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EXECUTIVE SUMMARY 

The purpose of this study is to identify target water quality parameters and implementation items 

in Lower Prior Lake that will prevent future water quality degradation and ensure that the lake 

will remain a recreational lake suitable for fishing and swimming. The following water goals and 

objectives were identified for this study: 

Lake-Wide Goals 

¶ Quantitative water quality goals are to maintain existing conditions or slightly improve the 

water quality, equating to a 0-10% improvement from existing conditions (at Site 101), 

within 10 years of initiation of implementation activities.  

Lower Prior Lake (Site 101) 

Parameter Goal Condition  
(10% Improvement) 

Present 
Condition 

State 
Eutrophication 

Standards 

TP (µg/L) 23 26 40 

Chlor-a (µg/L) 12 13 14 

Secchi transparency (m) 3.1 2.8 1.4 

¶ Instill an understanding of the direct connection between watershed, shoreline, and in-lake 

practices and the observed water quality in Lower Prior Lake in local stakeholders. 

¶ Instill realistic expectations of water quality improvements to citizens in the project area. 

Upper Bay (Site 203) Goals 

¶ Improve water quality of Upper Prior Lake. 

¶ Reduce internal phosphorus loading from sediments. 

Remaining Bays Goals 

¶ Reduce phosphorus loading from the watershed by improving existing BMPs, constructing 

new BMPs in the direct drainage area, and improving shoreline buffers around the lake.  

¶ Reduce internal phosphorus loading from sediments. 

 

Diagnostic Study Summary 

The objective of the diagnostic study was to: 

¶ Evaluate the spatial and temporal variability of water quality in Lower Prior Lake to 

determine if there are certain subwatersheds that led to spatial variability of water quality 

within the lake. 

¶ Compare water quality in Lower Prior Lake to water quality in Upper Prior Lake to 

determine if the cause of poorer water quality during the later summer months is due to 

internal loading and/or ecological interactions within Lower Prior Lake or due to poor water 

quality from Upper Prior Lake. 

¶ Identify areas of highest phosphorus loading to Lower Prior Lake. 

Key findings of the diagnostic study were: 
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1. The water quality at Site 203 is influenced strongly by the water quality of Upper Prior Lake.  

Chl-a and Secchi transparency indicators of water quality were the worst at Site 203 and 

improved with increasing distance from Upper Prior Lake. Lower water quality at Site 

203 was attributed to physical transport of algae and some phosphorus from Upper Prior 

Lake. Site 203 is located in the bay that directly receives water from Upper Prior Lake 

and discharges to the outlet channel of Lower Prior Lake. Upper Prior Lake has the 

greatest influence on water quality at Site 203 in Lower Prior Lake during spring and the 

beginning of summer when water levels are high and flow between Upper and Lower 

Prior lakes is greatest. 

Internal phosphorus loading from the sediment may also contribute to lower water quality 

at Site 203 due to strong summer stratification, phosphorus accumulation in the bottom 

waters, and strong correlation between TP and Chl-a.  

2. The influence of Upper Prior Lake water quality on Lower Prior Lake decreases with 

increasing distance from Upper Prior Lake. 

Improved water quality in Upper Prior Lake will not necessarily impact water quality in 

most of Lower Prior Lake. While Site 203 is significantly influenced by the water quality 

in Upper Prior Lake, sites that are located further north and west than Site 203 from the 

Wagon Bridge are more greatly influenced by phosphorus loading from the watershed 

and internal loading from the sediments. The total drainage area of subwatersheds with 

high phosphorus loading rates (> 0.24 lb/ac) was 1934 acres, or 58%, of the project area. 

These areas should be the target of improvements to existing BMPs or construction of 

new BMPs to reduce the total phosphorus load from the watershed. Finally, while most of 

Lower Prior Lake stratified during the growing season and the bottom waters became 

devoid of oxygen, phosphorus accumulation in the bottom waters only occurred at Sites 

101 and 206 in 2011. Internal phosphorus loading from the sediments is expected to have 

an influence on water quality in Lower Prior Lake in the Site 101 and Site 206 bays.  

