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Glossary 

Altered hydrology (USGS 2013): Changes in the amount of and way that water moves through the 

landscape. Examples of altered hydrology include changes in river flow, precipitation, subsurface 

drainage, impervious surfaces, wetlands, river paths, vegetation, and soil conditions. These changes can 

be climate- or human-caused. 

Animal Units: A term typically used in feedlot regulatory language. One animal unit is roughly equivalent 

to 1,000 pounds of animal, but varies depending on the specific animal. 

Assessment Unit Identifier (AUID): The unique water body identifier for each river reach comprised of 

the USGS eight-digit HUC plus a three-character code unique within each HUC. The “AUID-3” used to 

label streams in this report is that three-character code. Also, see ‘stream reach’ 

Aquatic consumption impairment: Streams are impaired for impacts to aquatic consumption when the 

tissue of fishes from the water body contains unsafe levels of a human-impacting pollutant. The 

Minnesota Department of Health provides safe consumption limits. 

Aquatic recreation impairment: Streams are considered impaired for impacts to aquatic recreation if 

fecal bacteria standards are not met. Lakes are considered impaired for impacts to aquatic recreation if 

TP, chlorophyll-a, or Secchi disc depth standards are not met. 

Biological Impairment (bio-impaired): A biological impairment is an impairment to the aquatic life 

beneficial use due to a low fish and/or aquatic macroinvertebrate (bug) IBI score. 

Civic Engagement (CE): CE is a subset of public participation (IAP2 2007) where decision makers involve, 

collaborate, or empower citizens in the decision making process. The University of Minnesota Extension 

(2013) provides information on CE and defines CE as “Making resourceful decisions and taking collective 

action on public issues through processes that involve public discussion, reflection, and collaboration.”  

Designated (or Beneficial) Use: Water bodies are assigned a designated use based on how the water 

body is used. Typical beneficial uses include drinking, swimming, fishing, fish consumption, agricultural 

uses, and limited uses. Water quality standards for pollutants or other parameters are developed to 

determine if water bodies are meeting their designated use. 

Flow-weighted Mean Concentration (FWMC): The total mass of a pollutant delivered (by water) over a 

set period of time by the total volume of water over that same period of time. Typical units are lbs/ac-ft 

or grams/m3  

Geographic Information Systems (GIS): A geographic information system or geographical information 

system (GIS) is a system designed to capture, store, manipulate, analyze, manage, and present all types 

of spatial or geographical data. https://en.wikipedia.org/wiki/Geographic_information_system 

Hydrologic Unit Code (HUC): Assigned by the USGS for each watershed. HUCs are organized in a nested 

hierarchy by size. For example, the Minnesota River Basin is assigned a HUC-4 of 0702 and the Pomme 

de Terre River Watershed is assigned a HUC-8 of 07020002. 

Impairment: Water bodies are listed as impaired if water quality standards are not met for designated 

uses including aquatic life, aquatic recreation, and aquatic consumption. 

https://c.ymcdn.com/sites/www.iap2.org/resource/resmgr/files/iap-006_brochure_a3_internat.pdf
http://www1.extension.umn.edu/community/civic-engagement/engage-citizens-decisions/
https://en.wikipedia.org/wiki/Geographic_information_system
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Index of Biotic integrity (IBI): A numerical value between 0 (lowest quality) to 100 (highest quality) that 

classifies the aquatic communities. 

Nonpoint source pollutants: Pollutants that are from diffuse sources; most of these sources are not 

regulated. Nonpoint sources include agricultural field run-off, agricultural drain tile discharge, storm 

water from smaller cities and roads, bank, bluff, and ravine failures, atmospheric deposition, failing 

septic systems, animals, and other sources. 

Point Source Pollutant: Pollutants that can be directly attributed to one location; generally, these 

sources are regulated by permit. Point sources include: waste water treatment plants, industrial 

dischargers, and storm water discharge from larger cities (MS4 permit (MPCA 2013e)), and storm water 

runoff from construction activity (construction storm water permit). 

Pollutant vs Stressor: Generally, these words could be used interchangeably. However, in this report, a 

pollutant is used to refer to parameters that have a water quality standard and can be tested for 

directly. Pollutants affect all beneficial uses. A stressor is used to refer to the parameter(s) identified in 

the stressor ID process, which is only done when a bio-impairment is identified (due to a low fish and/or 

macroinvertebrate IBI score). 

Protection: This term is used to characterize actions taken in watersheds of waters not known to be 

impaired to maintain conditions and beneficial uses of the waterbodies. 

Polychlorinated Biphenyls (PCBs): A group of toxic, man-made organic chemicals sometimes found as a 

pollutant in water bodies, formerly used in the U.S. in industrial and commercial applications. See EPA 

site for more information on PCBs.  

Restoration: This term is used to characterize actions taken in watersheds of impaired waters to 

improve conditions, eventually to meet water quality standards and achieve beneficial uses of the 

waterbodies. 

Source (or Pollutant Source): Actions, locations, or entities that deliver/discharge pollutants. 

Stream Class: a classification system for streams to specify the stream’s beneficial or designated uses. 

Stream Class 2B: The quality of Class 2B surface waters shall be such as to permit the propagation 

and maintenance of a healthy community of cool or warm water sport or commercial fish and 

associated aquatic life and their habitats. These waters shall be suitable for aquatic recreation of all 

kinds, including bathing, for which the waters may be usable.  

Stream Class 2C: The quality of Class 2C surface waters shall be such as to permit the propagation 

and maintenance of a healthy community of indigenous fish and associated aquatic life and their 

habitats. These waters shall be suitable for boating and other forms of aquatic recreation for which 

the waters may be usable. 

Stream Class 7 waters: The quality of Class 7 waters of the state shall be such as to protect aesthetic 

qualities, secondary body contact use, and groundwater for use as a potable water supply. 

Stream reach: “Reaches in the network are segments of surface water with similar hydrologic 

characteristics. Reaches are commonly defined by a length of stream between two confluences, or a 

http://www.pca.state.mn.us/index.php/water/water-types-and-programs/stormwater/municipal-stormwater/municipal-separate-storm-sewer-systems-ms4.html#overview
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/stormwater/construction-stormwater/index.html
http://www.epa.gov/epawaste/hazard/tsd/pcbs/index.htm
http://www.epa.gov/epawaste/hazard/tsd/pcbs/index.htm
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lake or pond. Each reach is assigned a unique reach number and a flow direction. The length of the 

reach, the type of reach, and other important information are assigned as attributes to each reach.” 

USGS, 2014 

Stressor (or Biological Stressor): A term for the parameters (e.g., altered hydrology, dams preventing 

fish passage) that were identified as adversely impacting aquatic life in a biologically-impaired stream 

reach. 

Total Maximum Daily Load (TMDL) is the maximum amount of a pollutant (or load capacity) a water 

body can receive without exceeding the water quality standard. In additional to calculating the load 

capacity, TMDL studies identify pollutant sources by allocating the load capacity between point sources 

(or wasteload) and nonpoint sources (or load). Finally, TMDLs calculate the necessary pollutant 

reductions necessary for a water body to meet its standards. 

Yield (water, pollutant, crop, etc.): the amount of mass, volume, or depth per unit land area (e.g. lbs/ac, 
in/ac) 

http://water.usgs.gov/osw/streamstats/netnav.html
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Executive Summary 

The State of Minnesota uses a “Watershed Approach” to assess and address the water quality of each of 

the state’s 80 major watersheds on a 10-year cycle. This report summarizes the Minnesota Pollution 

Control Agency’s (MPCA) Watershed Approach work findings, addressing the fishable, swimmable status 

of surface waters in the Watonwan River Watershed. This work relied on a scientific approach by MPCA 

staff, but also developed and vetted results using a team of local watershed partners (Soil and Water 

Conservation Districts [SWCDs], counties, and other state agencies). Another important aspect of this 

work was a robust civic engagement process, which identified challenges, opportunities, and 

recommendations to achieve higher adoption of conservation practices within the watershed. 

The majority of monitored stream reaches and lakes in the Watonwan River Watershed are not meeting 

water quality standards for aquatic life (fishing) and aquatic recreation (swimming), as illustrated in the 

pie charts below. Trend analysis indicates a long-term declining trend in P concentrations and a short-

term declining trend in sediment concentrations. Other pollutants showed no trend.  

Several water body pollutants and stressors were identified. A source assessment, goals, and 10-year 

targets were developed for each pollutant and stressor. The pollutants and stressors along with their 

goals and 10-year targets are summarized in the table on the following page. 

Strategies to address the goals and 10-year targets were developed. Strategies Table A (Table 21, Page 

70) provides a high-level narrative estimate of the total changes necessary for all waters to be restored

and protected, and Strategies Table B (Table 22, Page 71) presents a suite of strategies and numeric

adoption rates to meet the 10-year targets. With 87% of the watershed in cultivated crops, the largest

opportunity for water quality improvement is from this land use. Identified strategies include improving

soil health with cover crops and reduced tillage, improving manure and fertilizer application, and

improving stream riparian habitat.
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Priority areas to focus restoration and protection efforts were developed using multiple criteria and 

presented in a Priorities Table (Table 23, Page 73). Identified priorities include barely impaired waters, 

protecting supporting waters, drinking/ground water, and critical wildlife habitat. 

The biophysical means to restore and protect the watershed (i.e. the strategies) are fairly well 

understood. However, the transition to these sustainable practices is limited by social-based 

challenges. Some social-based challenges like program inadequacies and undeveloped markets are 

outside the scope of local conservation staff influence, but other challenges can be addressed at this 

local level. The Watonwan River Watershed civic engagement process focused on producing leverage 

points to conservation adoption and solution strategies. This work (summary and links in Section 3.2) 

was integrated into the strategies table, but also independently serves as a representation of citizen 

recommended work and next steps for local conservation planning.  

Parameters 
(Pollutant/ 

Stressors)

Watershed-Wide Goal 
(Average/surrogate for Watershed)  

Range of       

Subwatershed Goals 
(Estimated only when      

TMDL or MSHA data are available)  

10-year

Target
(for 2029)

Years to 

Reach Goal 
(from 2019)

Habitat
35% increase in     

MSHA habitat score
protect up to a 164% increase 12% ↑ 75

25% reduction in peak  

& annual stream flow 
4% ↓ 45

increase dry season stream base flow where  

ID'd in SID by enough to support aquatic life  
increase 15

Nitrogen
50% reduction in stream  

concentrations/loads

not estimated  
(TMDLs  not completed 

on this  parameter)

15% ↓ 60

Sediment
20% reduction in stream  

concentrations/loads     
protect up to a 94% reduction 4% ↓ 45

Connectivity

Address human-caused issues       

(dams, culverts) as identified in SID  

and where practical/feasible

not estimated  
(TMDLs  not completed 

on this  parameter)

Replace 5% of 

culverts
45

Phosphorus/ 

Eutrophication 

40% reduction in lake and stream  

concentrations/loads
protect up to a 47% reduction

Streams 5% ↓ 

Lakes 10% ↓

Streams 60 

Lakes 35

Bacteria
65% reduction in stream  

concentrations/loads 
10-84% reduction 12% ↓ 65

F-IBI & M-IBI 60

DO 60

Each parameter's goal is to meet the water quality 

standard and support downstream goals. Because 

these parameters are a response to (caused by) the 

above pollutants/stressors, the above watershed-

wide and subwatershed goals are indirect goals for 

these parameters and are more usable for selecting 

strategies than direct goals for these parameters.

not estimated  
(TMDLs not completed  

on these parameters)

meet other 10-

year targets

not estimated  
(TMDLs  not completed 

on this  parameter)

Altered 

Hydrology

Parameters that are impacted/addressed by the above pollutants and stressors 
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The farming community has been and continues to be a vital partner to conservation efforts in the 

Minnesota River Basin. Reducing sediment and nutrient impacts on water resources is important to 

Minnesota farmers who innovate new practices to improve the sustainability of their farms. Continued 

support from the State, local governments, and farm organizations will be critical to finding and 

implementing solutions that work for individual farmers and help achieve the goal of clean water. 

1 Introduction and Background 

1.1 Watershed Approach and WRAPS 

The State of Minnesota uses a “Watershed Approach” 

(MPCA 2015a) to assess and address the water quality 

of each of the state’s 80 major watersheds on a 10-year 

cycle. In each cycle of the Watershed Approach, rivers, 

lakes, and wetlands across the watershed are 

monitored and assessed, water body restoration and 

protection strategies and local plans are developed, and 

conservation practices are implemented. Watershed 

Approach assessment work started in the Watonwan 

River Watershed in 2013 (Figure 1).  

Much of the information presented in this report was 

produced in earlier Watershed Approach work, prior to 

the development of the Watershed Restoration and 

Protection Strategy (WRAPS) report. However, the 

WRAPS report presents additional data and analyses. To 

ensure the WRAPS strategies and other analyses 

appropriately represent the Watonwan River 

Watershed, local and state natural resource and 

conservation professionals (referred to as the WRAPS Local Work Group; see group members listed on 

inside of front cover) were convened to inform the report and advise technical analyses.  

Two key products of this WRAPS report are the strategies table and the priorities table, each developed 

with the WRAPS Local Group. The strategies table outlines high-level strategies and estimated adoption 

rates necessary to restore and protect water bodies in the watershed, including social strategies that are 

key to achieving the physical strategies. The priorities table presents criteria to identify priority areas for 

water quality improvement, including specific examples of waterbodies and areas that meet the 

prioritizing criteria. Additional tools and data layers that can be used to refine priority areas and target 

strategies within those priority areas are listed in Appendix 4.4.  

In summary, the purpose of the WRAPS report is to summarize work done in this first cycle of the 

Watershed Approach in the Watonwan River Watershed, which started in 2013. The scope of the report 

is surface water bodies and their aquatic life and aquatic recreation beneficial uses as currently assessed 

by the MPCA. The primary audience for the WRAPS report is local planners, decision makers, and 

Figure 1: “Watershed Approach” work started in 2013 in 
the Watonwan River watershed (in bold). Watershed 
Approach work starts in approximately eight major 
watersheds each year.  

http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/watershed-approach/index.html
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conservation practice implementers; watershed residents, neighboring downstream states, agricultural 

business, governmental agencies, and other stakeholders are additional audiences.  

This WRAPS is not a regulatory document, but is legislatively required per the Clean Water Legacy 

legislation on WRAPS (ROS 2016). This report is designed to meet these requirements, including an 

opportunity for public comment, which was provided via a public notice in the State Register from July 

22, 2019, through September 20, 2019. The WRAPS report concisely summarizes an extensive amount of 

information. The reader may want to review the supplementary information provided (links and 

references in document) to fully understand the summaries and recommendations made within this 

document.  

1.2 Watershed Description 

The Watonwan River Watershed (Hydrologic Unit Code (HUC)-8: 07020010 [USGS, 2014a]) drains 

approximately 562,000 acres of land into the Watonwan River, which eventually flows to the Minnesota 

River (Figure 2). This area includes 11 towns and cities (St. James, Madelia, Mountain Lake, etc.) and 

portions of 6 counties (Watonwan, Cottonwood, Blue Earth, Brown, Martin, and Jackson). Roughly 

18,000 people live in the Watonwan River Watershed. 

Land use in the Watonwan River Watershed is similar to other regions in Southern Minnesota: land use 

is dominated by warm-season, annual, cultivated, row crops (Figure 3). The most common crops are 

field corn and soybeans. 

Topography in the Watonwan River Watershed (Figure 4) reflects the effects of glaciers and varies from 

nearly level to gently rolling hills. The western, southern, and eastern boundaries of the watershed 

contain hilly moraine ridges made by glacial movement and rock and sediment deposition. The 

remnants of a glacial lakebed is in the southeastern portion of the watershed, making this area 

particularly flat.  

Just as the topography of the watershed reflects the effects of glacial activity, the soils in the Watonwan 

River Watershed are glacial deposits. These soils range from very poorly drained to moderately drained 

soils and tend to be a mixture of clay, silt, sand, and gravel. The area of the former glacial lakebed is 

dominated by poorly drained clay and silt soils. 

More background information on the Watonwan River Watershed can be found at: 

Rapid Watershed Assessment (NRCS 2015) 

https://www.revisor.leg.state.mn.us/statutes/?id=114D.26
https://www.revisor.leg.state.mn.us/statutes/?id=114D.26
http://water.usgs.gov/GIS/huc.html
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_022725.pdf


12 

Figure 2: The Watonwan River Watershed drains approximately 562,000 acres from six different counties. The Watonwan River Watershed is one of 13 major watersheds that 
comprise the Minnesota River Basin. The streamline size in this image is used to indicate the estimated average stream flow, and stream reaches are labeled by the last three 
digits of the AUID (AUID-3). 
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1.3 Assessing Water Quality 

Assessing water quality is a complex process with many steps including: developing water quality 

standards, monitoring the water, ensuring the monitoring data set is comprehensive and accurately 

represents the water, and local professional review. A summary of some process steps is included 

below.  

Figure 4: Land use in the Watonwan River Watershed is dominated by cultivated crops. Land use breakdowns are shown in the 
figure key. 

Figure 3: Elevation in the Watonwan River Watershed drops roughly 800 feet from its highest point in the west to its lowest 
point at the watershed’s outlet to the Blue Earth River in the east.  
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Water Quality Standards 

Water quality is not expected to be as clean as it would be under undisturbed, “natural background” 

conditions. However, waterbodies are expected to support designated (or beneficial) uses including: 

fishing (aquatic life), swimming (aquatic recreation), and eating fish (aquatic consumption). Water 

quality standards (MPCA 2015b; also referred to as “standards”) are set after extensive review of data 

about the pollutant concentrations that support different designated uses, and include natural 

background conditions. 

Water Quality Monitoring and Assessment 

To determine if water quality is supporting its designated use, data on the water body are compared to 

relevant standards. Some commonly monitored parameters include nitrogen, P, Escherichia Coli (E. coli) 

bacteria, and aquatic life (fish and aquatic macroinvertebrates, referred to simply as bugs for the 

remainder of the report) populations. When parameters in a water body do not meet the water quality 

standard, the water body is considered impaired (MPCA 2011a). When parameters in a water body meet 

the water quality standard, the water body is considered supporting. If the monitoring data sample size 

is not robust enough to ensure that the data adequately represent the water body, or if monitoring 

results seem unclear regarding the condition of the water body, an assessment is delayed until further 

data are collected; this is referred to as an inconclusive or insufficient findings. 

Several parameters are considered for the assessment of each designated use. For aquatic recreation 

assessment, streams are monitored for bacteria and lakes are monitored for clarity and algae-fueling P. 

For aquatic life assessment, streams are monitored for both aquatic life populations and pollutants that 

are harmful to these populations, and lakes are monitored for aquatic life (fish and aquatic bug 

populations). A water is considered impaired for aquatic life populations (referred to as “bio-impaired”) 

when low or imbalanced fish or bug populations are found (as determined by the Index of Biological 

Integrity [IBI] score). 

This WRAPS report summarizes the assessment results but the full report is available at Watonwan River 

Watershed Monitoring and Assessment Report (MPCA 2016c). 

Stressor Identification 

When streams are found to be bio-impaired, the cause of bio-impairment is studied and identified in a 

process called stressor identification (SID). SID identifies the parameters negatively impacting the 

aquatic life populations, referred to as “stressors”. Stressors can be pollutants like nitrate or sediment or 

can be non-pollutants like degraded habitat or high flow. Stressors are identified using the EPA Caddis 

process. In short, stressors are identified based on the characteristics of the aquatic community in 

tandem with water quality information and other observations. This WRAPS reports summarizes the SID 

results but the full report is available at Watonwan River Watershed Stressor ID (MPCA 2018a). 

http://www.pca.state.mn.us/index.php/water/water-permits-and-rules/water-quality-standards.html
http://www.pca.state.mn.us/index.php/water/water-permits-and-rules/water-quality-standards.html
http://www.pca.state.mn.us/index.php/view-document.html?gid=7940
https://www.pca.state.mn.us/sites/default/files/wq-ws3-07020010b.pdf
https://www.pca.state.mn.us/sites/default/files/wq-ws3-07020010b.pdf
https://www.epa.gov/caddis
https://www.pca.state.mn.us/sites/default/files/wq-ws5-07020010a.pdf
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Summary of Beneficial Uses, Pollutants, and Stressors 

Pollutants and stressors both affect the beneficial uses and must be addressed to bring waters to a 

supporting status. However, they are identified in different ways: pollutants are compared to the water 

quality standards directly while stressors are identified based on the characteristics of the aquatic 

community in tandem with water quality information and other observations. Often times, pollutants 

and stressors can be complex and interconnected. Furthermore, an identified stressor can be more of an 

effect than a cause, and will therefore have additional stressors and/or sources driving the problem. The 

difference between a pollutant and a stressor and a brief summary of how pollutants and stressors are 

identified is illustrated in Figure 5.  

Monitoring Plan 

Data from three water quality monitoring programs enable water quality assessment and create a long-

term data set to track progress towards water quality goals. These programs will continue to collect and 

analyze data in the Watonwan River Watershed as part of Minnesota’s Water Quality Monitoring 

Strategy (MPCA 2011b). Data needs are considered by each program and additional monitoring is 

implemented when deemed necessary and feasible. Combined, these programs collect data at dozens of 

locations around the watershed (Figure 6). The parameters collected at each monitoring site can vary. 

Local partners collect additional data to supplement MPCA programs. These monitoring programs are 

summarized below. 

Beneficial Uses: 
How do 

Minnesotans want 
to use the water 

body?

Aquatic 
Recreation 

(swimming) in 
streams and 

lakes

Monitor and assess parameters 
known to impact aquatic 
recreation (pollutants) » 
phosphorus in lakes and 

bacteria in rivers

Aquatic Life 
(fishing) in 

streams and 
lakes

Monitor and assess parameters 
known to impact aquatic life 
(pollutants) » sediment, DO, 

chloride, etc.

Monitor and assess aquatic life 
populations. Poor aquatic life 

triggers stressor ID process

Assess aquatic life and 
parameter data to ID 
which parameters are 

limiting aquatic life 
(stressors) » hydrology, 
sediment, phosphorus, 

nitrogen, habitat, DO, etc.

Other uses: 
limited use, 

drinking, 
irrigation, 

navigation, etc.

Test for parameters relevant to 
the beneficial use. Not 

addressed in WRAPS report

Figure 5: Pollutants and stressors are identified through different processes. Pollutants are parameters that are tested for 
directly, and the level of the parameter can be compared directly to a pre-developed numeric water quality standard. 
Stressors are parameters that are assessed only when aquatic life populations are monitored and assessed and found to 
be low or imbalanced (using the IBI score). Then, the SID process is triggered to determine which parameters are 
impacting the aquatic life populations. Both pollutants and stressors must be addressed to restore and protect water 
quality beneficial uses like swimming and fishing. 

http://www.pca.state.mn.us/index.php/view-document.html?gid=10228
http://www.pca.state.mn.us/index.php/view-document.html?gid=10228
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Intensive Watershed Monitoring (IWM; MPCA 2012a) data provide a periodic but intensive “snapshot” 

of water quality conditions throughout the watershed. This program collects water quality and aquatic 

life (fish and bug community) data at numerous stream and lake monitoring stations in 1 to 2 years, 

every 10 years. These sites include both Surface Water Assessment Grants (SWAG) and 10x sites. 

Monitoring sites are generally selected to provide comprehensive coverage of watersheds. This work is 

scheduled to start its second iteration in the Watonwan River Watershed in 2023.  

Watershed Pollutant Load Monitoring Network (WPLMN; MPCA 2015c) data provide a continuous and 

long-term record of water quality conditions at the major watershed and subwatershed scale. This 

program collects pollutant samples and flow data to calculate continuous daily flow, sediment, and 

nutrient loads. In the Watonwan River Watershed, there is one annual site near the outlet and a 

seasonal site in each of the North Fork and Lower South Fork subwatersheds. 

Citizen Stream and Lake Monitoring Program (MPCA 2015d) data provide a continuous record of water 

body transparency. This program relies on a network of volunteers who make approximately monthly 

lake and river measurements. Eight volunteer-monitored locations exist in the Watonwan River 

Watershed. Citizen data are not as rigorous but provide a long-term data set.  

Computer Modeling 

With the Watershed Approach, monitoring for pollutants and stressors is generally extensive, but not 

every stream or lake can be monitored due to financial and logistical constraints. Computer modeling 

can extrapolate the known conditions of the watershed to areas with less monitoring data. Computer 

models, such as Hydrological Simulation Program – FORTRAN (HSPF [USGS 2014c]), represent complex 

natural phenomena with numeric estimates and equations of natural features and processes. HSPF 

incorporates data including stream pollutant monitoring, land use, weather, soil type, etc. to estimate 

Figure 6: Three different programs collect water chemistry and/or aquatic life data at dozens of sites within the Watonwan 
River Watershed. These data are used to assess and track area-wide conditions.  

https://www.pca.state.mn.us/water/watershed-sampling-design-intensive-watershed-monitoring
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring-network.html
http://www.pca.state.mn.us/index.php/water/water-monitoring-and-reporting/volunteer-water-monitoring/volunteer-surface-water-monitoring.html
http://water.usgs.gov/software/HSPF/
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flow, sediment, and nutrient conditions within the watershed. Building a Picture of a Watershed (MPCA 

2014c) explains the model’s uses and development. Information on the HSPF development, calibration, 

and validation in the Watonwan River Watershed are available: Watonwan River HPSF Model Summary 

(MPCA 2017b), Model Resegmentation and Extension for Minnesota River Watershed Model (RESPEC 

2014a), and Hydrology and Water-Quality Calibration and Validation of Minnesota River (RESPEC 

2014b).  

HSPF model output provide a reasonable estimate of pollutant concentrations across watersheds. The 

output can be used for source assessment, TMDL calculations, and prioritizing and targeting 

conservation efforts. However, these data are not used for impairment assessments since monitoring 

data are required for those assessments. Modeled pollutant concentration yields are presented in 

Section 2.2 within the Sources subsection for each pollutant; modeled yields are presented in Appendix 

4.5 under HSPF Yield Maps, and modeled landscape and practice changes (referred to as scenarios) are 

summarized in Section 3.1 and detailed in Appendix 4.4 under Model Summary. 

2 Water Quality Conditions 

The “condition” refers to the water bodies’ ability to support fishable and swimmable water quality 

standards. This section summarizes condition information including water quality data and associated 

impairments. For water bodies found not able to support fishable, swimmable standards, the reason for 

these poor conditions – the pollutants and/or stressors – are identified. This report covers only 

impairments to aquatic recreation and aquatic life. Several lakes and stream reaches are impaired for 

aquatic consumption with information available at the links below.  

2.1 Conditions Overview 

This section provides a general overview of watershed conditions and basic information to orient the 

reader to Section 2.2, where the status, sources, and goals are presented for each of the identified 

pollutants and stressors. 

More information on the conditions of the Watonwan River Watershed can be found at: 

Watonwan River Watershed Monitoring and Assessment Report (MPCA 2016c) 

Watonwan River Watershed Stressor ID (MPCA 2018a) 

Watonwan River Watershed Hydrology, Connectivity, and Geomorphology Assessment  (DNR 2014b) 

Environmental Data Application (MPCA 2015e) Watershed Health Assessment Framework (DNR 2013) 

State-wide Mercury TMDL (MPCA 2015f) Fish Consumption Advice (MDH 2019) 

http://www.pca.state.mn.us/index.php/view-document.html?gid=21398
https://www.pca.state.mn.us/sites/default/files/wq-ws3-07020010c.pdf
https://www.pca.state.mn.us/sites/default/files/wq-ws4-13h.pdf
https://www.pca.state.mn.us/sites/default/files/wq-ws4-13i.pdf
https://www.pca.state.mn.us/sites/default/files/wq-ws3-07020010b.pdf
https://www.pca.state.mn.us/sites/default/files/wq-ws5-07020010a.pdf
https://www.pca.state.mn.us/sites/default/files/wq-ws3-07020010d.pdf
http://cf.pca.state.mn.us/water/watershedweb/wdip/index.cfm
http://arcgis.dnr.state.mn.us/ewr/whaf/Explore/
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/minnesotas-impaired-waters-and-tmdls/tmdl-projects/special-projects/statewide-mercury-tmdl-pollutant-reduction-plan.html
https://www.health.state.mn.us/communities/environment/fish/


18 

Status Overview 

Of the 79 stream reaches in the Watonwan River Watershed, monitoring was conducted on 39 reaches 

for aquatic life (fish and bugs) and 16 reaches for aquatic recreation (swimming). Of the 35 assessable 

lakes, monitoring was conducted on 11 lakes for aquatic life and 15 lakes for aquatic recreation. A 

breakdown of the total number of water bodies, the monitored water bodies, and the assessment 

results are presented in Figure 7. See Appendix 4.1 for a comprehensive table of monitoring and 

assessment results by stream reach.  

Many of the monitored stream reaches and lakes have impaired aquatic recreation and/or aquatic life as 

illustrated in Figure 8 (red). Only five stream reaches are supporting aquatic life; one stream reach is 

supporting aquatic recreation; one lake is supporting aquatic life; and two lakes are supporting aquatic 

recreation (Figure 8, green). Several reaches and lakes need more data to make a scientifically 

conclusive finding (Figure 8, yellow). The specific pollutants and/or stressors that are causing the 

impairments are discussed in Section 2.2. 

Figure 7: Of the 79 stream reaches in the Watonwan River Watershed, 39 were monitored to assess the designated use of 
aquatic life and 16 were monitored to assess the designated use of aquatic recreation. Of the 35 lakes over 100 acres, 11 
were monitored to assess the designated use of aquatic life and 15 were monitored to assess the designated use of 
aquatic recreation. Generally, the number of water bodies impaired exceeded the number supporting for each 
designated use. However, several monitored lakes needed more data to make an assessment. 
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Trends Overview 

A substantial amount of change has occurred across the landscape in terms of land use, farming 

practices, human populations, etc. Trends observed in the Minnesota River Basin are discussed in the 

Minnesota River Basin Trends Report (MSU 2009a).  

Statistical trends in stream and lake water quality can be difficult to identify because substantial data 

sets are required for trend analysis. Furthermore, year‐to‐year climatic variability can obscure gradual 

trends. Despite these challenges, some trends have been observed in the Watonwan River Watershed. 

Statistical trends in pollutant concentrations were observed in the Watonwan River as reported in the 

Water Quality Trends for Minnesota Rivers and Streams at Milestone Sites (MPCA 2014h; Table 1). Using 

the Seasonal Kendall test, longer-term trends in the Watonwan River Watershed showed a decrease in 

TP, while no trend was observed in nitrite/nitrate (NO2/NO3) and total suspended solids (TSS). Shorter-

term trends show a decrease in sediment and no trend in TP and NO2/NO3. Trends are based on median 

summer (June through August) concentration (mg/L) values.  

Table 1: TSS data indicate a short-term improvement in TSS 
concentrations, and TP data indicate long term improvement in 
TP concentrations.  

TSS TP NO2/NO3

1995-2009 -59% No Trend No Trend

1969-2009 No Trend -20% No Trend
Watonwan

Trend in DataYears 

with DataRiver

Figure 8: Impairments (shades of red) of the beneficial uses of aquatic life and aquatic recreation dominate the monitored 
streams and lakes across the Watonwan River Watershed. Only a handful of stream and lakes were found supporting (shades of 
green) these beneficial uses. In this image, the inside line color indicates the aquatic life assessment and the outside line color 
indicates the aquatic recreation assessment. Lake assessment results are indicated by circles, where the inside circle color 
indicates aquatic life assessment and the outside circle color indicates the aquatic recreation assessment. These results are 
tabulated in Appendix 4.1. 

http://mrbdc.mnsu.edu/minnesota-river-basin-trends-report
https://www.pca.state.mn.us/sites/default/files/wq-s1-71.pdf
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The annual flow in the Watonwan River has increased between 1977 and 2013 as illustrated by the blue 

trend line in Figure 9. This increase in flow has occurred despite a slight decrease in annual precipitation 

as illustrated by the orange trend line. While TSS and TP concentrations show some improvement as 

mentioned above, the total amount of water moving through the Watonwan River has increased. 

Because the total flow has increased and the pollutant load is the product of flow and concentration, 

the total pollutant load delivered by the river may have increased. At this time, there is not sufficient 

watershed load data to calculate load trends, but enough data may be available in coming years. 

Clarity is measured at several lakes in the watershed. St. James Lake and Fish Lake show improving 

trends, while Lake Hanska shows a declining trend (Table 2). The other lakes in the watershed did not 

have ample data to calculate a trend or no trend was observed in the data. Clarity is also measured at 

over 30 river locations in the watershed. At this time, either the data does not indicate a trend or there 

is not enough data to calculate a trend. 

Table 2: Three lakes in the Watonwan River Watershed have ample 
data to identify a trend. Lake Hanska shows a declining trend while 
Fish and St. James Lakes show an improving trend over the years 
with data. 

Transparency 

(ft/decade)

Min / Max 
Transparency

Hanska 1976-1980, 1991-2016 -0.49 -0.14 / -0.94

Fish (Main) 1981-2010 0.32 -0.05 / 0.86

St. James 1988-1991, 2008-2016 0.41 -0.38 / 0.91

Trend in Data

Lake Years with Data

Figure 9: The annual flow of the Watonwan River has increased by roughly 50% over the last four decades despite a 
slight decrease in annual precipitation. 
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Sources Overview 

This section orients readers to the array of sources of pollutants and stressors in the Watonwan River 

Watershed. Sources of pollutants and stressors can be grouped into either point sources (NOAA 2008), 

which are discharge directly from a discrete point, and Land sources (EPA 2018), which are runoff and 

drainage from diffuse areas. Examples of point sources are wastewater plants and industries, and 

examples of nonpoint sources are farm drainage and some city runoff. Generally, point sources are 

regulated so that discharge supports water quality standards, while nonpoint sources are generally not, 

or minimally, regulated.  

Within Section 2.2, a detailed source assessment will be presented for each pollutant and stressor. 

These source assessments were developed after analyzing multiple lines of evidence (see Appendix 4.2). 

These lines of evidence include state and basin-level reports, model studies, TMDLs, and field-scale and 

watershed data. The WRAPS Local Work Group was asked to review and use this information, applying 

their professional judgement and local knowledge, to ensure source assessments reflected recent 

conditions in the Watonwan River Watershed. The Watershed Approach starts a new iteration every 10 

years, each time striving for more refined and widespread analysis. Therefore, source assessments will 

be revisited and revised with each iteration to ensure that new data and science are incorporated.   

Point Sources 

Point sources are regulated through National Pollutant Discharge Elimination System (NPDES; EPA 

2014a) permits. Depending on the type of point source, regulatory requirements vary. Some point 

sources are not allowed to discharge; some are allowed to discharge but must treat wastewater and 

measure levels of discharged pollutants; some are allowed to discharge under special circumstances or 

required to use best management practices (BMPs) to reduce pollutants.  

Municipal and Industrial Wastewater 

Municipal and industrial wastewater point sources have discharge and monitoring requirements 

specified in the facility permits to ensure pollutant levels in their permitted discharge support water 

quality goals. The industrial and municipal facilities that discharge to water bodies are listed in Table 3. 

Because these systems often require discharge monitoring, their total contributions can be calculated. 

The estimated 2011 through 2015 contributions of these facilities to the total loads delivered by the 

Table 3: Five industries and ten municipal wastewater 
treatment plants comprise the point sources that 

discharge into the Watonwan River watershed. 

 

Municipal Facility County 

Delft Sanitary District WWTPCottonwood

Mountain Lake WWTP Cottonwood

Neuhof Hutterian BrethrenCottonwood

Truman WWTP Martin

Industrial Facility County Butterfield WWTP Watonwan

Erosion Control Plus Inc Blue Earth La Salle WWTP Watonwan

Mathiowetz Construction Brown Lewisville WWTP Watonwan

Ethanol POET Biorefining Cottonwood Madelia WWTP Watonwan

Truman WTP Martin Odin-Ormsby WWTP Watonwan

Bituminous Materials LLC Watonwan Saint James WWTP Watonwan

Municipal Facility County 

Delft Sanitary District WWTP Cottonwood

Mountain Lake WWTP Cottonwood

Neuhof Hutterian Brethren Cottonwood

Truman WWTP Martin

Butterfield WWTP Watonwan

La Salle WWTP Watonwan

Lewisville WWTP Watonwan

Madelia WWTP Watonwan

Odin-Ormsby WWTP Watonwan

Saint James WWTP Watonwan

http://oceanservice.noaa.gov/education/kits/pollution/03pointsource.html
https://www.epa.gov/nps/basic-information-about-nonpoint-source-nps-pollution
http://water.epa.gov/polwaste/npdes/
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Nonpoint Sources 

With a generally low input of pollutants/stressors from point sources, nonpoint sources are the 

dominant source of pollutants/stressors in the Watonwan River Watershed. Nonpoint sources of 

pollutants/stressors are products of the ways that land is used and how well human impacts are 

managed/mitigated with BMPs. This section summarizes the types of nonpoint sources. 

Nonpoint sources of pollutants/stressors typically travel from the land and watershed around a water 

body into the water body in response to precipitation. The pollutants/stressors can be of natural origin 

(like tree leaves breaking down), human-accelerated natural origin (like excessive streambank erosion 

from altered hydrology), or of human origin (like fertilizer and manure applied on fields and lawns). 

Once the area where precipitation falls cannot hold more water, water and the pollutants/stressors it 

carries will move via surface runoff, artificial drainage networks, or groundwater pathways to streams 

and lakes.  

Farm and City Runoff 

Typically, highly manipulated land uses contribute higher levels of pollutants/stressors compared to 

more naturalized areas. Grasslands and forests tend to have lower contributions of pollutants/stressors 

compared to many cultivated crop fields, urban developments, and over-grazed pastures. One example 

Figure 10: Over 229,000 animal units are registered within the Watonwan River Watershed. See the Animal Unit Calculator 
(MPCA, 2016a) for conversions of animal numbers to units. The number of feedlot animal units per region, along with 
additional information, can indicate the likeliness that feedlot-produced manure is making substantial contributions of 
bacteria and nutrients to water bodies.  

Pigs Cattle Poultry Other

Total AUs 198,908 25,033 5,241 395

% of Total 87% 11% 2% 0.2%

https://www.pca.state.mn.us/sites/default/files/wq-f3-30.xls
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of this was tested and documented by the MDA (2016), who found much larger exports of nutrients, 

sediment, and water runoff on a corn plot compared to a prairie plot.  

When land uses such as cultivated crops do not adhere to industry recommendations (for instance the 

over application of fertilizer/manure as documented in the Commercial Nitrogen and Manure Fertilizer… 

Management Practices [MDA 2014]), contributions of pollutants and stressors can be further 

accelerated. The Watonwan River Watershed is dominated by cultivated crop production (refer to 

background section), which has a large potential impact on water quality. 

While highly manipulated (urban and agricultural) land often does contribute higher levels of 

pollutants/stressors, the impacts can be reduced by adequately-managing/mitigating with sufficient 

BMPs. As demonstrated by sustainable agriculture (USC 2018), farming and clean water do not have to 

be mutually exclusive. For instance, a farm that incorporates nutrient management practices, 

conservation tillage, cover crops, grassed waterways, and buffers will contribute substantially less 

pollutants/stressors than if those BMPs were not used. Likewise, city stormwater systems can be 

designed and built for zero or minimal runoff depending on the size and intensity of the rain event.  

While some agricultural and urban runoff has been reduced using sufficient BMPs, including a short 

term reduction in sediment and long term reduction in phosphorous (Table 1), substantial additional 

BMPs need to be adopted to achieve clean water. The new MPCA Healthier Watersheds Accountability 

Report (MPCA 2018a) shows that 633 BMPs have been installed in the Watonwan River Watershed since 

2004. The Agricultural Water Quality Certification Program (MDA 2019) has certified 21 producers on 

10,000 acres (<2%) as of April 2018. These farms are certified that impacts to water quality are 

adequately managed/mitigated. While these producers and others have incorporated sufficient BMPs to 

protect water quality, much of the cultivated crops, pastures, urban development, and residential 

landscape are not adequately managed/mitigated with BMPs.  

Subsurface Drainage 

In addition to surface runoff pathways, subsurface drainage pathways also deliver pollutants/stressors 

to water bodies. In urban settings, subsurface drainage occurs via storm sewers. Up to 6% of the 

Watonwan is serviced by storm sewers, based on the land use statistics. In farming settings, subsurface 

drainage occurs via subsurface tile drainage systems. Based on a Geographic Information System (GIS) 

analysis, up to 82% of the Watonwan River Watershed’s area may be tile drained, with 40% of the area 

likely drained (Figure 11). 

Tile drainage has been identified as a primary cause of stream flow changes in heavily tiled landscapes. 

Several research papers found that roughly 60% or more of increases in stream flow between mid- and 

late-20th century in heavily-tiled areas of the Midwest and Southern Minnesota are due to agricultural 

drainage changes: Twentieth Century Agricultural Drainage Creates More Erosive Rivers (Schottler et al. 

2013), Temporal Changes in Stream Flow and Attribution of Changes… (Gyawali, Greb, and Block 2015), 

and Quantifying the Relative Contribution of the Climate and Direct Human Impacts… (Wang and Hejazi 

2011). The rest of the increase in stream flow is attributed to crop and climate changes.  

https://www.mda.state.mn.us/cottonwood-river-native-vegetation-water-quality
http://www.mda.state.mn.us/sites/default/files/inline-files/2014fertusecompanio_2.pdf
http://www.mda.state.mn.us/sites/default/files/inline-files/2014fertusecompanio_2.pdf
https://www.ucsusa.org/food-agriculture/advance-sustainable-agriculture/what-is-sustainable-agriculture
https://www.pca.state.mn.us/best-management-practices-implemented-watershed
https://www.pca.state.mn.us/best-management-practices-implemented-watershed
https://www.mda.state.mn.us/environment-sustainability/minnesota-agricultural-water-quality-certification-program
http://onlinelibrary.wiley.com/doi/10.1002/hyp.9738/abstract
http://onlinelibrary.wiley.com/doi/10.1111/jawr.12290/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2010WR010283/abstract
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While agricultural and urban drainage can negatively impact water resources, the historical perspective 

and agricultural and infrastructural benefits of drainage are important to recognize. European settlers 

drained wetlands to settle and farm lands. For decades, the government further encouraged drainage to 

reduce pests, increase farmable lands, and clear lands for roads and infrastructure. Today, drainage is 

still encouraged by some agricultural interests to increase crop production. Overall, drainage is 

sometimes necessary for crop production and other land uses including urban development; however, 

drainage impacts can be better managed/mitigated to reduce impacts to water bodies.  

Other Feedlots, Manure Application, and Pastures 

Only the largest feedlots are regulated as point sources (discussed in section above). 111,000 (48%) AUs 

in 316 feedlots are not regulated as point sources (feedlots not meeting Large CAFO criteria). However, 

these facilities are still regulated, and may only have discharge/runoff that meets a maximum pollutant 

concentration (using a designated estimation tool). Small animal operations (<10 AUs in shoreland or 

<50 AUs elsewhere) are not considered feedlots and are not regulated. AU counts associated with the 

nonregulated operations are not available but can be presumed to be relatively small. 

Feedlots within close proximity to water bodies (referred to as shoreland) may pose a disproportionately 

high risk to water quality if runoff is not prevented or treated. In the Watonwan River Watershed, 5,800 

(2%) AUs in 30 feedlots are near shoreland, one of which is a CAFO. Of the feedlots in shoreland, 3,500 

(1.5%) AUs in 23 feedlots have access to open lots. Open lots can be particularly high risk because 

manure is not contained within a structure and may more readily run off.  

Figure 11: Relative to many parts of Southern Minnesota, a smaller portion of agricultural lands within the Watonwan River 
Watershed are tile drained. According to a GIS analysis, 40% of the area is likely to be tile drained, and up to another 42% may 
be tile drained.  

Likely May Not Likely

40% 42% 18%

Watershed Area With Tile 
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Because most feedlots are regulated to have minimal runoff, the largest water quality risk associated 

with feedlots is from the land-applied manure. Like other types of fertilizer application, the location, 

method, rate, and timing of manure application are important considerations to estimate the impact 

and likelihood of runoff. Most feedlots are required to keep manure application records. CAFOs are 

required to submit their manure records annually, but records are infrequently requested from smaller 

feedlots. However, some inferences can be made based on the animal statistics as discussed below. 

Additional interpretation is offered in Appendix 4.2.  

Manure that is injected versus surface-applied is generally considered less likely to produce runoff. 

Manure from roughly 67% of the AUs in the watershed is likely injected and incorporated manure (swine 

manure for facilities with more than 300). Fifteen percent of the AUs in the watershed are cattle and 

poultry. This manure is generally handled as solid manure and may not be immediately incorporated.  

While the percent of land in grass and pasture is only 1%, often, pastures are located directly adjacent to 

water bodies and therefore can disproportionately impact water bodies if not properly managed. 

Perennial vegetation, like that of pasture, typically provides an overall benefit to water quality 

compared to inadequately managed/mitigated urban and cultivated cropland uses. However, when 

pasture is overgrazed (indicated by too little vegetation), especially adjacent to a water body, these 

areas can be sources of pollutants/stressors. Furthermore, when cattle access streams, the delicate 

streambank habitat is trampled, the stream geomorphology (DNR 2017) is negatively impacted, and 

streambank erosion is accelerated. 

Septic Systems and Unsewered Communities 

Well-functioning individual and small community 

wastewater treatment systems generally pose little risk 

to waters. When these systems fail or do not offer 

ample treatment, these systems can pose a risk to 

water quality.  

Based on the estimates provided by counties, there are 

between two to three failing septic systems Subsurface 

Treatment Systems (SSTS) per 1,000 acres in the 

Watonwan River Watershed (Figure 12). At this 

concentration, failing septic systems are unlikely to 

contribute substantial amounts of pollutants/stressors 

to the total annual load. However, the impacts of 

failing SSTS on water quality may be pronounced in 

areas with high concentrations of failing SSTS or at 

times of low precipitation and/or flow.  

Unsewered or undersewered communities (MPCA 

2019) are clusters of five or more homes or businesses on small lots where individual or small 

community systems do not provide sufficient sewage treatment (including straight pipes). Many of these 

Figure 12: The Watonwan River Watershed has an 
estimated average of two to three failing septic 
systems per 1,000 acres as of 2016. 

http://www.dnr.state.mn.us/whaf/about/5-component/fluvial_geo.html
https://www.pca.state.mn.us/water/unsewered-and-undersewered-communities
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have been upgraded, but a handful of unsewered or undersewered areas still exist in the Watonwan 

River Watershed including Garden City, Long Lake, Grogan and South Branch. 

High Risk Areas 

While some highly manipulated land uses can adequately manage pollutant contributions by adopting 

sufficient BMPs, some areas within a landscape are particularly sensitive from a water quality 

perspective. For instance, the area or buffer around water bodies is particularly sensitive. Crops or lawn 

turf directly adjacent to a stream or lake can cause more pollutants/stressors to enter water bodies, 

accelerate erosion, and destroy sensitive habitat. On the contrary, a high quality, naturalized vegetative 

buffer adjacent to a water body can help capture pollutants/stressors, stabilize the streambank, and 

provide habitat to sensitive aquatic species. Other particularly sensitive areas include flood plains, high 

slope areas, and areas with highly erodible soils. 

Historical Changes 

Understanding landscape conditions prior to European settlement, and changes between then and 

today, provides context for today’s water quality conditions and sources. The landscape in the 

Watonwan River Watershed has been highly manipulated since European settlement. Figure 13 

compares the estimated streams, lakes, and wetlands of pre-European settlement to those of today. In 

1855, portions of the Watonwan River Watershed were covered by prairie and dotted with prairie 

potholes (EPA 2015). These potholes and the rich, healthy, prairie soils provided water storage, nutrient 

recycling, and superior erosion protection across the landscape. 

Grasslands and wetlands provided water storage and kept most precipitation on the landscape to be 

used for vegetative growth and to recharge shallow groundwater, which resulted in relatively fewer 

streams. Today, most of the grasslands have been converted to crops and cities, streams have been 

ditched or straightened, ditches have been added to the landscape, and prairie potholes have been 

drained or highly altered. The drainage networks that replaced prairies and wetlands have created a 

“short-circuit” in hydrologic conditions.  

http://www2.epa.gov/wetlands/prairie-potholes
http://www2.epa.gov/wetlands/prairie-potholes
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Figure 13: The areas covered by wetlands, lakes, and streams has changed substantially between the mid-19th century and 
today. The Watonwan River Watershed likely had substantial amounts of wetlands to hold, infiltrate, and evapotranspirate 
water. This image is for illustrative purposes only. See Appendix 4.2 for data sources. 
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Since European settlement, the diversity of vegetation and crops on the landscape has continued to 

decline. Grasslands were replaced by crops and cities. Then during the mid- to late-20th century, the 

diverse crops, including substantial amounts of small grains and hay, were replaced by a dominance of 

corn and soybeans (Figure 14). The changes in land use and crops have resulted in impacts to hydrology: 

less evapotranspiration (ET) in spring and more ET in mid-summer (Figure 15), resulting in more 

precipitation entering rivers in spring and less entering in mid-summer. 

Figure 14: The harvested acres of corn, soybeans, hay, and small grains in Watonwan County illustrate how small grains and 
hay were replaced through time by soybeans and corn. 

Figure 15: Since European settlement, prairies and wetlands were replaced first by diverse crops and then by corn and 
soybeans. The total annual ET rates (indicated in the figure legend) of these replacement crops are smaller and the timing of 
ET through the year has shifted. These changes affect the hydrology of the watershed. See Appendix 4.1 for data sources and 
calculations. 
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Goals & Targets Overview 

Water quality goals are intended to help both water bodies within the watershed and waterbodies 

downstream of the watershed meet water quality goals. Goals for the Watonwan River Watershed 

(Table 4) were set after analyzing the WPLMN data, HSPF model output, Total Maximum Daily Load 

(TMDL; MPCA 2013f) studies, and statewide reduction goals (summarized in Appendix 0). The selected 

watershed-wide goals integrate multiple levels of goals into one watershed-wide goal. Subwatershed 

goals (for individual stream reaches and lakes) are presented for water bodies when TMDL data are 

available. The TMDL studies include the Watonwan River Watershed TMDL (developed concurrently 

with this WRAPS report; see MPCA Watonwan River webpage [MPCA 2018c]), draft Minnesota River and 

Greater Blue Earth River Basin TMDL for TSS (MPCA 2018c) and the Blue Earth River Basin Fecal Coliform 

TMDL (MPCA 2007). 

The specific goal for every lake and stream reach is to meet water quality standards for all relevant 

parameters and to support downstream water quality goals. However, in order to more understandably 

communicate water quality goals and to make the identification of strategies and adoption rates more 

straight-forward, the multiple levels of goals were integrated into one average or surrogate watershed-

wide goal for the major watershed. Likewise, because water quality standards do not include a specific 

method to calculate a reduction, surrogate goals for individual streams and lakes were calculated from 

TMDL data. A summary of the WRAPS report calculation methods and results is in Appendix 4.3.  

For parameters that are the effect of other pollutants/stressors (Fish-Index of Biotic Integrity [IBI], 

Macroinvertebrate-IBI, dissolved oxygen [DO], eutrophication, and temperature), a numeric goal for the 

identified pollutants/stressors was estimated. For instance, in the case of bio-impaired streams (where 

the aquatic life impairment was due to a low fish or bug IBI score), the goal is to have the fish and/or 

bug populations meet the IBI score threshold. However, there is not a tool or model available to 

estimate the magnitude or change needed to meet this threshold. Therefore, numeric goals for the 

stressors causing the bio-impairments (altered hydrology, sediment, nitrogen, etc.) are the surrogate 

goal. 

Within Section 2.2, goals for each pollutant and stressor are illustrated in a “goals map”. The 

subwatershed area of each water body is colored according to its goal: the darker the gray shading, the 

larger the reduction goal. White indicates areas in need of protection. Stream reaches supporting 

healthy fish and bug communities are illustrated in lime green, and the associated subwatersheds are 

indicated by hash marks. The watershed-wide goal underlays subwatershed goals. The watershed-wide 

goal is also the default goal for any area that does not have sufficient data to calculate an individual 

subwatershed goal.  

Interim water quality “10-year targets” and a proposed “years to reach goal” were selected by 

consensus of the WRAPS Local Work Group. The 10-year targets allow opportunities to adaptively 

manage implementation efforts, while the years to reach the goals set reasonable timelines to meet 

water quality goals. 

http://www.pca.state.mn.us/index.php/water/water-types-and-programs/minnesotas-impaired-waters-and-tmdls/tmdl-projects/tmdl-projects-and-staff-contacts.html
https://www.pca.state.mn.us/water/watersheds/watonwan-river
https://www.pca.state.mn.us/water/minnesota-river-and-greater-blue-earth-river-basin-tmdl-tss
https://www.pca.state.mn.us/water/minnesota-river-and-greater-blue-earth-river-basin-tmdl-tss
https://www.pca.state.mn.us/water/tmdl/blue-earth-river-fecal-coliform-tmdl-project
https://www.pca.state.mn.us/water/tmdl/blue-earth-river-fecal-coliform-tmdl-project
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With each iteration of the Watershed Approach, progress will be measured, goals will be reassessed, 

and new 10-year targets will be set. Future efforts should consider changes in water body conditions 

reflected by new data or due to changes in standards, statewide goals, and calculation methods. 

2.2 Identified Pollutants and Stressors 

This section summarizes information by parameter, describing and/or illustrating: 

 Status: the streams and lakes known to be impacted or not impacted by the

pollutants/stressors

 Sources: a detailed source assessment for the watershed

Table 4: Watershed-wide and subwatershed goals were selected after analyzing water quality data within the watershed. 
The “10-year Target” and “Years to Reach Goal” were set using an averaging consensus of WRAPS Local Work Group 
proposals. Refer to the narrative above and to the Goal & 10-year Target subsections in the following report sections for 
more information. 

Parameters 
(Pollutant/ 

Stressors)

Watershed-Wide Goal 
(Average/surrogate for Watershed)  

Range of       

Subwatershed Goals 
(Estimated only when      

TMDL or MSHA data are available)  

10-year

Target
(for 2029)

Years to 

Reach Goal 
(from 2019)

Habitat
35% increase in     

MSHA habitat score
protect up to a 164% increase 12% ↑ 75

25% reduction in peak  

& annual stream flow 
4% ↓ 45

increase dry season stream base flow where  

ID'd in SID by enough to support aquatic life  
increase 15

Nitrogen
50% reduction in stream  

concentrations/loads

not estimated  
(TMDLs  not completed 

on this  parameter)

15% ↓ 60

Sediment
20% reduction in stream  

concentrations/loads     
protect up to a 94% reduction 4% ↓ 45

Connectivity

Address human-caused issues       

(dams, culverts) as identified in SID  

and where practical/feasible

not estimated  
(TMDLs  not completed 

on this  parameter)

Replace 5% of 

culverts
45

Phosphorus/ 

Eutrophication 

40% reduction in lake and stream  

concentrations/loads
protect up to a 47% reduction

Streams 5% ↓ 

Lakes 10% ↓

Streams 60 

Lakes 35

Bacteria
65% reduction in stream  

concentrations/loads 
10-84% reduction 12% ↓ 65

F-IBI & M-IBI 60

DO 60

Each parameter's goal is to meet the water quality 

standard and support downstream goals. Because 

these parameters are a response to (caused by) the 

above pollutants/stressors, the above watershed-

wide and subwatershed goals are indirect goals for 

these parameters and are more usable for selecting 

strategies than direct goals for these parameters.

not estimated  
(TMDLs not completed  

on these parameters)

meet other 10-

year targets

not estimated  
(TMDLs  not completed 

on this  parameter)

Altered 

Hydrology

Parameters that are impacted/addressed by the above pollutants and stressors 
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 Goals: estimated reductions or improvements necessary to meet water quality goals in and

downstream of the Watonwan River Watershed

Refer to the Conditions Overview Section 2.1 for a broad summary and methods relevant to multiple 

parameters. The map in Figure 8 provides a reference to impairments within the watershed. Refer to the 

Assessing Water Quality Section 1.3 for a summary of how water bodies are monitored and assessed, 

the SID process, and the difference between a pollutant and stressor.  

Habitat 

Habitat, as identified in this report, refers to the in- and adjacent-stream habitat. Important stream 

habitat components include stream size and channel dimensions, channel gradient (slope), channel 

substrate, habitat complexity, and in-stream and riparian zone vegetation. Degraded habitat reduces 

aquatic life’s ability to feed, shelter, and reproduce, which results in altered behavior, increased 

mortality, and decreased populations.  

Status 

Of the 30 bio-impaired stream reaches, degraded habitat was identified as a stressor in all 30-stream 

reaches. MPCA Stream Habitat Assessment (MSHA) scores in the Watonwan River Watershed range 

from 24 to 69 (Figure 17) with an average score of 50. The habitat assessment results are illustrated in 

Figure 16 and tabulated in Table 5. The MSHA (MPCA 2014c) scores at biological sample locations (used 

in part combined with biological community attributes to assess habitat within a stream reach) are also 

illustrated. Generally, “good” habitat scores (>65) are necessary to support healthy, aquatic 

communities. While a point location may have a “good” MSHA score, SID results consider habitat 

throughout the stream reach, which can be considerably lower quality than a point location. The MSHA 

assessment considers floodplain, riparian, instream, and channel morphology attributes at biological 

monitoring locations on stream reaches. 

https://www.pca.state.mn.us/sites/default/files/wq-bsm3-02.pdf
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Figure 16: Degraded habitat was identified as a stressor in all of the bio-impaired stream reaches in the Watonwan River 
Watershed, as indicated by the red stream reaches. The habitat at point locations was scored using the MSHA habitat score; 
those scores are indicated by the colored dots. While a stream reach can be stressed by degraded habitat, point locations on 
that reach may have good habitat, as illustrated by three green dots on red stream reaches. However, most locations in the 
watershed scored poor to fair habitat. 

Table 5: Assessment results for degraded habitat as a stressor in Watonwan River Watershed stream reaches 

x = stressor

? = inconclus ive (need more data)

+ = not a  stressor
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Watonwan River 501 x Watonwan River 547 x Watonwan River 567 x

Unnamed Creek 505 x Unnamed Creek 549 x Watonwan River 568 x

Watonwan River 510 x Unnamed Creek 552 x Watonwan River 569 x

Watonwan River 511 x Unnamed Creek 557 x Wil low Creek 571 x

Butterfield Creek 516 x County Ditch 78 559 x Spring Branch Creek 574 x

Watonwan River 517 x Unnamed Creek 561 x Mink Creek 577 x

Perch Creek 523 x Watonwan River 563 x Judicia l  Di tch 1 579 x

Perch Creek 524 x Watonwan River 564 x Judicia l  Di tch 1 580 x

Unnamed Creek 526 x Watonwan River 565 x Judicia l  Di tch 1 581 x

Spring Brook 540 x Watonwan River 566 x Unnamed Creek 583 x
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Sources 

The sources of lack of habitat in the Watonwan River Watershed (Table 6) reflect complex, 

interconnected sources driven by three primary factors: altered hydrology, degraded riparian areas, and 

altered (channelized) streams. Within the confines of a channelized stream, the impacts of altered 

hydrology (excessive flow) are magnified because the stream cannot dissipate energy to the floodplain. 

