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Executive Summary 

 

The Six Mile Creek watershed covers 26.6 square miles including parts of Victoria, Laketown Township, 
St. Bonifacius, and Minnetrista. The Carver Park Reserve, owned and operated by the Three Rivers Park 
District, also covers a large portion of the watershed, including the areas draining to Stone, Zumbra, 
Steiger, East and West Auburn, and North and South Lundsten lakes. The watershed is relatively flat and 
is dominated by hydric soils and low lying wetland areas. The watershed is highly altered with 
development in parts of the watershed and drained agricultural lands throughout. Many of the wetlands 
are highly ditched and the channels themselves indicate alterations, such as straightening for drainage 
improvements.  
 
The purpose of the diagnostic study is to develop a holistic-comprehensive analysis of the subwatershed 
that will help refine a strategic implementation approach that will examine Six Mile Creek Subwatershed 
to develop an approach to the watershed’s issues using a phased systematic method. The diagnostic 
study analyzed the subwatershed by developing refined water and phosphorus budgets, including 
internal loading, for lakes in the Six Mile Creek watershed to identify implementation actions to improve 
water quality. The water and phosphorus budgets include the development of lake response models for 
the major lakes to refine our understanding of internal versus external loading and target reductions to 
meet water quality goals. The diagnostic study also investigates fish and plant communities in the lakes 
to develop an understanding of the health of the biological communities and how these conditions may 
affect water quality.   
 
The Six Mile Creek Implementation Plan will focus on integrating water projects with city, county and 
TRPD land use planning and development objectives to accomplish mutual goals through economical 
and efficient use of public dollars. Integrated watershed planning is defined as “the process of 
formulating and implementing a course of action involving natural and human resources in a watershed, 
taking into account the social, political, economic and institutional factors operating within the 
watershed and surrounding river basin and other relevant regions to achieve specific social objectives.1  
 
The Six Mile Creek Subwatershed Implementation plan will incorporate broad-based goals and principles 
for the Six Mile Creek Subwatershed that incorporate social, political, economic, and natural objectives. 
Principles will focus on the fact that watershed management is continuous process and needs a multi-
disciplinary approach to solve the multi-faceted problems a watershed faces.  A strong implementation 
plan for Six Mile Creek watershed will use sound science, facilitate communication and partnerships, 
foster thoughtful action, stimulate actions and tracks results. 
 

                                                           
1
 “Watershed Resources Management: Studies from Asia and the Pacific”; edited by K. William Easter, John Alexander Dixon, 

Maynard M. Hufschmidt 
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Minnehaha Creek Watershed District and the City of Victoria hosted over twenty residents, policy 
makers and staff at the July 19th 2012, Six Mile Creek Diagnostic meeting. The meeting featured an 
informational portion in which staff described the purpose, scope and methodology of the study. 

Top concerns for six mile creek community meeting participants include: 

 Game Fish Health 
 AIS Control 
 Runoff Control 
 Agricultural Impacts 
 Development impacts 
 Aeration of shallow lakes/wetlands 
 Water quality (differences between lakes) 
 Management of Lakes (Public Use) 
 Internal Loading (How do we deal with it?) 
 Degraded Wetlands (Carp Habitat) 
 Life After Carp 
 What can Lake Associations and Residents do now? 

The Diagnostic study culminated with watershed and lake restoration strategies developed for the Six 
Mile Creek watershed based on sound science and waterbody needs. Activities are broken into three 
categories, including monitoring activities aimed at improving our scientific understanding of the 
system, restoration activities aimed at improving water quality or ecological health of the watershed, 
and protection activities aimed at protecting good water quality or ecological conditions in the 
watershed.  
 

Carp Management 
 
Carp play a large role in water quality in the Six Mile Creek subwatershed. An essential component of 
the Six Mile Creek implementation plan is to develop a thorough understanding of carp population, 
movement, reproduction locations and age. MCWD intends to work with Dr. Peter Sorenson at the 
University of Minnesota to better understand carp movement and reproduction in the Six Mile Creek 
watershed.  Carp management in the watershed should focus on four distinct areas, including the 
Pierson-Marsh-Wassermann, Carver Park Reserve, Turbid-South Lundsten, and the Parley-Mud 
Management Unit. Although there is potential for carp to mingle among the watersheds, the conditions 
of the lakes and anecdotal evidence in the watershed suggest that this is minimal.   
 
Management of carp in the watershed needs to focus on removing current carp biomass from the 
system and eliminating carp reproduction areas in the watershed. For removals to be effective, areas 
where carp tend to congregate need to be identified so that seining can be completed. Often times this 
requires tracking carp or using side-scan sonar to identify the location of the fish. Other techniques 
include the use of whole lake drawdown or rotenone (a fish poison) to kill large numbers of fish.   
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Nutrient Management 
 
Watershed nutrient reduction projects and monitoring activities were identified for each of the 
subwatersheds in the Six Mile Creek watershed. Some of the identified subwatersheds had degraded 
(ditched or altered) wetlands that appear likely to be contributing phosphorus to surface waters. Other 
projects include retrofitting existing ponds with iron enhanced sand filters.  
 
Monitoring locations were identified to verify mass balances and assumptions made from completion of 
the lake response models. In 2013, MCWD plans to monitor Sunny Lake and the two ponds flowing into 
Wassermann Lake as well as 3 additional stream sites including an inflow to Mud Lake (off County Road 
92), 2 Parley Lake inflows including one on the Crown College property and another by the Parley Lake 
Winery.  
 
In the upper watershed, a few subwatersheds demonstrated a large potential for nutrient loading.  For 
some watersheds (SMC-11, SMC-15, SMC-25), the loading appears to be coming from degraded 
wetlands that are discharging high phosphorus concentrations. Other subwatersheds were more 
developed where loading is likely from increased impervious areas (SMC-5, SMC-13). In the lower 
watershed, the sources of phosphorus loading are less clear, mostly because the tributaries to the lakes 
lack good monitoring data. However, the lake response models suggest that both Parley and Mud lakes 
receive relatively high nutrient loads from the watershed. Sources in the lower watershed are likely a 
mix of developed and agricultural sources.  
 
Internal Nutrient Load Reductions 
 
Four lakes were identified for internal load control projects including Wassermann, Turbid, South 
Lundsten, and Parley lakes. Each demonstrated sufficient internal loads to warrant load projects. 
 
Lake Restoration Projects 
 
Three lakes need to be considered for whole- lake drawdown, including South Lundsten, Parley, and 
Mud Lake. A drawdown on South Lundsten Lake can be conducted concurrently with carp removal 
efforts as the drawdown will make it easier to remove carp. However, reintroduction from Turbid Lake 
should be controlled. South Lundsten Lake appears to be the primary reproduction area, so a large carp 
removal paired with preventing future winterkills should restore the lake for the long term.  
 
Drawdown on Parley and Mud is much more complex due to the large runoff volumes entering the lake 
and the potential backwater effects from Halsted Bay. However, a drawdown should be evaluated for 
the lakes.  
 
Invasive Species and Vegetation Management 
 
Most of the lakes in the watershed contain curly-leaf pondweed and Eurasian watermilfoil, which can 
lead to decreased SAV diversity and other problems in the lakes. Curly-leaf pondweed can be 
problematic in the lakes due to midseason senescence, exposing lake sediments and possibly 
contributing to internal loading. Most of the lakes sampled had robust populations of SAV; however, 
they were dominated by coontail, a native species indicative of more eutrophic conditions.  
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Watershed Protection Strategies 
 
Several of the subwatersheds in the Six Mile Creek watershed have receiving waters with good or 
excellent water quality including Piersons Lake, Zumbra Lake, and North Lundsten Lake among others. 
Therefore, activities in these watersheds are considered protection activities. Protection activities can 
include BMP implementation such as iron enhanced sand filters or septic system upgrades. Protection 
activities also include such things as implementation of MCWD rules to protect water quality during 
development.  
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1.0        Introduction and Watershed Description 

1.1 PURPOSE AND SCOPE 
 
The purpose of the diagnostic study is to develop a holistic-comprehensive analysis of the subwatershed 
that will help refine a strategic implementation approach that will examine Six Mile Creek Subwatershed 
to develop an approach to the watershed’s issues in thorough phased systematic method. The 
diagnostic study analyzed the subwatershed through developing refined water and phosphorus budgets, 
including internal loading, for lakes in the Six Mile Creek watershed to identify implementation actions 
to improve water quality. The water and phosphorus budgets include the development of lake response 
models for the major lakes to refine our understanding of internal versus external loading and target 
reductions to meet water quality goals. The diagnostic study also investigates fish and plant 
communities in the lakes to develop an understanding of the health of the biological communities and 
how these conditions may affect water quality.   
 
The Six Mile Creek Implementation Plan will focus on integrating water projects with city, county and 
TRPD land use planning and development objectives to accomplish mutual goals through economical 
and efficient use of public dollars. Integrated watershed planning is defined as “the process of 
formulating and implementing a course of action involving natural and human resources in a watershed, 
taking into account the social, political, economic and institutional factors operating within the 
watershed and surrounding river basin and other relevant regions to achieve specific social objectives.2  
 
The Six Mile Creek Subwatershed Implementation plan will incorporate broad-based goals and principles 
for the Six Mile Creek Subwatershed that incorporate social, political, economic, and natural objectives. 
Principles will focus on the fact that watershed management is continuous process and needs a multi-
disciplinary approach to solve the multi-faceted problems a watershed faces. A strong implementation 
plan for Six Mile Creek watershed will use sound science, facilitate communication and partnerships, 
foster thoughtful action, stimulate actions and tracks results. 
 
1.2 WATERSHED DESCRIPTION 
 
The Six Mile Creek watershed covers 26.6 square miles including parts of Victoria, Laketown Township, 
St. Bonifacius, and Minnetrista (Figure 1-1). The Carver Park Reserve, owned and operated by the Three 
Rivers Park District, also covers a large portion of the watershed, including the areas draining to Stone, 
Zumbra, Steiger, East and West Auburn, and North and South Lundsten lakes. The watershed is 
relatively flat and is dominated by hydric soils and low lying wetland areas. The watershed is highly 
altered with development in parts of the watershed and drained agricultural lands throughout. Many of 

                                                           
2
 “Watershed Resources Management: Studies from Asia and the Pacific”; edited by K. William Easter, John Alexander Dixon, 

Maynard M. Hufschmidt 
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the wetlands are highly ditched and the channels themselves indicate alterations, such as straightening 
for drainage improvements. 
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Figure 1-1  Six Mile Creek watershed. 
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Drainage Patterns 
 
Six Mile Creek is the dominant creek in the watershed, running approximately 12 miles from the outlet 
of Pierson Lake to Halsted Bay on Lake Minnetonka (Figure 1-2). Six Mile Creek largely flows through 
lakes or wetlands as it winds its way through the watershed. The creek starts at Pierson Lake, 
discharging into shallow Marsh Lake. From Marsh Lake the creek works its way through a series of 
wetlands before discharging into Wassermann Lake. From Wassermann the creek flows through a large 
wetland area, which receives drainage from Carl Krey and Church lakes as well as Kelser’s Pond before 
discharging to East Auburn Lake. East Auburn Lake receives additional drainage from the east, including 
the outlets of Steiger and Sunny lakes. The discharge from both Sunny and Steiger lakes flows through 
large wetlands prior to discharging to East Auburn Lake. From there the creek flows through West 
Auburn, which discharges to a large wetland complex. This wetland drains to North Lundsten, ultimately 
flowing to Parley Lake and Halsted’s Bay through Mud Lake. Lundsten Lake is divided into two basins, 
North and South, by a horse trail maintained by the Three Rivers Park District. The two basins are 
connected by a two-foot culvert under the trail. The lake can also overtop the trail just east of the 
culvert during high water conditions. South Lundsten Lake receives drainage from Turbid Lake through a 
series of ditched wetland areas. The outlet of Lundsten Lake is a three-foot arch pipe that likely blocks 
fish passage from downstream to upstream. Six Mile Creek ends its journey to Halsted Bay after flowing 
through the Six Mile Marsh, a 300-acre wetland complex that includes a primary channel that is partially 
used for boat access to Halsted Bay.  
 
Six Mile Creek is a low gradient stream (average slope around 0.06%) characterized by straightened 
channels and wetland reaches where the channel appears to have been maintained at some point. 
There are numerous water control structures throughout the watershed. Drainage in the Stone Lake 
area is quite complex with a number of water control structures maintained by the Three Rivers Park 
District (Figure 1-3).  
 
The watershed appears to be impacted by backwater effects from Halsted Bay as far up as Parley Lake. 
The water control structure at the outlet of North Lundsten Lake acts as a hydrologic “break” in the 
watershed, which prevents backwater or other impacts from the lower lakes.  
 
Land Use 
 
Land use in the Six Mile Creek watershed is a mix of agricultural and developed areas pocketed with 
wetlands (Figure 1-4; Table 1-1). Development in the watershed is generally found in the southeast 
portion of the watershed in the drainage areas around Wassermann, Church, and Steiger lakes. The 
watershed includes two golf courses, Deer Run Golf Club in the southeast and Island View Golf Club on 
the western edge of the watershed. The lakes in the southern portion of the watershed, notably Pierson 
and Wassermann lakes, have concentrated development along their shorelines. Further development, 
including the City of St. Bonifacius, occurs in the north part of the watershed and drains to Mud Lake.  
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Table 1-1. Land use based on the MLCCS data set in the Six Mile Creek watershed. 

Land Use Acres Percent 
Total 

Agriculture 2,829 17% 

Grassland 2,647 16% 

Forest 2,467 14% 

Open Water 2,309 14% 

Emergent Marsh 2,193 13% 

26% to 50% impervious cover 998 6% 

Row Crops 860 5% 

11% to 25% impervious cover 782 5% 

Corn 715 4% 

4% to 10% impervious cover 368 2% 

76% to 90% impervious cover 220 1% 

91% to 100% impervious cover 211 1% 

Wetland 140 1% 

51% to 75% impervious cover 130 1% 

Shrubland 122 1% 

Corn on hydric soils 36 0.2% 
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Figure 1-2  Drainage patterns in the Six Mile Creek watershed. 
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Figure 1-3  Water control structures in the Stone Lake watershed. 
Note: Provided by Three Rivers Park District. 
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The central portion of the watershed is dominated by the Carver Park Reserve, a 250-acre preserve that 
includes eight lakes interconnected by wetlands. Carver Park Reserve is home to the Lowry Nature 
Center, Grimm Farm Historic Site, and King Waterbird Sanctuary. Activities include hiking and biking 
trails, rolling wooded terrain, and interconnected lakes and marshes for exploring and cross country 
skiing as well as numerous other activities. Land in the park area is relatively flat and open with minimal 
development that includes the Nature Center, the Lake Auburn Campground, and paved and unpaved 
trails.  
 
The lower portion of the watershed is dominated by agricultural land and low-lying wetlands. The 
drainage area to the west of Parley and Mud lakes includes agricultural fields, orchards, and the Island 
View Golf Club. The northern drainage area of Mud Lake includes some development, mostly single 
family residential in and around St. Bonifacius.  
 
Laketown Township, Minnesota, entered into an orderly annexation agreement in 1972 with the 
municipalities of Chaska, Victoria, and Waconia (Figure 1-5). The annexations are restricted to specific 
areas delineated in the provisions of the agreement. Provisions governing the annexations include: 
township areas to be annexed must abut the annexing city, the area must be urban or suburban in 
character (or about to become so), the annexing city must be capable of providing services to the area 
to be annexed within a reasonable timeframe, and the area being annexed must be contiguous. Land 
can be annexed immediately if it meets these criteria, unless there is a petition against annexation 
signed by 80% of the owners of the property proposed to be annexed, and Laketown Township supports 
the petition. The municipalities that are party to the agreement are expected to meet semi-annually to 
discuss problems and to coordinate provision of governmental services within the orderly annexation 
area.  
 
Agriculture in the Six Mile Creek watershed is a mixture of row and non-row crops with a few orchards in 
the watershed (Figure 1-8, Table 1-2). Although there is a fair amount of row crop in the watershed, it 
appears to be less intensive based on the relatively flat topography, stable soils, and lack of manure 
production and application in the watershed. Based on the MLCCS land cover, approximately 4,044 of 
17,025 acres (24%) in the Six Mile Creek watershed are in agricultural use. The MLCCS categories were 
relatively general, so the National Agricultural Statistical Survey data set was used to estimate the types 
of crops in the watershed. Approximately half is currently in a corn/soybean rotation.  
 
Table 1-2. Predominant agricultural land cover in the Six Mile Creek watershed based on the NASS 
data set. 

Agricultural Land Cover Acres 

Corn 1,512 

Alfalfa 791 

Soybeans 785 

Other Crops 351 

Barren 63 

Grains 21 
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1.3 DEEP AND SHALLOW LAKE ECOLOGY 
 
Shallow lakes are ecologically different than deep lakes due to a greater interaction with lake sediment 
and a greater influence of the biology of the lake. In shallow lakes, there is a greater area of sediment-
water interface, allowing for potentially larger sediment contributions to nutrient loads as well as 
sediment resuspension that can decrease water clarity. Biological organisms also play a greater role in 
maintaining water quality. Rough fish, especially carp, can uproot submerged aquatic vegetation and stir 
up sediment, contributing to sediment nutrient loading and sediment resuspension. Submerged aquatic 
vegetation stabilizes the sediment, reducing the amount that can be resuspended in turn protecting 
water clarity. Submerged aquatic vegetation also provides refugia for zooplankton, a group of small 
crustaceans that can reduce algae populations through grazing.  
 
All of these interactions result in the lake residing in one of two alternative stable states: a clear-water 
state and a turbid water state. The clear water state is characterized by clear water, a robust and diverse 
submerged aquatic vegetation community, a balanced fish community, and large daphnia (a 
zooplankton that is very effective at algal grazing). Alternatively, the turbid water state typically lacks 
submerged aquatic vegetation, is dominated by rough fish, and is characterized by turbid water from 
both sediment resuspension and algal productivity. Which state persists depends on the biological 
community as well as the nutrient conditions in the lake. Therefore, lake management must focus on 
the biological community as well as the water quality of the lake.  
 
