management Option 3:  In-Lake Alum/Lime Slurry Treatment 
of Beaver Lake’s Internal Load 

This option has the potential benefit of targeting both of Beaver Lake’s assumed internal loads that 

significantly degrade water quality in the summer: Curlyleaf pondweed die-off in late-June, and the 

internal load from the lake’s sediments in late-July/August.  The sediment core microcosm 

experiments have shown that this type of treatment technique is a viable option for the lake that 

would likely cause a noticeable increase in the lake’s transparency immediately after treatment and 

for approximately 10 years to follow. 

Although alum is a tried and true lake management treatment, the alum/lime slurry combination is a 

new technique.  Lime is effective in holding alum down in a cohesive layer over the sediments, 

where it might otherwise be resuspended in a shallow lake’s recurrent mixing action.  Also, 

observations have indicated that lime may be effective in limiting the growth of curlyleaf, while 

allowing the growth of native plant species.  Thus, this treatment could improve water quality in the 

short term as well as in several years to come by controlling the growth of this invasive species.  The 

cost of an alum/lime treatment (estimated at $92,500) is relatively affordable, considering the 

expected water quality benefit.  An alum/lime slurry treatment is expected to reduce Beaver Lake’s 

summer average TP concentration by anywhere from 20 percent to 50 percent, depending on climatic 

conditions in any given year.  If a goal of 75 µg/L TP were set for the lake, this option would likely 

help the lake meet its goal during most years. 

Although alum/lime slurry treatments are not expected to have any negative impacts on lake biota, it 

is important to remember that this is a new technology.  It has been used only in a handful of lakes in 

Canada and the United States, and its actual treatment mechanism is currently unknown (though 

many hypotheses exist).  Consequently, it is impossible to say that this treatment technology does not 

have any long term negative effects—long term research has simply not yet been conducted. 

With this in mind, it may be within the District’s (and Beaver Lake’s) best interests to proceed more 

slowly with this new technology, using the phased approach described in Management Option 4. 
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5.5.4 Pros and Cons of Management Option 4:  Phased Approach with Alum/Lime 
Slurry Beginning with In-Lake Pilot Tests 

This approach has several benefits: 

1. The District can be more assured of the expected impacts (both positive and negative) of an 
alum/lime slurry treatment in Beaver Lake. 

2. After 3 years, alum/lime slurry treatments may have become a more common practice, 
making it easier to get permits from regulatory agencies. 

3. The District will have a better idea of the dose needed for Beaver Lake. 

4. The District has a few years to levy the money needed for a lakewide alum/lime treatment. 

The drawback of this approach is that the pilot project itself could not be expected to result in much 

of an improvement of Beaver Lake’s water quality.  Rather, the purpose of the pilot project would be 

to gather information about a potential future whole-lake treatment of the lake to affect water quality. 

5.6 Final Management Recommendations for Beaver Lake 
The RWMWD Board of Managers was presented with this report in June, 2003.  At that meeting, the 

managers decided that the best course of action was to pursue Management Option 2: Public 

Education and On-Lot Infiltration Practices throughout Watershed BL-203 (Beaver Lake’s 

Immediate Watershed).  This option is to be pursued gradually over time, its extent depending on the 

results of the Carver Lake Infiltration Study and future collaborative opportunities that arise between 

developers and other governmental agencies working in this watershed.  It should be noted that other, 

future management options involving in-lake treatment were not completely ruled out, however, they 

are not recommended for action at this time.  In particular, Management Option 4 (Phased Approach 

with Alum/Lime Slurry Beginning with In-Lake Pilot Tests) might be of interest to the District in the 

future, depending on the results of current research being conducted in Wisconsin and elsewhere. 

This decision was based not only on the contents of this report, but also the input of the various other 

parties that were consulted during the course of Phases I and II of the SLMP process.  Most parties 

felt that although the lake’s current water quality conditions were acceptable, adopting a “Do 

Nothing” attitude toward the lake was not. 

It should be noted that since June, 2003, there has been more discussion about the MPCA’s Impaired 

Waters List (on which Beaver Lake appears).  Also, more information about the MPCA’s Total 

Maximum Daily Load (TMDL) guideline that dictates which lakes are listed has become available.  
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It now appears that Beaver Lake’s TMDL guideline will be a TP concentration of 60 µg/L (this is 

expected to be the new guideline for shallow lakes).   