Implementation Plan Summary 

The objective of the implementation plan was to identify specific load reduction activities 

needed to achieve the in-lake water quality, and information and education goals developed for 

Lower Prior Lake listed above. A balanced mix of public regional BMPs (pond expansions and 

large infiltration areas) and watershed-wide private projects (buffers and rain gardens) with a 

strong emphasis on education programs was chosen as primary components of a preliminary 

implementation plan to maintain water quality in Lower Prior Lake. Specifically, these include 

the following: 

¶ Regional public projects 

o Infiltration areas and pond expansion in SW-N1/N2/N3/N4 

o Infiltration area and parking lot storm drain rain gardens in SW-N5/N6 

o Infiltration area and pond expansion in SW-S9/S11 

o Hwy 13 ditch checks in SW-10 

¶ Watershed-wide private projects 

o Shoreline buffers 
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o Rain garden implementation in SW-14 and SW-25 

¶ Education programs 

o ñHabitat for Watershedò neighborhood volunteer rain garden program 

o K-12 outreach programs 

If all these projects were implemented, they would be expected to reduce 52 lb/year from the 

Lower Prior Lake watershed phosphorus load at a projected annual cost (2013-2015) of 

approximately $38,000 (Table 21). 

These load reduction activities were chosen from a complete list of potential load reduction 

activities identified in the Lower Prior Lake watershed based on the following criteria: 

¶ Phosphorus reduction cost-benefit ranking 

¶ Other benefits such as wildlife benefits, aesthetic benefits, volume reduction 

¶ Stakeholder interest 

¶ Involvement of an education component, leading to long-term improvement in management 

practices by stakeholders.  
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1 INTRODUCTION AND PROJECT BACKGROUND  

1.1 Description of the Lake and Project Area  

Lower Prior Lake (70-0026) is located in the Prior Lake-Spring Lake Watershed District 

(PLSLWD) in Scott County, in the Minnesota River Basin. The lakeôs surface area is 

approximately 960 acres, with a maximum depth of 60 feet. The lake consists of a linear body of 

water with many interconnected bays of varying water quality. Lower Prior Lake is the third in a 

chain of three lakes; Spring Lake flows into Upper Prior Lake, which flows into Lower Prior 

Lake (Figure 1). Upper and Lower Prior Lakes were originally one body of water. The 

construction of a railroad causeway across a narrow portion of the lake separated the lake by 

1930. The two lakes are now connected by a narrow channel of water. 

The entire Lower Prior Lake watershed is approximately 30 square miles, which includes the 

majority of the 42 square mile Watershed District. Both Spring Lake and Upper Prior Lake are 

on the EPAôs list of impaired water bodies, due to high nutrients that impair aquatic recreation. A 

total maximum daily load (TMDL) study and implementation plan have been completed for 

these lakes. Since the portion of Lower Prior Lakeôs watershed that flows through Spring and 

Upper Prior Lakes has been recently addressed through the TMDL implementation plan, this 

Lower Prior Lake Diagnostic Study and Implementation Plan focuses on only the direct drainage 

area of Lower Prior Lake (Figure 2 ï areas outlined in yellow). 

Lower Prior Lake is a resource heavily used by the public. Lake Front Park, on the southwest 

portion of Lower Prior Lake within the City of Prior Lake, is the second largest park facility in 

the Watershed District. Sand Point is a swimming beach on the north shore of the lake; annual 

visitors to Sand Point range from 30,000 to 48,000 (figures from Water Resources Management 

Plan for the PLSLWD 2010-2019, citing the City of Prior Lake). A public boat landing on the 

north-central / northeast shore of the lake is maintained by the DNR, and there is also a winter 

access point on the lake. Lower Prior Lake receives intense recreational pressure year-round. 