A five-step process developed for restoring shallow lakes in Europe also is applicable in the United 
States. The steps established for restoring shallow lakes include:   
 

1. Forward switch detection and removal 
2. External and internal nutrient control  
3. Biomanipulation (reverse switch) 
4. Plant establishment 
5. Stabilization and management of the restored system 

 
The first step refers to identifying and eliminating those factors that are driving the lake into a turbid 
water state (also known as switches). These can include high nutrient loads, invasive species such as 
carp and curly-leaf pondweed, altered hydrology, and direct physical impacts such as plant removal. 
Once the switches have been eliminated, an acceptable nutrient load must be established for the lake. 
After the first two steps, the lake is likely to remain in the turbid water state even though conditions 
have improved. The lake must be forced back into the clear lake state by manipulating the biology of the 
lake, also known as biomanipulation. Biomanipulation typically includes whole-lake drawdown and fish 
removal. Once the submerged aquatic vegetation has been established, management will focus on 
stabilizing the lake in the clear state (steps 4 and 5).   
 
The purpose of this study is to identity the forward switches (steps 1 and 2) currently limiting water 
quality in the Six Mile Creek watershed. Once those forward switches are identified and nutrient 
budgets developed, appropriate management actions can be recommended.  
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1.4 COMMUNITY ENGAGEMENT 

Minnehaha Creek Watershed District and the City of Victoria hosted over twenty residents, policy 
makers and staff at the July 19, 2012, Six Mile Creek Diagnostic meeting. The meeting featured an 
informational portion in which staff described the purpose, scope and methodology of the study. Holly 
Kreft from the City of Victoria spoke about how the city will use the results from the diagnostic study 
and the results from the evening’s engagement portion. Dr. Peter Sorensen, from the University of 
Minnesota, gave a fascinating presentation on the history of carp in Europe and America as well as 
details of his recent work in Lake Susan on estimating a population of carp, tracking their movements 
and ultimately removing carp from the system. 

After Dr. Sorenson presented, the meeting moved into the community input portion of the evening, led 
by Alex Gehrig of the Freshwater Society. The question we asked participants to focus on and discuss 
was: “What are the significant water resource issues in your area?” The engagement portion of the 
evening produced lively discussion and preliminary results suggested that game fish health, AIS control, 
runoff control and agricultural impacts were the most significant issues of concern for residents in Six 
Mile Creek subwatershed. 

Top concerns for six mile creek community meeting participants include: 

 Game Fish Health 
 AIS Control 
 Runoff Control 
 Agricultural Impacts 
 Development impacts 
 Aeration of shallow lakes/wetlands 
 Water quality (differences between lakes) 
 Management of Lakes (Public Use) 
 Internal Loading (How do we deal with it?) 
 Degraded Wetlands (Carp Habitat) 
 Life After Carp 
 What can Lake Associations and Residents do now? 

Minnehaha Creek Watershed District will hold community meetings and input sessions once the 
Diagnostic Study is finalized MWCD staff will present the findings to the MCWD Board and partners. At 
the community meeting staff will explain the results and post the report online. Staff will use the 
findings, along with input from communities and partners, to develop a long-term strategic plan for 
protecting and improving the Six Mile Creek subwatershed.  

 
1.5 WETLANDS 
 
Wetlands are a predominant feature in the watershed as a result of low gradients and hydric soils 
(Figure 1-6). Historically, wetlands covered approximately 6,238 acres of the watershed (based on 1930 
aerial photos). Since the 1930s, almost 2,000 acres of wetlands have been lost from the watershed, 
likely as a result of increased drainage. These practices continue to impact the remaining wetlands by 
changing the hydrology of the wetland, ultimately affecting its water quality. Increased wet and dry 
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periods can lead to net exports of phosphorus from wetlands, resulting in increased eutrophication of 
the receiving waters. Furthermore, these practices can lead to concentrated water in parts of the 
wetlands that are prone to winterkill. These shallow areas can support carp reproduction in the 
watershed. Carp are a major problem for lake water quality in Six Mile Creek, especially in shallow lakes, 
and ultimately need to be controlled for other restoration efforts to be effective.  
 
Changes to the wetlands in the Six Mile Creek watershed are likely a large contributing factor to current 
conditions in the watershed. Increased phosphorus release, support for invasive species such as carp 
and invasive plants, and changes in the overall drainage behavior of the watershed contribute to water 
quality degradation in the receiving waters. Evaluating and restoring wetlands in the Six Mile Creek 
watershed is critical to restoring ecological functions.   
 
Wetland Management  
 
Wetlands in the Six Mile Creek were classified by the MCWD to identify critical wetlands for protection 
and restoration.  The wetland management classification system was developed based on wetland 
management concepts presented in Storm-Water and Wetlands: Planning and Evaluation Guidelines for 
Addressing Potential Impacts of Urban Storm-Water and Snow-Melt Runoff on Wetlands (State of 
Minnesota Storm Water Advisory Group, 1997) and in other wetland management plans from the Twin 
Cities area. Wetland classifications include: 
 
Preserve 
Avoid and preserve wetland if at all possible. No change in wetland hydrology. No increase in nutrient 
load. 
 
Manage 1 
Minimize impacts to the wetland. Control change in wetland hydrology. Remove sediment and pretreat 
water entering the wetland. 
 
Manage 2 
Minimize impacts to the wetland. Control change in wetland hydrology. Remove sediment from water 
entering the wetland. 
 
Manage 3 
Consider for restoration or enhancement. Where necessary, allow use of wetland for flood storage and 
pretreatment of water entering other, higher quality wetlands. 
 
 
The wetland management classification determines the standard to which the wetland will be managed. 
These classifications provide a reasonable guideline for selecting wetlands for restoration in the Six Mile 
Creek watershed.  
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Figure 1-4  Land use in the Six Mile Creek watershed. 
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Figure 1-5. Proposed annexation for the City of Victoria. 
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Figure 1-6. Current wetlands in the Six Mile Creek watershed. Map provided by the Minnehaha Creek 
Watershed District. 
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Figure 1-7. Wetland management classes in the Six Mile Creek watershed. 
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Figure 1-8. NASS land cover in the Six Mile Creek watershed. 
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2.0        Methods 

2.1 OVERALL APPROACH 
 
To evaluate water quality in the Six Mile Creek watershed, Wenck developed watershed runoff and 
nutrient load models as well as ecological reviews of water resources. Water and nutrient loads to the 
lakes were combined with a lake response models to develop nutrient budgets for the lakes. However, 
restoration of the lakes is linked not only to nutrient loading; ecological conditions also play a large role 
in the condition of the lakes. For example, algal response to increased nutrients is quite different in a 
turbid shallow lake affected by carp than in a shallow lake without carp. Therefore, both fish and 
vegetation data were collected or compiled to better understand the ecological condition of the lakes. 
Once all of this information was analyzed, recommendations were developed for restoration of the lakes 
and watershed.  
 
2.2 WATERSHED MODELING 
 
Watershed modeling was conducted for the Six Mile Creek watershed to develop nutrient and 
phosphorus loads to the lake. The first step was to develop an XP-SWMM model calibrated to annual 
runoff to estimate runoff volumes. Once the volumes were estimated, a P8 model was developed 
matching the XP-SWMM runoff volumes on a monthly basis. Since water quality data are not available 
everywhere in the watershed and the P8 model is limited in agricultural parts of the watershed, a Unit 
Area Load (UAL) model was developed for the watershed. The P8 model was updated to match 
monitored water quality or UAL estimated concentrations. In a few instances, watershed runoff 
concentrations were based on mass balance calculations for particular watersheds. Calibration notes for 
each of the subwatersheds are listed in Appendix A.   
 
XP-SWMM Model 
 
The existing XP-SWMM model for Six Mile Creek was obtained from Emmons and Olivier Resources, Inc. 
(EOR), which completed a Hydrologic and Hydraulics Study for the area in 2005. Wenck Associates used 
this model and modified several parameters for the Six Mile Creek study, including infiltration values, 
impervious fractions, lake evaporation rates, and lake bathymetry to reflect current conditions. The 
model was set to run daily long-term simulations using hourly precipitation and temperature data from 
a National Weather Service station in Chaska, MN. DNR lake level information is available within the 
study area at Pierson Lake, Wassermann Lake, Kelser’s Pond, Stone Lake, Turbid Lake, and Parley Lake. 
The most complete data record at these locations within the period of interest was water-year 2010 
(October 1, 2009 through September 30, 2010). Therefore, Wenck calibrated the model at these 
locations to the 2010 water-year lake elevation data. The model was also calibrated to instantaneous 
MCWD stream monitoring data collected at S006-149, S004-377, S004-361, S003-755, S004-376, S005-
567, S002-754, and S003-752 locations. See Figure 4-2 for locations. See Appendix B for a more detailed 
calibration discussion. 
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Unit Area Load Model 
 
To determine direct watershed loading, a hydrologic budget was calculated and a unit areal load (UAL) 
model was developed for each of the subwatersheds. The hydrologic budget for each of the 
subwatersheds was calculated from the P8 model, which was matched to the XP-SWMM model. The 
UAL model was developed by using the Minnesota Land Cover Classification System (MLCCS 2007) and 
assigning categories a loading rate of lbs TP/acre (Table 2-1). The loading rates for each land use 
category were based on literature review values for land uses in Minnesota (Reckhow et al. 1980). The 
direct watershed loads were then calculated by multiplying the percent of each land use category by its 
respective loading rate. 
 
Table 2-1  Land use loading rates used to estimate runoff concentrations. 

MLCCS Land Use Category Acres Phosphorus Load 
(lbs/acre/year) 

4% to 10% impervious cover 368 0.03 

11% to 25% impervious cover 782 0.03 

26% to 50% impervious cover 998 0.31 

51% to 75% impervious cover 130 0.41 

76% to 90% impervious cover 220 0.41 

91% to 100% impervious cover 211 0.41 

Agriculture 2,829 0.22 

Emergent Marsh 2,193 0 

Forest 2,467 0.03 

Grassland 2,647 0.06 

Open Water 2,309 0 

Row Crops 860 0.13 

Shrubland 122 0.06 

Wetland 140 0 

Corn on hydric soils 36 0.47 

Corn 715 0.47 

 
P8 Model 
 
The P8 model was developed to determine watershed loading for each of the subwatersheds in Six Mile 
Creek. The device volumes used in the P8 model were copied from the XP-SWMM model. The P8 model 
uses the SCS method, which has inputs of curve number and impervious fraction, to simulate runoff. The 
inputs parameters were calculated in GIS using land use and soil type. Since the P8 model and XP-
SWMM model used different runoff methods, the impervious fractions vary slightly between the two. 
The P8 model was calibrated to match stream flow and basin volumes from the XP-SWMM model and 
monitored data. To calibrate the model to the watershed loads, determined through the UAL model and 
monitored data, the pervious and impervious load scale factors were modified.  More details on the P8 
model calibration can be found in Appendix B.  
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2.3 INTERNAL PHOSPHORUS RELEASE  
 
Internal phosphorus loading from lake sediments has been demonstrated to be an important aspect of 
the phosphorus budgets of lakes. However, measuring or estimating internal loads can be difficult, 
especially in shallow lakes that may mix many times throughout the year. To estimate internal loading in 
the lakes, sediment cores were collected from the deepest portion of the lake. Phosphorus release rates 
were then measured in the lab under both anoxic (without oxygen) and oxic (with oxygen) conditions 
(UW-Stout 2012; Appendix C). Sediment chemistry was also collected to evaluate the potential sources 
of phosphorus from the sediment as well as to provide initial dosing calculations for chemical addition. 
These measured release rates are then combined with measured oxygen conditions in the lake to 
estimate the mass of phosphorus released into the water column.  
 
To quantify anoxia, an anoxic factor (AF; Nürnberg 2004), which estimates the period where anoxic 
conditions exist over the sediments, is calculated from the dissolved oxygen profile data. The anoxic 
factor is expressed in days and represents the number of days anoxia existed over an area equal to the 
lake surface area. The anoxic factor is then used along with a sediment release rate to estimate the total 
phosphorus load from the sediments.  
 
2.4 BATHTUB LAKE RESPONSE MODELING 
 
The lake response modeling focuses on total phosphorus, chlorophyll-a and Secchi depth. For this TMDL, 
the BATHTUB model was selected to link phosphorus loads with in-lake water quality. A publicly 
available model, BATHTUB was developed by William W. Walker for the U.S. Army Corps of Engineers 
(Walker 1999). BATHTUB has been used successfully in many lake studies in Minnesota and throughout 
the United States.  
 
BATHTUB is a steady-state annual or seasonal model that predicts a lake’s summer (June – September) 
mean surface water quality. BATHTUB’s time-scales are appropriate because watershed phosphorus 
loads are determined on an annual or seasonal basis, and the summer season is critical for lake use and 
ecological health. BATHTUB has built-in statistical calculations that account for data variability and 
provide a means for estimating confidence in model predictions. The heart of BATHTUB is a mass-
balance phosphorus model that accounts for water and phosphorus inputs from tributaries, watershed 
runoff, the atmosphere, sources internal to the lake, and (if appropriate) groundwater; and outputs 
through the lake outlet, groundwater (if appropriate), water loss via evaporation, and phosphorus 
sedimentation and retention in lake sediments. BATHTUB allows choice among several different mass-
balance phosphorus models.  
 
For deep lakes in Minnesota, the option of the Canfield-Bachmann lake formulation has proven to be 
appropriate in most cases. The Canfield-Bachmann equation is a simple empirical model that predicts 
phosphorus sedimentation and ultimately in-lake phosphorus concentrations based on phosphorus and 
water loads. For shallow Minnesota lakes, other options, such as a second order decay model, have 
often been more useful. BATHTUB’s in-lake water quality predictions include two response variables, 
chlorophyll-a concentration and Secchi depth, in addition to total phosphorus concentration. Empirical 
relationships among in-lake total phosphorus, chlorophyll-a, and Secchi depth form the basis for 
predicting the two response variables. Among the key empirical model parameters is the ratio of the 
inverse of Secchi depth (the inverse being proportional to the light extinction coefficient) to the 
chlorophyll-a concentration. The ratio’s default value in the model is 0.025 meters squared per 
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milligram (m2/mg); however, the experience of Minnesota Pollution Control Agency staff supports a 
lower value, as low as 0.015 m2/mg, as typical of Minnesota lakes in general. 

A BATHTUB lake response model was constructed for key lakes in the Six Mile Creek watershed. The 
selection of the subroutines is based on past experience in modeling lakes in Minnesota and is focused 
on those that were developed based on data from natural lakes. The Canfield-Bachmann natural lake 
model was chosen for the phosphorus model. For more information on these model equations, see the 
BATHTUB model documentation (Walker 1999). Model coefficients are also available for calibration or 
adjustment based on known cycling characteristics. Results of the BATHTUB modeling are included in 
Appendix D. 



 

 3-1 
P:\Capital Projects\12-Six Mile Creek Diagnostic\Feasibility\Diagnostic Studies\Draft Final 6_4_2013\Six Mile Creek Diagnostic and Feasibility Study FINAL DRAFT.docx July 2013 

   

3.0        Lakes and Watershed Description 

3.1 MANAGEMENT UNIT DEVELOPMENT  
 
To facilitate the analyses and planning, the watershed was broken into management units based on 
physical and biological conditions in the watershed (Figure 3-1). Consideration was given to the drainage 
patterns of the watershed, the conditions of the lake, and biological conditions where information was 
available. The first break in the watershed is at the outlet of Lundsten Lake, where the outlet structure 
separates the lower watershed and the upper watershed hydrologically. SWMM modeling for the 
watershed suggested that backwater effects from Lake Minnetonka can reach as far up as Parley Lake. 
However, it is important to note that the SWMM model did not include Halsted Bay, so the observations 
are based on Halsted Bay lake elevations where available.   
 
Other breaks were determined using the conditions of the lake biological communities such as fish 
populations or submerged aquatic vegetation. For Example, North and South Lundsten lakes appear to 
be biologically separated in that South Lundsten Lake is infested with carp and lacks submerged aquatic 
vegetation, whereas North Lundsten Lake has a healthy, robust submerged aquatic vegetation 
community and little or no evidence of carp activity. These differences suggested that their drainage 
areas be divided into separate management units.  
 
Land use was also a consideration in the selection of the management units. For example, the Carver 
Park Reserve Management Unit is mostly open parkland managed by the Three Rivers Park District. This 
distinction led to grouping this area into one management unit with similar land management and water 
resource conditions.  
 
The Six Mile Creek watershed was broken into five Management Units including Pierson-Marsh-
Wassermann, Carver Park Reserve, Turbid-Lundsten, Auburn-North Lundsten, and Parley-Mud. Each of 
these units were assessed as individual subwatersheds but also as a whole based on interactions among 
the Watershed Management Units.  
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Figure 3-1. Watershed Management Units in the Six Mile Creek watershed. 
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3.2 WATER QUALITY MONITORING 
 
Water quality in Minnesota lakes is often evaluated using three associated parameters: total 
phosphorus, chlorophyll-a, and Secchi depth. Total phosphorus is typically the limiting nutrient in 
Minnesota’s lakes, meaning that algal growth will increase with increases in phosphorus. However, 
there are cases where phosphorus is widely abundant and the lake becomes limited by nitrogen or light 
availability. Chlorophyll-a is the primary pigment in aquatic algae and has been shown to have a direct 
correlation with algal biomass. Since chlorophyll-a is a simple measurement, it is often used to evaluate 
algal abundance rather than expensive cell counts. Secchi depth is a physical measurement of water 
clarity by lowering a black and white disk until it can no longer be seen from the surface. Higher Secchi 
depths indicate less light-refracting particulates in the water column and better water quality. 
Conversely, high total phosphorus and chlorophyll-a concentrations point to poorer water quality and 
thus lower water clarity. Measurements of these three parameters are interrelated and can be 
combined into an index that describes water quality.  
 
