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Executive Summary

Overview

This report describes the results of the use attainability analysis for Lake Lucy and Lake Ann. The use
attainability analysis provides the scientific foundation for a lake-specific best management plan that will
maintain or attain the existing and potential beneficial uses of Lake Lucy and Lake Ann. This study includes
both a water quality analysis and potential protective measures for both lakes and their watersheds. The
conclusions and recommendations are based on historical water quality data, the results of intensive lake
water quality monitoring in 1997, and computer simulations of land use impacts on water quality in Lake
Lucy and Lake Ann using watershed and lake models calibrated to the 1997 data set. In addition, best
management practices (BMPs) were evaluated to compare the relative effect of BMPs on total phosphorus

concentrations and Secchi disc transparency (i.c., water clarity).

Riley-Purgatory-Bluff Creek Watershed District Goals

The approved Riley-Purgatory-Bluff Creek Watershed District Water Management Plan, (Barr Engineering
1996b) (Plan) inventoried and assessed Lake Lucy and Lake Ann. The Plan articulated five specific goals for
Lake Lucy and Lake Ann. These goals address:

e  Water Quality

e Recreation

e Aquatic Communities

e  Water Quantity

e Wildlife

Wherever possible, Riley-Purgatory-Bluff Creck Watershed District (RPBCWD) goals for Lake Lucy and
Lake Ann have been quantified using a standardized lake rating system termed the Carlson’s Trophic State
Index (TST) (Carlson, 1977). This rating system considers the lake’s total phosphorus, chlorophyll @, and
Secchi disc transparency measurements to assign it a water quality index number that reflects its general level
of fertility. The resulting index values generally range between 0 and 100, with increasing values indicating

more fertile conditions.

Total phosphorus, chlorophyll a, and Secchi disc transparency are key water quality parameters upon which

TSI statistics are computed, for the following reasons:
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Phosphorus generally controls the growth of algae in lake systems. Of all the substances needed for

biological growth, phosphorus is typically the limiting nutrient.

Chlorophyll a is the main pigment in algae. Therefore, the amount of chlorophyll a in the water indicates

the abundance of algae present in the lake.

Secchi disc transparency is a measure of water clarity and is inversely related to the abundance of algae.

Although any one or all three parameters can be used to compute a TSI, water transparency is most often

used, since peoples’ perceptions of water clarity are most directly related to recreational use impairment. The

TSI rating system is scaled to place a mesotrophic (medium fertility level) lake on the scale between 40 and

50, and high and low fertility lakes (eutrophic and oligotrophic) toward the high and low ends of the TSI

range, respectively. Characteristics of lakes in different trophic status categories are listed below with their

respective TSI ranges:

Oligotrophic—[20 < TSI < 38] clear, low productivity lakes, with total phosphorus concentrations less
than or equal to 10 pg/L, chlorophyll a concentrations less than or equal to 2 pg/L, and Secchi disc

transparencies greater than or equal to 4.6 meters (15 feet).

Mesotrophic—{[38 < TSI < 50] intermediate productivity lakes, with 10 to 25 ug/L of total phosphorus,
2 to 8 ug/L of chlorophyll g, and Secchi disc measurements of 2 to 4.6 meters (6 to 15 feet).

Eutrophic—[50 < TSI < 62] high productivity lakes relative to a basic natural level, with 25 to 57 ug/L.

of phosphorus, 8 to 26 ng/L of chlorophyll a, and Secchi disc measurements of 0.85 to 2 meters (2.7 to
6 feet).

Hypereutrophic—[62 < TSI < 80] extremely productive lakes which are highly eutrophic, disturbed and
unstable (i.e., fluctuating in their water quality on a daily and seasonal scale, producing gases, off-flavor,
and toxic substances, experiencing periodic anoxia and fish kills, etc), with total phosphorus
concentrations greater than 57 pg/L, chlorophyll @ concentrations greater than 26 ug/L, and Secchi disc

measurements less than 0.8 meters (less than 2.7 feet).

The RPBCWD goals for Lake Lucy include the following:

The Water Quality Goal for Lake Lucy is a TSIsp score of 57 or lower, reflecting the Riley-Purgatory-
Bluff Creek Watershed District (RPBCWD) policy of non-degradation of current lake water quality
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conditions. This goal is attainable only with recommended BMPs throughout the Lake Lucy watershed,

as described in this use attainability analysis.

2. The Recreation Goal for Lake Lucy is to achieve full support of fishing activities and maintain
waterfowl habitat, This goal is attainable with recommended BMPs throughout the Lake Lucy watershed
and in-lake management of Lake Lucy’s fishery, which include the BMPs prescribed for water quality as

well as other management options described in this use attainability analysis.

3. The Aquatic Communities Goal for Lake Lucy is to maintain an MDNR-ecological class 42 rating,
with a TSIsp of 62. This goal may be better expressed as a non-degradation water quality goal because
water quality directly affects the aquatic communities in Lake Lucy. This goal is attainable with
recommended BMPs throughout the Lake Lucy watershed, which include the BMPs prescribed for water

quality as well as other management options described in this use attainability analysis.

4. The Water Quantity Goal for Lake Lucy is to provide sufficient water storage during a regional flood.

This goal is attainable with no action.

5. The Wildlife Goal for Lake Lucy is to protect existing, beneficial wildlife uses. This goal is attainable

with no action.
The RPBCWD goals for Lake Ann include the following:

1. The Water Quality Goal for Lake Ann is a TSIsp of 49 or lower, reflecting the RPBCWD policy of
non-degradation of current lake water quality conditions. This goal is attainable, but only with
recommended BMPs throughout the Lake Lucy and Lake Ann watersheds, as described in this use

attainability analysis.

2. The Recreation Goal for Lake Ann is to achieve a fully-supporting use classification in accord with the
“MPCA Use Support Classification for Swimming Relative to Carlson’s Trophic State Index by
Ecoregion,” with a TSIgp of less than or equal to 53. This goal is attainable with the recommended

BMPs prescribed to meet Lake Ann’s water quality goal.

3. The Aguatic Communities Goal for Lake Ann is to maintain an MDNR ecological class 24 rating,
with a TSIsp of 56. This goal may be better expressed as a non-degradation water quality goal because
water quality directly affects the aquatic communities in Lake Ann. This goal is attainable with the

recommended BMPs throughout the Lake Lucy and Lake Ann watersheds, which include the BMPs
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prescribed to meet the water quality goal, as well as other management options described in this use

attainability analysis.

4, The Water Quantity Goal for Lake Ann is to provide sufficient water storage during a regional flood.

This goal is attainable with no action.

5. The Wildlife Goal for Lake Ann is to protect existing, beneficial wildlife uses. This goal is attainable

with no action.

Water Quality Problem Assessment

Historical and Current Water Quality

Analysis of historical Lake Lucy and Lake Ann total phosphorus, chlorophyll a and Secchi disc transparency
indicate significant variability from year to year in both lakes. It is difficult to establish a significant trend in

the data.

Figure EX-1 summarizes the seasonal changes in concentration of total phosphorus, chlorophyll a, and Secchi
disc transparency for Lake Lucy during 1997. The data are shown compared to a standardized lake rating
system. Based on summer average total phosphorus (0.054 mg/L) chlorophyll a (24.6 pg/L) and Secchi disc

transparency (3.1 m) the lake is considered eutrophic.

Figure EX-2 summarizes the seasonal changes in concentration of total phosphorus, chlorophyll a, and Secchi
disc transparency for Lake Ann during 1997. The data are shown compared to a standardized lake rating
system. Based on summer average total phosphorus (0.024 mg/L) and Secchi disc transparency (2.4 m) the
lake is considered mesotrophic. However, the average summer chlorophyll a concentration (8.7 pg/L) falls in

the eutrophic category.

Watershed Runoff Pollution

Although, internal loading (phosphorus release from the bottom sediment) contributes to water quality
degradation during late summer, computer simulations and observed water quality data indicate that

phosphorus inputs to the lakes are mostly from watershed and atmospheric loads (external sources).
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Land use information shows that the lakes’ watersheds are currently only partially developed (urbanized).
However, more development is projected within the watersheds. As the watersheds become more urbanized,
phosphorus loadings to the lakes will likely increase, worsening lake water quality. If no best management
practices are implemented in the watersheds to counteract the effects of this future development, the water

quality in neither Lake Lucy nor Lake Ann will meet the District’s goals.

Figures EX-3, EX-4 and EX-5 show the existing and future land uses in the Lake Lucy and Lake Ann
watersheds. Currently, the northern half of the Lake Lucy watershed is developed (urbanized). The
urbanized area consists mostly of very low to low density residential developments. The current undeveloped
areas are parks, natural open spaces and wetlands, Future (Year 2020) land use will consist primarily of low

density residential developments and wetlands, assuming that the wetlands in the watershed are preserved.

The Lake Ann watershed currently consists of mostly natural open space and park land. Approximately half

of this land will be developed as low to medium density residential land under the Year 2020 projections.

Computer simulations of runoff water quality under existing and future land uses indicate that the total
phosphorus load could increase by ~50% to Lake Lucy and by 110% to Lake Ann as development reaches

complction.

There are seven major watershed conveyance networks that act as sources of phosphorus to Lake Lucy; each
conveyance system is named after the terminating watershed in each network: LU-A1.11, LU-A2.6b,
LU-A2.3, LU-A3.5,LU-A4.1, LU-A4.2, LU-A5.15. Lake Lucy is the major source of phosphorus to Lake
Ann, although Lake Ann’s immediate watershed also contributes some of the annual phosphorus load.
Figure EX-6 shows the locations of each of these conveyance systems. Figure EX-7 shows the contribution
of TP load (in terms of percent of annual load in 1997 under future land use conditions) from each

conveyance network.

Aquatic Plant Communities

Macrophyte (i.e., aquatic plant) surveys were conducted during June and August 1997. The current
macrophyte communities in Lake Lucy and Lake Ann are diverse and healthy. However, some arcas of Lake
Lucy occasionally experience dense growths of curly-leaf pondweed. Curly-leaf pondweed is an undesirable
non-native species. It frequently replaces native species in lakes and exhibits a dense growth that may
interfere with the recreational use of a lake. A dense growth also creates a refuge for small fish, making it
difficult for larger fish, such as bass, to find and capture the small fish they need for food. However, the

curly-leaf pondweed growths in Lake Lucy are not yet significant enough to cause great concern.
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Existing Land Uses in the
Lake Lucy and Lake Ann Watersheds
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Future (Year 2020) Land Uses in the

LLake Lucy and Lake Ann Watersheds
(assuming that all wetlands are preserved)
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Figure EX-5: Percentages of Land Use Types in the Future (Year 2020)
and Existing Lake Lucy and Lake Ann Watersheds
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Lake Lucy
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Figure EX-7: Conveyance system contributions to the 1997 annual phosphorus loads
to Lake Lucy and Lake Ann as predicted by P8 modeling of the
watersheds under future land use conditions.



Aquatic Ecosystems

As in previous years, blue-green and green algae were generally the dominant types of phytoplankton
observed in 1997. Blue-green algae were especially dominant in Lake Lucy. Green algae are edible to
zooplankton and serve as a valuable food source. Blue-green algae are considered a nuisance type of algae
because they: are generally inedible to fish, waterfowl, and most zooplankters; float at the lake surface in
expansive algal blooms; may be toxic to animals when occurring in large blooms; and can disrupt lake

recreation, since they are most likely to be present during the summer months.

The 1997 Lake Lucy and Lake Ann zooplankton community was lower than those observed in earlier

sampling events, but not to a significant degree.

The fisheries in both lakes are considered to be healthy (Ellison, 1999). Lake Lucy does experience some
occasional winterkills, however, and has a large number of small black bullheads. Lake Ann is considered to
be an excellent fishing lake, with above-average yields of northern pike (according to the MDNR'’s 1995
fisheries survey). Although both lakes currently meet the RPBCWD goals for aquatic communities, future

land use conditions may change the quality of the fisheries in the lakes.

Recommended Best Management Practices in the Lake Lucy and Lake
Ann Watersheds

Several BMPs are recommended in order to meet or exceed the District’s goals for Lake Lucy and Lake Ann.
The proposed locations of the watershed BMPs described below are shown in Figure EX-8.
Lake Lucy

Several management recommendations involve improvements in the Lake Lucy watershed.

e Preservation of all existing wetlands in the Lake Lucy watershed. If voluntary or required
protections for the wetlands are not likely to succeed, the estimated cost of purchasing these areas for

preservation would be at current market value.

e Upgrading two ponds in the Lake Lucy watershed to provide more wet detention for stormwater

treatment. Design and construction of these upgraded ponds would cost approximately $148,300.

e Adding seven ponds in the Lake Lucy watershed in areas that contribute significant particulate
phosphorus loads to the lake. Design and construction of these added ponds would cost

approximately $206,000.
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¢ Providing infiltration basins throughout the Lake Lucy watershed in areas that experience a
significant change in impervious area between existing and future (Year 2020) land use conditions.