Concurrently, degraded riparian vegetation lacks the strength to resist erosion and does not offer 

aquatic life adequate cover. The excessive streambank erosion in turn creates bedded sediment. All of 

these factors compromise or destroy critical habitat components. 

Goal & 10-year Target  

The watershed-wide goal for habitat in the Watonwan River Watershed (Figure 17) is a 35% increase in 

the watershed average MSHA score, from 50 to 66 or greater. Subwatershed goals range based on the 

steam class: Class 2 stream reaches should have “good” habitat (MSHA score >66) and for Class 2 

modified (ditches) and Class 7 (limited use) stream reaches should have “fair” habitat (MSHA score >45). 

Goals at point locations are illustrated by a gray circle; point locations meeting/exceeding the goal need 

“protection” and are illustrated with a white star. 

Table 6: The specific sources of lack of habitat were assessed for the Watonwan River Watershed in the Stressor ID report. 
Excessive flow alteration (altered hydrology) and degraded riparian are two driving factors contributing to other sources.  
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Watonwan River 501 x x ? Unnamed Creek 561 x x ? x x x

Unnamed Creek 505 x x x x Watonwan Creek 563 x x

Watonwan River 510 x x x x Watonwan Creek 564 x x x x x

Watonwan River 511 x x x Watonwan Creek 565 x x x

Butterfield Creek 516 x x x x x x Watonwan Creek 566 x x x x

Watonwan River 517 x x x x x Watonwan Creek 567 x x x x x x

Perch Creek 523 ? x x Watonwan Creek 568 x x x x

Perch Creek 524 x x x x Watonwan Creek 569 x x x x x x

Unnamed Creek 526 x x x x ? x Willow Creek 571 x x x x x

Spring Brook 540 x x ? Spring Branch Creek 574 x x x x x x

Watonwan River 547 x x x Mink Creek 577 x x x x x

Unnamed Creek 549 x x x x x Judicial Ditch 1 579 x x x x x x

Unnamed Creek 552 x x ? x Judicial Ditch 1 580 x x x x

Unnamed Creek 557 x x x x Judicial Ditch 1 581 x x x ? x x

County Ditch 78 559 x x x x Unnamed Creek 583 x x x x x x

x = likely source or driver ? = unknown effect <blank> = not likely source or driver
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The 10-year target selected by the WRAPS Local Work Group is a 12% increase in the MSHA scores. Since 

low habitat scores are mostly due to degraded riparian vegetation, channel instability, and excess 

sediment (the latter being accelerated by altered hydrology), these factors should be the focus of 

restoration and protection efforts to meet the goal and 10-year target. Strategies and methods to 

prioritize regions to address habitat are summarized in Section 3. 

Figure 17: The watershed-wide habitat goal for the Watonwan River Watershed is to increase the average MSHA score in the 
watershed from the current score of 50 (fair) to a score of >66 (good), a 35% increase. The relative amount of change needed 
at a point location is illustrated by the color of the dot: the darker the dot, the more improvement needed. Locations with 
good habitat scores, illustrated with stars, should be protected. 
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Altered Hydrology 

Altered hydrology (USGS 2014b) in general refers to changes in hydrologic parameters including stream 

flow, precipitation, drainage, impervious surfaces, wetlands, stream paths, vegetation, soil conditions, 

etc. Altered hydrology as an identified stressor more specifically refers to changes in the amount and 

timing of stream flow. Both too much and too little stream flow directly harm aquatic life by creating 

excessive speeds in the water or reducing the amount of water. Altered hydrology can also indirectly 

harm aquatic life because it increases the transport or exacerbates the conditions of other pollutants 

and stressors including sediment from streambank erosion, nitrogen, and connectivity issues. 

Status 

Of the 30 bio-impaired stream reaches, altered hydrology was identified as a stressor in 21 and 

inconclusive in 9. The altered hydrology assessment results are illustrated in Figure 18 and tabulated in 

Table 7. 

Data from the WPLMN indicate that the average volume of water leaving the Watonwan River 

Watershed from 2007 through 2015 was 302,000 acre-feet. 

Figure 18: Altered hydrology was identified as a stressor throughout the Watonwan River Watershed. Red indicates a 
stressor (altered hydrology is problematic in that reach), and yellow indicates that more data is needed to assess altered 
hydrology as a stressor. Altered hydrology as a stressor was not ruled out in any stream reach. 

http://water.usgs.gov/edu/hydrology.html
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Sources 

There are several causes of altered hydrology in the Watonwan River Watershed. These causes range 

from landscape and climate changes, to crop and vegetative changes, to soil and drainage changes. 

While understanding what has caused altered hydrology is important to develop restoration strategies, 

numeric source assessment work focused on the land use and pathway that water travels after being 

received as precipitation. By understanding the relative magnitude of water coming from various land 

uses and pathways, the land uses most critical to 

mitigating altered hydrology are identified. 

While most precipitation is returned to the atmosphere 

by ET, the remaining water travels to water bodies via 

different pathways. Pathways for water to travel to 

water bodies include surface runoff, groundwater flow, 

and artificial subsurface drainage such as drainage tile or 

storm sewer networks. Numeric estimates of the 

Watonwan River Watershed land uses’ contributions of 

water to waterbodies were estimated using a water 

portioning calculator (Appendix 4.2) and vetted by the 

WRAPS Local Work Group (Figure 19).  

Stressor identifion analyzed the specific altered 

hydrology issues of stressed stream reaches in the 

Watonwan River Watershed. Of the 21 stream reaches 

stressed by altered hydrology, only one showed issues 

with water withdrawal while the rest showed issues resulting from land use/tile drainage or 

channelization (Table 8). 
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Watonwan River 501 ? Watonwan River 547 x Watonwan River 567 x

Unnamed Creek 505 ? Unnamed Creek 549 x Watonwan River 568 x

Watonwan River 510 ? Unnamed Creek 552 ? Watonwan River 569 x

Watonwan River 511 ? Unnamed Creek 557 x Wil low Creek 571 x

Butterfield Creek 516 x County Ditch 78 559 ? Spring Branch Creek 574 x

Watonwan River 517 x Unnamed Creek 561 x Mink Creek 577 x

Perch Creek 523 ? Watonwan River 563 ? Judicia l  Di tch 1 579 x

Perch Creek 524 x Watonwan River 564 x Judicia l  Di tch 1 580 x

Unnamed Creek 526 x Watonwan River 565 x Judicia l  Di tch 1 581 x

Spring Brook 540 ? Watonwan River 566 x Unnamed Creek 583 x

Table 7: Assessment results for altered hydrology as a stressor in Watonwan River Watershed stream reaches. 

x = stressor

? = inconclus ive (need more data)

+ = not a  stressor

Figure 19: Precipitation falls on the landscape and 
is eventually delivered from the varying land uses 
through surface or subsurface (groundwater or 
artificial drainage) pathways. An estimated 88% of 
water that enters waterbodies in the Watonwan 
River Watershed is delivered from cultivated 
crops through surface runoff, tile drainage, or 
groundwater pathways. 
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Areas of the watershed with higher levels of hydrologic alteration were estimated using GIS (Figure 20). 

Hydrologic factors considered in the presented analysis include the estimated percentage of land area 

that is tile drained, the percentage of stream length that is channelized/artificially straightened, the 

percentage of wetlands that were drained, the percentage of land in nonperennial vegetation, the 

percentage of land covered in impervious surfaces, and the number of road crossings per stream length. 

See Appendix 4.5 for maps of the individual hydrologic factors and weights. 

Figure 20: GIS analysis of the watershed estimates where more changes to the natural hydrology of the 
watershed have occurred. Refer to Appendix 4.5 for more information on this analysis and maps of the 
individual hydrologic parameters used. 

Table 8: The specific sources of altered hydrology were assessed for the Watonwan River Watershed in the Stressor ID 
report. Tile drainage and channelized (altered) streams were the two most commonly identified issues.  
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Butterfield Creek 516 x x Watonwan River 566 x x

Watonwan River 517 x Watonwan River 567 x x

Perch Creek 524 x Watonwan River 568 x

Unnamed Creek 526 x x Watonwan River 569 x x

Watonwan River 547 x Willow Creek 571 x

Unnamed Creek 549 x x Spring Branch Creek 574 x x

Unnamed Creek 557 x x Mink Creek 577 x x

Unnamed Creek 561 x x Judicial Ditch 1 579 x x

Watonwan River 564 x x Judicial Ditch 1 580 x x

Watonwan River 565 x x x Judicial Ditch 1 581 x x

Unnamed Creek 583 x x
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Goal & 10-year Target 

The watershed-wide goals for altered hydrology in the Watonwan River Watershed are a 25% decrease 

in average annual flow (from 302,000 to 226,000 acre-feet) and in peak river flow, and an increase in dry 

season base flow sufficient to support aquatic life (Figure 21). This goal considered multiple lines of 

evidence including the observed increase in river flow since 1977 (refer to the Trends Overview section), 

the Sediment Reduction Strategy for the Minnesota River Basin (MPCA 2015h), and data and goals for 

altered hydrology from other southwestern Minnesota watersheds. This goal is revisable and will be 

revisited in the next iteration of the Watershed Approach.  

The 10-year target selected by the WRAPS Local Work Group is a 4% decrease in annual and peak river 

flow and an increase in dry season base flow. Decreases in the total annual flow should focus on 

decreasing peak flows, shifting flow timing to the dry season, and maintaining the dynamic properties of 

the natural hydrograph, which are important for channel geomorphology, vegetation, and aquatic life. 

Strategies to accomplish these tasks must increase ET, and store and infiltrate water on the landscape to 

increase ground water contributions (base flow) to streams during dry periods. Strategies and methods 

to prioritize regions to address altered hydrology are summarized in Section 3.  

Figure 21: The watershed-wide hydrology goal is a 25% reduction in peak and annual flow and in increase in dry season base 
flow where needed as identified in the Stressor ID report.  
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Nitrogen

Nitrogen can be present in water bodies in several forms including ammonia, nitrite, and nitrate. The 

process in which nitrogen changes from one form to another is called the nitrogen cycle (Britanica 

2019). Nitrate is typically the nitrogen form of concern in water. However, all nitrogen forms are 

connected, and all forms pose risks. Therefore, the different nitrogen forms are addressed together in 

this report as the sum of the forms, or the total nitrogen (TN). 

Excessive nitrogen can be toxic to fish and bugs; even at small concentrations, nitrogen can limit 

sensitive species. The eutrophication causing the Gulf Hypoxic Zone (NOAA 2015) is due to excessive 

nitrogen contributions from the Mississippi River Basin. Nitrogen is also a human health concern, as 

excessive nitrate consumption via drinking water causes blue baby syndrome (WHO 2018). Due to this 

health risk, excessive nitrogen in drinking water can necessitate expensive treatments. 

Status 

Of the bio-impaired stream reaches, nitrogen as a stressor was identified in 15, ruled out in three, and 

inconclusive in 12. Figure 22 illustrates the stream reaches assessed for nitrogen, and Table 9 tabulates 

those results. Nitrogen in groundwater, while outside the scope of the WRAPS report, is a related 

concern as nitrogen in groundwater originates from surface waters.  

Figure 22: Nitrogen as a stressor is common in the Watonwan River Watershed. Stream reaches assessed for nitrogen and the 
assessment results are indicated by color. Red indicates TN was identified as a stressor (TN is problematic in that reach), and 
green indicates TN is not a stressor (TN is not problematic in that reach).  

https://www.britannica.com/science/nitrogen-cycle
http://www.gulfhypoxia.net/
https://www.who.int/water_sanitation_health/diseases-risks/diseases/methaemoglob/en/
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From a statewide perspective, the Watonwan River Watershed has a high yield and flow-weighted mean 

concentration (FWMC) of nitrogen (Figure 23). From 2007 through 2015, the FWMC of nitrogen in the 

Watonwan was 11 mg/L. 

An HSPF model was developed for the Watonwan River Watershed. The models estimated FWMCs for 

the years 1996 through 2012 are illustrated in Figure 24. This model output can be used to estimate 

conditions in stream reaches that have not been monitored.  

 

Figure 23: The Watonwan River Watershed has a high flow-weighted FWMC and yield of TN 
compared to the rest of the state. Data are from the WPLMN. 

Table 9: Assessment results for nitrate as a stressor in Watonwan River Watershed stream reaches. 
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Watonwan River 501 ? Watonwan River 547 ? Watonwan River 567 +

Unnamed Creek 505 x Unnamed Creek 549 x Watonwan River 568 x

Watonwan River 510 ? Unnamed Creek 552 ? Watonwan River 569 ?

Watonwan River 511 ? Unnamed Creek 557 ? Wil low Creek 571 x

Butterfield Creek 516 x County Ditch 78 559 x Spring Branch Creek 574 +

Watonwan River 517 x Unnamed Creek 561 X Mink Creek 577 x

Perch Creek 523 ? Watonwan River 563 ? Judicia l  Di tch 1 579 x

Perch Creek 524 x Watonwan River 564 x Judicia l  Di tch 1 580 ?

Unnamed Creek 526 x Watonwan River 565 + Judicia l  Di tch 1 581 ?

Spring Brook 540 ? Watonwan River 566 x Unnamed Creek 583 x

x = stressor

? = inconclus ive (need more data)

+ = not a  stressor
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Nitrogen from the Watonwan River Watershed is contributing to groundwater nitrogen issues within the 

Watonwan Watershed and to downstream nitrogen issues in the Blue Earth Watershed. 

The city of Mankato operates two Ranney wells that extract water from an aquifer with a direct 

connection to surface water. One of those wells is influenced by the Blue Earth River, to which the 

Watonwan River contributes stream flow and pollutants. Nitrate concentrations in the Mankato Ranney 

wells often exceed the drinking water standard of 10 mg/L, requiring costly treatment or dilution with 

other sources. More details on the city’s drinking water are in the Appendix 4.4. 

The city of Darfur also uses a groundwater source that is subject to nitrate contamination. While nitrate 

concentrations have not yet exceeded the drinking water standard, data suggests that aquifer 

concentrations are approaching 10 mg/L and are likely to exceed the standard in the near future. 

Dilution of water from the city’s primary well with another nonimpacted water source is not possible for 

Darfur. 

Figure 24: HSPF model output indicate that the FWMC nitrogen concentrations are roughly similar through 
much of the watershed. The presented model output represent years 1996-2012.  
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Sources 

In the Watonwan River Watershed, most nitrogen that reaches water bodies is from nonpoint sources. 

Point source contributions for the years of 2011 through 2015 are estimated to total less than 1.3% of 

the Watonwan River Watershed’s nitrogen load (Appendix 4.2). A numeric estimate of the Watonwan 

River Watershed’s nitrogen sources (land use and pathways) is presented in Figure 25; refer to the 

Sources Overview in Section 0 for more details.  

Crop drainage and crop groundwater dominate nitrogen contributions to water bodies. Nitrogen 

contributions from cropland originate from fertilizers, manure, plant mater decomposition (referred to 

as mineralization), and legumes. Nitrogen from these sources then travels to water bodies through 

multiple pathways: surface runoff, groundwater, or tile drainage. Over-application of fertilizer and 

manure increases the potential nitrogen loss from cropland.  

The SID report provides information on the sources for the nitrogen-stressed stream reaches (Table 10). 

SID source assessment results indicate cropland use and tile drainage are contributing nitrogen in all of 

the assessed reaches and that point sources are contributing nitrogen in four reaches. 

  

Figure 25: Source assessment in the Watonwan River Watershed 
estimates that crop drainage and crop groundwater dominate 
nitrogen contributions. The nitrogen leaving crops is from applied 
fertilizer, manure, plant material decomposition, and legumes. 

Table 10: The specific sources of nitrogen were 
assessed for the Watonwan River Watershed’s bio-
impaired stream reaches in the SID report. Tile 
drainage and cropland use were the most commonly 
identified issues, with four reaches receiving some 
nitrogen from point sources. 
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Unnamed Creek 505 x

Butterfield Creek 516 x x

Watonwan River 517 x

Perch Creek 524 x

Unnamed Creek 526 x x

Unnamed Creek 549 x

County Ditch 78 559 x

Unnamed Creek 561 x

Watonwan River 564 x

Watonwan River 566 x x

Watonwan River 568 x

Willow Creek 571 x

Mink Creek 577 x

Judicial Ditch 1 579 x x

Unnamed Creek 583 x
x = likely source or driver

<blank> = not likely source or driver
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Goal & 10-year Target 

The watershed-wide goal for nitrogen is a 50% reduction of nitrogen (Figure 26) to a FWMC of 5 mg/L. 

Two nitrogen goals were considered to set the watershed-wide reduction goal: the proposed aquatic life 

toxicity standard (MPCA 2010b; 4.9 mg/L) and the Minnesota Nutrient Reduction Strategy (MPCA 2014f), 

which calls for a 45% reduction (with an interim 20% reduction by 2025) from the Minnesota portion of 

the Mississippi River Basin as a whole. The reaches not stressed by nitrogen have a protection goal. 

The 10-year target selected by the WRAPS Local Work Group is a 15% decrease in nitrogen. These goals 

are revisable and will be revisited in the next iteration of the Watershed Approach. Strategies to meet 

the goals and 10-year targets and methods to prioritize regions for nitrogen reductions are summarized 

in Section 3. 

Figure 26: The watershed-wide nitrogen goal for the Watonwan River Watershed is a 50% reduction. Stream reaches 
where nitrogen was not a stressor have a protection goal. 

https://www.pca.state.mn.us/sites/default/files/wq-s6-13.pdf
https://www.pca.state.mn.us/sites/default/files/wq-s6-13.pdf
https://www.pca.state.mn.us/sites/default/files/wq-s1-80.pdf
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Connectivity 

Connectivity, as identified in this report, refers to the longitudinal connectivity of a stream, or the 

upstream to downstream connectedness of a stream. A lack of connectivity is typically due to dams, 

waterfalls, perched culverts, and improperly sized bridges and culverts. A lack of connectivity can 

obstruct the movement of migratory fish and bugs, causing a negative change in the population and 

community structure.  

Status 

Lack of connectivity as a stressor was identified in 6, ruled out in 13, and inconclusive in 11 stream 

reaches. Figure 27 illustrates the stream reaches assessed for connectivity and Table 11 tabulates those 

results. 

Figure 27: Assessment results show that lack of connectivity is stressing roughly one third of the Watonwan River 
Watershed’s bio-impaired streams. Red indicates lack of connectivity is a stressor (connectivity is problematic in that reach), 
green indicates connectivity is not a stressor (connectivity is not problematic in that reach), and yellow indicates that more 
data is needed to assess connectivity as a stressor. 
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Sources 

Of the six stream reaches stressed by lack of connectivity, 

two are impacted by a dam and one is impacted by a 

culvert (Table 12). Three reaches may be impacted by a 

culvert, but more investigatory work is needed. 

Goal & 10-year Target 

The goal for connectivity for the Watonwan River 

Watershed is to mitigate or remove connectivity issues 

where relevant and feasible. The 10-year target selected 

by the WRAPS Local Work Group is to replace 5% of 

culverts that are stressing aquatic life. Connectivity issues 

should be assessed to determine if they are the main 

stressor to the reach prior to investing in upgrades. 

Upgrades or mitigation may not be cost effective if other 

stressors (altered hydrology, nutrients, habitat, etc.) are having larger impacts on the aquatic 

communities.  

This goal is revisable and will be revisited in the next iteration of the Watershed Approach. Strategies 

and methods to prioritize regions to address connectivity are summarized in Section 3.  

Table 11: Assessment results for lack of connectivity as a stressor in Watonwan River Watershed stream reaches 
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Watonwan River 501 + Watonwan River 547 ? Watonwan River 567 +

Unnamed Creek 505 + Unnamed Creek 549 + Watonwan River 568 x

Watonwan River 510 + Unnamed Creek 552 ? Watonwan River 569 x

Watonwan River 511 + Unnamed Creek 557 ? Wil low Creek 571 ?

Butterfield Creek 516 x County Ditch 78 559 + Spring Branch Creek 574 ?

Watonwan River 517 + Unnamed Creek 561 ? Mink Creek 577 ?

Perch Creek 523 + Watonwan River 563 + Judicia l  Di tch 1 579 x

Perch Creek 524 x Watonwan River 564 ? Judicia l  Di tch 1 580 ?

Unnamed Creek 526 ? Watonwan River 565 + Judicia l  Di tch 1 581 x

Spring Brook 540 ? Watonwan River 566 + Unnamed Creek 583 +

x = stressor

? = inconclus ive (need more data)

+ = not a  stressor

Table 12: The specific sources of connectivity 
issues were assessed for the Watonwan River 
Watershed in the SID report. The only issues 
identified were dams and road crossings.  
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Butterfield Creek 516 ?

Perch Creek 524 ?

Watonwan River 568 x ?

Watonwan River 569 ?

Judicial Ditch 1 579 x ?

Judicial Ditch 1 581 x

x = likely source or driver

? = unknown effect

<blank> = not likely source or driver
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Sediment 

TSS are materials suspended in the water. These materials are often primarily sediment but also 

includes algae and other solids. Suspended sediment and streambed sediment are closely related 

because they have many of the same sources. Due to the inter-related nature of these parameters, they 

are grouped together in this report. Furthermore, sediment is the focus of this section of the report, and 

issues related to the algae-portion of TSS are due to P (eutrophication) and are addressed in that section 

of this report. 

TSS directly affects aquatic life by reducing visibility, which reduces feeding; clogging gills, which reduces 

respiration; and smothering substrate, which limits reproduction. Excessive TSS indirectly affects aquatic 

life by reducing the penetration of sunlight, limiting plant growth, and increasing water temperatures. 

Status 

Of the stream reaches monitored to assess if TSS is a pollutant 13 were impaired, 2 were supporting, 

and 4 were inconclusive. Of the bio-impaired stream reaches, TSS as a stressor was identified in 13, 

ruled out in 3, and inconclusive in 14. Figure 28 illustrates the stream reaches that were assessed for TSS 

and Table 13 tabulates those results. 

 

Figure 28: The majority of bio-impaired and assessed stream reaches show issues with TSS, as indicated by color. Red indicates 
an impairment or a stressor (TSS is problematic in that reach), green indicates TSS is supporting the standard or not a stressor 
(TSS is not problematic in that reach), and yellow indicates more data is needed. The results for the pollutant assessment overlay 
the results for the stressor assessment, with the pollutant results in the inside and stressor results showing around the outside.  
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From a statewide perspective, the Watonwan River Watershed has a high yield and FWMC of TSS (Figure 

29). From 2007 through 2015, the FWMC of TSS in the Watonwan River Watershed was 82 mg/L. 

Figure 29: The Watonwan River Watershed has a high annual sediment yield (the total amount leaving the watershed), 
losing over 100 pounds per acre on average. The in-stream FWMC of TSS over the same period was 82 mg/L. 

Table 13: Assessment results for TSS as a pollutant and/or stressor in Watonwan River Watershed stream reaches. 
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Watonwan River 501 x x Watonwan River 547 x x Watonwan River 567 x x

Unnamed Creek 505 + Unnamed Creek 549 ? Watonwan River 568 x ?

Watonwan River 510 x x Unnamed Creek 552 ? Watonwan River 569 ?

Watonwan River 511 x x Unnamed Creek 557 + Wil low Creek 571 x

Butterfield Creek 516 x x County Ditch 78 559 + Spring Branch Creek 574 ? ?

Watonwan River 517 x x Unnamed Creek 561 ? St James  Creek 576 ?

Perch Creek 523 x ? Watonwan River 562 x Mink Creek 577 ?

Perch Creek 524 x x Watonwan River 563 x x Judicia l  Di tch 1 579 ?

Unnamed Creek 526 ? Watonwan River 564 ? x Judicia l  Di tch 1 580 ?

St James  Creek 528 x Watonwan River 565 ? Judicia l  Di tch 1 581 ? +

Spring Brook 540 ? Watonwan River 566 x x Unnamed Creek 583 ?

Unnamed Ditch 545 +
+ = supporting/not a  stressor

? = inconclus ive (need more data)

x = impaired/stressor
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An HSPF model was developed for the Watonwan River Watershed. The models estimated FWMCs for 

the years 1996 through 2012 are illustrated in Figure 30. This model output can be used to estimate 

conditions in stream reaches that have not been monitored. 

Sources 

The primary sources of sediment can be broken into three groups: upland, channel, and ravine. Other 

sources have minimal contributions: point source contributions for the years of 2011 through 2015 are 

estimated to be about 0.1% of the Watonwan River Watershed’s sediment load (data and calculations in 

Appendix 4.2). 

Upland erosion includes farm field surface and gully erosion, sediment that is washed away from roads 

and developed areas, and surface erosion from other areas. Upland sediment contributions typically 

happen when bare soils erode during rains or snowmelt. 

Channel sediment contributions are dominated by streambank, ditch bank, and bluff erosion, but also 

include channel bed and other material in or directly adjacent to the water body. While some amount of 

channel migration and associated bank/bluff erosion is natural, altered hydrology has increased stream 

flow, contributing to excessive bank/bluff erosion. The Minnesota Department of Natural Resources 

(DNR 2010) discusses the multiple causes of Streambank Erosion, including how altered hydrology 

influences streambank erosion. 

Ravines occur in locations where a flow path drops elevation drastically. In the Watonwan River 

Watershed, a more rapid elevation change occurs near the outlet, making ravines more common in this 

area of the watershed. While some erosion of ravines is natural, the natural erosion rate is greatly 

accelerated when the land use above the ravine delivers more water than a natural condition, including 

Figure 30: HSPF model output indicate that the FWMC sediment concentrations vary through the watershed. The 
highest modeled concentrations were found in the North Fork, South Fork, and the outlet of the Watonwan River. 
The presented model output represent years 1996-2012. 

http://files.dnr.state.mn.us/publications/waters/understanding_our_streams_and_rivers_resource_sheet_1.pdf
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when drainage waters from farms and cities are routed down the ravine. In this way, altered hydrology 

can cause excessive ravine erosion.  

While some streambank erosion is part of the natural channel evolution process, streambank erosion 

due to unstable streams is common in the Watonwan River Watershed as discussed in the Watonwan 

River Watershed Hydrology, Connectivity, and Geomorphology Assessment (DNR 2014b). According to 

this report, stream instability can occur from degraded riparian vegetation and altered hydrology (higher 

flows due to losses in water storage and ET and decreased channel residence times due to stream 

straightening). Sites with good riparian vegetation and intact floodplain areas appeared more resilent 

than those without dense, deep-rooted vegetation. 

A numeric estimate of the Watonwan River Watershed’s sediment sources is presented in Figure 31; 

refer to the Sources Overview in Section 0 for more details. Cultivated crop surface runoff and 

streambank erosion are the dominant sources of sediment throughout the Watonwan River Watershed.  

SID provides information on the sources for the TSS-stressed stream reaches (Table 14). All of the 13 

TSS-stressed reaches likely receive excess sediment from streambank erosion. Most of these stream 

reaches are impacted by altered hydrology, including flow alteration and altered channels. 

  

Table 14: TSS contributions were assessed for 
sediment-stressed stream reaches in the Watonwan 
River Watershed in the SID report. Flow alteration and 
streambank erosion were the two most commonly 
identified issues.  

Figure 31: The TSS source assessment in the 
Watonwan River Watershed estimates that 
the largest sources of sediment are from 
streambank erosion and crop surface runoff.  

x = likely source or driver

<blank> = not likely source or driver
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Watonwan River 501 x

Watonwan River 510 x x

Watonwan River 511 x x

Butterfield Creek 516 x x x

Watonwan River 517 x x x

Perch Creek 523 x

Perch Creek 524 x x

Watonwan River 547 x x

Watonwan River 563 x

Watonwan River 566 x x

Watonwan River 567 x x x

Watonwan River 568 x x x

Willow Creek 571 x x x

https://www.pca.state.mn.us/sites/default/files/wq-ws3-07020010d.pdf
https://www.pca.state.mn.us/sites/default/files/wq-ws3-07020010d.pdf
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Goal & 10-year Target 

The watershed-wide sediment goal for the Watonwan River Watershed (Figure 32) is a 20% reduction in 

stream TSS FWMC to reach a FWMC of 65 mg/L. Subwatershed goals were calculated where TMDL data 

are available and range from a 94% reduction goal for the upstream reach of St. James Creek to a 

protection goal in several reaches. Subwatershed goals are illustrated below and are tabulated in 

Appendix 4.3. The selected watershed-wide goal provides consistency with the Sediment Reduction 

Strategy... (MPCA 2015h), which identifies a baseline 2000 to 2010 FWMC of 116 mg/L and calls for a 

25% reduction by 2020, 50% reduction by 2030, and 80% reduction by 2040 from the Minnesota River. 

The 10-year target selected by the WRAPS Local Work Group is a 4% reduction in TSS. These goals are 

revisable and will be revisited in the next iteration of the Watershed Approach. Strategies to meet the 

goals and 10-year targets and methods to prioritize regions for sediment reductions are summarized in 

Section 3. 

  

Figure 32: The watershed-wide sediment goal for the Watonwan River Watershed is a 20% reduction. Subwatershed goals 
range from protect to a 94% reduction.  

https://www.pca.state.mn.us/sites/default/files/wq-iw4-02.pdf
https://www.pca.state.mn.us/sites/default/files/wq-iw4-02.pdf
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Dissolved Oxygen 

DO is oxygen gas within water. Low or highly fluctuating concentrations of DO can have detrimental 

effects on many fish and bug species. Low DO concentrations impact aquatic life by limiting respiration, 

which contributes to stress and disease and can result in reduced growth or death.  

Status 

Of the stream reaches monitored to assess if DO meets standards, none were impaired, 13 were 

supporting, and four were inconclusive. Of the bio-impaired stream reaches, DO as a stressor was 

identified in 1, ruled out in 8, and inconclusive in 21. Figure 33 illustrates the stream reaches assessed 

for DO and Table 15 tabulates those results. 

Figure 33: Stream reaches in the Watonwan River Watershed tend to be inconclusive or supporting DO standards. Stream 
reaches assessed for low DO and the assessment results are indicated by color. Red indicates an impairment or a stressor 
(low DO is problematic in that reach), and green indicates DO is supporting the standard or not a stressor (DO is not 
problematic in that reach). The results for the pollutant assessment overlay the results for the stressor assessment, with the 
pollutant results showing in the inside and stressor results showing around the outside.  
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Sources 

Low DO in water bodies is caused by: 1) excessive oxygen use, which is often caused by the 

decomposition of algae and plants, whose growth is fueled by excess P and/or 2) too little re-

oxygenation, which is often caused by minimal turbulence due to low flow or high water temperatures. 

Low DO levels can be exacerbated in over-widened channels because these streams move more slowly 

and have more direct sun warming. Likewise, channels with degraded riparian vegetation lack cover and 

are susceptible to excessive warming.  

Goal & 10-year Target 

Because DO is primarily a response to other stressors, the effective watershed-wide goal and 10-year 

target for DO are to meet the altered hydrology, P, and habitat goals. The reach-specific goal for DO is to 

reach the minimum standard of 5 mg/L and for diurnal DO flux to be less than 4.5 mg/L. This goal is 

revisable and will be revisited in the next iteration of the Watershed Approach. Strategies and methods 

to prioritize regions to address altered hydrology, P, and habitat are summarized in Section 3.  

Phosphorus 

P is a nutrient that fuels algae and plant growth. While not directly harmful to aquatic life, excess P can 

lead to excessive algae growth and eutrophication (Nature 2013). These responses to excess P affect 

aquatic life by changing food chain dynamics, affecting fish growth and development, and decreasing DO 

when algae/plant growth decomposes. P also affects aquatic recreation in lakes by fueling algae growth, 

making waters undesirable or even dangerous to swim in due to the potential presence of toxic blue-

green algae.  

Table 15: Assessment results for DO as a pollutant and/or stressor in Watonwan River Watershed stream reaches. 
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Watonwan River 501 ? + Judicia l  Di tch 5 542 ? Watonwan River 567 + +

St James  Creek 502 + Unnamed Ditch 545 ? Watonwan River 568 ? +

Unnamed Creek 505 + Watonwan River 547 ? Watonwan River 569 ?

Watonwan River 510 ? + Unnamed Creek 549 + Wil low Creek 571 ?

Watonwan River 511 ? ? Unnamed Creek 552 ? Spring Branch Creek 574 ? +

St James  Creek 515 + Unnamed Creek 557 + St James  Creek 576 +

Butterfield Creek 516 ? + County Ditch 78 559 ? Mink Creek 577 ?

Watonwan River 517 ? + Unnamed Creek 561 ? Judicia l  Di tch 1 579 ?

Perch Creek 523 + + Watonwan River 563 + ? Judicia l  Di tch 1 580 ?

Perch Creek 524 + Watonwan River 564 ? + Judicia l  Di tch 1 581 ? +

Unnamed Creek 526 x Watonwan River 565 ? Unnamed Creek 583 +

Spring Brook 540 ? Watonwan River 566 ?

+ = supporting/not a  stressor

? = inconclus ive (need more data)

x = impaired/stressor

https://www.nature.com/scitable/knowledge/library/eutrophication-causes-consequences-and-controls-in-aquatic-102364466
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In order to identify P as a pollutant or stressor, eutrophic conditions must be observed in addition to 

high P concentrations. Furthermore, a high P concentration does not always result in eutrophic 

conditions. While a watershed with high P concentrations may not have eutrophic response, a 

downstream receiving water body may show a eutrophic response. Therefore, regardless of whether 

eutrophication is present, high P concentrations are concerning.  

Status 

Of the lakes that were monitored to determine if P is a pollutant, four were impaired, two were 

supporting, and nine were inconclusive. Of the bio-impaired stream reaches, P as a stressor was 

identified in 1 and inconclusive in 29. Figure 34 illustrates the stream reaches and lakes that were 

assessed for P. Table 17 tabulates lake status results along with lake transparency trends, and Table 16 

tabulates stream status results. 

Figure 34: Eutrophic conditions have only been observed in four lakes in the watershed, resulting in four impairments for 
eutrophication/TP. Streams and lakes assessed for eutrophication/TP and the assessment results are indicated by color. 
Red indicates an impairment or a stressor (TP is problematic in that reach/lake), and green indicates TP is supporting the 
standard or not a stressor (TP is not problematic in that reach).  
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From a statewide perspective, the Watonwan River Watershed’s P concentrations and yields are high 

(Figure 36). From 2007 through 2015, the FWMC of TP in the Watonwan River was 0.25 mg/L. Despite a 

lack of eutrophic conditions (as represented in the conditions discussed above), the Watonwan River is 

supplying excessive P to downstream waters that are impaired (e.g. Lake Pepin). 
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Watonwan River 501 ? Watonwan River 547 ? Watonwan River 567 ?

Unnamed Creek 505 ? Unnamed Creek 549 ? Watonwan River 568 ?

Watonwan River 510 ? Unnamed Creek 552 ? Watonwan River 569 ?

Watonwan River 511 ? Unnamed Creek 557 ? Wil low Creek 571 ?

Butterfield Creek 516 x County Ditch 78 559 ? Spring Branch Creek 574 ?

Watonwan River 517 ? Unnamed Creek 561 ? Mink Creek 577 ?

Perch Creek 523 ? Watonwan River 563 ? Judicia l  Di tch 1 579 ?

Perch Creek 524 ? Watonwan River 564 ? Judicia l  Di tch 1 580 ?

Unnamed Creek 526 ? Watonwan River 565 ? Judicia l  Di tch 1 581 ?

Spring Brook 540 ? Watonwan River 566 ? Unnamed Creek 583 ?

Table 16: Assessment results for eutrophication/P as a stressor in Watonwan River Watershed stream reaches. 
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Hanska 08-0026-00 ? x Fish (Main) 32-0018-03 + + Long 83-0040-00 ? -

Mountain 17-0003-00 ? - Round 46-0084-00 ? ? St. James 83-0043-00 + +

Bingham 17-0007-00 x - Fedji 83-0021-00 ? ? Sulem 83-0051-00 ? ?

Three 17-0012-00 ? ? Mary 83-0035-00 ? ? Butterfield 83-0056-00 x ?

Eagle 17-0020-00 x ? Kansas 83-0036-00 x ? Wood 83-0060-00 ? ?

Table 17: Assessment results for eutrophication/P as a pollutant and transparency trends in Watonwan River Watershed 
lakes. 

+ = supporting/not a  s tressor/improving trend

? = inconclus ive (need more data)

x = impaired/stressor/decl ining trend

- = no trend detected
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The HSPF models estimated TP FWMCs for the years 1996 through 2012 are illustrated in Figure 35. This 

model output can be used to estimate conditions in stream reaches that have not been monitored.  

Figure 36: The Watonwan River Watershed has a high FWMC and yield of TP compared to the rest of the state. Data are from 
the WPLMN. 

Figure 35: HSPF model output indicate that the FWMC P concentrations are roughly similar through 
much of the watershed, with notable exceptions. The highest modeled concentrations were found in St. 
James Creek. The presented model output are from years 1996-2012. 
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Sources 

P sources are dominated by nonpoint sources in the Watonwan River Watershed. Point source 

contributions for the years of 2010 through 2014 are estimated to total less than 4% of the Watonwan 

River Watershed’s P load (Appendix 4.2). 

A numeric estimate of the Watonwan River Watershed’s P sources is presented in Figure 37; refer to the 

Sources Overview in Section 0 for more details. Crop surface runoff and drainage tile were estimated to 

be the largest sources of P. Most of the P leaving agricultural fields is likely due to agricultural activities 

that include fertilizer and manure application (calculations in Appendix 4.2).  

Internal lake P loads are not explicitly accounted for in the source assessment. Internal lake loads are a 

product of excessive, legacy P contributions from the lake’s watershed, and little of the internal load is 

natural. When planning for lake restoration, however, knowing the magnitude of internal load is 

important in developing the specific strategies to address the impairment. Planners should consult the 

TMDL or additional lake modeling or studies to estimate the internal load accordingly.  

According to the SID analysis, the only stream reach stressed by eutrophic conditions (Butterfield Creek) 

experiences classic P-driven conditions, resulting in excess algae (Table 18).  

Figure 37: The P source assessment for the Watonwan 
River Watershed estimates that crop surface runoff is the 
largest contributor of P, although many sources are 
present. The P leaving crops is mostly from applied 
fertilizer or manure.  

Table 18: Excess P was identified as the 
driver of eutrophication in Butterfield Creek 
in the SID report.  

x = likely source or driver

? = unknown effect
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Goal & 10-year Target 

The watershed-wide goal for P in the Watonwan River Watershed is a 40% reduction (Figure 38). The 

watershed-wide goal was set after reviewing P data from lakes and streams in the watershed, TMDL 

information, model output, and the Minnesota Nutrient Reduction Strategy (MPCA 2013c) goals. 

Streams should achieve a maximum FWMC of 0.15 mg/L, and lakes should achieve a maximum summer 

mean of 0.09 mg/L. Lake P reduction goals were calculated where TMDL data were available and vary 

from a 47% reduction to a protection goal in Fish and St. James lakes. Refer to the TMDL summary in 

Appendix 0 for a tabulated summary of lake reduction goals.  

The 10-year target selected by the WRAPS Local Work Group is a 5% P reduction in streams and a 10% P 

reduction in lakes. Strategies to meet the goals and 10-year targets and methods to prioritize regions for 

P reductions are summarized in Section 3. These goals are revisable and will be revisited in the next 

iteration of the Watershed Approach.  

Figure 38: The watershed-wide P goal for the Watonwan River Watershed is a 40% reduction. The two supporting lakes, Fish and St. 
James, have protection goals, illustrated by their white subwatersheds. 

https://www.pca.state.mn.us/sites/default/files/wq-s1-80.pdf
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Table 19: Assessment results for bacteria as a pollutant in Watonwan River Watershed stream reaches. 

+ = supporting

x = impaired
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Watonwan River 501 x Watonwan River 517 x Watonwan River 566 x

St James  Creek 502 x Perch Creek 523 x Watonwan River 567 x

Watonwan River 510 x Unnamed Ditch 545 + Watonwan River 568 x

Watonwan River 511 x Watonwan River 562 x Spring Branch Creek 574 x

St James  Creek 515 x Watonwan River 563 x St James  Creek 576 x

Butterfield Creek 516 x Watonwan River 564 x Judicia l  Ditch 1 581 x

Fecal Bacteria 

Fecal coliform and E. coli, referred to in this report as bacteria, are indicators of animal or human fecal 

matter, which may contain pathogens. Fecal matter can make aquatic recreation unsafe because 

contact with fecal matter can lead to potentially severe illnesses. Fecal bacteria are living organisms 

unlike most other water quality parameters. Because bacteria can reproduce or die-off in the 

environment, this parameter’s dynamics can be more challenging to understand. 

Status 

Of the 18 stream reaches monitored to assess if bacteria is a pollutant, 17 were impaired and 1 was 

supporting. Figure 39 illustrates the stream reaches assessed for bacteria, and Table 19 tabulates those 

results.  

Figure 39: Stream reaches assessed for fecal bacteria and the assessment results are indicated by color. Red indicates an 
impairment (bacteria is problematic in that reach), and green indicates bacteria is supporting the standard (bacteria is 
not problematic in that reach).  
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Bacteria are able to survive and reproduce in 

streams as reported in Chandrasekaran et al., 2015. 

This study traced substantial numbers of bacteria 

to cattle sources, while no samples could be traced 

to human sources. The authors postulated that 

bacteria could be reproducing in the study region, 

but the amount of sampled bacteria that was from 

in-stream reproduction versus recent bacteria 

contamination was not determined. In order to 

acknowledge this source type, but without 

certainty, the Local Work Group assigned 10% of 

the watershed’s bacteria population to 

environmental propagation; however, it should be 

noted that this value is currently not well-

understood.  

A numeric estimate of the Watonwan River 

Watershed’s fecal bacteria sources are presented in Figure 40. This source assessment was estimated by 

Unlike nutrients and sediment, statewide bacteria monitoring is not done by the WPLMN; therefore, 

statewide results are not readily available for comparison. Furthermore, HSPF does not model bacteria, 

so model results are also not available.  

Sources 

Specific source assessment of fecal bacteria is difficult due to the dynamic and living attributes of 

bacteria. Emmons & Olivier Resources (2009) conducted a Literature Summary of Bacteria for the MPCA. 

The literature review summarized factors that have either a strong or a weak positive relationship to 

fecal bacterial contamination in streams (Table 20).  

Table 20: Bacteria sourcing can be difficult due to the bacteria’s ability to persist, reproduce, and migrate in unpredictable 
ways. Therefore, the factors associated with bacterial presence provide some confidence to bacterial source estimates. 

Strong relationship to fecal bacterial 

contamination in water 
Weak relationship to fecal bacterial contamination in water 

 High storm flow (the single most

important factor in multiple studies)

 % rural or agricultural areas greater

than % forested areas in the landscape 

(entire watershed area)

 % urban areas greater than % forested 

riparian areas in the landscape 

 High water temperature 

 Higher % impervious surfaces 

 Livestock present

 Suspended solids

 High nutrients

 Loss of riparian wetlands 

 Shallow depth (bacteria decrease with depth)

 Amount of sunlight (increased UV-A deactivates bacteria)

 Sediment type (higher organic matter, clay content and moisture; finer-

grained)

 Soil characteristics (higher temperature, nutrients, organic matter

content, humidity, moisture and biota; lower pH)

 Stream ditching (present or when increased)

 Epilithic periphyton present

 Presence of waterfowl or other wildlife

 Conductivity

Figure 40: Source assessment work estimates that 
runoff from crops where manure is applied is the 
largest bacteria source in the Watonwan River 
Watershed. 

http://www.pca.state.mn.us/index.php/view-document.html?gid=8201
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the WRAPS Local Work Group with the use of a bacteria calculator (Appendix 4.2). The single largest 

fecal bacteria source is from crop runoff from surface-applied manure.  

Most of the manure that is applied to fields originates from feedlot operations. Refer to the Sources 

Overview in Section 0 for more information on feedlots in the Watonwan River Watershed.  

Goal & 10-year Target 

The watershed-wide goal for bacteria in the Watonwan River Watershed is 65% reduction (Figure 41), to 

a mean monthly geomean of 126 cfu/mL in stream bacteria. The 10-year target selected by the WRAPS 

Local Work Group is a 10% reduction in stream bacteria. The subwatershed goals range from protection 

in the Lake Hanska Watershed to an 84% reduction in the South Fork Watonwan River and St. James 

Creek. Refer to the TMDL summary in Appendix 4.3 for a table of subwatershed reductions goals. 

These goals are revisable and will be revisited in the next iteration of the Watershed Approach. 

Strategies to meet the goals and 10-year targets and methods to prioritize regions for bacteria 

reductions are summarized in Section 3.  

Figure 41: The watershed-wide reduction goal in the Watonwan River Watershed is a 65% reduction. The Lake Hanska 
subwatershed was meeting standards and should be protected. 
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3 Restoration and Protection 

This section presents a summary of scientifically and socially supported strategies to restore and protect 

waters, “Strategies Tables”, and a “Priorities Table”. The content in these tables was primarily developed 

by the WRAPS Local Work Group. The Strategies Tables provide high-level information on the changes 

necessary to restore and protect waters within the Watonwan River Watershed. The Priorities Table 

provides subwatersheds that are high priority using various water quality and multiple benefits 

prioritizing criteria. These two high-level tools, along with civic engagement project findings, should 

provide a launching board for local water resource planning. 

3.1 Scientifically Supported Strategies to Restore and Protect Waters 

This section summarizes studies and data on land management and BMP effects on water quality. 

Supplementary and detailed information relevant to this section is included in Appendix 4.4. 

To address the widespread water quality impairments, comprehensive and layered BMP suites are likely 

necessary. This comprehensive and layered BMP adoption represents a paradigm shift in land 

management, particularly in the agricultural lands that dominate the Watonwan River Watershed. 

However, these same principles should be applied to all land uses.  

A conceptual model displaying this 

layered approach is presented by 

Tomer et al. (2013; Figure 42). 

Another model to address 

widespread nutrient problems is 

presented in the Minnesota Nutrient 

Reduction Strategy (MPCA 2015j), 

which calls for four major steps 

involving millions of acres statewide: 

1) increase fertilizer use efficiencies,

2) increase and target living cover,

3) increase field erosion control, and

4) increase drainage water

retention.

A third example of a comprehensive, layered approach is being demonstrated with a “Treatment Train” 

approach in the Elm Creek Watershed (ENRTF 2013), which has demonstrated layered strategies 

including, 1) upland: cover crops and nutrient management, 2) tile treatment: treatment wetlands and 

controlled drainage, and 3) in-stream: woody debris and stream geomorphology restoration.  

Agricultural BMPs 

Since the Watonwan River Watershed land use and pollutant sources are generally dominated by 

agriculture, reducing pollutant/stressor contributions from agricultural sources is critical to water 

resources restoration. A comprehensive resource for agricultural BMPs is the Agricultural BMP 

Handbook for Minnesota (MDA 2017b). Hundreds of field studies of agricultural BMPs are summarized 

Riparian 
manage
-ment

Control water 
below fields

Control water within 
fields

Build soil health

Figure 42: This conceptual model to address water quality in agricultural 
watersheds uses 1) soil health principles as a base: nutrient management, 
reduced tillage, crop rotation, etc., then 2) in-field water control: grassed 
waterways, controlled drainage, filter strips, etc., then 3) below-field water 
controls: wetlands, impounds, etc., and then 4) riparian management: 
buffers, stabilization, restoration, etc. 

http://www.jswconline.org/content/68/5/113A.full.pdf+html
https://www.pca.state.mn.us/water/nutrient-reduction-strategy
https://www.pca.state.mn.us/water/nutrient-reduction-strategy
http://www.lccmr.leg.mn/proposals/2014/pre-presentation_by_category/047-b.pdf
http://www.lccmr.leg.mn/proposals/2014/pre-presentation_by_category/047-b.pdf
https://wrl.mnpals.net/islandora/object/WRLrepository%3A2955/datastream/PDF/view
https://wrl.mnpals.net/islandora/object/WRLrepository%3A2955/datastream/PDF/view
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in the handbook. Additional field data has been compiled by Iowa and Minnesota for review in their 

respective state nutrient reduction strategies. This information is included in Appendix 0. 

Urban and Residential BMPs 

 The Minnesota Stormwater Manual (MPCA 2014b) is a comprehensive resource for urban and 

residential BMPs. This resource is in electronic format and includes links to studies, calculators, special 

considerations for Minnesota, and links regarding industrial and stormwater programs. In addition to 

Stormwater, failing and unmaintained septic systems can pollute waters. Information and BMPs for 

Septic Systems is provided by EPA (2014b).  

Stream and Ravine Erosion Control 

By-and-large, wide-scale stabilization of eroding streambanks and ravines is cost-prohibitive. Instead, 

first addressing altered hydrology (e.g. excessive, concentrated flows) within the landscape can help 

decrease wide-scale stream and ravine erosion problems as discussed in the Minnesota River Valley 

Ravine Stabilization Charrette (E&M 2011) and the Minnesota River Basin Sediment Reduction Strategy 

(MPCA 2015h). Improving activities directly adjacent the stream/ravine (e.g. buffers) can also decrease 

erosion as summarized in The River Restoration Toolbox (IA DNR 2018). In some cases, however, high 

value property may need to be protected, or a ravine/streambank may be experiencing such severe 

erosion that stabilizing the streambank or ravine is deemed necessary.  

Lake Watershed Improvement 

Strategies to protect and restore lakes include both strategies to minimize pollutant contributions from 

the watershed and strategies to implement adjacent and in the lake (refer to summary in Appendix 0). 

Strategies to minimize pollutant contributions from the watershed focus mostly on Agricultural and/or 

Stormwater BMPs, depending on the land use and pollutant sources in the watershed. The DNR (2014) 

supplies detailed information on strategies to implement adjacent and in the lake via Shoreland 

Management guidance. 

Computer Model Results 

Computer models provide a scientifically-based estimate of the pollutant reduction effectiveness of land 

management and BMPs. Models represent complex natural phenomena with equations and numeric 

estimates of natural features, which can vary substantially between models. Because of these varying 

assumptions and estimates, each model has its strengths and weaknesses and can provide differing 

results. For these reasons, multiple model results were used as multiple lines of evidence when 

establishing the strategies tables. N-BMP, P-BMP, HSPF, and other scenarios are summarized in the 

Model Summary Table in Appendix 0.  

Culverts, Bridges, and Connectivity Barriers 

Strategies to address connectivity barriers include correctly sizing, removing, or otherwise mitigating the 

connectivity barriers, and need to be assessed on a case-by-case basis. Bridges and culverts should be 

sized using flow regime and stream properties using a resource such as Hillman (2015). The effects of 

dams and impoundments can be mitigated to minimize impacts to aquatic life. Overall system health 

http://stormwater.pca.state.mn.us/index.php/Stormwater_Manual_Table_of_Contents
http://water.epa.gov/infrastructure/septic/
http://www.pca.state.mn.us/index.php/view-document.html?gid=20703
https://www.iowadnr.gov/Environmental-Protection/Water-Quality/River-Restoration/River-Restoration-Toolbox
http://www.dnr.state.mn.us/shorelandmgmt/index.html
http://www.dnr.state.mn.us/shorelandmgmt/index.html
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should be considered; restoring connectivity may not be cost effective if other stressors are creating 

significant impacts to aquatic communities.  

3.2 Social Dimension of Restoration and Protection 

Most of the changes that must occur to improve and protect water resources are voluntary; therefore, 

communities and individuals ultimately hold the power to restore and protect waters in the Watonwan 

River Watershed. For this reason, the Clean Water Council (MPCA 2013b) recommended that agencies 

integrate civic engagement in watershed projects (MPCA 2010a).  

A growing body of evidence detailed in Pathways for Getting to Better Water Quality: The Citizen Effect 

(Morton and Brown 2011) suggests that to achieve clean water in the voluntary-adoption system in 

place, a citizen-based approach is likely the most feasible means to success. Specifically, the transition to 

more sustainable practices must be developed, demonstrated, and spread by trusted leaders within the 

community. When leaders embrace a transition, communities are more likely to accept and adopt the 

transition. When leaders and communities develop solutions, they are likely to intertwine financial 

security and environmental stewardship - instead of viewing them as conflicting goals. In this way, the 

community is more likely to improve water quality while securing sustainable farms and cities for future 

generations. If this pathway to water body improvement is to be embraced, however, one of the most 

important uses for limited resources is to further develop and support local leaders to take on this 

challenging work. With these factors in mind, a comprehensive civic engagement plan was developed, 

implemented, and reported for use in follow-up planning and implementation work. 

Project Development 

The broad goal of the Watonwan River Watershed Civic Engagement Project was to better understand 

connections and concerns around water, the drivers of and constraints to conservation adoption, and 

develop locally-identified solutions to facilitate higher conservation adoption. The Water Resources 

Center, Minnesota State University, Mankato (MSUM) worked with the Greater Blue Earth River Basin 

Alliance (GBERBA) and local conservation partners to create a network of citizens and conservation staff 

that provided solutions to improve conservation delivery and watershed health. The insights and 

strategies from this group should be used to shape conservation planning and delivery.  

A planning team of MSUM and MPCA staff met frequently at the outset of the project to frame the 

approach. The team met with local County, SWCD, and State conservation professionals to support and 

build upon existing local efforts and gauge interest in participation with project activities. Subsequent 

meetings helped to refine the approach and discuss current public participation efforts, ideas for 

engaging citizens, and learn about the community leaders, connections, and networks in the watershed. 

Training opportunities were developed by the University of Minnesota (U of M) Forestry Resources on 

social science methods for interviews and focus groups. Additional meetings with local staff provided 

opportunities for updates, brainstorming, improving interview work, story building, and prioritizing 

areas of interest.  

Activities 

Several activities were undertaken to achieve the goals of the project. Existing partnerships and 

community initiatives were leveraged to optimize resources. Activities are summarized below. 

http://www.pca.state.mn.us/index.php/about-mpca/mpca-overview/councils-and-forums/clean-water-council/index.html
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/minnesotas-impaired-waters-and-tmdls/project-resources/civic-engagement-in-watershed-projects.html
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Citizen Interviews  

One-on-one interviews of watershed citizens helped to understand, frame, and communicate resource 

issues from a landowner’s perspective. The planning team developed an interview template with 

assistance from U of M. The primary interview audience was farmers and landowners, and the primary 

interview content was their cultural outlook and values. Interview transcripts were analyzed and coded 

to distill key themes to help frame and focus citizen outreach efforts. The information was compiled, 

analyzed, and summarized to gather key points and help to better understand community assets, 

informal and formal networks, and individual and collective interests in order to build community 

readiness for future planning and implementation work. 

Local Leader Interview Videos 

Project staff interviewed and videoed watershed landowners who successfully completed conservation 

projects or who manage land with water resource protection goals. The goal of the videos was to share 

locally identified practices to improve water quality and provide peer-to-peer learning. Interviewees 

included farmers, business owners, a SWCD supervisor, a crop advisor, and local conservation staff. 

City Staff Meetings 

Two meetings were held with staff and elected officials from watershed cities. Meetings focused on 

identifying shared concerns in water management and infrastructure and to learn from effective 

regional case studies. Additionally, phone interviews of city staff were done to better understand their 

challenges related to water and infrastructure. A follow-up meeting focused on funding opportunities 

for rural infrastructure and water improvements and bringing city staff and elected officials from across 

the watershed together. 

Sportsmen’s Focus Groups 

A focus group was targeted to the Madelia Sportsmen Group, which was identified as an active and 

effective conservation/recreation group in the watershed. The initial focus group interview gathered 

input on their perception of the river and conservation adoption challenges. Follow-up meetings were 

arranged to solicit advice about how to gain citizen interest in conservation work. 

Groundwater Meeting 

Through the interview process, groundwater was identified as a high priority concern in the watershed. 

Based on this, additional meetings were provided to better understand concerns, provide data, and 

brainstorm solutions. The meeting identified information gaps and next steps citizens could take to 

protect groundwater in the region.  

Community Conversations 

Community members and conservation partners from across the watershed were convened in a series 

of meetings to discuss water quality concerns and conservation adoption solutions. Research 

information was shared with the group, including landowner interview results and watershed scientific 

investigations. The group identified numerous innovative ideas that could help to “move the needle” 

towards more conservation adoption.  
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Open House Meetings 

Open house meetings were held in the cities of Madelia, St. James, Mountain Lake, Lewisville, and 

Darfur. The goal of these meetings was to share the ideas developed throughout the project with other 

interested community members from across the watershed. Citizens had the opportunity to learn more 

about the health of area rivers and lakes, learn about the results of interviews and focus groups, and 

hear and discuss the strategies developed in the community conversations.  

Soil Health Events 

Two soil health education events occurred in the watershed. Natural Resources Conservation Service 

(NRCS) organized a “Cover Crop and Soil Health Field Day” near Bingham Lake. The agenda included 

economics of soil health, producer perspectives in the Watonwan River Watershed, a rainfall simulator, 

a producer panel discussion, and an overview of the Watershed Approach and water quality issues in 

the watershed. Producers from the region shared about the opportunities and challenges associated 

with soil health practices. A “Soil Health Information Day” was arranged at the St. James American 

Legion. The half-day session included an overview of the program “Profit Zone Manager” and a local 

farmer panel discussing cover crops, reduced tillage, and soil health practices. Event partners included 

local SWCDs, NRCS, Pheasants Forever and the Water Resources Center.  

Results and Conclusions 

The Watonwan River Watershed Civic Engagement Project used social science principles and several 

different activities to identify how citizens across the Watonwan River Watershed connect with water, 

perceive water problems, and prioritize water issues. Several summary documents were created to 

share more broadly with community members and local decision makers for use in future watershed 

planning. Products developed include summaries of interviews, focus groups and public meetings, 

interactive story maps, videos, animations, and infographics and are available at the Watonwan River 

Watershed Network website (WRC 2018). The summary reports include Land Management Practices 

Leverage Points for Conservation Adoption, and Conservation Challenges and Solution Strategies. A 

high-level summary of the recommendations from these reports is as follows: 

More Conservation Outreach: Create a “Traveling Conservation Circus.” The vision is to have a trailer 

that has a rainfall simulator, soil-testing equipment and other BMP and watershed information. 

Conservation partners would travel across the watershed and host events in big and small towns and on 

farms. 

Promote Soil Health: Form Soil Health Team (like that of Freeborn County). 

Leverage Ditch Improvement Projects: Map and identify upcoming ditch improvement projects and see 

if it is possible to get more water storage as part of the improvement process. 