Extensive water quality monitoring has been conducted in the Six Mile Creek watershed by the 
Minnehaha Creek Watershed District and the Three Rivers Park District (Figure 3-2). Data includes both 
in-lake monitoring (Table 3-1) and stream monitoring (Table 3-2). 
 
Most of the lakes were sampled periodically over the past ten years with only South Lundsten having 
one year of data available.  
 
Table 3-1. Available lake monitoring data in the Six Mile Creek watershed. 

Site Parameter Year 

Pierson Chl-a, Secchi, TP, TKN 2002-2003, 2005-2011 

Marsh Chl-a, Secchi, TP, TSS 2010-2012 

Wassermann Chl-a, Secchi, TP, OP, TKN 2000-2011 

Carl Krey Chl-a, Secchi, TP, TSS 2006-2008, 2012 

Church Chl-a, Secchi, TP, TSS 2006-2008, 2012 

Kelser's Chl-a, Secchi, TP, TKN 2009-2012 

Steiger Chl-a, Secchi, TP, OP 2000, 2002-2003, 2005-2006, 2008, 2010-
2012 

Zumbra Chl-a, Secchi, TP, OP, TKN 2000-2012 

Stone Chl-a, Secchi, TP, OP 2000, 2002, 2007-2008, 2010-2012 

East Auburn Chl-a, Secchi, TP, TKN 2006-2008, 2010, 2012 

West Auburn Chl-a, Secchi, TP, OP 2002-2012 

Turbid Chl-a, Secchi, TP, TKN 2006-2008, 2010-2012 

South 
Lundsten 

Chl-a, Secchi, TP, TKN 2012 

North 
Lundsten 

Chl-a, Secchi, TP, TKN, TSS 2006-2008, 2010-2012 

Mud Chl-a, Secchi, TP, TKN, TSS 2006-2008, 2012 

Parley Chl-a, Secchi, TP, TKN 2000-2003, 2004-2011 

 
Stream sampling occurred at 13 different sites in the Six Mile Creek watershed over the past 13 years 
(Figure 3-2). Because the watershed is so flat, long term daily flow records were difficult to develop. 
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Currently, all of the flow data available are discrete flow samples. However, MCWD is currently 
developing a long term continuous flow monitoring station just downstream of the Mud Lake outlet. 
MCWD is planning on deploying newer technology that can detect very low flows and correct for 
backwater effects that may be caused by Halsted’s Bay. These data allow for future improvements of 
the hydrologic models.  
 
Table 3-2. Available stream monitoring data. 

Site Parameter Year 

S002-754 Flow*; TP, OP, TKN, TSS 2000- 2012 

S003-752 Flow 2001-2002, 2005-2012 

 TP, OP, TKN, TSS 2000-2003, 2005-2012 

S003-753 Flow 2001, 2003-2005 

 TP, OP, TKN, TSS 2001-2005 

S003-754 Flow; TP, OP, TKN, TSS 2005 

S003-755 Flow 2005, 2007-2012 

 TP, OP, TKN, TSS 2003, 2005, 2007-2012 

S004-361 Flow; TP, OP, TKN, TSS 2006-2012 

S004-375 Flow; TP, OP, TSS 2006 

S004-376 Flow; TP, OP, TKN, TSS 2006-2012 

S004-377 Flow; TP, OP, TKN, TSS 2006-2012 

S004-426 Flow; TP, OP, TSS 2006 

S004-427 Flow; TP, OP, TSS 2006 

S005-567 Flow; TP, OP, TKN, TSS 2009-2012 

S006-149 Flow; TP, OP, TKN, TSS 2010-2012 

* All flows were discrete samples 
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Figure 3-2. Water quality monitoring locations in the Six Mile Creek watershed. 
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3.3 FISHERIES ASSESSMENT 
 
Fisheries in each of lakes were assessed using available DNR Fish Surveys. Following is a description of 
the methods used to describe and assess the fish communities in the Six Mile Creek watershed.  
 
DNR Fish Surveys 
 
Standard survey methods used by the DNR include gill net and trap nets. These sampling methods do 
have some sampling bias, including focusing on game management species (i.e., northern pike and 
walleye), under-representing small minnow and darter species presence/abundance, and under- 
representing certain management species, such as largemouth bass. The current methods also likely 
under-represent carp populations in the lakes. However, in our experience, when carp are present in the 
lakes, the sampling methods do capture some of the population. So, although carp density is likely 
under-represented, the methods provide a reasonable year-to-year comparison.   
 
Fish community data for each lake was summarized by trophic groups. Species within a trophic group 
serve the same ecological process in the lake (i.e., panfish species feed on zooplankton and 
invertebrates and may be prey). Analyzing all the species as a group is often a more accurate summary 
of the fish community then analyzing individual species trends. Trophic groups include top predators 
(pike, walleye, bass), panfish (sunfish, crappie), forage species (perch), and rough fish (bullheads, carp). 
Carp are typically displayed separately from other rough fish in the lake due to their particularly 
destructive nature.  
 
Carp 
 
Common carp have both direct and indirect effects on aquatic environments. Carp uproot aquatic 
macrophytes during feeding and spawning and resuspend bottom sediments and nutrients. These 
activities can lead to increased nutrients in the water column, ultimately resulting in increased nuisance 
algal blooms. Standard DNR methods are not particularly effective at capturing carp and are limited in 
developing carp population estimates. To begin to understand the extent of carp populations, Wenck 
compiled DNR fish survey information and anecdotal reports of carp movement in the Six Mile Creek 
watershed. MCWD plans to work with Dr. Peter Sorenson at the University of Minnesota to conduct a 
comprehensive carp assessment in the Six Mile Creek watershed.  
 
3.4 AQUATIC VEGETATION  
 
Aquatic plants are beneficial to lake ecosystems, providing spawning and cover for fish, habitat for 
macroinvertebrates, refuge for prey, and stabilization of sediments. However, in high abundance and 
density they limit recreation activities, such as boating and swimming, and may reduce aesthetic value. 
Excess nutrients in lakes can lead to non-native, invasive aquatic plants taking over a lake. Some exotics 
can lead to special problems in lakes. For example, under the right conditions, Eurasian watermilfoil can 
reduce plant biodiversity in a lake because it grows in great densities and out-competes all the other 
plants. Ultimately, this can lead to a shift in the fish community because these high densities favor 
panfish over larger game fish. Species such as curly-leaf pondweed can cause very specific problems by 
changing the dynamics of internal phosphorus loading. All in all, there is a delicate balance within the 
aquatic plant community in any lake ecosystem.  
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The littoral zone, defined as that portion of the lake that is less than 15 feet deep, is where the majority 
of the aquatic plants are found. The littoral zone of the lake also provides the essential spawning habitat 
for most warm water fishes (e.g. bass, walleye, and panfish). The key is fostering a diverse population of 
rooted aquatic plants that is dominated by native (non-invasive) species. 
 
Aquatic Plant Surveys 
 
Three Rivers Park District, Army Corps of Engineers, Wenck, and MCWD completed plant surveys in the 
Six Mile Creek watershed using point intercept surveys (Table 3-3). Spring surveys were conducted in 
2012 on key lakes without spring data to assess curly-leaf pondweed populations, time permitting. 
Spring and fall surveys were conducted on key shallow lakes where vegetation plays a key role in water 
quality conditions in the lake.  
 
Table 3-3. Plant surveys in the Six Mile Creek watershed. 

Lake 2012 Survey* Previous Plant Surveys (Fall) 

Pierson  None McComas 2011 

Marsh Spring; Fall   

Wassermann Spring McComas 2011 

East Auburn Spring  2007 (Army Corps); 2009 & 2010 (Three Rivers) 

West Auburn Spring 2007 (Army Corps); 2009 & 2010 (Three Rivers) 

Lundsten Spring; Fall  

Mud Spring; Fall   

Carl Krey Spring; Fall   

Steiger  None 2008 (Three Rivers) 

Zumbra  None 2007 (Army Corps); 2009 & 2010 (Three Rivers) 

Stone  None 2008 (Three Rivers) 

Turbid1 Spring; Fall  MCWD 2013 

Kelser’s1 Spring; Fall  MCWD 2013 

* All surveys conducted were point-intercept surveys. 
1MCWD staff plan on conducting plant surveys during the Spring and Fall of 2013.  

 
DNR Vegetation Surveys 
 
The Minnesota DNR also collects vegetation data along with fish surveys on the lakes. The Minnesota 
DNR use transects methods to collect data, which is limited in scope for the lakes. However, the data do 
provide a good snapshot of aquatic vegetation at the time the fish surveys were conducted.  
 
3.5 PIERSON-MARSH-WASSERMANN MANAGEMENT UNIT 
 
The Pierson-Marsh-Wassermann Management Unit includes the Pierson and Wassermann drainage 
areas as well as the wetland area between Wassermann Lake and East Auburn Lake (Figure 3-4). The 
drainage area starts at Pierson Lake and flows through Marsh Lake and then Wassermann Lake. 
Wassermann discharges into a large wetland that also receives drainage from Carl Krey and Church lakes 
as well as Kelser’s Pond before discharging into East Auburn Lake. The watershed is mostly agricultural 
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in the headwaters except for heavy development along the shores of Pierson Lake. Development in the 
watershed starts to show up in the Wassermann watershed with single family residential and downtown 
Victoria. Wassermann Lake also receives drainage from the Deer Run Golf Club. The management unit is 
a mix of agriculture, development, and low-lying wetlands that are hydrologically connected through the 
drainage network.  
 
Morphology 
 
There are six lakes in the Pierson-Marsh-Wassermann Management Unit, including three on the main 
stem of the creek and three tributary to the creek. Marsh and Carl Krey are shallow lakes with average 
depths less than 6 feet and maximum depths of 5 and 16 feet, respectively (Table 3-4). Although Carl 
Krey is a shallow lake, it has a small watershed and a long residence time. Other than Pierson and 
Church lakes, all of the lakes have shallow characteristics with littoral areas greater than 60% of the lake.  
 
Table 3-4. Physical characteristics of lakes in the Pierson-Marsh-Wassermann Management Unit. 

Parameter Pierson Marsh Wassermann Carl Krey Church Kelser's 

Surface Area (acres) 297 143 164 50 16 21 

Average Depth (ft) 18.1 2.8 10.3 5.7 13 10 

Maximum Depth (ft) 40 5 41 16 54 34 

Volume (acre-feet) 5,383 394 1,698 353 207 200 

Residence Time 
(years) 

6.0 0.6 0.94 1.9 0.9 2.5 

Littoral Area (acres) 119 143 112 50 7 13 

Littoral Area (%) 40% 100% 68% 99% 46% 62% 

Direct Watershed 
Area (acres) 

903 250 876 265 109 87 

 
Water Quality 
 
In-lake total phosphorus and chlorophyll-a over the past 13 years were evaluated to identify water 
quality conditions in the management unit (Figure 3-4; Appendix E). Water quality is relatively good in 
Pierson and Marsh lakes, with total phosphorus concentrations typically below the state water quality 
standards for shallow and deep lakes (<60 µg/L and <40 µg/L as a summer average, respectively). 
However, water quality is significantly degraded in downstream Wassermann Lake with total 
phosphorus concentrations ranging between 60 and 80 µg/L and some values over 100 µg/L. 
Chlorophyll-a concentrations are quite high in Wassermann Lake, ranging between 40 and 60 µg/L with 
severe algal blooms as high as 80 µg/L. Both Carl Krey Lake and Kelser’s Pond have relatively good water 
quality with total phosphorus values typically below 40 µg/L. Church Lake has high total phosphorus 
concentrations, with some values exceeding 160 µg/L. Overall, lake water quality in the management 
unit is mixed, with the headwater lakes demonstrating fair water quality while downstream lakes tend 
to demonstrate poor water quality. 
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Figure 3-3. The Pierson-Marsh-Wassermann Management Unit. 
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Figure 3-4. Lake total phosphorus and chlorophyll-a concentrations over the past 13 years. 
 
To evaluate sources, total phosphorus concentrations were plotted from upstream to downstream 
including both total phosphorus and ortho-phosphorus where available (Figure 3-5). Phosphorus 
concentrations are relatively low through Pierson and Marsh lakes. However, the outlet of Marsh Lake 
demonstrated significantly higher phosphorus concentrations than in-lake measurements, suggesting 
that the downstream end of Marsh Lake may be contributing phosphorus, possibly through internal 
release or carp activity. The next monitoring station is Wassermann Lake, which receives water from 
other drainage areas as well as Marsh Lake. Six Mile Creek flows out of Marsh Lake through a large 
wetland before entering Wassermann Lake. It is possible that this wetland area is contributing 
phosphorus to Wassermann Lake; however, data need to be collected to verify the role of this wetland.  
 

 
Figure 3-5. Total and ortho-phosphorus concentrations in the Pierson-Marsh-Wassermann 
Management Unit. 
Note: Data is plotted upstream to downstream where possible. 
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The next downstream station is S003-755, which is the inlet to East Auburn Lake. The area between 
Wassermann Lake and East Auburn Lake is a large wetland area that receives drainage from 
Wassermann, Carl Krey, and Church lakes as well as Kelser’s Pond. Total phosphorus concentrations in 
Kelser’s Pond and Carl Krey Lake are below state water quality standards and therefore not significantly 
contributing phosphorus to East Auburn Lake. Church Lake exceeds state water quality standards and is 
likely contributing phosphorus to East Auburn Lake. However, the Church Lake watershed and 
subsequent phosphorus load is relatively small. Mass balance calculations for the wetland between 
Wassermann and East Auburn lakes suggest that wetland discharge exceeds 800 µg/L total phosphorus 
and may account for over 600 pounds of phosphorus loading to East Auburn Lake annually.  
 
Fisheries 
 
The most recent fish data for the six lakes in the Pierson-Marsh-Wassermann Management Unit were 
reviewed to assess fishery conditions in the lakes (Figures 3-6 and 3-7; Appendix F). Pierson Lake has 
abundant panfish populations and moderate numbers of top predators, although they are large 
individuals. Pierson Lake is primarily managed for hybrid muskellunge and largemouth bass, with 
secondary emphasis on bluegill. The management plan schedules this lake for hybrid muskellunge 
stocking of 1.5 per littoral acre every three years; however, due to availability of stock and lake priority, 
the last four stocking events occurred in 2006, 2001, 1997, and 1994. No data are available for Marsh 
Lake, although field sampling in the summer of 2012 identified heavy carp activity in Marsh Lake. 
Wassermann is managed for northern pike, largemouth bass, and bluegill. Tiger muskellunge have 
previously been stocked, but this has ceased. The last tiger muskellunge stocking was fingerlings in 2006. 
Bluegill abundance is high, as they were collected in trap nets at a rate of 56.6 per net. Bluegill 
abundance and size has fluctuated over the previous assessments. Carp were collected in all three lakes.  
 
Kelser’s Pond is a panfish- and bass-dominated lake with a good balance between top predators and 
panfish populations. Black crappies and black bullhead are very abundant in Church Lake, while top 
predators are lacking. However, no carp were sampled in either of these lakes.  
 
Anecdotal evidence shows carp movement between Wassermann and Marsh lakes, with Marsh Lake 
showing pockets of vegetation degradation from the carp population. A density/surface area survey 
using side scan sonar by a licensed commercial fisherman estimated 140,000 pounds of carp to be 
present in Pierson Lake and 70,000 – 90,000 pounds of carp to be present in Wassermann Lake. Based 
on the carp population and water quality conditions, these lakes appear to be linked and should be 
managed together.  
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Figure 3-6. Fisheries summary by trophic group for the Pierson-Marsh-Wassermann Management 
Unit. 
 

 
Figure 3-7. Fisheries summary by trophic group biomass for the Pierson-Marsh-Wassermann 
Management Unit. 
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Previous efforts to manage carp in Pierson, Marsh, and Wassermann lakes were undertaken by the 
MCWD. Some of these efforts include: 
 

1. Area Partnership for Pierson Lake Enhancement (APPLE) members and neighbors trapped, 

caught, and disposed of 2,685 carp averaging 5 – 6 pounds (~15,000 pounds total) for the month 

of May 2011 (Figure 3-8).     

2. Area Partnership for Pierson Lake Enhancement (APPLE) members and neighbors trapped, 

caught, and disposed of 1,114 carp averaging 5 lbs - 6 lbs. (~6,000 lbs.) for the month of June 

2011.     

3. The licensed commercial fishermen attempted open water seining on the south shoreline of 

Lake Wassermann on May 16, 2011. They were able to net only about 1,000 lbs. of carp. The 

carp were placed in a holding pen. On May 17, 2011, the licensed commercial fishermen baited 

Lake Wassermann with corn in an attempt to bring the carp closer in to the shoreline.  

4. MCWD staff met Don Geyer and his crew at Lake Wassermann for a second attempt at capturing 

the carp using open water seining on May 18, 2011. The nets were set up approximately 300 

feet from shore near the boat landing on the northern part of the lake. The nets were getting 

caught in the mud on the bottom of the lake. The mud was too thick to pull in the nets, so the 

fishermen had no choice but to gather their nets back into their boats. There were no additional 

carp caught at this time.  

Further details on carp management activities undertaken by MCWD can be found in Appendix F.  
 

 

 

 
Figure 3-8. Carp harvested by the Area Partnership for Pierson Lake Enhancement in May 2011. 
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Aquatic Plants 
 
Vegetation data was available for four of the six lakes in the Management Unit including Pierson, Marsh, 
Wassermann and Carl Krey Lake (Figure 3-9). All three of the lakes are dominated by coontail, a native 
species that thrives under more eutrophic (higher nutrient) conditions. Pierson, Marsh, and 
Wassermann all have Eurasian watermilfoil and curly-leaf pondweed present with Pierson Lake 
demonstrating the densest populations. Most of the lakes have some native species still present 
including sago pondweed, bushy pondweed, and flatstem pondweed. Wassermann Lake had the most 
degraded plant community, with only coontail and Eurasian watermilfoil as the only submerged plant 
species found in the lake.  