Design and construction of these infiltration basins would cost approximately $50,000.

Other management options within Lake Lucy itself are also recommended:

e  Managing the fisheries by stocking sport fish after winterkills (~$2,500), employing commercial
anglers to remove rough fish (~$1,000 per day), and installing a fishing pier (~$18,000 for an
84-foot-long, T-shaped pier). These estimated costs were provided by the DNR.

e Managing the lake’s macrophytes by continuing to survey communities in order to detect nuisance,

non-native growths. A typical macrophyte survey costs approximately $1,200 per lake.

Lake Ann

Several management recommendations involve improvements in the Lake Lucy and Lake Ann watersheds.

e Preservation of all existing wetlands in the Lake Lucy and Lake Ann watersheds. If voluntary or
required protections for the wetlands are not likely to succeed, the estimated cost of purchasing these

areas for preservation would be at current market value.

e Upgrading two ponds in the Lake Lucy watershed to provide more wet detention for stormwater

treatment. Design and construction of these upgraded ponds would cost approximately $148,300.

e Adding seven ponds in the Lake Lucy watershed and five ponds in the Lake Ann watershed in areas
that contribute significant particulate phosphorus loads to each lake. Design and construction of

these added ponds would cost approximately $349,000.

e Providing infiltration basins throughout the Lake Lucy and Lake Ann watersheds in areas that
experience a significant change in impervious area between existing and futare (Year 2020) land use
conditions. Design and construction of these infiltration basins would cost approximately $50,000 in

the Lake Lucy watershed and $13,500 in the Lake Ann watershed.
Another management option within Lake Ann itself is also recommended:

e Managing the lake’s macrophytes by continuing to survey communities in order to detect nuisance,

non-native growths. A typical macrophyte survey costs approximately $1,200 per lake.
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Recommended Goal Achievement Alternatives for Lake Lucy

and Lake Ann

Lake Lucy

Model simulations indicate that wet climate conditions place the greatest strain upon the water quality of
Lake Lucy because the phosphorus loadings are greatest under these conditions. There are four recommended
alternatives that will achieve all District goals under all modeled climatic conditions. Assuming average, dry

or calibration year (1997) conditions, which place a lesser strain upon the water quality of Lake Lucy, another

less stringent alternative will achieve all District goals. Consequently, a total of five recommended

alternatives were considered to achieve all District goals. The water quality benefits and costs of the five

alternatives are presented in Table EX-1,

Table EX-1 Benefits and Costs of Five Goal Achievement Alternatives for Lake Lucy

Trophic State Index (TSI) Value

Wet Model Average Dry
Year Calibration Year Year
(1983; 41 (1997; 34 (1995; 27 (1988; 19 Estimated
Alternative District inches of inches of inches of inches of Cost

Goal | precipitation)| precipitation) | precipitation) | precipitation) (Dollars)
1: Preserve All Wetlands <57 58* 55 57 57 $0+
2: Preserve All Wetlands
Upgrade 1 Detention Pond (LU-
A3.4),
Add 1 Detention Pond <57 57 54 56 57 $195,000%
3: Preserve All Wetlands
Upgrade 2 Detention Ponds,
Add 7 Detention Ponds <57 57 54 55 56 $354,000**
4: Preserve All Wetlands
Upgrade 2 Detention Ponds,
Add 7 Detention Ponds
Store Stormwater in
Infiltration Basins <57 55 52 53 55 $404,000%*
5: Preserve All Wetlands
Upgrade 2 Detention Ponds,
Add 7 Detention Ponds
Store Stormwater in
Infiltration Basins,
Manage*** <57 55 52 53 55 $427,000*

* Does not meet the District’s Water Quality Goal.

** This cost does not include the cost of aquiring wetlands for preservation. If required or voluntary

wetland protections are not likely to succeed, the estimated cost of obtaining these areas for preservation would be

at current market value.

#* "Manage" includes macrophyte surveys, fish stocking after winterkills, rough fish removal and

installation of a fishing pier.
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Alternatives 2, 3, 4, and 5 in Table EX-1 achieve all district goals under all climatic conditions, including wet
conditions. Figure EX-9 compares the minimum and maximum costs of the alternatives. Because
Alternative 5 offers the highest chance of success in meeting the District’s goals in every climatic condition,
and because these BMPs are necessary in order for Lake Ann to meet its own goals under every climatic

condition, this is the recommended alternative.

Lake Ann

It has been determined that average climate conditions place the greatest strain upon the water quality of Lake
Ann because the phosphorus load/water load balance results in the highest in-lake phosphorus concentration
under these conditions. There are two recommended alternatives that will achieve all District goals.
Assuming wet, dry or calibration year (1997) conditions, which place a lesser strain upon the water quality of
Lake Ann, another less stringent alternative will achieve all District goals. Consequently, a total of three
recommended alternatives were considered to achieve all District goals. The water quality benefits and costs

of the three alternatives are presented in Table EX-2.

Table EX-2 Benefits and Costs of Five Goal Achievement Alternatives for Lake Ann

Trophic State Index (TSI) Value

Wet Model Average Dry
Year Calibration Year Year
(1983; 41 (1997; 34 (1995; 27 (1988; 19 Estimated
Alternative District inches of inches of inches of inches of Cost

Goal | precipitation)| precipitation) | precipitation) | precipitation) (Dollars)

1: Preserve All Wetlands
Upgrade 2 Detention Ponds
Add 12 Detention Ponds <49 49 47 50* 49 $414,000*

2: Preserve All Wetlands
Upgrade 2 Detention Ponds,
Add 12 Detention Ponds
Store Stormwater in
Infiltration Basins <49 48 46 49 46 $478,000%*

3: Preserve All Wetlands
Upgrade 2 Detention Ponds,
Add 12 Detention Ponds
Store Stormwater in
Infiltration Basins,
Manage*** <49 48 46 49 46 $479,000**

* Does not meet the District’s Water Quality Goal.

** This cost does not include the cost of aquiring wetlands for preservation. If required or voluntary

wetland protections are not likely to succeed, the estimated cost of obtaining these areas for preservation would be
at current market value.

¥ "Manage” includes macrophyte surveys
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Alternatives 2 and 3 in Table EX-2 achieve all district goals under all climatic conditions, including average
conditions. Figure EX-10 compares the minimum and maximum costs of the alternatives. Because
alternative 3 offers the highest chance of success in meeting the District’s goals in every climatic condition,

this is the recommended alternative.
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Lake Lucy and Lake Ann Use Attainability Analysis
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1.0 Surface Water Resources Data

The approved Riley-Purgatory-Bluff Creek Watershed District, Water Management Plan, Barr Engineering
Company, 1996 (Plan), inventoried and assessed Lake Lucy and Lake Ann. The Plan articulated five specific
goals for both lakes. These goals address:

o  Water Quality

e Recreation

¢ Aquatic Communities

e Water Quantity

¢ Wildlife

This report:
(1) evaluates the existing and potential beneficial uses intended in these goals;

(2) contains an analysis of the factors that potentially impair or limit those beneficial uses, particularly

problems identified in the Plan;

(3) expands upon specific aspects of the inventory and assessment of Lake Lucy and Lake Ann

contained in the Plan.

A use attainability analysis of Lake Lucy and Lake Ann was completed to provide the scientific foundation
for a lake-specific BMP that will maintain or attain the existing and potential beneficial uses of the lakes. A
use attainability analysis evaluates existing and potential beneficial uses of a water resource. “Use
attainment” refers to the designated beneficial uses, such as swimming and fishing. Factors that potentially
impair or limit existing beneficial uses, including problems identified in the inventory and assessment, are
investigated in the use attainability analysis. Lake analyses rely on previously-collected field data and
continue with watershed evaluations using water quality modeling. Lake Lucy and Lake Ann essentially
function together as one hydraulic unit. Consequently, the water quality of Lake Lucy greatly affects that of
Lake Ann. For these reasons, Lake Lucy and Lake Ann were modeled, studied and presented together for this

use attainability study.

The main tool for the technical analysis is an advanced water quality model that predicts the amount of

pollutants that reach a lake via stormwater runoff. Calibrating the model to a lake requires an accurate
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measurement of land use and lake water quality. Impacts of upland detention and infiltration basins are

included in the model.

An important component of the use attainability analysis is public participation. A technical advisory
committee and/or citizens advisory committee will be formed to provide input on use attainment for Lake
Lucy and Lake Ann. In addition, citizens in both watersheds will be notified of meetings through the

District’s published newsletter and they will be encouraged to become involved in the process.

1.1 Land Use

All land use practices within a lake’s watershed impact the lake and determine its water quality. Impacts
result from the export of sediment and nutrients, primarily phosphorus, to a lake from its watershed. Each
land use contributes a different quantity of phosphorus to the lake, thereby affecting the lake’s water quality
differently. Land uses in the Lake Lucy and Lake Ann watersheds have changed over time and will continue
to change as development continues. Lake water quality changes have been correlated with land use changes.
Future and existing land uses in the Lake Lucy and Lake Ann watersheds are discussed in the following

paragraphs.

Existing land uses were identified with aerial photos and verified in the field. Watershed delineations from
the City of Chanhassen Surface Water Management Plan (Bonestroo Rosene Anderlik and Associates,
1994) were also field-verified and used in this study. This information was incorporated into ArcView, a
GIS-based software to calculate the different types of land use associated within each subwatershed (Figure 1
and Table 1).

Currently, Lake Lucy’s 993-acre watershed (including Lake Lucy) consists of:

e Very Low Density Residential (~ one house per acre)—156 acres
e Low Density Residential (2 to 3 houses per acre}—301 acres

e Natural/Park/Open —264 acres

e  Wetland—184 acres

e  Water (Lake Lucy and Harrison Lake)—88 acres
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Table 1: Existing Land Uses in the Lake Lucy and Lake Ann Watersheds

Subwatershed Very Low Density Residential Low Density Residential | Natural/Park/Open Wetland Water (Lake) Total
(acres) (acres) (acres) (acres) (acres) {acres)
LU-A1.1 0 13 0 0 0 14
LU-A1.2 0 8 0 1 0 10
LU-A1.3 16 14 0 3 0 33
LU-A1.4 0 8 0 2 0 10
LU-A1.5 7 19 0 8 0 33
LU-A1.6 -0 22 0- 0 0 23
LU-A1.7 14 4 0 3 0 20
LU-A1.8 12 0 0 1 0 13
LU-A1.9 11 8 0 0 0 19
LU-A1.10 21 0 2 2 0 25
LU-A1.11 14 0 0 18 0 32
LU-A2.1 4 0 3 0 0 7
LU-A2.2 8 0 7 2 0 17
LU-A2.3 4 0 13 14 0 31
LU-A2.4 0 5 11 4 0 19
LU-A2.5 0 3 2 1 0 6
LU-A2.6a 0 4 2 2 0 8
LU-A2.6b 0 3 5 6 0 14
LU-A3.1 0 37 0 6 0 43
LU-A3.2 0 20 6 0 0 26
LU-A3.3 0 23 0 0 0 23
LU-A3.4 4] 28 0 6 0 34
LU-A3.5 0 23 1 1 0 25
LU-A4.1 0 0 7 2 0 9
LU-A4.2 2 0 4 3 0 8
LU-A5.1 4 10 3 0 0 18
LU-A5.2 12 2 4 0 0 17
LU-A5.3 7 5 0 0 0 13
LU-A5.4 2 0 5 1 0 8
LU-A5.5 1 9 0 3 0 13
LU-A5.6 3 11 17 28 0 60
LU-A5.7 2 0 6 2 0 11
LU-A5.8 0 13 0 0 0 13
LU-A5.9 0 1 19 3 0 24
LU-A5.10 0 3 9 0 0 13
LU-A5.11 0 0 16 0 0 16
LU-A5.12 0 0 7 0 0 8
LU-A5.13 0 0 9 1 0 10
LU-A5.14 2 0 13 0 0 15
LU-A5.15 0 1 62 41 0 104
LU-A6.1 5 0 5 0 0 10
LU-A6.2 6 0 3 0 0 9
LU-AG.3 0 2 26 18 4 51
Lake Lucy 84 84
Total 156 301 267 181 88 993

Subwatershed Low Density Residential Natural/Park/Open Institutional Woetland Water Total
(acres) {acres) (acres) (acres) (acres) (acres)

LA-A1.1 2 9 0 1 11
LA-A1.2 0 9 0 0 9
LA-A1.3 0 14 0 0 14
LA-A1.4 0 5 0 0 5
LA-A1.5 0 14 5 0 19
LA-A1.6 0 18 0 3 21
LA-A1.7 0 14 0 1 14
LA-A1.8 0 21 0 3 23
LA-A1.9 0 4 0 0 5
LA-A1.10 3 13 0 1 17
Lake Ann 117 117

Total 6 119 5 8 117 255

P:\23\27"\053\ela\ex_landuse.xls
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Lake Ann’s 255-acre watershed currently consists of:
e Low Density Residential—6 acres
e Natural/Park/Open—119 acres
e Institutional (School)—5
e Wetland—38 acres

e  Water (Lake Ann)—117 acres

Future (Year 2020) land uses were provided in electronic format by the City of Chanhassen. Figure 2 and
Table 2 show future land uses assuming that the existing wetlands (as defined by the NWI and verified in the
field) are preserved. This assumption may or may not be realistic and will be discussed later in this report.