Target Conservation with GIS Mapping: Use a more systematic approach to target conservation and 

identify high priority areas. Use GIS mapping programs like the Agricultural Conservation Planning 

Framework (ACPF) to create targeted maps at field and/or subwatershed scale. 

http://watonwanriver.org/
http://watonwanriver.org/
https://drive.google.com/file/d/13X6PKUCUiebsjGueuendTi0dc7-2K7ex/view
http://watonwanriver.org/wp-content/uploads/2015/02/ww-leverage-points_2-18.pdf
https://drive.google.com/file/d/17lviV59Fr-cnEoWCTOuGGPCF3sqj77Lj/view
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Focus on Marginal Lands: Use Profit Zone Manager or another program to help identify long-term 

economics of farming marginal ground. What will it take to set these lands aside? Get the message out: 

“Don’t farm lands that don’t pay; square off the fields.” 

Clarify Barriers to Conservation Adoption: Explain local partner needs and barriers. The group identified 

the lack of engineering services available, the need for staff stability and funds for staff training. Inform 

local, state, and federal partners about barriers to conservation adoption. Share information and 

documents with local government, state and federal legislators.  

Clarify Economics: Explain the economics of BMPs and clarify costs for landowners. Explain that 

conservation practices can make farming easier and less stressful. 

3.3 Restoration and Protection Strategies 

The presented strategies tables show the types of practices and associated adoption rates estimated to 

meet: A) the full water quality goals (Table 21) and B) 10-year water quality targets (Table 22) for the 

Watonwan River Watershed. The strategies need to be refined in local planning processes to determine 

specific locations and means to get these types of strategies “on the ground”.  

Strategies Table A (Table 21) summarizes the water quality conditions, goals, and high-level strategies 

and adoption rates at the watershed scale. The basis for these goals was derived from the Model 

Summary presented in Appendix 4.4 and best professional judgement. Recommending specific suites 

of practices capable of cumulatively achieving all water quality goals is not practical. Challenges 

including the vast amount of change needed to meet water quality goals and the needed changes in 

technologies, programs, markets, and other whole-scale drivers will likely result in this work taking 

decades. Instead, high-level, narrative strategies and adoption rates were deemed more practical. 

Strategies Table B (Table 22) presents specific strategies and numeric adoption rates estimated to meet 

the 10-year water quality targets along with the responsible parties. This strategies table is intended to 

be more helpful for local planning efforts, which typically work on a 10-year revision schedule. These 

strategies were proposed and ranked (highest to lowest adoption) by the WRAPS Local Workgroup. The 

numeric adoption rates were then calculated to meet the 10-year water quality targets, using the 

developed source assessment, with a spreadsheet tool (notes and assumptions in Appendix 4.4) and 

reviewed to ensure consistency with computer model information (Model Summary in Appendix 4.4).  

The presented strategies need to be implemented across the watershed, in all subwatersheds with 

impaired water bodies or supporting water bodies with declining trends (any area shown in gray in the 

goals maps presented in Section 2.2). However, the adoption rates in any one region will not necessarily 

match the watershed-wide adoption rates due to regional differences. Furthermore, not all strategies 

are appropriate for all locations. The strategies and regional adoption rates need to be customized 

during local planning efforts.  

Protection Considerations 

Water bodies that meet water quality standards should be protected to maintain or improve water 

quality. Furthermore, water bodies that have not been assessed should not be allowed to degrade. The 

strategies presented in Table 21 and Table 22, set at the major watershed scale, are intended to not only 
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restore, but also protect waters in the Watonwan River Watershed. Strategies that are high priority for 

protection efforts are noted with a pink cross symbol. Similar to customizing regional adoption rates of 

the watershed-wide strategies, strategies and adoption rates should reflect the relative amount of 

protection needed and any site-specific considerations.  

The highest priority aspects of water quality protection in the Watonwan River Watershed include: 

 Mitigate alterations to hydrology by adding storage, infiltration, and ET. Effectively, this means

improving soil health so that there is more organic matter in the soil to hold water; mitigating

on-site when possible like adding a wetland/pond to intercept and infiltrate water from a new

tile drainage project; and adding more living vegetation to the landscape in early summer and

late fall by using cover crops, diversifying crops, and restoring stream buffers, wetlands, and

grasslands.

 Maintain and spread the good things happening on the landscape: keep practices and BMPs in

place, and work to spread their adoption.

 Maintain perennial vegetation on the landscape, especially adjacent water bodies, in areas with

high slopes, and in areas with highly-erodible soils.

Additional protection concerns in the watershed relate to groundwater and drinking water protection. 

The main supply of drinking water to the residents and businesses in the Watonwan River Watershed is 

groundwater – either from private wells, community wells, or a rural water supplier.  

The communities of Darfur, LaSalle, St. James, and Mountain Lake have vulnerable drinking water 

systems that indicate a connection and influence from surface water in the watershed. Red Rock Rural 

Water’s Lake Augusta wellfield is also highly vulnerable but is on the edge of the Watonwan River 

Watershed, therefore only encompassing a small portion of that drinking water supply area in the 

Watonwan River Watershed. Contaminants on the surface can move into the drinking water aquifers 

more quickly in these areas. The communities of Madelia and Truman have low vulnerability to 

contamination, which means that in those areas the deep aquifers are fairly protected. There is also the 

potential for contamination through unused and abandoned wells. Ensuring abundant and high quality 

supplies of groundwater is critical, especially in light of altered hydrology and the impacts on 

groundwater recharge.
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3.4 Priority Areas 

Conservation implementation plans (i.e. One Watershed, One Plan [1W1P; BWSR 2014b] or EPA CWA 

Section 319 work plans, etc.) that are developed subsequent to the WRAPS report should prioritize and 

target the strategies and set measurable goals. Figure 43 (BWSR 2014a) represents the prioritized, 

targeted, and measurable concepts. A broad list of tools for prioritizing and targeting work is in 

Appendix 4.4.  

Prioritizing is the process of selecting priority areas or issues based on justified water quality, 

environmental, or other concerns. Priority areas can be further refined by considering additional 

information: other water quality, environmental, or conservation practice effectiveness models or 

concerns; ordinances and rules; areas to create habitat corridors; areas of high public interest/value; 

and many more that can be selected to meet local needs. This report has identified several priority areas 

throughout, such as the goals maps, the HSPF model maps, and the GIS estimated altered hydrology 

maps. These and additional priority areas are summarized in Table 23. These priorities were developed 

in conjunction with the WRAPS Local Work Group. 

Targeting is the process of strategically selecting locations on the land (within a priority area) to 

implement strategies to meet water quality, environmental, or other concerns (that were identified in 

the prioritization process). The WRAPS report is not intended to target practices; rather, the work done 

as part of the larger Watershed Approach should empower local partners to target practices that satisfy 

local needs.  

Figure 43: “Prioritized, targeted, and measurable” plans are more likely to improve water quality 
and have a better chance to be funded compared to those that are less strategic. 

http://www.bwsr.state.mn.us/planning/1W1P/index.html


Pa
ra

m
et

er

Identified Conditions 
Water Quality Goal 

(summarized) 

 Watershed-wide 
Goal        

(average/surrogate) 

10-yr
Target
(meet by

2029)

Years to 
Reach 
Goal 

(from 2019)

Restoration and Protection Strategies 
See key in Table 24 for example practices under each strategy       

Estimated Adoption Rates: All= >90%  Most= >60%  Many/much= >30%  Some= >10%  Few= <10% 
Adoption rates indicate the final landscape outcome and include any practices already in place.

H
ab

ita
t

▪30 stream reaches stressed  
▪Likely stressor of lake aquatic life

Aquatic life populations are not stressed by lack 
of habitat.

35% increase in     
MSHA habitat score

12% ↑ 75

All streams and ditches have a riparian buffer. Most ditches reduce impacts. Many stream/ditch channels, banks, 
and floodplains are improved. Few marginally productive/high risk land uses are converted for critical habitat 
(wetlands, CRP, etc.). Most lake and wetland shorelands are restored/protected. Altered hydrology and sediment 
are addressed.

25% reduction in peak 
& annual river flow 

4% ↓ 45

increase dry season river base 
flow by enough to support 

aquatic life       
increase 15

N
itr

og
en

▪15 stream reaches stressed/impaired
▪3 stream reaches not stressed
▪Nitrogen reductions needed to meet
downstream needs

Aquatic life populations are not stressed by 
nitrogen. Support statewide and downstream 
reduction goals.

70% reduction in river 
concentrations/loads

15% ↓ 65

All croplands improve soil health by decreasing/improving fertilizer use, adding cover crops,  decreasing tillage, 
and/or diversifying crops. Most croplands reduce and treat cropland tile drainage. All streams and ditches have 
riparian buffer. All residential/urban areas reduce and treat runoff.  All WWTPs and septic systems are providing 
adequate treatment.

Se
di

m
en

t ▪16 stream reaches stressed/impaired
▪5 stream reaches not stressed/supporting
▪Sediment reductions needed to meet
downstream needs

90% of stream concentrations are below 65 
mg/L. Aquatic life populations are not stressed 
by sediment.

20% reduction 4% ↓ 45

All croplands improve soil health by adding cover crops, decreasing tillage, and/or diversifying crops. Most 
croplands reduce and treat cropland surface. All streams and ditches have riparian buffer. All residential/urban 
areas reduce and treat runoff. Some stream/ditch channels, banks, and floodplains are improved. Impacts from 
most ditches are reduced.

Co
nn

ec
t-

 
iv

ity ▪6 stream reaches stressed  
▪13 stream reaches not stressed

Aquatic life populations are not stressed by 
human-caused connectivity barriers.

Address human-caused 
barriers as identified in SID 

and where practical

Replace 5% 
of culverts

45 Fish barriers are addressed.

Ph
os

ph
or

us
 / 

Eu
tr

op
hi

ca
tio

n ▪ 1 stream reach and 4 lakes
stressed/impaired
▪ 2 lakes supporting
▪Phosphorus reductions needed to meet
downstream needs

Summer lake mean TP concentration is less than 
0.09 mg/L and aquatic life populations are not 
stressed by eutrophication. Support statewide 
and downstream reduction goals.

40% reduction in lake and 
stream       

concentrations/loads

Streams 
5% ↓ 
Lakes 

10% ↓

Streams 60 
Lakes 35

All croplands improve soil health by decreasing/improving fertilizer use, adding cover crops,  decreasing tillage, 
and/or diversifying crops. Most croplands reduce and treat cropland surface. All streams and ditches have riparian 
buffer. All residential/urban areas reduce and treat runoff. Some stream/ditch channels, banks, and floodplains 
are improved. All WWTPs and septic systems are providing adequate treatment.

Ba
ct

er
ia

▪17 stream reaches impaired
Average monthly geomean of stream samples is 
below 126 cfu/100mL.

 65% reduction in river 
concentrations/loads 

12% ↓ 65

All feedlot-produced manure is applied to cropland using improved application practices. All croplands improve 
soil health by adding cover crops, decreasing tillage, and/or diversifying crops. Most manured croplands reduce 
and treat cropland surface runoff.  All WWTPs and septic systems are providing adequate treatment. All feedlots 
optimize manure storage and siting. All pastures improve livestock and manure management by improving grazing 
practices and restricting livestock access to water bodies. Some livestock are integrated onto the landscape. 

Parameters that are impacted/addressed by the above pollutants and stressors 

F-
IB

I &
 M

-
IB

I ▪30 stream reaches impaired
▪5 stream reaches supporting

Aquatic life populations are measured and 
numerically scored with IBIs. IBIs meet 
thresholds based on stream class/use.

D
O

▪1 stream reach stressed/impaired
▪19 stream reaches not
stressed/supporting

Stream concentrations are above 5 mg/L and DO 
flux is not excessive.

60

Each parameter's goal is to meet 
the water quality standard and 

support downstream goals. 
Because these parameters are a 

response to (caused by) the 
above pollutants/stressors, the 

above watershed-wide goals are 
the (indirect) goals for these 

parameters.

meet other 
10-year
targets

The above strategies are implemented.

Table 21, Strategies Table A: This portion of the strategies table summarizes the conditions, goals, 10-year targets, proposed years to reach the goals, and the strategies and estimated adoption rates needed to achieve the goals. The strategies and estimated adoption rates are presented in narrative 
form. The high-level strategies and rough estimate adoption rates are intentionally used to reflect the variety of practices, corresponding differences in practice efficiencies, and uncertainty in the exact practices and adoption rates that will be needed to achieve water quality goals throughout the 
watershed. These strategies and adoption rates were estimated after reviewing multiple model results (available in Appendix 4.4), the identified sources of pollutants and stressors in the Watonwan River Watershed, and the SID and Geomorphology/Hydrology reports. Strategies, practices, specific 
adoption rates, and responsibilities to meet the 10-year targets are identified in Table 23.
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▪20 stream reaches stressed
▪Flow reductions needed to meet
downstream needs
▪Downstream waters impacted

All croplands improve soil health by adding cover crops, decreasing tillage, and/or diversifying crops. Most 
croplands reduce and treat surface runoff and reduce and treat tile drainage. Few (marginally productive/high 
risk) areas are converted for critical habitat (wetlands, CRP, etc.). All residential/urban areas reduce and treat 
runoff. Some stream/ditch channels, banks, and floodplains are improved.

Aquatic life populations are not stressed by 
altered hydrology (too high or too low river 
flow). Hydrology is not creating problems with 
other parameters (habitat, sediment, nitrogen, 
phosphorus, etc.).
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Decrease/improve fertilizer use: nutrient management, eliminate fall 
anhydrous application

25% 140,500 x - √ √ √ √ √ √ √ √ √

Add cover crops for living cover in fall/spring: cover crops on 
corn/beans, cover crops on early-harvest (canning) crops

10% 56,200 x x X X x - √ √ √ √ √ √ √ √

Decrease tillage: conservation tillage, no-till, strip till, ridge till 5% 28,100 - - - X x √ √ √ √ √ √ √ √
Replace open tile intakes*: blind, rock, sand filter, perforated pipe riser, 
etc. intakes

2% 11,200 X X √ √ √ √ √ √ √ √

Diversify crops: conversion to pasture, small grains, perennial crops 1% 5,600 x x X x x - √ √ √ √ √ √ √ √
Reduce and treat cropland surface runoff*: water and sediment control 
basins, grade stabilizations, terraces, grassed waterways

1% 5,600 x - - X x √ √ √ √ √ √ √ √ √

Reduce and treat cropland tile drainage*: Treatment wetlands, saturated 
buffers, bioreactors, controlled drainage

2% 11,200 - X - √ √ √ √ √ √ √ √ √ √

Convert/protect land for critical habitat (replacing marginally productive 
cropped areas): Restore wetlands and drained lake beds, conservation 
cover/CRP, prairie, habitat management, native shrub hedgerows

0.5% 2,800 X X X X X X √ √ √ √ √ √

Mitigate new ag drainage projects by adding sufficent practices to mitgate 
flow changes †

√ √ √ √ √ √ √ √ √ √

Maintain existing BMPs, CRP, RIM, etc. † √ √ √ √ √ √ √ √ √ √
Targeted audience outreach (on specific topics): canning crop fields and 
manured fields (cover crops),  landowners on proposed ditch improvement 
(integrating water storage/mitigating drainage projects),  younger farmers 
(soil health, precision ag, other), all farmers (economics of nutrient 
management, cover crop support group), farmers with economically marginal 
and high-risk land (diversify crops/conversion to critical habitat, mitigating 
conservation practices), tools for farmers to estimate their fields 
impact/results of practice adoption

√ √ √ √ √ √ √ √ √ √ √ √ √ √

Available/paid staff time: to do targeting (identification of the above 
mentioned landscape opportunities and audience members) and outreach 
work

√ √ √ √ √ √ √ √ √ √

Market development: second crop, small grains, perrenials √ √ √ √
Optimize manure storage: rainwater diversion (prevent from entering 
manure storage system) to water source, feedlot manure storage addition, 
add farm infrastructure to achieve storage/runoff reduction goals 
(machinery, buildings, roads)

√ √ √ √ √ √ √ √ √ √ √ √

Integrate livestock onto the landscape: transition confined livestock to 
pasture systems, smaller family operations

√ √ √ √ √ √ √ √ √ √ √ √ √

Reduce/treat feedlot runoff: feedlot runoff (vegetative) treatment √ √ √ √ √ √ √ √ √ √ √ √

Optimize feedlot siting: increase distance between livestock and water, 
move feedlots out of sensitive areas

√ √ √ √ √ √ √ √ √ √ √ √

Education, outreach and build social norms to encourage producers to 
graze livestock, use one-on-one conservation consultant, educate 
neighbors/community

√ √ √ √ √ √ √ √ √ √ √ √

Target feedlot siting: Site feedlots based on manure application 
history/available non-manured land

√ √ √ √ √ √ √ √ √ √ √

Improve manure application and in-field utilization: use cover crops on 
manured fields, manure sampling and ample land for proper application 
rates, impove placement/setbacks, equipment upgrades

1% 5,600 - x x X √ √ √ √ √ √ √ √ √ √ √ √ √

Education: educate producers and appliers on proper stockpiling, manure 
nutrient accounting, manure application timing and placement, how to use 
MDA runoff risk tool; educate neighbors/community

√ √ √ √ √ √ √ √ √ √

Improve pasture/grazing management: managed/rotational grazing, 
graze cover crops, remote watering facilities and fencing

0.1% 600 X X X √ √ √ √ √ √ √ √

Restrict livestock access to water bodies: exclusions/fencing,  watering 
facilities

0.1% 600 X X X √ √ √ √ √ √ √ √

Marketing to consumers: grazed/free range meat, direct marketing using 
pastures

√ √ √ √ √ √ √

Education: on grazing and soil health practices √ √ √ √ √ √ √ √ √ √
* = strategy footprint is much smaller than treated area (e.g. a grassed waterway treats many more acres than the practice footprint)

† = strategy is important for protection and reflects a key strategy to prevent current condition degradation

‡ Prac ces with "x" affect on flow are given a "-" on habitat. Prac ces that target riparian zone improvements are given "X" on habitat

Effectiveness was estimated using 1% adoption. While some practices are most effective at 1% adoption, the total effectiveness is limited by the watershed 
area contributing to the source. For instance, replacing open tile intakes is effective, but only a small percentage of the watershed is served by open intakes. 
Therefore, the total reduction achievable from this practice is minimal.

sufficient to achieve the 
physical strategies listed 

above

Table 22, Strategies Table B (page 1 of 2): This table presents a suite of strategies and practices that are cumulatively capable of meeting the 10-year targets for the Watonwan River 
Watershed. The strategies are presented by land use and provide target adoption rates by both watershed area and the equivalent number of acres.  This level of new adoption 
progresses the landscape and water bodies towards clean water consistent with the total years to achieve watershed restoration as presented in Table 21. Adoption rates are for new 
projects and assume existing practices will be maintained. Information on the conditions, goals, and total timelines is presented in Table 21. Refer to the narrative in Section 3.3 for 
more information. See Table 24 for information on practices and relevant NRCS practice codes.
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pe Watonwan River Watershed 

Restoration and Protection Strategies and BMPs 
estimated to meet 10-year targets  

at specified adoption rates       

Adoption Rate Responsibility
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Install/expand riparian buffer: 16ft, 50ft, 100ft buffers and/or riparian 
tree planting on public water and public ditches

√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √

Reduce ditch impacts: reduce ditch clean-outs, install side-inlets, ditch 
improvements add water storage

√ √ √ √ √ √ √ √ √ √

Improve stream/ditch channels, banks, and habitat: re-meander 
channelized stream reaches, re-connect/restore flood plains, stream habitat 
improvement and management, streambank stabilization (where 
infrastructure is threatened)

√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √

Address fish barriers: dam removal, replace/properly size culverts and 
bridges

√ √ √ √ √

Collaborative targeting and planning: project and drainage improvement 
mapping/tracking, collaborative prioritizing, targeting, and planning stream 
restoration and subwatershed-scale plans

√ √ √ √ √ √ √ √

Education and outreach: demo and benefits of reducing ditch clean-outs 
targeting County Board, education on landuse change impact on flow change

√ √ √ √ √ √ √ √ √ √ √ √

Staff time and resources: paid and available staff time for outreach work, 
more resources for drainage entity

√ √ √ √ √ √ √ √ √ √ √

Restore/protect shoreland: stabilize/restore shoreline with vegetation, 
increase distance (buffer) between waterbody and impacts

√ √ √ √ √ √ √ √ √ √ √ √ √ √

Manage in-lake: Drawdowns, internal load controls (dredging, alum, rough 
fish control) based on collaborative planning with fisheries

√ √ √ √ √ √ √ √ √ √

Regulations/zoning: enforce shoreland ordinance, develop shoreland 
ordinance in protection watersheds, educate variance decision-makers

√ √ √ √ √

Collaboartively develop lake restoration plans: including internal load 
studies, in-lake, shoreland, and upland needs

√ √ √ √ √ √ √ √ √

Education: landowners on shoreland practices, AIS prevention √ √ √ √ √ √ √ √ √
Associations/networks: Support lake associations and watershed 
networks, work to involve farmer neighbors 

√ √ √ √ √ √ √ √

City/neighborhood-scale water management: retention and infiltration 
areas, runoff diversions, stormwater ponds, swales, rain gardens, wetlands

√ √ √ √ √ √ √ √ √ √ √ √ √ √ √

Improve soil health: reduce fertilizer use, diversify lawns, add native 
trees/shrubs/prairie/forest, no-till and cover crop gardens

√ √ √ √ √ √ √ √ √ √ √ √ √ √

Decrease road salt use: strategic and decreased salt use √ √ √ √ √ √ √ √ √ √ √ √ √ √
Resident-scale water management: rain gardens, lawn diversification √ √ √ √ √ √ √ √ √ √ √ √ √ √
Well head sealing and vegetative protection √ √ √ √ √ √
Education: residential practices, stormwater management, road/sidewalk 
salt

√ √ √ √ √ √ √ √

Planning: Urban forestry green infrastructure, impact zones for climate 
change, incorporate urban/residential practices 

√ √ √ √

Maintenance and replacement: scheduled maintenance and replace failing 
systems √ √ √ √ √ √ √ √ √ √ √ √ √

Eliminate IPHT systems: systems discharging to streams/land surfaces √ √ √ √ √ √ √
Improved septic solids application: increase buffers, application rates √ √ √ √ √
Loans and grants: targeted to low income households √ √ √
Uniform rules: adopted by all counties (e.g. sale and transfer, alternative 
systems) √ √ √

Education: of pumpers and appliers, system owners √ √
Enforcement: increase enforcement of existing rules √ √ √
Facility upgrades when required by regulating party √ √ √ √ √
Maintain permit compliance √ √
Technical assistance and funding for village and small town treatment 
facilities

√ √ √

* = strategy footprint is much smaller than treated area (e.g. a grassed waterway treats many more acres than the practice footprint)

† = strategy is important for protection and reflects a key strategy to prevent current condition degradation

‡ Prac ces with "x" affect on flow are given a "-" on habitat. Prac ces that target riparian zone improvements are given "X" on habitat

Effectiveness was estimated using 1% adoption. While some practices are most effective at 1% adoption, the total effectiveness is limited by the watershed 
area contributing to the source. For instance, replacing open tile intakes is effective, but only a small percentage of the watershed is served by open intakes. 
Therefore, the total reduction achievable from this practice is minimal.

Watonwan River Watershed 
Restoration and Protection Strategies and BMPs 

estimated to meet 10-year targets  
at specified adoption rates       
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Follow regulatory requirements 

sufficient to achieve the physical 
strategies listed above

5% of culverts replaced

sufficient adoption to reduce 
current contributions by 20%

sufficient to achieve the physical 
strategies listed above
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sufficient adoption to reduce 
current contributions by 20%

sufficient to achieve the physical 
strategies listed above

On 4 lakes (~10%): assess and 
address shoreland and in-lake 
management where needed

sufficient to achieve the physical 
strategies listed above

100% of ditches reduce 
cleanouts. 100% of  

improvements include some 
water storage. Install erosion 
control projects where high 

priority. 

100% of  stream/ditches have 
req'd buffer and 5% have wider

Table 22, Strategies Table B (page 2 of 2): This table presents a suite of strategies and practices that are cumulatively capable of meeting the 10-year targets for the Watonwan River 
Watershed. The strategies are presented by land use and provide target adoption rates by both watershed area and the equivalent number of acres.  This level of new adoption 
progresses the landscape and water bodies towards clean water consistent with the total years to achieve watershed restoration as presented in Table 21. Adoption rates are for new 
projects and assume existing practices will be maintained. Information on the conditions, goals, and total timelines is presented in Table 21. Refer to the narrative in Section 3.3 for 
more information. See Table 24 for information on practices and relevant NRCS practice codes.
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Table 23: Priority areas to restore and protect surface water quality are summarized below. The first six rows of this table are priority areas directly from the WRAPS report and focus on water quality restoration or protection. The bottom three rows of this table are multiple benefit or 
locally driven priority areas not strictly associated with the WRAPS, but these areas would offer benefits to water quality. Priority areas should be further customized and focused during local planning efforts using additional prioritizing criteria. 

"Priority Area" Prioritizing Criteria Specific Examples Applicable WRAPS/other data sources Other considerations 

"Tipping Point: Barely Impaired" 
Water bodies that are impaired but 
have a relatively smaller reduction or 
improvement goal 

North Fork of the Watonwan River and Butterfield Creek need relatively 
small reductions to meet TSS standards and a long-term TSS improving trend 
has been observed in the major watershed. Butterfield Lake needs a 
relatively small phosphorus reduction to meet standards and has a small 
watershed. Unnamed Creek reach 505 (Headwaters to Mountain Lake) is 
impaired for M-IBI but supporting for F-IBI with only two identified stressors: 
habitat and nitrogen. Watonwan River reach 563 is impaired for F-IBI but 
supporting M-IBI with only two identified 2 stressors: habitat and TSS. 

Use the goals maps in Section 2.2 (which illustrate the TMDL 
Summary table in the Appendix) to identify which impaired 
water bodies require the least reduction. On the goals map, 
the lighter the gray shading, the less reduction that is 
required. Aquatic life (IBI) scores are available in the 
Monitoring and Assessment report. Those that are closer to 
the threshold are likely more attainable/restorable. 
Additional details are provided in the SID and the DNR 
Hydro/geomorph reports. 

Compared to "dirtier" watersheds, fewer 
changes are needed to address parameters and 
can be "easier" to achieve restoration goals. This 
prioritizing criterion can be especially important 
if the primary goal of the funding entity is to 
achieve restoration of impaired water bodies. 

"Protection of Supporting Waters” or 
"Reverse Degrading Trends" Water 
bodies that are currently meeting the 
water quality standard (beneficial use 
or for any parameter) or any water 
body (assessed or not) should have an 
improving or stable trend in water 
quality  

Fish Lake and St. James Lake are the two lakes supporting aquatic recreation 
and both have improving trends. These lakes are also the 2 most sensitive 
lakes according to the lake P sensitivity analysis. Only five stream reaches 
were found to support one or more beneficial uses: Unnamed ditch reach 
545 (tributary to N Fork) supports aquatic life (modified use standard) and 
aquatic rec. CD1 reach 553, Tributary to Watonwan reach 555, St. James 
creek reach 576, and Unnamed Creek 584 were found to support aquatic life 
(modified use standard). 

The "green" water bodies in the status maps and assessment 
tables throughout section 2.2 show the supporting water 
bodies. While a stream reach may be impaired for a 
beneficial use, some parameters may be supporting. Refer to 
Monitoring and Assessment Table in the Appendix. 

Additional useful prioritizing criteria for 
protection include: hydrologic alteration, trends, 
HSPF-modeled yields, phosphorus sensitivity, 
local pollutant sources, etc. The MPCA Lakes 
Phosphorus Sensitivity Analysis can be used to 
prioritize lakes that are estimated to be the most 
sensitive to additional phosphorus inputs. 

"Dirtiest Watersheds or Waters” 
Watersheds with high 
pollutant/stressor yields or water 
bodies that have higher amounts of 
pollutant/stressor using either: 1) 
estimated reductions/TMDL based on 
observed concentrations, or 2) model 
data (yields or concentrations), 3) total 
number of identified parameters not 
supporting water quality goals. 

St. James Creek (inlet to Kansas Lake) needs the highest estimated TSS 
reduction and Kansas Lake needs the highest estimated P reduction of lakes 
based on TMDL data. Butterfield Creek has the most identified parameters 
not meeting standards/stressing aquatic life. According to HSPF modeling, the 
Lower Watonwan, Spring Creek, and Perch Creek subwatersheds have the 
highest modeled yields of TN and TP, and portions of the North Fork, 
Butterfield Creek, the Lower Watonwan, and the Lower South Fork 
Subwatersheds have the highest modeled sediment concentration. 

1) The goals maps (Section 2.2 - Goals Subsections) illustrate 
areas that need pollutant reductions- the darker the gray 
shading, the more reduction needed from this contributing 
area. The larger the needed reduction, the "dirtier" the 
water body (reductions also in the TMDL summary in the 
Appendix). 2) Data are available online and additional 
interpretations are available in the SID and the DNR 
hydro/geomorph reports. 3) HSPF-modeled concentrations 
are in the status subsections in Section 2.2 and yield maps 
are presented in Appendix 4.2. 

1) Subwatershed goals maps can be used to 
estimate the dirtiest areas but are only 
presented when there is TMDL data and only 
apply to TSS, TP, and bacteria. 2) Observed data 
should be corroborated by that parameter being 
assessed as a pollutant or stressor 3) Model data 
are an estimate, may not represent real world 
conditions, and may be limited by model 
mechanics or assumptions. Coupling model data 
with additional prioritizing criteria (versus being 
a single driver in selecting a priority area) is 
recommended.  

"Highly Hydrologically Altered" 
Subwatersheds or waterbodies 
identified as highly hydrologically 
altered  

Headwaters portions of Perch Creek, Spring Branch Creek, Tributaries to 
Lake Hanska, the Upper Watonwan River are among the areas in the 
watershed that were estimated to have the highest level of altered hydrology. 
The original Mountain Lake (Figure 21 in the DNR Hydrology report) is a 
drained basin area that could be restored. 

A GIS analysis of altered hydrology is presented in section 2.2 
in the Altered Hydrology section. Areas with a higher score 
indicate more alteration. 1855 land survey or other past 
landscape imagery/analysis can identify drained 
lakes/wetlands. 

Altered hydrology is the second most commonly 
identified stressor in the Watonwan watershed 
and a driver of most other stressors like 
sediment, habitat, and nitrogen. 
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"Priority Area" Prioritizing Criteria Specific Examples Applicable WRAPS/other data sources Other considerations 

"Connectivity/Fish Passage Barriers" 
stream reaches where connectivity 
was identified as a stressor or other 
known fish passage barriers  

South Fork of the Watonwan River (near Long Lake), Butterfield Creek, Perch 
Creek, and JD1 were the four reaches identified as stressed by a lack of 
connectivity due to fish passage barriers. 

Streams stressed by connectivity barriers were identified in 
the Stressor ID report and summarized in the WRAPS. A 
more comprehensive inventory of fish passage barriers is 
presented in the DNR Hydrology & Geomorphology report. 

Work with county and township officials to 
opportunistically eliminate other small barriers 
when culverts are replaced.  

"Measurable waters” Water bodies 
with ample monitoring data to 
establish baseline conditions prior to 
work being done and future 
monitoring data can be used to track 
changes in water quality 

Hanska, Fish, and St. James lakes have sufficient prior data that trends should 
emerge when sufficient changes are made. Ample data to report trends (see 
Trends Overview section) include, and stream reaches with aquatic life (IWM) 
monitoring locations provide a record to compare after implementing 
projects. In particular, areas that may show a quick response in aquatic life 
(IBI) scores are those primarily limited by a connectivity barrier:  

The monitoring locations are illustrated on a map in section 
1.3. The three different types of monitoring locations 
provide different types of data. Review the data online (link 
at beginning of section 2) to determine which parameter 
could be tracked to compare the conditions before and after 
BMPs are implemented. 

Lakes with small watersheds will probably be the 
easiest to show changes in. Depending on the 
kind of work to be done, biological data may 
change. Solid, long-term data is taken at WPLMN 
sites, but the watersheds of these sites are very 
large and substantial change is likely necessary 
before changes in water resources will be 
detected.  

"Impaired Waters” Water bodies that 
have a 303d listed impairment 

34 stream reaches and 6 lakes are impaired for one or more beneficial uses. 

The status overview map in section 2.1 shows the 
impairments by beneficial use, and the status maps 
throughout section 2.2 illustrate the parameters causing the 
beneficial use impairment (by water body). The Assessment 
Table in Appendix 4.1 tabulates all the beneficial use 
impairments and parameters causing the impairment 
together. 

Use the strategies table (referring to the 
effectiveness column) to identify which practices 
could be the most effective on the parameter 
causing the impairment, applying local 
knowledge of local sources and opportunities. 
Use additional prioritizing criteria to strengthen 
the case for selecting a specific impaired water. 

"Drinking water and Ground water" 
Areas contributing water or risks to 
drinking and ground water resources 

La Salle area, the North Fork Watonwan, and the St James Wellhead 
protection area have been identified by local and state partners to be high 
priority for protecting ground water due to the soils, geology, and other 
attributes. 

Nitrogen concentration/load observed and modeled data 
and soils data (course textured and tile drained) can estimate 
higher yielding areas. MDH also provides information for 
targeting for drinking water source restoration and 
protection. A narrative is included in the WRAPS Appendix or 
contact MDH for more info. 

Outlet of Watonwan River Watershed 
contributes to the Blue Earth River, which 
recharges the surficial sands aquifer used for 
Mankato's drinking water source, which often 
has excessive N contributions.  

"Wildlife habitat" Areas that provide 
critical habitat including endangered 
species and ecologically sensitive areas 

Perch Creek provides Blanding's Turtle (endangered species) habitat. Lake 
Hanska is a designated wildlife lake. Bat Lake is in the 'outstanding' biological 
significance class with higher quality aquatic plant assemblages, and Linden 
Lake and an unnamed wetland located East of Lewisville ranked as moderate 
with diverse bird life. Kansas, Hanska, Bingham, Fedji Lakes have 
opportunities to improve waterfowl production. 

Wetland Management Areas, National Wetland Inventory/Restorable Wetlands, and River Corridors are all data 
sets useful for identifying and prioritizing habitat. DNR Fisheries Lakes of Biological Significance (2015 GIS layer) 
identifies high quality lakes based on unique in-lake habitat features.  

"Popular recreational water bodies" 
Water bodies that are commonly used 
for recreation 

Lake Hanska 
Civic engagement and the day-to-day work of local partners have identified several priority areas based on local 
values and special uses. Many of these are mentioned in the CE work done as part of the Watershed Approach 
and can be further identified and refined by local staff and citizens.  
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501 Watonwan River  Perch Cr to Blue Earth R 2Bg, 3C x x x x ? ? x + ? ? + + x + x x -

502 St James  Creek  T106 R31W S18 south l ine to Butterfield Cr7 - - x x +

505 Unnamed Creek  Headwaters  to Mountain 2Bm, 3C x + x x ? x + + + ? + + -

510 Watonwan River  S Fk Watonwan R to Perch Cr 2Bg, 3C x x x x ? ? x + ? ? ? + x + x x -

511 Watonwan River  Butterfield Cr to S Fk Watonwan R2Bg, 3C x x x x ? ? x + ? ? + + x ? x x -

515 St James  Creek  Butterfield Cr to Watonwan R 7 - - x x +

516 Butterfield Creek  Headwaters  to St James  Cr 2Bg, 3C x x x x x x x x ? x ? ? x + x x -

517 Watonwan River  South Fork Wi l low Cr to Watonwan R2Bg, 3C x x x x x x x + ? ? + + x + x x -

523 Perch Creek  Spring Cr to Watonwan R 2Bg, 3C x x + x ? ? x + + ? + + ? + x x -

524 Perch Creek  Headwaters  (Perch Lk 46-0046-00) to Spring Cr2Bg, 3C x x x x x x x x + ? + + x -

526 Unnamed Creek  T105 R30W S24 south l ine to Perch Cr2Bm, 3C x x x x x x ? ? x ? ? + -

528 St James  Creek  Headwaters  to Kansas  Lk 2Bg, 3C x x -

540 Spring Brook  Unnamed Ditch to S Fk Watonwan R2Bg, 3C x x x x ? ? ? ? ? ? + + -

542 Judicia l  Di tch 5  CD 2 to Lk Hanska 2Bg, 3C ? ? -

545 Unnamed Ditch  Unnamed Ditch to N Fk Watonwan R2Bm, 3C + ? + + ? + + -

547 Watonwan River  South Fork Iri sh Lk to Wi l low Cr2Bg, 3C x x + x x ? x ? ? ? + + x -

549 Unnamed Creek  Unnamed cr to N Fk Watonwan R2Bg, 3C x x x x x x ? + + ? + + -

552 Unnamed Creek  CD 4 to Butterfield Cr 2Bm, 3C x x x x ? ? ? ? ? ? + -

553 County Ditch 1  Unnamed cr to S Fk Watonwan R2Bm, 3C + + + -

555 Unnamed Creek  Unnamed cr to Watonwan R 2Bm, 3C + + + -

557 Unnamed Creek  Unnamed cr to Perch Cr 2Bg, 3C x x x x ? + ? + ? + + -

559 County Ditch 78  164th St to Watonwan R 2Bg, 3C x x x x ? x + + ? ? + + -

561 Unnamed Creek  Unnamed cr to JD 1 2Bg, 3C x x x x x x ? ? ? ? + + -

562 Watonwan River  N Fk Watonwan R to T107 R32W S13 east l ine2Bg, 3C x x x x -

563 Watonwan River  T107 R31W S18  west l ine to Butterfield Cr2Bg, 3C x x + x ? ? x + + ? + + x ? x x -

564 Watonwan River  North Fork  Headwaters  to T107 R32W S6 eas2Bg, 3C x x x x x x ? ? ? ? + + x + x x -

565 Watonwan River  North Fork T107 R32W S5  west l ine to Wato2Bm, 3C x x + x x + ? + ? ? + + -

566 Watonwan River  Headwaters  to T107 R33W S33 east l ine2Bg, 3C x x x x x x x + ? ? + + x x x -

567 Watonwan River  T107 R33W S34 west l ine to N Fk Watonwan R2Bm, 3C x x + x x + x + + ? + + x + x x -

568 Watonwan River  South Fork -94.8475 43.8813 to Iri sh Lk2Bg, 3C x x x x x x x x ? ? + + ? + x x -

569 Watonwan River  South Fork  -94.9121 43.8594 to -94.8475 432Bm, 3C x x x x ? ? x ? ? + + -

571 Wil low Creek  JD 4 to S Fk Watonwan R 2Bg, 3C x x x x x x x ? ? ? + + -

574 Spring Branch Creek  T106 R30W S22 west l ine to Perch Cr2Bm, 3C x x + x x + ? ? ? ? + + ? + x x -

576 St James  Creek  T106 R32W S25 west l ine to T106 R31W S192Bm, 3C + + + ? + x x -

577 Mink Creek  Unnamed cr to Perch Cr 2Bg, 3C x x x x x x ? ? ? ? + + -

579 Judicia l  Di tch 1  Headwaters  to -94.9058  43.90952Bg, 3C x x x x x x ? x ? ? + + -

580 Judicia l  Di tch 1  -94.9058  43.9095 to T105 R33W S7 east l2Bm, 3C x x x x ? ? ? ? ? + + -

581 Judicia l  Di tch 1  T105 R33W S8 west l ine to Iri sh Lk2Bg, 3C x x + x x ? ? x ? ? + + + + x x -

583 Unnamed Creek  T106 R35W S1 west l ine to Unnamed cr2Bg, 3C x x x x x x ? + + ? + -

584 Unnamed Creek  Unnamed cr to T105 T29W S6  east l ine2Bm, 3C + + + -
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Stressors Pol .

Beneficia l  Use and Associated Biology, Stessors , and Pol lutant Assessment

Bio Pol lutants

Beneficial Use Assessment* Parameter/Stressor Assessment

X = impaired x = failing standard/ stressing

? = inconclusive (need more data) ? = inconclusive (need more data)

+ = supporing + = supporting standard/not stressing

- = not applicable <blank> = not monitored/assessed

*benefical use assessment considers 

the status of multiple parameters and 

professional judgement

4 Appendix 

4.1 Watershed Conditions and Background Information – Related 
Appendices 

Stream Monitoring and Assessment Results 
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Lake Monitoring and Assessment Results 

 

Lake ID Lake Name A
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08-0026-00 Hanska ? x x

17-0003-00 Mountain ? x -

17-0007-00 Bingham x x -

17-0012-00 Three ? ?

17-0020-00 Eagle x ? ?

32-0018-03 Fish (Main) + x +

46-0084-00 Round ? ?

83-0021-00 Fedji ? ? ?

83-0035-00 Mary ? ?

83-0036-00 Kansas x ? ?

83-0040-00 Long ? x -

83-0043-00 St. James + + +

83-0051-00 Sulem ? ?

83-0056-00 Butterfield x ? ?

83-0060-00 Wood ? ? ?
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WPLMN Data Summary 

 

 

SITE YEAR PARAMETER Mass (kg) Vol (acre ft) FWMC (mg/L)

Watonwan River nr Garden City, CSAH13 2007 TP 108051 302987 0.289

Watonwan River nr Garden City, CSAH13 2008 TP 56284 260786 0.175

Watonwan River nr Garden City, CSAH13 2009 TP 30868 110565 0.226

Watonwan River nr Garden City, CSAH13 2010 TP 232505 736570 0.256

Watonwan River nr Garden City, CSAH13 2011 TP 180828 614114 0.239

Watonwan River nr Garden City, CSAH13 2012 TP 69503 183157 0.308

Watonwan River nr Garden City, CSAH13 2013 TP 58130 151974 0.31

Watonwan River nr Garden City, CSAH13 2014 TP 66493 191238 0.282

Watonwan River nr Garden City, CSAH13 2015 TP 38132 165099 0.187

Sum of the 5 year load (2011-2015) 413,086          

Averaged annual FWMC 0.25

Multi year FWMC (2007-2015) 840,794          2,716,490   0.25

Watonwan River nr Garden City, CSAH13 2007 TN 3435184 9.19

Watonwan River nr Garden City, CSAH13 2008 TN 4563279 13.77

Watonwan River nr Garden City, CSAH13 2009 TN 925953 6.82

Watonwan River nr Garden City, CSAH13 2010 TN 8147845 8.97

Watonwan River nr Garden City, CSAH13 2011 TN 7686210 10.14

Watonwan River nr Garden City, CSAH13 2012 TN 2624280 11.58

Watonwan River nr Garden City, CSAH13 2013 TN 2132781 11.39

Watonwan River nr Garden City, CSAH13 2014 TN 2769147 11.76

Watonwan River nr Garden City, CSAH13 2015 TN 2998269 14.51

Sum of the 5 year load (2011-2015) 18210687

Averaged annual FWMC 10.9

Multi year FWMC (2007-2015) 53,493,635    2,716,490   15.97

Watonwan River nr Garden City, CSAH13 2007 TSS 34787544 302987 93

Watonwan River nr Garden City, CSAH13 2008 TSS 24104778 260786 75

Watonwan River nr Garden City, CSAH13 2009 TSS 5904046 110565 43

Watonwan River nr Garden City, CSAH13 2010 TSS 69543105 736570 77

Watonwan River nr Garden City, CSAH13 2011 TSS 49935082 614114 66

Watonwan River nr Garden City, CSAH13 2012 TSS 27281190 183157 121

Watonwan River nr Garden City, CSAH13 2013 TSS 22312490 151974 119

Watonwan River nr Garden City, CSAH13 2014 TSS 23056930 191238 98

Watonwan River nr Garden City, CSAH13 2015 TSS 16131636 165099 79

Sum of the 5 year load (2011-2015) 138717328

Averaged annual FWMC 85.7

Multi year FWMC (2007-2015) 273,056,801 2,716,490   81.5
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HSPF Source Assessment for Watonwan (model 

years 1996-2012)

2013-2017 Discovery Farms Data for the tiled 

farms (BE1, DO1, RE1)    

2009-2013 Watershed Pollutant Load Monitoring 

Network Data 

water portioning calculator (boettcher), assumes 60% of watershed tiled

Middle bar of water budget: SWAT modeling of water budget by Folle

finger-printing, MN River US from mid mn (schottler)

Mulla estimate of bluff and ravine areas per major watershed

Gran Sediment Budget for Le Sueur River MN River Basin Near Stream Sediment Sources (Mulla, 2010) 

Detailed Assessments of Phosphorus Sources to Minnesota Watersheds

Barr Engineering and the PCA (2003 with 2007 update) 

PCA Assessment for MN Basin, avg yr

PCA/Emmons & Oliver literature summary of bacteria coorelation

Bacteria Calculator, Boettcher

Specific Source Assessment Analyses (including source and applicable area)

Q

Bacteria

TSS

P

TN

Strong relationship to fecal bacterial 

contamination in water Weak relationship to fecal bacterial contamination in water 

 High storm flow   (the single most 

important factor in multiple 

studies) 

 % rural or agricultural areas 

greater than % forested areas in 

the landscape (entire watershed 

area) 

 % urban areas greater than % 

forested riparian areas in the 

landscape  

 High water temperature  

 Higher % impervious surfaces  

 Livestock present  

 Suspended solids 

 High nutrients 

 Loss of riparian wetlands  

 Shallow depth (bacteria decrease with depth) 

 Amount of sunlight (increased UV-A deactivates bacteria) 

 Sediment type (higher organic matter, clay content and 

moisture; finer-grained) 

 Soil characteristics (higher temperature, nutrients, organic 

matter content, humidity, moisture and biota; lower pH) 

 Stream ditching (present or when increased) 

 Epilithic periphyton (plants and microbes that grow on stones 

in a stream) present 

 Presence of waterfowl or other wildlife 

 Conductivity 

 

 
4.2 Source 

Assessment 
–Related 
Appendices  

Multiple Lines of 

Evidence 

 



 

79 

Point Source Data Summary 
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Point Source Contribution to Total Watershed Load Calculation 

 

Regulated Facilities that do not Discharge to Surface Waters 

 

Pre-Settlement Landscape Map Data Sources 

This map graphic is an approximation of the pre-European settlement landscape. It is not intended for 

numerical analysis, but rather offers a small-scale illustration (or paints the picture) of the pre-European 

settlement, which was predominantly prairie with water bodies and wetlands (prairie wetlands, some 

streams, and some forested riparian areas). The pre-settlement landscape was estimated using the 

following data sources:  

1. A digitized copy of the streams from the U.S. General Land Office survey maps and notes (from 1848 

to 1907; MnGeo 2011). Note that this digitization was intended to generally represent the features 

as captured in the U.S. General Land Office Survey maps and notes as documented 110 to 169 years 

ago. It cannot be used to calculate miles or to do analysis at a large (close up) scale. The image of 

this data layer may be used at a smaller (far away) scale, but is not visible at the scale presented.  

2. Drained wetlands were pulled from the National Wetland Inventory (USFSW 2016) and Restorable 

Wetlands were pulled from the Restorable Wetland Inventory (USFWS 2009).  

3. Additional wetland areas were pulled from Marschner’s analysis. The Original Vegetation of 

Minnesota: data was first compiled in 1930 by F. J. Marschner (of the Office of Agricultural 

Economics, USDA) from the data created by the U.S. General Land Office Survey notes. In 1974, the 

Marschner’s data was interpreted and mapped by M.L. Heinselman and others at the U.S. Forest 

Service (North Central Forest Experiment Station in St. Paul). This map was then digitized, and 

modified by the DNR Natural Heritage and Nongame Research Program in the 1980s and later. The 

original map was done at 1:500,000 and then attributes and geography generalized for display, at 

approximately 1:1 million, at which the presented map is approximately shown. The purpose of the 

data is to analyze presettlement vegetation patterns to determine natural community potential, 

productivity indexes and patterns of natural disturbance. 

  

2011-2015 Load WPLMN Point Sources % Point Source

TP (kg) 413086 16422.30199 3.98%

TN (kg) 18210687 230717.9791 1.27%

TSS (kg) 138717328 174227.5083 0.13%

Non Discharging County 

Milk Specialties Co Cottonwood

RCP Transit LLC Brown
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Phosphorus from Agricultural versus Native Land Use 

The amount of P native to the soil does not necessarily indicate the likeliness of P to runoff (or export). 

Instead, we can compare P export of native prairie to P export from cultivated crops to deduce the 

relative amount of P export due to agricultural activities. Several ranges of grassland and prairie P export 

are available in the literature. The MPCA’s Detailed P Assessment (completed by Barr Engineering) cited 

a large range of P export from grasslands and restored prairies ranging from 0.05 to 0.22 lb/ac/yr. In a 

more recent study of native prairie in the neighboring Cottonwood River watershed, native prairie P 

export rates ranged from 0.02-0.09 lb/ac/yr (report reference provided in Sources Overview section). 

Discovery Farms field data (summarized in Appendix 2.2) has measured Minnesota cultivated crop P 

export rates of roughly 0.5 lb/ac (data and references in Appendix). Furthermore, we know that typical 

cultivated crop P application rates on Minnesota River basin farms are typically in the 10’s of lb/ac/yr 

and that at the major watershed scale, P export is roughly 0.5 lb/ac/yr. This means that farm P export is 

roughly 10 times greater than native P export; roughly 10-20 times more P is applied to a typical farm 

field than is exported from a farm field, and roughly, the export rate of a farm field is about the same as 

the P export from the major watershed. Deducing from these ratios, agricultural activities (on what were 

natively prairie lands) are likely accounting for the majority of P export from farm fields. Although, the 

particular aspect of the agricultural activities (e.g. fertilizer application, tillage, change in vegetation, 

change in organic material, etc.) that causes the P export cannot be determined from this. However, 

based on the ratio of applied P to exported P, fertilizer and manure application are likely causes of this 

increased P export. 

Interpretation of the Feedlot Statistics 

This interpretation was provided by the MPCA feedlot staff.  

 Surface applied manure generally tends to come from smaller feedlots or "smaller" dairies or 

poultry facilities. 

 Facilities with <300 AU generally have limited manure storage so manure application occurs on a 

more frequent basis and facilities are not required to have a manure management plan or test 

their soils for P.  

 Facilities with <100 AU have fewer restrictions under the feedlot rules. 

 Poultry litter does not follow the general rule of being spread close to the facility as it is 

generally brokered out to area crop farmers who are willing to pay for the manure. Because of 

the higher nutrient value and ease at which it can be hauled in a semi, poultry manure is more 

"mobile" then other manures. Implications of this include: 

o most of the manure is surface applied 

o generally, manure from these facilities is sold to nonlivestock farmers 

o barns are cleaned out when barns are emptied of mature birds which tends to lead to a 

significant amount of temporary manure stockpiles in fields which can have their own 

issues (they must meet setback requirements but generally do not have runoff controls 

like permanent stockpile sites) since they are exposed to weather extremes 
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 Most feedlots have to keep records of manure application. The MPCA and/or delegated 

counties have the authority to request these records but due to a lack of staffing generally do 

not request them. The NPDES permitted sites have to submit annual reports with their manure 

records but lack of staffing does not allow comprehensive tracking of the acres.  

ET Rate Data & Calculation 

The presented ET rates are from the following sources/methodologies: 

The NRCS crop ET source, despite the source age, was selected because it provided the highest 

estimates of crop ET. To illustrate this point, the seasonal corn ET rates, as determined from several 

sources, are presented below: 

Using the highest crop ET rates for comparison was desired for multiple reasons: 1) pan coefficients 

were developed using older data sets and it is likely that corn, with higher crop densities and larger plant 

sizes, uses more water today than it did when the coefficients were determined. 2) Using lower crop ET 

rates may appear to exaggerate the difference between crop and noncrop ET rates. 3) Errors associated 

with pan ET rates could result in exaggerated differences between estimated wetland/lake ET and crop 

ET. More information on calculating ET rates is available here: 

http://deepcreekanswers.com/info/evaporation/ET_water_surf.pdf. 

 

ET rate Formula/specifics Reference Applicable Data 

Wetland ETW = 0.9* ETpan Wallace, Nivala, and Parkin (2005) 
Waseca station pan ET 

1989-2008 average 
Lake ETL = 0.7* ETpan Dadaser-Celik and Heinz (2008) 

Crops Crop ET, Climate II NRCS (1977) Table from source 

Methodology, data Source 

May-

September 

Corn ET 

1. Irrigation table NRCS (1977) 64 cm 

2. SWAT modeling in the Lake Pepin Full Cost Accounting Dalzell et al. (2012) 54 cm 

3. Minnesota Irrigation Scheduling Checkbook, Waseca 

station temp 

NDSU (2012) 42 cm 

4. Minnesota Crop Coefficient Curve for Pan ET, Waseca 

station pan ET 

Seeley and Spoden (1982) 39 cm 

http://deepcreekanswers.com/info/evaporation/ET_water_surf.pdf
http://www.naturallywallace.com/docs/76_Technical%20Paper%20-%20IWA%20Newsletter%20Pan%20Evap.pdf
http://www.dnr.state.mn.us/climate/historical/waseca_pan_evaporation.html
http://conservancy.umn.edu/handle/11299/117629
http://www.pca.state.mn.us/index.php/view-document.html?gid=20358
http://www.ag.ndsu.edu/irrigation/documents/Checkbook_Spreadsheet_Users_Manual.pdf
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Bacteria Sources Calculator 

 

 

 

Bacteria Source Estimates Calculator
DIRECTIONS :  = enter value for watershed (known or assumption).

Waterhsed wat. co
n

d
it

io
n

Pastures  

adjacent 

waterways

Other 

pastures  Pastures Feedlots

Crop 

Runoff               

(surface-

appl ied 

feedlot 

Crop 

Runoff 

(subsurfac

e/injected 

feedlot Humans Pets Wi ldl i fe

Environme

ntal  

Propogatio

n

Human - 

adequatel

y treated 

wastewate

r

Human - 

inadequat

ely treated 

wastewate

r

SUM of 

Crop 

appl ied 

manure

Total area (ac) 562000 Delivery ratio (assumed) 5.0% 1.0% 0.5% 3.0% 0.2% 1.0% 3.0% 0.05% 2.0%

Total Pasture (ac) 3500 Production x Delivery ratio x % of time 2.5 0.4 2.9 56.2 19.7 0.1 3.4 0.1 0.3

Pasture <1000ft of water body (ac) 2000 Delivery ratio (assumed) 0.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.05% 1.0%

Total AUs 236000 Production x Delivery ratio x % of time 4.8 0.0 0.0 0.0 0.0 0.0 2.1 1.1 3.1

% feedlot AUs whose manure stockpiles w/o runoff controls 5% 7.3 0.4 7.6 2.9 56.2 19.7 4.5 0.1 5.5 11 1.1 3.4 75.9

number of pasture acres per 1 grazed AU 2 6.8% 0.3% 7.1% 2.7% 52.4% 18.3% 4.2% 0.1% 5.1% 10.0% 1.0% 3.1% 70.7%

% Feedlot manure applied Surface 16%

% Feedlot manure applied Subsurface 84%

Pasture >1000 ft (ac) 1500

pasture <1000ft AUS 1000

pasture >1000ft AUs 750

Feedlot AUs 234250

Feedlot inadequate runoff AUs 11713

Feedlot surface applied AUs 37480

Feedlot subsurface applied AUs 196770

Human population 18000

number of fail ing septics per 1,000 acres 2

number of people per fail ing septic 2

# humans comparable to 1 AU 7

# acres per 1 wildlife AU of total watershed 250

humans per pet (one pet for every x humans) 3

# pets comparable to 1 AU 30

% of total load due to environmental propogation 10%

people using fail ing septics 2248

% of human wastewater inadequatetly treated (on fail ing septics) 12%

of human wastewater is adequately treated 88%

Human - inadequate treatment AUs 321

Human - adequate treatment AUs 2250

Pet AUs 200

Wildlife AUs 2248

Wet conditons (time with active runoff) 5%

Dry conditions (no active runoff) 95%

Total Livestock AUs data includes pastured animals

each AU produces 1 unit of manure/bacteria

Calculator by J Boettcher

Calculation method based on GBE fecal TMDL, but with other/additional assumptions and calculation methods

wet

dry

Total Delivered Units

Total Delivered Percentage

Pastures
7%

Feedlots
3%

Crop Runoff               
(surface-
applied 
feedlot 

manure)

53%

Crop Runoff 
(subsurface/injected 

feedlot manure)
18%

Humans
4% Pets

0.1%

Wildlife
5%

Environmental 
Propogation

10%



 

84 

Water Portioning Calculator 

 

  

Key

this color = known for watershed % of crops % of watershed

this color = assumption, based on other available data where possible tiled ag 79% 68.7% Estimate tiled ag % on local knowledge, tiled acres GIS estimate, or can estimated % of shed using purple cells in check section

this color = calculated using knows and assumptions not tiled ag 21% 18.3%

<no color>  = known value/used to check calculations, value = 0 or 1 all ag 100% 87%

The per acre tile water yield ratio for a tiled:not tiled field is 1.0 : 0 untiled field has no tile water path

Assume the surface runoff water yield ratio for a tiled:not tiled field is 0.60 : 1.0 see check numbers below (yellow) tiled land 100% 69.3% 64% 82% 72%

Assume that in a tiled field, the tile:surface water yeild ratio is 3.0 : 1.0 see check numbers below (blue) not tiled land 0% 31% 36% 18% 16%

Assume that the GW:total ratio of river water for watershed =  that of ag and is0.30 : 1.0 see check numbers below (light blue) all ag land 100% 100% 100% 100% 88%

Assume that the per acre GW yield ratio for a tiled:not tiled field is 1.0 : 2.1 see check logic below (light pink)

Assume that the per acre yield for all flowpaths ratio for a tiled:not tiled field is 1.23 : 1.0 see check logic below (pink)

Flow contributions by flow path toward total watershed contributions

tiled ag not tiled ag all ag land

% from tile 42% 0% 42%

% from surface 14% 6% 20% 69.2%

% from GW 17% 9% 26%

% from all ag paths 72% 16% 88%

Data and Estimates for Checks in Calculator-recalc values when updated info is available

Watershed Yield (in) (WPLMN data) 8.0

Change in River flow due to drainage (in) (estimated from Schottler, etc.) 1.5 assumed same as cottonwood Surface runoff of tiled crops 14%

Average Surface Runoff from Not-tiled sites (in) (Discovery Farms) 3.5 Surface runoff of not-tiled crops 6%

Average Surface+Tile from Tiled sites (in) (DiscoveryFarms) 7.4 Tile of tiled crops 42%

Average Surface+Tile yield ratio for tiled:not tiled (ratio) (Discover Farms) 1.5 Ground Water of tiled crops 17%

Average surface runoff ratio for a tiled:not tiled (ratio) (Discovery Farms) 0.6 Ground Water of not-tiled crops 9%

Average Tile Runoff from Tiled sites (in) (Discovery Farms) 7.2 Developed, all pathways 10%

Average Surface Runoff from Tiled sites (in) (Discovery Farms) 2.1 Other landuses, all pathways 2%

Average Tile:Surface water yield ratio in a tiled field (ratio) (Discovery Farms) 3.4 100%

Estimated Tile Runoff from Tile Drained Areas (in) Assume Schottler's number is all tile from the watershed, use this and est tile %

Estimated Surface Yield from Tile Drained Areas (in) Above number and disc farm

Estimated tile:surface ratio for a tiled field #DIV/0! Above 2 numbers

DNR baseflow seperation for watershed NOT CALCULATED FOR mid mn

Tile predominately drains ground water, thus the contribution to GW on a tled field is substantially reduced compared to a not tiled field

Schottler's analysis says 20% increase in flow is 80% due to tile drainage changes

Estimate of % ground water (See Folle & HSPF model on sources overview) 0.2

Use Solver to look at effects of inputs/assumptions 

(peach cells), especially cells B11:D13, by setting J18=J9

Landuse

% of water yields by flow path between tiled and untiled land

Ratios of Water Yields % of ag water 

tile yields

% of ag water 

surface 

% of ag water 

GW yields

% of total 

water from 

% of total 

watershed 

Surface runoff 
of tiled crops

14%
Surface 

runoff of 
not-tiled 

crops
6%

Tile of 
tiled 
crops
42%

Ground 
Water of 

tiled 

crops
17%

Ground Water of 

not-tiled crops
9%

Developed, 

all 
pathways…

Other 
landuses, 

all 

pathways
2%
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501 x ? x x x x x x ? x x

505 x x x x x x x x x x x

510 x ? x x x x x x x x x x x x x x x

511 x x x x x x x x x x x

516 x x ? x x x x x x x x x x x ? x x x x x x x

517 x x x x x x x x x x x x

523 x x x x x ? x x ? x x

524 x ? x x x x x x x x ? x

526 x ? x x x x ? x x x x x x ? x ? x x x x x

540 ? x x x ? x x x ? ? x x x

547 x x x x x x x x x x ? ? x

549 x x x x x x x x x x x x x x

552 x x x x x ? x x x ? x ? x x x

557 x x x x x x x x x x x ? x x

559 x ? x x x x x x x x x x x

561 x x x x x ? x x x x ? x x x ? x x ?