Because Beaver Lake has neither typically met this guideline TP concentration in the past, nor will it 

likely meet this guideline in the future under Management Option 2, this issue will require more 

attention.  The next step in the process, dictated by the MPCA, is the creation of a TMDL report to be 

submitted to the EPA after approval by the MPCA.  Kohlman and Keller Lakes (the two other lakes 

within the RWMWD boundary that are listed as Impaired Waters) are slated to have TMDL reports 

completed and submitted in 2005.  The outcome of this process for Kohlman and Keller Lakes will 

give the District staff and its Board guidance on whether the management recommendation described 

in this Beaver Lake SLMP needs revision in the future. 
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Appendix B:  Excerpt from Phase I Summary and 
Phase II Recommendations Report 

In order to more closely assess the TP contribution of BL-203, we had to subdivide the watershed 

into 7 subwatersheds (Figure 15 in the main body of the Beaver Lake Strategic Lake Management 

Plan (SLMP) report, Barr, 2004).  In doing so, we noticed that the subwatershed on the northwest 

side of the lake (named BL-203a in Figure 11 in the main body of the Beaver Lake SLMP report) 

actually does receive some treatment through the County wetland project there.  The rest of the 

subwatersheds (BL-203b through BL-203f) receive virtually no treatment as they approach the lake. 

P8 modeling conducted for the Phase I part of this study revealed that by the time the watershed 

runoff reaches the lake, roughly 34 percent of the lake’s watershed TP load is from BL-203.  

66 percent of the load is from the other watershed networks in the Beaver Lake watershed (networks 

terminating in BL-122, BL-125, BL-121 and BL-123).  These other networks are much larger than 

BL-203, but their runoff is treated through a series of ponds and wetlands so the final TP load 

reaching the lake has been reduced through treatment.  P8 was used again to estimate the TP load 

coming from each of BL-203’s subwatersheds individually, compared to the load contributed from 

all of the other watershed networks combined.  As Table B-1 shows, BL-203a through BL-203f 

contribute from 1 to 8 percent of the lake’s total watershed TP load. 

Table B-1:  Relative Contribution of BL-203’s TP Loads to Beaver Lake 

Subwatershed Name 
Relative TP Contribution to Beaver Lake 

(post existing treatment in the watershed) 
BL-203a 8% 
BL-203b 1% 
BL-203c 5% 
BL-203d 6% 
BL-203e 6% 
BL-203f 8% 

All other subwatershed networks 66% 
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The conveyance of stormwater runoff in each of BL-203’s subwatersheds is an important 

consideration in evaluating the feasibility of different treatment methods. The type of conveyance in 

each subwatershed is described below. 

• BL-203a’s runoff is carried to the wetland next to the lake via a network of stormsewers that 
drain to 2 different spots on the west and north sides of the County’s constructed wetland.   

• BL-203b’s runoff is not concentrated at all- it travels overland to the lake.   

• BL-203c’s runoff is carried north via a network of stormsewers that connect to the 
stormsewer that collects outflow the pond in BL-121.  This stormsewer then turns west and 
outlets into Beaver Lake. 

• The north part of BL-203d’s runoff is largely overland.  A small section in the south part of 
the subwatershed is carried to the lake by a stormsewer network.   

• Runoff from BL-203e is collected just south of Stillwater Ave. by two stormsewer pipes and 
carried to the lake. 

• BL-203f’s runoff is collected just west of Edgewater Blvd. by two stormsewer pipes and 
carried to the lake. 

Any stormsewers mentioned above are shown on Figure 15 in the main body of the Beaver Lake 

Strategic Lake Management Plan (SLMP) report, (Barr, 2004). 

Given the TP contribution of each of BL-203’s subwatersheds and theirs stormwater conveyance 

characteristics, we made some conclusions about what kind of stormwater treatment options might be 

feasible for each subwatershed.   

BL-203b is clearly not a good candidate for further treatment given its low TP contribution (only 

1 percent), its dispersed inflows and the fact that it is void of residents who might be able to 

participate in housekeeping activities.  Therefore, we have no recommendations for treatment in this 

subwatershed. 