 
Figure 3-9. Vegetation conditions of lakes in the Pierson-Marsh-Wassermann Management Unit. 
Note: Date includes the most recent fall vegetation surveys. Curly-leaf pondweed was present in both Marsh and Wassermann 
lakes in spring 2012 vegetation surveys (Appendix G) and also present in Pierson Lake.  

 
Nutrient Budgets 
 
Nutrient budgets were developed for the lakes exceeding current state water quality standards 
including Wassermann and Church lakes.   
 
Watershed Sources 
 
Watershed nutrient loading in the Management Unit is highest in the area directly draining to 
Wassermann Lake and the SMC-11 and Church Lake watersheds (Figure 3.10). Nutrient loads were 
relatively low for Pierson and Marsh lakes and Kelser’s Pond. Nutrient loading was highest in the SMC-11 
subwatershed where runoff concentrations appear to exceed 800 µg/L total phosphorus. Although the 
highest loading to Church Lake appears to be the direct watershed to the lake, opportunities for nutrient 
reductions are also available in SMC-8, which includes a good part of the Deer Run Golf Club.  
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Figure 3-10. Watershed nutrient loading in the Pierson-Marsh-Wassermann Management Unit. 
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Internal Loading 
 
Internal release rates were measured in both Marsh and Wassermann lakes under oxic and anoxic 
conditions. For Marsh Lake, no phosphorus release occurred under oxic or anoxic conditions (Table 3-5). 
In Wassermann Lake, cores were collected from a shallow area to assess oxic release and the deep hole 
to assess anoxic release. Wassermann Lake demonstrated a low to moderate phosphorus release rate 
(Table 3-5). More detailed information on phosphorus release rates and sediment chemistry can be 
found in Appendix C.   
 
Table 3-5. Measured internal release rates for lakes in the Pierson-Marsh-Wassermann Management 
Unit. 

Lake Oxic P Release Anoxic P Release 

(mg/m2/day) (mg/m2/day) 

Marsh 0.0 0.0 

Wassermann (shallow) 0.5 -- 

Wassermann (deep) -- 3.7 

 
Nutrient Budgets 
 
External and internal loads were used to develop nutrient budgets for key lakes in the Management 
Unit.  
 
Wassermann Lake  
 
Nutrient sources for Wassermann Lake are dominated by direct watershed drainage areas followed by 
internal loading and contributions from upstream lakes including Pierson and Marsh lakes (Figure 3-11). 
Internal release rates are moderate to low, suggesting that external loads are driving more of the 
nutrient budget for Wassermann Lake. Upstream lake contributions are small, with low phosphorus 
concentrations.   
 

 
Figure 3-11. Average nutrient loading to Wassermann Lake. 
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To meet state water quality standards, a 60% load reduction is necessary with approximately two-thirds 
coming from watershed reductions and the remaining coming from internal load reductions. Watershed 
sources likely include the large wetland between Marsh Lake and Wassermann Lake, as well as the 
drainage area to the east of the lake (Table 3-6). A few septic systems likely need to be upgraded in the 
watershed.  
 
Table 3-6. Nutrient loads and required reductions to meet state water quality standards (<40 μg/L TP) 
in Wassermann Lake. 

Source Existing TP Load  TP Allocations Load Reduction 

  (lbs/year) (lbs/year) (lbs/year) % 

Drainage Areas 613 156 457 75% 

SSTS 9 0 9 100% 

Upstream Lakes 83 83 0 0% 

Atmosphere 39 39 0 0% 

Internal Load 374 165 209 56% 

TOTAL 1,118 443 675 60% 

 
Church Lake 
 
Phosphorus loading to Church Lake is dominated by watershed sources representing 78% of the 
phosphorus budget to the lake (Figure 3-12). Internal loading is the next largest source at 18% of the 
nutrient load. Phosphorus reductions need to focus on watershed sources.  
 

 
Figure 3-12. Average nutrient loading to Church Lake. 
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For Church Lake to meet state water quality standards, phosphorus loading needs to be reduced by 
almost 64% with the majority coming from watershed loading (Table 3-7). Internal loading also needs to 
be reduced, although it is such a small source that this should be the last step in the restoration process.  
 
Table 3-7. Nutrient loads and required reductions to meet state water quality standards (<40μg/L TP) 
in Church Lake. 

Source 

  

Existing TP Load 1 TP Allocations Load Reduction 

(lbs/year) (lbs/year) (lbs/year) % 

Drainage Areas 132 49 83 63% 

SSTS 3 0 3 100% 

Atmosphere 4 4 0 0% 

Internal Load 15 3 12 80% 

TOTAL 154 56 98 64% 

 
3.6 CARVER PARKE RESERVE DRAINAGE 
 
The Carver Park Reserve Management Unit includes most of the lakes in the Carver Park Reserve, which 
all have relatively good water quality (Figure 3-13). These lakes receive most of their drainage from the 
relatively undeveloped park areas and are managed by the Three Rivers Park District. Drainage in much 
of the area can be quite complex, with the Stone Lake drainage having numerous water control 
structures. There are also some backwater conditions, with Zumbra Lake reportedly receiving much of 
its water as backflow from Sunny Lake. Steiger Lake has a relatively straightforward drainage pattern, 
draining directly to East Auburn Lake.  
 
Morphology 
 
There are three major lakes in the Carver Park Reserve Management Unit including Steiger, Stone and 
Zumbra lakes (Table 3-8). Two other lakes in the watershed are Crosby Lake and Sunny Lake, but neither 
has bathymetric information. The three major lakes are deep lakes with maximum depths greater than 
30 feet and average depths greater than 10 feet. Both Crosby Lake and Sunny are thought to be shallow 
basins. All three of the deep lakes have relatively small watersheds and long residence times. Sunny lake 
is connected to Zumbra Lake and backflows into the lake. However, water quality has not been 
measured in Sunny Lake.  
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Figure 3-13. The Carver Park Reserve Management Unit. 
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Table 3-8. Physical characteristics of lakes in the Carver Park Reserve Management Unit. 

Parameter Steiger Stone Zumbra 

Surface Area (acres) 166 99 193 

Average Depth (ft) 13.2 10.2 14.9 

Maximum Depth (ft) 37 30 50 

Volume (acre-feet) 2,183 1,009 2,872 

Residence Time 
(years) 

2.8 1.8 12.0 

Littoral Area (acres) 103 71 77 

Littoral Area (%) 62% 72% 40% 

Watershed (acres) 412 692 331 

 
Water Quality Monitoring 
 
Lakes in the Carver Park Reserve demonstrate relatively good water quality with typical summer average 
total phosphorus concentrations below state water quality standards (Figure 3-14, Appendix E). Stone 
Lake has historically demonstrated summer average concentrations above the state water quality 
standards, but water quality has been improving over the past 10 years and has not exceeded the 
standard since 2007. Steiger Lake exceeded the standard in two of the past ten years, but only slightly. 
Chlorophyll-a concentrations are low in all three lakes.  
 

 
Figure 3-14. Lake total phosphorus and chlorophyll-a concentrations over the past 13 years. 
 
Measured phosphorus concentrations in the watershed are relatively low coming out of the lakes, but 
jump significantly prior to discharging to Auburn Lake (Figure 3-15; site S003-754). The jump in 
phosphorus between the lakes suggests that the wetland area is contributing phosphorus to surface 
waters. The same phenomenon occurs between the outlet of Sunny Lake as it discharges to East Auburn 
Lake. These jumps in concentration with little additional contributing area suggest that the wetlands 
have been impacted in a way to cause them to discharge phosphorus. Carp could play a role in the 
discharge by stirring up sediments, but altered wetland hydrology may also be a factor.  
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Figure 3-15. Total and ortho-phosphorus concentrations in the Carver Park Reserve Management Unit. 
Note: Data is plotted upstream to downstream where possible.  

 
Fisheries 
 
All of the lakes demonstrated relatively large panfish populations (Figures 3-16 and 3-17; Appendix F). 
According to the Minnesota DNR, bluegill in Zumbra Lake are becoming stunted. In the Metro area, 
stunting in size is likely due to overpopulation and size-selective harvest by anglers. Overpopulation 
reduces the amount of food available to all fish, reducing growth rates. Harvest of larger (keeper size) 
fish by anglers reduces the number of quality fish in a lake. Harvesting large fish also removes the 
spawning stock and reduces the biological incentive to grow large. Larger fish compete for spawning 
habitat and food more effectively. Stunted panfish populations can also present a large grazing pressure 
on large zooplankton, which are key algal grazers. However, chlorophyll-a concentrations in Zumbra 
Lake are not out of line with expected response to phosphorus concentrations.  
 
A catch-and-release regulation for largemouth bass and northern pike was implemented in 1988 for 
Steiger Lake. Efforts to increase the size of panfish in Steiger Lake through a catch and release regulation 
for large-mouth bass and walleyes (sic) have been unsuccessful (Larry Gillette, pers. comm.). 
 
All three of the lakes have relatively low rough fish population. Rough fish are present in low numbers in 
Zumbra Lake and common carp were not sampled in the 2010 survey. Black bullhead abundance in 
Zumbra Lake decreased to an all-time low in the most recent survey. Bullhead relative abundances in 
Stone Lake are down from the 1991 assessment that demonstrated black and brown bullheads in excess 
of both state and local averages. Common carp numbers remain average in Steiger Lake (Figures 3-16 
and 3-17).  
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Figure 3-16  Fisheries summary by trophic group for Stone, Zumbra/Sunny, and Steiger lakes. 
 

 
Figure 3-17  Fisheries summary by trophic group biomass for Stone, Zumbra/Sunny, and Steiger lakes. 
 
Sunny Lake suffers from frequent winterkills and may allow carp reproduction (Larry Gillette, pers. 
comm.). Stone Lake suffered a couple of winterkills in the late 1970s and early 1980s, but has not been 
observed since. There is a culvert between Zumbra Lake and Sunny Lake that acts as an equalizer 
between the lakes. Based on field observations from Three Rivers Park District staff, carp congregate at 
this culvert in both directions depending on the direction of flow. 
 
There is a water control structure between Sunny Lake and Stone Lake that effectively keeps carp out of 
Stone Lake. The control is on the upstream side of the culvert under the bike trail that runs along the 
north side of Sunny Lake. Three Rivers Park District staff report never observing a carp in Stone Lake or 
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in the marsh between Stone Lake and Sunny Lake, but carp have gathered just below the control 
structure by Sunny Lake.   
 
Crosby Lake, which flows into Stone Lake, is shallow and winterkills frequently. However, carp have not 
been observed in the lake and bullheads and green sunfish move into the basins annually. 
 
The flow between Lake Auburn and Steiger lakes is more intermittent and flows through a cattail marsh, 
both of which may limit the movement of carp (Larry Gillette, pers. comm.). Carp are in Steiger Lake, but 
it may be primarily the result of reproduction within the lake. 
 
Aquatic Plants 
 
Aquatic vegetation data were available for Zumbra and Steiger Lake (Figure 3-18; Appendix G), but no 
data are available for Sunny or Stone lakes. Both of the lakes are dominated by coontail, a native species 
tolerant of more eutrophic conditions. Both lakes have Eurasian watermilfoil and curly-leaf pondweed 
with Steiger being heavily infested with Eurasian watermilfoil. Both lakes also have occasional 
occurrences of native species and would likely benefit from long-term control of the invasives to allow 
the natives to flourish. Nutrient control over the long term will also help reduce the coontail population 
and allow room for other native species.  
 
Sunny Lake in particular needs a vegetation survey. The lake has been known to winterkill in the past 
and may be in a turbid water state. Restoration may need to focus on reestablishing the submerged 
aquatic vegetation community and preventing winterkill; however, vegetation survey data is needed to 
confirm this hypothesis.  
 

 
Figure 3-18. Vegetation survey data for lakes in the Carver Park Reserve Management Unit. 
Note: Both Zumbra and Steiger had curly-leaf pondweed in spring surveys (Appendix G).  
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Nutrient Budgets 
 
Nutrient budgets for the lakes were developed for those lakes that demonstrate degraded water quality 
conditions. Of those lakes with measured water quality, only Stone and Steiger lakes have years that 
exceeded state water quality standards, and both of these lakes have not exceeded the standard since 
2007 and 2006, respectively. Consequently, nutrient budgets and reductions were not developed for 
these lakes. Rather, watershed areas that demonstrate a high potential for loading were assessed for 
protection projects.  
 
Watershed Sources 

Watershed sources are highest in the southern portions of the watershed and the land area draining to 
East Auburn Lake (Figure 3-19). Both SMC-15 and SMC-25 demonstrated runoff concentrations greater 
than 1 mg/L phosphorus, likely as a result of degraded wetlands between the outlets of the lakes and 
the inflow into East Auburn Lake. Loading to Steiger Lake appears to be a little higher due to 
development in the watershed; however, water quality in the lake is relatively good and watershed 
practices can be considered protection activities.  
 
Internal Loading 

In the Carver Park Reserve Management Unit, only Stone Lake was assessed for internal phosphorus 
release. One set of cores was collected from the deep spot in the lake and analyzed for anoxic 
phosphorus release (Table 3-9). Stone Lake demonstrated a moderate internal phosphorus release rate 
typical of mesotrophic to slightly eutrophic lakes. More detailed information on phosphorus release 
rates and sediment chemistry can be found in Appendix C.   
 
Table 3-9. Measured internal release rates for lakes in the Carver Park Reserve Management Unit. 

Lake 
Oxic P Release Anoxic P Release 

(mg/m2/day) (mg/m2/day) 

Stone Lake -- 3.5 

 
Nutrient Budgets 
 
Stone Lake 
 
Water quality in Stone Lake has improved every year since 2000, with the last three years meeting state 
water quality standards. Based on these results, Stone Lake and its watershed should be considered 
protection areas unless future monitoring shows deterioration of water quality in the lake.  
 
Zumbra and Sunny Lakes 
 
Zumbra Lake has excellent water quality likely due to its very small watershed. Sunny is connected to 
Zumbra, but water quality data are not available for the lake. Water quality is expected to be good 
because the majority of the lake’s water comes from Stone and Zumbra lakes, which have very good 
water quality. Consequently, it is likely that management should focus on ecological management, such 
as preventing fish kills and managing submerged aquatic vegetation.  
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Figure 3-19. Phosphorus loading in the Carver Park Reserve Management Unit.  
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Steiger Lake 
 
Steiger Lake has fairly good water quality in those years where greater than four samples were 
collected. Based on its water quality, Steiger Lake is considered more of a protection area. Managing 
stormwater runoff from the watershed will benefit the lake in the long term. In fact, MCWD engaged in 
a wetland restoration in 2012 in one of the primary inlets to Steiger Lake from the City of Victoria to 
reduce nutrient loading. The wetland is located on the south side of Highway 5, between 80th Street and 
78th Street West in Victoria. More information on this project can be found in Section 4.5.  
 
3.7 AUBURN-NORTH LUNDSTEN DRAINAGE 
 
This management unit includes Auburn and North Lundsten lakes. These lakes act as collection points 
from the rest of the upper watershed, receiving drainage from Sunny, Steiger, Wassermann, Church, and 
Carl Key lakes as well as Kelser’s Pond. All three of these lakes have healthy, dense aquatic vegetation 
populations, suggesting minimal impacts from carp. Additionally, water quality in both North Lundsten 
and West Auburn lakes is good, with East Auburn Lake taking the brunt of water quality impacts from 
the upper watershed. These similarities led to the formation of the Auburn-North Lundsten 
Management Unit.  
 
Morphology 
 
There are three lakes in the Auburn-North Lundsten Management Unit, including East and West Auburn 
lakes, which are essentially two bays of a large lake connected by a small shallow channel. East Auburn 
Lake is a deep lake with a large littoral area while West Auburn is deep with a small littoral area. West 
Auburn Lake has a very long residence time. North Lundsten Lake is a classic shallow lake with an 
average depth of 4 feet and a maximum depth of 7 feet. North Lundsten Lake has a very short residence 
time, flushing on average once every 36 days (Table 3-10, Figure 3-20).  
 
Table 3-10. Physical characteristics of lakes in the Auburn-North Lundsten Management Unit. 

Parameter East Auburn West Auburn North Lundsten 

Surface Area (acres) 148 145 114 

Average Depth (ft) 12.0 25.0 4.4 

Maximum Depth (ft) 40 80 7 

Volume (acre-feet) 1,781 3,615 508 

Residence Time 
(years) 

0.7 4.7 0.1 

Littoral Area (acres) 42 83 114 

Littoral Area (%) 28% 58% 100% 

Watershed (acres) 214 184 232 
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Figure 3-20. The Auburn-North Lundsten Management Unit. 
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Water Quality Monitoring 
 
East Auburn Lake demonstrates some eutrophication, with four out of the last five monitoring years 
exceeding the state water quality standards (Figure 3-21). Chlorophyll-a values are typical of lakes with 
these phosphorus levels. West Auburn Lake, which receives most of its drainage from East Auburn Lake, 
demonstrates very good water quality with all the years meeting the state water quality standard in the 
past 13 years.  
 
Water Quality in North Lundsten Lake has some potential for eutrophication, although none of the 
summer average data with four or more samples exceeded the water quality standard. Furthermore, the 
lake receives most of its drainage from West Auburn Lake and South Lundsten Lake, with only South 
Lundsten Lake having very poor water quality.  
 

 

Figure 3-21. Lake total phosphorus and chlorophyll-a concentrations over the past 13 years. 
 

In this part of the Six Mile Creek drainage, water flows through East then West Auburn lakes before 
discharging through a large wetland to North Lundsten Lake. Total phosphorus decreases from East to 
West Auburn, but increases again at the outlet of West Auburn Lake. Phosphorus concentrations then 
slightly increase as they move through the system and out to Parley Lake. It is not clear why phosphorus 
concentrations jump at the outlet of the lake, but the increase is likely due to increased loading from 
other parts of the watershed, such as South Lundsten Lake. Overall, the key drivers for water quality in 
this segment of the watershed are East Auburn Lake and inflow from South Lundsten Lake (Figure 3-22).  
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Figure 3-22. Total and ortho-phosphorus concentrations in the Auburn-North Lundsten Management 
Unit. 
Note: Data is plotted upstream to downstream where possible.  