Open water activities include fishing, boating, water skiing, jet skiing, sailing, wake boarding, 

and swimming. During the winter when the lake is ice covered, recreational activities include 

snowmobiling, ice fishing, skating, and cross country skiing. 
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Figure 1. Lower Prior Lake location map 
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Figure 2. Project focus area - Subwatersheds delineated as part of this project
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1.1.1 Known and potential water quality problems 

Lower Prior Lake meets the state eutrophication standards (Table 1). The 10-year mean 

phosphorus concentration and Secchi transparency comfortably meet the standards, but the 

chlorophyll-a concentration is just meeting the standard of 14 Õg/L (data from MPCAôs 

Environmental Data Access system). Observational data indicate that, during August and 

September, there is a definite presence of algae, although it does not reach nuisance levels. 

Table 1. Water quality summary, surface water growing season means 

Parameter Lower Prior Lake 
(Site 101) 

State eutrophication 
standards 

TP (µg/L) 26 40 

Chlor-a (µg/L) 13 14 

Secchi transparency (m) 2.8 1.4 

 

The lake is influenced by the water quality of Spring Lake and Upper Prior Lake, which are 

directly upstream of Lower Prior Lake. Degradation in the water quality of the upstream lakes 

also degrades the quality of Lower Prior Lake. 

1.1.2 Lake management efforts 

Outlet channel 

Lower Prior Lake has historically been landlocked. Rising water levels led to the construction in 

1983 of a lake outlet by the Watershed District. The outlet is located on the northern portion of 

the southwest end of Lower Prior Lake, and the channel travels seven miles to the Minnesota 

River.  

Walleye stocking 

The DNR stocks Lower Prior Lake with walleye fingerlings every other year. See ñLake 

Management Plan, Department of Natural Resourcesò under Section 1.1.3: Related plans and 

studies for more information. 

Watercraft speed limitations 

The following are watercraft speed limitations on Lower and Upper Prior Lakes (City of Prior 

Lake City Code 703.400): 

¶ Watercraft towing a person cannot be operated within 150 feet of the shoreline. Watercraft 

launching or landing a person are exempt if using the most direct and safe route to open 

water or the shore. 

¶ Watercraft may not be operated at greater than a slow no-wake speed within 150 feet from 

shore. 

¶ The daytime (from sunrise to one hour after sunset) speed limit is 40 miles per hour on 

weekends and holidays from Memorial Day weekend through Labor Day weekend. 

¶ The nighttime speed limit (from one hour after sunset to sunrise) is twenty miles per hour. 
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¶ When the water level reaches 904 feet, watercraft may not be operated at greater than a slow 

no-wake speed on the entire lake. 

¶ Watercraft may not be operated at greater than a slow no-wake speed in any no-wake 

channels or zones marked by the City of Prior Lake. 

1.1.3 Related plans and studies 

Diagnostic/feasibility study for Spring and Prior Lakes, 1993 

A diagnostic and feasibility study was conducted for Spring Lake, Upper Prior Lake, and Lower 

Prior Lake in 1993. The diagnostic portion of the study included water quality and quantity 

monitoring for a 12-month period (October 1988 - September 1989). There were two lake 

monitoring sites in Lower Prior Lake, one stormsewer site in the watershed of Lower Prior Lake, 

and a site at Lower Prior Lakeôs outlet. The remainder of the monitoring sites were in Spring 

Lake and Upper Prior Lake and their watersheds. In-lake data collection consisted of dissolved 

oxygen, water temperature, transparency, pH, phosphorus, nitrogen, chlorophyll-a, 

phytoplankton, zooplankton, and submerged aquatic macrophtyes. Hydrologic budgets, nutrient 

budgets, and in-lake models were developed for the lakes. Relevant results from the diagnostic 

study are included throughout this updated 2011 diagnostic study, where appropriate. 

The feasibility study proposed the following as approaches for improving the water quality in 

Lower Prior Lake: 

¶ Strengthen PLSLWDôs water quality ponding standards  

¶ Reduce the use of high phosphorus fertilizers  

¶ Improve yard waste management 

¶ Improve maintenance of stormwater facilities 

¶ Establish shoreline buffers around lakeshore. 