Future land uses in the Lake Lucy watershed (assuming that wetlands are preserved) are:

e Medium Density Residential (~ 4 houses per acre}—4 acres
e Low Density Residential—614 acres

e Very Low Density Residential—57 acres

e Natural/Park/Open—46 acres

e  Wetland—184 acres

e Water (Lake Lucy and Harrison Lake)—88 acres

Future land uses in the Lake Ann watershed (assuming the wetlands are preserved) are:

e Medium Density Residential—12 acres
e Low Density Residential—59 acres

¢ Natural/Park/Open—>54 acres

e Institutional (School)—5

e Wetland—S3 acres

e  Water (Lake Ann)—117 acres

1.2 Major Hydrologic Characteristics

Lake Lucy has a 909-acre tributary watershed, a surface area of 84 acres (during a year of average
precipitation), a maximum depth of approximately 18 feet, and a mean depth of 6.9 feet. Lake Ann has a
138-acre tributary watershed, a surface area of 117 acres (during a year of average precipitation), a maximum

depth of approximately 40 feet, and a mean depth of 16.9 feet.

The lakes’ volumes, outflow volumes, and hydrologic residence times vary with climatic conditions (Table 3).
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Table 2: Future (Year 2020) Land Uses in the Lake Lucy and Lake Ann Watersheds

P:A23\27\063\ela\ult_landuse.xIs

Medium Density Low Density Very Low Density
Subwatershed Resldential Resldentlal Reslidential Institutional NaturalPark/Open | Wetland | Water (Lake) Total
(acres) (acres) (acres) (acres) (acres) (acres) (acres) (acres)
LU-A11 0 13 4] '] 0 0 0 14
LU-A1.2 0 8 0 4] 0 1 0 10
LU-A1.3 0 15 2 0 13 3 1] 33
LU-A14 0 8 0 0 0 2 0 10
LU-A1.5 0 20 5 0 0 8 0 33
LU-A1.6 0 22 0 0 0 0 0 23
LU-A1.7 0 4 13 0 0 3 0 20
LU-A1.8 0 1] 12 0 0 1 0 13
LU-A1.9 0 18 1 0 0 0 0 19
LU-A1.10 0 20 3 0 0 2 0 25
LU-A1.11 0 5 9 0 0 17 0 31
LU-A2.1 0 6 0 [\] 1 0 0 7
LU-A2.2 0 6 8 0 0 2 0 17
LU-A2.3 0 12 5 0 0 15 0 31
LU-A2.4 0 16 0 Q 0 4 0 19
LU-A2.5 0 [ 0 0 0 1 0 6
LU-A2.6a 0 8 0 0 0 2 0 8
LU-A2.6b 0 8 [ 0 0 6 [ 14
LU-A3.1 0 37 0 [} 0 6 0 43
LU-A3.2 2 23 0 0 0 0 0 26
LU-A3.3 1 23 4] 0 0 0 0 23
LU-A3.4 0 28 0 0 0 6 0 34
LU-A3.5 0 23 0 4] 1 1 0 25
LU-A4.1 0 5 Q 0 1 3 0 9
LU-A4.2 Q 5 0 0 0 3 0 8
LU-A5.1 4] 14 0 4] 4 0 0 18
LU-A5.2 0 13 0 0 4 0 0 17
LU-A5.3 [ 13 0 0 0 0 0 13
LU-A5.4 0 5 0 0 3 1 0 8
LU-A5.5 0 10 0 0 0 3 0 13
LU-A5.8 0 25 0 0 6 28 0 60
LU-A5.7 0 8 0 0 0 2 0 11
LU-A5.8 0 13 4] 0 0 0 0 13
LU-A5.9 [ 20 0 0 [1] 3 0 24
LU-A5.10 0 12 0 0 0 0 0 13
LU-AS5.11 0 14 0 0 2 0 0 16
LU-A5.12 0 4 0 0 3 0 0 8
LU-A5.13 0 7 0 0 2 1 0 10
LU-A5.14 0 15 0 0 0 0 0 15
LU-A5.15 1 57 0 0 5 4 0 104
LU-A6.1 0 10 0 0 0 0 0 10
LU-AG.2 0 9 0 0 0 0 0 9
LU-AG.3 ] 27 0 0 1 18 4 51
Lake Lucy 84 84
Total 4 614 57 0 46 184 88 993
Medium Density Low Density
Subwatershed Residential Residentlal Institutional Natural/Park/Open Wetland Water Total
(acres) {acres) (acres) (acres) {acres) (acres) (acres)
LA-A11 0 11 0 0 1 1
LA-A1.2 0 8 0 1 0 9
LA-A1.3 0 12 0 1 0 14
LA-A1.4 0 1 0 5 0 5
LA-A1.5 4] 0 5 14 0 19
LA-A1.6 1 0 0 16 3 20
LA-A1.7 11 2 0 1 1 14
LA-A1.8 0 10 0 10 3 23
LA-A1.9 0 4 0 0 0 5
LA-A1.10 0 11 0 6 1 17
Lake Ann 117 117
Total 12 59 6 54 8 117 255
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Of the twelve lakes in the watershed district, Lake Lucy is the sixth largest by surface area and by volume.
Lake Lucy overflows to Lake Ann when its surface elevation exceeds 955.7 MSL (Mean Sea Level). Lake
Ann is the fifth largest by surface area and the third largest by volume within the Riley-Purgatory-Bluff Creek
Watershed District. Lake Ann overflows to form the headwaters of Riley Creek when its surface elevation

exceeds 954.7 MSL.

Harrison Lake was also incorporated into this study. Under average hydrologic conditions, this lake is land-

locked. Under flood conditions, however, this lake overflows into the Lake Lucy watershed system.

1.3 Water Quality

1.3.1 Data Collection

Water quality data were collected from Lake Lucy and Lake Ann from 1972 to 1997 (Barr, 1973a; Barr,
1973b; Barr, 1976; Barr, 1982; Barr, 1985, Barr, 1989, Barr, 1993, Barr, 1996a). The District has generally

sampled lakes on a three-year rotating basis.

From September 1996 through October 1997, an intensive data collection program was completed to evaluate
current water quality conditions and to calibrate the water quality models used in the use attainability
analysis. The intensive data collection program involved more frequent lake sampling and the collection of
samples at additional depths from lake surface to lake bottom than previous programs. Lake Ann was
sampled more frequently than Lake Lucy (14 events versus 6) because of the higher water quality
classification of Lake Ann (swimming versus fishing). Appendix A contains the data collected in this

monitoring effort.

1.3.2 Baseline/Current Water Quality

1.3.2.1 Lake Lucy

The baseline water quality of Lake Lucy was determined by evaluating the average summer conditions (June
to August) during the period from 1972 to 1985. Current water quality (1988-1997) were compared to the
baseline averages (Table 4). In general, Lake Lucy water quality has not changed significantly between
baseline and current conditions. Total phosphorus increased 4 percent from the baseline to the current period,
suggesting that the lake is slightly more enriched in the current period than in the baseline period. The Secchi
disc transparency decreased by 24 percent, as expected with greater total phosphorus inputs to the lake.
However, chlorophyll @ actually decreased 13 percent from the baseline to the current period. Normally, as

total phosphorus increases, chlorophyll @ increases and Secchi disc transparency (generally considered an
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indicator of algal biomass) decreases. However, it is important to note that the average summer conditions in
Lake Lucy vary greatly from year to year. In fact, none of the percent increases/decreases discussed above

were found to be statistically significant to a 95 percent confidence interval.

An evaluation of 1996 through 1997 Lake Lucy water quality data was completed to evaluate the state of the
present water quality. The evaluation was based upon a standardized lake rating system. The rating system
uses the lake’s total phosphorus, chlorophyll @, and Secchi disc transparency measurements to assign the lake

to a water quality category that best describes its water quality. Water quality categories include:
e Oligotrophic (i.e., excellent water quality)

e  Mesotrophic (i.e., good water quality)

o  Eutrophic (poor water quality)

e  Hypereutrophic (very poor water quality).

Total phosphorus, chlorophyll @, and Secchi disc transparency were used as the key water quality indicators
to determine the lake’s current water quality for the following reasons. Phosphorus generally controls the
growth of algae in lake systems. Of all the substances needed for biological growth, phosphorus is generally
the one present in limited quantity. Consequently, when phosphorus is added to a system, it enhances algal
growth. Chlorophyll ¢ is the main pigment in algae; therefore, the concentration of chlorophyll a in the water
indicates the amount of algae present in the lake. Secchi disc transparency is a measure of water clarity, and
is inversely related to algal abundance. Water clarity determines recreational use impairment. Figure 3a
summarizes the seasonal changes in summer concentrations of total phosphorus and chlorophyll g, and
Secchi disc transparencies for Lake Lucy during 1996 through 1997. The data are compared with a

standardized lake rating system.

Total phosphorus data collected from Lake Lucy during 1997 were within the eutrophic category during
spring through mid-summer and were within the hypereutrophic category during the late-summer period.
Because phosphorus has been shown to most often limit the growth of algae, the phosphorus-rich lake waters
indicate the lake has the potential for abundant algal growth throughout the summer period. Algal growth is a
concern because abundant algal growth degrades the lake’s water quality and interferes with the use of the
lake for recreational activities, including fishing. The 1997 Lake Lucy average summer total phosphorus
concentration (measured at 0- to 2-meter depth) was 0.054 mg/L. This concentration indicates the lake

experiences frequent nuisance algal blooms. As phosphorus concentrations increase from 0.030 mg/L to
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0.060 mg/L, the frequency of nuisance algal blooms (greater than 0.020 mg/L chlorophyll @) generally

increases from 5 percent of the summer to about 70 percent of the summer (Heiskary and Wilson, 1990).

Chlorophyll @ measurements (measured at O to 2 meter depth) from Lake Lucy during 1997 were in the
eutrophic category during the early-summer and were in the hypereutrophic categories during the remaining
portion of the summer. The data indicate nuisance algal blooms (greater than 20 pg/L chlorophyll a)

occurred throughout July and August.

The 1997 Secchi disc measurements in Lake Lucy were in the eutrophic/mesotrophic category during the
early summer and were in the eutrophic category during the remainder of the summer. The data indicate the
lake’s water transparency is influenced by algal abundance. Lake Lucy Secchi disc measurements during the

1997 summer period ranged from 0.8 to 2.3 meters.

1.3.2.2 Lake Ann

The baseline water quality of Lake Ann was also determined by evaluating the average summer conditions
(June to August) during the period from 1972 to 1985. Current water quality data (1988-1997) were
compared to the baseline averages (Table 4). Like Lake Lucy, Lake Ann water quality has not changed
significantly between baseline and current conditions. However, total phosphorus has decreased 30 percent
from the baseline to the current period, suggesting that the lake water quality is improving. The Secchi disc
transparency increased by 9 percent, as expected with lesser total phosphorus inputs to the lake. However,
chlorophyll @ increased by 5 percent from the bascline to the current period. Again, it is important to note
that the average summer conditions in Lake Ann vary greatly from year to year and that none of the percent
increases/decreases discussed above were found to be statistically significant to a 95 percent confidence

interval.

Figure 3b summarizes the seasonal changes in summer concentrations of total phosphorus and chlorophyll a
and Secchi disc transparencies for Lake Ann during 1996 through 1997. Total phosphorus data collected
from Lake Ann during 1996 through 1997 were generally within the eutrophic category during fall through
spring and the mesotrophic category during the remainder of the period except for two sampling events—one
in July 1997 and one in October 1997. The data indicate the lake’s water quality fluctuates throughout the
summer but has the potential for being poor when the lake’s use for swimming and other recreational uses is
highest. Because phosphorus has been shown to most often limit the growth of algae, the phosphorus-rich
lake waters indicate the lake has the potential for abundant algal growth throughout a portion of the summer

period. Algal growth degrades the lake’s water quality and interferes with the use of the lake for swimming
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and other recreational activities. The 1997 Lake Ann average summer total phosphorus concentration
(measured at 0- to 2-meter depth) was 0.027 mg/L. Although this average is close to the mesotrophic
category (0.010 to 0.025 mg/L), total phosphorus reached a maximum of 0.048 mg/L in early August. A
total phosphorus concentration of 0.060 mg/L is considered the upper limit for a lake to be considered

swimmable (MPCA, 1997) and indicates the lake may experience nuisance algal blooms in late-summer.