 

Fisheries 
 
Auburn Lake was sampled for fish in 2012 by the Minnesota DNR (Figure 3-23; Appendix F). No data are 
available for North Lundsten Lake. The fish population in Auburn Lake is relatively balanced with a large 
panfish population. The Minnesota state record largemouth bass was caught from Auburn Lake on 
October 5, 2005. The fish measured 23.5 inches and weighed 8 pounds 15 ounces. Although bass are not 
sampled well by trap and gill nets, there does appear to be a healthy top predator population in the 
lake.  

 

Figure 3-23. Fisheries summary by trophic group for the Auburn-North Lundsten Management Unit. 
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East Auburn Lake has reportedly winterkilled in the past but has not in recent years (Larry Gillette, pers. 
comm). Carp reproduction in East Auburn Lake appears possible, but there is no direct evidence of this 
occurring in the past.   
 
Carp can move upstream out of Lake Auburn in three directions. They can go east up seasonal streams 
under Highway 11 to Sunny Lake or to Steiger Lake. They can also go south under Highway 5 into 
Wassermann Lake and Pierson Lake. The flow between Lake Auburn and Steiger lakes is more 
intermittent and it flows through a cattail marsh, which may limit the movement of carp. However, carp 
can move freely to and from Sunny Lake, which has been known to frequently winterkill.  
 
Fish movement upstream from North Lundsten Lake was initially blocked by a riprap dam that washed 
out in the late 1990s. A carp barrier/trail crossing culvert is now located at the site of the former riprap 
dam, which is just upstream from the inflow to North Lundsten Lake from West Auburn Lake (Figure 3-
24). This culvert has been in place 3-4 years and it may stop carp movements upstream into Lake 
Auburn. Some carp go downstream from North Lundsten Lake to Parley Lake, bypassing the control 
structure, especially during periods of high water. 
 

 
Figure 3-24. The location of the potential carp barrier just upstream of North Lundsten Lake. 
 
Overall, none of these lakes demonstrate significant impacts from carp populations. All three lakes have 
healthy, robust submerged aquatic vegetation populations. No fish surveys have been conducted in 
North Lundsten Lake, but it does not appear to have a high density of carp.  
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Aquatic Plants 
 
All three of the lakes in the Management Unit had recent vegetation survey data. The three lakes are 
dominated by coontail, a native species that is tolerant of more eutrophic conditions. East and West 
Auburn lakes are dominated by Eurasian watermilfoil and all three lakes have curly-leaf pondweed. 
Eurasian watermilfoil was not found in North Lundsten Lake. A few native species still occur in the lakes, 
including some native pondweeds such as sago and narrow leaf pondweeds (Figure 3-25; Appendix G). 
 

  
Figure 3-25. Aquatic vegetation in the Auburn-North Lundsten Management Unit. 
Note: All three lakes contained curly-leaf pondweed in spring surveys.  

 
Nutrient Budgets 
 
Watershed Sources 
 
Nutrient loading in the direct subwatersheds to East and West Auburn and North Lundsten lakes is 
relatively low. Most of the load to these lakes comes from upstream lakes, such as Wassermann Lake 
and South Lundsten Lake. The two subwatersheds between Sunny and Steiger lakes, SMC15 and SMC-
25, also are large contributors to East Auburn Lake. A third large contributor is the large wetland 
between Wassermann Lake and East Auburn Lake (SMC-11, Figure 3-26).  
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Figure 3-26. Watershed loading in the Auburn-North Lundsten watershed. 
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Internal Loading 
 
Cores were collected from East Auburn Lake and North and South Lundsten lakes to determine internal 
sediment phosphorus release rates. East Auburn demonstrated a moderate release rate under anoxic 
conditions, whereas North Lundsten had relatively low rates more typical of mesotrophic lakes. South 
Lundsten demonstrated very high internal release rates with oxic loading at 6 mg/m2/day. To put this in 
perspective, the majority of other lakes measured for oxic phosphorus release in Minnesota were less 
than 0.6 mg/m2/day. Anoxic release rates in South Lundsten Lake were high, typical of highly eutrophic 
lakes (Table 3-11).  
 
Table 3-11. Measured internal release rates for lakes in the Auburn-North Lundsten Management 
Unit. 

Lake Oxic P Release 
(mg/m2/day) 

Anoxic P Release 
(mg/m2/day) 

East Auburn -- 7.0 

South Lundsten 6 14.4 

North Lundsten 0.3 2.2 

 
 
Nutrient Budgets and Reductions 
 
East Auburn Lake 
 
The key lake in this management unit is East Auburn Lake, which receives water and nutrients from the 
entire upper watershed. The majority of phosphorus coming into East Auburn Lake comes from the 
drainage areas, specifically subwatersheds SMC-11, SMC-15, and SMC-25. All three subwatersheds have 
altered wetlands that likely discharge phosphorus to surface waters. Upstream lake inputs represent 
36% of the phosphorus budget and most of this is coming from Wassermann and Church lakes. Internal 
loading is not a key phosphorus source to East Auburn Lake (Figure 3-27).  
 

 
Figure 3-27. Average phosphorus loading for East Auburn Lake. 
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To meet state water quality standards, both Church and Wassermann lakes need to meet state water 
quality standards and then watershed loading needs to be reduced 26% (Table 3-12). Watershed 
reductions can come from restoring wetlands in SMC-15, SMC-25, and SMC-11.   
 
Table 3-12. Nutrient loads and required reductions to meet state water quality standards (40 μg/L TP) 
in East Auburn Lake. 

Source 
  

Existing TP Load  
(lbs/year) 

TP Allocations 
(lbs/year) 

Load Reduction 

(lbs/year) % 

Drainage Areas 1,337 996 341 26% 

Upstream Lakes 680 480 199 29% 

SSTS 6 0 6 100% 

Atmosphere 35 35 0 0% 

Internal Load 41 41 0 0% 

TOTAL 2,099 1,553 546 26% 

 
North Lundsten Lake 
 
North Lundsten Lake has relatively good water quality but is demonstrating some eutrophication 
pressures such as heavy aquatic plant biomass and blue-green algae blooms along the fringes of the 
lakes. The majority of phosphorus coming into North Lundsten Lake is from South Lundsten Lake. 
Consequently, nutrient reductions for North Lundsten Lake can be achieved by restoring South Lundsten 
Lake. The other primary inflow to North Lundsten Lake is from West Auburn Lake, which has very good 
water quality.  
 
3.8 TURBID-SOUTH LUNDSTEN DRAINAGE 
 
The Turbid-South Lundsten Management Unit includes two poor quality lakes, with Turbid draining into 
South Lundsten. Both of these lakes have anecdotal reports of large carp populations, with South 
Lundsten Lake having very poor water quality and no submerged aquatic vegetation. This is in contrast 
to the connected North Lundsten basin, which has a robust SAV population.   
 

Morphology 
 
There are two lakes in the Turbid-South Lundsten Management Unit. Turbid Lake is a deep lake that sits 
at the headwaters of the management unit. Even though it is a deep lake, it has a large littoral area 
covering 65% of the lake. At the bottom of the management unit sits South Lundsten Lake, a shallow 
lake with an average depth of 3.5 feet and maximum depth of 9 feet (Table 3-13, Figure 3-28).  
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Table 3-13  Physical characteristics of lakes in the Turbid-South-Lundsten Management Unit. 

Parameter Turbid South Lundsten 

Surface Area (acres) 40 77 

Average Depth (ft) 10.4 3.5 

Maximum Depth (ft) 35 9 

Volume (acre-feet) 417 267 

Residence Time 
(years) 

1.3 0.3 

Littoral Area (acres) 26 77 

Littoral Area (%) 65% 100% 

Watershed (acres) 492 121 
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Figure 3-28. The Turbid-South Lundsten Management Unit. 
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Water Quality Monitoring 
 
There are two lakes in the Turbid-South Lundsten Management Unit, including Turbid, a deep lake, and 
South Lundsten, a shallow lake. Both lakes exhibit poor water quality with total phosphorus 
concentrations well above state water quality samples. Turbid exceeded state standards for phosphorus 
in all years monitored (six years) since 2006, with summer average concentrations ranging from 40 to 70 
µg/L as a summer average (Figure 3-29; Appendix E). Water quality has been sampled only in 2012, but 
concentrations in South Lundsten Lake were extremely high, with a summer average of almost 450 µg/L. 
To put this in perspective, the state shallow lake standard for total phosphorus is 60 µg/L as a summer 
average.  
 

 
Figure 3-29. Lake total phosphorus and chlorophyll-a concentrations over the past 13 years. 
 
Turbid Lake discharges to a low gradient stream that meanders through wetlands as it makes its way to 
South Lundsten Lake. Monitoring data was collected between Turbid Lake and South Lundsten Lake 
(Figure 3-30). Phosphorus concentrations increase after leaving Turbid Lake, and then remain relatively 
constant as the water moves to lower Lundsten Lake. By the time the water reaches the first water 
quality station, S005-527, phosphorus concentrations have almost doubled with the majority dissolved 
ortho-phosphorus, which is an indicator of wetland phosphorus release. Based on the water quality 
data, it appears that the wetlands between Turbid and South Lundsten lakes are contributing 
phosphorus to surface waters.  
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Figure 3-30. Total and ortho-phosphorus concentrations in the Turbid-South Lundsten Management 
Unit. 
Note: Data is plotted upstream to downstream where possible.  

 
Fisheries 
 
The most recent fish survey for Turbid Lake is from 1992, more than 20 years ago (Appendix F). At this 
time, the fish population was dominated by rough fish, mostly black bullheads. No carp were captured 
during this sampling event. Overall, the lake had a very poor fish community (Figures 3-31 and 3-32).  
 

 
Figure 3-31. Fisheries summary by trophic group for the Turbid-South Lundsten Management Unit. 
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Figure 3-32. Fisheries summary by trophic group biomass for the Turbid-South Lundsten Management 
Unit.  
 
South Lundsten Lake suffered periodic winterkills in the past (Larry Gillette pers. comm.). It is suspected 
that carp move south under Highway 5 to Turbid Lake. 
 
It appears that the carp populations are disconnected in these two basins because of the contrast in 
current conditions. Therefore, management should focus on the South Lundsten-Turbid corridor 
separately from North Lundsten. 
 
Aquatic Plants 
 
Wenck conducted spring and fall aquatic vegetation surveys on South Lundsten Lake in 2012. No data 
are available for Turbid Lake (Figure 3-33; Appendix G). South Lundsten Lake lacks a robust submerged 
vegetation community with only a few species found sporadically around the lake. A few coontail plants 
were found along with some narrow leaf pondweed. Overall, the vegetation community in South 
Lundsten Lake is in very poor condition. MCWD plans on conducting vegetation surveys for Turbid Lake 
in 2013.  
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Figure 3-33. Recent mean plant abundance in Turbid and South Lundsten Lakes.  
 
Nutrient Budgets 
 
Watershed Sources 
 
Watershed nutrient loading to Turbid Lake is relatively low with average runoff concentrations 
estimated around 80 µg/L phosphorus. The lake then discharges to a drainage ditch that flows through 
several modified wetlands prior to discharging to South Lundsten Lake. Based on monitoring data and 
mass balance calculations, runoff from these watersheds averages 225 to 325 µg/L total phosphorus. 
Consequently, it appears that most of the loading to South Lundsten Lake is coming along the drainage 
ditch between Turbid and South Lundsten Lake (Figure 3-34).  
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Figure 3-34. Phosphorus loading in the Turbid-South Lundsten Management Unit. 
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Internal Loading 
 
Cores were collected from Turbid and South Lundsten lakes to determine oxic and anoxic release of 
phosphorus from sediments. Turbid Lake had a relatively high release rate typical of moderately 
eutrophic lakes (Table 3-14). Lower Lundsten Lake had very low rates for both oxic and anoxic release of 
phosphorus more typical of healthy shallow lake systems.  
 
Table 3-14. Measured internal release rates for lakes in the Turbid-South Lundsten Management Unit. 

Lake Oxic P Release 
(mg/m2/day) 

Anoxic P Release 
(mg/m2/day) 

Lower Lundsten Lake 0.3 2.2 

Turbid Lake -- 9.3 

 
Nutrient Budgets and Reductions 
 
Turbid lake 
 
Nutrient loading to Turbid Lake is dominated by internal loading representing 65% of the phosphorus 
load to the lake (Figure 3-35). Watershed loading represented around 23% of the overall phosphorus 
load to the lake, but runoff concentrations appear to be reasonably low (approximately 90 µg/L), so 
reductions from the watershed will be difficult. Monitoring to verify watershed runoff concentrations is 
recommended.  
 

 
Figure 3-35. Average phosphorus loading to Turbid Lake. 
  
Overall, Turbid Lake needs a 53% reduction in phosphorus loading to the lake with the majority of the 
reduction coming from internal loading (Table 3-15). Failing septic systems are another potential source 
in the watershed. Turbid Lake would benefit most from an internal load reduction project.  
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Table 3-15. Nutrient loads and required reductions to meet state water quality standards (<40 μg/L 
TP) in Turbid Lake. 

Source Existing TP Load 1 TP Allocations Load Reduction 

  (lbs/year) (lbs/year) (lbs/year) % 

Drainage Areas 89 77 12 14% 

SSTS 15 0 15 100% 

Atmosphere 10 10 0 0% 

Internal Load 135 31 104 77% 

TOTAL 249 117 132 53% 

 
South Lundsten Lake 
 
South Lundsten Lake is also dominated by internal phosphorus loading and demonstrated an extremely 
high internal phosphorus release rate. Watershed phosphorus sources represent approximately 17% of 
the phosphorus load the South Lundsten Lake (Figure 3-36).  
 

 
Figure 3-36. Average phosphorus loading to South Lundsten Lake. 
 
For South Lundsten Lake to meet state water quality standards, large reductions are needed from the 
watershed and internal loads. Internal load needs to be reduced by 97%, whereas watershed loading 
needs to be reduced by 82%. Not all of these reductions need to occur prior to drawdown and carp 
management. Watershed load reduction projects need to be implemented concurrently with carp 
control and drawdown feasibility studies (Table 3-16).  
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Table 3-16. Nutrient loads and required reductions to meet state water quality standard 
(<60 μg/L TP) in South Lundsten Lake. 

Source Existing TP Load  TP Allocations Load Reduction 

  (lbs/year) (lbs/year) (lbs/year) % 

Drainage Areas 388 68 320 82% 

Upstream Lakes 84 71 13 15% 

SSTS 8 0 8 100% 

Atmosphere 18 18 0 0% 

Internal Load 1,319 35 1,284 97% 

TOTAL 1,817 193 1,624 89% 

 
3.9 PARLEY-MUD DRAINAGE 
 
The lower part of the watershed was separated into the Parley-Mud Management Unit (Figure 3.37). 
This management unit is also separated biologically from the rest of the watershed, since the outlet 
structure on North Lundsten Lake acts as a fish barrier. It is likely that carp and other fish in Parley and 
Mud lakes come from Halsted Bay more so than the upper part of the watershed. Both Parley and Mud 
lakes have dense carp populations and lack submerged aquatic vegetation. The vast majority of 
shoreline surrounding Parley and Mud lakes is in a natural state. Despite very little development around 
the lakes, water quality is poor.  
 
Morphology 
 
Parley and Mud Lakes are extremely shallow lakes with average depths less than 6.5 feet and maximum 
depths of 19 and 6 feet, respectively (Table 3-17). The lakes receive water from a large portion of the Six 
Mile Creek watershed and have sort residence times. Both lakes should support large submerged 
aquatic vegetation communities from shore to shore.  
 
Table 3-17. Physical characteristics of lakes in the Parley-Mud Management Unit. 

Parameter Parley Mud 

Surface Area (acres) 257 144 

Average Depth (ft) 6.4 3.5 

Maximum Depth (ft) 19 6 

Volume (acre-feet) 1,654 501 

Residence Time (years) 0.4 0.6 

Littoral Area (acres) 257 144 

Littoral Area (%) 100% 100% 

Watershed (acres) 565 423 
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Figure 3-37. The Parley-Mud Management Unit.  
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Water Quality Monitoring 
 
Parley and Mud lakes are highly eutrophic shallow lakes with high total phosphorus concentrations 
(Figure 3-38; Appendix E). Total phosphorus concentrations in Parley Lake averaged around 80 µg/L, 
with some values as high as 150 µg/L. Parley Lake experiences severe algal blooms in most years, with 
chlorophyll-a concentrations at times nearing 150 µg/L. Water quality in Mud Lake is even more 
severely degraded, with total phosphorus concentrations at times reaching almost 350 µg/L. Mud Lake 
also experiences severe algal blooms, with chlorophyll-a concentrations reaching over 200 µg/L at some 
periods during the summer.  
 

 
Figure 3-38. Lake total phosphorus and chlorophyll-a concentrations over the past 13 years. 
 
The primary inflow to Parley Lake comes from North Lundsten Lake, which has excellent water quality 
with total phosphorus concentrations typically below 90 µg/L in the summer (Figure 3-39). A monitoring 
station just below the outlet of the lake demonstrated similar concentrations, with some values 
reaching 150 µg/L. This may be a result of internal phosphorus loading in the wetland. Parley Lake 
demonstrates slightly higher concentrations than the upstream station. Parley Lake discharges to Mud 
Lake, which demonstrates significantly higher total phosphorus concentrations that are carried through 
to the outlet of the lake.  
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Figure 3-39. Total and ortho-phosphorus concentrations in the Parley-Mud Management Unit. 
Note: Data is plotted upstream to downstream where possible.  

 
Fisheries 
 

The DNR management plan for Parley Lake concludes that the lake has a fairly stable fish community 
with sufficient numbers and size of a variety of species. The lake has been prone to winterkills at times. 
However, the connectivity of Parley Lake to Six Mile Creek, adjacent wetlands, and Lake Minnetonka 
provides refugia for fish to escape winterkill conditions, a mechanism to repopulate the lake in the event 
that winterkill occurs. It also provides additional spawning habitat for a variety of species. 