563 x x x x x x x x x x x x

564 ? ? x x x x x x x x x x x ? x x x

565 x x x x x x x x x x ? x x x

566 ? ? x x x x x x x x x x x x x x

567 x x x x x x x x x x x x x x

568 ? x x x x x x x x x x x ? x

569 x x x x x x x x x x x x x x ? x x

571 x x x x x x x x x x x x x ? x

574 x x x x x x x x x x x x x x x x ? x x

577 x x x x x x x x x x x x ? x x

579 x x x x x x x x x x x x x x x ? x x x x

580 x x x x x x x x x x x x x ? x x ? x x

581 x x x x x x x x x x x ? x x x x x

583 x ? x x x x x x x x x x x x x x

AmmoniaEutrophication Nitrate TSS Habitat Altered Hydrology Chloride
Connect- 

ivity

Stressor Identification Source Assessment for Bio-impaired Reaches 
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4.3 Water Quality Goals– Related Appendices 

TMDL Summary 

 

  

Jun-Aug only Data

AUID

Months with 

Data (in which 

std applies)

Maximum 

Monthly 

Geomean 

(TMDL report 

calc method)

Flow Wt'd 

Monthly 

Geomean 

(WRAPS report 

calc method)

Months with 

Data (in which 

std applies)

Excel 

Calculated 90th 

Percentile 

(TMDL report 

calc method)

Load Sum 

Compared to 

Standard Load 

Sum

Load Sum 

Compared to 

Standard Load Sum 

(WRAPS report calc 

method)

07020010_501 Jan-Dec 54% 39% 42%

07020010_502 Jun-Aug 58% 40%

07020010_510 Jun-Aug 75% 71% May-Sep 32% 33% 40%

07020010_511 Mar-Oct 59% 10% 11%

07020010_515 Jun-Aug 18% 10%

07020010_516 Jun-Aug 82% 78% May-Sep 16% -28% -17%

07020010_517 Mar-Oct 51% 37% 47%

07020010_523 Jun-Aug 89% 72%

07020010_563 May-Sep 17% 60% 13%

07020010_564 Jun-Aug 85% 83% May-Sep 0% -31% -21%

07020010_567 May-Sep 20% 40% 45%

07020010_568 Jun-Aug 85% 84%

07020010_574 Jun-Aug 83% 81%

07020010_576 Jun-Aug 81% 84%

07020010_581 Jun-Aug 86% 74%

Average 74% 68% 31% -5% -4%

Whole Data Set

TSS

Bacteria

Lake Name Data Months, Years

Modeled Inflow 

Load Reduction 

(TMDL report calc 

method)

Reduction from Mean 

Observed Lake 

Concentration - Months & 

Years Avg'd (WRAPS report 

calc method)

Bingham 6-9 2007 60% 42%

Butterfield 6-9 2014 7% 4%

Eagle 6-9 2007, 2008 59% 42%

Kansas 6-9 2014 58% 47%

Average 46% 34%
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Minnesota State Nutrient Reduction Strategy 

https://www.pca.state.mn.us/sites/default/files/wq-s1-80.pdf 

 

The P strategy calls for an additional 12% reduction (in addition to the already reached 33% reduction) 

between a 1980 through 1996 baseline period and 2025. To calculate what percent-reduction this 

equates to between the current (2014) loads and the total goal, the 33% reduction already made must 

be factored into the reduction calculation.  

The percent reduction calculation is illustrated by assigning the baseline period a load equal to 100 

units. The total goal is to reduce this by 45% (45 units), which means the goal is to reach 100 units - 45 

units = 55 units. Since a 33% (33 unit) reduction in baseline levels was already achieved, the 2014 load 

equals 100units-33units=67 units. The reduction from 2014 to the final goal is (67units to-

55units)/67units = 18% reduction. This goal is for the Mississippi River Basin as a whole, whereas the 

Minnesota River Basin is a much higher yielding area; therefore, the total goals for major watersheds in 

the Minnesota River Basin will likely be higher than the that the Mississippi River Basin reduction goal. 

4.4 Strategies and Priorities – Related Appendices 

Lake Restoration and Protection Strategies 

This is a summary of strategies and not an exhaustive list. Not all strategies are applicable or appropriate 

for all lakes or regions.  

Watershed Strategies – These strategies reduce P from being delivered to a lake and are the basis for 

any restoration work. 

 Manage nutrients – carefully planning for and applying P fertilizers decreases the total amount 

of P runoff from cities and fields. 

o Examples: crop nutrient management, city rules on P fertilizer use, etc. 

 Reduce erosion – preventing erosion keeps sediment (and attached P) in place. 

 Examples: construction controls, vegetation (see below). 

 Increase vegetation – more vegetative cover on the ground uses more water and P and 

decreases the total amount of runoff coming from fields and cities.  

https://www.pca.state.mn.us/sites/default/files/wq-s1-80.pdf
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o Examples: cover crops, grass buffers, wetlands, prairie gardens/restorations, channel 

vegetation, etc. 

 Install/restore basins – capturing runoff and decreasing peak flows in a basin allows the 

sediment (and attached P) to settle out.  

o Examples: water and sediment control basins, wetlands, etc. 

 Improve soil health – soils that are healthy need less fertilizer and hold more water. 

o Examples: reduce/no-till fields, diversified plants in fields and yards. 

Lakeshore-specific Strategies – These strategies are a subset of watershed strategies that can be 

directly implemented by lakeshore residents. 

 Eco-friendly landscaping – poor landscape design and impervious surfaces increase runoff and 

loading of nutrients into lakes. 

o Examples: aeration, rain barrels or cisterns, rain gardens, permeable pavers, sprinkler 

and drainage systems, septic systems maintenance, etc. 

 Manage upland buffer zone vegetation – Upland buffer zone vegetation selection can greatly 

affect nutrient absorbance, watering needs, erosion potential, need for drainage, etc. 

o Examples: properly landscape, maintain canopy and address terrestrial invasive species 

that may prevent re-generation of native trees, proper turf grass and no mow lawns in 

highly utilized areas and planting native grasses and forbs with deep root systems in 

underutilized areas of lawn, reduce watering needs, controlled fertilization and grass 

clippings. 

 Naturalize transition buffer zone – a natural transition buffer zone increases absorption of 

nutrients and decreases erosion potential of the water-shore interface. 

o Examples: balance natural landscaping by minimizing recreational impact area, utilize 

natural materials for erosion control bioengineering using wood or biodegradable 

materials in combination with stabilizing native vegetation to restore a shoreline, 

minimize beach blankets, draw down water levels for consecutive seasons to allow 

existing seed banks to develop deep rooted native vegetation or plant diverse mixes of 

grasses, sedges, forbs, shrubs and trees to create a complex root mass to hold the bank 

soils, preserve and restore native emergent aquatic vegetation sedges, rushes, forbs, 

shrubs and trees, do not remove natural wood features that supply cover and food 

sources for aquatic species and invertebrates while serving as a wave break along the 

shoreline. 

 Preserve aquatic buffer zone – The aquatic buffer zone is difficult to restore, so the best 

approach is preservation and providing best opportunity for aquatic plants through watershed 

improvements to increase water quality. Draw down water levels to allow natural seed banks of 

emergent and aquatic vegetation to establish naturally, supplement more plant diversity with 

lower water levels as restoration of emergent and aquatic vegetation have higher success rates.  
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o Examples: reduce recreational impact area, minimize control of aquatic plants, reduce 

dock footprint, preserve and/or restore native emergent and floating-leaf aquatic 

plants. 

In-Lake Strategies – These strategies use, remove, or seal internal P (from within the lake). These 

strategies are only effective if external P sources are first minimized to the point that water quality of 

incoming water is not the limiting factor in order to meet water quality standards. Incorporating 

lakeshore specific strategies is also essential for long-term success.  

 Biomanipulation – changing the fish population. Rough fish are generally bottom feeders and 

through feeding activity re-suspend sediments and decrease water clarity; thus, removing rough 

fish through mechanical or biological methods can improve water clarity, increase aquatic 

vegetation, and improve water quality overall. 

o Examples: commercial netting (not a standalone tool, implement in conjunction with 

other fisheries management methods to augment reduced populations for a short-term 

period allowing desirable fish populations to develop adequate size to manage rough 

fish populations), balanced fish management increasing fish species diversity for a 

balanced fish population and introducing large predator fish populations, preserve and 

restore diverse spawning, cover, and feeding habitat that favors specific fish species that 

maintain a diverse fish population, reclamation (kill all fish and start over) inlets for 

rough fish should be considered when planning reclamation to prevent immediate re-

introduction. In-lakeshore strategies are essential to incorporate to develop habitat for 

desirable species of fish once the rough fish population is removed.  

 Invasive species control of plants and/or animals – invasive species alter the ecology of a lake 

and can decrease diversity of habitat. Removing native vegetation or incorporating non-native 

vegetation into landscaping can allow for invasive species to establish and spread taking over 

larger blocks of native species that maintain the natural systems health. Therefore, reducing 

disturbance to near shore habitat is important.  

o Examples: prevention, early detection, lake vegetation management plan (LVMP). 

 Chemical treatment to seal sediments – re-suspension of nutrients through wind action can 

cause internal nutrient loading. 

o Examples: alum treatments. Consider the long-term effectiveness in shallow lakes that 

experience wind driven turning, where stratification of the lake does not occur. 

Incorporating establishment of lakeshore habitat is important to absorb P in the lake as 

part of a long-term approach to P level management.  

 Dredging – Sedimentation after years of poor watershed practices increases nutrient laden 

sediments and decreases depth. Dredging should only be considered when the source of the 

sediment and the banks of the lake are stable to prevent sediment from redepositing. Dredging 

can: create channels for access, increase habitat diversity, and accommodate recreational use.  
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Strategies Table Menu/Key 

 
  

Improve cropland soil health Improve livestock & manure management Convert/protect (marginal/high risk) land for critical habitat (can be applied to any  landuse)

Decrease fertilizer use Improve pasture/grazing management Conservation Cover Perennials (327, 327M, 342, 612)

Nutrient Management (590) Conventional pasture to prescribed rotational grazing (528) Wetland Restoration for habitat (657)

Fertilizer rates match U of MN rec's (without gov't funding) Pasture improvement/vegetation diversification  (101) Wetland Creation for habitat (658)

Eliminate fall-applied anhydrous ammonia Use alternative grazing areas/graze cover crops Wetland Wildlife Habitat Management (644)

Precision nutrient timing & management (beyond 590 standard) Restrict livestock access to water bodies Upland Wildlife Habitat Management (645, 643)

Add cover crops for living cover in fall/spring Livestock access control (472) Restore drained lake beds

Cover Crops with Corn & Soybeans (340) Livestock stream crossing Early Successional Habitat

Cover crops after early-harvest crops (340) Livestock watering facilities

Decrease tillage (to increase residue) Reduce/treat feedlot runoff Restore & protect lakes, wetlands, and shoreland
Conservation tillage - >30% residue cover (345, 346, 329B) Feedlot runoff reduction/treatment (635, 784) Manage in-water

No-till/ridge till/strip till (329, 329A) Optimize manure storage Internal load control (dredging, alum (563M), rough fish control, etc.)

Contour tillage/farming (330) Rain water diversion Drawdown and hypolimnetic withdrawal

Diversify Crops Use deep bedding (for less runoff from storage piles) AIS (fish) management

Conservation Crop Rotation - add small grains (328) Feedlot manure/runoff storage addition (313, 784) AIS (vegetation) management

Conservation Crop Rotation - add perennials (328) Optimize feedlot siting Watercraft restrictions

Perennial crops for regular harvest Move feedlots out of sensitve areas Restore/protect shoreline

Convert cropland to (properly managed) pasture Increase distance between livestock and water Stabilize/restore shoreline (580) 

Decrease pesticide use Integrate livestock onto landscape Stabilize/restore shoreline with vegetation (580) 

Integrated Pest Management (595) Transition confined livestock to grazed Increase distance (buffer) between waterbody and impacts

Reduce total number of livestock
Reduce and treat cropland surface runoff Produce higher value livestock to reduce total number produced Restore & protect streams, ditches, and riparian
(note: most soil health strategies also treat and reduce cropland contributions) Improve manure application Install/expand riparian buffers

Water and Sediment Control Basin (638) Precision/variable rate manure application (590) Riparian Buffers, 16+ ft (perennials replace tilled) (390, 391, 327)

Sediment Basin (350) Improved application location (590) Riparian Buffers, 50+ ft (perennials replace tilled) (390, 391, 327)

Terrace (600) Improved application timing (590) Riparian Buffers, 100+ ft wide (perennials replace tilled) (390, 391, 327)

Grassed waterway (412) Manure incorporation (within 24 hrs) Riparian Buffers, 50+ ft wide (replacing pasture ) (390, 391, 327)

Filter Strips (386) Riparian grass/forb planting (390)

Contour Buffer Strips (332) Reduce and treat urban and residental runoff Riparian tree planings (612) 

Stripcropping (585) Stormwater practices to meet TMDL & permit conditions Reduce ditch impacts

Field Border (393, 327) (also see buffers under stream/ditch strategies) Constructed Stormwater Pond (urban) (155M) Reduce ditch clean-outs

Grade stabilization structure Constructed Wetland (urban) (658) Grade stabilization structure - in ditch (410)

Infiltration Basin (urban) (803M) Side inlet improvement (410)

Reduce and treat cropland tile drainage Bioretention/Biofiltration (urban) (712M) Structure for Water Control (587)

(note: most soil health strategies also treat and reduce cropland contributions) Enhanced Road Salt Management Address fish barriers

Tile line bioreactors (747) Permeable surfaces and pavements (800M, 804M) Remove dams

Wetland Restoration or Creation for treatment (657, 658) Supplemental Street Sweeping Replace/properly size culverts and bridges

Controlled tile drainage water management (554) Chemical Treatment of stormwater Replace/redesign perched culverts

Saturated buffers (604) Sand Filter Improve stream/ditch channel, banks, and habitat

Tile water storage with re-use on crops (636) City/shared rentention and infiltration areas: stormwater ponds, swales, rain gardens, wetlands, etc. Re-meander channelized stream reaches (582)

Replace open tile inlets Improve soil health: reduce nutrient use, diversify lawns, add trees/shrubs/prairie/forest, no-til l  and cover Two stage ditch  (582)

Alternative tile intake - perforated riser pipe (171M) Improve street construction and management: permeable pavement on new construction, improved Restore riffle substrate

Alternative tile inlet - blind, rock, sand filter (606, 170M, 172M, 173M) Resident-scale water management: rain gardens, barrels, pet waste, lawn diversification Stream Channel Stabilization (584)

Well head sealing and vegetative protection Stream habitat improvement and management (395)

Decrease irrigation water use Re-connect/restore floodplain

Irrigation Water Management (449) Reduce Point Source Contributions Ravine stabilization (410)

Treatment plant upgrades (to achieve ….) Lined Waterway or Outlet (468)

Improve forestry management Wastewater phosphorus reductions Upland storage and vegetative treatment (in area just before ravine)

Forest erosion control on harvested lands Wastewater nitrate reductions Streambanks/bluffs stabilized/restored (580)

Roads and trails improvement Wastewater bacteria reductions

Reforestation on non-forested land and after cutting Consolidation of treatment facilities/close high input facility Reduce Septic System Contributions 
Forestry management - comprehensive (147M) Conveyance system improvements (reduce/eliminate stormwater infiltration and emergency releases) Septic system upgrades (126M)

Maintain existing forest cover Sanitary sewer system extended to septic system community

Improved septic land application
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Model Summary Table 

 

  
Sediment Phosphorus Nitrogen

31% of land receives target N fertil izer rate 4 lb/ac $-3/lb

9% of land receives Fall  N inhibitor 3 lb/ac  $2/lb

9% of land uses rye cover crop 2 lb/ac $32/lb

6% of land switches from fall  to split fertil izer application 6 lb/ac $3/lb

5% of land switches from fall  to spring fertil izer application 6 lb/ac $-1/lb

2% of land short season crops adopt a rye cover crop 6 lb/ac $9/lb

1% of land is treated by ti le l ine bioreactors 2 lb/ac $20/lb

0.7% of land converts to perennial crop 15 lb/ac $3/lb

0.3% of land adopts riparian buffers 50 feet wide 12 lb/ac $14/lb

0.2% of land adopts controlled drainage 5 lb/ac $2/lb

0.2% of land adopts saturated buffers 6 lb/ac $2/lb

0.2% of land is drained to treatment wetlands 8 lb/ac $1/lb

74% of land converts to perennial crop 11 lb/ac $16/lb

19% of land adopts saturated buffers 6 lb/ac $2/lb

19% of land is treated by ti le l ine bioreactors 2 lb/ac $20/lb

18%of land adopts controlled drainage 5 lb/ac $2/lb

16% of land (corn & bean crops) uses rye cover crop 2 lb/ac $32/lb

14% of land is drained to treatment wetlands 8 lb/ac $1/lb

5% of land receives target N fertil izer rate 3 lb/ac $-3/lb

4% of land receives Fall  N inhibitor 3 lb/ac  $2/lb

4% of land (short season crops) adopt a rye cover crop 6 lb/ac $9/lb

1% of land adopts riparian buffers 50 feet wide 12 lb/ac $16/lb

19% of land adopts reduced P application rate 0.05 lb/ac $-248/lb

13% of land (>2% slopes) uses reduced til lage 0.09 lb/ac $-171/lb

9% of land (corn & bean crops) uses rye cover crop 0.05 lb/ac $988/lb

6% of land switches to preplant/starter fertil izer application 0.02 lb/ac $1150/lb

4% of land adopts alternative ti le intakes 0.12 lb/ac $5/lb

3% of land injects/incorporates manure 0.13 lb/ac $37/lb

2% of land (short season crops) adopt a rye cover crop 0.12 lb/ac $463/lb

0.6% of land converts to 50 ft stream buffers 1.74 lb/ac  $45/lb

0.6% of land converts to perennial crop 0.25 lb/ac $126/lb

0.2% of land adopts controlled drainage 0.17 lb/ac $60/lb

96% of land adopts reduced P application rate 0.04 lb/ac $-349/lb

91% of land (corn & bean crops) uses rye cover crop 0.05 lb/ac $988/lb

32% of land (>2% slopes) uses reduced til lage 0.11 lb/ac $-147/lb

19% of land adopts controlled drainage 0.17 lb/ac $60/lb

17% of land adopts alternative ti le intakes 0.12 lb/ac $5/lb

12% of land switches to preplant/starter fertil izer application 0.03 lb/ac $1053/lb

5% of land injects/incorporates manure 0.13 lb/ac $37/lb

4% of land (short season crops) adopt a rye cover crop 0.12 lb/ac $463/lb

3% of land converts to 50 ft buffers 1.7 lb/ac  $54/lb

0.6% of land converts to perennial crop 0.25 lb/ac $126/lb
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The BMPs outlined here were developed using the N-BMP spreadsheet 

tool with inputs specifically for the Watonwan River watershed for 

average weather conditions. The first/top scenario achieves a 12% N 

reduction from all  crop lands (enough to meet the 10-year target by 

making changes to crop land uses alone). The second/bottom scenario 

achieves a 77% N reduction from all  crop lands (enough to meet the full  

goal by making changes to crop land uses alone). Parameter load 

reductions are presented as the pounds per treated acre (how many 

pounds of N reduction are estimated for each acre where the practice is 

adopted). The costs are represented as the cost per pound of nitrogen 

removed.

The BMPs outlined here were developed using the P-BMP spreadsheet 

tool with inputs specifically for the Watonwan River watershed for 

average weather conditions. The first/top scenario achieves a 12% P 

reduction from crop lands (enough to meet the 10-year target by making 

changes to crop land uses alone). The second/bottom scenario achieves 

a 50% P reduction from all  crop lands. Parameter load reductions are 

presented as the pounds per treated acre (how many pounds of P 

reduction are estimated for each acre where the practice is adopted). The 

costs are represented as the cost per pound of phosphorus removed.

N-BMP Spreadsheet Tool                           

Minnesota Watershed 

Nitrogen Reduction 

Planning Tool                                          

(Lazarus et al., 2014)

P-BMP Spreadsheet Tool                           

Minnesota Watershed 

Phosphorus Reduction 

Planning Tool                                          

(Lazarus et al., 2015)
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Sediment Phosphorus Nitrogen

74% of area adopts Nutrient Management

9% of area adopts 16' buffers

5% of area restores wetlands

74% of area adopts Nutrient Management

14% of area adopts 50' buffer

10% of area adopts 16' buffer 

6% of area adopts Reduced Tillage (30%+ residue cover)

3% of area adopts Alternative Tile Intakes

4% of area adopts Filter Strips, 50 ft wide (Cropland field edge)

3% of area adopts 50' buffer

19% of area adopts Reduced Tillage (30%+ residue cover)

83% of area adopts Conservation Cover Perrenials

81% of area adopts Nutrient Management

81% of area adopts Corn & Soybeans with Cover Crop

17% of area adopts Restore Tiled Wetlands (Cropland)

14% of area adopts Reduced Tillage (30%+ residue cover)

14% of area adopts Riparian Buffers, 50 ft wide (replacing row crops)

14% of area adopts Filter Strips, 50 ft wide (Cropland field edge)

40% of area adopts Conservation Cover Perrenials

28% of area adopts Nutrient Management

13% of area adopts Reduced Tillage (30%+ residue cover)

7% of area adopts Corn & Soybeans with Cover Crop

51% of area adopts Corn & Soybeans with Cover Crop

8% of area adopts Filter Strips, 50 ft wide (Cropland field edge)

7% of area adopts Reduced Tillage (30%+ residue cover)

5% of area adopts 16' buffer 

38%

CostModel(s) & Reference Summary & Notes Sc
en

ar
io

Modeled BMPs/Landscape
Reduction in Parameter

15%
$2.1M                                 

$4/ac/yr

18%
$2.8M                                 

$5/ac/yr

S 
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4%
$0.2M             

$1/ac/yr
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 -
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20% 45% 64%
$80M                           

$143/ac/yr

3% 3%

$28M                           

$50/ac/yr

17%
$15M                                

$27/ac/yr

39%14%

HSPF SAM Scenarios                              

https://www.respec.com/s

am-file-sharing/

6 scenarios ran in the Watonwan River watershed. 3 Scenarios cost 

optimized to to meet (roughly) the 10-year targets for N (15%), P (10%), 

and Sediment (4%) and 3 Scenarios cost optimized to meet (roughly) the 

full  goal for N (70%), P (40%), and Sediment (20%).  All  scenarios ran for 

load reduction at the watershed outlet. Most scenarios looked at all  

possible areas in watershed, but some scenarios looked only at 2/3 of 

the watershed due to some bugs/constraints running HSPF for the 

scenario. Each scenario had multiple BMPs to choose from, and those 

selected by the program created the lowest cost option to meet the 

specified water quality reduction. The default values changed in SAM 

included reducing the cost of nutrient management from $8/ac to $2/ac 

and reducing the treated area per open tile intake from 44 acres to 2.2 

acres. Otherwise, current SAM default values were used. In some cases, 

the scenario does not represent feasible options, as SAM allows multiple 

BMPs to be applied on the same land.
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Sediment Phosphorus Nitrogen

Normal Cons til 1/2 P Pasture Grass Forest Wetland Water Urban

83% 0% 0% 2% 0% 4% 5% 1% 5% 0% 0% 0%

A 3% 14% 64% 3% 1% 5% 5% 1% 5% 4% -1% -4%

B 35% 1% 38% 10% 1% 4% 5% 1% 5% 25% 22% 4%

C 8% 0% 35% 32% 10% 4% 5% 1% 5% 50% 46% 21%

D 2% 0% 10% 43% 29% 4% 5% 1% 5% 76% 69% 51%

a 30% 1% 44% 2% 0% 11% 5% 1% 5% 15% 19% -8%

b 26% 0% 41% 13% 1% 7% 5% 1% 5% 25% 28% -7%

c 13% 0% 29% 38% 2% 7% 5% 1% 5% 50% 48% 0%

d 3% 0% 8% 68% 3% 6% 5% 1% 5% 76% 70% 19%

F 25m grass buffers around waterways 3% 3% 4%

G 250m grass buffers around waterways 15% 15% 28%

H Converting highly erodible lands to grasslands 15% 17% 10%

43% of total area (80% of suitable area) uses target N fertil izer rates

6% of total area (90% of suitable area) uses P test and soil banding

1% of total area (10% of suitable area) in cover crops

1% of total area (25% of suitable area) in riparian buffers

25% of total area (91% of suitable area) in conservation til lage

4% of total area (18% of suitable area) uses wetlands or controlled drainage

20% land in pasture (perennial veg), targeting steepest land

75% of >3% slope land in cons. ti l lage (30% residue) and cover crop  

50% of surface inlets eliminated

Comprehensive nutrient management

Drop structures installed on eroding ravines

Effluent max P of 0.3mg/L for mechanical facil ities  

For MS4 cities, install  ponds to hold and treat  1" of runoff

All BMPs in Scenario 3 with these additions:

Target (20% land in) pasture to knickpoint regions as well

Increase residue (on 75% of >3% slope land) to 37.5%

Increase eliminated surface inlets to 100%

Controlled drainage on land with <1% slope 

Water basins to store 1" of runoff

Minor bank/bluff improvements 

Eliminate baseflow sediment load

All BMPs in Scenarios 3&4 with these additions:

Improved management of the pasture land (CRP) 

Very major bluff/bank improvements 

Urban (outside MS4s) source reductions of 50-85%

Model(s) & Reference Summary & Notes Sc
en

ar
io

Modeled BMPs/Landscape

Reduction in Parameter

Cost

SPARROW                                                                        

The Minnesota Nutrient 

Reduction Strategy (draft)                                                  

(PCA, 2013i)

Statewide nutrient reduction goals and strategies are developed for the 

three major drainage basins in Minnesota. For the Mississippi River 

basin, the milestones (interim targets) between 2014 and 2025 are 20% 

reduction in N and 8% reduction in P. The scenario to meet those 

reductions is summarized.

Land uses:

SWAT, InVEST, Sediment 

Rating Curve Regression, 

and Optimization                                            

Lake Pepin Watershed Full 

Cost Accounting                                                               

(Dalzell et al., 2012)

2B

2A

Models 6 BMPs in the 7-mile Creek watershed either: 1) placed by 

rule of thumb recommendations (not optimal) or 2) to maximize 

TSS reduction  for dollars spent (optimal). Completed economic 

analyses including: A) current market value only (using 2011 $) 

and B) integrated, which adds a valuation of ecosystem services 

(relatively modest value). Does not allow multiple BMPs on same 

pixel of land.  Scenarios are described by percentages of land in 

each land use. Analysis of 2002-2008 data. 

Baseline

4

1A

5 scenarios (BMP suites) evaluated for effect on TSS and TP in MN River 

tributaries and mainstem. Scenarios 1, 2 were minimally effective. 

Scenarios 3, 4, & 5 are summarized here. Analysis on 2001-2005 data. 

5
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2
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%
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, 8
%
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ed
u
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n
26%                        

(MN basin)

87%                          

(MN basin)

49%                             

(MN basin)

~20%                             

(Le Sueur 

watershed)

HSPF                                       

Minnesota River Basin 

Turbidity Scenario Report                                     

(Tetra Tech, 2009)

50%                    

(Yellow Med 

watershed)

17%                        

(MN basin)

8% 20%
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Modeled Nutrient Reductions from Minnesota and Iowa State Reduction Strategy Reports 

Minnesota: http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-

water/nutrient-reduction/nutrient-reduction-strategy.html  

Iowa: http://www.nutrientstrategy.iastate.edu/sites/default/files/documents/NRS2-141001.pdf 

 

http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/nutrient-reduction/nutrient-reduction-strategy.html
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/nutrient-reduction/nutrient-reduction-strategy.html
http://www.nutrientstrategy.iastate.edu/sites/default/files/documents/NRS2-141001.pdf
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Tools for Prioritizing and Targeting  

Electronic copy with live hyperlinks available by request.  

  

Tool Description Example Uses Notes for GIS Use Link to Data/Info

National Hydrography 

Dataset (NHD) & 

Watershed Boundary 

Dataset (WBD)

The NHD is  a  vector GIS layer that conta ins  features  such as  lakes , ponds , 

s treams, rivers , canals , dams and s tream gages , including flow paths . The 

WBD is  a  companion vector GIS layer that conta ins  watershed 

del ineations .

Genera l  mapping and analys is  of surface-water systems.   A 

speci fic appl ication of the data  set i s  to identi fy buffers  around 

riparian areas .

GIS layers  are ava i lable on 

the USGS webs i te. 
http://nhd.usgs .gov/

Impaired Waterbodies

Data indicates  which s tream reaches , lakes , and wetlands  have been 

identi fied as  impaired, or not meeting water qual i ty s tandards . Attribute 

table includes  information on the impairment parameters .

Examples  of region/subwatershed priori ti zation  includes :  the 

number of impairments , speci fic impairment parameter,  % of 

s tream mi les/lakes  that are impaired, immediate 

subwatersheds  of impaired rivers/lakes , identi fying reaches  

with speci fic impairment parameters , etc. Field-sca le targeting 

examples  include: buffering impaired waters .

GIS layers  are ava i lable on 

the PCA webs i te.

http://www.pca.state.mn.us/i

ndex.php/data/spatia l -

data.html?show_descr=1

Hydrological Simulation 

Program – FORTRAN 

(HSPF)

Simulation of watershed hydrology and water qual i ty.  Incorporates  point 

and non-point sources  including pervious  land surfaces , runoff and 

consti tuent loading from impervious  land surfaces , and flow of water and 

transport/ transformation of chemica l  consti tuents  in s tream reaches . The 

model  i s  typica l ly ca l ibrated with monitoring data  to ensure accurate 

results .

Since the model  produces  data  on a  subwatershed sca le, the 

model  output can be particularly useful  for identi fying "priori ty" 

subwatersheds . The modeled pol lutant or concentrations  or 

tota l  loads  include TSS, TP, and TN. Point and non-point 

contributions  can be extracted separately. Can be used to 

analyze di fferent BMP "scenarios".

PCA models  many major 

watersheds  with HSPF. If 

completed, model  data  can 

be obta ined from PCA and 

imported into GIS. 

http://water.usgs .gov/softwar

e/HSPF/

HSPF - Scenario 

Application Manager 

(SAM)

Des igned for those without HSPF tra ining to visual ize HSPF data  and 

develop non-point and point source BMP scenarios  "on the fly" without 

having to manual ly manipulate HSPF code

A loca l  county government could develop HSPF scenarios  in SAM 

that would demonstrate BMPs  that would reach loca l  WQ goals ; 

this  demonstration could then be used to secure funding for 

BMP placement. This  would be done without having to contract 

out the scenarios  with an engineering fi rm

Can export data  from SAM as  

shapefi le for use in GIS

http://www.respec.com/portf

olio_project_view.php?projec

t_id=15

1855 Land Survey Data

Data origina l ly created by land surveyors  in the mid-to-late 1800s . Surveys  

were conducted in one-mi le grid and indicated the land cover at the time 

of the survey. This  data  has  been georeferenced and is  ava i lable for most 

of the s tate. This  information has  been digi ti zed by PCA s taff for the 

GRBERB. 

This  information could be used to priori ti ze areas  based on 

changes  in the landscape. This  information is  a lso helpful  to 

understand landscape l imitations  (e.g. former lake beds  may 

not be dra in wel l ).

Image data  i s  ava i lable 

from MN Geo. Digi tized 

rivers , lakes , and wetlands  

(in the GBERB only) are 

ava i lable from PCA staff.

http://www.mngeo.state.mn.u

s/glo/

Drinking Water Supply 

Management Areas

 Drinking water supply management area  (DWSMA) is  the Minnesota  

Department of Health (MDH) approved surface and subsurface area  

surrounding a  publ ic water supply wel l  that completely conta ins  the 

scienti fica l ly ca lculated wel lhead protection area  and is  managed by the 

enti ty identi fied in a  wel lhead protection plan. The boundaries  of the 

drinking water supply management area  are del ineated by identi fiable 

phys ica l  features , landmarks  or pol i tica l  and adminis trative boundaries .

 This  dataset was  developed with the intention of protecting the 

publ ic drinking water supply and compl ies  with the federa l  Safe 

Drinking Water Act

 Contact Minnesota  

Department Of Health 

Source Water Protection Unit 

with questions .

ftp://ftp.gisdata.mn.gov/pub/

gdrs/data/pub/us_mn_state_

health/water_drinking_water

_supply/metadata/drinking_

water_supply_management_

areas .html

Drinking Water Supply 

Management Area 

Vulnerability

Drinking water supply management area  (DWSMA) vulnerabi l i ty i s  an 

assessment of the l ikel ihood for a  potentia l  contaminant source within 

the drinking water supply management area  to contaminate a  publ ic water 

supply wel l  based on the aqui fer's  inherent geologic sens i tivi ty; and the 

chemica l  and isotopic compos ition of the groundwater.

This  dataset was  developed with the intention of protecting the 

publ ic drinking water supply and compl ies  with the federa l  Safe 

Drinking Water Act

Contact Minnesota  

Department Of Health 

Source Water Protection Unit 

with questions .

ftp://ftp.gisdata.mn.gov/pub/

gdrs/data/pub/us_mn_state_

health/water_drinking_water

_supply/metadata/drinking_

water_supply_management_

area_vulnerabi l i ty.html

Restorable Depressional 

Wetland Inventory

A GIS layer representing dra ined, potentia l ly restorable wetlands  in 

agricul tura l  landscapes . Created primari ly through photo-interpretation of 

1:40,000 sca le color infrared photographs  acquired in Apri l  and May, 1991 

and 1992.

Identi fy restorable wetland areas  with an emphas is  on:  

wi ldl i fe habitat, surface and ground water qual i ty, reducing 

flood damage risk. To see a  comprehens ive map of restorable 

wetlands , must display this  dataset in conjunction with the 

USGS National  Wetlands  Inventory (NWI) polygons  that have a  

'd' modifier in their NWI class i fication code

GIS layer i s  ava i lable on the 

DNR Data  Del i  webs i te a lso 

ava i lable from Ducks  

Unl imited.

http://del i .dnr.s tate.mn.us/m

etadata.html?id=L3900027302

01 ; 

http://pra irie.ducks .org/index

.cfm?&page=minnesota/resto

rablewetlands/home.htm#do

wnfi le
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"Altered Hydrology" 

(PCA Analysis)

GIS layers  (results  of GIS analys is ) of hydrology-influencing parameters  

indicating the amount of change (s ince European settlement) including: % 

ti led, % wetland loss , % s tream channel ized, % increase in waterway 

length, % not perennia l  vegetation, % impervious . Analys is  done at the 

same subwatershed sca le as  the HSPF model ing was  completed to 

faci l i tate subwatershed priori ti zation. Analys is  was  completed us ing 

ava i lable GIS data  layers .

These 6 layers  could be used individual ly or in combination 

(us ing raster ca lculator) to priori ti ze subwatersheds  to target 

conservation practices  intended to mitigate a l tered hydrology.

GIS layers  are ava i lable 

from PCA staff.

Altered Watercourse 

Dataset (Channelized 

Streams)

Statewide data  layer that identi fies  portions  of the National  Hydrography 

Dataset (NHD) that have been visual ly determined to be hydrologica l ly 

modified (i .e., di tches , channel ized s treams and impoundments). 

Identi fies  s treams with highly modified s tream channels  for 

conservation priori ti zation. Subwatersheds  with high levels  of 

channel ized s treams may be priori ti zed for speci fic conservation 

practices .

GIS layers  are ava i lable on 

the MN Geo webs i te. 

http://www.mngeo.state.mn.u

s/ProjectServices/awat/

Tile Drainage (PCA 

Analysis)

Data created as  an estimate of whether a  pixel  i s  ti led or not. Assumes  

ti led i f: row crop, <3% s lope, poorly dra ined soi l  type

Can be useful  for priori ti zing highly dra ined areas  to implement 

BMPs  that address  a l tered hydrology.

Data  can be obta ined from 

PCA staff

Light Detection and 

Ranging (LiDAR)

Elevation data  in a  digi ta l  elevation model  (DEM) GIS layer. Created from 

remote sens ing technology that uses  laser l ight to detect and measure 

surface features  on the earth.

Genera l  mapping and analys is  of elevation/terra in. These data  

have been used for: eros ion analys is , water s torage and flow 

analys is , s i ting and des ign of BMPs, wetland mapping, and 

flood control  mapping. A speci fic appl ication of the data  set i s  

to del ineate smal l  catchments .

The layers  are ava i lable on 

the MN Geospatia l  

Information webs i te for 

most counties . 

http://www.mngeo.state.mn.u

s/chouse/elevation/l idar.htm

l

Stream Power Index 

(SPI)

SPI, a  ca lculation based on a  LiDAR fi le,  describes  potentia l  flow eros ion 

at the given point of the topographic surface. As  catchment area  and s lope 

gradient increase, the amount of water contributed by ups lope areas  and 

the veloci ty of water flow increase. Varying SPI analyses  have been done 

with di fferent resulting qual i ties  depending on the amount of hydrologic 

conditioning that has  been done.

Useful  for identi fying areas  of concentrated flows  which can be 

helpful  for targeting practices  such as  grassed waterways  or 

WASCOBs. Again, the usefulness  may depend on the level  of 

hydrologic conditioning that has  been done.

This  layer has  been created 

by PCA s taff with l i ttle 

hydroconditioning for the 

GBERB and can be obta ined 

from PCA staff.

http://i florinsky.narod.ru/s i .h

tm

Compound Topographic 

Index (CTI)

CTI, a  ca lculation based on a  LiDAR fi le, i s  a  s teady s tate wetness  index. 

The CTI i s  a  function of both the s lope and the upstream contributing area  

per unit width orthogonal  to the flow direction. CTI was  des igned for 

hi l l s lope catenas . Accumulation numbers  in flat areas  wi l l  be very large 

and CTI wi l l  not be a  relevant variable.

Identi fies  l ikely locations  of soi l  saturation which can be useful  

for targeting certa in practices .

Can be downloaded from 

ESRI

http://arcscripts .esri .com/det

a i l s .asp?dbid=11863

NRCS Engineering 

Toolbox

The free, python based toolsets  for ArcGIS 9.3 and 10.0 a l low for user 

friendly use of Lidar Data  for field office appl ications , Hydro-Conditioning, 

Watershed Del ineation, conservation planning and more.

Many uses  including s i ting and prel iminary des ign of BMPs.

Toolbox and tra ining 

materia ls  ava i lable on the 

MnGeo s i te.

http://www.mngeo.state.mn.u

s/chouse/elevation/l idar.htm

l

RUSLE2

RUSLE2 estimates  rates  of ri l l  and interri l l  soi l  eros ion caused by ra infa l l  

and i ts  associated overland flow. Severa l  data  layers  and mathematica l  

ca lculations  are used to estimate this  eros ion.

Estimating eros ion to target field sediment control l ing practices .
http://www.ars .usda.gov/Res

earch/docs .htm?docid=6016

Crop Land - National 

Agricultural Statistics 

Service (NASS) 

Data on the crop type for a  speci fic year. Multiple years  data  sets  

ava i lable. 

Identi fy crop types , including perennia l  or annual  crops  and look 

at crop rotations/changes  from year to year. A speci fic example 

of a  use i s  to identi fy locations  with a  short season crop to 

target cover crops  practice.

Data  ava i lable for 

download from the USDA or 

use the onl ine mapping 

tool . 

http://www.nass .usda.gov/re

search/Cropland/SARS1a.htm

National Land Cover 

Database (NLCD) from 

the MRLC

Data on land use and characteris tics  of the land surface such as  thematic 

class  (urban, agricul ture, and forest), percent impervious  surface, and 

percent tree canopy cover.

Identi fy land uses  and target practices  based on land use. One 

example may be to target a  res identia l  ra in garden/barrel  

program to an areas  with high levels  of impervious  surfaces .

Data  ava i lable for 

download from the MRLC 

webs i te

http://www.mrlc.gov/

CRP land (2008)
Data on which areas  were enrol led in the USDA Conservation Reserve 

Program. This  data  i s  no longer ava i lable but may exis t at the county level .

Potentia l  uses  include targeting areas  to create habitat 

corridors  or targeting areas  coming out of CRP to implement 

speci fic BMPs.

http://www.fsa .usda.gov/FSA/

webapp?area=home&subject

=copr&topic=crp

Soils Data (SSURGO) Data indicates  soi l  type and properties .
Soi l  types  can be used to determine the acceptableness  of a  

practice based on properties  such as  permeabi l i ty or erosvi ty.

Data  can be downloaded or 

onl ine viewers  are 

ava i lable on the NRCS 

webs i te.

http://www.nrcs .usda.gov/wp

s/porta l/nrcs/deta i l /soi l s/sur

vey/?cid=nrcs142p2_053627
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Feedlot Locations

Data indicates  the location of exis ting feedlots . Some data  in this  data  

layer i s  not accurate and feedlot locations  could be mapped at the owner's  

address  or in the center of the quarter quarter.

May be helpful  priori ti zing areas  to implement s trategies  that 

address  E. col i  or nutrients .

Data  ava i lable on PCA 

webs i te

ftp://fi les .pca.s tate.mn.us/pu

b/spatia ldata/   see 

“mpca_feedlots_ac.zip”

Land Ownership/ 

Property Boundaries

Data indicates  the owner and property boundary. This  data  i s  kept at the 

county level .

May be helpful  for targeting efforts , particularly when a  

proactive approach is  taken (e.g. i f areas  are targeted for 

speci fic practices  and land owners  are contacted to gauge their 

interest in a  speci fic practice).

Some data  ava i lable on the 

MN Geo webs i te. Not a l l  

areas  may have data  in GIS 

format. Contact speci fic 

counties  for more 

deta i l s/information.

http://www.mngeo.state.mn.u

s/chouse/land_own_property.

html

Installed Practices
Data exis ts  in a  l imited extent at this  time. Agencies  l ike BWSR, the NRCS, 

or County SWCDs may be able to provide some information.

Knowing which areas  have had multiple practices  insta l led 

could indicate more interested landowners  or help identi fy 

areas  to anticipate water qual i ty improvements .

Contact l i s ted agencies  to 

inquire i f any data  i s  

ava i lable.

Watershed Health 

Assessment Framework 

(WHAF)

An onl ine spatia l  program that displays  information at the major and 

subwatershed sca led. Information includes : hydrology, biology, and water 

qual i ty.

The onl ine program is  helpful  for quick viewing and could be 

used to priori ti ze subwatersheds  based on parameters  or 

cri teria  in the WHAF.

Onl ine only
http://arcgis.dnr.state.mn

.us/ewr/whaf/Explore/

Agricultural 

Conservation Planning 

Framework (ACPF; 

Tomer et al.)

An outl ined methodology uses  severa l  data  layers  and establ ished 

analyses  to identi fy speci fic locations  to target severa l  di fferent BMPs. A 

"toolbox" i s  being created to faci l i tate the use of this  methodology in MN.

Targeting speci fic BMPs  (see l ink).

see demo: 

https://usdanrcs.adobeconn

ect.com/p6v40eme1cz/

http://northcentralwater.

org/acpf/

Ecological Ranking Tool 

(Environmental Benefit 

Index - EBI)

Three GIS layers  conta ining: soi l  eros ion risk, water qual i ty ri sk, and 

habitat qual i ty. Locations  on each layer are ass igned a  score from 0-100. 

The sum of a l l  three layer scores  (max of 300) i s  the EBI score; the higher 

the score, the higher the va lue in applying restoration or protection.

Any one of the three layers  can be used separately or the sum of 

the layers  (EBI) can be used to identi fy areas  that are in l ine 

with loca l  priori ties . Raster ca lculator a l lows  a  user to make 

their own sum of the layers  to better reflect loca l  va lues  or to 

target speci fic conservation practices .

GIS layers  are ava i lable on 

the BWSR webs i te. 

http://www.bwsr.s tate.mn.us/

ecologica l_ranking/

MN Natural Heritage 

Information System 

(Rare Features Data)

NHIS conta ins  information about the location and identi ties  of 

Minnesota 's  endangered, threatened, specia l  concern, watch l i s t, and 

species  of greatest conservation need (s tate and federa l ly l i s ted), as  wel l  

as  records  of rare native plant communities , Animal  aggregations , and 

geologic features . It i s  classed as  protected data  under MN Statute, section 

84.0872 

This  data  can be used to priori ti ze areas  for restoration and 

conservation protection. 

http://www.dnr.state.mn.

us/nhnrp/nhis.html

MNDNR Native Plant 

Communities

Class i fication of Minnesota 's  remnant land cover types . They are class i fied 

by cons idering vegetation, hydrology, landforms, soi l s , and natura l  

regimes .

This  data  can be used to priori ti ze areas  for restoration and 

conservation protection. 

http://www.dnr.state.mn.

us/npc/index.html

Protected Lands and 

Easements

This  data  i s  pul led from multiple GIS layers  and summarizes  fee ti tle and 

easement lands  held by MNDNR, TNC, BWSR, USDA, USFWS, and USFS

This  data  can be used to priori ti ze areas  for restoration and 

conservation protection. It gives  connection points  in the 

landscape for creating larger blocks  of habitat that serve to 

preserve our divers i ty. 

https://gisdata.mn.gov/

Lakes of Phosphorus 

Sensitivity Significance

A ranked priori ty l i s t for Minnesota 's  unimpaired lakes  based on 

sens i tivi ty to additional  phosphorus  loading. The most sens i tive lakes  wi l l  

l ikely see substantia l  decl ines  in water clari ty with increased nutrient 

pol lution loading. 

Dataset va luable to loca l  governments  and s tate agencies  

tasked with priori ti zing unimpaired lakes  for protection efforts . 

GIS layer ava i lable from 

Minnesota  Geospatia l  

Information Office. 

https://gisdata.mn.gov/da

taset/env-lakes-

phosphorus-sensitivity

Zonation

A va lues‐based  framework and software for large‐sca le spatia l  

conservation priori ti zation. Al lows  balancing of a l ternative land uses , 

landscape condition and retention, and feature‐speci fic connectivi ty 

responses .  Produces  a  hierarchica l  priori ti zation of the landscape based 

on the occurrence levels  of features  in s i tes/grid cel l s . It i teratively 

removes  the least va luable remaining cel l , accounting for connectivi ty and 

genera l ized complementari ty in the process . 

Surveys  are created and given to targeted audiences  to identi ty 

their priori ties . These survey priori ties  are then used by the 

program. The output of Zonation can be used to identi fy areas  

that a l ign with the conservation va lues  of the survey 

respondents .

 Zonation results  can be 

exported to GIS. Paul  

Radomski  (DNR) and 

col leagues  have expertise 

with Zonation.

http://cbig.i t.hels inki .fi /softw

are/zonation/
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Restorable Wetland 

Prioritization Tool

The base layer i s  a  restorable wetlands  inventory that predicts  restorable 

wetland locations  across  the landscape. There are a lso three decis ion 

layers  including a  s tress , viabi l i ty, and benefi ts  layer. The s tress  and 

viabi l i ty decis ion layers  can be weighted di fferently depending on the 

users  interest in ni trogen and phosphorus  reductions  and habitat 

improvement. Lastly, there is  a  modifying layer with aeria l  imagery and 

other supplemental  environmental  data.

This  tool  enables  one to priori tize wetland restoration by 

ni trogen or phosphorus  removal  and/or by habitat. Additional  

uses  include: locating areas  most in need of water qual i ty or 

habitat improvement; priori tizing areas  that a l ready are or are 

most l ikely to result in high functioning susta inable wetlands ; 

refining priori tizations  with aeria l  imagery and avai lable 

environmental  data.

https ://beaver.nrri .umn.edu/

MPCAWLPri/

Lakes of Biological 

Significance

 Lakes  were identi fied and class i fied by DNR subject matter experts  on 

objective cri teria  for four community types  (aquatic plants , fi sh, 

amphibians , bi rds ). 

Lakes  with higher biologica l  s ignai fcance can be priori tized for 

restroation and protection. 

https://gisdata.mn.gov/da

taset/env-lakes-of-

biological-signific
National Fish Habitat 

Partnership Data 

System

http://ecosystems.usgs.g

ov/fishhabitat/

Indicators of Hydrologic 

Alteration (IHA)

The Indicators  of Hydrologic Al teration (IHA) i s  a  software program that 

provides  useful  information for those trying to understand the hydrologic 

impacts  of human activi ties  or trying to develop environmental  flow 

recommendations  for water managers . assess  how rivers , lakes  and 

groundwater bas ins  have been affected by human activi ties  over time – or 

to evaluate future water management scenarios . Assess  how rivers , lakes  

and groundwater bas ins  have been affected by human activi ties  over time 

– or to evaluate future water management scenarios .

The software program assesses  67 ecologica l ly-relevant 

s tatis tics  derived from dai ly hydrologic data. For instance, the 

IHA software can ca lculate the timing and maximum flow of 

each year's  largest flood or lowest flows, then ca lculates  the 

mean and variance of these va lues  over some period of time. 

Comparative analys is  can then help s tatis tica l ly describe how 

these patterns  have changed for a  particular river or lake, due to 

abrupt impacts  such as  dam construction or more gradual  trends  

associated with land- and water-use changes .

https ://www.conservationgat

eway.org/ConservationPractic

es/Freshwater/Environmental

Flows/MethodsandTools/Indi

catorsofHydrologicAl teration/

Pages/indicators -hydrologic-

a l t.aspx

InVEST

InVEST is  a  sui te of software models  used to map and va lue the goods  and 

services  from nature that susta in and ful fi l l  human l i fe. InVEST enables  

decis ion makers  to assess  quanti fied tradeoffs  associated with 

a l ternative management choices  and to identi fy areas  where investment in 

natura l  capita l  can enhance human development and conservation.

InVEST models  can be run independently, or as  script tools  in 

the ArcGIS Arc Toolbox environment. You wi l l  need a  mapping 

software such as  QGIS or ArcGIS to view your results . Running 

InVEST effectively does  not require knowledge of Python 

programming, but i t does  require bas ic to intermediate ski l l s  in 

ArcGIS.

http://www.natura lcapita lpro

ject.org/InVEST.html

RIOS
http://www.natura lcapita lpro

ject.org/RIOS.html

The Missouri Clipper

http://cl ipper.missouri .edu/i

ndex.asp?t=county&state=Min

nesota

Map Window GIS + 

MMP Tools

http://www.purdue.edu/agsof

tware/mapwindow/

Objective Model 

Custom Weight Tool

http://www.umesc.usgs .gov/

management/dss/morris_wm

d.html

WARPT: Wetlands-At-

Risk Protection Tool

http://www.wetlandprotectio

n.org/

Supports  coordinated efforts  of scienti fic assessment and data exchange among the partners  and s takeholders  of the aquatic habitat 

community. The system provides  data access  and visual ization tools  for authori tative NFHP data products  and contributed data from 

partners . Data sets  avai lable include: anthropogenic barrier dataset, 

RIOS provides  a  s tandardized, science-based approach to watershed management in contexts  throughout the world. It combines  biophys ica l , 

socia l , and economic data to help users  identi fy the best locations  for protection and restoration activi ties  in order to maximize the 

This  tool  wi l l  generate a  ZIP fi le containing support fi les  needed for SNMP, MMP and RUSLE2. These support fi les  include aeria l  photo and 

topographic map images , soi l  and watershed shape fi les , a  digi ta l  elevation model  raster fi le, and a  RUSLE2 GDB fi le. Soi l  data  i s  obtained 

from the NRCS Web Soi l  Survey and may be l imited by avai labi l i ty (see Status  Map). To get your data, locate your farm on a  map us ing Google 

Map Window GIS + MMP Tools  i s  a  free GIS that can be used for the fol lowing: 1.As  a  front-end to MMP when creating nutrient management 

plans . 2.As  a  front-end to Irris  Scheduler when doing i rrigation and ni trogen schedul ing. 3.For des igning research plots  (randomized 

A decis ion support tool  des igned for  USFWS resource managers  the abi l i ty to make thoughtful  and s trategic choices  about where to spend 

i ts  l imited management resources . This  tool  makes  the processes  used to priori tize these management units  more transparent, improving 

the defens ibi l i ty of management decis ions . Origina l ly created for the Morris  Wetland Management Dis trict (WMD)

The Wetlands-At-Risk Protection Tool , or WARPT, i s  a  process  for loca l  governments  and watershed groups  that acknowledges  the role of 

wetlands  as  an important part of their community infrastructure, and is  used to develop a  plan for protecting at-risk wetlands  and their 
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Phosphorus Sensitivity Scores for Lakes in the Watonwan River Watershed 

https://gisdata.mn.gov/dataset/env-lakes-phosphorus-sensitivity 

Lake 

Lake P 
Sensitivity 

Score Protection Class 

Fish 20 Highest 

St. James 14 Highest 

Long 10 Higher 

Swan 5 Higher 

Fedji 3 Higher 

Mountain 0.2 High 

Wood 0.2 High 

Perch 0.1 High 

Hanska 0.1 High 

Sulem 0.0 High 

Butterfield 0.2 N/A (Impaired) 

Bingham 0.1 N/A (Impaired) 

Kansas 0.1 N/A (Impaired) 

Eagle 0.0 N/A (Impaired) 

 

https://gisdata.mn.gov/dataset/env-lakes-phosphorus-sensitivity
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Source Water Assessment Area for the City of Mankato Ranney Well 

 

The Source Water Assessment Area map outlines the closest watershed areas to the city of Mankato’s 

Ranney wells. These wells pump water from a shallow aquifer that is heavily influenced by the 

Minnesota and Blue Earth Rivers. As shown in the map, the Watonwan River is a contributing watershed 

of the Blue Earth River, and therefore water quality of the Watonwan River impacts water quality in the 

Ranney wells at Mankato. The Source Water Assessment for Mankato’s surface water supply is on 

schedule to be amended in early 2020.  

The city’s current Source Water Assessment is available on the MDH Source Water Assessment webpage 

at https://www.health.state.mn.us/communities/environment/water/swp/swa.html. 

  

https://www.health.state.mn.us/communities/environment/water/swp/swa.html
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Altered Hydrology GIS Analysis 

The altered hydrology analysis illustrated in Section 2.2 was created from the following six GIS layers and 

weights: estimated percent tiled (5), percent of land in nonperennial land uses (5), percent impervious 

surface (50), estimated percent wetland loss (10), road crossing per 100 m of stream (20), percent of 

stream length that is channelized (7).  
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HSPF Yield Maps  
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Strategies Table Calculator Notes and Assumptions 

  

Strategies Table Calculator Notes and Assumptions

Landuse (known): 87% cultivated ag, 1% grass/pasture, 6% all developed, 5% open water & wetland

50% of watershed is ti le drained none are treating or keeping drained water on the land (all  ti le water is untreated and drained 

into ditch/stream)

5% of the watershed (6% of ti led field acres) drain to open intakes and none of these have effective control of nutrient/sediment 

runoff
77% of watershed has nutrient/sediment loss from crop groundwater or croprunoff => equivalent of 10% of watershed (11.5% of 

crops) prevents nutrient loss to surface runoff and groundwater. For example, 35% of crops treat/prevent 1/3rd of its runoff:  

1/3*35%=11.5%

0.5% of watershed (50% of pastures) are pastures that are contributing nutrients, sediment, and bacteria

10% of watershed gets manure - 8% of watershed gets subsurface manure, 2% of watershed gets surface manure

When ag-wide control measure goes in, assume manured and non-manured have same adoption rate as do tiled and untiled 

(by % of landuse)

source assessments presented in WRAPS report used in calculations with the following refinements of the identified sources:

3% of total watershed sediment load travels through open tile intakes (10% of crop surface source travels through this 

pathway)

1% of stream bank erosion is from bank trampling in addition to other pasture sediment contributions

3% of phosphorus travels through open tile intakes

The parameter reductions associated with the strategy assume a mixture of most and least effective BMPs per strategy (a mid-

range reduction versus a high or low). So in addition to the the inherint error estimating BMP reduction effeciences, the 

estimated reductions could more significantly vary from actual reductions if the least effective or most effective BMPs within a 

strategy type are adopted. For instance, under the "reduce til lage" strategy type, if no-til l  is adopted exclusively (or contraily 

the basic conservation til lage is adopted exclusively), the reduction from this strategy will  l ikely be higher (contrary case: 

lower) than the estimated reduction.

Except a few cases where noted, the estimated reduction per strategy adoption is:

the primary assumptions of this equation are:

the pollutant contributions of land types and efficiencies of BMPs are equivalent throughout the watershed

% reductions in pollutant loads from implementing a BMP result in the same pollutant loading reductions to water bodies (e.g. 

50% less sediment lost from field x results in 50% less sediment contributed to water bodies by field x)

Pollutant Reduction from a BMP at a watershed scale
=

(%  of watershed to adopt)

X
(% reduction efficiency)

X
(% of load from source type)

/
(% watershed  that has that source type)
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Summary 
Groundwater is an important resource in the Watonwan River Watershed (WRW). Groundwater 
accounts for over 90 percent of the reported water use. More than 51 percent of groundwater 
withdrawn is for public water supply use. In addition, groundwater accounts for 100 percent of the 
region’s drinking water. It is important to make sure that adequate supplies of high quality groundwater 
remain available for the region’s residents, businesses, and natural resources.