The 1997 Lake Ann chlorophyll @ measurements (measured at 0 to 2 meters) were highest in late fall and
spring when the lake was turning over. Measurements were generally in the mesotrophic (good water quality)
category during most of the summer, except for August, when chlorophyll ¢ reached eutrophic levels

(>7.5 ng/L chlorophyll @). No chlorophyll ¢ measurements exceeded nuisance levels (>20 pg/L) during the
summer. Therefore, the high phosphorus observed in August did not appear to create extremely high algal

blooms.

The 1997 Secchi disc measurements in Lake Ann were in the mesotrophic (good water quality) for most of
the year, except for the fall and spring when the lake was turning over. Lake Ann Secchi disc measurements
during the 1997 summer period ranged from 2.3 to 5.0 meters. The data indicate that Lake Ann has minimal

recreational-use impairment during the summer.

1.4 Ecosystem Data

1.4.1 Aquatic Ecosystems

The use attainability analysis included an evaluation of Lake Lucy and Lake Ann ecosystem data. Ecosystem
describes the community of living things and their interaction with the environment in which they live with
each other. The interdependency of the ecosystem is best illustrated by the food chain (See Figure 4). The
food chain begins with the primary producers, which are green plants, such as phytoplankton (algae) and
macrophytes (aquatic weeds). They take in carbon dioxide and water and use the sun’s energy to produce
their own food. Next in the chain are the primary consumers or herbivores, which eat plants. The most
populous of these consumers are the zooplankton, which prey upon algae (phytoplankton). Succeeding the
primary consumers are the secondary consumers or planktivores, which include bluegill sunfish and crappies.
The diet of these fish includes zooplankton and other primary consumers. Tertiary consumers or predator
fish occupy the next level of the food chain. This group includes bass and northern pike, which consume
bluegill sunfish and crappies. At the top of the food chain are omnivores, such as humans, which eat bass
and northern pike. A less visible component of the food chain, the decomposers, include bacteria living at the

lake bottom, which break down dead and decaying organisms into nutrients and other essential elements. All
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life in a food chain is interdependent. If any one group becomes unbalanced, all life in the food chain is
adversely impacted. An aquatic ecosystem is managed to maintain balance between the phytoplankton,

zooplankton, small fish (bluegill sunfish and crappies), and large fish (bass and northern pike).

The Lake Lucy ecosystem is typical for a eutrophic, temperate lake in this region. The Lake Ann ecosystem

is typical for a mesotrophic, temperate lake in this region.

1.4.2 Phytoplankton

The phytoplankton species in Lake Lucy and Lake Ann form the base of the lake’s food web and directly
impact the lake’s fish production. Phytoplankton, also called algae, are small aquatic plants naturally present
in all lakes. They derive energy from sunlight (through photosynthesis) and from dissolved nutrients found in
lake water. They provide food for several types of animals, including zooplankton, which are in turn eaten by
fish. A phytoplankton population in balance with the lake’s zooplankton population is ideal for fish
production. An inadequate phytoplankton population reduces the lake’s zooplankton population and
adversely impacts the lake’s fishery. Excess phytoplankton, however, reduce water clarity, and reduced water
clarity can interfere with the recreational usage of a lake. Survey results for 1997 are presented in

Appendix B.

As in previous years, blue-green and green algae were generally the dominant types of phytoplankton
observed in 1997 (Figure 5). Blue-green algae were especially dominant in Lake Lucy. Green algae are
edible to zooplankton and serve as a valuable food source. Blue-green algae are considered a nuisance type

of algae because they:

e are generally inedible to fish, waterfowl, and most zooplankters;

o float at the lake surface in expansive algal blooms;

e may be toxic to animals when occurring in large blooms;

e can disrupt lake recreation because they are most likely to be present during the summer months.
Blue-green and green algal growth is stimulated by excess phosphorus loads. The growing conditions during

July and August are particularly favorable to blue-greens, and they have a competitive advantage over the

other algal species during this time.
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1.4.3 Zooplankton

Zooplankton are the second step in the Lake Lucy and Lake Ann food webs and are considered vital to its
fishery. They are microscopic animals that feed on particulate matter, including algae, and are, in turn, eaten
by fish. Protection or enhancement of the lake’s zooplankton community through judicious management

practices affords protection to the lake’s fishery.

The 1997 Lake Lucy and Lake Ann zooplankton abundance was slightly lower than those observed in earlier
sampling events. However, the zooplankton abundance in both lakes vary greatly from year to year (see
Figure 6). The rotifers and copepods in Lake Lucy and Lake Ann graze primarily on extremely small
particles of plant matter and do not significantly affect the lake’s water quality. However, the cladocera graze
primarily on algae and can improve water quality if present in abundance. Survey results for 1997 are
presented in Appendix B.

1.4.4 Macrophytes

Aquatic plants are a natural part of most lake communities and provide many benefits to fish, wildlife, and

people. Typical functions of a lake’s macrophyte community include the following:
e Provide habitat for fish, insects, and small invertebrates
e Provide food for waterfowl, fish, and wildlife
e Produce oxygen
e Provide spawning areas for fish in early spring/provide cover for early life stages of fish
e Help stabilize marshy borders and protect shorelines from wave erosion
e Provide nesting sites for waterfowl and marsh birds

Surveys of the aquatic plant community in Lake Lucy and Lake Ann were completed by the District during
June and August of 1994 and 1997. Survey results are presented in Appendix B.

1.4.41 Lake Lucy

During 1994, macrophytes were identified to a relative depth of 10 feet. In some areas, the submerged plants
were dominated by a dense growth of coontail (Ceratophyllum demersum, a native species) in June and
August. Northern watermilfoil (Myriophyllum sibericum) was a prevalent species in June, but died back

later in the summer. Northern watermilfoil, a species native to this region, is often confused with the related
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undesirable non-native Eurasian watermilfoil. Northern watermilfoil is a desirable species that provides

beneficial habitat for the lake’s fishery.

During 1997, macrophytes were once again identified to a maximum depth of 10 feet. In some areas, the
submerged plants were dominated by a dense growth of curly-leaf pondweed (Potamogeton crispus) in June.
Curly-leaf pondweed is an undesirable non-native species. It frequently replaces native species in lakes and
exhibits a dense growth that may interfere with the recreational use of a lake. A dense growth also creates a
refuge for small fish, making it difficult for larger fish, such as bass, to find and capture the small fish they
need for food. Other areas, however, were dominated by coontail, as in 1994, Northern watermilfoil was less
prevalent in Lake Lucy during 1997. In general, Lake Lucy continued to have a diverse macrophyte

community in 1997.

1.4.4.2 Lake Ann

During 1994, macrophytes were identified to a maximum depth of 9 fect. Lake Ann had a very diverse
macrophyte community, with only two areas, on the west and cast sides of the lake, that had predominant
growths of curly-leaf pondweed. These growths died off by late-summer and were replaced by diverse

growths of more desirable native species.

During 1997, macrophytes were identified to a maximum depth of 10 feet and were even more diverse than
during the 1994 surveys. In fact, Lake Ann hosted an excelient array of plant species during both June and
August of 1997,

1.5 Water-Based Recreation

Lake Lucy is used primarily for fishing. There is currently no fishing pier or public access to the lake,
However, in summer 1998, many anglers parked at Lake Ann and walked back into Lake Lucy in order to
fish for large bluegills and largemouth bass (Ellison, 1999).

Lake Ann is used for all types of recreational activities, including swimming. The municipal swimming and
boat access in Lake Ann Park located along the southeast shore is owned and maintained by the city of
Chanhassen. Lake Ann is considered an excellent northern pike fishery, despite its small size and proximity

to a metropolitan area.
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1.6 Fish and Wildlife Habitat

1.6.1 Lake Lucy

During 1992, the MDNR classified Lake Lucy and other Minnesota lakes relative to fisheries. This
ecological classification is a function of lake area, percentage of the lake surface area that is littoral,
maximum depth, degree of shoreline development, Secchi disc transparency and total alkalinity. According to
its ecological classification, Lake Lucy is a Class 42 lake, which signifies a lake that may be better suited for
wildlife than for fish (Schupp, 1992). The average Secchi disc transparency for this ecological class is 0.9 m
(Schupp, 1992). In 1997, Lake Lucy’s average summer Secchi disc transparency was 1.3 m. Therefore,
Lake Lucy’s current conditions indicate that its water quality is better than the average lake in its ecological

class.

Lake Lucy’s most abundant fish species in 1995 were black bullheads, bluegills, pumpkinseed and hybrid
sunfish, largemouth bass, black crappies and northern pike (according to the MDNR’s most recent fisheries
survey). Black bullhead abundance was higher than average for a lake with an ecological classification of 42.
However, the weight of the bullheads was considerably lower than average. Bluegills and other sunfish
(planktivores) were also present in higher than average numbers but with an average weight. The remaining
sport fish (predators) numbers and weights were comparable to the lake class average. Figure 7 shows the
proportions of fish (in terms of predators, planktivores and rough fish) in the 1995 MDNR fisherics survey.
The lack of public access on Lake Lucy prevents the MDNR from stocking.

Threats to the lake’s fishery habitat include oxygen depletion leading to winter fish kills. The most recent
harsh winterkill was in 1994 according to the MDNR. Similar occurrences could be expected every 10 to
20 years, under current lake water quality conditions. However, if the lake water quality is degraded, the lake
could experience more frequent winterkills. Species that are especially sensitive to low oxygen conditions are

bluegills, sunfish and largemouth bass. More tolerant species include bullheads, northern pike and crappies.

Lake Lucy provides habitat for seasonal waterfowl, such as ducks and geese, through diverse macrophyte

communities in a large littoral zone.
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1.6.2 Lake Ann

According to its ecological classification, Lake Ann is a Class 24 lake, which signifies a good, permanent fish
lake (Schupp, 1992). The average Secchi disc transparency for this ecological class is 1.3 m (Schupp, 1992).
In 1997, Lake Ann’s average summer Secchi disc transparency was 3.2 m. Therefore, Lake Ann’s current

conditions indicate that its water quality is considerably better than the average lake in its ecological class.

Lake Ann’s most abundant fish species in 1995 were northern pike, yellow perch, bluegills and black
crappies (according to the MDNR’s most recent fisheries survey). Only one largemouth bass was caught in
the gillnet and trapnet sets. However, this low catch is attributed to the poor recruitment of bass to these
capture methods. Northern pike abundance and weight was slightly higher than average for a lake with an
ecological classification of 24. Yellow perch abundance was higher than the lake class average with average
weight. Bluegills were also present in higher than average numbers and weights, but the distribution of ages
led fisheries managers to report that the bluegills are exhibiting poor growth. Black crappies were present

within normal levels Lake Ann fisheries data is also shown in Figure 7.

Lake Ann provides habitat for seasonal waterfowl such as ducks and geese through diverse macrophyte

communities, though it has a much smaller littoral zone than Lake Lucy.

1.7 Discharges

1.7.1 Natural Conveyance Systems

The natural inflow to Lake Lucy is stormwater runoff from its direct watershed, both over land
{(subwatersheds: LU-A3.5, LU-A4.1 and LU-A4.2) and through wetland systems (LU-A1.11, LU-A2.3,
LU-A2.6b and LU-A5.15) (Figure 2). There are no streams or rivers that convey flow to Lake Lucy. In
many cases, stormwater conveyance systems in the upland areas discharge into the wetland systems described
above, creating an interconnected network of natural and constructed flow paths. For this reason the natural
and constructed stormwater conveyance systems will be discussed together in the subsequent sections of this

report under the heading of “Stormwater Conveyance Systems.”

The natural inflow to Lake Ann is comprised largely of outflow from Lake Lucy. The remaining inflow is
stormwater runoff from Lake Ann’s direct watershed. Lake Ann’s natural stormwater conveyances will also

be discussed in the “Stormwater Conveyance Systems” sections of this report.
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1.7.2 Stormwater Conveyance Systems

The Lake Lucy stormwater conveyance systems are comprised of a network of storm sewers and wet
detention ponds (both natural wetlands and constructed ponds) within the watershed tributary to the lake. The
wet detention ponds provide water quality treatment of stormwater runoff. These wet detention ponds are
comprised of five wet detention basins and 15 upland wetlands (Table 5, Figure 8). The Lake Ann
stormwater conveyance system is comprised mostly of overland flow from its direct watershed. There is only
one wetland in the Lake Ann watershed that has enough wet detention to affect stormwater treatment

(Table 5). Dimensions and outlet structures for each of the existing wetlands was taken from the City of
Chanhassen Surface Water Management Plan (1994) and verified in the field. Information on the
constructed detention basins was obtained from development plans provided to Barr Engineering by
developers in the Riley-Purgatory-Bluff Creek Watershed District as part of the permitting process. This

information was also verified in the field.

Wet detention ponds consist of a permanent pool of water and have the capacity to hold runoff and release it
at lower rates than incoming flows. Wet detention ponds are used to interrupt the transport phase of sediment
and pollutants associated with it, such as trace metals, hydrocarbons, nutrients, and pesticides. Consequently,

wet detention ponds are one of the most effective methods available for treatment of nutrient-rich runoff.