Three species compose the predator community in Parley Lake: walleye, northern pike, and largemouth 
bass (Appendix F). Parley Lake is stocked with walleye fry every other year. In the 2010 population 
assessment, very few largemouth bass were sampled.  

Parley Lake has a relatively large panfish population although only moderate sized individuals make up 
the class. Five species of panfish are present in Parley Lake: black crappie, bluegill, yellow perch and 
pumpkinseed. Bluegill abundance increased dramatically compared to the 2004 survey, and abundance 
is at an all-time high for Parley Lake (Figures 3-40 and 3-41).  
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Figure 3-40. Fisheries summary by trophic group for the Parley-Mud Management Unit. 
 

 
Figure 3-41. Fisheries summary by trophic group biomass for the Parley-Mud Management Unit. 
 
At least some common carp have been captured in seven out of the eight DNR surveys conducted since 
the 1940s in Parley Lake. Based on year-to- year comparisons from DNR surveys, current carp 
populations appear to be moderate. Common carp abundance decreased since the 2004 survey from 
previous years, while black and yellow bullheads were sampled at record low abundances. Records from 
the DNR indicate that carp were removed from the lake in the 1940s, ‘50s and ‘60s, indicating carp have 
been a real or perceived nuisance species for many years in the lake. Further analysis may be needed to 
better characterize the carp population in Parley Lake and the Six Mile Creek subwatershed. 
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Carp move relatively freely between Lake Minnetonka and Parley Lake, passing through Mud Lake. It 
appears likely that there is a strong migration up the creek each spring, and breeding occurs in both 
Mud Lake and Parley Lake (Larry Gillette, pers. comm). Movement upstream from Parley Lake is blocked 
by the water control structure for North Lundsten Lake. Anecdotal reports suggest that each spring, 
northern pike, bass, crappies, bluegills, bullheads, and carp congregate on the downstream side of the 
structure.   
 
Aquatic Plants 
 
Plant surveys have been conducted on Parley Lake dating back to as early as 1940 by the DNR wildlife 
biologists. Overall, the plant community in Parley Lake is not very diverse, with only a handful of species 
present during each survey (Figure 3-42; Appendix G). Exotics such as curly-leaf pondweed have been 
present within the lake during each of the last four surveys conducted by the Minnesota DNR. Native 
species such as sago pondweed and coontail are the other main submerged species present within the 
lake. The abundance of coontail has increased over the past three surveys (1980 to 1998), indicating the 
lake is moving toward more eutrophic conditions. However, curly-leaf pondweed appears to have 
decreased in abundance during that same period. Eurasian watermilfoil was noted in the 1998 survey. 
 
Based on DNR lake survey reports, curly-leaf pondweed has been present in Parley Lake for decades. A 
survey of Parley Lake performed by DNR wildlife managers in 1946 listed the species as common. This 
initial survey was conducted in September, when the species should be less visible in the basin as 
compared to the peak species abundance in late spring to early summer. Recent DNR aquatic plant 
surveys on Parley have been mainly conducted in June and have described the presence of curly-leaf 
pondweed in the lake as ranging from abundant in 1962 to present in 1998.  
 

 
Figure 3-42. Aquatic vegetation in Parley and Mud Lakes. 
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Nutrient Budgets 
 
Watershed Loading  
 
Watershed loading varied throughout the watershed with watershed loading assumed to be the highest 
to Mud Lake (Figure 3-43). Parley Lake also demonstrates a moderate phosphorus load from the 
watershed. It is important to note that water quality data for tributaries to Mud Lake are limited and 
current loading is based on residuals from the Mud and Parley lake response models. Water quality data 
needs to be collected to verify inflow concentrations and sources. The Mud Lake response model is 
discussed in more detail later in this section.  
 
It is also important to note that no calibration factors were applied to the P8 output for the watershed 
below Mud Lake draining to Six Mile Marsh since no data are currently available to adjust the model. 
Further monitoring and calibration needs to be completed for this part of the watershed. MCWD is 
currently developing a study for the lower part of the Six Mile Creek watershed and Halsted’s Bay which 
will provide more information on this part of the watershed in the future.  
 
Overall, watershed phosphorus loading appears to be high in this part of the watershed. Controlling 
watershed loading will be critical in restoring both Parley and Mud Lake.  
 
Internal Loading 
 
Cores were collected from Parley Lake in 2011 and Mud lake in 2012 to measure phosphorus release 
under both oxic and anoxic conditions (Table 3-18). Both lakes had relatively low oxic release rates of 
phosphorus, with both being below 1 mg/m2/day. However, there was a surprising difference in anoxic 
release rates, with Mud Lake demonstrating relatively a low release of 2.0 mg/m2/day. Parley Lake had a 
higher release rate, but the lack of anoxia over most of the lake suggests that internal loading may not 
be as important as previously suspected. However, the high anoxic release rate suggests that Parley 
Lake may be sensitive to periodic anoxia in years with high temperatures and quiescent conditions that 
promote anoxia.  
 
Table 3-18. Measured internal release rates for lakes in the Parley-Mud Management Unit. 

Lake Oxic P Release 
(mg/m2/day) 

Anoxic P Release 
(mg/m2/day) 

Mud Lake 0.9 2.0 

Parley Lake 0.6 9.7 
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Figure 3-43. Watershed loading in the Parley-Mud Management Unit. 
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Nutrient Budgets 
 
Parley Lake 
 
Based on the predicted inputs and the predicted lake response, a phosphorus budget for Parley Lake can 
be developed. A phosphorus budget was developed for each year and an average of the three modeled 
years. Internal loading was determined to be on average 17% of the phosphorus loading to Parley Lake. 
The direct drainage area to the lake was 38%, while loading from Lundsten Lake represents 41% of the 
phosphorus load to Parley Lake. Based on this assessment, internal loading is a relatively small 
proportion of the phosphorus load to Parley Lake. 
 
Mud Lake 
 
The phosphorus budget for Mud Lake is driven mostly by watershed loading and inflow from Parley Lake 
(Figure 3-44). Internal loading represents only a small proportion of the phosphorus budget (6%).  
 
 

 
Figure 3-44. Average phosphorus loading to Mud Lake. 
 
For Mud Lake to meet state water quality standards for shallow lakes, aggressive reductions are 
required for internal and watershed phosphorus loading – 67% and 95%, respectively (Table 3-19). 
Targeted watershed runoff concentrations would need to be 35 µg/L and internal loading all but 
eliminated.  
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Table 3-19. Nutrient loads and required reductions to meet state water quality standards (<60 μg/L 
TP) in Mud Lake. 

Source 
  

Existing TP Load  TP Allocation Load Reduction 

(lbs/year) (lbs/year) (lbs/year) % 

Drainage Areas 2,377 119 2,258 95% 

Upstream Lakes 1,659 1,141 518 31% 

Septic 3 0 3 100% 

Atmosphere 34 34 0 0% 

Internal Load 312 103 209 67% 

TOTAL 4,385 1,397 2,988 68% 

 
The level of phosphorus reductions described to meet state water quality standards may not be 
necessary to make significant improvements in the ecological condition in Mud Lake. Moss et al. (1997) 
suggest a target value of 150 µg/L as a summer average as a good place to start thinking about more 
drastic measures to shift the lake to a clear lake state. If watershed concentrations were targeted at 150 
µg/L, in-lake concentrations should drop to around 80 µg/L, providing prime conditions for considering a 
drawdown. A target of 80 µg/L still requires a 78% reduction in watershed loading (Table 3-20). It is 
important to note that watershed runoff concentrations need to be verified prior to large 
implementation efforts in the watershed.  
 
Table 3-20. Nutrient loads and required reductions to meet a set target of <80 μg/L total phosphorus 
in Mud Lake. 

Source 
  

Existing TP Load  TP Allocations Load Reduction 

(lbs/year) (lbs/year) (lbs/year) % 

Drainage Areas 2,377 513 1,864 78% 

Upstream Lakes 1,659 1,141 518 31% 

Septic 3 0 3 100% 

Atmosphere 34 34 0 0% 

Internal Load 312 312 209 0% 

TOTAL LOAD 4,385 1,999 2,594 54% 
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4.0        Watershed Restoration Strategy 

4.1 INTRODUCTION 
 
The purpose of this study is to identify restoration strategies to improve the water quality and overall 
ecological health of lakes in the Six Mile Creek watershed. Improving the health of the lakes leads to 
overall better water quality in the watershed, better fish habitat, and overall improved ecological health 
of the watershed.  
 
4.2 LAND CONSERVATION PROGRAM 
 

Conservation of high-value resources provides an opportunity to improve the characteristics of aquatic 
ecosystems, and can help address water quality, infiltration, volume management, and ecological 
integrity needs. Prior to the encroachment of additional development, the opportunity exists to 
conserve high value resources, maintain corridor connections between ecosystems in the watershed to 
improve water resources, conserve natural conveyances, and facilitate the movement and proliferation 
of native species as well as enhance recreational opportunities. 
 
The District currently operates a Land Conservation Program that undertakes conservation activities 
ranging from assisting property owners in enrolling property in conservation programs to acquiring 
conservation easements or fee title over high value resources. This Plan identifies Key Conservation 
Areas in each subwatershed that contain valuable natural resources such as high-quality wetlands, 
minimally disturbed upland vegetation, and rare resources. Within these areas LGUs will be required to 
identify in their Local Plans strategies for conserving those high value resources. Some of those areas 
have been identified as District Priority Areas where the District will continue to proactively investigate 
and implement opportunities to conserve key resources and to work cooperatively with other agencies 
and groups to accomplish conservation goals (Figure 4-1). District staff will provide technical assistance 
to the LGUs to support their accomplishment of program goals. 
 
The Key Conservation Areas contain resources that are protective of surface water and groundwater 
quality and quantity; demonstrate high-value habitat characteristics; are protective of aquatic habitat; 
or provide a variety of habitats supportive of aquatic-based species abundance (Table 4-1). 
 
These Key Conservation Areas include: 
 

 Create corridors along streams and channels to provide buffers for water quality and stream 
stability as well as to create linkages and wildlife corridors. 

 Include wetlands that were identified in the Functional Assessment of Wetlands as having 
exceptional or high vegetative diversity or wildlife habitat or are wetlands with moderate to high 
restoration potential. 

 Include high-value upland areas, such as forested areas that provide connected habitat as well 
as high potential infiltration or evapotranspiration. 
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 Incorporate land cover types identified in the Minnesota Land Cover Classification System 
(MLCCS) survey conducted by Hennepin County as being minimally disturbed, with potential 
high-value habitat. 

 Contain areas that have multiple natural resource values, such as Minnesota County Biological 
Survey (MCBS) sites of biodiversity significance; Metro regionally significant ecological areas; or 
areas where rare or threatened species have been documented by the DNR. 

 Incorporate green and natural resource corridors as designated by the DNR, Metropolitan 
Council, Hennepin County, and local communities. 

 
Table 4-1. MCWD Land Conservation Program current ranking criteria. 

Topic Criteria 

District Planning Priorities 
  

Within MCWD Conservation Plan Area 

Benefits a Planned or Existing MCWD Project Area (e.g. Stubbs Bay, 
Painters Creek, Minnehaha Creek, Six Mile Creek, etc.) 

Water Resources Wetland Management Class 

Wetland Restoration Potential 

Wetland Protection 

Creek Frontage 

Lakeshore 

Buffer Width 

Creates opportunity to fix erosion problems 

Steep slopes 

Infiltration potential 

Wellhead protection area 

Habitat 
  
  
  

DNR Site of Biodiversity Significance 

Unique or significant ecological resource per MLCCS, MCBS, Etc. - 
consider type of habitat, size, condition, landscape context 

Habitat restoration potential (biological potential and well as 
feasibility (cost and partnerships)) 

Regionally Significant Natural Area 

Leverage 
  
  

Connectivity with/proximity to other conservation lands 

Creates opportunities to leverage conservation on additional 
proximate or adjacent lands 

Potential cost and opportunities for cost-share/recovery 

Other Public/Planning 
Considerations 

Parcel size 

Degree of threat 

Provides public access/ educational/demonstration opportunities 

Consistency with municipal plans 

Located within Metro Wildlife Corridor Focus Area 
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Figure 4-1. Key conservation areas in the Six Mile Creek watershed. 
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4.3 RESTORATION AND PROTECTION ACTIVITIES 
 
Watershed and lake restoration strategies were developed for the Six Mile Creek watershed. Activities 
are broken into three categories, including monitoring activities aimed at improving our scientific 
understanding of the system, restoration activities aimed at improving water quality or ecological health 
of the watershed, and protection activities aimed at protecting good water quality or ecological 
conditions in the watershed. These activities are described for each of the management units and then 
an overall restoration strategy is presented for the watershed.  
 
Previous Studies and Potential Projects 
 
A number of previous feasibility studies were conducted in several areas of Six Mile Creek watershed to 
evaluate potential projects for improving water quality. These studies include:  
 

 Wassermann Lake Wetland Restoration Project Phase II (Barr 2010) 

 Six Mile Marsh Corridor Natural Resource Assessment (Cross River Consulting 2010) 

 Wasserman Lake Wetland Restoration Project (Howard R. Green and Interfluve 2007) 

 Turbid/Lundsten Corridor Restoration Phase II (MCWD 2011) 

 Turbid-Lundsten Wetland Restoration (Wenck 2010)  
 
Several of these studies include project that are ready for implementation when funding and access are 
available. These projects were included in the implementation actions below where appropriate.  
 
4.4 WATERSHED RESTORATION SEQUENCING AND PRIORITIES 
 

Prioritizing Management Units 
 
The watershed was divided into smaller management units based on their hydrologic and biological 
connectivity. The major divide in the watershed is the outlet structure of North Lundsten Lake, 
separating the watershed into an upper and lower watershed. These two areas can be managed 
separately, but concurrently. In the upper watershed, working from upstream to downstream will 
provide the most benefits to the watershed. Focusing on the restoration of Wassermann benefits the 
water bodies downstream. Watershed projects for East Auburn Lake can be undertaken at the same 
time; however, the lower part of the watershed is protected by East and West Auburn Lake. The Turbid-
South Lundsten Management Unit appears to be separated biologically and can be evaluated 
independently.  
 
The Six Mile Creek Implementation Plan will focus on integrating water projects with city, county and 
TRPD land use planning and development objectives to accomplish mutual goals through economical 
and efficient use of public dollars. Integrated watershed planning is defined as “the process of 
formulating and implementing a course of action involving natural and human resources in a watershed, 
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taking into account the social, political, economic and institutional factors operating within the 
watershed and surrounding river basin and other relevant regions to achieve specific social objectives.3  
 
The Six Mile Creek Subwatershed Implementation plan will incorporate broad-based goals and principles 
for the Six Mile Creek Subwatershed that incorporate social, political, economic, and natural objectives. 
Principles will focus on the fact that watershed management is continuous process and needs a multi-
disciplinary approach to solve the multi-faceted problems a watershed faces.  A strong implementation 
plan for Six Mile Creek watershed will use sound science, facilitate communication and partnerships, 
foster thoughtful action, stimulate actions and tracks results. 
 
Overall Strategy 
 
The Minnehaha Creek Watershed District adheres to a strong belief that integrated and coordinated 
planning and implementation is necessary to improve natural systems, stimulate economic development 
and strengthen communities through connections. MCWD staff will develop an implementation plan for 
the Six Mile Creek Subwatershed to determine phased implementation for projects identified in the 
Diagnostic Study. This implementation plan will detail short and long-term priority projects, some of 
which will require further investigation, as well as potential projects and programs that should be 
pursued immediately. It will take into account biological watershed factors as well as potential 
partnerships in the subwatershed and will utilize adaptive management techniques to remain 
responsive to opportunities. MCWD staff will develop the implementation plan for the Six Mile Creek 
Subwatershed in 2013 and will engage stakeholders and communities within the subwatershed for 
guidance and approval. 
 
The overall strategy for restoring the Six Mile Creek watershed can be summarized in five steps: 
 

1. Manage carp to appropriate levels to minimize impacts on lakes. 
a. Identify high priority potential reproduction areas. 
b. Track carp movements to identify spawning and wintering areas. 
c. Prevent winterkill in shallow water lakes and wetlands. 

2. Implement watershed nutrient reduction projects. 
3. Assess feasibility for whole-lake drawdown in South Lundsten, Parley, and Mud lakes. 
4. Once carp are controlled, implement internal load reduction projects. 
5. Manage and protect lake vegetation.  

a. Focus on nutrient reduction to increase diversity. 
b. Focus on invasive species control to increase diversity.  

 
Steps one through three can be implemented concurrently. The following sections provide a more 
detailed description of each of these activities.  
 
Stream Assessment and Restoration 
 

                                                           
3
 “Watershed Resources Management: Studies from Asia and the Pacific”; edited by K. William Easter, John Alexander Dixon, 

Maynard M. Hufschmidt 
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A stream assessment was completed for Six Mile Creek in 2012 and 2013 to assess the current 
conditions of the stream channels in Six Mile Creek (Interfluve 2013). The stream assessment focused on 
channel conditions and geomorphology. A number of projects were identified that focused on bank 
stability, grade control, and wetland restoration. Many of the identified projects cross over with projects 
identified as a part of this study. Implementation will focus on incorporating results from the stream 
assessment and this diagnostic study to provide the best approach for restoring the watershed.  
 
Carp Management  
 
Carp management in the watershed should focus on four distinct areas, including the Pierson-Marsh-
Wassermann, Carver Park Reserve, Turbid-South Lundsten, and the Parley-Mud Management Unit 
(Figure 4-2, Table 4-2). Although there is potential for carp to mingle among the watersheds, the 
conditions of the lakes and anecdotal evidence in the watershed suggest that this is minimal. Each of the 
lakes were rated for carp activity based on fish surveys where available, impacts to the vegetation 
community, and field observations. South Lundsten, Mud, and Parley Lakes demonstrated the greatest 
carp impacts with little to no submerged aquatic vegetation and field observations of heavy carp 
densities. Carp are also known to move between Pierson, Marsh and Wasserman Lake with Marsh Lake 
demonstrating some pockets of uprooted vegetation as a result of carp activity. Anecdotal reports 
suggest that Sunny Lake has moderate carp activity. The remaining lakes likely have carp moving 
through them, but do not demonstrate heavy populations or impacts such as loss of the submerged 
aquatic vegetation community.   
 