Drinking water commonly comes from bedrock aquifers in the watershed with shallower wells drawing 
from glacial sediments. The bedrock aquifers are deeper and tend to be more geologically protected 
than the shallower aquifers, except for the karst region in the northeastern part of the watershed in 
Blue Earth County. Areas with karst conditions have rapid recharge of surface water and increase the 
risk of surface contaminants polluting groundwater.  

Groundwater has a greater risk to contamination in areas of high pollution sensitivity1. The pollution 
sensitivity of the watershed is primarily low, with the exception of the middle part of the watershed that 
exhibits areas of moderate and high sensitivity for wells. Understanding pollution sensitivity is a key 
consideration to prevent groundwater contamination. Many land-use activities (including row crop 
agriculture, feedlots, septic systems, and tanks/landfill) within the watershed could contaminate 
groundwater if pollutants are not carefully managed, especially in areas of high pollution sensitivity and 
karst geology. 

Contamination, both naturally occurring and from human activity, is present in parts of the Watonwan 
watershed groundwater, specifically:  

▪ Arsenic – 47 percent of tested drinking water wells have elevated levels of arsenic with 
approximately 16 percent exceeding the Safe Drinking Water Act (SDWA) standard of 10 µg/L. 

▪ Nitrate –none of the tested drinking water wells had levels at or above the SDWA standard of 
10 mg/L, although shallow wells, less than 50 feet deep, had approximately 73 percent of 
samples exceeding the natural background levels of 3 mg/L, meaning groundwater quality is 
influenced by land use activities.  
▪ MN Department of Agriculture (MDA) monitoring wells in Watonwan County recorded a 

nitrate result of 91.6 mg/L. This exceedance observed once, has not recorded similar results 
since.  

▪ Pesticides detected in both MDA monitoring wells, but not at concentrations above human-
health based drinking water standards or reference values. 

▪ Radionuclides - Elevated concentrations of naturally occurring radioactive radium occur within 
the bedrock Mt. Simon and Sioux Quartzite aquifers.  

▪ Contaminated sites – Approximately 14 percent of all registered tanks are leaking chemicals 
into the environment and have the potential to cause localized groundwater pollution.  
▪ One closed landfill with a known groundwater contamination plume is located within the 

watershed. 

These contaminants can affect both private wells and public water systems when levels exceed drinking 
water standards. Some of the public water systems have water quality issues in their untreated source 

                                                           

 

1 Areas of high pollution sensitivity allow the rapid downward movement of water into surficial sands (water table) aquifers, 
increasing the risk for groundwater contamination from surface pollutants. 
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water that requires either blending or treating the water to meet SDWA standards. About 73 percent of 
the people living in the watershed get their drinking water from a public water supply system. Wellhead 
Protection Plans have been developed for most of the public water suppliers in the WRW and identify 
land use protections strategies for the approximately 33,255 acres in Drinking Water Supply 
Management Areas (DWSMAs).  

Groundwater is generally available from bedrock aquifers in the eastern half of the WRW. Groundwater 
levels follow multiyear cycles that correlate with precipitation. In areas near large-capacity wells where 
groundwater is heavily pumped groundwater levels vary seasonally. In a few select wells that are near 
pumping centers, significant drawdown occurs during the pumping season but generally recovers each 
year.  

Most groundwater is used for public water supply. Agricultural irrigation is the second largest water 
user, followed by livestock watering and industrial processing. Annual use of groundwater has grown 
since 1990 and is linked to increased agricultural irrigation, especially during drought periods.  

The WRW, including surface waters that depend on groundwater to sustain them. If groundwater 
quantity or quality is degraded, these resources are at risk. The following features occur within the 
watershed:  

▪ Two designated calcareous fens: Delton 20 and Perch Creek WMA. Calcareous fens are very rare 
prairie wetlands fed by a constant supply of cool, calcium rich groundwater.  

▪ Twenty-seven of the 60 lakes in the watershed have a watershed to lake ratio of 10 or less and 
are considered groundwater dependent lakes. 

▪ Wetland complexes across the entire watershed. 
▪ Twenty-three kinds of native plant communities and ten state-listed endangered, threatened, or 

special concern plant and animal species connected to groundwater. 

To address risks both from groundwater overuse and from the introduction of pollutants, this report 
outlines a broad range of strategies that can be implemented, as well as specific actions that individuals, 
local government, and other partners can take. The nine categories of strategies highlighted below were 
selected to address the key risks to groundwater and drinking water within the 1W1P planning area. 
Areas of higher pollution sensitivity are often an appropriate place to prioritize pollution prevention 
activities.  

1. Education and Outreach: Educate landowners, private well users, and others about how their 
actions affect groundwater and how they can conserve, restore, and protect groundwater. 

2. SSTS Management: Monitor, maintain, and/or upgrade SSTS to ensure proper operation and 
treatment. 

3. Irrigation Water Management: Control the volume, frequency, and application rate of irrigation 
water to sustain groundwater. 

4. Land Use Planning and Management: Use city or county government planning and regulations 
along with land management goals that implement best management practices (BMPs), 
conserve water, and educate stakeholders to protect groundwater levels, quality, and 
contributions to groundwater dependent features. 

5. Contaminant Planning and Management: Use land use planning, ordinances, and collaboration 
with state regulatory agencies to protect groundwater and drinking water supplies from 
contaminant releases. 

6. Conservation Easements: Maintain and expand the amount of land protected from being 
converted to high intensity uses, such as row crop agriculture. 

7. Cropland Management: Encourage the implementation of voluntary practices to manage 
resource concerns while minimizing environmental loss. 
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8. Nutrient Management: Assure that application of crop fertilizer or manure follows guidelines 
for the right source, right rate, right time, and right place. 

9. Integrated Pest Management: Implement a pest management approach that incorporates the 
many aspects of plant health care/crop protection in ways that mitigate harmful environmental 
impacts and protect human health. 

This GRAPS report was designed to help prioritize and target local efforts to restore and protect 
groundwater resources in the watershed. Representatives from BWSR, MDA, MDH, DNR, and MPCA 
compiled existing state and regional data, and developed maps to establish a baseline understanding of 
groundwater conditions and associated resource management concerns for the 1W1P planning 
boundary. The team highlighted strategies and supporting actions that can be applied at a county or 
watershed-level to help restore and protect groundwater. To target local implementation, actions listed 
in this report are paired with those counties and subwatersheds (HUC-10) where risks have been 
identified. This report should be used in conjunction with the WRAPS report, which focuses on surface 
water issues and needs, to ensure that both groundwater and surface water are effectively addressed 
during the 1W1P planning process.2  

                                                           

 
2 It is important to note that groundwater science lacks the predictive tools available for surface water analysis and as such 
cannot provide quantifiable strategies commonly found in WRAPS. BWSR recognizes this challenge and has provided guidance in 
the Setting Measurable Goals document (www.bwsr.state.mn.us/planning/1W1P/Setting_Measurable_Goals.pdf) to meet the 
1W1P measurability requirement. 
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Introduction 
What Is the GRAPS Report? 
The State of Minnesota adopted a watershed approach to address the state’s 81 major watersheds3. 
Major watersheds are denoted by an 8-digit hydrologic unit code (HUC). This watershed approach 
incorporates water quality assessment, watershed analysis, civic engagement, planning, 
implementation, and measurement of results into a 10-year cycle that addresses both watershed 
restoration and protection (Figure 1).  

 
Figure 1: Watershed Approach Framework 

Groundwater Restoration and Protection Strategies (GRAPS) reports are designed to help prioritize and 
target local efforts to restore and protect groundwater resources in the One Watershed One Plan 
(1W1P) planning process. While groundwater is not broken into watersheds like surface water, several 
state agencies have worked together to compile information and strategies for groundwater below 
surface water watersheds. A GRAPS report uses existing state data and information about groundwater 
and land-use practices that affect groundwater in the watershed to identify key groundwater quality and 
quantity concerns. The report also suggests targeted strategies and actions to restore and protect 
groundwater. GRAPS reports are meant to be used in conjunction with Watershed Restoration and 
Protection Strategies (WRAPS) reports in the development of 1W1P plans. WRAPS inform how to restore 
and protect surface water, and GRAPS inform how to restore and protect groundwater in the same 
geographic area.  

WRAPS is initiated through an intensive monitoring effort to determine if a surface water body is 
meeting its designated use. WRAPS identify actions and the rate of adoption needed to restore water 
quality, as well as recognizing protection based activities to maintain the health of high quality surface 
waters. GRAPS is largely protection-based—identifying actions to maintain groundwater quality and 

                                                           

 
3 You can learn more about the Watershed Approach at Watershed approach to restoring and protecting water quality 
(https://www.pca.state.mn.us/water/watershed-approach-restoring-and-protecting-water-quality). 
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quantity. However, if contaminants exist or overuse is suspected, the strategies and actions identified to 
address the issue can result in restoration as well as protection. In most cases it is very difficult 
determine the rate of BMP adoption needed to restore groundwater; therefore quantification is not 
part of GRAPS.  

How to Use this Report 
This report is a resource and tool for developing local water management plans. The report is divided 
into six parts to accommodate the different needs and information partners and agencies may seek. This 
report is not necessarily designed to be read cover to cover. Rather, you can flip to the parts that are 
most relevant to the issues facing your community. If you are accessing this document electronically, 
you can click on hyperlinks throughout the report to jump to related information and/or access 
webpages (all hyperlinks are in blue type).  

The report is divided into the following parts: 

1. Watershed Overview: This section provides a brief overview of the watershed. 

2. Watershed Groundwater Issues and Concerns: This section highlights the main groundwater 
quality and quantity concerns, where each concern is most prevalent within the watershed, and 
general ways to address the concern.  

3. Watershed Strategies and Actions to Protect and Restore Groundwater: This section provides 
tips for prioritizing and targeting restoration and protection strategies, makes suggestions about 
what strategies and actions would be most appropriate in which counties and subwatersheds, 
describes the suggested strategies, and provides information about existing programs and 
resources for each strategy. 

4. Making Sense of the Regulatory Environment: This section provides an overview of the roles 
state agencies play in managing groundwater and drinking water. 

5. Appendices   
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Watonwan River Watershed Overview 
This report provides a brief overview of land use, geology, hydrogeology, pollution sensitivity, wellhead 
protection planning and drinking water, and water use and groundwater withdrawals affecting the 
Watonwan River Watershed (WRW) groundwater quality and quantity. You can find more detailed 
information about the WRW through the following resources: 

Restoration and Protection Plans 

▪ MPCA Watonwan Watershed WRAPS (www.pca.state.mn.us/water/watersheds/watonwan-
river#restoration) – in progress  

The WRW watershed (07020010) encompasses 558,964 acres in south-central Minnesota within the 
Minnesota River Basin. The watershed includes portions of Blue Earth, Brown, Cottonwood, Jackson, 
Martin, and Watonwan counties (Figure 2). There are 12 municipalities in the watershed of which the 
city of St. James is the largest. This rural watershed has seen a population decrease of approximately 
five percent between 2000 and 2010. 

Of the roughly 17,970 people living in the watershed, approximately 13,155 (73 percent) utilize 
community public water and the remaining 27 percent obtain their drinking water from private wells.   

 
Figure 2: Watonwan River Watershed – Six Subwatersheds (HUC-10): North Fork Watonwan River, Lower Watonwan River, St. 

James Creek, Upper Watonwan River, South Fork Watonwan River, Perch Creek 

https://www.pca.state.mn.us/water/watersheds/watonwan-river#restoration
https://www.pca.state.mn.us/water/watersheds/watonwan-river#restoration
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Land Use 
The majority of the WRW supports row crop farming, primarily corn and soybeans. To advance 
agricultural production, much of the water has been moved off the landscape through artificial drainage. 
Outside of farming, developed land is the second largest land use at just over five percent, followed by 
small lakes and wetlands with just less than five percent of the overall land use (Figure 3). 

 
Figure 3: Watonwan River Watershed - Land Cover 
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Figure 4: A summary of land cover type in the Watonwan River Watershed  

Geology and Hydrogeology 
Groundwater sources within the WRW vary according to the underlying geology. The geology in the 
WRW is the result of complex processes, which occurred from igneous, metamorphic, sedimentary and 
glacial action that took place in the region over several geologic time periods. Figure 5 depicts a 
generalized map of aquifers in the watershed. 

There are four major types of bedrock aquifers in the watershed (Figure 5):  

▪ Jordan, St. Lawrence, and Tunnel City aquifers are present in the eastern portion of the 
watershed in Watonwan, Blue Earth, and Martin Counties 

▪ Wonewoc, Eau Claire, and Mount Simon Sandstone aquifers are utilized through the center of 
the watershed primarily in Watonwan County 

▪ Precambrian Crystalline Rock is present in the northernmost portion of the watershed in Brown 
and Watonwan Counties, and in limited extent in the southern half of the watershed, however, 
the overlying glacial material primarily serves as the aquifer material in these areas 

▪ Sioux Quartzite aquifers are present in the western region of the watershed, in Cottonwood 
County and in the Western portion of Watonwan County 

Glacial outwash deposits in the watershed overlay bedrock aquifers. These outwash units form aquifers 
locally. 
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Figure 5: Watonwan River Watershed - Regional Aquifers: (1) Glacial sand and Jordan, St. Lawrence, Tunnel City, (2) Glacial sand 

and Wonewoc, Eau Claire, Mount Simon, (3) Glacial sand and Precambrian Crystalline Rocks, and (4) Glacial sand and Sioux 
Quartzite 

Pollution Sensitivity 
Understanding pollution sensitivity is important for prioritizing and targeting implementation efforts. 
Pollution sensitivity (also known as aquifer vulnerability or geologic sensitivity) refers to the time it takes 
recharge and contaminants at the ground surface to reach the underlying aquifer.  

It is important to understand the target aquifer when assessing pollution sensitivity. Certain aquifers 
may be deeper and more geologically protected than water table aquifers, or surficial sand aquifers, in a 
given area. Figure 6 depicts the pollution sensitivity of near-surface materials dataset developed by the 
DNR. This dataset only takes into account the top ten feet of soil and geologic material when assigning a 
sensitivity rating. This figure shows that the watershed has a mix of pollution sensitivity ratings based on 
surficial materials, but the predominant rating across the WRW is ‘low’. The eastern part of the 
watershed in Blue Earth County has a higher pollution sensitivity rating due to the presence of 
karst. Karst conditions include features such as sinkholes, caves, sinking streams, and springs. 
Dissolution of water-soluble carbonate rocks (such as limestone and dolostone) create these features. 
Dissolution starts an erosive process and creates conduits for rapid groundwater flow within the rock 
mass. Areas with karst conditions are more likely to have rapid exchange between surface water and 
groundwater. This rapid exchange increases the risk of surface contaminants polluting groundwater 



Watonwan River Watershed GRAPS Report  16 

(Adams, Barry, Green, et. al, 2016). More information on this dataset can be found on the DNR website 
Minnesota Hydrogeology Atlas (MHA) 
(http://www.dnr.state.mn.us/waters/programs/gw_section/mapping/platesum/mha_ps-ns.html).  

The pollution sensitivity of deeper aquifer materials depicted in Figure 8 was created by calculating the 
sensitivity at individual wells in the watershed and then interpolating between them to create a smooth 
layer. The wells used to make this figure vary in depth but overall provide a picture of the geologic 
sensitivity of aquifers below the water table. This method was employed due to the absence of an 
available statewide dataset depicting pollution sensitivity, or vulnerability, of aquifers. This figure shows 
that almost the entire watershed has a ‘low’ pollution sensitivity rating. There are small patches of 
‘moderate’ sensitivity ratings, and only one area of very limited extent with a pollution sensitivity rating 
of ‘high’ in northwestern Watonwan County. More information on the geologic sensitivity calculations 
used to make this figure is included in the references section of this report as Figure 39 and Figure 40. 

It is also important to understand how recharge travel time ratings (Figure 7 and Figure 9) for surficial 
water table aquifers differ from those used for deeper aquifers (Table 1). For example, a pollution 
sensitivity rating of ‘moderate’ for surficial materials reflects vertical travel times on the order of weeks 
(Figure 7); whereas, for deeper aquifers more commonly used for drinking water, a rating of ‘moderate’ 
reflects travel times of years to decades (Figure 9). This difference stems from the fact that infiltrating 
water and contaminants reach surficial materials more quickly than deeper aquifers. Deeper aquifers 
often have protective clay layers that make travel time significantly longer. As noted above, this 
distinction is important when determining the potential impact of various contaminants on surficial 
materials and drinking water aquifers.  

 
Figure 6: Watonwan River Watershed - Pollution Sensitivity of Near Surface Materials 

http://www.dnr.state.mn.us/waters/programs/gw_section/mapping/platesum/mha_ps-ns.html
http://www.dnr.state.mn.us/waters/programs/gw_section/mapping/platesum/mha_ps-ns.html
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Figure 7: Recharge Travel Time for Near-Surface Materials 

 
Figure 8: Watonwan River Watershed - Pollution Sensitivity of Wells 
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Figure 9: Recharge Travel Time for Buried Aquifers 

 

Table 1: Sensitivity rating and the associated recharge travel times for surficial and buried aquifers

                                                           

 

4 Aquifer recharge time periods refer to the time it takes aquifers to receive recharge from the land surface. Aquifer recharge rate informed by 
the Geologic Sensitivity Project Workgroup, 1991. 

Pollution Sensitivity 
Rating 

Aquifer Recharge Time Period 4 for 
Surficial Aquifers 

Aquifer Recharge Time Period for 
Buried Aquifers 

High Hours to a week Days to months 
Moderate A week to weeks Years up to one or two decades 

Low Weeks to a year Several decades to a century 
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Wellhead Protection Planning and Drinking Water Supply 
Management Areas 
Wellhead protection planning is the process whereby public water systems examine land uses in the 
recharge area for their wells and develop strategies for land use management. The strategies are based 
on vulnerability and are appropriate for safeguarding drinking water supplies. Community public water 
suppliers, including municipal and nonmunicipal systems, are required to prepare Wellhead Protection 
Plans. As part of this effort, the recharge area that contributes water to the public water supply well(s) is 
delineated based on physical and chemical characteristics of the aquifer being used. These areas, known 
as wellhead protection areas (WHPAs), provide an assessment of the aquifer vulnerability (sensitivity) of 
the public water supply wells. Once the WHPA is established, a Drinking Water Supply Management 
Area (DWSMA) is created to provide planning boundaries on the land surface in order to more easily 
manage the groundwater below. Learn more about the MDH Source Water Protection Program at 
Source Water Protection (www.health.state.mn.us/divs/eh/water/swp/).  

The word ‘sensitivity’ is used to describe groundwater generally throughout the state; ‘vulnerability’ is 
the term used for wellhead protection planning to protect public sources of drinking water. While there 
are minor differences between how these words are used as described above, the words are essentially 
the same for the purposes of planning and management.  

Aquifers and wells used for public water supplies vary widely. Some are very shallow and unprotected 
and can be easily contaminated by activities at the ground surface. Others are deeper or more protected 
by geologic materials; these tend to exhibit a low vulnerability to overlying land uses. The types of 
management activities required within WHPAs will vary based largely on these vulnerability 
assessments. Highly vulnerable WHPAs require a greater level of management to prevent potential 
contaminants at the ground surface from entering the aquifer. Whereas for WHPAs with low 
vulnerability the primary focus is on sealing unused/unsealed wells, since this is the primary pathway for 
contaminants to reach the aquifer. 

Nine of the ten community public water supply systems, including one rural water system, within the 
WRW are engaged in the wellhead protection planning process or are implementing their plans. Of the 
nine systems with approved plans, the vulnerability varies across the watershed from very low to high. 
Five of the approved wellhead protection plans exhibit a high vulnerability in all or part of their DWSMA 
and are considered vulnerable to contamination at the ground surface, with all others exhibiting 
moderate or low vulnerability. Figure 10 shows the status of wellhead protection planning for the public 
water supply systems in the watershed. Figure 11 shows the DWSMAs delineated at the time the report 
was compiled in the WRW, covering 33,255 acres. It is important to note that WHP areas do not follow 
watershed boundaries therefore; three DWSMAs are located in two watersheds.  

http://www.health.state.mn.us/divs/eh/water/swp/
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Figure 10: Watonwan River Watershed - Wellhead Protection Plan Development Status for Community Public Water Supply 

Systems. Nine of the ten public water supply systems are engaged in the wellhead protection planning process or are 
implementing their plans. Red Rock Rural Water, Jeffers, and Vernon Center are not displayed since their DWSMA covers two 

watersheds and their wells are located outside of the WRW. 
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Figure 11: Watonwan River Watershed - Drinking Water Supply Management Areas. There are ten approved Drinking Water 

Supply Areas (DWSMA) for community public water supply systems in the watershed. 

Three of the WHPAs in the WRW include a conjunctive delineation: Darfur, La Salle, and Red Rock Rural 
Water. A conjunctive WHPA delineation occurs when a strong connection exists between the 
groundwater capture zone for a well and either a surface water body or the land surface area 
intersected by that capture zone. In these instances, the WHPA consists of a composite area created by 
merging the well capture zone (abbreviated GWCA for groundwater capture area) and the watershed 
area for the surface water body or land surface area which it intersects (abbreviated SWCA for surface 
water contribution area). An example of this type of conjunctive WHPA is the Rock County Rural Water 
WHPA, which includes a GWCA within a channel sand aquifer that is composited with a SWCA that 
represents the surrounding watershed area that contributes to it (Figure 12). 

The management of conjunctive WHPAs can present challenges because of their large size relative to 
more traditional WHPAs that are based solely on groundwater capture areas. In addition, management 
practices of potential contaminant sources can differ between the GWCA and SWCA. Within the GWCA, 
the focus will be on contaminants likely to soak into the ground; whereas, in the SWCA, the focus will be 
on those contaminants most likely to runoff during rainfall or snowmelt events. It should be noted that 
conjunctive WHPAs do provide a means of achieving multiple benefits within a watershed. 
Improvements in land use management in these areas stand to benefit both the aquifer used by the 
public water supplier and associated surface water bodies. 
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Figure 12: Conjunctive WHPA example. Rock County Rural Water has a strong connection between the Groundwater Capture Area 
(GWCA) for their wells and the surface water runoff onto the GWCA in the Drinking Water Supply Management Area (DWSMA) 

resulting in a conjunctive delineation, a merging of the well capture zone and the watershed for surface water runoff. 

Rural Water Systems 
Southcentral Minnesota faces challenges in both water quantity and quality. The main supply of 
drinking water to the residents and businesses in the WRW is groundwater – either from 
private wells, community wells, or a rural water supplier. Drinking water sources in some cases 
are so limited that many farms, rural residences, and small towns rely on Red Rock Rural Water. 
Red Rock Rural Water’s Lake Augusta wellfield is highly vulnerable to potential contamination 
and is on the western edge of the WRW, therefore only encompassing a small portion of that 
drinking water supply area in the watershed. The City of Jeffers has transitioned their public 
water supply well to Red Rock Rural Water. Nitrate concentrations in the City of Darfur has 
reached levels of concern and the city is exploring financial options for connecting to Red Rock 
Rural Water. The City of St. James currently sells water to Red Rock Rural Water, which is then 
distributed through the Red Rock Rural Water system. 



Watonwan River Watershed GRAPS Report  23 

 

Figure 13: Watonwan River Watershed - Red Rock Rural Water System Service Area (2017) 

Groundwater Use 
Groundwater accounts for more than 90 percent of reported water use in most years (Figure 14). 
Groundwater use totals between 870 and 1760 million gallons per year and annual use has generally 
increased from 1990 to the present. Groundwater use for water supply (Figure 16) has been mostly 
constant at 700 to 800 million gallons per year and has been reduced to about 580 million gallons in 
2016. Groundwater use for agricultural irrigation has varied more and is highest during drought years in 
1988 to 1989 and 2012 to 2015.  
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Figure 14: Reported Groundwater and Surface Water Use. Groundwater accounts for about 97 percent of the total reported water 

use in the Watonwan Watershed. 

Groundwater is sourced from three aquifer types (Figure 15): historically bedrock aquifers are the 
largest source of permitted groundwater withdrawal accounting for about 40 percent of the total, and 
Quaternary buried artesian and water table aquifers account for 25 to 30 percent of groundwater use 
each.  

 
Figure 15: Water Use by Aquifer Type. Most permitted groundwater use is pumped from bedrock aquifers. However, the surficial 

sand aquifer and buried sand and gravel aquifers are also a significant source. 
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Figure 16: Reported groundwater by Use Category. Water supply accounts for most groundwater use in most years. During the 

2012 drought, agricultural irrigation was the biggest groundwater use. 

Groundwater Withdrawals 
A water-use appropriation permit from the DNR is required for all water appropriators (surface or 
groundwater) withdrawing more than 10,000 gallons of water per day or 1 million gallons per year. This 
provides the DNR with the ability to assess and regulate which aquifers are being used and for what 
purpose. One condition of the appropriation permit is to report actual water use; the DNR has records of 
reported water use from 1988 to the present.  

Table 2 5 provides data from the Minnesota DNR Permitting and Reporting System (MPARS). 

Table 2: Reported 2016 water use from DNR groundwater permit holders 
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Surficial Sand (Water Table) 201.4 143.8 -- -- -- 345.2 30.3 
Buried Sand and Gravel (Confined) 133.6 66.5 14.9 6.6 56.0 277.7 24.4 
Bedrock 253.3 144.4 53.3 -- 16.7 467.7 41.0 
Unknown -- 39.4 2.8 -- 7.5 49.7 4.4 

                                                           

 
5 MGY means million gallons per year; dash marks (-) indicate no use in those categories; percentages may not total to 100 due 
to rounding. 
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Total (MGY) 588.3 394.1 71.0 6.6 80.2 1140.3 -- 
Total (percent) 51.6 34.6 6.2 0.6 7.0 100.0 100.0 

Most groundwater is used for water supply. Agricultural irrigation is the second largest water user, 
followed by livestock watering and industrial processing. Other uses account for less than one percent of 
reported water use. 

 
Figure 17: Watonwan River Watershed – Density of Drinking Water Wells per Section 

Figure 17 illustrates well density and water use data in the WRW. This figure contains a grid that depicts 
the number of wells in each six by six-mile section of the watershed. Deeper colors correspond to a 
higher concentration of wells. Well density is variable across the watershed. Only wells used for drinking 
water were included in this analysis. 
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Watonwan River Watershed 
Groundwater Issues and Concerns 
This section of the report describes the key groundwater quality and quantity issues for the WRW. The 
descriptions each include an overview of the issue, where the issue is most prevalent, and a few key 
approaches to address the issue. The WRW Strategies and Actions to Protect and Restore Groundwater 
provides a more detailed list of actions to address groundwater issues and concerns.  

Groundwater Quality Issues and Concerns 
Both naturally occurring and human-made contaminants affect the WRW groundwater quality. Multiple 
state agencies monitor different types of groundwater wells and public water systems for contaminants. 
Nitrate, pesticides, arsenic, and radium have been detected in wells sampled in the WRW. This section 
provides context and data about these contaminants and their occurrence in the watershed. It also 
provides information about the following land uses: feedlots, row crop production, subsurface sewage 
treatment systems, contaminated sites (leaky tank sites and closed landfills), and household hazardous 
waste in the watershed that may affect groundwater quality. 

All public water systems in the watersheds strive to meet Safe Drinking Water Act (SDWA) requirements 
for the quality of water served to their customers. However, some public water systems have water 
quality issues in their untreated source water that requires either blending or treatment to meet SDWA 
standards.  

Nitrate 
Nitrate is a compound that occurs naturally and has many human-made sources. When nitrate levels are 
above 3 milligrams per liter (mg/L)6 in groundwater, human activity is the likely cause (State of 
Minnesota Workgroup). Human-induced sources of nitrate include animal manure, fertilizers used on 
agricultural crops, failing SSTS, fertilizers used at residences and commercially, and nitrous oxides from 
the combustion of coal and gas.  

Nitrate is one of the most common contaminants of groundwater in Minnesota and is a public health 
concern where found in groundwater used for drinking water. The SDWA standard for nitrate in drinking 
water is 10 mg/L. None of the 457 samples taken from wells within the watersheds had levels of nitrate 
at or above the SDWA standard. This dataset includes newly constructed wells, private wells, and other 
drinking water supply wells sampled by the Minnesota Department of Health (MDH). Sampling of newly 
constructed wells for nitrate began in 1974. Many older wells, pre-well code, are not included in this 
dataset. Tables 3 shows nitrate test results for samples taken from these wells. 

                                                           

 
6 One milligram per liter is the same as 1 part per million (ppm). 
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Table 3: Summary of Nitrate-N results in drinking water wells of the Watonwan River Watershed. 
Depth 

Completed 
Range 
(feet) 

Total 
samples 

(n) 

Minimum 
concentration 

(mg/L) 

Maximum 
concentration 

(mg/L) 

Median 
concentration 

(mg/L) 

Samples at 
or above 3 
mg/L (%) 

Samples at 
or above 
10 mg/L 

(%) 
< 50 15 0 9.4 8.6 73.3 0 

50 - 99 117 0 6.09 0.1 0.9 0 
100 - 149 117 0 2.19 0.1 0 0 
150 - 199 114 0 4.81 0.1 1.8 0 

>= 200 94 0 1.08 0.1 0 0 
Total 457 0 9.4 0.1 3.1 0 

Where Is Nitrate in Watonwan River Watershed?  

High levels of nitrate are present in areas where there are both human-caused sources of nitrate and 
high pollution sensitivity. Nitrate concentrations in the WRW are relatively low, with the exception of 
shallower wells less than 100 ft. deep. These wells indicate human-caused sources of nitrate, but the 
levels do not exceed the SDWA standard. The following images help identify nitrate detections and at 
what levels in the watershed: 

▪ Figure 18 compares nitrate levels in wells in the WRW with the pollution sensitivity of the area. 
The map shows that there is a correlation between areas with high pollution sensitivity and 
nitrate detections above 3 mg/L. In other instances, the absence of elevated nitrate 
concentrations may be a function of low-impact land use near the well or the presence of 
favorable geochemical conditions in the aquifer. Nitrate requires relatively oxidizing conditions 
to persist in groundwater, and the presence of locally reducing conditions can remove nitrate. 
The dataset used to create this figure is the same as that used in Table 3. These nitrate samples 
were taken from newly constructed wells, private wells, and other drinking water supply wells 
sampled by the Minnesota Department of Health (MDH). 

▪ Figure 19 shows the Township Testing Program (TTP) tentative schedule. Two townships (Lincoln 
and Garden City) in Blue Earth County and two townships (Amboy and Dale) in Cottonwood 
County were tested in the summer of 2018, results will be available in the spring of 2019. 
Riverdale Township in Watonwan County is scheduled to be sampled in 2019. MDA identified 
townships where groundwater is vulnerable to contamination and row crop agriculture is 
present as the focus of the testing program. All results reported are township based, not just the 
part of the township in the watershed. Learn more about the TTP at Township (Nitrate) Testing 
Program (http://www.mda.state.mn.us/townshiptesting).  

▪ Figure 20 shows the nitrate concentrations recorded at each MDA ambient monitoring well 
location in the WRW in 2016. The sampling data collected each spring and fall from Watonwan 
County, recorded the highest nitrate result at 91.6 mg/L. MDA cannot state with certainty what 
caused the spike in nitrate, however they continue to monitor the well and has not recorded 
similar results since.  

https://mn365.sharepoint.com/sites/MDH/env/grapsreports/Watonwan/Township%20(Nitrate)%20Testing%20Program%20(http:/www.mda.state.mn.us/townshiptesting).
https://mn365.sharepoint.com/sites/MDH/env/grapsreports/Watonwan/Township%20(Nitrate)%20Testing%20Program%20(http:/www.mda.state.mn.us/townshiptesting).
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Nit

 
Figure 18: Watonwan River Watershed - Nitrate Results and Pollution Sensitivity of Wells 
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Figure 19: Watonwan River Watershed - MDA Township Testing Program (TTP). Townships Sampled in 2018 include Amboy and 

Dale in Cottonwood County and Lincoln and Garden City in Blue Earth Count. Riverdale Township in Watonwan County is 
scheduled for sampling in 2019. All results for the TTP are township based; results are reported for the entire township not just the 

part of the township in the watershed. 
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Figure 20: Watonwan River Watershed - MDA Monitoring Wells and Nitrate Results 

How to Address Nitrate in Groundwater 

The Minnesota Groundwater Protection Act established a prevention goal that groundwater be 
maintained in its natural condition, free from any degradation caused by human activity. When 
degradation exists, it is important to understand the reflected level of management required based on 
the nitrate concentration. Table 4 provides a protection framework that identifies management 
priorities reflective of nitrate concentrations.  

Table 4: Nitrate protection framework and associated land use management goals. Implementation activities should build as you 
move from one classification to the next. 

Nitrate Protection Framework Nitrate Concentration Implementation Emphasis 

Protection – Maintain 0 – 4.9 mg/L 

Proactive and preventive; 

▪ Maintain existing land cover 
by discouraging or preventing 
land conversion 

▪ Contaminant source 
management on existing land 
uses (Agricultural BMPs, SSTS 
management, easements, 
forest management plans) 
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Nitrate Protection Framework Nitrate Concentration Implementation Emphasis 

Protection – Threatened 5.0 – 9.9 mg/L 

Contaminant source reduction 
or elimination;  

▪ Shifting land uses away from 
those that may leach excess 
nitrogen (Alternative 
Management Tools7, upgrade 
failing SSTS, easements) 

Restoration – Treatment 10.0 mg/L and above 

Active intervention required by 
public water supplies to avoid 
drinking water consumption 
(new sources; treatment) while 
still aiming for long term 
contaminant source mitigation 
through reduction and 
elimination  

Table 9 provides a more comprehensive list of specific actions counties and subwatersheds in the WRW 
can take to restore and protect groundwater quality related to nitrate.  

Pesticides  
A pesticide is any substance or mixture of substances intended for preventing, destroying, repelling or 
lessening the damage of any pest and may be a chemical substance or a biological agent. Consuming 
water with different types of pesticides in it can cause a variety of health problems. MDA monitors for 
‘common detection pesticides’ as a part of the MDA Pesticide Management Plan 
(www.mda.state.mn.us/protecting/waterprotection/pmp.aspx). Common detection pesticides are 
pesticides frequently used in row crop production and include acetochlor, alachlor, atrazine, 
metolachlor and metribuzin. 

Where Are Pesticides in Watonwan River Watershed?  

MDA uses two monitoring wells in the WRW to monitor for common detection pesticides. The 
monitoring wells are in these regions due to the sensitive geology and row crop agriculture, which 
increases the potential for pesticides or pesticide degradants to get into groundwater. Figure 20 shows 
the number of common detection pesticides recorded at each monitoring location in the WRW in 2016. 
Three common detection pesticides were detected in the samples from each monitoring well. No 
detections exceeded any human health-based drinking water standards or reference values. MDA’s 
monitoring wells only provide information about pesticides at their specific locations. Pesticide sampling 
of private wells is included as part of the TTP, which is currently underway and will provide more 
information on the presence of pesticides in other locations in the watersheds. 

                                                           

 
7 MN Dept. of Agriculture developed Alternative Management Tools to protect groundwater quality from nitrate contamination. For more 
information, visit MDA Alternative Management Tools (http://www.mda.state.mn.us/chemicals/fertilizers/nutrient-
mgmt/nitrogenplan/nitrogenmgmt/amts/amtools.aspx) 

http://www.mda.state.mn.us/protecting/waterprotection/pmp.aspx
http://www.mda.state.mn.us/protecting/waterprotection/pmp.aspx
http://www.mda.state.mn.us/chemicals/fertilizers/nutrient-mgmt/nitrogenplan/nitrogenmgmt/amts/amtools.aspx
http://www.mda.state.mn.us/chemicals/fertilizers/nutrient-mgmt/nitrogenplan/nitrogenmgmt/amts/amtools.aspx
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Figure 21: Watonwan River Watershed - Common Detection Pesticides Found in MDA Monitoring Wells 

How to Address Pesticides in Groundwater 

General approaches to reduce the amount of pesticides that may enter groundwater include: 

▪ Providing educational opportunities about pesticide and insecticide BMPs for both agricultural 
lands and residential/commercial lawns (turf) 

▪ Increasing the adoption of water quality BMPs for pesticides and insecticides 

Table 9 provides a more comprehensive list of specific actions the counties and subwatersheds in the 
WRW can take to restore and protect groundwater quality related to pesticides. 

Arsenic 
Approximately sixteen percent of the 133 arsenic samples taken from wells in the WRW have levels of 
arsenic higher than the SDWA standard of 10 micrograms per liter (µg/L)8. Arsenic occurs naturally in 
rocks and soil across Minnesota and can dissolve into groundwater. Consuming water with low levels of 
arsenic over a long time (chronic exposure) is associated with diabetes and increased risk of cancers of 
the bladder, lungs, liver and other organs. The SDWA standard for arsenic in drinking water is 10 µg/L; 

                                                           

 
8 One microgram per liter is the same as 1 part per billion (ppb). 
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however, drinking water with arsenic at levels lower than the SDWA standard over many years can still 
increase the risk of cancer. The EPA has set a goal of 0 µg/L for arsenic in drinking water because there is 
no safe level of arsenic in drinking water.  

Since 2008, the State of Minnesota has required that water from new water supply wells be tested for 
arsenic. Table 5 outlines the number of well water samples tested for arsenic in the WRW by MDH and 
shows the percentage of samples with arsenic levels over the SDWA standard. This dataset includes 
newly constructed wells (installed after 2008), domestic wells, and other drinking water supply wells. It 
is important to remember that arsenic concentrations can be drastically different from nearly identical 
wells installed on adjoining properties. 

Table 5: Summary of arsenic (As) concentrations in wells of the Watonwan Watershed. 
Depth 

Completed 
Range 
(feet) 

Total 
samples 

(n) 

Minimum 
concentration 

(µg/L) 

Maximum 
concentration 

(µg/L) 

Median 
concentration 

(µg/L) 

Samples 
at or 

above 5 
µg/L (%) 

Samples 
at or 

above 10 
µg/L (%) 

< 50 1 0 0 0 0 0 
50 - 99 33 0 48.8 4.6 48.5 30.3 

100 - 149 29 0 29.2 4.29 37.9 13.8 
150 - 199 29 .25 32.6 1.74 17.2 10.3 

>= 200 41 0 24.2 1.79 24.4 9.8 
Total 133 0 48.8 2.31 46.6 15.8 

Where Is Arsenic in the Watonwan River Watershed?  

Figure 21 shows that arsenic is found throughout the watershed. The dataset used to create Figure 21 is 
the same information displayed in Table 5. These samples were taken from newly constructed wells, 
domestic wells, and other drinking water supply wells sampled by MDH. 

Arsenic is most prevalent in Quaternary Buried Artesian Aquifers (lenses of sand and gravel enclosed 
within clay-rich sediments). Elevated levels are likely related to local geochemical conditions that allow 
for mobilization of the metal. These geochemical conditions tend to be moderately reducing and are 
often associated with the contact between sand and gravel aquifers and adjacent clay-rich sediments 
(Erickson and Barnes, 2004 and 2005).  
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Figure 22: Watonwan River Watershed - Arsenic Results 

How to Address Arsenic in Groundwater 

Unlike nitrate and pesticides, human activity rarely causes arsenic in Minnesota groundwater, except for 
local releases of insecticides or wood preservatives into the environment. Therefore, few actions can 
reduce the amount of arsenic in groundwater. Implementation efforts should focus on making private 
well users aware of the health risks associated with arsenic, encouraging them to test their water for 
arsenic, and providing them with treatment options to keep their drinking water safe when arsenic is 
present. 

Radionuclides 
Concentrations of naturally occurring radioactive radium have been detected in some groundwater 
samples in the WRW. In certain areas of the WRW, the levels at which these chemicals are found cause 
them to be considered drinking water contaminants. The exact source of these compounds is not well 
understood. They may originate in the clay-rich glacial sediments or may be part of the original mineral 
composition of the Mt. Simon or fractured Sioux Quartzite geologic units. What is known is that their 
presence in the groundwater is related to reducing geochemical conditions and the very slow rate of 
groundwater flow in theses bedrock layers. 

Where are Radionuclides in the Watonwan Watershed?  

Elevated concentrations of naturally-occurring radioactive radium occur within the bedrock Mt. Simon 
aquifer and the bedrock Sioux Quartzite aquifer in the WRW.  
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How to Address Radionuclides in Groundwater 

Human activity is unlikely to be the cause of radionuclides in the WRW groundwater. Therefore, actions 
cannot reduce the amount of radionuclides present in groundwater. Implementation efforts should 
focus on awareness that radionuclides may be found in groundwater. The factors that contribute to the 
presence of radionuclides in the WRW groundwater are not well understood at this point. If private well 
users are concerned about radionuclides in their well, they can pay to have their water tested through 
an accredited laboratory. Learn more at Radionuclides (Radium) in Drinking Water 
(www.health.state.mn.us/divs/eh/water/contaminants/radionuclides.html). 

Ambient Groundwater Monitoring  
The MPCA’s Ambient Groundwater Monitoring Program monitors trends in statewide groundwater 
quality by sampling for a comprehensive suite of over 100 chemicals, including nutrients, metals, anions 
and cations, and volatile organic compounds (VOCs). The Ambient Groundwater Network currently 
consists of approximately 260 sites that represent a mix of deep domestic wells and shallow monitoring 
wells in non-agricultural regions across the state. The primary focus areas are shallow aquifers that 
underlie urban areas, due to the higher tendency of vulnerability to pollution. The wells are sampled 
annually. In addition to the annual ambient groundwater samples, MPCA staff collect approximately 40 
contaminants of emerging concern (CEC) samples that are analyzed for over one hundred analytes, such 
as pharmaceuticals, personal care products and fire retardants.  

Three ambient groundwater monitoring wells have been sampled within the WRW; however, none of 
the wells have been sampled consistently. Well 405337 is a private water supply in an agricultural land 
use area that was sampled twice for the comprehensive suite of chemicals, once in 1993 and again in 
2006. Well 733711 and 792534 are monitoring wells also located in agricultural areas. They were each 
sampled twice in 2014 for bromide, sulfate and chloride only. No other sampling was done on any of 
these three wells within this watershed (i.e. pesticides, CECs or perfluorinated chemicals).  

Due to the lack of available data, only preliminary data analysis was completed for this watershed. The 
majority of detections were within the human health guidelines, with the exception of manganese in 
well 405337 in 1993. Manganese exceeded the health-based value (HBV) for short-term duration and 
infants of 100 ug/L. Manganese can be beneficial at low levels, but can cause issues with memory, 
attention and motor skills when consumed at high concentrations. Infants (babies under one year old) 
may develop learning and behavior problems if they drink water with too much manganese in it. Visit 
MDH’s webpage to learn more about manganese and treatment options 
(www.health.state.mn.us/divs/eh/water/contaminants/manganese.html#HealthEffects). 

http://www.health.state.mn.us/divs/eh/water/contaminants/radionuclides.html
http://www.health.state.mn.us/divs/eh/water/contaminants/radionuclides.html
https://mn365.sharepoint.com/sites/MDH/env/grapsreports/Watonwan/manganese%20and%20treatment%20options%20www.health.state.mn.us/divs/eh/water/contaminants/manganese.html%23HealthEffects
https://mn365.sharepoint.com/sites/MDH/env/grapsreports/Watonwan/manganese%20and%20treatment%20options%20www.health.state.mn.us/divs/eh/water/contaminants/manganese.html%23HealthEffects
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Figure 23: Watonwan River Watershed - MPCA Ambient Groundwater Monitoring Well Network 

Potential Contaminant Sources 
Some land use practices make it easier for contaminants to get into groundwater. Key land uses that are 
potential contaminant sources in the WRW are described below. 

Animal Feedlots 

MPCA regulates the land application and storage of manure generated from animal feedlots in 
accordance with Minnesota Rule Chapter 7020. The MPCA Feedlots Program 
(https://www.pca.state.mn.us/quick-links/feedlots) requires that the land application and storage of 
manure be conducted in a manner that prevents nitrate contamination to both groundwater and 
surface water. Animal manure contains significant quantities of nitrogen and pathogens. Improper 
management of manure, especially in places with high pollution sensitivity, can contaminate 
groundwater.  

MDA hosts an interactive map that provides information on local ordinances regulating animal 
agriculture in Minnesota’s counties. The information includes the most common areas of regulations, 
such as setbacks and separation distances, conditional use permits, feedlot size limitations, and 
minimum acreage requirements. For more information, visit the Local Ordinances Regulating Livestock - 
Web Mapping (http://www.mda.state.mn.us/animals/livestock/local-livestock-ordinances.aspx). 

https://www.pca.state.mn.us/quick-links/feedlots
https://www.pca.state.mn.us/quick-links/feedlots
http://www.mda.state.mn.us/animals/livestock/local-livestock-ordinances.aspx
http://www.mda.state.mn.us/animals/livestock/local-livestock-ordinances.aspx
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Where Are Animal Feedlots in Watonwan River Watershed?  

The WRW has 552 active feedlots. The watershed is a leading producer of hogs in the state, followed by 
turkeys, beef cattle, broilers, and sheep. Minnesota Rule 7020 allows the MPCA to transfer or ‘delegate’ 
regulatory authority and administration of certain parts of the feedlot program to a county. A delegated 
county regulates feedlots with less than 1,000 animal units; MPCA regulates anything above that 
threshold. County feedlot programs have responsibility for implementing state feedlot regulations 
including: registration, permitting, inspections, education/assistance and complaint follow-up. All 
counties are delegated entities within the WRW.  

Table 6 outlines the number of registered feedlots in the WRW for each county. Figure 22 contains a grid 
that depicts the number of active feedlots in each six by six-mile section of the watershed. Darker colors 
correspond to a higher concentration of active feedlots. 

Table 6: Number of registered feedlots and the delegated counties. 

Counties  Number of Registered Feedlots per County 
Blue Earth 52 
Brown 42 
Cottonwood 124 
Jackson 7 
Martin 89 
Watonwan 238 

 
Figure 24: Watonwan River Watershed - Active Feedlots. The watershed has 552 active feedlots. 
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How to Protect Groundwater from Contamination  

Manure management plans, feedlot inspections, permitting, technical assistance and record keeping are 
all used to manage nitrogen impacts to water quality. It is important to prioritize activities in the areas 
most sensitive to groundwater first. Table 9 provides a more comprehensive list of specific actions 
partners in can take to protect groundwater from nitrate and pathogen contamination. 

Row Crop Agriculture 

Row crop agriculture or cultivated crops (Figure 3) is the largest land cover at nearly 87 percent. Impacts 
from row crop production to water resources include nitrogen loss in the form of nitrate to 
groundwater, which can move downward to aquifers or be laterally dispersed to lakes and rivers. Tile 
drainage is another pathway for nitrogen to reach surface water systems, however this is not a focus of 
the GRAPS report being the TMDL and WRAPS reports assess impacts. Agricultural chemicals, including 
pesticides, are another risk for groundwater contamination from row crop agriculture. Both nitrate and 
pesticides are addressed in the Groundwater Quality Issues and Concerns section of this report.  

Subsurface Sewage Treatment Systems (SSTS) 

Of the approximately 450,000 SSTS (commonly called septic systems) across the state, slightly over 
100,000 of them are estimated to be failing. As more time passes, additional systems are likely to fail. 
Failing SSTS can pollute both surface and groundwater. A failing system is one that does not provide 
adequate separation between the bottom of the drain field and seasonally saturated soil. The 
wastewater in SSTS contains bacteria, viruses, parasites, nutrients, and some chemicals. SSTS infiltrate 
treated sewage into the ground, which ultimately travels to groundwater.  

Where Are SSTS in the Watonwan River Watershed?  

SSTS are found in all six counties in the WRW. Information reported by counties indicate a relatively 
small to high number of failing SSTS in the watershed (Table 7). State regulations require each county to 
adopt a local SSTS ordinance and that eminent health threats or failing systems be replaced and brought 
up to current standards. Even with a required ordinance, some counties still have identified gaps in their 
SSTS program, ranging from lack of records on treatment system age, type or function, known 
unsewered communities, and lack of a point of sale requirement triggering an inspection through a 
property sale.  

Table 7: Reported number of failing SSTS in each county within the Watonwan River Watershed 

County Estimated number of failing SSTS per 1,000 acres 

Blue Earth 3 - 4 

Brown 1 - 2 

Cottonwood 1 - 2 

Jackson 3 - 4 

Martin 0 - 1 

Watonwan 0 - 1 

 

How to Protect Groundwater from SSTS Contamination  

SSTS properly sited, designed, constructed and maintained minimize the potential for disease 
transmission and groundwater contamination. Each county carries out permitting, inspections and 
operation of the SSTS program locally. Table 9 provides a more comprehensive list of specific actions the 
WRW can take to assure SSTS do not contaminate groundwater. You can find more information about 
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building and maintaining SSTS at Subsurface Sewage Treatment Systems 
(https://www.pca.state.mn.us/water/subsurface-sewage-treatment-systems).  

Contaminated Sites 

The MPCA identified 105 active tank sites, 15 leak sites, and one closed landfill in the WRW. These types 
of contaminated sites (also referred to as point sources) have the potential to contaminate groundwater 
with a variety of chemicals.  

Where Are Contaminated Sites in the Watonwan River Watershed?  

Figure 23, maps active tank and leak sites compared to pollution sensitivity of near-surface materials in 
the WRW. Figure 24 provides a map of the closed landfill in the WRW. The following sites also provide 
interactive maps to help identify specific contaminants at each location. 

▪ What's in My Neighborhood (https://www.pca.state.mn.us/data/whats-my-neighborhood): 
This app identifies potential contamination sites for water quality, feedlots, hazardous waste, 
investigation and clean up, air quality and solid waste.  

▪ Landfill Cleanup Act Participants (mpca.maps.arcgis.com/apps/Solutions/s2.html?appid=6470b
b44bd83497993da5836333d1cb3): This site has an interactive map that shows closed landfills 
and the corresponding groundwater plumes and groundwater areas of concern. 

Figure 25: Watonwan River Watershed - MPCA Active Tank and SSTS Sites and Pollution Sensitivity of Near-Surface Materials 

https://www.pca.state.mn.us/water/subsurface-sewage-treatment-systems
https://www.pca.state.mn.us/water/subsurface-sewage-treatment-systems
https://www.pca.state.mn.us/data/whats-my-neighborhood
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Figure 26: Watonwan River Watershed - MPCA Closed Landfills 

How to Protect Groundwater from Contaminated Sites  

Contaminated sites should be identified before making or changing any land use plans, zoning maps, 
and/or ordinances. Table 9 provides a more comprehensive list of specific actions the WRW can do to 
assure contamination sites do not further contaminate groundwater. 

Stormwater 

The MPCA Stormwater Program (https://www.pca.state.mn.us/water/stormwater) regulates the 
discharge of stormwater and snowmelt runoff from municipal separate storm sewer systems (MS4s), 
construction activities and industrial facilities, mainly through the administration of the National 
Pollutant Discharge Elimination System (NPDES)/State Disposal System (SDS) Program. The WRW has no 
entities with an MS4 permit requiring the treatment and management of stormwater runoff.  

The management of stormwater runoff is increasingly reliant on the infiltration of stormwater into the 
soil to control the volume of runoff. A number of stormwater practices concentrate runoff and force 
infiltration into the soil where it can recharge groundwater aquifers. The impacts of these practices on 
groundwater quality have not been thoroughly evaluated.  

How to Manage Potential Stormwater Infiltration Risk  

Be cautious when infiltrating stormwater, especially in areas with vulnerable drinking water sources. Use 
the MDH Stormwater Guidance for Sites in Drinking Water Supply Management Areas 
(https://stormwater.pca.state.mn.us/images/d/d3/Flow_Chart_-
_MDH_Stormwater_Guidance_for_Sites_in_Drinking_Water_Supply_Management_Areas.pdf) to better 

https://www.pca.state.mn.us/water/stormwater
https://stormwater.pca.state.mn.us/images/d/d3/Flow_Chart_-_MDH_Stormwater_Guidance_for_Sites_in_Drinking_Water_Supply_Management_Areas.pdf
https://stormwater.pca.state.mn.us/images/d/d3/Flow_Chart_-_MDH_Stormwater_Guidance_for_Sites_in_Drinking_Water_Supply_Management_Areas.pdf
https://stormwater.pca.state.mn.us/images/d/d3/Flow_Chart_-_MDH_Stormwater_Guidance_for_Sites_in_Drinking_Water_Supply_Management_Areas.pdf


Watonwan River Watershed GRAPS Report  42 

understand when infiltration is appropriate in wellhead protection areas. Table 9 provides a more 
comprehensive list of additional actions the WRW can take to prevent stormwater infiltration from 
contaminating groundwater. 

Household Hazardous Waste 

Many household products you use to clean your home, maintain your yard, and control animals and 
insects contain hazardous materials. When these products are disposed of improperly, it may lead to 
groundwater contamination. 

Minnesota’s household hazardous waste (HHW) program is a partnership with the MPCA and the 
counties. Together, they provide education about HHW storage and disposal as well as maintain a 
network of regional, local and mobile facilities to collect HHW statewide. In addition, many counties 
offer temporary collection sites, including one-day events. The MPCA has a searchable database to find 
HHW collection sites for your county, Household Hazardous Waste Collection Sites 
(https://www.pca.state.mn.us/living-green/find-your-household-hazardous-waste-collection-site). 

Similar to the partnership for HHW, MDA partners with counties to provide a means to safely dispose of 
unwanted and unusable pesticides through the Waste Pesticide Collection Program. Through this 
program, pesticide users in every county around the state have opportunities to dispose of unwanted 
agricultural pesticides through county HHW facilities, mobile collection events or by attending MDA 
schedule events. Participants can drop off up to 300 pounds free of charge. MDA manages the schedule 
for the pesticide collection program. To learn about potential partnerships and scheduled events visit, 
MDA Waste Pesticide Collection Schedule 
(www.mda.state.mn.us/chemicals/spills/wastepesticides/schedule.aspx). 

How to Protect Groundwater from Household Hazardous Waste Contamination 

Promote HHW and the pesticide collection program to residents, and evaluate opportunities to expand 
services to increase participation. Table 9 provides a more comprehensive list of specific actions the 
WRW can take to assure consumer products do not contaminate groundwater. 

Pharmaceuticals  

The presence of pharmaceuticals in water is of increasing concern because they may cause harm to 
humans and aquatic life. Pharmaceuticals enter rivers, lakes and groundwater when human waste, 
animal waste or discarded medications move from stormwater systems, sewer systems or septic tanks 
into water. Wastewater and drinking water treatment may not completely remove pharmaceuticals. As 
a result, these chemicals can be found in drinking water sources.  

How to Protect Groundwater from Pharmaceutical Contamination 

Do not flush old or unwanted prescription or over the counter medications down the toilet or drain, and 
do not put them in the trash. There are more than 240 medication collection boxes located at law 
enforcement facilities and pharmacies in Minnesota. These collection sites do not charge for disposal. 
You can use the Earth 911 website to identify collection sites by zip code, Locations that take 
medications (search.earth911.com/?what=Medications&where=MN). If a disposal site is not available, 
follow the MPCA guidance to minimize risk to the environment, Medication Disposal Guidance 
(https://www.pca.state.mn.us/living-green/managing-unwanted-medications). 

Groundwater Quantity Issues and Concerns 
The eastern half of the WRW is underlain by bedrock aquifers, so groundwater is normally available. 
Groundwater levels generally follow multiyear cycles that correlate with precipitation. In areas near 
large-capacity wells where groundwater is heavily pumped groundwater levels vary seasonally. 

https://www.pca.state.mn.us/living-green/find-your-household-hazardous-waste-collection-site
https://www.pca.state.mn.us/living-green/find-your-household-hazardous-waste-collection-site
http://www.mda.state.mn.us/chemicals/spills/wastepesticides/schedule.aspx
http://www.mda.state.mn.us/chemicals/spills/wastepesticides/schedule.aspx
https://mn365.sharepoint.com/sites/MDH/env/grapsreports/Cannon/Locations%20that%20take%20medications%20(http:/search.earth911.com?what=Medications&where=MN)h
https://mn365.sharepoint.com/sites/MDH/env/grapsreports/Cannon/Locations%20that%20take%20medications%20(http:/search.earth911.com?what=Medications&where=MN)h
https://www.pca.state.mn.us/living-green/managing-unwanted-medications
https://www.pca.state.mn.us/living-green/managing-unwanted-medications
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In a few select wells that are near pumping centers significant drawdown occurs during the pumping 
season but generally recovers each year.  

Activities on land can affect groundwater levels by reducing infiltration (groundwater recharge); these 
activities include tiling, changes in vegetation, increased areas of impervious surface, and changing 
surface water or storm water flow.  

To understand whether there are groundwater quantity concerns in the WRW, water level monitoring 
data from local wells is essential. Depending on the location, hydrogeology, intensity of use, and other 
factors, water level changes may have little impact on the groundwater resource or other natural 
features. In other places, pumping wells or changing land use can significantly affect water levels. These 
changes result in well interference; less water available for withdrawal; less streamflow; and lower 
water levels in wetlands, fens, or lakes. Lower water levels in wetlands, fens, or lakes can impact aquatic 
and terrestrial communities. Even if other wells or natural features are not immediately impacted, a 
downward trend in groundwater levels can indicate an unsustainable use and should be addressed.  

Groundwater Level Monitoring 
The DNR maintains a statewide groundwater level monitoring program using observation wells for the 
purpose of assessing the status of groundwater resources. The network provides valuable information 
to determine long-term trends, interpreting impacts of pumping and climate, planning for water 
conservation, evaluating water use conflicts, and inform other water management decisions. 

Data over a multiple decade period of record are needed when assessing whether groundwater levels 
have changed. The DNR observation wells have a large range of length of record. A few wells have 
water-level records extending back forty or more years. Additional observation wells were recently 
installed within the past year or two. The water level records from newer wells will be of great use in the 
future, but are not used in this report. The locations of DNR observation wells, their year of installation, 
and the location of well nests (where wells completed at different depths in different aquifers are 
located near each other) are shown in Figure 27. 
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Figure 27: Watonwan River Watershed - Location of Active DNR Groundwater Monitoring Wells 

Three observation wells with greater than 20 years of record were analyzed for water level trends by the 
Mann-Kendall non-parametric statistical method (Figure 27). The period from 1989 to 2018 was used for 
trend analysis in each well. One well is completed in the surficial sand (water table) aquifer and two 
wells are completed in the buried sand and gravel aquifer. (Most statistical methods assume a normal 
data distribution. Because hydrologic data typically do not have a normal distribution, non-parametric 
statistics are required). The trends were calculated using one data point per year, the lowest annual 
water level reading. The trends are meant to show a general direction of water levels over time and are 
shown in Figure 28. The Mann-Kendall method can indicate an upward trend, a downward trend or no 
trend. All calculated trends from observation wells in the WRW were either no trend or downward 
trend. A downward trend can result from changes in precipitation and groundwater recharge, or 
increases in nearby pumping, or both. The location of wells with hydrographs showing water elevation 
over time are shown in Figure 29. The hydrographs are shown in Figure 30 (a through e) and Figure 31.  