During a storm event, polluted-runoff enters the detention basin and displaces “clean” water until the plume
of polluted runoff reaches the basin’s outlet structure. When the polluted-runoff reaches the basin outlet, it
has been diluted by the water previously held in the basin. This dilution further reduces the pollutant

concentration of the outflow. In addition, the coarse sediments being transported by the polluted-runoff and

the pollutants associated with these sediments are trapped in the detention basin.

As storm flows subside, finer sediments suspended in the basin’s pool will have a relatively longer period of
time to settle out. These finer sediments eventually trapped in the basin’s permanent pool will continue to
settle until the next storm flow occurs. In addition to efficient settling, this long detention time allows some
removal of dissolved nutrients through biological activity (Walker, 1987). Dissolved nutrients are mainly
removed by algae and aquatic plants. After the algac die, the dead algae can settle to the bottom of the pond,

carrying with them the dissolved nutrients that were consumed, to become part of the bottom sediments.
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The wet detention process results in good pollutant removal from small storm events. Runoff from larger
storms will experience pollutant removal, but with lower efficiency levels. Studies have shown that because
of the high frequency distribution of small storm events, wet detention ponds can be very important to

long-term pollutant removal.

Stormwater is conveyed to Lake Lucy via seven stormwater conveyance systems. For the purposes of this
report, sStormwater conveyance systems are defined as a system of watersheds, storm sewers, detention ponds
and wetlands that all drain to the lake through the same terminating watershed. Each conveyance system will
be named after the terminating watershed in each network (LU-A1.11, LU-A2.6b, LU-A3.5, LU-A4.1,
LU-A4.2,1L.U-AS5.15). These stormwater conveyance systems are shown on Figure 8.

Because the stormwater runoff in the Lake Ann watershed comes only from the lake’s direct watershed, and
because each contributing subwatershed is so small, all of Lake Ann’s runoff information will be presented

together as one stormwater conveyance system (Figure 8), named “LA-A1.1 Through LA-A1.10.”

1.7.3 Public Ditch Systems

There are no public ditch systems that affect Lake Lucy or Lake Ann.

1.8 Appropriations

There are no known water appropriations from Lake Lucy or Lake Ann.
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2.0 Assessment of Lake Lucy and Lake Ann Problems

2.1 Appropriations

There are no known water appropriations from Lake Lucy or Lake Ann.

2.2 Discharges

The current water quality in Lake Lucy and Lake Ann is considered acceptable. However, the water quality in
these lakes is greatly affected by the amount of phosphorus loading they receive. As development continues
in these watersheds, phosphorus loads can be expected to increase, worsening water quality in both Lake

Lucy and Lake Ann.

A detailed analysis of current and future discharges was completed to determine phosphorus sources and
management opportunities to reduce the amount of phosphorus added to the lake. Because phosphorus
typically moves either in water as soluble phosphorus dissolved in the water or attached to sediments carried
by water, the determination of the volume of water discharged to Lake Lucy and Lake Ann annually was an
important step in defining the amount of phosphorus discharged to the lake. During development of the Plan,
literature export rate coefficients were used to estimate the annual water and phosphorus loads to the lake.
The Plan recommended using the water quality model XP-SWMM, the EPA’s Stormwater and Wastewater
Management Model (with a graphical interface by XP Software), in the final use attainability analysis to
provide a more precise estimate of water and phosphorus loads. However, because the P8 model (Program
for Predicting Polluting Particle Passage through Pits, Puddies and Ponds; IEP, Inc., 1990) provides more
accurate predictions of phosphorus loads to a lake than XP-SWMM, P8 was selected instead. The
phosphorus and water loads estimated with P8 for the 1996-1997 water year were entered into an in-lake
mass balance model so that lake phosphorus concentration could be estimated. These 1997 concentrations
were compared to 1996-1997 monitoring data to ensure that the model was producing reasonable results.
The calibrated model was then used to estimate discharges under varying climatic conditions and best-
management practice options. The methods employed to create and calibrate the P8 and in-lake models are
described in detail in Appendices C and D. Details of phosphorus discharges to Lake Lucy and Lake Ann

and management opportunities follow.

2.2.1 Natural Conveyance Systems

The natural conveyance systems in the Lake Lucy and Lake Ann watersheds are discussed in conjunction with

the stormwater conveyance systems in the following section.
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2.2.2 Stormwater Conveyance Systems

During the 1996-1997 water year (September 1996 to October 1997), Lake Lucy received an estimated

153 Ibs. of phosphorus from its surrounding watershed under existing land use conditions. Under future land
use and similar meteorologic conditions, Lake Lucy would, according to model output, receive 229 Ibs. of
phosphorus, an increase of 49 percent. During the same water year, Lake Ann received approximately 69 Ibs.
of phosphorus under existing land use conditions. Under future conditions, Lake Ann would receive 149 Ibs.
of phosphorus—an increase of 114 percent. Table 6 shows the difference in phosphorus loading for the
water year 1996-1997 in each of the Lake Lucy and Lake Ann conveyance systems. Systems that show large
increases in phosphorus loading coincide with those areas that will experience significant increases in
impervious area as development continues. Because future land use conditions in the Lake Lucy and Lake
Ann watersheds will increase lake phosphorus loadings significantly, it is important to evaluate which
management practices can mitigate these elevated loadings. Graphs showing detailed information on the

water quality benefits of the BMPs discussed below can be found in Appendix E.

The annual amount of phosphorus added to Lake Lucy and Lake Ann under future land use conditions from
their surrounding watersheds was estimated for four climatic conditions, previously shown to affect the lake’s

volume, outflow volume, and hydrologic residence time (See Section 1.2 of this report):

e Wet year—an annual precipitation of 41 inches, the amount of precipitation occurring during the 1983

water year

¢ Model calibration year—an annual precipitation of 34 inches, the amount of precipitation occurring
during the 1997 water year (The model calibration year is the year in which data were collected from the

lake. The data were used to calibrate the P8 model and in-lake model.)

e Average year—an annual precipitation of 27 inches, the amount of precipitation occurring during the

1995 water year

e Dry year—an annual precipitation of 19 inches, the amount of precipitation occurring during the 1988

water year

Seven conveyance systems discharge into Lake Lucy (Figure 8). Each system adds a different amount of
phosphorus to the lake based on the size, land use and stormwater treatment in each subwatershed of the
conveyance system. All of the stormwater conveyed 1o Lake Lucy (except that from LU-A4.1 and LU-A4.2)

is treated by at least one constructed pond or wetland before it is discharged into the lake.

208338 30



S|x'speOT d1\BIR\ESO\/2\E2\ d

(g 21nbBl4 995) 9% S} O} (PUBJIOM JO PUBLISAO BIA) JOIEMWLIOIS 8U} SASAUOD JEU) PASISIEM DuljeuiLLIS) B} IO} pawWeU die SWaISAS 9oUBABAUOD BY] ,

VA4N" L8yl £69 [elol

%E€9 8’16 £'99 Aon &xeT wol4 peo

%.LEE 6'9S 0cl 01 Y1 ybnoiyy | 1v-v

asealou] juadlad (sqp) peo snioydsouyd [eloL (sqp) peo snioydsoud [e10L LWalsAg adueAdAUO) J9jEMLLIOIS
(paAtesald ale spuelio Iy Bulwnssy) asn pue Bunsixg

as pue (0z0g 1e9A) 8inng

%61 8'82¢ £€esl el

%Cle 269 2322 SLSV-N1
%.S2 (B84 A" Srv-Ni
%8LLL L€ €0 LPY-NT

%1 G'19 809 gev-N1

VAZA" 6'6 1A% q9ev-N1
%92 ¢Sl cv gev-N1

%8 2'S9 09 LLLVY-NT
asealdu| juadad (sq|) peo snioydsoyd |ejoL (sqp) peo snioydsold [eloL LWd1SAg aouBAdAUOD 191EMWIOIS

(poAtesald aie spueliom IV Bulwnssy) asn pue buisixg

asn pue (0z0g 1es ) 8ining

(suonpuo) asn pueT (0202 1B9A) 84ning pue Bunsix3y Jepun uuy a)e’
pue Aon- a)e) walsAS aoueAsAauo) J9jemuwiols Yyde] wody peo’] snioydsoud jelol :9 sjqeL



Most of the water from the subwatersheds in Lake Ann is untreated before it discharges into the lake. Only

one watershed (LA-A1.1) has a wetland large enough to provide treatment of its stormwater runoff.

Wetlands in the Lake Lucy and Lake Ann watersheds are classified by the City of Chanhassen as: Natural or
Agricultural/Urban (Table 5). There are four subwatersheds in the Lake Lucy watershed that have wetlands
that are classified as DNR-Protected Waters: LU-A1.11, LU-A2.3, LU-A5.15 and LU-A6.3 (Lake Harrison).
Agricultural/Urban wetlands have already been altered or degraded to some degree, so while they still classify

as wetlands under the City’s “no net loss” policy, they would require lower levels of protection than wetlands

classified as ‘“Natural.”

In its Surface Water Management Plan, the City of Chanhassen puts special emphasis on preserving and
enhancing all DNR-Protected wetlands. Therefore, it is reasonable to assume that these wetlands will exist
and will continue to function under future land use conditions. It is not legally mandatory that the remaining
wetlands, classified mostly as *“Agricultural/Urban” be retained with in the Lake Lucy and Lake Ann
watersheds. However, preserving them could provide a substantial amount of water quality treatment for
stormwater that discharges to Lake Lucy and Lake Ann. Consequently, preservation of all existing wetlands

was the first management option investigated in this use attainability analysis.

e Preserve (All)—Comparing future phosphorus loadings to each lake with and without preservation all
existing wetlands (versus preserving only “DNR-Protected” wetlands) revealed that wetlands play a
significant role in the treatment of stormwater in these watersheds, reducing future phosphorus loadings
by 34 percent in Lake Lucy and by 22 percent in Lake Ann during the wet water year (1982-1983)
(Table 7). As a result, their preservation would significantly improve the future water quality in Lake
Lucy and Lake Ann. Table 7 shows the future phosphorus loadings with and without preservation of the
all existing wetlands during each of the four climatic conditions evaluated in this study. The cost of
preserving these wetlands depends on the District’s options in protecting them. If voluntary or required
protections for the wetlands are not likely to succeed, the estimated cost of obtaining these areas for

preservation would be at current market value.

Because preservation of all of the existing wetlands has such a positive impact on Lake Lucy and Lake Ann,
the phosphorus loadings to the lakes under subsequent BMPs will be compared to this option (Preserve (All))
in this report.
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The phosphorus load to Lake Lucy and Lake Ann may be further reduced by management practices such as
upgrading and adding detention basins. The new rules being proposed for the Riley-Purgatory-Bluff Creek
Watershed District may require more stringent detention basin design to control runoff from impervious
areas. As a part of this use attainability study, the effect of these new rules on the phosphorus load to Lake
Lucy and Lake Ann was investigated. Specifically, detention basins proposed in areas of new developments
were “designed’ to have a wet detention volume from 2.5 inches of runoff over the individual subwatershed
(Individual Pond) or group of subwatersheds (Regional pond) for which the pond is designed. In addition,
each proposed pond modeled in this study had an extended detention volume equal to 2.85 inches of runoff
over the subwatershed(s) to be treated. This extended detention storage was held for 72 hours. Average
depth of the wet detention was a minimum of 4 feet, and the surface area of wet detention ponds was always

at least one-quarter acre.

The particulate and soluble portions of the phosphorus load from each conveyance system was evaluated to
determine the feasibility of reducing the phosphorus load by adding or upgrading ponds in the Lake Lucy
watershed. Detention basins remove particulate phosphorus through the settling of particulate material.
Soluble or dissolved phosphorus is primarily removed by algal growth in ponds, however, because detention
basins generally detain water for relatively short periods of time, these basins remove a small percentage of
dissolved phosphorus. According to P8 results, the conveyance system terminating in LU-A3.5 contributes a
high fraction of particulate phosphorus because the Agricultural/Urban wetland in LU-A3.4 does not have
enough wet detention to adequately treat all of the stormwater that it receives. The conveyance system
terminating in LU-A1.11 also yields a high fraction of particulate phosphorus because the runoff from many

of its upstream watersheds is not currently treated.

e Preserve (All) Upgrade (1) Add (1)—Model simulations were completed to estimate the reduction in
phosphorus load to Lake Lucy and Lake Ann if the Agricultural/Urban wetland in LU-A3 4 was
upgraded to provide more wet detention and if a regional pond was added to LU-A1.10. Following these
changes, the amount of phosphorus added to the lakes from the stormwater conveyance systems would
range from 27 to 58 Ibs. for Lake Lucy and 1 to 14 lbs. for Lake Ann (Table 8). Upgrading the wet
detention in the wetland in LU-A3.4 could potentially be accomplished two ways: by raising the outlet
elevation, or by excavation. Before raising the outlet clevation, however, low floor elevations of the
surrounding homes and buildings would have to be evaluated to ensure that these structures would not be
threatened by flooding. If excavation is necessary, the cost of upgrading the wetland is estimated to be

$112,300. The cost of adding a pond to LU-A1.10 is estimated to be $83,000.
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Additional ponds in the Lake Ann watershed would also serve to decrease phosphorus loads, though only to
Lake Ann. Subwatersheds LA-A1.2, LA-A1.3,LA-A1.5, LA-A1.7 and LA-A1.9 would benefit from
detention ponds because they will be the most developed Lake Ann subwatersheds under future land use

conditions.

o Preserve (All) Upgrade (1) Add (6)—In addition to the ponds proposed for LU-A3.4 and LU-A1.10,
the effect of these five ponds in the Lake Ann watershed was evaluated with the model. The reduction of
phosphorus load to Lake Lucy remains the same (no additional treatment provided in this option).