Management of carp in the watershed needs to focus on removing current carp biomass from the 
system and eliminating carp reproduction areas in the watershed. For removals to be effective, areas 
where carp tend to congregate need to be identified so that seining can be completed. Often times this 
requires tracking carp or using side-scan sonar to identify the location of the fish. Other techniques 
include the use of whole lake drawdown or rotenone (a fish poison) to kill large numbers of fish. This 
technique may be feasible in South Lundsten, Mud, and Parley lakes, but not in deeper lakes such as 
Wassermann. Carp traps can be used at key locations, such as previous removals in the stream between 
Marsh and Wassermann lakes. MCWD intends to work with Dr. Peter Sorenson at the University of 
Minnesota to better understand carp movement and reproduction in the Six Mile Creek watershed.  
 
For carp removals to have long-term effectiveness, carp recruitment habitat needs to be managed or 
eliminated in the watershed. Based on recent work conducted by the University of Minnesota, shallow 
water bodies that are prone to winterkill provide the most likely successful spawning and recruitment 
areas for carp. These areas should be eliminated or aerated to prevent winterkill conditions. There are 
three lakes in the upper watershed that likely contribute to carp recruitment, including South Lundsten, 
Sunny, and Marsh lakes. In the lower watershed, both Parley and Mud appear likely to support carp 
recruitment. There are also numerous other shallow wetlands in the watershed that should be 
evaluated for carp spawning habitat potential.  
 
The final step in carp management is to prevent access to recruitment areas if carp reproduction cannot 
be eliminated. The current technology for carp barriers is not well tested and likely does not eliminate 
all carp movement. Furthermore, the barriers may block some native fish movement, which may impact 
local native species. Carp barriers should be considered a last resort.  
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Figure 4-2. Watersheds with potential carp reproduction habitat and lakes that demonstrate some 
carp impacts. 
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Table 4-2. Carp management activities specified in each of the management units. 

Watershed 
Management 
Unit Subwatershed/Lake Monitoring Activities Management Activities 

Pierson-Marsh-
Wassermann 

SMC-5 (Wassermann 
Direct)  

 Evaluate carp reproduction potential in ponds 
and shallow wetland areas. 

  

Marsh Lake 
 Evaluate carp reproduction potential through 

fish surveys, tracking and winterkill monitoring. 

 Remove carp population and prevent 
reintroduction or recruitment through 
aeration or total winterkill. 

SMC-11 
 Evaluate carp reproduction potential in open 

water areas of the wetland by fish surveys or 
winterkill evaluations. 

  

Overall Unit  No action 
 Carp tracking study to identify potential 

reproduction areas. 

 Carp removal. 

Carver Park 
Reserve 

SMC-24 (Sunny Lake) 
 Evaluate winterkill potential for Sunny Lake. 

 

 Implement carp management activities if 
Sunny Lake is determined to provide carp 
spawning and recruitment. 

Turbid-South 
Lundsten  

SMC-32 (Turbid Lake) 
 Evaluate carp movement and reproduction 

potential in the lake. 

 Remove carp from Turbid Lake if deemed 
appropriate for managing carp in the 
Management Unit. 

SMC-33, SMC-34  No action 
 Prevent carp movement through the 

corridor through a barrier at South Lundsten 
Lake. 

SMC-36 (South 
Lundsten Lake 

 Conduct fish surveys in South Lundsten Lake. 

 Implement a carp removal and control 
project. 

 Evaluate whole-lake draw-down and 
rotenone to control carp and reestablish the 
submerged aquatic vegetation population.  
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Watershed 
Management 
Unit Subwatershed/Lake Monitoring Activities Management Activities 

Auburn-North 
Lundsten  

SMC-37 (North 
Lundsten Lake) 

 Conduct fish surveys in North Lundsten Lake. 
 Evaluate connection to South Lundsten Lake 

for carp barrier. 

SMC-27 
 Monitor carp movement between East Auburn 

Lake and Wassermann Lake. 

 Evaluate a carp barrier between East Auburn 
Lake and Sunny Lake to prevent carp 
recruitment. 

SMC-31, SMC-31 
 Evaluate carp spawning and movement through 

the wetland. 
 Evaluate trail culvert upstream of North 

Lundsten Lake as a carp barrier. 

Parley-Mud 

SMC-47 (Parley Lake) 
 Monitor carp movement through Parley and 

Mud lakes and Halsted Bay. 

 Implement a carp removal and control 
project. 

 Evaluate whole lake draw-down and 
rotenone to control carp and reestablish the 
submerged aquatic vegetation population.  
 

SMC-38, SMC-39, 
SMC41 

 No action 
 Evaluate open water wetland areas for carp 

reproduction. 

SMC-61 (Mud Lake)  No action 

 Implement a carp removal and control 
project. 

 Evaluate whole-lake draw-down and 
rotenone to control carp and reestablish the 
submerged aquatic vegetation population. 

 Consider carp passage barrier between Mud 
Lake and Halsted Bay. 



 

 

 4-9 
P:\Capital Projects\12-Six Mile Creek Diagnostic\Feasibility\Diagnostic Studies\Draft Final 6_4_2013\Six Mile Creek Diagnostic and Feasibility Study FINAL DRAFT.docx 
 July 2013 
   

 
Watershed Nutrient Reductions and Monitoring  
 
Subwatersheds were identified for nutrient control projects based on calibrated P8 model results (Figure 
4-3), monitoring data in the watershed, and watershed and lake mass balances in the watershed. 
Several areas of the watershed stood out as potential nutrient contributors (Figure 4-3); however, 
several of these should be verified prior to implementation of the projects.  
 
Watershed nutrient reduction projects and monitoring activities were identified for each of the 
subwatersheds (Table 4-3). Nutrient reduction projects included a variety of activities based on the 
identified nutrient sources. Some of the identified subwatersheds had degraded (ditched or altered) 
wetlands that appear likely to be contributing phosphorus to surface waters. Other projects include 
retrofitting existing ponds with iron enhanced sand filters.  
 
Monitoring locations were identified to verify mass balances and assumptions made from completion of 
the lake response models. For example, watershed runoff water quality flowing into Mud Lake was not 
available. Model residuals from lake response modeling for Mud Lake suggested that watershed runoff 
concentrations are around 600 µg/L, which is higher than expected based on the land use of the 
watershed. Consequently, these runoff concentrations need to be verified prior to large expenditures on 
watershed nutrient reduction projects. In 2013, MCWD plans to monitor Sunny Lake and the two ponds 
flowing into Wassermann Lake as well as 3 additional stream sites including an inflow to Mud Lake (off 
County Road 92), 2 Parley Lake inflows including one on the Crown College property and another by the 
Parley Lake Winery. Monitoring is further discussed in the following sections for each Management Unit.  
 
In the upper watershed, a few subwatersheds demonstrated a large potential for nutrient loading.  For 
some watersheds (SMC-11, SMC-15, SMC-25), the loading appears to be coming from degraded 
wetlands that are discharging high phosphorus concentrations. Other subwatersheds were more 
developed where loading is likely from increased impervious areas (SMC-5, SMC-13). In the lower 
watershed, the sources of phosphorus loading are less clear, mostly because the tributaries to the lakes 
lack good monitoring data. However, the lake response models suggest that both Parley and Mud lakes 
receive relatively high nutrient loads from the watershed. Sources in the lower watershed are likely a 
mix of developed and agricultural sources.  
 
Although agriculture represents less than 25% of the watershed, agricultural BMPs should be considered 
to both improve and protect water quality. Some of the agricultural portions of the watershed drain to 
waterbodies with good water quality such as Pierson’s Lake, and implementation is considered a 
protection activity. Other areas such as the Turbid Lake watershed and the area draining to Mud Lake 
north of St. Bonifacius likely contribute to water quality issues. There are a number of appropriate BMPs 
that should be considered for nutrient management in the watershed including: 
 

 Conservation cover and crop rotation 

 Contour and waterway buffer strips 

 Fertilizer management and soil testing  

 Conservation tillage 

 Filter strips and field borders 

 Water and sediment control basins 
 
These practices should be considered on a farm by farm basis depending on the local site conditions 
including the slope of the field, soils types, and crops grown.  
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Figure 4-3. Modeled watershed loading in the Six Mile Creek watershed. 
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Figure 4-4. Subwatersheds identified for nutrient reduction projects, internal load control projects and 
monitoring. 
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Table 4-3. Watershed nutrient reduction and monitoring actions. 

Watershed 
Management Unit Subwatershed/Lake Monitoring Activities Management Activities 

Pierson-Marsh-
Wassermann 

SMC-1  No action. 
 Manage nutrients from major inlet to Pierson 

Lake (ponds designed and ready for 
implementation) 

SMC-5 (Wassermann 
Direct)  

 Monitor inflow/outflow chemistry1 from 
Marsh Lake to Wassermann 

 Monitor pond chemistry1 from Deer Run 
Golf Course  

 Assess fish in two large ponds coming from 
the Deer Creek Golf Club 

 Phosphorus load reduction feasibility study for 
wetland area between Marsh Lake and 
Wassermann Lake. 

 Identify iron enhanced sand filter pond retrofit 
opportunities. 

 Evaluate role of golf course runoff in phosphorus 
loading to Wassermann. 

 Evaluate potential for iron-enhanced sand filter 
at Six Mile Creek inlet. 

Church Lake  No action. 

 Evaluate the potential for an iron enhanced sand 
filter on the primary inlet to Church Lake. 

 Identify and implement stormwater practices 
such as rain gardens, ponding, and filtration 
throughout the watershed. 

SMC-11  No action. 
 Evaluate wetland restoration opportunities to 

minimize phosphorus export from the wetland. 

Carver Park 
Reserve  

SMC-15 
 Paired monitoring of lake outflow from 

Steiger Lake and inflow into East Auburn 
Lake. 

 Evaluate wetland restoration opportunities to 
minimize phosphorus export from the wetland or 
consider altering outlet of Steiger Lake to a pipe.  

SMC-25 
 Paired monitoring of lake outflow from 

Sunny Lake and inflow into East Auburn 
Lake. 

 Evaluate wetland restoration opportunities to 
minimize phosphorus export from the wetland. 

SMC-24 (Sunny Lake)  Water quality monitoring for Sunny Lake2 
 No action. 
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Watershed 
Management Unit Subwatershed/Lake Monitoring Activities Management Activities 

SMC-12, SMC13 
 Monitor effectiveness of wetland 

restoration on the east side of the wetland 

 Restore/enhance the wetland to reduce nutrient 
loading (east side of wetland was restored in 
2012) 

 Evaluate need and feasibility of iron enhanced 
sand filter on west side wetland/pond before 
discharging to Steiger Lake. 

Turbid-South 
Lundsten  

SMC-32 (Turbid Lake) 
 Monitor outlet of wetland that represents 

the primary inflow to Turbid Lake. 

 Implement an internal load reduction project 
such as alum treatment. 

 Implement agricultural BMPs in watershed where 
opportunities arrive. 

 Implement wetland restoration at the Brose 
property (Wenck 2010). 

SMC-33, SMC-34  No action. 
 Work with Carver SWCD to implement 

agricultural BMPs. 

 Implement feasibility studies. 

SMC-36 (South 
Lundsten Lake) 

 No action. 
 Evaluate iron enhanced sand filter at pond at the 

primary inlet to South Lundsten Lake. 

Parley-Mud 

SMC-47 (Parley Lake) 
 Monitor major inflows (1 from the east, 2 

from the west). 
 No action. 

SMC-53-SMC-50  No action. 
 Identify and evaluate nutrient reduction projects 

such as pond retrofits with iron enhanced sand 
filters. 

SMC-61 (Mud Lake) 
 Monitor two major inflows (1 from the 

north, 1 from the east). 
 No action. 

1
Chemistry monitoring should include TP, OP, TKN, and TSS where possible. Field measurements should include DO, temperature, and conductivity.  

2
Lake monitoring should include TP, chlorophyll-a, Secchi, and TSS. Field measurements should include temperature and dissolved oxygen profiles.  
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Internal Load Control Projects 
 
Four lakes were identified for internal load control projects including Wassermann, Turbid, South 
Lundsten, and Parley lakes. Each demonstrated sufficient internal loads to warrant load projects. 
 
The two deep lakes, Wassermann and Turbid, are the most straightforward projects because the deep 
areas can be treated and are not susceptible to mixing by carp activity. However, both lakes have large 
littoral areas that need consideration for treatment. These areas should not be treated until carp have 
been controlled in the watershed. Alum dosing and cost estimates should be conducted concurrently 
with carp management.  
 
South Lundsten and Parley Lake are more difficult to manage internal load because they are shallow 
lakes with dense carp populations and lack submerged aquatic vegetation. Before implementing any 
internal load control, the carp population must be controlled. However, based on the internal load 
study, South Lundsten Lake will need some chemical addition to control internal loading. Parley Lake, on 
the other hand, should undergo lake restoration prior to an internal load control project because the 
role of internal loading is still unclear.  
 
Lake Restoration Projects 
 
An important aspect of any shallow restoration is reestablishing the submerged aquatic vegetation 
populations once carp and other destructive fish have been controlled. Reestablishment of the 
submerged vegetation population is typically accomplished through whole-lake drawdown, which 
exposes lake sediments to drying and consolidates the sediments while promoting nitrogen loss through 
denitrification. Submerged vegetation may be reestablished without drawdown, but the outcomes 
without drawdown are much more uncertain.  
 
Three lakes need to be considered for whole- lake drawdown, including South Lundsten, Parley, and 
Mud Lake. A drawdown on South Lundsten Lake can be conducted concurrently with carp removal 
efforts as the drawdown will make it easier to remove carp. However, reintroduction from Turbid Lake 
should be controlled. South Lundsten Lake appears to be the primary reproduction area, so a large carp 
removal paired with preventing future winterkills should restore the lake for the long term.  
 
Drawdown on Parley and Mud is much more complex due to the large runoff volumes entering the lake 
and the potential backwater effects from Halsted Bay. However, a drawdown should be evaluated for 
the lakes.  
 
Planning a drawdown takes considerable effort and permitting, with the process often exceeding two 
years. Planning and feasibility efforts should be conducted concurrently with watershed nutrient 
management and carp assessments.  
 
Invasive Species and Vegetation Management 
 
The final step in the process of restoring the lakes is to enhance and manage the SAV population. For 
those lakes with robust SAV populations, controlling invasive species is an important step that can be 
undertaken immediately. For long-term management, nutrient reductions are the best approach for 
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allowing native species to thrive in the lakes. Once desired nutrient levels are reached, further actions 
for vegetation management can be identified.  
 
Most of the lakes in the watershed contain curly-leaf pondweed and Eurasian watermilfoil, which can 
lead to decreased SAV diversity and other problems in the lakes (Table 4-4). Curly-leaf pondweed can be 
problematic in the lakes due to midseason senescence, exposing lake sediments and possibly 
contributing to internal loading. Most of the lakes sampled had robust populations of SAV; however, 
they were dominated by coontail, a native species indicative of more eutrophic conditions.  
 
Table 4-4  Lakes with curly-leaf pondweed and Eurasian watermilfoil. 

Lake  Curly-Leaf Pondweed Eurasian Water Milfoil Available Vegetation 
Data 

Pierson x x McComas 2011 

Marsh x x Wenck 2012 

Wassermann x x McComas 2011; Wenck 
2012; Wenck 2012 

Carl Krey     MCWD 2012 

Kelser's Pond No Data No Data MCWD 2013 

Church No Data No Data MCWD 2013 (spring) 

Stone No Data No Data 2008 (Three Rivers) 

Zumbra  x x 2007 (Army Corps); 2009 
& 2010 (Three Rivers) 

Steiger  x x 2008 (Three Rivers) 

Sunny No Data No Data  

East Auburn x x 2007 (Army Corps); 2009 
& 2010 (Three Rivers); 
Wenck 2012 

West Auburn x x 2007 (Army Corps); 2009 
& 2010 (Three Rivers); 
Wenck 2012 

North Lundsten x   Wenck 2012 

South Lundsten x   Wenck 2012 

Turbid No Data No Data MCWD 2013 

Parley x x Wenck 2012 

Mud x   Wenck 2012 

Halsted’s Bay ? ? MCWD 2013 

 
Invasive species should be controlled in the lakes to allow native species to compete and thrive in the 
lakes. As nutrients are reduced, this should allow for native species to be more competitive with 
coontail. 
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Watershed Protection Strategies 
 
Several of the subwatersheds in the Six Mile Creek watershed have receiving waters with good or 
excellent water quality (Figure 4-5). Therefore, activities in these watersheds are considered protection 
activities. Protection activities can include BMP implementation such as iron enhanced sand filters or 
septic system upgrades. Protection activities also include such things as implementation of MCWD rules 
to protect water quality during development. Table 4-5 outlines suggested protection activities in the Six 
Mile Creek watershed.  
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Figure 4-5. Protection watersheds in the Six Mile Creek watershed. 
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Table 4-5. Watershed protection strategies. 

Watershed 
Management 
Unit Subwatershed/Lake Management Activities 

Pierson-Marsh-
Wassermann 

SMC-1 (Pierson 
Lake) 

 Implement MCWD rules as development occurs in the 
watershed. 

 Evaluate and upgrade septic systems, especially those 
directly around the lake. 

 Monitor and manage curly-leaf pondweed and Eurasian 
watermilfoil. 

SMC-2 (Marsh Lake) 
 Monitor and manage curly-leaf pondweed and Eurasian 

watermilfoil.  

 Monitor Lake water quality . 

SMC-6, SMC-7 (Carl 
Krey Lake) 

 Implement MCWD rules as development occurs in the 
watershed. 

SMC-10 (Kelser’s 
Pond 

 Identify opportunities for BMP retrofits such as rain 
gardens. 

Carver Park 
Reserve 

All 

 Implement MCWD rules as development occurs in the 
watershed. 

 Manage stormwater around new park developments. 