BL-203c and BL-203e are primarily residential subwatersheds.  While their stormwater runoff is 

collected by stormsewers, there is not a clear place at the terminus of these stormsewer systems that 

could be used for a capital improvement project such as a wetpond, or some type of concentrated 

infiltration project (such as an infiltration trench or basin).  However, good housekeeping measures 

that involve residents in these areas could be beneficial.  Public education about “environmentally 

friendly” lawn care practices and on-lot infiltration (trying to infiltrate as much precipitation as 

possible on each individual lot before runoff occurs, i.e., rainwater gardens) are examples of how 
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residents could be involved in reducing the TP load to the lake.  Unfortunately, it is difficult and 

costly to accurately determine how much TP could be reduced by these methods- we know only that 

less TP would be generated.  The cost of on-lot infiltration depends heavily on the complexity of the 

method.  Rainwater gardens, for example can cost anywhere from a hundred dollars to several 

thousands of dollars, depending on the design.  Other techniques, such as rain barrels, tend to be less 

expensive (~$80 per barrel), though perhaps less attractive.  The effectiveness of these practices can 

be estimated by estimating the fraction of runoff intercepted throughout the subwatershed—this 

translates roughly to the fraction of TP load intercepted.  For more detailed information on On-Lot 

Infiltration Practices, one can reference the Small Urban Sites BMP manual (Barr and Metropolitan 

Council, 2001). 

BL-203d is unique among the subwatersheds in that it has a large number of residents with lots right 

on the lake.  Although there are no obvious places for wetponds or concentrated infiltration projects 

(such as infiltration trenches or basins) in this subwatershed, residents could be taught to leave buffer 

zones (also called “filter strips”) between their mown yards and the lake in order to decrease the 

amount of runoff that reaches the lake.  Filter strips are essentially cost-free.  They simply involve 

allowing the grass and other plants to grow higher and thicker along shorelines so that runoff can be 

slowed and allowed to infiltrate before reaching the lake.  Other kinds of plants can be incorporated 

into filter strips to improve aesthetics, of course, this tends to raise the price of the project.  Other 

kinds of on-lot infiltration and/or public education could also be used in this area to decrease 

loadings.   

The County wetland project in BL-203a already provides some stormwater treatment.  P8 was used to 

estimate the magnitude of the wetland’s treatment efficiency.  Based on the model results, it can be 

assumed that approximately 60 percent of the load entering the wetland from BL-203a is removed 

before reaching the lake.  This level of treatment efficiency is consistent with the District’s goal of 

60 percent removal; therefore, no further level of treatment is expected, or recommended for this 

subwatershed.  While, the District’s goal of 60 percent TP removal is anticipated, public education 

efforts should extend through this subwatershed area as well. 

BL-203f has several areas that could be appropriate for infiltration trenches.  Infiltration trenches are 

generally recommended for small contributing areas (less than 2 acres).  However, larger areas may 

be serviced if particular attention is paid to pretreatment of stormwater inflows.  It is possible that the 

entire BL-203f subwatershed (25 acres) could be treated by a series of infiltration trenches if the 

following project considerations were included: 
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• Infiltration trenches would cover four medians in Edgewater Avenue and the open space area 
in BL-203a just south of the wetland, as pictured in Figure 3. 

• Drop-in pretreatment devices (such as StormceptorTM) would be required at the inlet to the 
existing stormsewers under Edgewater Blvd.  Pretreatment of stormwater runoff would be a 
crucial part of this infiltration trench design. 

• Flow splitters (or other types of diversions) would need to be placed in the existing BL-203f 
stormsewers to divert the first 1” of runoff to the infiltration trench, while sending larger 
flows directly to Beaver Lake. 

• Perforated pipe would need to be placed along the length of each infiltration trench 
connecting each median trench and leading to the larger infiltration trench in the open space 
of BL-203a. 

• Soil borings would need to be taken in each trench, as well as in the open space in order to 
confirm the soil types in all areas (Type C in the medians and Type A in the open space were 
assumed for this preliminary evaluation). 

• The groundwater level in these areas would require confirmation (assumed to be about level 
with the lake level for this evaluation). 

• Trees would need to be removed from all medians. 

• Public access to the open space would be discontinued.  Once an infiltration trench was in 
place, no one could access the area. 

• Utilities along the medians or in the open space would have to be moved. 