Figure 28, the circles represent water use data. The colors of circles correspond to water use permits 
issued for public water supply, irrigation, and all remaining sources of water use. The size of the symbol 
indicates how many millions of gallons were reported as pumped in 2016.  
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Figure 28: Watonwan River Watershed – Water use by category type and location of Long-Term DNR Groundwater Level 

Monitoring Wells with enough water level measures to do a statistical trend analysis. 
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Figure 29: Watonwan River Watershed – DNR Observation Wells with Hydrographs 

There are 33 active observation wells in the WRW. Most of the wells have a limited record, either in 
terms of length of years measured or in number of measurements per year. Figure 30 shows two areas 
with long-term records. Well 83016 has water levels back to 1970. Well nest 46004 and 46005 has water 
levels back to 1988. The water levels in all three wells correlate largely to precipitation patterns. The 
levels are low during the 1988 drought and again during the 2012 drought. The water levels are affected 
by nearby pumping, but because there are only a few readings per year, the pumping effects are not 
easily seen.  

Five well nests were installed in 2009 to monitor the Mt. Simon aquifer, the deepest bedrock aquifer in 
this area. These five nests included one well completed in the Mt. Simon aquifer and one well in a 
shallower aquifer. All of these wells have transducers and data loggers to measure changes in water 
level over time. The data record both the long-term changes that are correlated with precipitation that 
varies over five or more years and the short-term seasonal changes caused by pumping in nearby large-
capacity wells.  
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Figure 30: Watonwan River Watershed - Hydrographs from observation well 83016. This hydrograph the elevation of the water 
table in DNR obwell 8300 and its replacement well 83016. The water table elevation has varied about 10 feet over the period of 

record. It is low during drought periods and is high during wet periods. 

 
Figure 31: Watonwan River Watershed - Hydrographs from observation well nest 46004 and 46005. This well nest has two wells 

completed in buried sand and gravel aquifers. The water levels in these wells fluctuate about five feet over time and correlate with 
precipitation: lower water levels during drought periods and higher water levels during wet periods.  
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Figure 30a: Watonwan River Watershed - Hydrograph from observation well 82021 and 82022.  

 
Figure 30b: Watonwan River Watershed – Hydrograph from observation well 83017 and 83018. 
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Figure 30c: Watonwan River Watershed - Hydrograph from observation well 83019 and 83020. 

 
Figure 30d: Watonwan River Watershed – Hydrograph from observation well 83023 and 83024. 
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Figure 30e: Watonwan River Watershed – Hydrograph from observation well 46006 and 46007. High resolution hydrographs from 

well nests installed in 2009 to monitor the Mt. Simon aquifer and an overlying aquifer. The overlying aquifer is Cretaceous 
sandstone in well 46007. In the other four well nests, the shallower aquifer is buried sand and gravel. All of these wells show a 

five-year period: high water levels in 2011 and 2017, which correlate with precipitation trends. All of Watonwan County wells also 
show annual summer drawdown that is directly related to nearby pumping. The drawdown in the sand and gravel aquifer is 

caused by pumping the Mt. Simon aquifer. The general correlation between aquifers is likely due to summer water demand and 
does not reflect on the connection between the two aquifers. 

Data from observation wells measure how water levels in an aquifer change over time. In aquifers 
connected to the land surface water levels generally fluctuate with precipitation and groundwater 
recharge. Pumping of nearby wells completed in the same aquifer will also lower water levels in the 
observation wells. The effects of groundwater recharge versus pumping can be separated on a 
hydrograph by the nature of the water-level change. In confined aquifers, nearby pumping wells will 
cause cyclic water level drops of greater magnitude than the drops in water level solely attributable to 
changes in precipitation and recharge. Large-capacity pumping wells should not be placed in close 
proximity to existing domestic wells or to groundwater connected features.  

Groundwater Connected Natural Features at Risk  
The WRW boundary includes significant natural features, including surface waters that depend on 
groundwater to sustain them (Figure x). Groundwater appropriations and land-use changes can impact 
the health of these natural resources. If groundwater quantity or quality is degraded, these resources 
are at risk. The following features occur within the WRW: 

• Two designated calcareous fens: Delton 20 and Perch Creek WMA 
• Wetland complexes across the entire area 
• Lakes that may be susceptible to changing aquifer levels 
• Twenty-three kinds of native plant communities connected to groundwater 
• Ten rare plant and animal species connected with groundwater that are listed as threatened or 

special concern. This list includes state listed species. 
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Rare Natural Features Connected with Groundwater in the Watonwan River Watershed 

Rare natural features (Figure 32 and Figure 33) contribute to the health of the habitat and environment. 
Some even contribute directly to local economies in the form of recreation—including hunting/fishing, 
wildlife viewing, and camping. Rare natural features can include species of rare plants and animals as 
well as native plant communities (habitats). These resources are at risk if groundwater quantity or 
quality is disrupted. 

There are two designated calcareous fens in the WRW (Delton 20 and Perch Creek WMA). Calcareous 
fens are very rare prairie wetlands that only occur in 10 states and are fed by a constant supply of cool, 
calcium rich groundwater that supports a unique set of plants and animals. Calcareous fens support one 
of the rare plants and one of the rare animals found in the WW. These fens are protected from harm 
under Minnesota Statute (103G.223). When they decline it is a signal to us that some element or 
process of our groundwater system is not functioning well. Once lost, these communities cannot be 
replaced. The Perch Creek WMA is one such example of a calcareous fen that has been lost. It was 
impacted by a change in groundwater supply and land use that led to periodic flooding, which 
contributed to its decline to the point that it is no longer recognizable as a viable calcareous fen 
community—in essence, it no longer exists on the landscape. 

 
Figure 32: Watonwan River Watershed - Rare Plants, Animals, and Native Plant Communities Connected with Groundwater 



Watonwan River Watershed GRAPS Report  52 

There are 23 kinds of native plant communities associated or dependent on groundwater in the WRW. 
They range from dry and mesic prairies to marshes, seepage meadows, and floodplain forests. The WRW 
has lost many of its native plant communities so those that remain are a high priority for preservation in 
order to achieve healthy groundwater systems. All of the native plant communities that remain are 
considered critically imperiled or imperiled. There are 10 species of amphibians, insects, mussels, 
reptiles, and plants that are either threatened, special concern, or a state listed “Species In Greatest 
Conservation Need,” that are dependent on habitats with groundwater or groundwater seepage areas in 
the WRW. 

 
Figure 33: Watonwan River Watershed - Native Plant Communities Connected with Groundwater 

Groundwater connections to wildlife species are many and often complex. Wildlife groups as diverse as 
birds, bats, spiders, snakes, turtles, frogs, toads, fishes, and snails all contain species that require some 
form of surface water body to complete their life cycles and persist on the landscape. If groundwater 
fluctuations or depletions affect a significant number of surface water features in this area, important 
wildlife habitats may be impacted or lost.  

http://files.dnr.state.mn.us/natural_resources/npc/s_ranks_npc_types_&_subtypes.pdf
http://files.dnr.state.mn.us/natural_resources/npc/s_ranks_npc_types_&_subtypes.pdf
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Groundwater Flow Dominated Lakes 

All lakes are connected to groundwater, but the specific interaction between lake water and 
groundwater depends on the geology, topography, and volume of surface-water inflow and outflow 
associated with the lake. There are three basic lake types (Petersen and Solstad, 2007):  

1. Lakes dominated by surface water inflow and outflow resulting from a large ratio of contributing 
surface watershed area to lake area.  

2. Lakes dominated by groundwater inflow and outflow resulting from a smaller ratio of 
contributing surface watershed area to lake area (10 or less). This lake type is often landlocked 
with no surface outlet. Although for the purposes of this GRAPS report, the lake level versus 
outlet elevation has not been studied. Lakes have been put into this classification solely by 
watershed to lake area ratio. 

3. Lakes intermediate between the first and second types. This applies to lakes that typically have a 
large watershed to lake area ratio, but during times of drought, the lake level will drop below 
the outlet level. Groundwater often becomes a significant part of the inflow to these lakes 
during extended dry periods.  

Only the groundwater-dominant lakes as defined in type 2 above are shown in this report (Figure 34). 
Twenty-seven of the 60 lakes in the WRW have a watershed to lake area ratio of 10 or less and are 
considered groundwater-dependent lakes. Large-scale groundwater pumping near a lake will likely have 
more impact on groundwater-dominated lakes than on surface water dominant lakes.  

 
Figure 34: Watonwan River Watershed - Groundwater Dominated Lakes 
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How to Address Groundwater Quantity Issues  
Most groundwater quantity (sustainability) issues are the result of overuse of groundwater and/or 
reduction in recharge to the underlying aquifer. Therefore, the strategies to address water quantity 
issues are similar, regardless of the groundwater quantity issue. The two primary goals to assure water 
sustainability are: 

▪ Water conservation: Reduce or limit the amount of groundwater used 
▪ Promote or protect recharge: Find ways for water to infiltrate back into the ground 

There are a variety of strategies to help meet water conservation and recharge goals. The type of 
strategy used depends on the primary factor affecting quantity in the area in question. Strategies 
include: conservation easements, cropland management, education and outreach, irrigation water 
management and land use planning and management. Table 9 provides a more comprehensive list of 
specific actions the WRW can take to conserve water and promote recharge.  
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Watonwan River Watershed Strategies 
and Actions to Restore and Protect 
Groundwater  
This section provides tips for prioritizing and targeting restoration and protection strategies and makes 
suggestions about what strategies and actions would be most appropriate within different areas of the 
watershed. Information on the geological, ecological and sociological conditions for each county and 
subwatershed (HUC-10) informs which strategies and actions would be effective for each HUC-10 and 
county.  

Tips for Prioritizing and Targeting Strategies and Actions 

Determine Your Goal 
You may decide to address an issue because of known instances or threats in an area, or maybe you are 
working in a geographic area because of jurisdiction or some other factors. The Actions and Strategies 
Table (Table 9) will help you focus on the goal, for instance, reducing nitrate in groundwater. Then you 
will need to decide, using the table, if you would like to focus on conservation easements, outreach and 
education, nutrient management, or some other strategy.  

Match the Right Action with the Right Location  
The Actions and Strategies Table (Table 9) will help you determine where the actions would be most 
effective. For instance, an activity that reduces nitrate in groundwater may be more valuable in sensitive 
areas or vulnerable wellhead protection areas. Or, if you are focused on a limited geography, the table 
will help you determine what actions are applicable to that area. Considering the sensitivity combined 
with the presence of drinking water wells and vulnerable wellhead protection areas can help further 
focus efforts. In another example, factors such as the presence of groundwater dependent features and 
a concentration of large appropriation wells can help determine where efforts to promote conservation 
and recharge would be most effective. 

Know the Pollution Sensitivity 
Groundwater quality is impacted by both point and non-point source pollution. These potential 
contaminant sources need to be managed according to the pollution sensitivity of the aquifer (Figure 6). 
Examining the sensitivity of the aquifer as it relates to contamination risk helps determine the level of 
management necessary to protect groundwater quality. For example, a failing septic system has a 
greater potential to contaminate the aquifer in a highly sensitive setting with coarse textured material 
than an area with low sensitivity that has a protective clay layer that retards the movement of water 
into the aquifer.  

Consider Multiple Benefits  
Oftentimes, the restoration and protection strategies identified for both groundwater and drinking 
water positively influence other ecosystem services, such as surface waters, habitat, and pollinators, 
among others. Managing water as ‘one water’, rather than parceling it out to reflect the different 
aspects of water as it moves through the hydrologic cycle, allows for better planning and allocation of 
resources. The far right columns of the Actions and Strategies Table (Table 9) identifies the multiple 
benefits that could result from implementing the action. 
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Leverage Other Programs and Practices 
Utilize existing Federal and State programs that are already working in the WRW to conserve land, 
prevent erosion and protect or improve surface water quality. Many of the practices that are being 
implemented have a benefit for groundwater. You can further target some of these efforts based on the 
information provided in this report to maximize the benefits by protecting groundwater. (Table 9) 
includes a column that identifies which agencies can assist with a specific action; the listed agencies 
typically have some type of program in place that you can leverage. The Descriptions of Supporting 
Strategies section of this report lists existing programs and resources for each of the suggested 
strategies. 

Emphasize Protection 
There is often a bias in groundwater management towards strategies that emphasize protection 
because of the cost and difficulty of remediating already-contaminated resources. In contrast to surface 
water bodies, groundwater: 

▪ is difficult to access;  
▪ cannot be observed, sampled or measured easily; 
▪ travels slowly, often along complex pathways and through aquifer media that can absorb and 

store contaminants over long time periods; and 
▪ is very difficult and expensive to treat if contaminated.  

Timeframes associated with groundwater cleanup activities are often measured in decades and cost 
millions of dollars. Groundwater management strategies that emphasize prevention and protection are 
critical. 

Although the tide is changing within water resources management in Minnesota, many funding streams 
and priorities are focused on restoration activities that can show measureable outcomes. Even though it 
is difficult to demonstrate ‘improvements’ from protection strategies, it is important to stress the need 
to take a balanced approach and protect groundwater resources.  

Strategies and Actions for Watonwan River Watershed 
This section provides a table of strategies and actions local partners in the WRW can take to restore and 
protect groundwater resources. Many of the proposed actions require the participation of a willing 
landowner to execute. Other actions reflect opportunities to manage land use through local controls. 
Many of the proposed strategies and actions align with strategies to protect surface waters.  

Each action aligns with one or more supporting strategies and goals.  

▪ Goals identify how an action helps restore and/or protect groundwater.  
▪ Supporting Strategies are key approaches to achieving the goal.  
▪ Recommended Groundwater Actions are specific actions prescribed to a specific county or 

HUC-10 within the watershed that will help achieve the goal and pertains to the supporting 
strategy. 

Figure 35 provides a visual representation of the relationship between goals, supporting strategies, and 
recommended groundwater actions. Note that each goal is supported by many supporting strategies, 
and each supporting strategy may have a variety of recommended groundwater actions. 
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Figure 35: Visual representation of the relationship between goals, supporting strategies, and recommended groundwater action. 

How to Use the Table of Actions and Strategies 
The Table of Actions and Strategies (Table 9) is designed so that you can find actions and strategies 
related to whatever your priorities may be when it comes to restoring and protecting groundwater. 
There are a variety of columns to facilitate the following:  

▪ finding actions for specific geographic areas (counties or HUC-10s); 
▪ finding actions or strategies that would help achieve a specific goal; 
▪ learning the additional benefits of implementing a specific action; and 
▪ tips for determining where to target a specific action if you cannot implement the action in the 

entire recommended area.  

The following list defines what each of the columns in Table 9 represent:  

▪ Goal: How the action in this row helps restore and/or protect groundwater. The goals have been 
sorted alphabetically as much as possible. Each goal identifies the main objective—such as 
whether it protects groundwater quality or sustains the amount of water available—and 
includes a keyword to explain how the goal is achieved. For example, a goal that is listed as 
‘Protect Groundwater and Drinking Water Quality: Closed Landfills’ can be interpreted as: 
Protect groundwater and drinking water quality from landfill contamination. 

▪ Supporting Strategies: Identifies and links you to general strategies that help accomplish the 
goal for the action in this row. Each strategy is hyperlinked to a section of the report that 
provides more information about the strategy and connects you with existing tools and 
programs that may assist you in implementing this strategy or implementing actions related to 
this strategy. 
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▪ Recommended Groundwater Action: A specific action you can take to help achieve the goal to 
the left in the row and is informed by the strategy to the left in the same row. 

▪ Target ________ Co.: The ‘X’s’ denote which counties should consider using the action 
described in the corresponding row. An ‘X’ denotes the action would be most beneficial for that 
county. The addition of the counties helps to further prioritize and target where recommended 
groundwater actions should be implemented, narrowing the focus from a larger subwatershed 
to a specific geographic area. For example, many of the subwatersheds identify the need to 
work with irrigators; by adding the additional filter of counties, you are able to eliminate specific 
counties that do not have irrigators, targeting where implementation should occur. It also works 
as a quick reference to identify groundwater actions specific to the county in which you work. 

▪ HUC-8s Involved: This column denotes which HUC-8 major watershed(s) within the WRW to 
consider using the action described in the corresponding row. There are four HUC-8s within the 
watershed. Table 11 provides the name and the HUC-8 number assigned to each major 
watershed. Figure 2 is a map of the HUC-8s. 

▪ Agencies that can assist9: This column lists agencies that may be able to assist with 
implementing the strategy through existing programs or providing more information or 
technical assistance.  

▪ Tips for Targeting & Helpful Maps: This column helps identify the areas that should be targeted 
for the specific action if it is not feasible to implement the action in all the recommended 
counties or HUC-8s. The column also includes links to maps within the GRAPS report that may be 
helpful in identifying which specific areas within a county or HUC-8 to target. The maps are 
listed in italicized font. You can click on the blue text that says the figure number for the map to 
hyperlink directly to the map being referenced. 

▪ Benefit:_______ 10: This series of ‘X’ marks whether the corresponding action may have 
additional benefits. An ‘X’ denotes the action could create the described additional benefit. 

Table 8: HUC 10 subwatersheds within the Watonwan River Watershed 

HUC-10 Name Reference Name in Implementation Table HUC-10 Number 
North Fork Watonwan River North Fork  0702001002 
Upper Watonwan River Upper Watonwan 0702001001 
South Fork Watonwan River South Fork  0702001004 
St. James Creek St. James 0702001003 
Lower Watonwan River Lower Watonwan 0702001006 
Perch Creek Perch 0702001005 

                                                           

 
9 BWSR=Board of Soil and Water Resources; FSA=Farm Service Agency; MDA=Minnesota Department of Agriculture; 
MDH=Minnesota Department of Health; MPCA=Minnesota Pollution Control Agency; NRCS=Natural Resources Conservation 
Service; UMN=University of Minnesota Extension (not a comprehensive list of agencies/partners) 
10 Habitat=Improve/Protect Habitat, including pollinators; GWCF=Improve/Protect Groundwater Connected Features; Soil 
Health=Improve/Protect Soil Health; Erosion=Control Erosion; Carbon=Carbon Sequestration; Nutrient Runoff=Control Nutrient 
Runoff, including pesticides (The multiple benefits achieved are dependent on the placement and type of BMPs implemented; seed 
mixes planted; and other site conditions). 
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Summary of Key Findings and Issues 
Below is a summary of key groundwater quality and quantity findings found in the WRW. This summary 
can be used to help target groundwater actions during the 1W1P exercise. 

Key Groundwater Quality Findings and Issues 

▪ Arsenic – 47 percent of tested wells have elevated arsenic with approximately 16 percent 
exceeding the SDWA standard of 10 µg/L. 

▪ Nitrate –none of the tested drinking water wells had levels at or above the SDWA standard of 10 
mg/L, although shallow wells, less than 50 feet deep, had approximately 73 percent of samples 
exceeding the natural background levels of 3 mg/L, meaning groundwater quality is influence by 
land use activities.  
▪ MDA monitoring wells in Watonwan County recorded the highest nitrate result at 91.6 

mg/L. This exceedance observed once, has not recorded similar results since.  
▪ MDA TTP – Sampling occurred in 2018 in Amboy and Dale townships in Cottonwood County 

and in Lincoln and Garden Center in Blue Earth County. Riverdale Township in Watonwan 
County scheduled sampling is to occur in 2019. 

▪ Pesticides were detected in both MDA monitoring wells, but not at concentrations above 
human-health based drinking water standards or reference values. 

▪ Radionuclides - Elevated concentrations of naturally occurring radioactive radium occur within 
the bedrock Mt. Simon and Sioux Quartzite aquifers.  

▪ Drinking Water Stats – 73 percent of all residents utilize a community public water supplier, 
including a rural water system, the remaining 27 percent use private wells. 

▪ DWSMAs cover approximately 33,255 acres in the watershed. Five of the nine approved 
wellhead protection plans exhibit a high vulnerability in all or part of their DWSMA and are 
vulnerable to contamination from the land surface.  
▪ Three of the DWSMAs are conjunctive delineations, Darfur, La Salle, and Red Rock Rural 

Water. A conjunctive delineation has a groundwater capture area, which focuses on 
contaminants likely to soak into the ground and a surface water contribution area that 
focuses on contaminants most likely to runoff during rainfall or snowmelt.  

▪ Red Rock Rural Water service lines extend to more than half of the watershed. 
▪ Animal feedlots – There are 552 active feedlots in the watershed with the greatest 

concentration in Watonwan County, followed by Cottonwood County. All counties are delegated 
programs and manage the feedlot rule locally. 

▪ Row crop agriculture accounts for 87 percent of land cover in the watershed and poses risk to 
groundwater contamination in a highly sensitive geologic setting. 

▪ SSTS are located throughout the watershed. Information reported by counties indicate Blue 
Earth and Jackson counties have the highest number of failing SSTS at three to four per 1,000 
acres, followed by Brown and Cottonwood counties at one to two per 1,000 acres, and Martin 
and Watonwan with zero to one failing SSTS per 1,000 acres.  

▪ Contaminated sites – Approximately 14 percent of all registered tanks are leaking chemicals 
into the environment and have the potential to cause localized groundwater pollution.  
▪ One closed landfill with a known groundwater contamination plume is located within the 

watershed. 

Key Groundwater Quantity Findings and Issues 

▪ Groundwater is normally available on the eastern half of the watershed where underlain by 
bedrock aquifers. 

▪ Groundwater levels generally follow multiyear cycles that correlate with precipitation. In areas 
near large-capacity wells where groundwater is heavily pumped groundwater levels vary 
seasonally. 
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▪ In a few select wells that are near pumping centers significant drawdown occurs during the 
pumping season, but generally recovers each year.  

▪ Groundwater use has increased since 1990 to the present, attributed to agricultural irrigation, 
especially during drought years. 

▪ Twenty-seven of the 60 lakes in the watershed have a watershed to lake ratio of 10 or less and 
are considered groundwater dependent lakes, susceptible to changing aquifer levels.  

▪ Wetland complexes across the entire watershed are susceptible to changing aquifer levels. 
▪ Two designated calcareous fens: Delton 20 and Perch Creek WMA. Calcareous fens are very rare 

prairie wetlands fed by a constant supply of cool, calcium rich groundwater.  
▪ Twenty-three kinds of native plant communities and ten state-listed endangered, threatened, or 

special concern plant and animal species connected to groundwater that are at risk to changing 
aquifer levels and degraded groundwater quality. 
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Table of Actions and Strategies to Restore and Protect Groundwater 
Table 9: Actions and Strategies to Restore and Protect Groundwater 
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Protect Private 
Well Users: 
Arsenic 

Education and 
Outreach 

▪ Educate well users about the health risks of 
elevated arsenic levels in drinking water.  

▪ Promote testing of private wells through 
education or cost share.  

▪ Provide information from MDH about 
arsenic in Minnesota’s well water to private 
well users to help answer health related 
questions and information on arsenic 
removal.  

X X X X X X All MDH Well 
MGMT 

Prioritize areas with a high density of 
private wells and areas with evidence 
of high levels of arsenic in private wells.  

Arsenic Map (Figure 21) 

Drinking Water Wells Map (Figure 17) 

      

Protect Private 
Well Users:  

Well Testing  

Education and 
Outreach 

Make information available to private well 
users about local drinking water quality and 
well testing. Host a well testing clinic or 
provide resources to well users to have their 
water tested for: 

▪ Coliform Bacteria (every year) 
▪ Nitrate (every other year) 
▪ Arsenic (at least once) 
▪ Lead (at least once) 
▪ Manganese (at least once) 

X X X X X X All MDH Well 
MGMT 

Prioritize areas with a high density of 
private wells, high pollution sensitivity, 
and/or where there are known 
groundwater contaminants. 

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

Arsenic Map (Figure 21) 

Drinking Water Wells Map (Figure 17) 

Nitrate Map (Figure 18) 

      

Protect Private 
Well Users: 
Manage Wells 

Protect 
Groundwater and 
Drinking Water 

Education and 
Outreach 

Promote proper management of wells 
through MDH tools, such as the ‘Well Owners 
Handbook’ in landowner outreach efforts. 

X X X X X X All MDH Well 
MGMT 

Prioritize areas with a high density of 
private wells  

Drinking Water Wells Map (Figure 17) 
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Quality: Manage 
Wells 

Protect 
Groundwater and 
Drinking Water 
Quality: Well 
Sealing 

Education and 
Outreach 

▪ Provide cost share to well owners for 
sealing of unsealed, unused wells.  

▪ Provide educational materials on well 
sealing. 

X X X X X X All MDH 

Well 
MGMT 

Prioritize areas with a high density of 
private wells and DWSMAs.  

Drinking Water Wells Map (Figure 17)  

DWSMA Map (Figure 11) 

      

Protect 
Groundwater and 
Drinking Water 
Quality: Closed 
Landfills 

Contaminant 
Planning and 
Management 

Land Use 
Planning and 
Management 

▪ Identify MPCA closed landfill location and 
groundwater areas of concern in 
comprehensive land use plans, zoning maps 
and ordinances. Identifying the location will 
help assure drinking water and public 
health implications are considered when 
evaluating future growth or development 
near these sites. 

▪ Consult and review the MPCA Closed 
Landfill Program to make sure any 
proposed changes in zoning districts or new 
land use planning proposals are not in 
conflict with the State Closed Landfill Plan. 

▪ Contact the MPCA Closed Landfill Program 
for current information and any concerns or 
changes to the groundwater area of 
concern when considering land use changes 
or developments near the area. Request to 
be notified regarding any changes in the 
migration or movement of contaminants. 

▪ Educate residents about the proper 
disposal of HHW, pharmaceuticals and 
personal care products that can 
contaminant landfills. 

     

X South Fork MPCA CLP 
Land 

Manager 

Closed Landfill Map (Figure 26) 
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Strategy ▪ Recommended Groundwater Actions 
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Protect 
Groundwater and 
Drinking Water 
Quality: Leaky 
Tanks 

Contaminant 
Planning and 
Management 

Land Use 
Planning and 
Management 

▪ Identify leaky and active tank sites in your 
area in comprehensive land use plans, 
zoning maps and ordinances. Identifying 
these locations will help assure drinking 
water and public health implications are 
considered when evaluating future growth 
or development near these sites. 

▪ Contact the MPCA Tank Compliance and 
Assistance Program for current information 
and any concerns or changes to the 
groundwater area of concern when 
considering land use changes or 
developments near these areas. Request to 
be notified regarding any changes in the 
migration or movement of contaminants. 

X 

 

X 

  

X Upper 
Watonwan 

St. James 

Lower 
Watonwan 

MPCA 
Tanks 

Program 

Focus in areas with high pollution 
sensitivity, karst geology and highly 
vulnerable DWSMAs.  

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11)  

Tank & Leak Site Map (Figure 24) 

      

Protect 
Groundwater and 
Drinking Water 
Quality: 

Karst Sinkhole 
Treatment 

Cropland 
Management 

Treat karst sinkhole features to reduce the 
movement of contaminants into groundwater 
by installing a vegetative buffer around the 
sinkhole and managing nutrients and 
pesticides within the watershed that flows 
into the sinkhole. 

X      Perch 

Lower 
Watonwan 

NRCS Field 
Office 

Prioritize areas of karst geology in 
agricultural settings. 

Pollution Sensitivity Map (Figure 6) 

 

      

Protect 
Groundwater and 
Drinking Water 
Quality: Feedlots 

Contaminant 
Planning and 
Management 

Prioritize feedlot inspections, regardless of 
size, in areas of greatest risk to pollution, to 
minimize the loss of nitrate and harmful 
bacteria. 

X  X   X Upper 
Watonwan 

St. James 

Lower 
Watonwan 

Perch 

 

MPCA 
Feedlot 
Program 

Focus in areas with high pollution 
sensitivity, karst geology and highly 
vulnerable DWSMAs.  

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Active Feedlot Map (Figure 24) 

     

X 
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Supporting 

Strategy ▪ Recommended Groundwater Actions 
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Protect 
Groundwater and 
Drinking Water 
Quality: Manure 
Management 

Education and 
Outreach 

Nutrient 
Management 

Contaminant 
Planning and 
Management 

▪ In delegated counties, all feedlots that apply 
manure in areas of high risk will conduct a 
Level 2 records review completed regardless 
of the size of facility. 

▪ In delegated counties, conduct annual Level 
3 review of manure acres in areas of high 
risk. 

▪ Assist feedlot owners, especially sites with 
300 or fewer animal units, in the 
development of a manure management 
plan.  

▪ Host field days that promote; emergency 
response training, manure crediting, 
calibration of equipment, and the manure 
testing process.  

▪ Evaluate local ordinances and revise to 
include manure timing guidelines to protect 
from nitrate loss. Follow the UMN Extension 
guidelines, including no summer application 
and fall application only after soil 
temperature is below 50 degrees. 

X  X   X Upper 
Watonwan 

St. James 

Lower 
Watonwan 

Perch 

MPCA 
Feedlot 
Program 

Focus in areas with high pollution 
sensitivity, karst geology and highly 
vulnerable DWSMAs.  

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

  X X  X 

Protect 
Groundwater and 
Drinking Water 
Quality: Manure 
Management 

Education and 
Outreach 

Nutrient 
Management 

Contaminant 
Planning and 
Management 

Promote actions to prepare for field 
application of manure: 

▪ Inspect equipment to ensure everything is 
functioning properly to avoid leaks or spills  

▪ Get manure sampled and analyzed for 
nutrient availability 

▪ Plan applications for each field 
▪ Determine any setbacks needed in fields 

and mark locations of sensitive features to 
avoid 

X  X   X Upper 
Watonwan 

St. James 

Lower 
Watonwan 

Perch 

MPCA 
Feedlot 
Program 

Focus in areas with high pollution 
sensitivity, karst geology and highly 
vulnerable DWSMAs.  

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

  X X  X 
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Supporting 

Strategy ▪ Recommended Groundwater Actions 
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▪ Put together an emergency action plan that 
identifies leak and spill containment 

Protect 
Groundwater and 
Drinking Water 
Quality: Manure 
Management 

Education and 
Outreach 

Nutrient 
Management 

Contaminant 
Planning and 
Management 

Promote tips for manure application: 

▪ Monitor the weather and avoid applying 
immediately before a predicted rainfall 

▪ Avoid wet or frozen fields to minimize 
runoff and limit soil compaction in wet 
conditions 

▪ Apply manure according to calculated rates  
▪ Monitor equipment for leaks: Have 

equipment available to stop leaks and for 
cleanup  

▪ Keep records that note the field location, 
manure source, and amount applied. Keep 
records on file for at least 3 years 

X  X   X Upper 
Watonwan 

St. James 

Lower 
Watonwan 

Perch 

MPCA 
Feedlot 
Program 

Focus in areas with high pollution 
sensitivity, karst geology and highly 
vulnerable DWSMAs.  

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

  X X  X 

Protect 
Groundwater and 
Drinking Water 
Quality: Nitrate 

Nutrient 
Management 

Education and 
Outreach 

Promote implementation of nutrient 
management practices to improve farm 
profitability and reduce nitrogen loss. 
Practices include:  

▪ Improve nitrogen efficiency by practicing 
the 4 R's of nitrogen stewardship (right 
source, right rate, right timing, and right 
place) 

▪ Adopt and use of the UMN Best 
Management Practices for Nitrogen use in 
Minnesota  

▪ Properly credit nitrogen sources 
(soil/manure tests, past crops, & 
mineralization) 

▪ Implement comprehensive nutrient 
management plans to improve nitrogen 

X  X   X Upper 
Watonwan 

St. James 

South Fork 

Lower 
Watonwan 

MDA 
Pesticide & 

Fertilizer 
Division 

Focus on areas with high pollution 
sensitivity, karst geology, highly 
vulnerable DWMSAs, and vulnerable 
townships identified by MDA through 
their township testing program.  

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Township Testing Map (Figure 19) 

     

X 
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Goal 
Supporting 

Strategy ▪ Recommended Groundwater Actions 
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crediting, equipment calibration, and record 
keeping 

▪ Spoon feed nitrogen to sync with plant 
growth through side dressing and split 
fertilizer application 

Protect 
Groundwater and 
Drinking Water 
Quality: Nitrate 

Nutrient 
Management 

Education and 
Outreach 

Increase the number of farmers enrolled in 
the Nutrient Management Initiative Program 
to evaluate alternative nutrient management 
practices. 

X 

 

X   X Upper 
Watonwan 

St. James 

South Fork 

Lower 
Watonwan 

MDA 
Pesticide & 

Fertilizer 
Division 

Focus on areas with high pollution 
sensitivity, karst geology, highly 
vulnerable DWMSAs, and vulnerable 
townships identified by MDA through 
their township testing program.  

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Township Testing Map (Figure 19) 

     

X 

Protect 
Groundwater and 
Drinking Water 
Quality: Nitrate 

Nutrient 
Management 

Education and 
Outreach 

Cropland 
Management 

Identify programs and opportunities for 
growers to test and implement new nitrogen 
practices, innovative technology or cropping 
systems that protect groundwater quality that 
prevent or reduce nitrogen loss. (E.g. Cover 
Crops, Alternative Crops, Precision Ag / New 
Technologies, Nutrient Management 
Initiative, etc.) 

X 

 

X   X Upper 
Watonwan 

St. James 

South Fork 

Lower 
Watonwan 

MDA 
Pesticide & 

Fertilizer 
Division 

Focus on areas with high pollution 
sensitivity, karst geology, highly 
vulnerable DWMSAs, and vulnerable 
townships identified by MDA through 
their township testing program.  

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Township Testing Map (Figure 19) 

X 

 

X 

 

X X 

Protect 
Groundwater and 
Drinking Water 
Quality: Nitrate 

Nutrient 
Management Promote the adoption of cover crops for 

scavenging nutrients under irrigated row 
crops.  

X  X   X North Fork 

Upper 
Watonwan 

MDA 
Pesticide & 

Fertilizer 
Division 

Focus on areas with high pollution 
sensitivity, karst geology, irrigated row 
crops, highly vulnerable DWSMAs, and 
vulnerable townships identified by 

X 

 

X X X X 
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Goal 
Supporting 

Strategy ▪ Recommended Groundwater Actions 
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Education and 
Outreach 

South Fork 

St. James 

Lower 
Watonwan 

Perch 

MDA through their township testing 
program.  

Pollution Sensitivity Map (Figure 6)  

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Township Testing Map (Figure 19) 

Monitoring Wells/Pumping (Figure 28) 

Protect 
Groundwater and 
Drinking Water 
Quality: Nitrate 

Education and 
Outreach 

Nutrient 
Management 

Irrigation Water 
Management 

Promote the use of chemigation/fertigation to 
synchronize nitrogen application to crop 
demand. 

X     X Lower 
Watonwan 

 

MDA 
Pesticide & 

Fertilizer 
Division 

Focus on irrigators in areas with high 
pollution sensitivity, karst geology, and 
highly vulnerable DWSMAs.  

Pollution Sensitivity Map (Figure 6)  

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Township Testing Map (Figure 19) 

Monitoring Wells/Pumping (Figure 28) 

     

X 

Protect 
Groundwater and 
Drinking Water 
Quality: Nitrate 

Education and 
Outreach 

Nutrient 
Management 

Irrigation Water 
Management 

Host an irrigation water-testing clinic to 
determine nitrate concentrations in raw water 
to calculate the irrigation water nitrogen 
crediting formula. 

X     X Lower 
Watonwan 

MDA 
Pesticide & 

Fertilizer 
Division 

Focus on irrigators in areas with high 
pollution sensitivity, karst geology, and 
highly vulnerable DWSMAs.  

Pollution Sensitivity Map (Figure 6)  

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Township Testing Map (Figure 19) 

Monitoring Wells/Pumping (Figure 28)  

     

X 
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Goal 
Supporting 

Strategy ▪ Recommended Groundwater Actions 
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Protect 
Groundwater and 
Drinking Water 
Quality: Nitrate 

Groundwater 
Sustainability: 
Water 
Conservation 

Education and 
Outreach 

Nutrient 
Management 

Cropland 
Management 

Promote the benefits of farming using soil 
health principles that increase soil moisture 
holding capacity, organic matter, and nutrient 
cycling.  

X 

 

X   X Upper 
Watonwan 

St. James 

South Fork 

Lower 
Watonwan 

NRCS Field 
Office 

Focus on areas with high pollution 
sensitivity, karst geology, highly 
vulnerable DWMSAs, and vulnerable 
townships identified by MDA through 
their township testing program.  

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Township Testing Map (Figure 19) 

Nitrate in Wells Maps (Figure 18) 

  

X X X X 

Protect 
Groundwater and 
Drinking Water 
Quality: Nitrate 

Groundwater 
Sustainability: 
Water 
Conservation 

Education and 
Outreach 

Nutrient 
Management 

Cropland 
Management 

Contact state and federal agency resource 
partners and coordinate opportunities for 
local field days, training and outreach for 
farmers, co-ops, and crop consultants. Focus 
on alternative nitrogen management 
practices, soil health, and second crops. 

X  X   X Upper 
Watonwan 

St. James 

South Fork 

Lower 
Watonwan 

MDA 
Pesticide & 

Fertilizer 
Division 

Focus on areas with high pollution 
sensitivity, karst geology, highly 
vulnerable DWMSAs, and vulnerable 
townships identified by MDA through 
their Township Testing program.  

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Township Testing Map (Figure 19) 

Nitrate in Wells Maps (Figure 18)  

      

Protect 
Groundwater and 
Drinking Water 
Quality: Nitrate 

Protect 
Groundwater and 

Education and 
Outreach  

Cropland 
Management 

Promote the benefits of crop diversity and 
rotation, which include high yields for each 
crop in the rotation, pest and weed control, 
and enhanced soil fertility.  

X  X   X Upper 
Watonwan 

St. James 

South Fork 

MDA 
Pesticide & 

Fertilizer 
Division 

Focus on areas with high pollution 
sensitivity, karst geology, highly 
vulnerable DWMSAs, and vulnerable 
townships identified by MDA through 
their township testing program.  

Pollution Sensitivity Map (Figure 6) 

 

X X X X X 
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Goal 
Supporting 

Strategy ▪ Recommended Groundwater Actions 
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Drinking Water 
Quality: 
Pesticides  

Integrated Pest 
Management 

Lower 
Watonwan 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Township Testing Map (Figure 19) 

Nitrate in Wells Maps (Figure 18) 

Pesticides Map (Figure 20) 

Protect 
Groundwater and 
Drinking Water 
Quality: 
Pesticides 

Education and 
Outreach 

Integrated Pest 
Management 

Promote the adoption and use of MDA's 
water quality BMPs for agricultural pesticides 
and insecticides. 

X  X   X Upper 
Watonwan 

St. James 

South Fork 

Lower 
Watonwan 

MDA 
Pesticide & 

Fertilizer 
Division 

Focus in areas of pesticide detection in 
MDA’s monitoring wells, along with 
areas of high pollution sensitivity, karst 
geology, highly vulnerable DWMSAs, 
and vulnerable townships identified by 
MDA through their Township Testing 
program.  

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Township Testing Map (Figure 19) 

Pesticides Map (Figure 20) 

     

X 

Protect 
Groundwater and 
Drinking Water 
Quality: 
Pesticides 

Education and 
Outreach Promote to farmers and area businesses the 

Agricultural and Non-Agricultural Waste 
Pesticide Collection Program to dispose of 
unwanted and unusable pesticides.  

X  X   X Upper 
Watonwan 

St. James 

South Fork 

Lower 
Watonwan 

MDA 
Pesticide & 

Fertilizer 
Division 

Focus in areas of pesticide detection in 
MDA’s monitoring wells, along with 
areas of high pollution sensitivity, karst 
geology, highly vulnerable DWMSAs, 
and vulnerable townships identified by 
MDA through their Township Testing 
program.  

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 
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DWSMA Map (Figure 11) 

Township Testing Map (Figure 19) 

Pesticides Map (Figure 20)Blank 

Protect 
Groundwater and 
Drinking Water 
Quality: SSTS 

SSTS 
Management 

▪ Enforce state and locally adopted SSTS 
ordinances for the protection of 
groundwater and drinking water sources.  

▪ Evaluate existing SSTS ordinances and 
identify opportunities to enhance 
groundwater protection. Activities may 
include adding a Point of Sale requirement 
to trigger a SSTS inspection during real 
estate transactions.  

▪ Improve SSTS records by obtaining 
information on treatment system; age, type 
and function to understand potential risks 
to groundwater. 

X  X   X Upper 
Watonwan 

St. James 

South Fork 

Lower 
Watonwan 

MPCA 
SSTS Field 

Staff 

Focus in areas with high pollution 
sensitivity, karst geology, highly 
vulnerable DWSMAs, and areas with a 
density of SSTS. You can use the Well 
Density Map as an imperfect surrogate 
for SSTS density.  

Drinking Water Wells Map (Figure 17) 

Pollution Sensitivity Map (Figure 6)  

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

      

Protect 
Groundwater and 
Drinking Water 
Quality: SSTS 

Education and 
Outreach  

SSTS 
Management 

Educate citizens about SSTS including:  

▪ The basic principles of how a septic system 
works  

▪ How to operate the system efficiently and 
effectively 

▪ Risks to human health and the environment 
▪ Financial options to repair or replace failing 

or non-compliant system 

X  X   X Upper 
Watonwan 

St. James 

South Fork 

Lower 
Watonwan 

MPCA 
SSTS Field 

Staff 

Focus in areas with high pollution 
sensitivity, karst geology, highly 
vulnerable DWSMAs, and areas with a 
density of SSTS. You can use the Well 
Density Map as an imperfect surrogate 
for SSTS density.  

Drinking Water Wells Map (Figure 17) 

Pollution Sensitivity Map (Figure 6)  

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 
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Protect 
Groundwater and 
Drinking Water 
Quality: SSTS 

Education and 
Outreach 

SSTS 
Management 

Host local SSTS training and workshops for 
area contractors and citizens regarding SSTS 
technology, compliance, and maintenance.  

X  X   X Upper 
Watonwan 

St. James 

South Fork 

Lower 
Watonwan 

MPCA SSTS 
Field Staff 

Focus in areas with high pollution 
sensitivity, karst geology, highly 
vulnerable DWSMAs, and areas with a 
density of SSTS. You can use the Well 
Density Map as an imperfect surrogate 
for SSTS density.  

Drinking Water Wells Map (Figure 17) 

Pollution Sensitivity Map (Figure 6)  

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

      

Protect 
Groundwater and 
Drinking Water 
Quality: 
Wellhead 
Protection 
(WHP) 

Education and 
Outreach 

Cropland 
Management 

Land Use 
Planning and 
Management 

Serve on WHP planning teams to assist public 
water suppliers with planning and 
implementation activities to address land use 
planning concerns. 

X  X  X X Upper 
Watonwan 

South Fork 

St. James 

Lower 
Watonwan 

Perch 

MDH SWP 
Unit 

Wellhead Protection Plan Development 
Status (Figure 10) 

DWSMA Map (Figure 11) 

      

Protect 
Groundwater and 
Drinking Water 
Quality: 
Wellhead 
Protection  

Land Use 
Planning and 
Management 

Integrate WHP plan strategies into local plans, 
such as the 1W1P and land use plans. 

X  X  X X Upper 
Watonwan 

South Fork 

St. James 

Lower 
Watonwan 

Perch 

MDH SWP 
Unit 

 Wellhead Protection Plan Development 
Status (Figure 10) 

DWSMA Map (Figure 11) 
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Protect 
Groundwater and 
Drinking Water: 
Household 
Hazardous 
Waste (HHW) 

Education and 
Outreach 

Land Use 
Planning and 
Management 

▪ Educate the public about the risks of 
improperly disposing of HHW and promote 
community-supported collection sites.  

▪ Make disposal of HHW easy for the public 
by expanding collection sites through 
mobile units by stopping in different 
communities throughout the summer for 
free drop off. 

▪ Promote other recycling options of various 
products at area businesses throughout the 
year. 

X X X X X X All MPCA 
Hazardous 

Waste 
Program 

       

Protect 
Groundwater and 
Drinking Water: 
Pharmaceuticals 

Education and 
Outreach 

Keep unused/unwanted medications out of 
drinking water supplies by educating the 
public about available safe and secure drop 
box locations at law enforcement facilities and 
pharmacies. 

X X X X X X All MPCA 
Hazardous 

Waste 
Program 

Blank       

Protect 
Groundwater and 
Drinking Water: 
Contaminants of 
Emerging 
Concern (CEC) 

Education and 
Outreach 

Enhance Minnesotans’ understanding of CEC’s 
by communicating the health impacts and 
exposure potential of emerging contaminants 
in drinking water. Outreach and Education 
Grants are available through the MDH CEC 
Initiative. See Outreach and Education Grants 
(www.health.state.mn.us/divs/eh/risk/guidan
ce/dwec/outreachproj.html) for 
opportunities. 

X X X X X X All MDH CEC 
Program 

Blank       

Protect 
Groundwater and 
Drinking Water  

Education and 
Outreach 

Educate the public and decision makers about 
the hydrologic connectivity of groundwater 
and surface water and how this influences the 
vulnerability of drinking water resources.  

X  X   X Lower 
Watonwan 

Perch 

DNR 
Ecological 
& Water 

Resources 

Focus in areas with high pollution 
sensitivity, karst geology and vulnerable 
DWSMAs. 

Pollution Sensitivity Map (Figure 6) 

      

http://www.health.state.mn.us/divs/eh/risk/guidance/dwec/outreachproj.html
http://www.health.state.mn.us/divs/eh/risk/guidance/dwec/outreachproj.html
http://www.health.state.mn.us/divs/eh/risk/guidance/dwec/outreachproj.html
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Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Protect 
Groundwater and 
Drinking Water 
Quality 

Water 
Sustainability 

Education and 
Outreach 

Develop a ‘drinking water protection’ page on 
the SWCD or county website or other 
communication tools that can be used to 
share information with citizens on what they 
can do to protect both public and private 
sources of drinking water. Include information 
about the connection between surface and 
groundwater, well sealing and water 
conservation. Dakota County’s webpage 
Water Quality 
(https://www.co.dakota.mn.us/Environment/
WaterQuality/WellsDrinkingWater/Pages/defa
ult.aspx) is a good example.  

X X X X X X All MDH 
Well 

MGMT & 
SWP Unit 

 Blank       

Protect 
Groundwater and 
Drinking Water 
Quality 

Water 
Sustainability  

Land Use 
Planning and 
Management 

Incorporate basic groundwater and drinking 
water information into local comprehensive 
plans and ordinances including: 

▪ Local geology and aquifer information 
▪ The sources of drinking water and the 

pollution sensitivity of public and private 
wells 

▪ Maps of state approved WHP areas 
▪ Groundwater dependent natural features 
▪ Contaminant areas of concern 
▪ Other local information needed to consider 

and protect groundwater and drinking 
water resources in local land use planning 
decisions 

X X X X X X All MDH 
SWP Unit 

Pollution Sensitivity Map (Figure 6)  

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

GWC Plants, Animals, Native Plant 
Communities Map (Figure 32) 

Mapped Native Plant Communities 
(Figure 33)  

Tank & Leak Site Map (Figure 24) 

 X     

https://www.co.dakota.mn.us/Environment/WaterQuality/WellsDrinkingWater/Pages/default.aspx
https://www.co.dakota.mn.us/Environment/WaterQuality/WellsDrinkingWater/Pages/default.aspx
https://www.co.dakota.mn.us/Environment/WaterQuality/WellsDrinkingWater/Pages/default.aspx
https://www.co.dakota.mn.us/Environment/WaterQuality/WellsDrinkingWater/Pages/default.aspx
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Protect 
Groundwater and 
Drinking Water 
Quality 

Water 
Sustainability: 
Recharge 

Conservation 
Easements 

Enroll private lands in land acquisition 
programs or conservation easements. 
Programs may include: Continuous CRP, RIM 
Reserve for wellhead protection, and CREP. 

X X X X X X All BWSR  Prioritize areas of high pollution 
sensitivity, karst geology and highly 
vulnerable DWSMAs. Target areas of 
high water use, known groundwater 
dependent natural features. Examine 
areas where you can expand on 
existing easements and protected lands 
to increase protections. 

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11) 

Monitoring Wells/Pumping (Figure 28) 

GWC Plants, Animals, Native Plant 
Communities Map (Figure 32) 

Mapped Native Plant Communities 
(Figure 33) 

RIM Easements Map (Figure 36) 

X X X X X X 

Protect 
Groundwater and 
Drinking Water 
Quality 

Water 
Sustainability: 
Recharge 

Conservation 
Easements 

Maintain and expand set-aside acres in 
sensitive areas, including areas in publicly 
supported conservation programs like CRP, 
from being converted to high intensity uses, 
such as corn and soybeans. 

X  X  X X Upper 
Watonwan 

St. James 

South Fork 

Lower 
Watonwan 

FSA Prioritize private lands with existing 
CRP contracts, along with state and 
federal easement, such as RIM and 
DNR and USFW habitat easements. 
Target areas of known groundwater 
dependent features, areas of high 
pollution sensitivity, and highly 
vulnerable DWSMAs.  

RIM Easements Map (Figure 36) 

GWC Plants, Animals, Native Plant 
Communities Map (Figure 32) 

X X X X X X 
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Mapped Native Plant Communities 
(Figure 33) 

Pollution Sensitivity Map (Figure 6) 

DWSMA Map (Figure 11) 

Protect 
Groundwater and 
Drinking Water 
Quality: 
Stormwater 
Management 

Water 
Sustainability: 
Recharge 

Land Use 
Planning and 
Management 

Education and 
Outreach 

Manage stormwater runoff to minimize 
adverse impacts to groundwater. Refer to the 
Minnesota Stormwater Manual for infiltration 
guidance on project sites located in wellhead 
protection areas and special requirements for 
karst geology. 

X  X   X Upper 
Watonwan 

St. James 

Lower 
Watonwan 

Perch 

MPCA 
Stormwater 

Program 

Prioritize MS4 communities and target 
highly sensitive areas, karst geology 
and highly vulnerable DWSMAs. 

Pollution Sensitivity Map (Figure 6) 

DWSMA Map (Figure 11) 

X X  X  X 

Protect 
Groundwater and 
Drinking Water 
Quality: Nitrate 

Groundwater 
Sustainability: 
Water 
Conservation 

Education and 
Outreach 

Irrigation Water 
Management 

Promote and encourage the adoption of 
irrigation water management BMPs that 
increase water conservation and decrease 
conditions for nitrogen loss to the root zone 
by utilizing: 

▪ Irrigation water scheduling to control the 
volume, frequency, and application of 
irrigation water 

▪ Conversion to low flow pressure irrigation 
nozzles 

▪ Proper timing of irrigation through the use 
of online tools that identify local climate, 
growing degree days (GDD) and 
evapotranspiration (ET) conditions  

▪ Test irrigation water and take credit for 
nitrate present as a fertilizer source 

X X    X North Fork 

Upper 
Watonwan 

St. James 

South Fork 

Lower 
Watonwan 

MDA 
Pesticide & 

Fertilizer 
Division 

Prioritize areas of high water use 
intensity by agricultural irrigators, 
highly sensitive areas, karst geology 
and highly vulnerable DWSMAs. 

Monitoring Wells/Pumping (Figure 28) 

Pollution Sensitivity Map (Figure 6) 

Pollution Sensitivity Wells (Figure 9) 

DWSMA Map (Figure 11)  

 X  X  X 
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Groundwater 
Sustainability: 
Water 
Conservation 

Education and 
Outreach 

 

Provide training to high volume water users 
identified in the DNR annual reporting tool for 
Commercial, Industrial and Industrial (CII) on 
best practices for water efficiency and 
industry sector standards. 

X X X X X X All DNR 
Ecological 
& Water 

Resources 

Prioritize areas of high water use. 

Monitoring Wells/Pumping (Figure 28) 

 

 X     

Groundwater 
Sustainability: 
Water 
Conservation 

Education and 
Outreach 

Provide education on water conservation 
practices that can be adopted in people's 
homes and businesses. Use the Met Council’s 
Water Conservation Toolbox, DNR Water 
Conservation Page, and provide toilet leak 
detection tablets as requested.  

X X X X X X All DNR 
Ecological 
& Water 

Resources 
 

 Blank  X     

Groundwater 
Sustainability: 
Water 
Conservation 

Land Use 
Planning and 
Management 

Assist communities serving over 1,000 people 
with water conservation measures outlined in 
their DNR municipal water supply plans. Track 
water conservation trends for area 
communities through the DNR Water 
Conservation Reporting System. 

  X  X X Upper 
Watonwan 

St. James 

Lower 
Watonwan 

Perch 

DNR 
Ecological 
& Water 

Resources 

 Blank  X     

Groundwater 
Sustainability: 
Water 
Conservation 

Land Use 
Planning and 
Management 

Education and 
Outreach 

Assist farmers with a water appropriation 
permit by developing a water resource plan 
that identifies water conservation measures 
that improve water use efficiencies and 
reduce water demand. 

X X    X St. James 

South Fork 

Lower 
Watonwan 

DNR 
Ecological 
& Water 

Resources 

Prioritize areas of high water use 
intensity by agricultural irrigators. 

Monitoring Wells/Pumping (Figure 28) 

 X    X 

Water 
Sustainability: 
Recharge 

Water 
Sustainability: 

Land Use 
Planning and 
Management 

Promote and increase the adoption of 
recharge BMPs including wetland 
construction/restoration, perennial 
establishment, riparian buffers, and 
conservation easements.  

X X X X X X North Fork 

Upper 
Watonwan 

St. James 

DNR 
Ecological 
& Water 

Resources 

Target areas near sensitive features 
and groundwater fed lakes. 

GWC Plants, Animals, Native Plant 
Communities Map (Figure 32) 

X X X X X X 
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Rare or Declining 
Habitats 

South Fork 

Lower 
Watonwan 

Perch 

Mapped Native Plant Communities 
(Figure 33) 

Groundwater Dominated Lakes Map 
(Figure 34) 
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Descriptions of Supporting Strategies 

Conservation Easements 
Conservation easements are a legal agreement between a landowner and a land trust or government 
agency that permanently limits uses of the land in order to protect its conservation values. Easements 
allow landowners to continue to own and use their land. They can also sell it or pass it on to heirs. 
Maintaining and expanding set-aside acres, including areas in publicly supported conservation programs 
(like CRP) from being converted to high intensity uses, such as row crop agriculture, will help protect 
groundwater quantity and quality. 

Existing Programs and Resources 

▪ MDA Conservation Reserve Program 
(http://www.mda.state.mn.us/protecting/conservation/programs/ccrp.aspx): A voluntary 
program designed to help farmers restore and protect environmentally sensitive land.  

▪ BWSR Conservation Reserve Enhancement Program - CREP 
(http://www.bwsr.state.mn.us/crep/index.html): This project is a federal, state and local 
partnership and will voluntarily retire environmentally sensitive land using the nationally-
recognized Reinvest in Minnesota (RIM) Reserve program. Figure 36 shows where RIM 
easements are in the watershed.  

 
Figure 36: Watonwan River Watershed – BWSR RIM easements 

http://www.mda.state.mn.us/protecting/conservation/programs/ccrp.aspx
http://www.mda.state.mn.us/protecting/conservation/programs/ccrp.aspx
http://www.bwsr.state.mn.us/crep/index.html
http://www.bwsr.state.mn.us/crep/index.html
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Contaminant Planning and Management 
Protect groundwater and drinking water supplies from contaminant releases in the environment 
through land use planning, ordinances, and collaboration with state regulatory agencies.  

Existing Programs and Resources 

▪ MDA What’s in My Neighborhood? Agricultural Interactive Mapping 
(www.mda.state.mn.us/chemicals/spills/incidentresponse/neighborhood.aspx): A tool that 
tracks and maps spills of agricultural chemicals and sites contaminated with agricultural 
chemicals.  

▪ MPCA Manure Management (https://www.pca.state.mn.us/quick-links/feedlot-nutrient-and-
manure-management): Resources such as fact sheets, guidelines, computer tools and forms for 
feedlot nutrient and manure management. 

▪ MPCA Tank Compliance and Assistance Program--Storage Tanks 
(https://www.pca.state.mn.us/waste/storage-tanks): A program that provides information and 
assistance to tank owners and others regarding technical standards required of all regulated 
underground storage tanks and aboveground storage tank systems.  

▪ MPCA Closed Landfill Program (https://www.pca.state.mn.us/waste/closed-landfill-program): A 
voluntary program to properly close, monitor, and maintain Minnesota's closed municipal 
sanitary landfills.  

▪ MPCA Feedlots (https://www.pca.state.mn.us/quick-links/feedlot-program): Information about 
feedlot rules, permits, and management.  

▪ MPCA What’s in My Neighborhood (https://www.pca.state.mn.us/data/whats-my-
neighborhood): An online tool for searching information about contaminated sites and facilities 
all around Minnesota.  

▪ UMN Extension Manure Management in Minnesota 
(www.extension.umn.edu/agriculture/manure-management-and-air-quality/manure-
management-basics/manure-management-in-minnesota/): Information about manure 
characteristics, application, and economics. 

▪ USDA & NRCS Manure Management in Minnesota 
(www.nrcs.usda.gov/wps/portal/nrcs/detail/mn/technical/ecoscience/nutrient/?cid=nrcs142p2
_023688): Basic manure management information. 

▪ MDH Contaminants of Emerging Concern (www.health.state.mn.us/cec): A program that 
investigates and communicates the health and exposure potential of contaminants of emerging 
concern (CECs) in drinking water. 

Cropland Management 
Voluntary practices to manage resource concerns while minimizing environmental loss. Practices may 
include conservation tillage, cover crops, soil health and other agricultural BMPs.  

Existing Programs and Resources 

▪ MDA The Agricultural BMP Handbook for Minnesota (www.eorinc.com/documents/AG-
BMPHandbookforMN_09_2012.pdf): A literature review of empirical research on the 
effectiveness of 30 conservation practices. 

▪ NRCS Conservation Stewardship Program 
(www.nrcs.usda.gov/wps/portal/nrcs/main/mn/programs/financial/csp/): A voluntary 
conservation program that encourages producers to address resource concerns in a 
comprehensive manner.  
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▪ NRCS Environmental Quality Incentives Program 
(https://www.nrcs.usda.gov/wps/portal/nrcs/main/mn/programs/financial/eqip/):  A program 
that provides financial and technical assistance to agricultural producers so they can implement 
structural and management conservation practices that optimize environmental benefits on 
working agricultural land.   

▪ NRCS Cover Crops 
(www.nrcs.usda.gov/wps/portal/nrcs/detail/mn/technical/?cid=nrcs142p2_023671): Provides 
information, fact sheets, and tools about cover crops.  

▪ NRCS Soil Health (https://www.nrcs.usda.gov/wps/portal/nrcs/main/mn/soils/health/): 
Provides information about the basics and benefits of soil health. 

▪ Midwest Cover Crop Council (mccc.msu.edu/statesprovince/minnesota/): Provides resources to 
help with technical support and answer questions from a local perspective at no cost.  