 Maintain park open space. 

 Monitor and manage curly-leaf pondweed and Eurasian 
watermilfoil. 

Turbid-South 
Lundsten 

All 

 Implement MCWD rules as development occurs in the 
watershed. 

 Monitor and manage curly-leaf pondweed and Eurasian 
watermilfoil.  

Auburn-North 
Lundsten 

All 

 Implement MCWD rules as development occurs in the 
watershed. 

 Monitor and manage curly-leaf pondweed and Eurasian 
watermilfoil. 

Parley-Mud All 

 Implement MCWD rules as development occurs in the 
watershed. 

 Monitor and manage curly-leaf pondweed and Eurasian 
watermilfoil. 

 
4.5 PIERSON-MARSH-WASSERMANN MANAGEMENT UNIT 
 
There is a mix of protection and restoration projects in the Pierson-Marsh-Wassermann Management 
Unit. Following is a description of the proposed major efforts. 
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Watershed Nutrient Reductions 
 
Pierson and Marsh Lake 
 
Water quality in both Pierson and Marsh Lake is relatively good, so protection of water quality 
conditions is the most appropriate approach. Protection activities should focus on maintaining or 
reducing current nutrient loading activities through opportunistic projects in the watershed. Pierson 
Lake has a high density of septic systems around the lake that need to be assessed and evaluated to 
make sure they are in compliance with current technical standards. Other projects to control agricultural 
runoff, runoff from development, or runoff from shoreline properties can be implemented as 
opportunities and funds arise. 
 
MCWD designed ponds in 2012 to reduce nutrients from the northern tributary to Pierson Lake. This 
project is ready to be developed and implemented but siting constraints need to be resolved before the 
project can move forward. This project protects long term water quality in Pierson Lake.  
 
Wassermann Lake 
 
Wassermann Lake is degraded and receives discharge from Pierson and Marsh Lake. There are three 
primary drainage inputs into Wassermann Lake, including Six Mile Creek from the south, developed 
areas from the east through two large ponds, and agricultural areas from the west.  
 
Most of the phosphorus load is likely coming from Six Mile Creek through a large wetland complex 
between Marsh and Wassermann Lake (Figure 4-6). This wetland area may represent the greatest 
opportunity for nutrient reductions to the lake. Wetland restoration for phosphorus reduction can be 
difficult; however, several options should be evaluated. Evaluating a chemical filter at the outlet of the 
wetland may be the most straightforward approach, but the feasibility of such a project needs to be 
evaluated further.  
 

 
Figure 4-6. Six Mile Creek flows through a large wetland prior to discharging to Wassermann Lake. 
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The second opportunity for nutrient reductions includes the drainage area to the east that includes 
single family residential areas and the Deer Run Golf Club (Figure 4-7). These drainage areas appear to 
be well ponded; however, they ultimately drain through two large ponds surrounded by wetland. The 
downstream pond may be a candidate for chemical filtration and the ponds should be evaluated for 
carp reproduction potential. These ponds should also be monitored for water quality to validate their 
role in nutrient loading to the lake.  
 

 
Figure 4-7. The primary inlet to Wassermann Lake from the east. 
Note: This drainage area flows through two ponds surrounded by wetlands prior to discharging to the lake.  

 
Carl Krey Lake and Kelser’s Pond 
 
Both Carl Krey Lake and Kelser’s Pond exhibit good water quality and therefore require only protection 
activities where opportunities arise.  
 
Church Lake 
 
Restoration of Church Lake should focus on watershed loading to the lake. The primary inflow drainage 
area includes drainage from the south, including portions of Deer Run Golf Club. The south drainage 
enters the lake through a creek that flows through a wetland before discharging to Church Lake. One 
option could be to evaluate an iron enhanced sand filter on the outlet of the wetland. Other options 
include looking at more diffuse stormwater practices, including golf course management, additional 
ponding, retrofitting ponds, or infiltration practices such as rain gardens (Figure 4-8).  
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Figure 4-8. The wetland to the south of Church Lake. 
Note: The wetland receives the majority of watershed runoff prior to entering Church Lake. One option is to determine the 
feasibility of an iron enhanced sand filter at the outlet of the wetland.  

 
Subwatershed SMC-11 
 
Land area in subwatershed SMC-11 is dominated by a large wetland that receives discharge from 
Wassermann, Carl Krey, and Church lakes as well as Kelser’s Pond (Figure 4-9). Mass balance calculations 
for the wetland between Wassermann and East Auburn Lake suggest that wetland discharge exceeds 
800 µg/L total phosphorus and may account for over 600 pounds of phosphorus loading annually to East 
Auburn Lake. The wetland also has large open water areas that may be prone to winterkill and should be 
evaluated for carp recruitment potential.  
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Figure 4-9. A large wetland in subwatershed SMC-11. 
Note: The wetland receives drainage from Carl Krey, Wassermann, and Church Lake as well as Kelser’s Pond. Mass balance 
calculations demonstrate that the wetland is likely contributing significant amounts of phosphorus (>600 pounds) to surface 
waters and ultimately East Auburn Lake.  

 
Internal Load Control  
 
In the long term, internal load control projects such as alum application may be necessary in both 
Wassermann and Church lakes. Since the watershed loads are the dominant nutrient source, watershed 
nutrient loading needs to be implemented prior to internal load controls.  
 
4.6 CARVER PARK RESERVE MANAGEMENT UNIT 
 
Watershed Nutrient Reductions 
 
For the most part, water quality in the lakes in the Carver Park Reserve Management Unit have good 
water quality and deserve protection considerations. However, two subwatersheds, SMC-15 and SMC-
25, demonstrated high export concentrations, suggesting that the wetland areas may be contributing 
phosphorus to surface waters.  
 
Mass balance calculations for the outlet of Steiger Lake and the monitoring station at Victoria Drive 
suggest that runoff from this watershed has an average concentration over 1 mg/L phosphorus  and 
contributes over 270 pounds of phosphorus annually. Land use in the subwatershed is mostly open land 
with the only remarkable feature being a ditched wetland between Steiger Lake and East Auburn Lake 
(Figure 4-10). It is likely that this wetland is acting as phosphorus source to surface waters. One possible 
solution is to bypass the wetland between Steiger and East Auburn using a pipe or open channel, but 
this may have other fish passage or wetland hydrology implications. 
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Figure 4-10. The outlet of Steiger Lake discharging to East Auburn Lake. 
 
The same situation occurs between Sunny Lake and East Auburn Lake, where mass balance calculations 
suggest that runoff from this subwatershed exceed 1.5 mg/L phosphorus, accounting for over 400 
pounds of phosphorus loading from the watershed. Again, land use is mostly open space, so the wetland 
seems a likely source of the phosphorus (Figure 4-11). One possible solution is to pipe the outlet 
between Sunny and East Auburn, but this may have other fish passage or wetland hydrology 
implications.  
 

 
Figure 4-11. The outlet of Sunny Lake which discharges to East Auburn Lake. 
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The final area that demonstrates some need for water quality improvements are two subwatersheds 
draining to Steiger Lake (SMC-12 and SMC-13). These two subwatersheds drain to a wetland pond area 
on both sides of Steiger Lake Lane (Figure 4-12).  MCWD completed a wetland restoration on the east 
side of Highway 5 in 2012 (Figure 4-12) aimed at reducing almost 98 pounds of phosphorus loading to 
Steiger Lake. The wetland restoration focused on removing the ditch from the wetland, spreading the 
water naturally thought the wetland and eventually stored in small ponds.  
 
The west side pond could be evaluated for retrofitting with an iron enhanced sand filter to improve 
phosphorus removal performance if additional phosphorus reductions are needed after the wetland 
restoration is completed.  
 

 
Figure 4-12. The primary inlet into Steiger Lake. 
Note: The inlet receives drainage from two large developed watersheds (SMC-12 and SMC-13).  

 
Carp and Fish Management 
 
Carp movement and reproduction in the Carver Park Reserve Management Unit is complex, with the fish 
being able to move in and out of the lakes. There are a few areas where fish reproduction may be 
occurring and other areas where passage may be difficult. Based on anecdotal information, carp may be 
reproducing in Sunny Lake, which is prone to fish kill. The carp would then have free access to the rest of 
the system. Sunny Lake should be evaluated for carp management.   
 
Although Crosby Lake is prone to winterkill, carp have not been observed in Crosby or Stone Lake, and 
Three Rivers Park District field staff suggests that the Stone Lake drainage area may be cut off from carp 
by a structure between Sunny and Stone Lake, where carp have been observed congregating on the 
downstream end. Consequently, this area does not seem likely to provide carp recruitment.  
 
The channel between Steiger Lake and East Auburn is somewhat intermittent and may inhibit fish 
passage between the lakes. However, it is unknown if carp move between the lakes. While this is being 
evaluated, carp assessment and management should focus on Sunny Lake.  
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Internal Load Control  
 
None of the lakes in the Carver Park Reserve Management Unit demonstrated high internal loading and 
therefore no internal load projects are necessary at this time.  
 
4.7 TURBID-SOUTH LUNDSTEN MANAGEMENT UNIT 
 
Carp and Fish Management 
 
Based on the fish survey data, carp density estimates from commercial fisherman, and anecdotal reports 
from field staff, carp appear to be quite abundant in this Management Unit. The watershed has 
numerous areas that are shallow enough to be prone to winterkill including large areas such as Marsh 
Lake as well as numerous small shallow open water areas in wetlands throughout the watershed. Carp 
recruitment areas need to be identified and eliminated in the watershed. This activity, along with 
aggressive carp removal, should control carp in the watershed. Carp may be able to move up from East 
Auburn Lake to Wassermann Lake, so a carp barrier may be necessary for long-term control. Auburn 
Lake did have carp in its most recent survey, but the lake is not demonstrating significant effects from 
carp such as substantial SAV loss.   
 
Watershed Nutrient Reductions 
 
Turbid Lake 
 
Turbid Lake is dominated by internal loading, so minimal watershed reductions are required. For 
watershed loading, monitoring should occur at the primary inlet to Turbid Lake, which is at the bottom 
of a ditched wetland (Figure 4-13). A feasibility study for restoring this wetland was developed by Wenck 
Associates in 2010 (Wenck 2010). One important aspect of the project needs to be preventing the 
creation of carp reproduction areas in the wetland after restoration.  
 

 
Figure 4-13. The primary inlet to Turbid Lake. 
Note: The inlet is at the bottom of a ditched wetland. Monitoring should occur at this wetland to assess potential 
phosphorus inputs.  
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South Lundsten Lake 
 
Watershed loading to South Lundsten Lake is dominated by the drainage ditch running from Turbid Lake 
to South Lundsten Lake. Feasibility studies have looked at restoration options along the corridor, 
including channel restoration, agricultural runoff management, and wetland restoration (Figure 4-14; 
MCWD 2011; Cross River Consulting 2010; Wenck 2010). It is difficult to determine the sources of 
phosphorus in the watershed, especially because portions of the ditch run through drained wetlands 
that can export P. All of the options need to be explored and implementation should occur as time, 
money, and land availability permits. One primary activity needs to be limiting carp movement through 
the corridor.  
 

 
Figure 4-14. The primary drainage ditch flowing between Turbid Lake and South Lundsten Lake. 
 
Another option is to treat the outflow from the ditch at the bottom of the watershed, where the ditch 
discharges to a large pond prior to entering South Lundsten Lake (Figure 4-15). The pond could be 
evaluated for retrofits such as an iron enhanced sand filter and a carp barrier. This type of project would 
have a more immediate impact on water quality in the lake. Long-term, the ditch improvements should 
be considered to improve habitat and overall fish migration ability.  
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Figure 4-15. The pond at the end of the drainage ditch prior to discharging into South Lundsten Lake. 
 
Carp and Fish Management 
 
Based on anecdotal reports from field staff (Wenck, MCWD), South Lundsten Lake is severely infested 
with carp that move freely between South Lundsten Lake and Turbid Lake. South Lundsten Lake 
demonstrates the impacts of carp due to its very poor water quality and lack of submerged aquatic 
vegetation. Interestingly, the connected downstream basin, North Lundsten Lake, does not appear 
impacted by carp because it has a healthy, robust submerged aquatic vegetation population, although it 
is demonstrating signs of water quality degradation. Based on these observations, carp management is 
critical for both restoring South Lundsten Lake and protecting North Lundsten Lake.  
 
To manage carp, migration barriers should be considered at the inlet and outlet of South Lundsten Lake. 
It may be that the outlet is acting as a carp barrier now, but this needs to be verified. Preventing carp 
from moving in from Turbid Lake and up from South Lundsten Lake will help with improvements to the 
ditch as well as South Lundsten Lake. A whole-lake drawdown for South Lundsten Lake should be 
evaluated to help with carp removal (possible rotenone treatment) as well as reestablishing the 
submerged aquatic vegetation community. Once the carp have been controlled, water quality 
improvements will have a greater impact on the lake.  
 
Internal Load Control  
 
Turbid Lake and South Lundsten Lake have very high internal loads that dominate the phosphorus 
budget for the lake. Consequently, internal load control is a high priority in the lakes. Because Turbid 
Lake is a deep lake, alum is a good choice for internal load control. South Lundsten Lake is more difficult 
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because it is very shallow and has carp. However, alum may be effective if the carp are controlled and 
submerged aquatic vegetation is reestablished.  
 
4.8 AUBURN-NORTH LUNDSTEN MANAGEMENT UNIT 
 
Watershed Nutrient Reductions 
 
Watershed nutrient loading for East Auburn Lake should focus on subwatershed SMC-11, SMC-15, and 
SMC-25 as described in Section 4.6.  
 
Carp and Fish Management 
 
The role carp play in these three lakes is difficult to identify, but it is clear that carp can move through 
the lakes to spawning areas. However, none of these lakes demonstrate typical carp impacts such as 
submerged vegetation loss and turbid water conditions. Because South Lundsten Lake is heavily carp 
infested, it stands to reason that these carp would move into North Lundsten if it was possible. 
However, there is no evidence of carp in North Lundsten Lake. Carp can move freely between Sunny 
Lake, a likely carp reproduction area, and East Auburn Lake, but Auburn Lake shows no ill effects from 
the carp. It is possible these carp move upstream to Wassermann Lake. Steiger Lake has some carp in 
fish surveys, but the connection is intermittent between the lakes. 
 
Due to the complex connections between the lakes in this part of the watershed, more investigation is 
needed on carp movement. However, a good place to start in carp management is to prevent winterkills 
in Sunny Lake and South Lundsten Lake. Based on the conditions of the lakes and anecdotal information 
on carp movement, there appears to be distinct and separate carp populations in the watershed.  
 
Internal Load Control  
 
None of the lakes demonstrated a large internal load and therefore no internal load control projects are 
required.  
 
4.9 PARLEY-MUD MANAGEMENT UNIT 
 
Watershed Nutrient Reductions 
 
Watershed projects in the Parley lake watershed likely include wetland restoration and agricultural 
BMPs. One area identified as having higher loads from monitoring data includes the wetland to the east 
of Parley Lake (Figures 4-16 through 4-20).  
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Figure 4-16. The drainage area to the east of Parley Lake. 
Note: The drainage area demonstrated high total and ortho-phosphorus concentrations.  
 

 
Figure 4-17. Potential monitoring locations for the west inlet to Parley Lake. 
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Figure 4-18. Potential monitoring site for the west tributary to Parley Lake. 
 
 

 
Figure 4-19. Potential monitoring site for the east tributary to Mud Lake. 
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Figure 4-20. Potential monitoring site for the northern tributary to Mud Lake. 
 
Carp and Fish Management 
 
Controlling carp and bullhead in Parley Lake will require controls throughout the Six Mile Creek 
watershed and developing a plan for reducing and controlling rough fish. The plan will focus on key 
connections of water bodies, potential spawning areas, key rearing areas, and overall management 
strategies aimed at reducing rough fish populations in the watershed (Figure 4.21). One of the first steps 
will be to radio tag carp in the watershed to identify fish movement. Key area removals will need to be 
conducted as well.   

 
Figure 4-21. The Parley Lake watershed has numerous shallow wetlands that can potentially act as 
carp reproduction areas. 
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Internal Load Control  
 
Internal phosphorus release may need to be controlled in Parley Lake. Mud Lake had relatively low 
phosphorus release rates and does not need to be considered at this time. Shallow lakes are more 
difficult to manage internal load because of dense carp populations and no submerged aquatic 
vegetation. Prior to implementation of any internal load control, the carp population must be 
controlled. Parley Lake should undergo lake restoration prior to an internal load control project because 
the role of internal loading is still unclear.  
 
Vegetation Management 
 
Parley Lake contains both Eurasian watermilfoil and curly-leaf pondweed and Mud Lake lacks an SAV 
population. Currently, neither is dominating the vegetation community in Parley Lake. However, as 
water quality improves, these species will likely become more aggressive. Long term control actions will 
be necessary, including some chemical control or harvesting as well as whole-lake drawdown to reduce 
the seed bank. 
 
Lake Restoration 
 
Once the rough fish and nutrients have been controlled, a whole lake drawdown will be necessary to 
switch the lake from the turbid water state to the clear water state. Drawdown should occur during two 
periods, one winter period to reduce curly-leaf pondweed and one summer period to promote 
denitrification and invigorate the native seed bank.   

 
Once the lake is in the clear lake state, water levels will need to be managed to maintain the clear lake 
state. This includes the ability for periodic whole- or partial-lake drawdown. 

Planning a drawdown takes considerable effort and permitting, with the process often exceeding two 
years. Planning and feasibility efforts should be conducted concurrently with watershed nutrient 
management and carp assessments.  
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Appendix A 

 

 
P8 Model Documentation 
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Appendix B 

 

 
XP-SWMM Model Documentation 
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Appendix C 

 

 
Internal Phosphorus Release Study 
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Appendix D 

 

 
BATHTUB Model Documentation 
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Appendix E 

 

 
Water Quality Data Summary 
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Appendix F 

 

 
Fish Data Summary 
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Appendix G 

 

 
Vegetation Data Summary 

 
 
 
 



 

 

 

 