¶ Convert the wet/dry basins at the end of Beach Steet (north side of Lower Prior Lake) and at 

Sand Pointe Park to wet ponds to improve their phosphorus removal capacity. 

Lake Management Plan, Department of Natural Resources 

This lake management plan focuses on fisheries management for Lower Prior Lake, Upper Prior 

Lake, and Spring Lake. The three lakes are managed as one system due to their direct 

connections; fish move easily between the lakes. The lakes are managed for a sport fishery, with 

walleye and largemouth bass being the primary species managed, and northern pike and bluegill 

being the secondary species managed. 

Water Resources Management Plan for the Prior Lake-Spring Lake Watershed District 2010-

2019 

The PLSLWDôs 2011 Water Resources Management Plan describes the physical, biological, and 

hydrological setting, and current and proposed land use and development within the District. It 

establishes goals, policies, and objectives for protecting water resources, and includes an 

implementation plan of specific activities that will be undertaken between 2010 and 2019 to 

achieve the planôs goals. The plan includes ñLower Prior Lake Retrofit BMP Feasibility Study 

and Projects,ò to address untreated and/or under-treated subwatersheds within the Lower Prior 

Lake drainage area.  
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1.2 Project Purpose  

A diagnostic and feasibility study for Spring Lake and Prior Lake was developed in the early 

1990s. Although the study addressed all three lakes in the chain (Spring, Upper Prior, and Lower 

Prior Lakes), it focused on Spring Lake and Upper Prior Lake, due to water quality issues 

apparent in those lakes at the time. The study concluded that Lower Prior Lake would reach its 

water quality goal through improvements in the two upstream lakes. The purpose of the proposed 

project is to provide information to protect the water quality of Lower Prior Lake and to propose 

projects that will help the lake remain a recreational lake suitable for fishing and swimming. It 

differs from the previous study in the focus on evaluating the variability in water quality in 

Lower Prior Lake and identifying BMPs for the direct drainage area. This overall purpose can be 

broken into a number of individual goals, grouped by the following categories: 

Overall resource goals 

¶ Protect the water quality of Lower Prior Lake to prevent water quality degradation, and to 

ensure that the lake will remain a recreational lake suitable for fishing and swimming.  

Water quality characterization goals 

¶ Evaluate the spatial and temporal variability of water quality in Lower Prior Lake. 

¶ Compare water quality in Lower Prior Lake to water quality in Upper Prior Lake to 

determine if the cause of poorer water quality during the later summer months is due to 

internal loading and/or ecological interactions within Lower Prior Lake or due to poor water 

quality from Upper Prior Lake. 

¶ Identify in-lake factors that might influence water quality within Lower Prior Lake 

¶ Identify areas of highest phosphorus loading to Lower Prior Lake in the direct drainage area. 

Water quality quantitative goals 

¶ The water quality in Lower Prior should be maintained at existing conditions or slightly 

improved. The numeric goals are a 0-10% improvement from existing conditions (at Site 

101). A 0% improvement indicates that the lake has maintained its current water quality and 

has not degraded. A 10% improvement equates to the following: 26 µg/l total phosphorus, 13 

µg/l chlorophyll-a, and 2.8 meters Secchi transparency.  

¶ Maintain existing conditions or improve water quality within 10 years of implementation 

activities. 

Information and education goals for citizens in the project area 

¶ Ensure that stakeholders understand the direct connection between watershed, shoreline, and 

in-lake practices and the observed water quality in Lower Prior Lake. 

¶ Instill realistic expectations of water quality improvements to citizens in the project area. 