▪ MDA Minnesota Agricultural Water Quality Certification Program 
(www.mda.state.mn.us/awqcp): A voluntary program for farmers to implement conservation 
practices to protect water quality.  

Education and Outreach 
Educate landowners, private well users, and other stakeholders about how their actions impact 
groundwater quality and quantity. Provide information about potential health risks related to 
groundwater quality. Identify actions individuals, households, and partner agencies can take to sustain 
groundwater and protect or improve drinking water quality. Some ideas include managing household 
hazardous waste, maintaining household septic systems, and household water conservation measures.  

For educational materials and programs related to a specific topic, go to the strategy about that topic. 
For example, go to ‘nutrient management’ to learn more about potential education opportunities 
regarding reducing nitrogen use. The list below provides some additional tools that may be helpful. 

Existing Programs and Resources 

▪ DNR Water Conservation 
(www.dnr.state.mn.us/waters/watermgmt_section/appropriations/conservation.html): 
Provides tips and tools for promoting water conservation at home, public water supply systems, 
and other environments. 

▪ Metropolitan Council Water Conservation Toolbox (https://metrocouncil.org/Wastewater-
Water/Planning/Water-Supply-Planning/Guidance-Planning-Tools/Water-
Conservation/Toolbox.aspx): Information about how residents and businesses, suppliers, 
learners, and communities can conserve water.  

▪ Minnesota Rural Water Association  Source Water Protection Resources 
(www.mrwa.com/sourcewater.html): Resources to help public water suppliers develop plans to 
use local community resources to protect drinking water quality.  

▪ MPCA Waste (https://www.pca.state.mn.us/waste): Information about managing waste, 
recycling, composting, and preventing waste and pollution.  

▪ MPCA Manual for Turfgrass Maintenance with Reduced Environmental Impacts 
(https://www.pca.state.mn.us/sites/default/files/p-tr1-04.pdf): Practical advice for those who 
manage turfgrass (golf courses and athletic fields excluded).  

▪ MDH Wells Laws and Rules (www.health.state.mn.us/divs/eh/wells/rules/index.html): 
Minnesota State Well Code (MR 4725.0050 – 4725.7605).  

▪ MDH Wells and Borings—Well Management Program 
(www.health.state.mn.us/divs/eh/wells/index.html): Information about proper well 
construction, maintenance, testing, and sealing.    

https://www.nrcs.usda.gov/wps/portal/nrcs/main/mn/programs/financial/eqip/
https://www.nrcs.usda.gov/wps/portal/nrcs/main/mn/programs/financial/eqip/
https://www.nrcs.usda.gov/wps/portal/nrcs/main/mn/programs/financial/eqip/
https://www.nrcs.usda.gov/wps/portal/nrcs/main/mn/programs/financial/eqip/
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/mn/technical/?cid=nrcs142p2_023671
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/mn/technical/?cid=nrcs142p2_023671
https://www.nrcs.usda.gov/wps/portal/nrcs/main/mn/soils/health/
http://mccc.msu.edu/statesprovince/minnesota/
http://www.mda.state.mn.us/awqcp
http://www.mda.state.mn.us/awqcp
http://www.dnr.state.mn.us/waters/watermgmt_section/appropriations/conservation.html
http://www.dnr.state.mn.us/waters/watermgmt_section/appropriations/conservation.html
https://mn365.sharepoint.com/sites/MDH/env/grapsreports/North_Fork_Crow_River_Watershed/Water%20Conservation%20Toolbox%20(https:/metrocouncil.org/Wastewater-Water/Planning/Water-Supply-Planning/Guidance-Planning-Tools/Water-Conservation/Toolbox.aspx
https://mn365.sharepoint.com/sites/MDH/env/grapsreports/North_Fork_Crow_River_Watershed/Water%20Conservation%20Toolbox%20(https:/metrocouncil.org/Wastewater-Water/Planning/Water-Supply-Planning/Guidance-Planning-Tools/Water-Conservation/Toolbox.aspx
https://mn365.sharepoint.com/sites/MDH/env/grapsreports/North_Fork_Crow_River_Watershed/Water%20Conservation%20Toolbox%20(https:/metrocouncil.org/Wastewater-Water/Planning/Water-Supply-Planning/Guidance-Planning-Tools/Water-Conservation/Toolbox.aspx
http://www.mrwa.com/sourcewater.html
http://www.mrwa.com/sourcewater.html
https://www.pca.state.mn.us/waste
https://www.pca.state.mn.us/sites/default/files/p-tr1-04.pdf
https://www.pca.state.mn.us/sites/default/files/p-tr1-04.pdf
http://www.health.state.mn.us/divs/eh/wells/rules/index.html
http://www.health.state.mn.us/divs/eh/wells/index.html
http://www.health.state.mn.us/divs/eh/wells/index.html
http://www.health.state.mn.us/divs/eh/wells/index.html


 

Watonwan River Watershed GRAPS Report  81 

▪ MDH Wellowner’s Handbook 
(www.health.state.mn.us/divs/eh/wells/construction/handbook.pdf): A consumer’s guide to 
water wells in Minnesota.  

▪ MDH Arsenic in Minnesota’s Well Water 
(www.health.state.mn.us/divs/eh/wells/waterquality/arsenic.html): Information about arsenic 
in Minnesota.  

▪ MDH Water Treatment Units for Arsenic Reduction 
(http://www.health.state.mn.us/divs/eh/wells/waterquality/arsenictreat.pdf) 

▪ MDA Waste Pesticide Collection Program 
(https://www.mda.state.mn.us/chemicals/spills/wastepesticides.aspx): Information about the 
safe disposal of unwanted and unusable pesticides from farms and area businesses. 

▪ MPCA Managing Unwanted Medications (https://www.pca.state.mn.us/living-green/managing-
unwanted-medications): Information about the safe disposal of unwanted or unused 
medications from households. 

Integrated Pest Management 
Integrated Pest Management (IPM) is a balanced approach to pest management which incorporates the 
many aspects of plant health care/crop protection in ways that mitigate harmful environmental impacts 
and protect human health. Some of the IPM program activities include generating and distributing IPM 
information for growers, producers, land managers, schools, and the general public. Information should 
help them make alternative choices in their pest management decisions.  

Existing Programs and Resources 

▪ MDA Integrated Pest Management Program 
(https://www.mda.state.mn.us/plants/pestmanagement/ipm.aspx): A program that develops 
and implements statewide strategies for the increased use of IPM on private and state managed 
lands.  

▪ MDA Water Quality BMPs for Agricultural Pesticides 
(www.mda.state.mn.us/protecting/bmps/herbicidebmps.aspx): Information to address 
pesticide use and water resource protection.  

Irrigation Water Management 
The process of determining and controlling the volume, frequency, and application rate of irrigation 
water in a planned, efficient manner (NRCS Codes 442 & 449). 

Existing Programs and Resources 

▪ MDA Irrigation Management 
(www.mda.state.mn.us/protecting/conservation/practices/irrigation.aspx): Provides 
information about irrigation management, similar practices, guidance from NRCS, and links to 
additional resources. 

▪ DNR Minnesota Water Use Data 
(www.dnr.state.mn.us/waters/watermgmt_section/appropriations/wateruse.html): Data 
gathered from permit holders who report the volume of water used each year. 
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Land Use Planning and Management 
This broad strategy encompasses many different concepts including regulations, ordinances, BMP 
implementation, conservation measures, and education to protect groundwater levels, quality, and 
contributions to groundwater-dependent features.  

Land use planning focuses on the application of city or county government planning and regulations to 
restore and protect groundwater and groundwater levels. Local planning and regulations can help 
restrict land uses in groundwater sensitive areas, areas of high aquifer sensitivity, or regions of limited 
water supply to prevent conflict. 

Land management implements voluntary practices that manage resource concerns while minimizing 
environmental loss. This may include the efficient use of groundwater through conservation measures 
and use of emerging technology to increase water conservation at the field or local level.  

Existing Programs and Resources 

▪ Association of Minnesota Counties (www.mncounties.org/): A voluntary, non-partisan 
statewide organization that helps provide effective county governance to Minnesotans. The 
Association works closely with the legislative and administrative branches of government in 
seeing that legislation and policies favorable to counties are enacted.  

▪ DNR Water Supply Plans 
(www.dnr.state.mn.us/waters/watermgmt_section/appropriations/eandc_plan.html): Provides 
information about Minnesota public water supply plans.  

▪ DNR MPARS (MNDNR Permitting and Reporting System) 
(www.dnr.state.mn.us/mpars/index.html): DNR is the permitting authority for high capacity 
water use. 

▪ DNR Sustainability of Minnesota's Groundwaters 
(www.dnr.state.mn.us/waters/groundwater_section/sustainability/index.html): Resources to 
help promote the sustainable use of groundwater, including a statement of issues and needs, as 
well as factsheets.  

▪ DNR Water Conservation 
(www.dnr.state.mn.us/waters/watermgmt_section/appropriations/conservation.html): 
Provides tips and tools for promoting water conservation at home, public water supply systems, 
and other environments. 

▪ League of Minnesota Cities (https://www.lmc.org): Promotes excellence in local government 
through effective advocacy, expert analysis, and trusted guidance for all Minnesota cities. 

▪ MPCA Condition Groundwater Monitoring (https://www.pca.state.mn.us/water/condition-
groundwater-monitoring). 

▪ MPCA Stormwater and Wellhead Protection 
(stormwater.pca.state.mn.us/index.php/Stormwater_and_wellhead_protection): Guidance and 
recommendations for determining the appropriateness of infiltrating stormwater in a Drinking 
Water Supply Management Area.  

▪ MPCA Minnesota Stormwater Manual (stormwater.pca.state.mn.us/index.php/Main_Page): A 
manual to help the everyday user better manage stormwater.  

▪ MPCA Enhancing Stormwater Management in Minnesota 
(https://www.pca.state.mn.us/water/enhancing-stormwater-management-minnesota): 
Information about standards and tools for minimal impact designs for stormwater management.  

▪ MPCA Stormwater (https://www.pca.state.mn.us/water/stormwater): MPCA regulates the 
discharge of stormwater and snowmelt runoff from municipal separate storm sewer systems, 
construction activities, and industrial facilities.  
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▪ MDH Source Water Protection (www.health.state.mn.us/divs/eh/water/swp/): MDH works with 
communities to protect the source(s) of their drinking water.  

▪ DNR and Minnesota Geological Survey County Geologic Atlas Program 
(www.dnr.state.mn.us/waters/groundwater_section/mapping/index.html): Provides additional 
information on the groundwater resources and hydrogeology of the watershed through maps 
and reports of geology, groundwater, pollution sensitivity, and special studies. 

▪ MPCA Household Hazardous Waste (www.pca.state.mn.us/waste/household-hazardous-waste-
managers-and-operators): Resources for HHW managers and operators, education resources, 
searchable by county HHW facilities.  

Nutrient Management 
This strategy addresses both nutrient and manure management. 

Nutrient management concepts are centered on applying crop fertilizer or manure using the right 
source, right rate, right time, and right place (NRCS Codes 327, 340, 345, 393, 590, 656). 

Manure management targets the collection, transportation, storage, processing, and disposal of animal 
manure.  

Existing Programs and Resources 

▪ MDA Nutrient Management (www.mda.state.mn.us/chemicals/fertilizers/nutrient-mgmt.aspx). 
MDA is the lead state agency for all aspects of pesticide and fertilizer environmental and 
regulatory functions. This page provides information on nutrient management programs, 
reports, publications, factsheets, and related external sources.  

▪ MDA  Nutrient Management Initiative Program in Minnesota (www.mda.state.mn.us/nmi): The 
program assists farmers and crop advisers in evaluating alternative nutrient management 
practices for their fields.  

▪ MDA Township Testing Program (www.mda.state.mn.us/townshiptesting): The program tests 
private wells for nitrate and pesticides in areas of the state with the greatest potential for 
nitrate and pesticide contamination. 

▪ MDA Nitrogen Fertilizer Best Management Practices (www.mda.state.mn.us/nitrogenbmps): 
Provides nitrogen BMPs for various areas within Minnesota.  

▪ MDA Minnesota Nitrogen Fertilizer Management Plan 
(www.mda.state.mn.us/chemicals/fertilizers/nutrient-mgmt/nitrogenplan.aspx): The state's 
blueprint for preventing or minimizing impacts of nitrogen fertilizer on groundwater.  

▪ MDA Ag Chemicals & Fertilizers (www.mda.state.mn.us/chemicals.aspx): Promotes proper use, 
handling, and safety of agriculture chemicals and fertilizers.  

▪ MDA Monitoring & Assessment for Agricultural Chemicals in the Environment 
(www.mda.state.mn.us/chemicals/pesticides/maace.aspx): Information about agricultural 
chemical monitoring and assessment programs and additional resources. 

▪ UMN Extension Nutrient Management (www.extension.umn.edu/agriculture/nutrient-
management/): The page focuses on helping farmers and agriculture professionals optimize 
crop production using appropriate nutrient inputs while minimizing effects on the environment.  

▪ UMN Extension Best Management Practices for Nitrogen Use in Southeastern Minnesota 
(www.extension.umn.edu/agriculture/nutrient-management/nitrogen/docs/08557-
southeastMN.pdf): Information about best management practices for nitrogen application. 

▪ UMN Extension Best Management Practices for Nitrogen Use in South-Central Minnesota 
(www.extension.umn.edu/agriculture/nutrient-management/nitrogen/docs/08554-
southcentralMN.pdf): Information about best management practices for nitrogen application. 
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▪ UMN Extension Nitrogen Application with Irrigation Water: Chemigation 
(www.extension.umn.edu/agriculture/nutrient-management/nitrogen/nitrogen-application-
with-irrigation-water-chemigation/): Information about risks, benefits, and methods. 

▪ UMN Extension Crop Calculators (www.extension.umn.edu/agriculture/nutrient-
management/crop-calculators/): Use crop calculators to help determine needed nutrients. 

▪ UMN Extension Nutrient/Lime Guidelines 
(http://www.extension.umn.edu/agriculture/nutrient-management/nutrient-lime-guidelines/). 
Guidelines for corn, fruit crops, vegetables crops, lawns, turf, gardens, soybeans, sugar beets, 
wheat, and more. 

▪ NRCS Nutrient Management Planning 
(www.nrcs.usda.gov/wps/portal/nrcs/detail/mn/technical/ecoscience/nutrient/?cid=nrcs142p2
_023693): Information about nutrient management policy and tools for developing nutrient 
management plans.  

▪ MDA The Agricultural BMP Handbook for Minnesota (PDF) (www.eorinc.com/documents/AG-
BMPHandbookforMN_09_2012.pdf): A literature review of empirical research on the 
effectiveness of 30 conservation practices.  

▪ Nutrient Stewardship What are the 4Rs (www.nutrientstewardship.com/4rs): Information about 
the 4Rs of Nutrient Stewardship.  

▪ MPCA Manure Management (https://www.pca.state.mn.us/quick-links/feedlot-nutrient-and-
manure-management): Resources such as fact sheets, guidelines, computer tools, and forms for 
feedlot nutrient and manure management. 

▪ UMN Extension Manure Management in Minnesota 
(www.extension.umn.edu/agriculture/manure-management-and-air-quality/manure-
management-basics/manure-management-in-minnesota/): Information about manure 
characteristics, application, and economics. 

▪ USDA & NRCS Manure Management in Minnesota 
(www.nrcs.usda.gov/wps/portal/nrcs/detail/mn/technical/ecoscience/nutrient/?cid=nrcs142p2
_023688): Basic manure management information. 

SSTS Management  
Monitoring, maintenance, and/or upgrading of individual septic treatment systems to maintain proper 
operation and treatment of septage by the system. In some areas, the intensity of use may require 
upgrading to a sanitary sewer to eliminate risks to the environment.  

Existing Programs and Resources 

▪ MPCA Subsurface Sewage Treatment Systems 
(https://www.pca.state.mn.us/water/subsurface-sewage-treatment-systems). This program 
protects public health and the environment through adequate dispersal and treatment of 
domestic sewage from dwellings or other establishments generating volumes less than 10,000 
gallons per day.  

▪ UMN Extension Septic System Owner’s Guide (www.extension.umn.edu/environment/housing-
technology/moisture-management/septic-system-owner-guide/): Provides information about 
the basic principles of how a septic systems works and how to operate and maintain the system.  
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http://www.extension.umn.edu/agriculture/nutrient-management/nitrogen/nitrogen-application-with-irrigation-water-chemigation/
http://www.extension.umn.edu/agriculture/nutrient-management/crop-calculators/
http://www.extension.umn.edu/agriculture/nutrient-management/crop-calculators/
http://www.extension.umn.edu/agriculture/nutrient-management/nutrient-lime-guidelines/
http://www.extension.umn.edu/agriculture/nutrient-management/nutrient-lime-guidelines/
http://www.nutrientstewardship.com/4rs
https://mn365.sharepoint.com/sites/MDH/env/grapsreports/North_Fork_Crow_River_Watershed/Manure%20Management%20(https:/www.pca.state.mn.us/quick-links/feedlot-nutrient-and-manure-management)
https://mn365.sharepoint.com/sites/MDH/env/grapsreports/North_Fork_Crow_River_Watershed/Manure%20Management%20(https:/www.pca.state.mn.us/quick-links/feedlot-nutrient-and-manure-management)
http://www.extension.umn.edu/agriculture/manure-management-and-air-quality/manure-management-basics/manure-management-in-minnesota/
http://www.extension.umn.edu/agriculture/manure-management-and-air-quality/manure-management-basics/manure-management-in-minnesota/
http://www.extension.umn.edu/agriculture/manure-management-and-air-quality/manure-management-basics/manure-management-in-minnesota/
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/mn/technical/ecoscience/nutrient/?cid=nrcs142p2_023688
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/mn/technical/ecoscience/nutrient/?cid=nrcs142p2_023688
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/mn/technical/ecoscience/nutrient/?cid=nrcs142p2_023688
https://www.pca.state.mn.us/water/subsurface-sewage-treatment-systems
https://www.pca.state.mn.us/water/subsurface-sewage-treatment-systems
http://www.extension.umn.edu/environment/housing-technology/moisture-management/septic-system-owner-guide/
http://www.extension.umn.edu/environment/housing-technology/moisture-management/septic-system-owner-guide/
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Making Sense of the Regulatory 
Environment 
State agencies and programs play a variety of roles in restoring and protecting groundwater. 
Understanding the groundwater-related authorities and resources available at the state level and 
leveraging strengths of local water resource professionals are key to implementing effective 
groundwater protection strategies. Figure 37 provides a very basic introduction into the roles Minnesota 
state agencies have for groundwater. 

▪ MDA works with groundwater that is or could be affected by pesticides and/or fertilizers. 
▪ MDH focuses on proper well construction, assessing health risks related to groundwater, and 

protecting drinking water supplies. 
▪ MPCA works with groundwater that is or could be affected by chemical releases and/or 

industrial pollutants. 
▪ DNR focuses on assuring the availability of groundwater and protecting groundwater dependent 

features. 

 
Figure 37: Minnesota State Agency Roles in Groundwater 

Each of the state agencies listed above has a variety of programs to help meet their role in groundwater 
restoration and protection. Programs each of the agencies manage are referenced in the Descriptions of 
Supporting Strategies Section. Programs are listed under the restoration or protection strategy they 
mostly closely correspond to.  
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Figure 40 provides a more detailed overview of the different roles agencies play within Minnesota’s 
Water Management Framework. Principal water resource management agencies are DNR, MPCA, MDA, 
BWSR, and MDH. These agencies are responsible for state or federal programs, including: 

▪ the Clean Water Act for MPCA,  
▪ the Safe Drinking Water Act for MDH, and  
▪ Appropriation Permitting for the DNR.  

The strength of these programs is that they provide technical assistance and regulatory oversight 
(including enforcement) to safeguard public health, natural resources, ecological needs, and the 
environment. These programs are generally effective at managing most types of point sources of 
contamination in the state and at managing quantity issues at the local and regional level. In addition, 
these programs often set standards for performance that can be used to drive action.  

Two weaknesses of state or federal programs are that they (with few exceptions) are ineffective against 
non-point sources of contamination and lack authority relative to managing general land use practices. 
Non-point source management is a vexing issue for water resource managers at all levels. With few 
regulatory options available, the most common approaches involve the use of financial incentives, 
technical assistance, and education and communication about sound land and water stewardship. 
Seldom are representatives from state agencies able to spend the necessary time in the local community 
to build trust among landowners. As a result, these approaches benefit greatly from the perspectives 
and relationships that local water resource professionals can forge by working locally.  
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Figure 38: Roles agencies play within the Minnesota Water Management Framework
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Appendices 
List of Acronyms 
BMP  Best Management Practices 

BWSR  Board of Soil and Water Resources 

CAFO  Concentrated Animal Feeding Operation  

CRP  Conservation Reserve Program 

DWSMA Drinking Water Supply Management Area 

EPA  United States Environmental Protection Agency 

GRAPS  Groundwater Restoration and Protection Strategies 

HUC  Hydrologic Unit Code 

IPM  Integrated Pest Management 

MCL  Maximum Contaminant Level 

MDA  Minnesota Department of Agriculture 

MDH  Minnesota Department of Health 

DNR  Minnesota Department of Natural Resources 

MPCA  Minnesota Pollution Control Agency 

MS4  Municipal Separate Storm Sewer Systems  

MWI  Minnesota Well Index 

NRCS  United States Department of Agriculture Natural Resources Conservation Service 

NLCD  National Land Cover Database 

NPDES  National Pollutant Discharge Elimination System  

PFA  Public Facilities Authority 

QBAA  Quaternary Buried Artesian Aquifer 

QWTA   Quaternary Water Table Aquifer  

RIM  Reinvest in Minnesota Program 

SSTS  Subsurface Sewage Treatment System 

SDWA  Safe Drinking Water Act 

SWCD  Soil and Water Conservation District 

TTP  MDA Township Testing Program 

UMN  University of Minnesota Extension 

USDA  United States Department of Agriculture 

USGS  United States Geological Survey 
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WIMN  What’s in My Neighborhood 

WHP  Wellhead Protection  

WHPAS  Wellhead Protection Areas  

WRAPS  Watershed Restoration and Protection Strategy 

Glossary of Key Terms  

Aquifer  
An aquifer is an underground layer of water-bearing permeable rock, rock fractures or unconsolidated 
materials (gravel, sand, or silt) from which groundwater can be extracted using a water well. 

Aquifer Vulnerability  
Defined as the ease with which recharge and contaminants from the ground surface can be transmitted into 
the subsurface aquifer. MDH uses the terminology ‘vulnerability’; whereas the MNDNR references 
‘sensitivity’. Both terms cite the risk to groundwater degradation. 

Community Public Water Supply System 
A public water supply system that serves at least 25 persons or 15 service connections year-round, which 
includes municipalities (cities), manufactured mobile home parks, nursing homes, etc.  

Drinking Water Supply Management Area (DWSMA) 
The surface and subsurface area surrounding a public water supply well, including the wellhead protection 
area that must be managed by the entity identified in a wellhead protection plan. The boundaries of the 
DWSMA are roads, public land survey and fractions thereof, property lines, political boundaries, etc. (See 
MN WHP Rules 4720.5100, Subp. 13.) 

Groundwater recharge 
The process through which water moves downward from surface water to groundwater. Groundwater 
recharge is the main way water enters an aquifer. 

Hydrologic Unit Code (HUC) 
HUCs are assigned by the USGS for each watershed. HUCs are organized in a nested hierarchy by size. For 
example, the St. Croix River Basin is assigned a HUC-4 of 0703 and the Sunrise River Watershed is assigned a 
HUC-8 of 07030005. 

Maximum Contaminant Level (MCL) 
The highest level of a contaminant that EPA allows in drinking water. MCLs ensure that drinking water does 
not pose either a short-term or long-term health risk. EPA sets MCLs at levels that are economically and 
technologically feasible. 

Protection 
This term is used to characterize actions taken in watersheds to maintain conditions and beneficial uses of 
waters not known to be impaired. 
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Pollution Sensitivity 
The ease with which recharge and contaminants from the ground surface can be transmitted into the 
subsurface. 

Public Water System 
A water system with 15 or more service connections or regularly serves at least 25 people for 60 or more 
days a year. A system that serves water 60 or mores day a year is considered to ‘regularly serve’ water. 
Public water systems can be publicly or privately owned. Public water systems are subdivided into two 
categories: community and noncommunity water systems. This division is based on the type of consumer 
served and the frequency the consumer uses the water.  

Restoration 
This term is used to characterize actions taken in watersheds to improve conditions to eventually meet 
water quality standards and achieve beneficial uses of impaired waters. 

Source (or Pollutant Source) 
Actions, places, or entities that deliver/discharge pollutants (e.g., sediment, phosphorus, nitrogen, 
pathogens). 

Source Water Protection 
Protecting sources of water used for drinking, such as streams, rivers, lakes, or underground aquifers. 

Transient Noncommunity System 
A public water system that serves at least 25 people at least 60 days of the year but does not serve the same 
25 people over 6 months of the year (places such as restaurants, campgrounds, hotels, and churches). 

Water Budget 
An accounting of all the water that flows into and out of a particular area. This area can be a watershed, 
wetland, lake, or any other point of interest. 

Water Table 
The boundary between the water filled rock and sediment of an aquifer and the dry rock and sediment 
above it. The depth to the water table is highly variable. It can range from zero when it is at land surface, 
such as at a lake or wetland, to hundreds or even thousands of feet deep. In Minnesota, the water table is 
generally close to the land surface, typically within a few tens of feet in much of the state. 

Wellhead Protection (WHP) 
A method of preventing well contamination by effectively managing potential contaminant sources in all or 
a portion of a well's recharge area. This recharge area is known as the wellhead protection area. 

Wellhead Protection Area (WHPA) 
The surface and subsurface area surrounding a well or well field that supplies a public water system, through 
which contaminants are likely to move toward and reach the well or well field. This definition is the same for 
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the federal Safe Drinking Water Act (40 Code of Federal Regulations, Section 1428) and the Minnesota 
Groundwater Protection Act (Minnesota Statute 103I). 

Dataset Sources 
▪ Adams, R., (2016), Pollution sensitivity of near-surface materials [electronic file], Minnesota 

Department of Natural Resources, St. Paul, Minn., Minnesota Hydrogeology Atlas Series HG-02, 15 
p., 1 plate, scale 1:1,000,000. Available via Minnesota Department of Natural Resources: Minnesota 
Hydrogeology Atlas (MHA) 
(www.dnr.state.mn.us/waters/programs/gw_section/mapping/platesum/mha_ps-ns.html).  [August 
8, 2016]. 

▪ Jirsa, M.A., Boerboom, T.J., Chandler, V.W., Mossler, J.H., Runkel, A.C., and Setterholm, D.R. (2011), 
Geologic Map of Minnesota-Bedrock Geology [electronic file], Minnesota Geological Survey, St. Paul, 
Minn., State Map Series S-21, 1 plate, scale 1:500,000. Available via University of Minnesota Digital 
Conservancy: S-21 Geologic Map of Minnesota-Bedrock Geology 
(http://hdl.handle.net/11299/101466). [August 9, 2011]. 

▪ Minnesota Board of Water and Soil Resources (2018), State Funded Conservation Easement (RIM 
Reserve) [electronic file], St. Paul, Minn.  

▪ Minnesota Department of Health (2017), Minnesota Drinking Water Information System [electronic 
file], St. Paul, Minn.  

▪ Minnesota Department of Health (2017), Water Chemistry Database [electronic file], St. Paul, Minn. 
▪ Minnesota Department of Health (2017), Well Management Section Data System [electronic file], St. 

Paul, Minn.  
▪ Minnesota Department of Natural Resources (2017), MNDNR Permitting and Reporting System 

1988-2016 [electronic file], St. Paul, Minn. Available via Minnesota Department of Natural 
Resources: Minnesota Water Use Data 
(dnr.state.mn.us/waters/watermgmt_section/appropriations/wateruse.html).  [August 7, 2017]. 

▪ Minnesota Geological Survey and Minnesota Department of Health (2017), Minnesota County Well 
Index [electronic file], Minnesota Department of Health, St. Paul, Minn. Available via Minnesota 
Geological Survey: Index of /pub2/cwi4/ (ftp://mgssun6.mngs.umn.edu/pub2/cwi4/). [2016-2017]. 

▪ Minnesota Pollution Control Agency (2017), Closed Landfill Program Facilities [electronic file], St. 
Paul, Minn. Available via Minnesota Geospatial Commons: MPCA Closed Landfill Facilities 
(https://gisdata.mn.gov/dataset/env-closed-landfill).  [June 15, 2017]. 

▪ Minnesota Pollution Control Agency (2016), What’s In My Neighborhood [electronic file], St. Paul, 
Minn. Available via Minnesota Pollution Control Agency: What's in My Neighborhood 
(https://www.pca.state.mn.us/data/whats-my-neighborhood).  [December 19, 2016]. 

▪ Multi-Resolution Land Characteristics Consortium (2011), National Land Cover Database 2011 
[electronic file], U.S. Geological Survey, Reston, Va. Available via USDA-NRCS Geospatial Data 
Gateway: 1-Where (http://datagateway.nrcs.usda.gov/GDGOrder.aspx/).  [August 25, 2014]. 

http://www.dnr.state.mn.us/waters/programs/gw_section/mapping/platesum/mha_ps-ns.html
http://www.dnr.state.mn.us/waters/programs/gw_section/mapping/platesum/mha_ps-ns.html
http://www.dnr.state.mn.us/waters/programs/gw_section/mapping/platesum/mha_ps-ns.html
http://hdl.handle.net/11299/101466
http://hdl.handle.net/11299/101466
http://dnr.state.mn.us/waters/watermgmt_section/appropriations/wateruse.html
http://dnr.state.mn.us/waters/watermgmt_section/appropriations/wateruse.html
ftp://mgssun6.mngs.umn.edu/pub2/cwi4/
https://gisdata.mn.gov/dataset/env-closed-landfill
https://gisdata.mn.gov/dataset/env-closed-landfill
https://www.pca.state.mn.us/data/whats-my-neighborhood
https://www.pca.state.mn.us/data/whats-my-neighborhood
http://datagateway.nrcs.usda.gov/GDGOrder.aspx/
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Additional Resources 
The following resources may be helpful for gathering data and learning more about groundwater in the 
watershed. The resources are listed alphabetically by the topic they address. 

Type of 
Information 

Where you can get more information 

Aquifer 
Vulnerability 

For information on aquifer vulnerability ratings DWSMA, please contact MDH or the 
public water supplier in question. 

▪ health.drinkingwater@state.mn.us 
▪ 651-201-4700 

Groundwater 
Quality Data 

Find water-related monitoring data on Minnesota streams, lakes, wells, Superfund 
Program, closed landfills, other remediation sites, open landfills, data from MDA, 
MPCA, and USGS. 

▪ Environmental Quality Information System (EQuIS) 
(https://www.pca.state.mn.us/quick-links/environmental-quality-
information-system-equis) 

▪ Environmental data (https://www.pca.state.mn.us/environmental-data) 
▪ Groundwater (https://www.pca.state.mn.us/water/groundwater)  

Drinking Water 
Annual 
Reports 

MDH has issued a report regarding the state of drinking water in Minnesota each 
year since 1995. These reports provide test results, an overview on the role of the 
Department’s drinking water program in monitoring and protecting drinking water, 
and an examination emerging issues.  

▪ Drinking Water Protection Annual Reports 
(www.health.state.mn.us/divs/eh/water/com/dwar/) 

DWSMA maps 
and Shapefiles 

PDF maps and shape files of the DWSMAs can be downloaded from the MDH 
website. 

▪ Source Water Assessments 
(www.health.state.mn.us/divs/eh/water/swp/swa/)  

▪ Maps and Geospatial Data 
(www.health.state.mn.us/divs/eh/water/swp/maps/index.htm) 

Point Source 
Pollution 

Visit the following sites for more information on point source pollution: 

▪ Nonpoint Source Pollution 
(oceanservice.noaa.gov/education/kits/pollution/03pointsource.html) 

▪ Point Source Pollution (www.mncenter.org/point-source-pollution.html) 
▪ Water Permits and Forms (https://www.pca.state.mn.us/water/water-

permits-and-forms) 

Well 
Construction 
and Use Data 

Most of the construction and use data pertaining to wells in the state is housed in 
the Minnesota Well Index (MWI), an online database. All of the key data in the MWI 
is also available in spatial datasets, designed for use in geographic information 
systems (GIS). The Minnesota Geological Survey and MDH work together to maintain 

https://www.pca.state.mn.us/quick-links/environmental-quality-information-system-equis
https://www.pca.state.mn.us/quick-links/environmental-quality-information-system-equis
https://www.pca.state.mn.us/quick-links/environmental-quality-information-system-equis
https://www.pca.state.mn.us/environmental-data
https://www.pca.state.mn.us/water/groundwater
http://www.health.state.mn.us/divs/eh/water/com/dwar/
http://www.health.state.mn.us/divs/eh/water/com/dwar/
http://www.health.state.mn.us/divs/eh/water/swp/swa/
http://www.health.state.mn.us/divs/eh/water/swp/swa/
http://www.health.state.mn.us/divs/eh/water/swp/maps/index.htm
http://www.health.state.mn.us/divs/eh/water/swp/maps/index.htm
http://oceanservice.noaa.gov/education/kits/pollution/03pointsource.html
http://oceanservice.noaa.gov/education/kits/pollution/03pointsource.html
http://www.mncenter.org/point-source-pollution.html
http://www.mncenter.org/point-source-pollution.html
https://www.pca.state.mn.us/water/water-permits-and-forms
https://www.pca.state.mn.us/water/water-permits-and-forms
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Type of 
Information 

Where you can get more information 

and update the data in the Index. MWI provides basic information, such as location, 
depth, geology, construction and static water level, for many wells and borings 
drilled in Minnesota. It by no means contains information for all the wells and 
borings and the absence of information about a well on a property does not mean 
there is no well on that property. 

▪ Welcome to the Minnesota Well Index (MWI) 
(www.health.state.mn.us/divs/eh/cwi/)  

Wellhead 
Protection 
Plans 

These plans can be obtained directly from the communities or from MDH with 
permission from the communities. Water chemistry data collected from these 
systems can be provided by request to MDH. 

▪ health.drinkingwater@state.mn.us  
▪ 651-201-4700 

http://www.health.state.mn.us/divs/eh/cwi/
http://www.health.state.mn.us/divs/eh/cwi/
mailto:health.drinkingwater@state.mn.us
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Figure 39: Sensitivity Assessment and Calculation for Pollution Sensitivity of Wells (Figure 9) 
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Figure 40: Sensitivity Assessment and Calculation for Pollution Sensitivity of Wells (Figure 9) continued
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Table 10: Rare Species Connected with Groundwater in the Watonwan River Watershed 11 

Scientific 
Name 

Common Name Species 
Class 

Listing 
Status12 

AQUATIC 
(Y OR N) 

WETLAND 
(Y OR N) 

GROUNDWATER 
DEPENDENT  
(Y OR N) 

General Habitat Type 

Rare Plant: 
Asclepias 
sullivantii 

Sullivant’s 
Milkweed 

Terrestrial 
Plant 

THR N N Sometimes 
 

Mesic tallgrass prairies; sometimes wet 
prairies Calcareous seeps; wet prairie 

Rare Plant: 
Cypripedium 
candidum 

Small White 
Lady’s-slipper 

Terrestrial 
Plant 

SPC N Y Sometimes Calcareous seeps; wet prairie 

Rare Animal: 
Anaxyrus 
cognatus 
 

Great Plains Toad Amphibian SPC; SGCN Y Y Likely Upland and lowland prairie 

Rare Animal:  
Ironoquia 
punctatissima 

A Caddisfly Insect THR Y ? Y Unknown 

Rare Animal:  
Actinonaias 
ligamentina 

Mucket Mussel THR; 
SGCN 

Y N Y Medium to large rivers with sand and gravel 
substrates 

Rare Animal:  
Alasmidonta 
marginata 

Elktoe Mussel THR; 
SGCN 

Y N Y Medium to large rivers with sand and gravel 
substrates 

                                                           

 
11 Last Updated 01/12/2018 
12 END =State Endangered; THR = State Threatened; SPC = State Special Concern; Watch list = Species the DNR is tracking because they are in suspected decline SGCN= Species of Greatest 
Conservation Need 
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Scientific 
Name 

Common Name Species 
Class 

Listing 
Status12 

AQUATIC 
(Y OR N) 

WETLAND 
(Y OR N) 

GROUNDWATER 
DEPENDENT  
(Y OR N) 

General Habitat Type 

Rare Animal:  
Lasmigona 
compressa 

Creek Heelsplitter Mussel SPC; SGCN Y N Y Creeks, small rivers, and the upstream 
portions of large rivers with sand, fine 
gravel, or mud substrates 

Rare Animal: 
Ligumia 
subrostrata 

Pondmussel Mussel THR; 
SGCN 

Y N Y Small creeks or ponds with muddy or sandy 
substrates 

Rare Animal:  
Pleurobema 
sintoxia 

Round Pigtoe Mussel SPC; SGCN Y N Y Medium to large rivers with sand, gravel, or 
mud substrates 

Rare Animal: 
Emydoidea 
blandingii 

Blanding’s Turtle Reptile THR; 
SGCN 

Y Y Possibly Wetland complexes, small streams, and 
adjacent uplands, typically, but not always 
mapped as sandy soils 

Tables 11-1313 show the documented wetland native plant communities connected to groundwater in the Watonwan River Watershed.  

Table 11: Watonwan River Watershed – Documented wetland native plant communities dependent on sustained groundwater discharge 
Native Plant Community Code Native Plant Community Name Conservation Status Rank 
Fens and Seepage Wetlands  Left Blank  Left Blank 
OPp93b Calcareous Fen (Southwestern) S2=Imperiled 
WMs83 Southern Seepage Meadow/Carr S3=Vulnerable to extirpation or S2 
WMs83a Seepage Meadow/Carr S3  
WMs83a3 Seepage Meadow/Carr, Impatiens Subtype S2 
MMS_CX Meadow - Marsh - Fen -Swamp Complex SNR=State Not Ranked 

Table 12: Watonwan River Watershed documented wetland native plant communities dependent on groundwater associated with consistently high water tables 
Native Plant Community Code Native Plant Community Name Conservation Status Rank 
Marshes  Left Blank  Left Blank 

                                                           

 
13 Updated 12/22/2017 



 

Watonwan River Watershed GRAPS Report  98 

Native Plant Community Code Native Plant Community Name Conservation Status Rank 
MRp83 Prairie Mixed Cattail Marsh S1=Critically imperiled 
MRp83a Cattail - Sedge Marsh (Prairie) S1  
MRp93a Bulrush Marsh (Prairie) S1 
MRp93b Spikerush - Bur Reed Marsh (Prairie) S1 

Table 13: Watonwan River Watershed documented wetland native plant communities dependent on groundwater associated with water tables that are high for some portion of the growing 
season 

Native Plant Community Code Native Plant Community Name Conservation Status Rank 
Forested Wetlands  Left Blank  Left Blank 
FFs68a Silver Maple - (Virginia Creeper) Floodplain 

Forest  
S3 - Vulnerable to Extirpation 

Wet Meadow Left Blank Left Blank 
PWL_CX Prairie Wetland Complex SNR 
WMp73 Prairie Wet Meadow/Carr S3 
WPs54 Southern Wet Prairie S1 or S2 
Wet Prairies Left Blank Left Blank 
WPs54b Wet Prairie (Southern)  S2 - Imperiled 
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Planning Region Geospatial Prioritization Methodology 

Composite rankings were generated for Surface Water, Groundwater, Habitat, and a Total composite 
ranking of the three categories using an equal average amongst the ranking factors in a planning region. 

The Surface Water composite ranking included streams impaired for bacteria, TSS, and lakes impaired 
for nutrients. Streams were ranked by total miles within a planning region. Lakes were ranked by area of 
lake normalized by planning region area.  

The Groundwater composite ranking included aquifers with a “high” vulnerability rating by the 
Quaternary Geology of Minnesota MGS 1982 State Map Series and Drinking Water Supply Management 
Areas with “high” or “very high” vulnerability ratings. Both datasets were ranked by total area 
normalized by planning region area. 

The Habitat composite ranking included Minnesota Department of Natural Resources’ Wildlife 
Management Areas and Aquatic Management Areas and The Minnesota Biological Survey’s Sites of 
Biodiversity Significance with “high” significance ratings. Both datasets were ranked by total area 
normalized by planning region area. 

The attached table describes each calculations performed to develop the planning region ranks in detail. 



Resource Field Name Field 
Type 

Alias Calculation Comments 

AreaSQMI Double Calculate Geometry 
AreaAC Double Calculate Geometry 

Surface Water ImpStreamMil Double Impaired Stream 
Miles 

Calculate Geometry Streams impaired for FC, E.coli, and T 
(turbidity) 2018 

Surface Water ImpStream_Rank Short Impaired Stream 
Rank 

Order from most to least impaired 
stream miles and assign rank.  

Surface Water ImpLakeArea Double Impaired Lakes 
Square Miles 

Calculate Geometry Impaired Lakes 2018 for Nutrients 2018 

Surface Water ImpLake_Norm Double Impaired Lakes SqMil 
/ PR SqMil 

ImpLakeArea / AreaSQMI 

Surface Water ImpLake_Rank Short Impaired Lakes Rank Order from most to least normalized 
impaired lakes sqmil and assign rank. 

Surface Water SW_Comp_Value Double Surface Water Comp 
Value 

( 1 - ( !ImpStream_Rank! / 6 ) * 0.5 ) 
+ ( 1 - ( !ImpLake_Rank! / 6 ) * 0.5)

Surface Water SW_Comp_Rank Short Surface Water Comp 
Rank 

Order SW_Comp_Value high to low 
and rank 

Groundwater GrndWtrVuln_SqMil Double Area of High 
Vulnerability 
Aquifers 

Calculate Geometry Quaternary Geology of Minnesota MGS 
1982 State Map Series - "High" 
vulnerability rating. 

Groundwater GrndWtrVuln_Norm Double Vulnerable Aquifer 
SqMil / PR SqMil 

GrndWtrVuln_SqMil / AreaSQMI 

Groundwater GrndWtrVuln_Rank Short Vulnerable Aquifer 
Rank 

Order from most to least normalized 
vulnerable aquifer sqmil and assign 
rank.  

Groundwater DWSMA_SqMil Double DWSMA SqMil Calculate Geometry Drinking Water Supply Management Areas 
with High or Very High Vulnerability 

Groundwater DWSMA_Norm Double DWSMA SqMil / PR 
SqMil 

DWSMA_SqMil / AreaSQMI 

Groundwater DWSMA_Rank Short DWSMA Rank Order from most to least DWSMA 
Norm and assign rank.  

Groundwater GW_Comp_Value Double Groundwater Comp 
Value 

( 1 - ( !GrndWtrVuln_Rank! / 6 ) * 0.5 
) + ( 1 - ( !DWSMA_Rank! / 6 ) * 0.5) 



Resource Field Name Field 
Type 

Alias Calculation Comments 

Groundwater GW_Comp_Rank Short Groundwater Comp 
Rank 

Order GW_Comp_Value from high to 
low and rank 

Habitat DNR_MA_SqMil Double WMA and AMA 
SqMil 

Calculate Geometry DNR Wildlife and Aquatic Management 
Areas 

Habitat DNR_MA_Norm Double WMA and AMA 
SqMil / PR SqMil 

DNR_MA_SqMil / AreaSQMI 

Habitat DNR_MA_Rank Short WMA and AMA Rank Order from most to least 
DNR_MA_Norm and assign rank. 

Habitat BioSig_SqMil Double SqMil of High and 
Significant 
Biodiversity 

Calculate Geometry biota_mbs_sites_of_biodiversity - "high" 
significance 

Habitat BioSig_Norm Double BioSig SqMil / PR 
SqMil 

BioSig_SqMil / AreaSQMI 

Habitat BioSig_Rank Short Biosig Rank Order from most to least 
BioSig_Norm and assign rank. 

Habitat Habitat_Comp_Value Double Habitat Comp Value ( 1 - ( !DNR_MA_Rank! / 6 ) * 0.5 ) + ( 
1 - ( !BioSig_Rank! / 6 ) * 0.5) 

Habitat Habitat_Comp_Rank Short Habitat Comp Rank Order Habitat_Comp_Value from 
high to low and rank 

Composite TotComp_Value Double Total Comp Value ( 1 - ( !SW_Comp_Rank! / 6 ) * 0.33 ) 
+ ( 1 - ( !GW_Comp_Rank! / 6 ) *
0.33) + ( 1 - ( !Habitat_Comp_Rank! /
6 ) * 0.33 )

Composite ranking with equal average 
amongst ranking factors in a planning 
region. 

Composite TotComp_Rank Short Total Comp Rank Order TotComp_Value from high to 
low and rank 
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APPENDIX E – Committee Members 

Table 1. Policy Committee Members 

Name Designated (D) or 
Alternate (A) 

Email 

Will Purvis D will.purvis@blueearthcountymn.gov 

John Rollings D rolcajj@hickorytech.net 

Carol Krosch A carol.krosch@blueearthcountymn.gov 

Tony Berg D district2@co.brown.mn.us 

Jeffery Veerkamp A district5@co.brown.mn.us 

Clark Lingbeek D phatpheasantpub@windomnet.com 

A 

Tom Appel D tom.appel@co.cottonwood.mn.us 

Jim Schmidt A jim.schmidt@co.cottonwood.mn.us 

Larry Hansen D larryghansen@yahoo.com 

David Hussong A ddjhuey@frontiernet.net 

Jim Eigenberg D jim.eigenberg@co.jackson.mn.us 

Scott McClure A scott.mcclure@co.jackson.mn.us 

Tyler Ask D tylerask@live.com 

Larry Cowing A cowingfarms@hotmail.com 

Steve Flohrs D steve.flohrs@co.martin.mn.us 

Kathy Smith A kathy.smith@co.martin.mn.us 

Rich Enger D richsueenger@yahoo.com 

Noren Durheim A norend@cccinternet.net 

Steve Sodeman A 

Ray Gustafson D rsgus@cccinternet.net 



APPENDIX D – Committee Members 

Table 2. Advisory Committee Members (Also includes members of Steering Team listed in Table 3) 

Name Affiliation 

Janet Bloomquist Local member 

Gwen Branstad Local member 

Keith Brekken Local member 

Steve Michels Local member 

Gregory Mikkelson Local member 

Lance Mikkelson Local member 

Scot Potter Local member 

Tim Sorenson Local member 

Tayler Swanson Local member 

Tony Thompson Local member 

Gary Wyatt Local member 

Paul Davis Minnesota Pollution Control Agency  

Brooke Hacker Minnesota Department of Natural Resources  

Ed Lenz Minnesota Board of Water and Soil Resources 

Shaina Keseley  Minnesota Board of Water and Soil Resources  

Jeremey Maul Minnesota Board of Water and Soil Resources 

Amanda Strommer Minnesota Department of Health 

Jeff Berg Minnesota Department of Agriculture 

Margaret Wagner Minnesota Department of Agriculture 

Scott Hanson Minnesota Rural Water Association 

Ray Hummel Natural Resource Conservation Service 

 

  



APPENDIX D – Committee Members 

Table 3. Steering Team Members 

Name Affiliation email 

Jerad Bach Blue Earth SWCD jerad.bach@blueearthswcd.org 

Chris Bauer Jackson SWCD chris.bauer@mn.nacdnet.net 

Ashley Brenke Martin SWCD ashleybrenke@frontier.com 

Dave Bucklin Cottonwood SWCD david.bucklin@windomnet.com 

Julie Conrad Blue Earth County julie.conrad@blueearthcountymn.gov 

Pam Flitter Martin County pam.flitter@co.martin.mn.us 

Andy Geiger Jackson County andy.geiger@co.jackson.mn.us 

Kay Gross Cottonwood County kay.clark@windomnet.com 

David Haler Watonwan County david.haler@co.watonwan.mn.us 

Shaina Keseley  BWSR shaina.keseley@state.mn.us 

Melanie Krueger Brown SWCD melanie.krueger@brownswcdmn.org 

Andy Meyer Brown County andy.meyer@co.brown.mn.us 

Heidi Rudolph Watonwan SWCD heidi.rudolph@co.watonwan.mn.us 

Jill Sackett-
Eberhart 

BWSR jill.sackett.eberhart@state.mn.us 

Josh Votruba Cottonwood SWCD josh.votruba@windomnet.com 

 

 

 

 

 

 

 



Watonwan River Watershed documented rare species and features. 

Scientific Name Common Name Species 
Class 

Listing 
Status General Habitat Type 

Actinonaias ligamentina   Mucket Mussel THR; SGCN Medium to large rivers with sand and gravel 
substrates 

Aechmophorus occidentalis  Western Grebe Bird SGCN 
Fresh water lakes and marshes with extensive 
areas of open water bordered by emergent 
vegetation (breeding) 

Alasmidonta marginata Elktoe Mussel THR; SGCN Medium to large rivers with sand and gravel 
substrates 

Ammodramus henslowii Henslow's Sparrow Bird END; SGCN Grasslands and uncultivated old fields with stalks 
for perching 

Ammodramus savannarum Grasshopper Sparrow Bird Watch list, 
SGCN 

Open grasslands and prairies with patches of bare 
ground 

Anaxyrus cognatus Great Plains Toad Amphibian SPC; SGCN Upland and lowland prairie 

Arnoglossum plantagineum Tuberous Indian-plantain Terrestrial 
Plant THR Native, moist prairies in southern MN 

Asclepias sullivantii Sullivant's Milkweed Terrestrial 
Plant THR Mesic tallgrass prairies 

Bartramia longicauda Upland Sandpiper Bird Watch List Native prairie and open grasslands 

Bombus affinis Rusty Patched Bumble Bee  Insect Watch List Native prairie and open grasslands 

Buchloe dactyloides Buffalo Grass Terrestrial 
Plant SPC Southern bedrock outcrops 

Buteo swainsoni Swainson's Hawk Bird Watch list, 
SGCN 

Native prairie and open grasslands; They will forage 
in hay or alfalfa fields 

Catocala abbreviatella Abbreviated Underwing Insect SPC Prairies and grasslands with populations of 
leadplant (host plant)  

Chaetura pelagica Chimney Swift Bird Watch list, 
SGCN 

Roost/Nest: suburban, urban, and rural areas with 
cavities for nesting like chimneys, hollow trees, or 
caves; Forage in open habitats 

Chlidonias niger Black Tern Bird Watch list, 
SGCN Marshes/wetlands 

Circus cyaneus Northern Harrier Bird Watch list, 
SGCN 

Large, undisturbed tracts of wetlands and 
grasslands with low, thick vegetation 

Cistothorus platensis Sedge Wren Bird Watch list, 
SGCN 

Summer: Wet meadows, prairies, and marshes; 
Winter: grassy marshes and dry grasslands 

Coccyzus americanus Yellow-billed Cuckoo Bird Watch list, 
SGCN 

Shrublands or wooded habitat with dense cover and 
water nearby 

Coccyzus erythropthalmus Black-billed Cuckoo Bird Watch list, 
SGCN 

Woodlands and thickets, including aspen, poplar, 
birch, sugar maple, hickory, hawthorn, and willow; 
Prefer deciduous woodlands over coniferous 

Colonial Water bird Nesting Area  N/A Grouping of 
a variety of  N/A Large, shallow lakes; marsh complex 



Scientific Name Common Name Species 
Class 

Listing 
Status General Habitat Type 

nesting bird 
species 

Cygnus buccinator Trumpeter Swan Bird SPC; SGCN Small ponds, lakes, or bays 

Cyperus acuminatus Short-pointed Umbrella-
sedge 

Terrestrial 
Plant THR Edge of shallow rock pools and in the muddy 

margins of ponds and lakes 

Cypripedium candidum Small White Lady's-slipper Terrestrial 
Plant SPC Calcareous seeps; wet prairie 

Dolichonyx oryzivorus Bobolink Bird Watch list, 
SGCN 

Tallgrass and mixed prairies, hayfields, and 
meadows 

Emydoidea blandingii Blanding's Turtle Reptile THR; SGCN 
Wetland complexes, small streams, and adjacent 
uplands, typically, but not always mapped as sandy 
soils 

Eryngium yuccifolium Rattlesnake Master Terrestrial 
Plant SPC Prairies (dry to moist soils) 

Falco sparverius American Kestrel Bird NL, SGCN Prairies, grasslands, open meadows, farmsteads 

Gallinula galeata Common Gallinule Bird SPC; SGCN Freshwater cattail-bulrush marshes 

Haliaeetus leucocephalus Bald Eagle Bird 

Bald Eagle 
and Golden 
Eagle 
Protection 
Act 
(Federal) 

Areas with dense or scattered trees and wet areas 

Hylocichla mustelina Wood Thrush Bird Watch List; 
SGCN Mature deciduous and mixed forests 

Ironoquia punctatissima A Caddisfly Insect THR Small cold-water spring habitats 

Ixobrychus exilis Least Bittern Bird Watch list, 
SGCN 

Freshwater or brackish marshes with tall, 
emergent vegetation 

Lasmigona compressa Creek Heelsplitter Mussel SPC; SGCN 
Creeks, small rivers, and the upstream portions of 
large rivers with sand, fine gravel, or mud 
substrates 

Lasmigona costata Fluted Shell Mussel THR; SGCN Medium to large rivers dominated by gravel 
substrates 

Lepus townsendii   White-tailed Jackrabbit Mammal Watch list, 
SGCN Native prairies and grasslands   

Lespedeza leptostachya Prairie Bush Clover Terrestrial 
Plant 

THR; Fed 
THR Mesic to dry-mesic prairie; Bluff prairies 

Ligumia recta Black Sandshell Mussel SPC; SGCN Medium to large rivers in the riffles and runs with 
sand or gravel substrates 

Ligumia subrostrata Pondmussel Mussel THR, SGCN Small creeks or ponds with muddy or sandy 
substrates 

Megaceryle alcyon Belted kingfisher Bird Watch list, 
SGCN 

Rivers, streams, lakes, and ponds with clear water; 
Vertical earthen banks are used for nesting  



Scientific Name Common Name Species 
Class 

Listing 
Status General Habitat Type 

Melanerpes erythrocephalus Red-headed Woodpecker Bird Watch list, 
SGCN 

Breeding: Open woodlands with dead or dying trees; 
Winter: Mature forests with oak, oak-hickory, 
maple, ash, and beech 

Necturus maculosus Mudpuppy Amphibian SPC; SGCN   Freshwater lakes, rivers, streams, and ponds 

Oarisma poweshiek Powesheik skipperling Insect END; Fed 
END, SGCN Wet to Dry native prairie 

Onychomys leucogaster Northern Grasshopper 
Mouse Mammal SPC; SGCN Dry prairies 

Pelecanus erythrorhynchos American White Pelican Bird SPC; SGCN Large, shallow bodies of water 

Perognathus flavescens Plains Pocket Mouse Mammal SPC 
Upland prairie; savanna; open, well-drained areas, 
typically on sandy soils with sparse, grassy or 
brushy vegetation 

Pleurobema sintoxia   Round Pigtoe Mussel SPC; SGCN Medium to large rivers with sand, gravel, or mud 
substrates 

Podiceps grisegena  Red-necked Grebe Bird Watch list, 
SGCN 

Lakes or wetlands usually with emergent 
vegetation; bogs, sloughs, quiet river channels, 
alkaline lakes, large irrigation ditches, and borrow 
pits (breeding) 

Progne subis Purple Martin Bird SPC; SGCN 

Breeding: near cities or along forest edges and 
rivers with dead snags that have woodpecker holes 
for nest sites; Winter: savannas and agricultural 
fields in S. America 

Rallus elegans King Rail Bird END, SGCN Shallow freshwater, brackish, or saltwater marshes 

Rallus limicola   Virginia Rail Bird Watch list, 
SGCN 

Freshwater marshes with dense, emergent 
vegetation 

Reithrodontomys megalotis Western Harvest Mouse Mammal SPC; SGCN Grasslands, meadows, and marshes 

Schinia indiana Phlox Moth Insect SPC; SGCN Native upland prairie 

Speyeria idalia Regal Fritillary Insect SPC, SGCN Upland and wet prairie 

Spilogale putorius Eastern Spotted Skunk Mammal THR 
Open areas with sufficient cover, such as 
fencerows, shelterbelts, thickets, brush, and 
riparian woodlands 

Spiza americana Dickcissel Bird Watch list, 
SGCN 

Grasslands, hayfields, and lightly grazed pastures 
and roadsides 

Spizella pusilla Field Sparrow Bird Watch List; 
SGCN Open or scrub habitats with low perches 

Stelgidopteryx serripennis Northern Rough-winged 
Swallow Bird Watch list, 

SGCN Open habitats with vertical surfaces 

Sturnella magna Eastern Meadowlark Bird Watch list, 
SGCN 

Native grasslands and prairies; Minimum of 6 acres 
to establish territories; Where their range overlaps 
with W. Meadowlarks they will use wetter, low-lying 
grasslands 



Scientific Name Common Name Species 
Class 

Listing 
Status General Habitat Type 

Sturnella neglecta  Western Meadowlark Bird Watch list, 
SGCN 

Open grasslands, prairies, meadows, and some 
agricultural fields; In winter they forage on bare 
ground 

Toxostoma rufum Brown Thrasher Bird Watch list, 
SGCN 

Forests with cottonwoods, willows, dogwoods, and 
American plum; Breed: Fencerows, shelterbelts, 
woody edges 

Vireo bellii Bell's Vireo Bird SPC; SGCN Early successional forests and riparian areas with 
dense, shrubby vegetation 

Xanthocephalus xanthocephalus Yellow-headed Blackbird Bird Watch list; 
SGCN 

Breeding: Prairie wetlands, shallow marshes, 
ponds, and rivers 

*END =State Endangered; THR = State Threatened; SPC = State Special Concern; Watch list = Species the DNR is tracking because they are in suspected decline SGCN= Species of Greatest Conservation 
Need; NL=Non-listed species 
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Photo Credit: Minnesota Pollution Control Agency 
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Acronyms and Abbreviations List 

1W1P  One Watershed, One Plan 
BWSR  Board of Water and Soil Resources 
COE  Corps of Engineers 
DNR  Department of Natural Resources 
MDA  Minnesota Department of Agriculture 
MDH  Minnesota Department of Health 
MPCA  Minnesota Pollution Control Agency 
NRCS  Natural Resource Conservation Service 
SWCD  Soil & Water Conservation District 
TNC  The Nature Conservancy 

1 BACKGROUND 

The Minnesota Counties of Blue Earth, Brown, Cottonwood, Jackson, Martin, and Watonwan, by and 

through their respective County Board of Commissioners; and the Blue Earth, Brown, Cottonwood, 

Jackson, Martin, and Watonwan Soil and Water Conservation Districts (SWCDs), by and through their 

respective SWCD Board of Supervisors; were selected in the 2018 planning year by the Minnesota Board 

of Water and Soil Resources (BWSR), to complete a One Watershed One Plan (1W1P). Collectively, the 

parties are called the “Watonwan Watershed Planning Partnership” (hereafter referred to as the 

“WWPP”). The WWPP recognized the importance of partnerships to plan and implement protection and 

restoration efforts for the Watonwan River Watershed.  The Watonwan River Watershed 1W1P planning 

area is shown in Figure 1. 