Loads to Lake Ann, however, are reduced by 21 to 60 lbs. (Table 9). The cost of adding these five ponds
is estimated to be $143,000.

By the time that runoff from Lake Lucy’s LU-AS5.15 conveyance system reaches the lake, its phosphorus load
is primarily soluble. However, adding ponds upstream of subwatershed LU-AS5.15 could still benefit the
water quality of Lake Lucy and Lake Ann in two ways: (1) Detention ponds would provide some treatment
through infiltration of stormwater, and (2) Upland detention ponds in the LU-AS.15 conveyance system
would serve to treat stormwater before it reached the DNR-Protected wetland in LU-A5.15. This is

consistent with the City’s wish to protect and enhance all DNR-Protected Waters.

An assessment of the five constructed wet detention basins in the Lake Lucy watershed was also completed to
determine whether the constructed ponds currently meet the minimum criteria established by the MPCA
(MPCA, 1989) and NURP criteria (i.c., based upon results from the Nationwide Urban Runoff Program).
Current criteria by the MPCA and NURP require a minimum permanent pool or dead storage volume for each
pond based upon its watershed size. As discussed previously, the treatment effectiveness of a pond is directly
related to its dead storage volume. Development plans were used to estimate the dead storage volumes of
these basins. All ponds with the exception LU-AS.2 currently meet MPCA/NURP criteria. LU-AS5.2 should
not only be upgraded to meet MPCA/NURP criteria; it would serve well as a regional pond that treats not
only the runoff from its own watershed, but that of LU-AS5.1 as well (LU-AS.1 currently receives no
treatment before entering LU-AS5.2).

e Preserve (All) Upgrade (2) Add (12) —Model simulations were completed to estimate the reduction in
phosphorus loading to Lake Lucy and Lake Ann if the proposed pond upgrades and additions were
implemented as discussed above and if the pond in LU-AS5.2 was upgraded and ponds were added in
LU-A54,LU-A5.10, LU-A5.11, LU-A5.12, LU-AS5.13 and LU-AS5.14. Following these changes, the
amount of phosphorus added to the lakes would range from 43 to 89 1bs. for Lake Lucy and 21 to 68 Ibs.
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for Lake Ann (Table 10). Upgrading the pond in LU-A5.2 is estimated to cost $36,000. Adding the six

upland basins in the LU-A5.15 conveyance system is estimated to cost $123,000.

Diverting a portion of the lake’s watershed runoff into retention areas where the runoff can seep into the
ground (infiltration) will reduce the phosphorus load conveyed to the lake by the stormwater conveyance
systems. Infiltration facilities include infiltration basins, infiltration trenches, dry wells, porous pavement,
swales with check dams, and bioretention areas (infiltration areas with vegetation designed to enhance
infiltration). The new rules being proposed for the Riley-Purgatory-Bluff Creek Watershed District may
require that new developments provide infiltration basins to control runoff from impervious areas. As a part
of this use attainability study, the effect of this new rule on the phosphorus load to Lake Lucy and Lake Ann
was investigated. Infiltration basins were designed as prescribed by the proposed rules, based on soil type
and the acreage of new impervious area (the difference between existing impervious area and future (Year
2020) impervious area in each subwatershed. Only subwatersheds that will experience an increase of more

than 1 acre of impervious arca were assumed to need infiltration basins for the purposes of this study.

e Preserve (All) Upgrade (2) Add (12) Store—Model simulation was completed to estimate the removal
effectiveness of basins in addition to the proposed pond additions and upgrades suggested in Preserve
(All) Upgrade (2) Add (12). Under these conditions, the amount of phosphorus removed from
stormwater conveyance systems in the Lake Lucy watershed would range from 69 to 155 pounds under
varying climatic conditions. The amount of phosphorus removed from stormwater conveyance systems in
the Lake Ann watershed would range from 31 to 104 pounds under varying climatic conditions
(Table 11). Design and construction of infiltration basins throughout the Lake Lucy and Lake Ann
watersheds is estimated to cost $50,000 in the Lake Lucy watershed and $13,500 in the Lake Ann

watershed. This cost assumes no land acquisition costs or anticipated annual maintenance costs.

All of the proposed detention pond additions, detention pond/wetland upgrades and infiltration basin

information are listed in Tables 12a and 12b. Locations of these proposed projects are shown in Figure 9.

2.2.3 Public Ditch Systems

There are no known public ditch systems affecting Lake Lucy and Lake Ann.
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Table 12a: Proposed Pond Upgrades, Pond Additions and Infiltration Basins
in the Lake Lucy Watershed

Upgraded Pond Dead Storage Dead Storage { Extended Detention Retro-Fit or Individual or
in Subwatershed: Volume Average Depth Volume New Development?* Regional??
(acre-ft) (ft) {acre-ft)
LU-A3.4 8.7 4 9.8 Retro-Fit Regional
LU-A5.2 1.1 5.0 1.6 New Development Regional
Added Pond Dead Storage Dead Storage | Extended Detention Retro-Fit or Individual or
in Subwatershed: Volume Average Depth Volume New Development?' Regional??
(acre-ft) (ft) (acre-ft)
LU-A1.10 2.5 4.0 4.0 Retro-Fit/New Development Regional
LU-A5.4 0.2 4.0 0.3 New Development Individual
LU-A5.10 1.1 5.0 1.6 New Development Regional
LU-A5.11 0.6 4.0 0.9 New Development Individual
LU-A5.12 0.2 4.0 0.3 New Development Individual
LU-A5.13 0.5 5.0 0.7 New Development Regional
LU-A5.14 0.6 4.0 0.8 New Development Individual
LU-AG.1 0.4 4.0 0.5 New Development Individual
LU-A6.2 0.3 4.0 0.5 New Development Individual

! Retro-Fit ponds are designed based on the MPCA Best Management Practaces in areas that are already developed
under existing watershed conditions. New Development Ponds are designed with the MPCA Best Management Practaces in
areas that are not currently developed, but will be developed under future land use conditions.

2 These ponds are either "Individual” (sized for one subwatershed’s drainage) or "Regional” (sized to accommodate the drainage
from several subwatersheds).

Infiltration Basins | Infiltration Basin | Total Infiltration
in Subwatershed: | Average Depth Volume
(inches) (acre-ft)
LU-A1.10 8.5 0.1
LU-A2.2 8.5 0.1
LU-A2.3 8.5 0.1
LU-A2.4 8.5 0.2
LU-A2.6b 13.5 0.2
LU-A3.2 8.5 0.1
LU-A4.1 13.5 0.1
LU-A4.2 8.5 0.1
LU-A5.2 8.5 0.1
LU-A5.6 8.5 0.2
LU-A5.10 8.5 0.4
LU-A5.11 8.5 0.2
LU-A5.12 8.5 0.1
LU-A5.13 8.5 0.2
LU-A5.14 8.5 0.2
LU-A5.15 11 0.9
LU-A6.1 8.5 0.1
LU-A6.2 8.5 0.1
LU-A6.3 8.5 0.4

P:\23\27\053\ela\p8_data_sheets.xls



Table 12b: Proposed Pond Additions and Infiltration Basins in the Lake Ann Watershed

Added Pond Dead Storage Dead Storage Extended Detention Retro-Fit or Individual or
in Subwatershed: Volume Average Depth Volume New Development?1 Ftegional’?2
(acre-ft) (ft) (acre-ft)
LA-A1.2 0.3 4.0 0.4 New-Development Regional
LA-A1.3 0.5 4.0 0.7 New-Development ndividual
LA-A1.5 0.4 4.0 0.6 New-Development Individual
LA-A1.7 0.5 4.0 0.7 New-Development Individual
LA-A1.9 0.2 4.0 0.2 New-Development Individuali

! Retro-Fit ponds are designed based on the MPCA Best Management Practaces in areas that are already developed
under existing watershed conditions. New Development Ponds are designed with the MPCA Best Management Practaces in
areas that are not currently developed, but will be developed under future land use conditions.

2 These ponds are either “Individual® (sized for one subwatershed’s drainage) or "Regional’ (sized to accommodate the drainage
from several subwatersheds).

Infiltration Basins Infiltration Basin | Total Infiitration
in Subwatershed: Average Depth Volume
(inches) (acre-ft)
LA-A1.1 8.5 0.1
LA-A1.2 8.5 0.1
LA-A1.3 8.5 0.2
LA-A1.7 8.5 0.3
LA-A1.8 8.5 0.2
LA-A1.9 8.5 0.1
LA-A1.10 8.5 0.1

P:\23\27\053\ela\p8_data_sheets.xls
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2.3 Fish and Wildlife Habitat

The fisheries and wildlife habitat in Lake Lucy and Lake Ann are currently considered satisfactory (Ellison,
1999; Hoffman, 1999). However, under future land use conditions, additional measures will be needed to

maintain or enhance the current fisheries habitat.

All of the measures discussed in Section 2.2.2 of this report, “Stormwater Conveyance Systems” would
benetfit the fisheries in Lake Lucy and Lake Ann. Decreasing the phosphorus load to these lakes improves
water quality for fisheries by decreasing algal growth and thereby increasing the transparency of the lake.
Increased lake transparency allows light to penetrate further into the water column, encouraging macrophyte

growth- a vital part of invertebrate and fisheries habitat.

The current macrophyte communities in Lake Lucy and Lake Ann are diverse and healthy. However,
macrophyte surveys should continue on these lakes to monitor the growths of undesirable non native species.
If curly-leaf pondweed (Potamogeton crispus) starts dominating the macrophyte community, or if Eurasian
watermilfoil appears in the lakes, for example, some mitigation measures may be needed. As shown in
Figure 10A, a diverse native community provides greater opportunities for predation of smaller fish than a
dense growth by non-native species (also called exotic species) shown in Figure 10B. Declines in native
species reduce available habitat for invertebrates and other food organisms for small fish. The estimated cost

of a macrophyte survey is $1,200 per lake.

2.4 Water-Based Recreation

2.4.1 Lake Lucy

Recreational uses of Lake Lucy currently include fishing and boating. Fishing is the primary recreation use.
Under current conditions, Lake Lucy is considered to have a good fishery (Ellison, 1999). However, in the
future, increased phosphorus loadings from developments around the lake could threaten that fishery.
Phosphorus reduction can be attained by implementing the management practices discussed in Section 2.2.2
of this report, “Stormwater Conveyance Systems” (preserve, upgrade, add, and store management practices).

In addition, some management strategies could be implemented to enhance the fishery in Lake Lucy.
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e Manage (1)—Lake Lucy experiences occasional winterkills, approximately every 10 years (Ellison,
1999), a point of some concern for the people who fish on Lake Lucy. However, some fisheries
biologists believe that allowing natural, infrequent winterkills can be a useful fisheries management tool.
Winterkills can control the growth of some undesirable species naturally while strengthening the growth
of others by naturally removing the weaker fish in a population. Lake Lucy, for example had a strong,
healthy fishery this year after a harsh winterkill only a few years ago (Ellison, 1999). 1t is possible that a
harsh winterkill could degrade a lake’s fishery the year after it occurs. However, if Lake Lucy’s fishery
was significantly degraded after a winterkill, sport fish such as largemouth bass (particularly sensitive to

low oxygen levels) could be stocked at an estimated cost of $2,500.

e Manage (2)—There are a high number of small black bullheads in Lake Lucy. If these fish become a
concern, commercial anglers could be hired to remove the bullheads for an estimated cost of $1,000 (for
one day’s work). This technique has been used with some success in other lakes in the watershed district

in the past.

e Manage (3)—Finally, another option to enhance the recreational use of Lake Lucy would be to install a
fishing pier to allow greater fishing access for the community. Fishing pier costs can vary greatly,
depending on the size of the pier and how difficult it is to install. The estimated price of an 84-foot pier
(T-shaped) is $18,000. Building a public access is another option for Lake Lucy. In the past, the lack of
a public access on this lake has limited DNR management. There is no estimate for the cost of building a

public access on Lake Lucy at this time.