1.3 Project Partners  

As the project sponsor, the PLSLWD used their staff and consultants [Emmons & Olivier 

Resources, Inc. (EOR), MN Waters, and Scott County Water Resource Education Coordinator] 

for data collection and analysis, coordination of public input and goal setting, diagnostic study 

and implementation plan development, and project administration. Objectives are described in 

Table 4, and the responsibility for each was divided as follow: District Staff administered the 
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project (Objective 8), assisted with monitoring (Objective 2), and provided input and review on 

all components of the project (Objectives 3 through 7); EOR conducted monitoring (Objective 

2), data analysis (Objective 3), presentation of technical information at stakeholder meetings 

(Objective 4), and diagnostic study and implementation plan development (Objectives 5 through 

7); MN Waters facilitated the stakeholder involvement process (Objective 4); and Scott Countyôs 

Water Resource Education Coordinator, housed at the Scott SWCD, completed the outreach 

components (Objective 4). 

Technical input from the City of Prior Lake, the MN Department of Natural Resources, the MN 

Pollution Control Agency, and other applicable agencies or groups was solicited on an as-needed 

basis throughout the course of the project. Stakeholders, including local residents and lake users, 

were involved in the two stakeholder meetings held for the project. 

An organization chart is provided in Table 2. The staff and governing board directory is in Table 

3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Organizational chart  

MN Waters 

MPCA Project Manager 

Chris Zadak 

Stakeholders 

PLSLWD Administrator  

Michael Kinney 

PLSLWD Board of 

Managers 

Technical Advisors 

EOR PLSLWD 

Staff 
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Table 3. Staff and governing board directory 

Name Organization Phone Email 

Michael Kinney PLSLWD 952-447-4166 mkinney@plslwd.org 

Nat Kale PLSLWD 952-378-2167 nkale@plslwd.org 

Chris Zadak MPCA 651-757-2837 Chris.Zadak@state.mn.us 

Meghan Jacobson EOR 651-203-6049 mjacobson@eorinc.com 

Peter Young City of Prior Lake 952-447-9831 pyoung@cityofpriorlake.com 

Alex Gehrig MN Waters 218-251-1462 alexg@minnesotawaters.com 

1.4 Public Participation  

1.4.1 Stakeholder involvement 

MN Waters facilitated the stakeholder involvement process, which included two stakeholder 

meetings: 

1.  April 26, 2011 ï First stakeholder meeting on Diagnostic Study results and 

Implementation Plan proposed process 

2.  October 25, 2012 ï Second stakeholder meeting on Implementation Plan preliminary 

results and proposed prioritization of identified stormwater retrofit BMP opportunities 

At these meetings, a summary of the project findings to date was presented and time was 

provided for participants to ask questions and provide feedback on the project goals and 

direction. 

1.5 Project Costs  

Table 4 presents the final project costs, by objective. 

Table 4. Project costs, by objective 

Objective Cost 

1 Develop work plan $3,911.37  

2 Data collection $20,977.38  

3 Data assessment and modeling $21,651.05 

4 Stakeholder involvement $6,680.76 

5 Diagnostic study - report $7,405.50 

6 Implementation plan $24,515.64  

7 Final report prep $3,107.75  

8 Project administration $5,141.40  

Total $93,390.85  
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1.6 Project Milestones  

Table 5. Milestone schedule 

 

 

F M A M J J A S O N D J F M A M J J A S O N D

1 - Develop work plan

2 - Data collection

In-lake monitoring

Shoreline erosion survey and field reconn

3 - Data assessment and modeling

In-lake assessment

Watershed assessment

4 - Stakeholder involvement

Stakeholder meetings (2)

On-going education and information

5 - Diagnostic study report

6 - Implementation plan

Implementation alternatives

Implementation program development

Final Report - implementation plan

7 - Final report

One round of comments and edits

Final submittal

8 - Project administration

2011 2012
Objective
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2 DIAGNOSTIC STUDY 

2.1 Methods  

2.1.1 Watershed characterization 

Data from public sources were collected to characterize the direct drainage area of Lower Prior 

Lake, including land use, soil type, geologic characteristics, imperviousness, hydraulic and 

hydrologic structures, subwatershed boundaries, and flow direction.  