This type of design could result in the removal of up to 60 percent of the incoming TP load before it 

reaches the lake.  The cost (both design and construction) for an infiltration trench design of this 

magnitude would be on the order of $250,000.  Of course, a smaller-scale infiltration trench project 

could be implemented to treat a smaller part of the subwatershed.  However, the estimated cost of 

such projects do not appear to justify the benefit in terms of significantly reducing the lake’s overall 

TP load (this project would remove approximately 60 percent of a maximum 8 percent of the total 

watershed load to the lake).  Therefore, again, public education and small individual on-lot 

infiltration practices could be conducted in this subwatershed, although these practices are more 

difficult to control and have less predictable outcomes in terms of TP removal. 

After an extensive re-evaluation of BL-203’s subwatersheds, it appears that the best course of action 

may be to pursue public education and on-lot infiltration practices throughout the watershed rather 

than undertake an extensive capital improvement project to reduce TP loads to the lake.  Because 

capital improvement projects, such as the infiltration trenches described for subwatershed BL-203f, 

are likely to be very expensive and result in a fairly small reduction in the overall TP load to the lake 

(~5 percent), it may be wise to turn to in-lake treatments of Beaver Lake to make a bigger impact on 

the lake’s water quality  
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Appendix C: Alum/Lime Treatment:  A Lake 
Management Tool 

Chemical coagulation and clarification are important means of nutrient inactivation and management 

in surface waters.  The most widely used coagulant, aluminum sulfate (Al2(SO4)3-14H2O), has been 

treating water for centuries.  Aluminum sulfate, known as alum, has been used to treat drinking 

water, wastewater, lakes, and other surface waters (Lind, 1997). 

While alum has been used extensively throughout the world for decades, only a few select lakes have 

received lime and alum/lime treatments.  The idea for the use of lime as a lake treatment tool is fairly 

recent, originating in Alberta, Canada in the late-1980’s.  Lime treatment of lakes and ponds was 

intended to solve a perplexing management problem. 

On the Boreal Plain of western Canada, lakes are essential for domestic, municipal, and industrial 

water sources, and are often used for recreation and urban development (Prepas et. al., 2001).  Man-

made ponds on farms throughout western Canada (referred to as dugouts) are used as a water supply 

for farm operations (including household, livestock watering, and irrigation).  In 1992, an estimated 

25,000 dugouts were in use and more than half of the dugouts noted serious water quality problems.  

Problems included excessive algal growth (water greenness), macrophyte growth, and a strong taste 

and odor (Prepas et. al., 1992).  Ellie Prepas, of the University of Alberta, worked with Engineering 

Services, Alberta Agriculture, to develop a new management technique involving the application of 

lime to dugouts and lakes to decrease nutrients and algal biomass.  Lime treatment was believed to be 

a safe and economical management tool for dugouts, lakes, and other surface waters. 

Lime (Ca(OH)2, mixed with water to form a slurry, was added to lakes, ponds (dugouts), irrigation 

canals, and microcosm experiments.  Lime slurry and liquid alum were added to three storm water 

retention lakes in Edmonton, Alberta.  The Canadian research project spanned a 7-year period.  

Results were published in several journals, including Freshwater Biology 2001, Volume 46 (8) 

(Prepas et al.).  Results of the alum/lime treatment of stormwater retention lakes were published in 

Water Poll. Res. J. Canada, 1992, Volume 27, No. 2, 365-381 (Babin, et al.). 

The Canadian project determined: 

• When water pH was kept in its natural range (i.e., <10), macrophyte biomass was controlled 
and invertebrate communities were unaffected. 
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• Application of a combination of alum and lime effectively controlled filamentous and 
planktonic algal growth by reducing phosphorus concentrations. 

• A combination of lime, which elevates pH, and alum, which lowers pH, maintains the natural 
pH range of a lake during treatment. 

• Lime controls macrophytes, precipitates algal cells, and removes phosphorus from the water 
column.  However, it does not prevent sediment phosphorus release. 

• A combination of lime and alum controls internal phosphorus loading by controlling 
sediment phosphorus release and macrophyte growth. 