2.4.2 Lake Ann

Recreation uses of Lake Ann currently include, fishing, boating, and aesthetic viewing. However, swimming
is its primary recreational use. The MPCA has established water quality criteria to determine whether a lake
has the water quality required to fully support a swimmable use. According to MPCA criteria, lakes fully
supporting the swimmable use should exhibit “impaired swimming” conditions less than 10 percent of the
time and in terms of physical condition should exhibit “high algal levels” less than 10 percent of the time. To
put this criteria in measurable terms, the MPCA has specified that lakes with an average Trophic State Index
(TSI) < 53 are classified as fully supporting swimmable and aesthetic uses. The trophic state index is
calculated from total phosphorus, chlorophyll @, and Secchi disc transparency data from a lake (Carlson,
1977). When the MPCA criteria for fully swimmable and aesthetic uses are compared to a standardized lake

rating system, a TSI < 53 would correspond to oligotrophic (excellent water quality), mesotrophic (good
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water quality), and mildly eutrophic (poor water quality) conditions. An evaluation of estimated Lake Ann
future TST under wet, dry, average and model calibration year (i.c., water year 1997) climatic conditions
indicates the lake will be able to fully support swimmable use under all climatic conditions if all existing
wetlands are preserved. If only the “DNR Protected” wetlands are preserved, the lake would not be able to

fully support swimming during average year.

Lake Ann can further improve water quality to enhance recreational conditions by reducing phosphorus loads
to the lake. Phosphorus reduction can be attained by implementing the management practices discussed in
Section 2.2.2 of this report, “Stormwater Conveyance Systems” (preserve, upgrade, add, and store

management practices).

2.5 Ecosystem Data

The Lake Lucy and Lake Ann ecosystems are currently satisfactory. They have good fisheries (relative to
other lakes in their lake classes) and their zooplankton communities appear to be balanced and healthy. The
presence of blue-green algae in the phytoplankton communities causes some concern, indicating that the lakes
have the potential for noxious blooms in late sammer. This concern is even greater under future land use

conditions, as phosphorus loadings are bound to increase.

Balance to the lakes’ ecosystem may be maintained under future land use conditions by reducing phosphorus
loads to the lake and management of the lakes’ fisheries. Phosphorus reduction can be attained by
implementing the management practices discussed in Section 2.2.1 of this report, “Natural Conveyance

Systems,” and Section 2.2.2 “Stormwater Conveyance Systems.”

2.6 Water Quality

2.6.1 Baseline/Current Analysis

The comparison of baseline versus current water quality in Lake Lucy and Lake Ann is discussed in
Section 1.3.2 of this report “Baseline/Current Water Quality.”

2.6.2 Historical Water Quality Trend Analysis

A trend analysis of Lake Lucy and Lake Ann was completed to determine if the lake had experienced
significant degradation or improvement during the years for which water quality data are available. The
results of the trend analysis show no significant degradation trend in the lakes’ water quality from 1972 to

1997. The analysis was based upon Secchi disc transparency, total phosphorus, and chlorophyll a
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observations collected since 1972 (i.e., 10 years of data). Standard statistical methods (i.e., linear regression
and analysis of variance) were used to complete the analysis. Plots of the three water quality variables and

the fitted regression lines are shown in Figures 11a and 11b.

Two criteria must be met to conclude that the lake’s water quality has significantly improved or declined.
First, the trend in a variable is considered significant if the slope of the regression is statistically significant at
the 95 percent confidence level. Second, a conclusion of degraded water quality requires concurrent increases
in total phosphorus and chlorophyll a concentrations, and decrcases in Secchi disc transparencies; a
conclusion of improvement requires the inverse relationship. The results for the three variables did not fit
these criteria, showing that the water quality of Lake Lucy and Lake Ann has not declined or improved

significantly over time.

However, modeling results indicate that as the watersheds continue to develop, both lakes will likely
experience degraded water quality unless management practices to stop the decline are identified and

implemented.

2.6.3 Water Quality Modeling Analysis

During preparation of the District water management plan, the Dillon and Rigler model (Dillon and Rigler,
1974) was used to estimate lake water quality conditions. However, during the final use Attainability
Analysis, it was determined that the Dillon and Rigler equation, using only cxternal loads estimated by P8,
underpredicted the summer average total phosphorus concentrations in both Lake Lucy and Lake Ann. A
mass balance of phosphorus for each lake during the summer revealed that external loads alone could not
account for the high summer phosphorus peaks that both lakes frequently experience. The phosphorus load
discrepancy was attributed to internal loading, most likely caused by erosion of Lake Lucy’s and Lake Ann’s
thermoclines during the summer storm season. Internal load was calculated based on a mass balance on
phosphorus for each lake—60 percent of this internal load was assumed to be in a form that was available to
algae. This available load, divided by the total lake volume, was added to the concentration calculated by
Dillon and Rigler’s equation, with Nurnberg’s retention term (Nurnberg, 1998), to represent the phosphorus
concentration that Lake Lucy and Lake Ann experience during 20 percent of the summer. During the
remaining 80 percent of the summer, the lakes’ phosphorus concentrations were assumed to be dictated by
external loads alone. This breakdown of 20 percent External Load + Internal Load and 80 percent External
Load was based on observations of historical total phosphorus data in both lakes. After average summer
total phosphorus concentrations were calculated, MPCA relationships were used to estimate the

corresponding values for chlorophyll a and Secchi disc transparency (Heiskary and Wilson, 1990).

208338 46



Lake Lucy
Total Phosphorus 1972 through 1997

, 100
=]
L 80
b \ /‘Y /.\‘\
%»: 60 N\ — T \Av\’
° B N—"" v
z 340
©
5 20
[
O 1l T T T T
1970 1975 1980 1985 1990 1995 2000
Year
Lake Lucy
Chlorophyll a 1972 through 1997
~ 50.0
2 40.0 -
(=“ 30.0 \ /,0‘.\ —»
=3 =
£ 200 i DT S—
[¢]
5 10.0
=
© o0 ; : ; : :
1970 1975 1980 1985 1990 1995 2000
Year
Lake Lucy
Secchi Disc 1972 through 1997
0.0
E -05
.g 1.0 -
E 1.5 e — 4
§ 2.0 \
0 B N
-2-5 T T T T T
1970 1975 1980 1985 1990 1995 2000

Year

Figure 11a: Lake Lucy Trend Analysis- 1972-1997
Total Phosphorus and Chlorophyll a Concentrations and
Secchi Disc Transparency
(Summer Means- June Through August)
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Lake Ann
Total Phosphorus 1972 through 1997
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Figure 11b: Lake Ann Trend Analysis- 1972-1997
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2.6.3.1 Lake Lucy

The modeling analysis indicates the lake currently has poor or very poor water quality under virtually all
climatic conditions with future land use conditions, even if all existing wetlands are preserved in the
watershed. A comparison of the lake’s modeled total phosphorus concentrations under wet, dry, average, and
model calibration year (1997) climatic conditions with a-standardized lake rating system indicates the average
summer values were within the hypereutrophic category (i.e., very poor water quality, See Figure 12a). The
lake’s modeled summer average chlorophyll a concentrations and Secchi disc transparencies were within the
eutrophic (poor water quality) or hypereutrophic (very poor water quality) categories (Sce Figures 13a

and 14a).

2.6.3.2 Lake Ann

The modeling analysis indicates the lake currently has poor water quality under virtually all climatic
conditions with future land use conditions, even if all existing wetlands are preserved in the watershed.

A comparison of the lake’s modeled total phosphorus concentrations under wet, dry, average, and model
calibration year (1997) climatic conditions with a standardized lake rating system indicates the average
summer values were within the eutrophic category (i.c., poor water quality, See Figure 12b). The lake’s
modeled summer average chlorophyll a concentrations and Secchi disc transparencies were also within the

eutrophic (poor water quality) category (See Figures 13b and 14b).

The water quality in Lake Lucy and Lake Ann can be improved by reducing phosphorus loaded to the lake
from their surrounding watersheds. Phosphorus reduction can be attained by implementing the management
practices discussed in Section 2.2.2 of this report, “Stormwater Conveyance Systems” (preserve, upgrade,

add, and store management practices).

2.7 Major Hydrologic Characteristics

The major hydrologic characteristics of both Lake Lucy and Lake Ann have likely changed since the

pre-development period. Change will continue throughout the development of the watershed.
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Lake Lucy Avg. Summer Chlorophyll a
Under Varying Climatic Conditions
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Lake Lucy Avg. Summer Secchi Disc
Under Varying Climatic Conditions
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2.8 Land Use Assessment

The Lake Lucy and Lake Ann watersheds are currently only partially developed. Increased residential and
commercial development are both planned in these watersheds (Figure 2). As a part of this use attainability
study management practices to prevent phosphorus loading increases were evaluated. Upgrade and addition
of wet detention ponds, and addition of infiltration basins in areas of new development were found to
significantly reduce phosphorus loads to Lake Lucy and Lake Ann. Therefore, these practices should be

required of future developments to prevent degradation of the lakes’ water quality.
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3.0 Lake Lucy and Lake Ann Goals

The approved water management plan of the Riley-Purgatory-Bluff Creek Watershed District (RPBCWD)
articulated five specific goals for Lake Lucy and Lake Ann. These goals address water quality, recreation,
aquatic communities, water quantity, and wildlife. Graphs showing detailed information on the goal
achievement of the BMPs discussed. in this report can be found in Appendix F. A discussion of the goals

follows.

3.1  Water Quality Goals

3.1.1 Lake Lucy

The water quality goal is a Trophic State Index score of 57 or lower, reflecting the RPBCWD policy of non-
degradation of current lake water quality conditions. This goal is attainable, but only with recommended

BMPs throughout the Lake Lucy watershed.

Four different alternatives will achieve or exceed the District goal water quality goal for Lake Lucy.
Figure 15 compares costs of the four alternatives and Table 13 compares water quality benefits of the

alternatives under varying climatic conditions. The four alternatives are:
e WQqu-1—Preserve (All) (Preserve all existing wetlands in the Lake Lucy watershed)

o WOQuucy-2— Preserve (All ), Upgrade (1) (Upgrade Wetland in LU-A3.4), Add (1) (Add pond in LU-
Al1.10).

e WQuuy-3— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-AS5.2), Add (7)
(Add pond in LU-A1.10, LU-AS5 4, LU-A5.10, LU-AS.11, LU-A5.12, LU-A5.13, LU-A5.14).

e WQpu-4— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-A5.2), Add (7)
(Add pond in LU-A1.10, LU-A5.4, LU-A5.10, LU-A5.11, LU-AS5.12, LU-A5.13, LU-A5.14), Store
(Store Stormwater in Infiltration Basins Throughout the Lake Lucy Watershed).

3.1.2 Lake Ann

The water quality goal is a Trophic State Index score of 49 or lower, reflecting the RPBCWD policy of non-
degradation of current lake water quality conditions. This goal is attainable, but only with recommended

BMPs throughout the Lake Ann and Lake Lucy watersheds.
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Table 13: Benefits of Water Quality Management Alternatives for Lake Lucy

Trophic State Index (TSI) Value

Wet Model Average Dry
Year Calibration Year Year
(1983; 41 (1997; 34 (1995; 27 (1988; 19
Alternative District inches of inches of inches of inches of
Goal | precipitation) | precipitation) | precipitation) | precipitation)
WOQycy-1: Preserve (All) <=57 58* 55 57 57
WOQ,,y-2: Preserve (All)
Upgrade (1), Add (1) <=57 57 54 56 57
WOQ\,y-3: Preserve (All)
Upgrade (2), Add (7) <=57 57 54 55 56
WOQy.,y-4: Preserve (All)
Upgrade (2), Add (7),
Store <=57 55 52 53 55
* Does not meet the District’s Water Quality Goal.
Table 14: Benefits of Water Quality Management Alternatives for Lake Ann
Trophic State Index (TSI) Value
Wet Model Average Dry
Year Calibration Year Year
(1983; 41 (1997; 34 (1995; 27 (1988; 19
Alternative District inches of inches of inches of inches of
Goal | precipitation) | precipitation) | precipitation) | precipitation)
WQa.a-1: Preserve (All)
Upgrade (2), Add (12) <=49 49 47 50* 49
WOQann-2: Preserve (All)
Upgrade (2), Add (12),
Store <=49 48 46 49 46

* Does not meet the District’s Water Quality Goal.
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Two different alternatives will achieve or exceed the District goal water quality goal for Lake Lucy.
Figure 16 compares costs of the two alternatives and Table 14 compares water quality benefits of the

alternatives under varying climatic conditions. The two alternatives are:

o WQann-1— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-AS5.2), Add
(12) (Add ponds in LU-A1.10, LU-A5 .4, LU-A5.10, LU-A5.11, LU-A5.12, LU-AS5.13, LU-AS. 14, LA-
Al12,LA-A1.3,LA-A1.5,LA-A1.7,LA-A1.9).

e WQuu-1— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-AS.2), Add
(12) (Add ponds in LU-A1.10, LU-AS .4, LU-AS.10, LU-AS.11, LU-AS.12, LU-A5.13, LU-AS.14, LA-
Al1.2,LA-A1.3,LA-A1.5,LA-A1.7, LA-A1.9), Store (Store Stormwater in Infiltration Basins
Throughout the Lake Lucy and Lake Ann Watersheds).