2.1.2 Water sampling 

Four sites (Sites 203, 101, 205, and 104, Figure 3) were monitored twice monthly in 2011 from 

April through October (7 months, for a total of 14 sampling events). Additionally, two sites in 

bays (Sites 206 and 207) were monitored monthly. The following data were collected at each 

site: 

¶ Surface water total phosphorus (TP), total Kjeldahl nitrogen (TKN), and chlorophyll-a 

concentration 

¶ Surface water chloride (monthly) from April through July. In August, both surface and 

hypolimnetic chloride were collected at five sites. 

¶ Secchi transparency 

¶ Depth profiles, at one-meter intervals, of temperature, dissolved oxygen, pH, and 

conductivity 

¶ Hypolimnetic TP, one meter above the lake bottom 

Monitoring days were coordinated to the extent possible with monitoring on Upper Prior Lake, 

so that water quality comparisons between the two lakes are as comparable as possible. 

Pace Analytical Services and Braun Intertec performed the analytical services. Data were 

submitted to EQuIS following appropriate quality control procedures. 

Of the six sites sampled in 2011, consistent long-term water quality records are available for 

Sites 203 and 101 only. TP, TKN, and Secchi data are available for Site 101 from 1980-2010, 

but only Secchi transparency is presented in this report because it is a robust indicator of overall 

long-term water quality and long-term nutrient data is not available for Site 203 (except for a few 

measurements between 1968 and 1981). 

To compare water quality trends in Upper and Lower Prior lakes, 2011 monitoring data collected 

for this project were combined with historic lake water quality data (1980-2010) from the 

MPCAôs Environmental Data Access for Upper Prior Lake (site #70-0072-00-202) and Lower 

Prior Lake (site #70-0026-00-101; 70-0026-00-203). Upper Prior Lake Site 202 corresponds with 

the bay that discharges directly into Lower Prior Lake. Lower Prior Lake Sites 101 and 203 were 

the only sites with long-term water quality data that were also monitored in 2011 for this project. 

Long-term water quality in Upper and Lower Prior lakes were compared with respect to Secchi 

transparency because this was the only water quality parameter with long-term (>10 years) 

records in the Lower Prior bay directly receiving Upper Prior Lake discharge (Site 203). 
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Site descriptions 

The water quality sampling sites (Figure 3) covered six different bays with varying depths (Table 

6, Figure 4). The majority of the bays have maximum depths of 30 to 40 feet. The shallowest bay 

sampled in this study was at Site 207, which has a maximum depth of ten feet. 

Site 203 is located in the bay that receives water from Upper Prior Lake and also discharges to 

the outlet channel of Lower Prior Lake. Sites 101 and Sites 205 are located in the main western 

and eastern bays of the lake, respectively, northeast of Site 203. Site 104 is located in a bay south 

of the bay with Site 101. Site 206 is located in a small, deep bay (referred to locally as Candy 

Cove) that is connected to the bay with Site 104 by a narrow channel. Site 207 is located in a 

small, shallow bay that is connected to the bay with Site 205 by a wide channel. Hereafter, the 

sites are listed in the following order: 203, 104, 101, 205, 206, and 207. The outlet of Lower 

Prior Lake is located close to the inlet from Upper Prior Lake (Figure 3). Water flows from 

Upper Prior Lake towards the Lower Prior Lake outlet, and also flows from the northeastern 

portions of Lower Prior Lake towards the outlet, in an overall southwesterly direction. The rate 

of flow from Upper Prior Lake to the outlet is likely higher than the rate of flow from the 

northeastern portions of Lower Prior Lake, due to the large watershed size of Upper Prior Lake 

and the close proximity of the inlet from Upper Prior Lake to the Lower Prior Lake outlet. 

Table 6. Lower Prior Lake 2011 monitoring sites and maximum depths 

Site Maximum Depth 
of Bay (ft) 

203 40 

104 42 

101 36 

205 40 

206 34 

207 10 
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Figure 3. Monitoring site locations 






















































































































































































































































