Because the focus of the Canadian project was control of phytoplankton, the discovery that lime 

effectively controls macrophytes was a surprising discovery.  The Canadian research team observed 

that lime treatment consistently reduced macrophyte growth.  Macrophyte data were collected 

throughout the 7-year project to evaluate the effectiveness of lime treatment as a macrophyte 

management tool.  A brief discussion of the macrophyte evaluation follows. 

The macrophyte evaluation involved lakes receiving a single dose of lime and lakes repeatedly 

treated with lime.  Two lakes receiving a single dose of lime (74 to 107 mg/L Ca(OH)2) observed a 

decrease in macrophyte biomass of up to 80 percent.  Reference lakes observed no change in species 

or biomass.  Two lakes were treated with lime repeatedly over a 7 -ear period (dose = 5 to 78 mg/L 

Ca(OH)2 or CaCO3).  Only one of the two multiple dose lakes was studied.  A 95 percent decline in 

macrophyte biomass was observed during the first 6 years of the study.  Improved water clarity 

occurred and a species shift from floating plants (duckweed) to rooted plants was observed.  In the 

7th year of the study, the macrophyte biomass of the treated lake was the same as the pre-treatment 

biomass.  The species shift from a low biomass species, duckweed, to higher biomass rooted species 

may explain the biomass increase in the treated lake during the 7th year of the study.  Another 

explanation is that the improved water transparency may have resulted in increased macrophyte 

growth.  Reference lakes observed no change in species or biomass during the 7-year period.   

The treatment of two irrigation canals revealed the range of impacts that occur with dosing changes.  

One irrigation canal was treated with a low dose, 135 mg/L Ca(OH)2, applied over a 24-hour period,  

and one irrigation canal was treated with a high dose, 210 mg/L Ca(OH)2, applied over a 65-hour 

period.  The low dose had no effect on the macrophytes, while the high dose eliminated all 

macrophytes for the first month after treatment.  A survey 13 months after treatment indicated 

macrophytes were present in the high dose irrigation canal, but at a reduced density and biomass. 
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Microcosm experiments were completed and changes in biomass were measured.  No consistent 

change in biomass was observed.  However, when lime slurry doses were greater than 200 mg/L 

Ca(OH)2 or mixed Ca(OH)2/CaCO3, plants lost their pigmentation and under natural conditions 

(turbulence or an age greater than 33 days) the plants would have broken up. 

Data from the Canadian research project indicated lime treatment controlled macrophytes.  Reduced 

plant biomass and species changes were observed following treatment.  Lime is a nontoxic and 

economical tool for the effective management of aquatic plants. 

The consistent benefits of lime treatment led to the completion of two projects by Barr Engineering 

Company.  One project was a pilot project in Wisconsin and one project was a treatment of two 

Minnesota lakes.  Results of the two projects follow. 

The pilot project in Wisconsin involved an evaluation of three treatment options: 

• Early-summer lime slurry treatment (doses were 150 g/m2 Ca(OH)2 during the first treatment 
year and 300 g/m2 Ca(OH)2 during the second treatment year). 

• Spring herbicide treatment (diquat—Reward @ a dose of 2 gal/ac). 

• Spring harvesting. 

Replicate control and treatment plots were selected.  Treatment occurred during 1998 through 1999 

and a study of the plots occurred during 1998 through 2000.  The study results indicated (Barr, 

2001): 

• All treatments were effective in 1998 

• Harvesting was not effective in 1999. 

• No harvesting residual effects were observed in 2000. 

• Lime slurry and herbicide treatment were effective in all years. 

• Lime slurry was more effective than herbicide in 1998. 

• Herbicide was more effective than lime slurry in 1999. 

• Residual effects from both treatments were observed in 2000. 

• Lime slurry encouraged the growth of native species. 

• Herbicide encouraged the growth of exotic species by creating open areas which were 
colonized by exotic species during the year following treatment. 
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• Lime slurry was the most effective treatment for reducing plant density, biomass, and 
encouraging the growth of native species. 

• Curlyleaf pondweed was not observed in the lime treated plots, although the plant was found 
throughout the lake.  A 1996 plant survey indicated curlyleaf pondweed was observed in 77 
percent of the lake’s sample points and was the most frequently sited species (Barr, 1997). 