3.2 Recreation Goal
3.2.1 Lake Lucy

The recreation goal for Lake Lucy is to achieve full support of fishing activities and maintain waterfowl
habitat. As discussed in Section 3.3 of this report, “Aquatic Communities Goal”, this goal can be considered

a non-degradation goal as fishing in Lake Lucy is currently considered satisfactory.

The goal can be achicved through the implementation of watershed management practices. Five different
alternatives will achieve or exceed the District water quality goal. Figure 17 compares costs of the five
alternatives and Table 15 compares water quality benefits of the alternatives under varying climatic

conditions. The five alternatives are:

RECL,c;-1—Preserve (All) (Preserve all existing wetlands in the Lake Lucy watershed)

o  REC,,¢-2— Preserve (All ), Upgrade (1) (Upgrade Wetland in LU-A3.4), Add (1) (Add pond in LU-
A1.10).

o  RECy,¢-3— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-AS.2), Add
(7) (Add pond in LU-A1.10, LU-A5.4, LU-A5.10, LU-AS.11, LU-A5.12, LU-A5.13, LU-A5.14).

o RECy,y-4— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-AS.2), Add
(7) (Add pond in LU-A1.10, LU-A5.4, LU-AS.10, LU-AS5.11, LU-A5.12, LU-AS.13, LU-A5.14), Store
(Store Stormwater in Infiltration Basins Throughout the Lake Lucy Watershed).
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REC, y¢y-5— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-A5.2), Add (7)
(Add pond in LU-A1.10, LU-A5.4, LU-A5.10, LU-A5.11, LU-A5.12, LU-AS5.13, LU-A5.14), Store (Store
Stormwater in Infiltration Basins Throughout the Lake Lucy Watershed) and Manage (Stock sport fish when
necessary after winterkills, hire commercial anglers to remove bullheads and construct a fishing pier on the

lake to facilitate better fishing for the public).

3.2.2 Lake Ann

The recreation goal for Lake Ann is to achieve a fully supporting use support classification in accord with the
“MPCA Use Support Classification for Swimming Relative to Carlson’s Trophic State Index by Ecoregion,”
(MPCA, 1997) with a Trophic State Index of less than or equal to 53. This goal is attainable by
recommended BMPs throughout the Lake Ann and Lake Lucy watersheds.

Five different alternatives will achieve or exceed the District water quality goal. Figure 18 compares costs of
the five alternatives and Table 16 compares water quality benefits of the five alternatives under varying

climatic conditions. The five alternatives are:

REC snn-1—Preserve (All) (Preserve all existing wetlands in the Lake Lucy watershed)

e RECau-2— Preserve (All ), Upgrade (1) (Upgrade Wetland in LU-A3.4), Add (1) (Add pond in LU-
Al.10).

o  RECau-3— Preserve (All), Upgrade (1), Add (6) (Add pond in LU-A1.10, LA-A1.2, LA-A1.3, LA-
Al.5,LA-A1.7,1LA-A1.9)

o  RECau-4— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-AS.2), Add
(12) (Add pond in LU-A1.10, LA-A1.2,LA-A1.3, LA-A1.5, LA-A1.7, LA-A1.9, LU-A5.4, LU-A5.10,
LU-AS5.11, LU-A5.12, LU-A5.13, LU-AS.14).

o  REC,un-5— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-A5.2), Add (7)
(Add pond in LU-A1.10, LA-A1.2, LA-A1.3, LA-A1.5, LA-A1.7, LA-A1.9LU-A5 4, LU-A5.10, LU-
AS5.11, LU-A5.12, LU-A5.13, LU-A5.14), Store (Store Stormwater in Infiltration Basins Throughout the
Lake Lucy Watershed).
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Table 15: Benefits of Recreation Management Alternatives for Lake Lucy

Trophic State Index (TSI) Value

Wet Model Average Dry
Year Calibration Year Year
(1983; 41 (1997; 34 (1995; 27 (1988; 19
Alternative District inches of inches of inches of inches of
Goal precipitation) | precipitation) | precipitation) | precipitation)
RECy,¢y-1: Preserve (All) <=57 58* 55 57 57
REC,,-2: Preserve (All)
Upgrade (1), Add (1) <=57 57 54 56 57
REC;,,-3: Preserve (All)
Upgrade (2), Add (7) <=57 57 54 55 56
REC,-4: Preserve (All)
Upgrade (2), Add (7),
Store <=57 55 52 53 55
REC;,,-5: Preserve (All)
Upgrade (2), Add (7),
Store, Manage** <=57 55 52 53 55
* Does not meet the District’s Water Quality Goal.
** "Manage" fish stocking after winterkills, rough fish removal and installation of a fishing pier.
Table 16: Benefits of Recreation Management Alternatives for Lake Ann
Trophic State Index (TSI) Value
Wet Model Average Dry
Year Calibration Year Year
(1983; 41 (1997; 34 (1995; 27 (1988; 19
Alternative District inches of inches of inches of inches of
Goal precipitation) | precipitation) | precipitation) | precipitation)
REC,,,-1: Preserve (All) <=53 52 49 53 50
REC,,,-2: Preserve (All)
Upgrade (1), Add (1) <=53 51 49 52 50
REC,,,+-3: Preserve (All)
Upgrade (1), Add (6) <=53 50 47 51 49
REC,,,,-4: Preserve (All)
Upgrade (2), Add (12) <=53 49 47 50 49
REC,,,-5: Preserve (All)
Upgrade (2), Add (12),
Store <=53 48 46 49 46
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3.3 Aquatic Communities

3.3.1 Lake Lucy

The aquatic communities goal for Lake Lucy, as stated in the District’s water management plan is “to
maintain a MDNR ecological class 42 rating, with a Trophic State Index of 62.” Likewise, the aquatic
communities goal for Lake Ann is stated as, ““...to maintain a MDNR ecological Class 24 rating, with a
Trophic State Index of approximately 56.” It would take a large change in water clarity to move a lake into a
different lake class (Schupp, 1999). Therefore, this part of the goal can be achieved with no action. A TSI of
62 corresponds to the average Secchi disc transparency of the class 42 lakes studied in by the MDNR (0.9
m). A TSI of 56 corresponds to a Secchi disc transparency of 1.3 m, the average of the class 24 lakes studied
by the MDNR. Because Lake Lucy and Lake Ann currently have summer average Secchi Disc transparencies
greater than these averages (1.3 m and 3.2 m, respectively), and because the water quality goal for both of
these lakes is based on a non-degradation policy, it seems that a more reasonable aquatic communities goal
for these lakes would also involve non-degradation of the existing aquatic communities (as measured by

water quality).

With this type of goal for Lake Lucy, five different alternatives will achieve or exceed the aquatic
communities goal . Figure 19 compares costs of the five alternatives and Table 17 compares water quality

benefits of the alternatives under varying climatic conditions. The five alternatives are:
e AC-1y,¢— Preserve (All) (Preserve all existing wetlands in the Lake Lucy watershed)

e AC-2y,— Preserve (All ), Upgrade (1) (Upgrade Wetland in LU-A3.4), Add (1) (Add pond in LU-
A1.10).

e AC-3yu— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-AS5.2), Add (7)
(Add pond in LU-A1.10, LU-A5 4, LU-A5.10, LU-AS.11, LU-AS.12, LU-A5.13, LU-AS.14),

e AC-4y,— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-AS5.2), Add (7)
(Add pond in LU-A1.10, LU-A5 .4, LU-A5.10, LU-A5.11, LU-AS5.12, LU-A5.13, LU-AS.14), Store
(Store Stormwater in Infiltration Basins Throughout the Lake Lucy Watershed).

208338 63



6L 2 Hﬂ—wm | ‘aN[BA JONIEW JUSLIND J€ 3( P[NOM UOTjeAIasaId 0§ seate asayj Sunuieqo jo 3500 pajewysa a3 ‘paadons 03 A[ay1] jou
a1e suondsjoid puejom paimbai 10 Arejunjoa J| "SOAIJEUId)[E 3SaYy) 10J SISOD UT papn{dul Jou st uonisinbe puejam jo 3500 sy,

SOV 7OV €OV oV |5 )4
: " ” 0$
-000°0S$
~000°001$
OAIISII @ ~000°0S1$
A4

s ~000°002$
21035 ]

epeEdnm -000°052$
adeueN g

-000°00€$

-000°0S€$

~000°00%$

~000'0S7$

AonT e -senunwwo)) dijenby



AC-5p,cy— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-AS5.2), Add (7)
(Add pond in LU-A1.10, LU-AS5 .4, LU-A5.10, LU-AS.11, LU-AS.12, LU-AS.13, LU-AS.14), Store (Store
Stormwater in Infiltration Basins Throughout the Lake Lucy Watershed) and Manage (Continue macrophyte

surveys on Lake Lucy to ensure a diverse community).

3.3.2 Lake Ann

With this type of goal for Lake Ann, three different alternatives will achieve or exceed the aquatic
communities goal. Figure 20 compares costs of the three alternatives and Table 18 compares water quality

benefits of the alternatives under varying climatic conditions. The three alternatives are:

o AC-14um— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-A5.2), Add (12)
(Add ponds in LU-A1.10, LU-A5.4, LU-AS.10, LU-AS5.11, LU-AS.12, LU-AS5.13, LU-AS.14, LA-A1.2,
LA-A13,LA-A1.5, LA-Al1.7, LA-A1.9).

o AC-2,,,— Preserve (All), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-AS5.2), Add (12)
(Add ponds in LU-A1.10, LU-AS5 .4, LU-AS5.10, LU-AS.11, LU-AS.12, LU-AS.13, LU-AS.14, LA-A1.2,
LA-A1.3,LA-A1.5, LA-Al1.7, LA-A1.9), Store (Store Stormwater in Infiltration Basins Throughout the
Lake Lucy and Lake Ann Watersheds).

e AC-3,,,— Preserve (All ), Upgrade (2) (Upgrade Wetland in LU-A3.4 and pond in LU-AS5.2), Add (12)
(Add ponds in LU-A1.10, LU-AS 4, LU-A5.10, LU-AS.11, LU-AS.12, LU-AS5.13, LU-AS.14, LA-A1.2,
LA-A1.3,LA-A1.5,LA-Al1.7, LA-A1.9), Store (Store Stormwater in Infiltration Basins Throughout the
Lake Lucy and Lake Ann Watersheds) and Manage (Continue macrophyte surveys on Lake Ann to

ensure a diverse community).

3.4 Water Quantity Goal

The Water Quantity Goal for both Lake Lucy and Lake Ann is to provide sufficient water storage during a

regional flood. This goal is attainable with no action,

3.5 Wildlife Goal

The wildlife goal for Lake Lucy and Lake Ann is to protect existing, beneficial wildlife uses. The wildlife
goal can be achieved with no action, especially if the wetlands and park land surrounding the lakes in the City

of Chanhassen’s future land use plan stays intact.
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Table 17: Benefits of Aquatic Communities Management Alternatives for Lake Lucy

Trophic State Index (TSI) Value

Wet Model Average Dry
Year Calibration Year Year
(1983; 41 (1997; 34 (1995; 27 (1988; 19
Alternative District inches of inches of inches of inches of
Goal | precipitation) | precipitation) | precipitation) | precipitation)
ACy,,~1: Preserve (Al <=57 58* 55 57 57
ACy,y-2: Preserve (All)
Upgrade (1), Add (1) <= 57 57 54 56 57
ACpyy-3: Preserve (All)
Upgrade (2), Add (7) <=57 57 54 55 56
ACy,y-4: Preserve (All)
Upgrade (2), Add (7),
Store <=57 55 52 53 55
ACp, -5 Preserve (All)
Upgrade (2), Add (7),
Store, Manage™** <=57 55 52 53 55

* Does not meet the District’s Water Quality Goal.
** "Manage" includes continued macrophyte surveys of Lake Lucy.

Table 18: Benefits of Aquatic Communities Management Alternatives for Lake Ann

Trophic State Index (TSI) Value

Wet Model Average Dry
Year Calibration Year Year
(1983; 41 (1997; 34 (1995; 27 (1988; 19
Alternative District inches of inches of inches of inches of
Goal | precipitation) | precipitation) | precipitation) | precipitation)
AC,,,-1: Preserve (All)
Upgrade (2), Add (12) <=49 49 47 50* 49
AC,,,-2: Preserve (All)
Upgrade (2), Add (12),
Store <=49 48 46 49 46
AC,0-3: Preserve (All)
Upgrade (2), Add (12),
Store, Manage™* <=49 48 46 49 46

* Does not meet the District’s Water Quality Goal.
**"Manage" includes continued macrophyte surveys of Lake Ann.
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3.6 Public Participation

The public participation goal is to encourage public participation as a part of the use attainability analysis.

This goal will be achieved through a public meeting to obtain comments on the use attainability analysis.
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