Two Minnesota lakes received a combined treatment of alum and lime slurry to control vegetation 

and reduce internal phosphorus loading.  Lakes Clifford and Faille, located in the Sauk River 

Watershed District near Osakis, Minnesota, were treated with 30 grams aluminum per square meter 

and 300 grams Ca(OH)2 per square meter during April of 2002.  A third lake, Stevens, located 

between Clifford and Faille in the three-lake chain, was not treated. 

Prior to treatment, Clifford and Faille noted high phosphorus concentrations, severe algal blooms, 

and poor water transparency throughout the summer.  A very dense curlyleaf pondweed growth was 

observed in the lakes during the early-summer.  A Sauk River staff person indicated efforts to boat 

on the lakes during the early-summer period, prior to treatment, were thwarted by the motor killing 

approximately every 10 feet due to the dense plant growths.  District staff reported that no plant 

problems occurred after the alum/lime slurry treatment.  Staff indicated the 2002 plant communities 

were comprised of sufficient native vegetation to support the lakes’ fishery.  Curlyleaf pondweed, an 

exotic species, was not observed in the lakes where alum and lime were applied.  A small untreated 

bay and a rocky area inaccessible to the treatment barge noted curlyleaf pondweed growth in 2002.  

The siting of curlyleaf pondweed in the untreated areas confirmed the plant’s ability to grow in the 

lakes.  Its absence in the remaining portion of the lakes indicated the effectiveness of the alum/lime 

treatment to eliminate curlyleaf pondweed growth (Nelson, 2003).   

Clifford and Faille observed excellent water transparency following treatment—the bottom was 

visible in both lakes.  The water transparency in Clifford remained excellent throughout the summer 

(the bottom was visible all summer).  Water transparency in Faille became poor following an 8-inch 

rainstorm during July.  Stormwater from the City of Osakis was conveyed to Faille during the storm 

resulting in turbid water.  Hot temperatures followed the storm and severe algal blooms occurred in 

Faille (Nelson, 2003).  

The Canadian, Wisconsin, and Minnesota projects concluded that lime treatment effectively controls 

macrophyte growth, but did not determine the mode of action.  Three hypotheses were suggested 

with a recommendation that further research be completed to determine whether they were true.  The 

hypotheses are: 
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• Lime slurry treatment alters the lake’s sediment chemistry.  Specifically, the calcium in the 
lime may bind to phosphorus in the sediment or in the pore waters (water between sediment 
particles) making the phosphorus unavailable to plants.  Immobilization of mobile 
phosphorus may create a phosphorus-limiting situation, thereby controlling the number of 
plants per square meter that may grow.  Hence, lime treatment may control plant density by 
phosphorus limitation. 

• Ammonia is vulnerable to change with changing pH conditions.  The temporary change in pH 
resulting from the lime application may cause a change from NH4 to NH3.  This change may 
create a nitrogen-limiting situation by changing available nitrogen to a form that is not 
available for plant growth.  Hence, lime treatment may control plant density by nitrogen 
limitation. 

• The temporary change in pH resulting from lime application may reduce carbon availability 
to plants, thereby interfering with plant photosynthesis.  Hence, lime treatment may control 
plant density by carbon limitation. 

• Lime precipitation on the plant leaves may interfere with plant photosynthesis.  Hence, lime 
treatment may control plant growth by light limitation.  

• Following a reduction in plant density, plants do not appear to rebound and the community 
seems to remain at a lower density. 

The U.S. Army Corps of Engineers recently began a research project to study lime slurry effects on 

aquatic vegetation and define its mode of action.  Mesocosm experiments are being conducted at the 

Eau Galle Aquatic Ecology Lab at Springfield, Wisconsin.  Whole lake treatments are planned 

following completion of the laboratory experiments. 

The results of the Canadian research projects, the Wisconsin pilot project, and the Minnesota whole 

lake treatments suggest treatment of Beaver Lake with a combination of alum and lime would 

effectively manage the lake’s problematic internal phosphorus load.  A treatment dose of 40 grams 

aluminum and 300 grams Ca(OH)2 per square meter is recommended.  Alum  treatment is expected to 

reduce the lake’s sediment phosphorus release rate by approximately 90 percent.  Lime treatment is 

expected to effectively control the lake’s macrophyte community.  Reduction or elimination of the 

lake’s curlyleaf pondweed by the lime treatment is expected to further reduce the lake’s internal 

phosphorus load. 

 