The WWPP is responsible for preparing a Comprehensive Watershed Management Plan (Plan) under the 

1W1P effort. The members of the WWPP share an interest in and the statutory authority to prepare, 

adopt, and assure implementation of a Plan for the Watonwan River Watershed.   

This document describes the participation process for developing the Plan. 
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Figure 1. Watonwan River Watershed 1W1P Location 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 AUDIENCE & ROLES 

One of the Guiding Principles of 1W1P is that the process “must involve a broad range of Stakeholders to 

ensure an integrated approach to watershed management.”  A Stakeholder is defined as a party (person 

or group) who holds a vested interest in the outcome of the planning process. The primary outcome 

resulting from the Plan will be a targeted implementation plan, focused on the implementation of specific 

best management practices, capital improvement projects, educational and outreach programs, 

monitoring activities, and regulatory controls. A variety of Stakeholders may be directly or indirectly 

affected.  
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Participants in the planning process are comprised of several potential target audiences or groups and 

collectively represent the Stakeholders. The groups and their respective planning roles are described in 

the following sections. 

2.1 Policy Committee 

Representing their respective local units of governments, the primary role of the Policy Committee is to 

collectively develop and adopt, as local government units, a coordinated watershed management plan 

pertaining to the area within the Watonwan River Watershed.  Bylaws have been adopted to guide the 

decision-making process, leadership, and direction of process for the Policy Committee. Expectations are 

that the Policy Committee will review and approve all plan content, decide on final Plan submittal, and 

communicate to their respective boards throughout the planning process. An additional expectation is that 

members of the Policy Committee will engage in constructive discussion and debate about issues 

addressed by the Plan and provide consensus direction on plan development matters, to the Steering 

Team. The Policy Committee will also review and approve membership on the Advisory Committee. 

Meeting commitments for the Policy Committee are expected to be once per month. The Policy 

Committee has additional obligations as described by The Memorandum of Agreement executed by the 

WWPP.  

2.2 Advisory Committee 

The Advisory Committee is required to meet the public and stakeholder participation goals as defined by 

statute. Membership on the Advisory Committee should consist of members from the Steering Team and 

must include representation from the State's main water agencies and/or plan review agencies. It is 

encouraged that Advisory Committee membership include representation from the general public, trade 

organizations, nonprofit organizations, and special interest groups. Leaders within the local community 

are valued members of the Advisory Committee. Membership to the Advisory Committee is reviewed and 

approved by the Policy Committee.  

The purpose of an Advisory Committee is to make recommendations on the Plan and the targeted 

implementation schedule to the Policy Committee, including identification of priority resources, concerns, 

and issues affecting the plan area. Expectations are that members of the Advisory Committee will 

communicate Plan related activities to their respective organizations. Advisory Committee members are 

expected to communicate practical concerns during the plan development process and to assist the 

Policy Committee in ensuring a credible Plan development process. Meeting commitments for Advisory 

Committee members are expected to be every month or when subject matter expertise is warranted.  

Each state or federal agency or organization participating on the Advisory Committee shall designate one 

lead representative and one designated alternate. An agency’s or organization’s guidance, input, and 

decisions shall be communicated through the lead representative or designated alternative. The lead 
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agency or organization representative is expected to coordinate information flow and communication 

within their agency or organization. 

2.3 Steering Team 

The Steering Team is comprised of one staff person from each WWPP member LGU for the purposes of 

logistical and day-to-day decision-making in the planning process and associated meetings. The Steering 

Team includes the consultant and BWSR Board Conservationist who are also responsible for assembling 

the draft and final Plan. Members of the Steering Team are responsible for providing information needed 

for the planning process, reviewing and accepting draft plan related information, and assisting in Plan 

development. Identifying priority resources, concerns, and issues for their specific county is also the 

responsibility of the Steering Team. Meeting expectations for the Steering Team twice per month and as 

needed to maintain pace of progress for plan development. 

2.4 General Public 

Public meetings and hearings will be completed as part of the Plan development process. The general 

public is expected to be an important Stakeholder group.  Input from the public meetings will be used to 

ensure a complete list of priority issues is developed. The role of the general public is expected to include 

identifying issues affecting resources. The public will be engaged to rank concerns establishing a “public 

priority” rank. An additional role for the general public is expected to include review of and discussion 

about the targeted implementation schedule and ability to achieve the measurable goals. 

3 INTENT FOR STAKEHOLDER INVOLVEMENT 

The principal intent of involving stakeholders during the planning process is to discover what's happening 

in the watershed, what is important to Stakeholders, and build acceptance of the Plan and the 

recommended solutions described by the targeted implementation schedule. Acceptance is critical 

because the WWPP is focused on actively utilizing their Plan to implement projects and programs within 

the Watonwan River Watershed. Successful implementation will depend highly on the degree to which 

the Stakeholders believe their concerns, issues, or expectations are addressed within the Plan. 

The WWPP intend for the Stakeholder involvement process to be active, genuine, and credible. To that 

end, the Stakeholder groups will be involved early in the planning process and will remain engaged 

through plan completion. Input provided by Stakeholders is intended to help ensure the 

comprehensiveness of the Plan and validate the implementation priorities of the WWPP and 

Stakeholders. 
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4 TOOLS FOR STAKEHOLDER INVOLVEMENT 

The WWPP expect to use several tools to involve Stakeholders. These tools include: 

• Informing the stakeholders of status and progress by posting information on a website, 

including document drafts as they become available; 

• Convening meetings and workshops with Stakeholders at key milestones to discuss relevant 

content and obtain input; and 

• Use of existing “standing” committees within each county, including local water plan advisory 

committees. These committees tend to include broad representation.  

BWSR has developed guidance for agency comments for the 1W1P planning process that is applicable to 

all stakeholder groups participating in plan development (See table below for BWSR guidance on 

providing comments). This guidance is available at 

http://www.bwsr.state.mn.us/planning/1W1P/Best_Practices_for_Agency_Comments_on_Water_Plans.p

df 

 

There are many methods for conveying information and communicating messages. This Stakeholder 

Participation Plan will utilize a variety of tools as appropriate and beneficial for sharing progress and 

soliciting input. Information about the planning process can be obtained from the Watonwan River 

Watershed 1W1P website: http://www.co.watonwan.mn.us/index.aspx?NID=416.    

http://www.bwsr.state.mn.us/planning/1W1P/Best_Practices_for_Agency_Comments_on_Water_Plans.pdf
http://www.bwsr.state.mn.us/planning/1W1P/Best_Practices_for_Agency_Comments_on_Water_Plans.pdf
http://www.co.watonwan.mn.us/index.aspx?NID=416
http://www.co.watonwan.mn.us/index.aspx?NID=416
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5 CONDUCT 

The conduct of members of the various Stakeholder Groups —how the committees function and affect 

the process—will be based on the overall intent of building acceptance of the Plan through a credible yet 

timely process. Where appropriate, the WWPP will strive to achieve consensus on Plan related matters. 

However, because of the diversity of issues and range of resources, full agreement between or among all 

Stakeholders is not realistic or expected. Within the Policy Committee, bylaws specify meeting and voting 

(Article IV and V). The ultimate responsibility for the content of the Plan rests with the Policy Committee. 

Participants are expected to act in a professional, constructive, and contributory manner. The Policy 

Committee reserves the right to restructure the members participating to ensure completion of the 

planning process.
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6 STAKEHOLDER LIST 

6.1 Policy Committee Members  
The Policy Committee Members, their affiliation, and contact information are listed in Table 1. 
Table 1. Policy Committee Members (as of January 10th, 2019) 

            

Organization Last Name Address City, St., Zip Home/cell 
Number 

E-mail  

Blue Earth SWCD John 
Rollings 

409 First Stree E Vernon Center, MN 56090 507-549-3652 
/507-327-5171 

rolcajj@hickorytech.net 

Blue Earth SWCD 
Alt 

Carol 
Krosch 

17568 542nd 
Avenue 

Good Thunder, MN 56037 507-546-3084/ 
507-420-6999 

carol.krosch@blueearthcountymn.gov 

Blue Earth County Will Purvis 13798 534th 
Lane 

  507-549-3420/ 
507-317-5465 

will.purvis@blueearthcountymn.gov 

Blue Earth County 
Alt 

Drew 
Campbell 

P O Box 1283 Mankato, MN 56002-1283 507-382-1374/ 
507-304-4284 

drew.campbell@blueearthcountymn.gov 

Brown SWCD Clem 
Windschitl 

14427 260th Ave Sleepy Eye, MN 56085 507-794-3625/ 
507-227-2826 

clwind1975@hotmail.com 

Brown SWCD Alt Gary 
Rathman 

10780 320th Ave Comfrey, MN 56019 507-381-1036 gjrathman@hotmail.com 

Brown County Tony Berg 20218 195th Ave New Ulm, MN 56073 507-359-7844 district2@co.brown.mn.us 

Brown County Alt Dean 
Simonsen 

28711 310th Ave Sleepy Eye, MN 56085 507-794-3326 district4@co.brown.mn.us 

Cottonwood 
SWCD 

Clark 
Lingbeek 

26992 570th Ave Comfrey, MN 56019  507-920-9884 phatpheasantpub@windomnet.com 

Cottonwood 
SWCD Alt 

          

Cottonwood 
County 

Tom Appel 36810 County Rd 
8 

Mountain Lake, MN 56159 507-427-3825 tom.appel@co.cottonwood.mn.us 

Cottonwood 
County Alt 

Jim 
Schmidt 

530 Edison Ave Westbrook, MN 56183 507-274-6568 jim.schmidt@co.cottonwood.mn.us 

Jackson SWCD Larry 
Hansen 

87247 520th Ave Jackson, MN 56143 507-847-2617   

mailto:rolcajj@hickorytech.net
mailto:carol.krosch@blueearthcountymn.gov
mailto:will.purvis@blueearthcountymn.gov
mailto:drew.campbell@blueearthcountymn.gov
mailto:clwind1975@hotmail.com
mailto:gjrathman@hotmail.com
mailto:district2@co.brown.mn.us
mailto:district4@co.brown.mn.us
mailto:phatpheasantpub@windomnet.com
mailto:tom.appel@co.cottonwood.mn.us
mailto:jim.schmidt@co.cottonwood.mn.us
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Jackson SWCD 
Alt 

David 
Hussong 

84926 380th 
Avenue 

Okabena, MN 56161 507-853-4660 ddjhuey@frontiernet.net 

Jackson County Jim 
Eigenberg 

PO Box 256 Heron Lake, MN 56137 507-793-2832 jim.eigenberg@co.jackson.mn.us 

Jackson County 
Alt 

Scott 
McClure 

71866 375th 
Avenue 

Lakefield, MN 56150 507-839-3872 scott.mcclure@co.jackson.mn.us 

Martin SWCD Tyler Ask 330 Chestnut 
Street E 

Trimont, MN 56176   tylerask@live.com 

Martin SWCD Alt Judy 
Beckman 

      jnbemb@frontiernet.net 

Martin County Steve 
Flohrs 

1056 230th St Ormsby, MN 56162 507-639-3071 steve.flohrs@co.martin.mn.us 

Martin County Alt           

Watonwan SWCD Rich Enger 520 11th Ave St. James, MN 56081 507-375-4414/ 
507-380-7699 

richsueenger@yahoo.com 

Watonwan SWCD 
Alt 1 

Noren 
Durheim 

31041 790th Ave Madelia, MN 56062 507-642-8455 norend@cccinternet.net 

Watonwan SWCD 
Alt 2 

Steve 
Sodeman 

        

Watonwan County Keith 
Brekken 

27595 State Hwy 
4 

St. James, MN 56081 507-375-3726 kbrekken@co.watonwan.mn.us 

Watonwan County 
Alt 

Ray 
Gustafson 

304 Second St. 
SW  

Madelia, MN 56062  507-642-8694 rsgus@cccinternet.net 

 

 

 

 

 

 

mailto:ddjhuey@frontiernet.net
mailto:jim.eigenberg@co.jackson.mn.us
mailto:scott.mcclure@co.jackson.mn.us
mailto:tylerask@live.com
mailto:jnbemb@frontiernet.net
mailto:steve.flohrs@co.martin.mn.us
mailto:richsueenger@yahoo.com
mailto:norend@cccinternet.net
mailto:kbrekken@co.watonwan.mn.us
mailto:rsgus@cccinternet.net
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6.2 Advisory Committee Members 

The Advisory Committee Members, their affiliation, and contact information are listed in Table 2. The Advisory Committee is comprised of technical 

representatives from local, federal and state agencies, non-governmental organizations, industry and citizens who reside in the watershed. Members 

of the Policy Committee and Steering Team can participate in the Advisory Committee process. 

Table 2. Advisory Committee Members  

Table 3. Advisory Committee Members (Also includes members of Steering Team listed in Table 3) 

Name Affiliation 

Janet Bloomquist Local member 

Gwen Branstad Local member 

Keith Brekken Local member 

Steve Michels Local member 

Gregory Mikkelson Local member 

Lance Mikkelson Local member 

Scot Potter Local member 

Tim Sorenson Local member 

Tayler Swanson Local member 

Tony Thompson Local member 

Gary Wyatt Local member 

Paul Davis Minnesota Pollution Control Agency  

Brooke Hacker Minnesota Department of Natural Resources  

Ed Lenz Minnesota Board of Water and Soil Resources 

Shaina Keseley  Minnesota Board of Water and Soil Resources  

Jeremey Maul Minnesota Board of Water and Soil Resources 

Amanda Strommer Minnesota Department of Health 
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Jeff Berg Minnesota Department of Agriculture 

Margaret Wagner Minnesota Department of Agriculture 

Scott Hanson Minnesota Rural Water Association 

Ray Hummel Natural Resource Conservation Service 

 

 

 

 

6.3 Steering Team Members 

The Steering Team Members, their affiliation, and contact information are listed in Table 3. 

Table 4. Steering Team Members  

Name Organization Role Address City/State/Zip Phone e-mail 

Jerad Bach Blue Earth 
SWCD 

    jerad.bach@blueearthswcd.org   

Chris Bauer Jackson SWCD     chris.bauer@mn.nacdnet.net   

Ashley Brenke Martin SWCD     ashleybrenke@frontier.com   

Dave Bucklin Cottonwood 
SWCD 

    david.bucklin@windomnet.com   

Julie Conrad Blue Earth 
County 

    julie.conrad@blueearthcountymn.gov   

Pam Flitter Martin County     pam.flitter@co.martin.mn.us   

Andy Geiger Jackson County     andy.geiger@co.jackson.mn.us   

Kay Gross Cottonwood 
County 

    kay.clark@windomnet.com   

mailto:jerad.bach@blueearthswcd.org
mailto:jerad.bach@blueearthswcd.org
mailto:chris.bauer@mn.nacdnet.net
mailto:chris.bauer@mn.nacdnet.net
mailto:ashleybrenke@frontier.com
mailto:ashleybrenke@frontier.com
mailto:david.bucklin@windomnet.com
mailto:david.bucklin@windomnet.com
mailto:julie.conrad@blueearthcountymn.gov
mailto:julie.conrad@blueearthcountymn.gov
mailto:pam.flitter@co.martin.mn.us
mailto:pam.flitter@co.martin.mn.us
mailto:andy.geiger@co.jackson.mn.us
mailto:andy.geiger@co.jackson.mn.us
mailto:kay.clark@windomnet.com
mailto:kay.clark@windomnet.com
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David Haler Watonwan 
County 

    david.haler@co.watonwan.mn.us   

Shaina 
Keseley 

BWSR     shaina.keseley@state.mn.us   

Melanie 
Krueger 

Brown SWCD     melanie.krueger@brownswcdmn.org   

Andy Meyer Brown County     andy.meyer@co.brown.mn.us   

Heidi Rudolph Watonwan 
SWCD 

      

Jill Sackett-
Eberhart 

BWSR     jill.sackett.eberhart@state.mn.us   

Josh Votruba Cottonwood 
SWCD 

    josh.votruba@windomnet.com 

mailto:david.haler@co.watonwan.mn.us
mailto:david.haler@co.watonwan.mn.us
mailto:shaina.keseley@state.mn.us
mailto:shaina.keseley@state.mn.us
mailto:melanie.krueger@brownswcdmn.org
mailto:melanie.krueger@brownswcdmn.org
mailto:andy.meyer@co.brown.mn.us
mailto:andy.meyer@co.brown.mn.us
mailto:jill.sackett.eberhart@state.mn.us
mailto:jill.sackett.eberhart@state.mn.us
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One Watershed, One Plan  

Plan Content Requirements 

From the Board of Water and Soil Resources, State of Minnesota 

Version: 2.00 
Effective Date:  03/28/2018 
Approval: Board Decision #18‐14 

Policy Statement 

These are the minimum requirements for contents of a comprehensive watershed management plan developed 
through the Minnesota Board of Water and Soil Resources’ (BWSR) One Watershed, One Plan program. The One 
Watershed, One Plan vision is to align local water planning on major watershed boundaries with state strategies 
towards prioritized, targeted, and measurable implementation plans. These procedures are based on the One 
Watershed, One Plan Guiding Principles adopted by BWSR on December 18, 2013. 

Minnesota Statutes §103B.101 Subd. 14 permits BWSR to adopt methods to allow comprehensive plans, local 
water management plans, or watershed management plans to serve as substitutes for one another, or to be 
replaced with one comprehensive watershed management plan and requires BWSR to establish a suggested 
watershed boundary framework for these plans. Minnesota Statutes §103B.801 outlines the purpose of and 
requirements for comprehensive watershed management plans and directs BWSR to establish content 
requirements for plans. 
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I. Introduction 

This document contains specific content requirements for drafting a comprehensive watershed management 
plan through the Board of Water and Soil Resources’ One Watershed, One Plan program. The One Watershed, 

One Plan Guidebook provides more information on selected requirements for developing a quality plan that 
serves the needs of watershed resources and planning partners. Overall organization and format of the plan is a 
local decision. 

The most effective and useful comprehensive watershed management plans are based on the best available 
data, models, and other science, especially making use of Watershed Restoration and Protection Strategies 
(WRAPS) where they are available. They are action‐oriented, focusing on the what and the how of watershed 
management. Finally, they are succinct and readable, providing watershed managers with a tool to explain to 
the public and funders what needs to happen and the anticipated results of actions that appear in the plan. 
Where possible, partnerships are encouraged to make use of existing documents and incorporate them into the 
final plan document by reference. The One Watershed, One Plan Guiding Principles provide sideboards and 
direction in the plan content requirements outlined in this document. 

Note: One Watershed, One Plan Operating Procedures are in a separate document. 

II. Comprehensive Watershed Management Plans 

The requirements in this document are supported by the vision of the Minnesota Local Government Roundtable 
that future watershed‐based plans will have sufficient detail that local government units can, with certainty, 

identify pollutant(s) of concern in ‐ or risks to ‐ a water body, identify the source(s) of the pollutant, and 

provide detailed projects that address identified sources or risks. This vision also includes a future of limited 
wholesale updates to watershed‐based plans, with a streamlined process to incorporate collected data, trend 
analysis, changes in land use, and prioritization of resource concerns into the watershed‐based plan, and an 
emphasis on watershed management and implementation through shorter‐term work plans and budgeting.  
This vision includes acknowledging and building off of existing plans and data (including local and state plans and 
data), as well as existing local government services and capacity. 

A. Issues that must be addressed 

According to Minnesota Statutes, Section 103B.801, subdivision 4, the following issues must be addressed in the 
plan.  

 Surface water and ground water quality protection, restoration, and improvement, including prevention 
of erosion and soil transport into surface water systems 

 Restoration, protection, and preservation of natural surface water and groundwater storage and 
retention systems  

 Promotion of groundwater recharge 

 Minimization of public capital expenditures needed to correct flooding and water quality problems 

 Wetland enhancement, restoration, and establishment 

 Identification of priority areas for riparian zone management and buffers 

www.bwsr.state.mn.us  3 

www.bwsr.state.mn.us


 

   

 

      

 

     

 

  

 

 

  

 

 

 

  

 

 

    
 

 

 

 
   

  

 

 

   
       

 

 
   

 

 

 

 

   
   

     
   

 Protection and enhancement of fish and wildlife habitat and water recreational facilities 

B. Other topics 

The following topics, and others identified by planning partnerships, may also be addressed in the plan. 

 Soil health 

 Altered hydrology 

 Maintenance of core services; 
understanding of local capacity  

 Water supply (protect, provide, and 
conserve) 

 Drinking water supply 

 Drainage system management 

 Wastewater management 

 Storm water management 

 Drought mitigation 

 Contaminants of emerging concern  

 Emerging issues (e.g. land cover, climate 
change, etc.) 

 Invasive species prevention and/or 
management 

 Chlorides 

 Administrative priorities (e.g. establishment 
of uniform local policies and controls in the 
watershed) 

 Fiscal challenges (e.g. minimizing public 
capital expenditures in resolving problems 
in areas such as flood control or water 
quality protection) 

 Education, outreach, and civic engagement 

C. Special consideration: extreme weather 

Planning partnerships are strongly encouraged to consider the potential for more extreme weather events and 
their implications for the water and land resources of the watershed in the analysis and prioritization of issues.  
While these events cannot be predicted with certainty as to time and occurrence, the meteorological record 
shows increased frequency and severity of extreme weather events, which directly affects issues in local water 
planning.  

D. Mission or vision statement 

Although not required, planning partnerships are encouraged to develop an overarching mission and/or vision 
statement for the watershed, as well as higher‐level guiding principles for planning and implementation, which 
provides direction for the plan and serves as a touchstone for participants in the process. 

III.Plan Content Requirements 

Each comprehensive watershed management plan will contain the elements outlined in the following sections. 

A. Executive Summary 

Each plan will have a section entitled Executive Summary. The purpose of the executive summary is to provide a 
condensed and concise plain language summary of the contents of the overall plan. A well‐written executive 
summary is beneficial for current and future elected officials, staff, citizens, and stakeholders to achieve an 
understanding of the plan and its intent. The executive summary must contain: 
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1. Purpose, mission, or vision statement if developed 

2. A general map or description of the planning boundary and smaller planning or management units if 
used  

3. A summary of the priority issues and goals that are addressed in the plan 

4. A summary of the implementation actions and programs  

5. A brief description of the process used to identify the measurable goals and targeted implementation 
actions  

6. An outline of the responsibilities of participating local governments 

In addition to the Executive Summary, the plan may need a table of acronyms and a definitions section; 
however, these are not required and may be included in the appendices. 

B. Land and Water Resources Narrative   

The plan must contain a brief (e.g. 2‐3 page) narrative summary of land and water resources information to 
inform the planning process and support actions in the plan. The narrative must make use of typical and 
available land and water resource information, and synthesize that information in a way that allows for a shared 
understanding of watershed characteristics and issues. The narrative must acknowledge the watershed’s 
context regarding the influence it has on downstream waters, and it may discuss impacts from upstream 
watersheds if applicable. This information should include, but is not limited to: 

1. Topography, soils, general geology  

2. Precipitation 

3. Water resources 

a. Surface water resources, including streams, lakes, wetlands, public waters, and public ditches 

b. Groundwater resources, including groundwater and surface water connections if known 

c. Water quality and quantity, including trends of key locations and 100‐year flood levels and 
discharges, regulated pollutant sources and permitted wastewater discharges 

4. Stormwater systems, drainage systems, and control structures 

5. Water‐based recreation areas 

6. Fish and wildlife habitat, rare and endangered species 

7. Existing land uses and anticipated land use changes  

8. Relevant socio‐economic information  

Land and water resources information critical to supporting the priorities and actions of the plan may need to be 
more thoroughly described in the sections of the plan where those priorities are discussed. For example, a trend 
analysis may need more in‐depth description to support a priority issue in the plan; however, the data behind 
the analysis can be contained elsewhere and referenced.   

If gaps in information are identified through the plan development process, consider implementation action(s) 
to fill the gap rather than delaying the planning process to generate new data. 
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Sources of information used to develop the Land and Water Resources Narrative should be referenced in the 
plan appendix. Please consult the One Watershed, One Plan Guidebook for more information on this 
requirement. 

C. Priority Resources and Issues 

The plan must contain: 

1. A summary of the issues and resource concerns identified from all sources for consideration in this 
section 

2. The steps used to consider and prioritize the identified resources and issues 

3. A list of the agreed upon priority resources and issues for the watershed and a brief issue statement that 
describes the relevance of the issue for the planning area 

Priority issues can be articulated in the plan through both a list/description(s) and map(s). The format and exact 
planning terminology used in the plan for presenting priority issues may vary as long as the plan covers the three 
requirements above and the terminology used is defined in the plan (the summary and steps are suggested to 
be included as appendices). The plan is not expected to address all identified issues; however, it should include a 
brief explanation as to why certain issues were rejected as priorities for this planning cycle. 

In the event that conflicts exist in the interpretation of issues and/or selection of priority issues, consider 
whether the conflict can be addressed by defining both watershed‐wide priorities as well as individual priorities 
of the participating local governments. 

Plans that do not demonstrate a thorough analysis of issues, and that do not use available science and data, will 
not be approved. Please consult the One Watershed, One Plan Guidebook for more information on this 
requirement. 

D. Measurable Goals 

Each priority issue must have associated measurable goals for addressing the issue. Some goals will be 
watershed‐wide; however, the majority should be focused on a specific subwatershed, natural resource, or local 
government where specific outcomes will be achieved. Goals for prevention of future water management 
problems should also be considered. 

Plans that do not contain sufficient measurable goals to indicate an intended pace of progress for addressing the 
priority issues will not be approved.   

BWSR will consider Minnesota Statutes §103B.801, Subd. 4 (2), the balance of broad versus focused goals and 
shorter‐term versus longer‐term goals, and detail in the targeted implementation schedule to assess whether 
goals are sufficient. Additionally, the pace of progress towards achieving goals will be used in determinations of 
the extent or depth of future ten year plan revisions. BWSR may consider issuing findings when a plan and 
associated implementation is sufficient that a complete revision will not be required. 

Specific Goal Requirement: Consistent with the Clean Water Council policy, plans must establish water 
storage goals, expressed in acre‐feet, and standards for water storage, retention, and infiltration. 

Please consult the One Watershed, One Plan Guidebook for more information on this requirement. 
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E. Targeted Implementation Schedule 

Each plan must have a targeted implementation schedule with:  

1. A brief description of each action 

2. Location targeting where the action will occur 

3. Identification of roles and the responsible government unit for the action 

4. An estimate of cost for implementing the action 

5. An estimate of when the implementation will occur within the ten‐year timeframe of the plan in 
increments of two years or less 

6. A description of how the outcomes of the action will be measured 

These requirements can be articulated in a table and/or narrative form. The schedule must clearly identify the 
actions the planning partners will undertake with available local funds versus the actions that will be 
implemented only if other sources of funds become available, and should be supported by maps indicating the 
location(s) of the targeted activities. 

Specific actions, such as capital improvement projects that are local priorities (but not priorities for the 
watershed plan) or initiatives that are unique to a particular LGU (but that have not been identified as priorities 
for the partnership) may be included in the plan but must be clearly indicated as local priorities.  

Please consult the One Watershed, One Plan Guidebook for more information on this requirement. 

F. Plan Implementation Programs 

The implementation programs described below support the targeted implementation schedule by describing the 
overarching program(s) that will be used to implement actions identified in the schedule and how these 
programs will be coordinated between the local water management responsibilities. All programs described in 
this section must be included in the plan, including feasibility studies. Please consult the One Watershed, One 

Plan Guidebook for more information on selected requirements in this section. 

1. Incentive Programs. Describe local voluntary cost share or grant programs necessary to achieve the 
goals, including the general purpose and scope, criteria that will be used to select projects/disperse 
funds, actions to work with landowners in these critical areas to tailor conservation practices, and how 
the program(s) will be implemented across the watershed to provide consistency and achieve goals. 
Incentive programs may be targeted to specific issues, e.g. grants for sealing abandoned wells, or 
specific areas, e.g. a watershed of priority lakes. 

2. Capital Improvements. Describe opportunities for watershed‐wide collaboration (e.g. sharing of 
specialized services and/or lessons learned on these large‐scale projects) on capital improvements 
(physical/structural improvement with an extended life) identified in the targeted implementation 
schedule. Consider including opportunities for improved water management associated with county and 
township roads and within drainage systems managed through Drainage Law. 

a. Drainage: Describe opportunities for enabling large‐scale, multi‐purpose projects on a watershed 
basis and for engaging drainage authorities and drainage inspectors in implementation of the 
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watershed plan. Describe local procedures for ensuring future drainage projects are not inconsistent 
with the goals of the plan. 

b. Capital Improvement Programs (CIPs) for Watershed Districts: CIPs are required in the plan when a 
watershed district is included, consistent with the requirements of Minnesota Statutes §103B and 
103D. A CIP is an itemized program for at least a five‐year prospective period. A CIP sets forth the 
schedule, timing, and details of specific contemplated capital improvements by year. CIPs also 
describe estimated costs, the need for each improvement, financial sources, and the financial effect 
that the improvements will have on the local government unit or watershed management 
organization. This requirement can be incorporated into the targeted implementation schedule if 
the specific requirements of Minnesota statutes §103B and 103D are clearly met. Amendments are 
subject to at least biennial review.  

c. Permanent Protection: Describe opportunities for permanent land protection necessary to meet the 
resource needs and achieve the goals for the watershed.  

3. Operation and Maintenance. Include a description of who is responsible for inspection, operation, and 
maintenance of capital projects, stormwater infrastructure, public works, facilities, and natural and 
artificial watercourses, and legal drainage systems. Specify any new programs or revisions to existing 
programs needed to accomplish the goals or that may benefit from watershed‐wide collaboration. 

4. Regulation and Enforcement. Describe existing regulations, controls, and authorities relevant to water 
management for the purposes of highlighting areas of duplication, information gaps, and opportunities. 
Use this analysis to identify areas to maximize effectiveness and build efficiencies through improved 
coordination and consistent application of regulations, and/or to develop new regulation or 
enforcement in support of meeting plan goals. Regulatory areas to consider include, but are not limited 
to: shoreland, floodplain, septic, Wetland Conservation Act, Protected Waters Inventory, erosion 
control, municipal wastewater, Minimum Impact Design Standards (MIDS), land use, aggregate mining, 
feedlots, hazard mitigation, buffers, and prescription drug drop off locations. 

a. Regulation and Enforcement for Watershed Districts: Describe the rules and associated permit 
programs of watershed districts in the watershed, consistent with and as necessary to meet the 
requirements of Minnesota statutes §103B.337‐103D.345. 

b. Comprehensive or land use plans: List the date of the last Comprehensive Plan adoption for each 
LGU. Describe the land use authorities within the watershed as well as potential opportunities to 
achieve goals through, or potential conflicts with, comprehensive land use plans.  

5. Data Collection and Monitoring. Describe how data collection and monitoring activities will be used to 
reasonably evaluate progress toward plan goals, and describe additional data collection activities 
needed to fill gaps that have been identified during the planning process. Include commitments to 
periodically analyze data, collect data consistent with state compatibility guidelines, and submit locally 
collected data to the appropriate state agency for entry into public databases. 

a. Monitoring Summary: Summarize the locations, frequency, and parameters of existing water 
quality, quantity, and other monitoring in the watershed. The summary should include local, state, 
and other ongoing monitoring programs and the scale (e.g. field, subwatershed, major watershed) 
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they are designed to evaluate. State agencies are available to help summarize state monitoring 
activities.   

b. Use of Data: Describe if these established monitoring programs are capable of producing an 
evaluation of the progress being made toward the goals (e.g. monitoring stations properly located 
relative to priority subwatersheds) and how the data will be used in the evaluation, including 
improved model calibration. 

c. Additional Data Collection: Identify any new data collection needed to improve understanding of 
the watershed condition, assess particular resources, or address any gaps in the land and water 
resources inventory that support actions in the targeted implementation schedule. Identify the 
purpose and lead organization for new data collection initiatives. 

6. Public Participation and Engagement. The plan must describe approaches to public participation and 
engagement for implementing the plan, including information, outreach, and education program(s). 
Specifically, opportunities where there are benefits from watershed‐wide collaborations and areas 
where focused or targeted actions will support the priority issues and goals of the plan. At a minimum, 
include: an analysis of the need for public participation and engagement in meeting plan goals, 
identification of strategies addressing the needs, and an estimate of the financial and technical support 
needed by the partnership for carrying out the strategies.  

G. Plan Administration and Coordination 

Partners must decide what organizational structures are best suited to administer the various programs and 
how the partnership will carry out the plan. In some cases, new arrangements may be needed or desired. All 
items described in this section must be addressed in the plan. Please consult the One Watershed, One Plan 

Guidebook for more information on selected requirements in this section. 

1. Decision‐making and Staffing. Describe the roles of planning participants in implementation. 

a. Policy Committee (decision‐making): Describe if the policy committee created to develop the plan 
will continue through plan implementation. If the policy committee will not continue, clearly outline 
an alternative method to provide oversight and maintain accountability throughout plan 
implementation. Describe the anticipated role of the policy committee or alternative in plan 
implementation and its relationship to plan participants.  

b. Advisory Committee (advising): Describe if the advisory committee(s) created for plan development 
will continue through plan implementation and/or describe alternative methods to ensure a 
dependable forum to exchange information and knowledge about the watershed and 
implementation of the plan, and to meet the statutory requirements for ongoing advisory 
committees of counties (Minnesota Statutes §103B.301‐103B.3355) and watershed districts 
(Minnesota Statutes §103D.331‐103D.337). Also, identify opportunities to coordinate with federal 
partners to convene Local Working Groups to fulfill federal Farm Bill requirements.  

The plan should establish procedures for engaging state agencies and describe the ongoing roles and 
commitments of the state agencies for plan implementation.  

c. Identification and Coordination of Shared Services (staffing): Describe specialized and shared 
service areas that may be used in the watershed to implement the actions identified in the schedule 
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and achieve greater efficiencies in service delivery. This may include shared services for program 
management or for project management.  

The watershed plan and associated formal agreements should describe how the service will be 
shared and/or the need met. Shared services may also include partnership with non‐governmental 
organizations.  

2. Collaboration with other Units of Government. Describe relationships with other units of government 
not part of the formal agreement for plan development, including the drainage authorities within the 
planning boundary. For example, cities and townships are not required participants, but they may 
contribute to improved watershed management in the areas of waste water treatment plants, source 
water and wellhead protection for population centers, MS4s, and culvert and road maintenance. 
Additionally, federal government partners are not required participants. However, federal programs and 
partnerships are very important resources in watershed management.    

3. Funding. Describe how actions in the implementation schedule will be funded. Both the state and local 
governments have responsibility for funding water management. All funding methods currently 
available to participants remain available to the participants and/or to the organization as a whole 
through the participants. 

a. Local: Describe the funding sources used to generate local funds for plan implementation and 
clearly outline the participants’ local commitments to implementing the plan. 

b. State: Describe state funding needed for implementation of the plan. This can be achieved through 
separation in the targeted implementation schedule of locally funded projects versus projects that 
will proceed only with state funds. 

c. Collaborative Grants: Describe the intended approach to coordinated submittal of collaborative 
grant applications.  

d. Federal: The plan should describe what type of federal funding resources may be pursued to 
implement the plan. 

e. Other Sources: The plan should describe what other types of funding may be pursued to implement 
the plan. 

4. Work Planning. Describe a frequency and method for developing and approving work plans based on: 
plan priorities, the targeted implementation schedule, and the implementation programs. The work plan 
can consist of a collaborative work plan for the watershed, elements of individual work plans for each 
local government participant, or some combination. Describe how the work plan will be finalized and 
approved.   

a. Local Work Plan: Describe an annual commitment to implementing the plan via local budgeting and 
staffing decisions. Describe an approach to additional collaborative work planning based on the 
extent of collaboration intended in the implementation schedule, programs, and subsequent 
agreements, as well as the extent of collaborative grant‐making intended. 

b. Funding Request: Describe a biennial commitment to collaboratively review and submit a funding 
request to BWSR. 
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5. Assessment, Evaluation, and Reporting. Describe approaches and decision‐making for periodic 
assessment, evaluation, and reporting of plan implementation. Evaluation should measure progress and 
performance, drive the work plan, and provide accountability. 

a. Accomplishment Assessment: Describe a method for tracking implementation consistently across 
the watershed. Describe the frequency and methods for compiling and reviewing implementation 
accomplishments under the targeted implementation schedule and implementation programs 
described in the plan. This assessment should support future work plan development, progress 
evaluation, and reporting. Suggested frequency is annual. 

b. Partnership Assessment: Describe the frequency and methods for assessing the partnership with 
regards to the items listed in 1 – 3 above (fulfillment of committee purposes and roles, efficiencies 
in service delivery, collaboration with other units of government, and success in securing funding).  

c. Five Year Evaluation: Include a schedule for a thorough five year assessment and potential revision 
to the implementation schedule. The purpose of this evaluation is to determine progress and 
consider whether staying the course or resetting direction is necessary. It may also include revisions 
to models and considerations of new monitoring data. If a WRAPS has been completed or revised 
since the plan was originally adopted, this evaluation must include an assessment of any changes to 
the plan necessary due to new information 

d. Reporting: Describe collaborative approaches to provide accountability to stakeholders and to meet 
annual reporting requirements of local governments, grant reporting requirements, and specific 
program and financial reporting requirements. Information on required annual reporting can be 
found on the BWSR website. Consider a periodic ‘state of the watershed report,’ individualized 
‘waterbody report cards’, or other methods to provide accountability and demonstrate outcomes 
locally.  

6. Plan Amendments. Describe procedures for considering plan amendments, who can propose 
amendments, what criteria will be used in considering amendments, and who makes the decision to 
proceed with amendments. 

7. Organizational Structures or Formal Agreements. List and briefly describe the organizational structures 
or entities that will be used to implement the plan’s projects and programs. Indicate whether these are 
existing entities or new ones. In either case, indicate any formal agreements between local governments 
that are needed and whether these will be modifications of existing agreements or new agreements. For 
example, prior to completion of the plan, the Memorandum of Agreement (MOA) between partners for 
planning purposes could be revised for on‐going coordination among entities responsible for plan 
implementation. Consultation with Minnesota Counties Intergovernmental Trust (MCIT) and legal 
counsel is recommended. MCIT may recommend revising the planning agreement, establishing separate 
agreements or contracts for specific services or actions, and/or developing a broader, watershed‐wide 
agreement for ongoing partnership. 
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History 

Version  Description  Date 

2.00 
 Formatted with new policy template and logo; edited to improve clarity and  March 28, 2018 

readability 

 Removed background information not directly relevant to the policy; 
Introduction and Overview sections reorganized and some content removed (I 
and II), background and contextual information for requirements removed (III 
A‐E) 

 Updated list of issues that must be in the plan to reflect statute (II) 

 Land and Water Resources Inventory changed to Narrative and moved from 
appendix to plan; added requirement for discussion of watershed context 
(III.A).   

 Removed “potential sources of funding” from, and added requirement for 
two year time increments to, Targeted Implementation Schedule requirement 
(III.E.4) 

 Modified Targeted Implementation Schedule requirement to clarify inclusion 
of local priorities (III.E) 

 Added “legal drainage systems” to Operations and Maintenance requirement 
(III.F.3) 

 Removed reference to the buffer law from Regulation and Enforcement 
requirement (III.F.4). Added inclusion of comprehensive plan dates (III.F.4.b) 

 Modified Data Collection and Monitoring requirement to clarify program 
intent (III.F.5) 

 Added needs assessment and strategy development; changed heading to 
Public Participation and Engagement (formerly Information, Education, and 

Outreach) (III.F.6) 

 Added policy committee role and federal coordination to Decision‐making 
and Staffing (III.G.1.a,b) 

 Modified Work Planning requirement to clarify program intent (III.G.2) 

 Modified Assessment, Evaluation, and Reporting to clarify program intent 
(III.G.3) 

1.00   Pilot Plan Content Requirements modified to reflect transition to program   March 23, 2016 

0.00   Pilot Plan Content Requirements  June 25, 2014 
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 Appendix H 



Watonwan River Watershed
1W1P 2019
PLANS & REPORTS

Counties Local Water Mgmt Plans
Brown https://www.co.brown.mn.us/water-planning 
Cottonwood http://www.co.cottonwood.mn.us/county-departments/planning-and-zoning/cottonwood-county-comprehensive-local-water-management-plan/  
Watonwan http://www.co.watonwan.mn.us/index.aspx?NID=291  
Blue Earth https://www.blueearthcountymn.gov/360/Water-Management-Planning
Jackson https://www.co.jackson.mn.us/?SEC=663EDE9A-78B5-445F-A767-0C7263F3285B 
Martin

Watershed Districts
No Watershed Districts in project area

Cities - no plans or reports found associated with water resources in these jurisidictions 
Mountain Lake https://www.mountainlakemn.com/city-mountain-lake/departments/planning-zoning/  
Bingham Lake
Darfur
Butterfield http://www.butterfieldmn.com/ 
Odin
Ormsby http://ormsbymn.com/  
St. James https://www.ci.stjames.mn.us/  
La Salle
Madelia
Lewisvillie
Truman http://trumanmn.us/  
Township of Garden City 
Vernon Center

Source Water Protection Areas https://mnag.maps.arcgis.com/apps/webappviewer/index.html?id=7105310e562041749a240ebad844538b  
Mountain Lake Wellhead Protection Area Drinking Water supply mgmt area 
Bingham Lake Wellhead Protection Area Drinking Water supply mgmt area 
Darfur Wellhead Protection Area Drinking Water supply mgmt area 
Butterfield NA
Odin NA
Ormsby NA
St. James Wellhead Protection Area Drinking Water supply mgmt area *pulled up a wellhead protection plan
La Salle Wellhead Protection Area Drinking Water supply mgmt area *pulled up a wellhead protection plan
Madelia Wellhead Protection Area Drinking Water supply mgmt area 
Lewisvillie NA
Truman Wellhead Protection Area Drinking Water supply mgmt area *pulled up a wellhead protection plan for utilities
Township of Garden City NA
Vernon Center Wellhead Protection Area Drinking Water supply mgmt area 

Drinking Water Supply Mgmt Area (DWSMA)
**MDH says that GRAPS for Watonwan River should be out early 2018 (no link found); WRAPS should be out too http://www.health.state.mn.us/divs/eh/water/dwp_cwl/localimplem/index.html  
will need to obtain these from agency stakeholders

Soil and Water Conservation Districts - did not include annual plans/budgets/grants info. Only uploaded and included links for Plans and/or Priorities listed publically on the SWCD websites
Brown http://brownswcdmn.org/reports  
Cottonwood https://www.cottonwoodswcd.org/  
Watonwan https://www.co.watonwan.mn.us/index.aspx?nid=205 
Blue Earth http://blueearthswcd.org/  Current Priorities - http://blueearthswcd.org/current-priorities/ SWCD Comp Plan: http://blueearthswcd.org/wp/wp-content/uploads/2015/02/2017-2021-Blue-Earth-SWCD-Comprehensive-Plan.pdf
Jackson https://www.co.jackson.mn.us/?SEC=1378C1BF-19CD-4777-B248-07285F9AC98C  
Martin https://martinswcd.net/ 

MPCA Watonwan River Documents
Watonwan River Watershed Stressor Identification Report (July 2018)
Watonwan Watershed Monitoring and Assessment Report (O  https://www.pca.state.mn.us/water/watersheds/watonwan-river  
Watonwan River Watershed Hydrology, Connectivity, and Geomorhpology Assessment Report (2014) https://www.pca.state.mn.us/sites/default/files/wq-ws3-07020010d.pdf 
Watonwan, Blue Earth, and Le Sueur River Watersheds https://www.pca.state.mn.us/sites/default/files/watershed-blueearth.pdf

MPCA Water quality model supporting documents - if needed, visit here: 
https://www.pca.state.mn.us/water/watersheds/watonwan-river  

MPCA Watershed pollutant load monitoring (website) https://www.pca.state.mn.us/water/watershed-pollutant-load-monitoring  

MPCA - Minnesota River & Greater Blue Earth River Basin TMDL for TSS
https://www.pca.state.mn.us/water/minnesota-river-and-greater-blue-earth-river-basin-tmdl-tss

MDNR LakeFinder https://www.dnr.state.mn.us/lakefind/index.html 

MDNR Watonwan River State Water Trail https://www.dnr.state.mn.us/watertrails/watonwanriver/index.html

Other
Greater Blue Earth River Basin Alliance
https://www.gberba.org/watonwan-watershed/  

WRC SWAG Grant (2013-2014) https://mrbdc.mnsu.edu/sites/mrbdc.mnsu.edu/files/public/major/watonwan/SWAG_info_watonwan.pdf 

GBERBA, WRC, MPCA, MSU-Mankato, Watonwan River Watershed: Conservation Challenges & Solution Strategies (Draft 6-2018) https://drive.google.com/file/d/17lviV59Fr-cnEoWCTOuGGPCF3sqj77Lj/view 

Watonwan River Watershed Leverage Points, Review Draft 2-2018 http://watonwanriver.org/wp-content/uploads/2015/02/ww-leverage-points_2-18.pdf 

Watonwan River Watershed Community Context, Review Draft 6-2018 https://drive.google.com/file/d/1WdcqDiI98RRm6ygGnLhcvHkB_CIf9Ab2/view 

Watonwan River Watershed - general watershed overview https://drive.google.com/file/d/14bTKa_isuh7INuP3WDNT8d_BkYtx1FWV/view 

Watonwan County Environmental Services
Watonwan River Watershed Phase IIB Implementation - Final Report 2004-2008 (June 2004) https://www.gberba.org/wp-content/uploads/2015/12/watonwan-watershed-phase-IIB-project-implementation.pdf 

Websites
Explore the Watonwan River Watershed https://mnscu.maps.arcgis.com/apps/Shortlist/index.html?appid=e1483f6bdacd4c38945a1b6822422293 
MN PCA https://www.pca.state.mn.us/water/watersheds/watonwan-river 
MN River Basin Data Center https://mrbdc.mnsu.edu/major/watonwan 
MN Nutrient Planning Portal https://mrbdc.mnsu.edu/mnnutrients/watersheds/watonwan-river-watershed  
Greater Blue Earth Basin Alliance (GBERBA) https://www.gberba.org/watonwan-watershed/ 

https://www.co.brown.mn.us/water-planning
http://www.co.cottonwood.mn.us/county-departments/planning-and-zoning/cottonwood-county-comprehensive-local-water-management-plan/
http://www.co.watonwan.mn.us/index.aspx?NID=291
https://www.blueearthcountymn.gov/360/Water-Management-Planning
https://www.co.jackson.mn.us/?SEC=663EDE9A-78B5-445F-A767-0C7263F3285B
https://www.mountainlakemn.com/city-mountain-lake/departments/planning-zoning/
http://www.butterfieldmn.com/
http://ormsbymn.com/
https://www.ci.stjames.mn.us/
http://trumanmn.us/
https://mnag.maps.arcgis.com/apps/webappviewer/index.html?id=7105310e562041749a240ebad844538b
http://www.health.state.mn.us/divs/eh/water/dwp_cwl/localimplem/index.html
http://brownswcdmn.org/reports
https://www.cottonwoodswcd.org/
https://www.co.watonwan.mn.us/index.aspx?nid=205
http://blueearthswcd.org/
https://www.co.jackson.mn.us/?SEC=1378C1BF-19CD-4777-B248-07285F9AC98C
https://martinswcd.net/
https://www.pca.state.mn.us/water/watersheds/watonwan-river
https://www.pca.state.mn.us/sites/default/files/wq-ws3-07020010d.pdf
https://www.pca.state.mn.us/sites/default/files/watershed-blueearth.pdf
https://www.pca.state.mn.us/water/watersheds/watonwan-river
https://www.pca.state.mn.us/water/watershed-pollutant-load-monitoring
https://www.pca.state.mn.us/water/minnesota-river-and-greater-blue-earth-river-basin-tmdl-tss
https://www.dnr.state.mn.us/lakefind/index.html
https://www.dnr.state.mn.us/watertrails/watonwanriver/index.html
https://www.gberba.org/watonwan-watershed/
https://mrbdc.mnsu.edu/sites/mrbdc.mnsu.edu/files/public/major/watonwan/SWAG_info_watonwan.pdf
https://drive.google.com/file/d/17lviV59Fr-cnEoWCTOuGGPCF3sqj77Lj/view
http://watonwanriver.org/wp-content/uploads/2015/02/ww-leverage-points_2-18.pdf
https://drive.google.com/file/d/1WdcqDiI98RRm6ygGnLhcvHkB_CIf9Ab2/view
https://drive.google.com/file/d/14bTKa_isuh7INuP3WDNT8d_BkYtx1FWV/view
https://www.gberba.org/wp-content/uploads/2015/12/watonwan-watershed-phase-IIB-project-implementation.pdf
https://mnscu.maps.arcgis.com/apps/Shortlist/index.html?appid=e1483f6bdacd4c38945a1b6822422293
https://www.pca.state.mn.us/water/watersheds/watonwan-river
https://mrbdc.mnsu.edu/major/watonwan
https://mrbdc.mnsu.edu/mnnutrients/watersheds/watonwan-river-watershed
https://www.gberba.org/watonwan-watershed/
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                                                                David Haler, Land Management Director 
         Heidi Rudolph, Assistant Land Mgt. Director 

            Chad Hildebrand, District Technician 
        Kyla Schlomann, Sr. Technical Clerk/ 

 Solid Waste Admin.  
Amanda Lang, Feedlot Technician  

  
         108 8th St. South Suite 2  

         St. James, MN 56081 
        (P) 507-375-1225 (F) 507-375-1260 

           co.watonwan.mn.us 

 
One Watershed, One Plan 

Watonwan Watershed  

Date: July 30th, 2018 

To:   

From: Watonwan Watershed Planning Partnership 

Subject: Notification of plan development for the Watonwan Watershed One Watershed, One Plan and 
invitation to submit priority issues and plan expectations. 

 
The Watonwan Watershed Planning Partnership, on behalf of the members, is pleased to begin development 
of a Comprehensive Watonwan Watershed Management Plan through the One Watershed, One Plan 
program.  One Watershed, One Plan (1W1P) is a program that supports partnerships of local government units 
in developing a prioritized, targeted, and measurable implementation plan designed to help gain more 
conservation on the landscape . Key principles include comprehensive water planning at the major watershed 
scale and aligning local plans and citizen input with state strategies.  

This plan will be developed for the Watonwan Watershed (see enclosed map).  Recipients of this notice are 
invited to submit water management issues they think should be addressed during the planning process as 
well as expectations for the plan. 

 

Please submit the requested information by Friday, September 28th, 2018 to:  
 

Watonwan County Land Management/ SWCD         and   BWSR-Jill Sackett-Eberhart 
108 8th Street South, Suite #2     11 Civic Center Plaza, Suite #300 
St. James, MN 56081      Mankato, MN 56001 
507-375-1225       507-344-2825 
heidi.rudolph@co.watonwan.mn.us    jill.sackett.eberhart@state.mn.us 

 

All citizens and stakeholders in the watershed will be invited to the public information meeting this fall with 
date and location to follow. At this meeting, we will review and compile watershed data, discuss priority issues 
identified by stakeholders, and provide additional opportunity for the Watonwan Watershed Planning 
Partnership to gain feedback. 

mailto:heidi.rudolph@co.watonwan.mn.us
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Information about the partnership and this planning process is available at www.co.watonwan.mn.us.  

 

If you have questions related to the Watonwan watershed planning project, please contact the Watonwan 
County Land Management office at the information above, or any of the following representatives:  

 
 
Local Staff Contacts 
 
Julie Conrad- Blue Earth County   Jerad Bach- Blue Earth SWCD 
507-304-4381     507-345-4744 x1 
 

John Knisley- Brown County   Melanie Krueger- Brown SWCD 
507-233-6641     507-794-2553 
 

Kay Gross- Cottonwood County  David Bucklin- Cottonwood SWCD 
507-831-1153 x3    507-831-1153 x3 
 

Andy Geiger- Jackson County   Chris Bauer- Jackson SWCD 
507-662-6682 x4    507-662-6682 x3 
 

Pam Flitter- Martin County    Ashley Brenke- Martin SWCD 
507-238-3242     507-235-6680 x3 
 

David Haler- Watonwan County  Heidi Rudolph- Watonwan SWCD 
507-375-1225     507-375-1225 
  

 

http://www.co.watonwan.mn.us/
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    Bemidji   Brainerd     Detroit Lakes   Duluth Mankato Marshall Rochester St. Cloud St. Paul 
          

St. Paul HQ                520 Lafayette Road North         St. Paul, MN 55155           Phone: (651) 296-3767   

www.bwsr.state.mn.us          TTY:  (800) 627-3529          An equal opportunity employer 
 

 
11 Civic Center Plaza, Suite 300 
Mankato, MN  56001 
 

September 28, 2018 
 

Watonwan Watershed Planning Partnership 
C/O Heidi Rudolph, Watonwan County Land Management / SWCD 
108 8th Street South, Suite 2 
St. James, MN  56081 
 
RE:  Response to request for priority issues and plan expectations for One Watershed, One Plan planning 
 

Dear Ms. Rudolph and the Watonwan Watershed Planning Partnership, 
 
Thank you for providing the opportunity to provide priority issues and plan expectations for the development of 
the Watonwan comprehensive watershed management plan under Minnesota Statutes section 103B.801.  

The Board of Water and Soil Resources (BWSR) has the following overarching expectations for the plan: 

Process 

The planning process must follow the requirements outlined in the One Watershed, One Plan Operating 
Procedures Version 1.0, adopted by the BWSR Board on March 23, 2016,  or its successive document, available 
on the BWSR website: www.bwsr.state.mn.us/planning/1W1P/index.html. More specifically, the planning 
process must: 

 Involve a broad range of stakeholders to ensure an integrated approach to watershed management. 

 Reassess the agreement established for planning purposes when finalizing the implementation schedule 
and programs in the plan, in consultation with the Minnesota Counties Intergovernmental Trust (MCIT) 
and/or legal counsel of the participating organizations, to ensure implementation can occur efficiently 
and with minimized risk.  This step is critical if the plan proposes to share services and/or submit joint 
grant applications. 

Plan Content 

The plan must meet the requirements outlined in One Watershed, One Plan – Plan Content Requirements 
Version 1.0, adopted by the BWSR Board on March 23, 2016, or its successive document, available on the BWSR 
website: www.bwsr.state.mn.us/planning/1W1P/index.html. More specifically, the plan must have: 

http://www.bwsr.state.mn.us/planning/1W1P/index.html
http://www.bwsr.state.mn.us/planning/1W1P/index.html
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 A thorough analysis of watershed issues, using available science and data, in the selection of priority 
resource concerns. 

 Sufficient measurable goals to indicate an intended pace of progress for addressing the priority issues. 

 A targeted and comprehensive implementation schedule, sufficient for meeting the identified goals.  

 A thorough description of the programs and activities required to administer, coordinate, and 
implement the actions in the schedule; including work planning (i.e. shared services, collaborative grant-
making, decision making as a watershed group and not separate entities) and evaluation. 

BWSR has the following specific priority issues: 

 Conservation Easements – The State’s Re-Invest in Minnesota (RIM) Reserve easement program and the 
Conservation Reserve Enhancement Program (CREP) in partnership with the United States Department 
of Agriculture (USDA) considers several site specific and landscape scale factors when funding 
applications. Though it is dependent on specific program terms, the State considers local prioritization of 
areas for easement enrollment.  The watershed plan should take into account areas with a higher risk of 
contributing to surface and subsurface water degradation, such as highly erosive lands and wellhead 
protection areas that would benefit being placed under permanent vegetative cover.  

 Drainage – The Watonwan River watershed has an abundance of surface and subsurface drainage 
infrastructure.  The Chapter 103E drainage authorities within the watershed should be included as 
stakeholders in the plan development process.  This inclusion should ensure that the Chapter 103E 
processes and proceedings as well as the extent and the limitations of drainage authority responsibility 
are adequately included in the final plan.  Additionally, the planning partners are strongly encouraged to 
include projects and activities consistent with multipurpose drainage management criteria outlined in 
Minnesota Statutes §103E.011, Subd. 1a and §103E.015, Subd. 1.  

 Groundwater Quality and Quantity – Work with gency partners and local communities and private 
citizens to outline any groundwater-related priority issues within the Watonwan River watershed.  Take 
into account any Groundwater Management Areas, areas of groundwater concern, wellhead protection 
areas, and Drinking Water Supply Management Areas (DWSMAs) that have been identified.  Address 
specific concerns about groundwater contamination and overuse that have been identified.  Be sure to 
make use of existing groundwater data and publications.  These include maps, data layers, the 
Department of Health’s Groundwater Restoration and Protection Strategies (GRAPS), and other 
publications available from the Minnesota Geological Survey (MGS), Department of Natural Resources 
(DNR), US Geological Survey (USGS), and others.  Implementation actions to address these issues should 
be addressed in the watershed plan.  

 Invasive Species and Landscape Management – Aquatic and terrestrial invasive species are becoming 
more prevalent in Minnesota.  A cooperative approach across the watershed is recommended for 
invasive species, noxious weeds, and specially regulated plant management.  Invasive species should be 
prioritized based on their risk to ecosystems, agriculture, recreation, and human health.  Adaptive 
management strategies should be used to address invasive species and maintain ecological functions 
and services within the landscape.  Helpful resources for invasive species in Minnesota can be found at 
the Minnesota Invasive Species Advisory Council, the Minnesota DNR, the Minnesota Aquatic Invasive 
Species Research Center, and the National Invasive Species Information Center. 

http://bwsr.state.mn.us/easements/
http://bwsr.state.mn.us/easements/
https://www.revisor.mn.gov/statutes/cite/103E
http://www.health.state.mn.us/divs/eh/water/dwp_cwl/localimplem/index.html
https://www.mninvasives.org/
https://www.dnr.state.mn.us/invasives/index.html
https://www.maisrc.umn.edu/
https://www.maisrc.umn.edu/
https://www.invasivespeciesinfo.gov/unitedstates/mn.shtml
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 Landscape Resiliency and Climate Adaption – BWSR encourages the planning partners to consider the 
potential for more extreme weather events and their implications for the water and land use resources 
of the watershed.  The meteorological record for the Watonwan River watershed shows increased 
frequency and severity of extreme weather events which has a direct effect on issues in local water 
planning.  Adjustments involving conservation and fieldwork planning and implementation should be 
explored; for instance, the use of an updated precipitation frequency chart such as the NOAA Atlas 14 
when designing conservation projects.  An additional source of information for use in the planning 
process is the BWSR Landscape Resiliency Toolbox. 

 Local Controls - Gaps or inconsistencies in between the partnership’s local ordinances, policies, or 
enforcement could affect the success of your plan’s implementation.  Examples that should be explored 
during plan development include, but are not limited to:  Buffer Law compliance process, feedlot 
inventories, redetermination of benefits, SSTS compliance inspection requirements (property transfer, 
variance, etc.), and shoreland regulations.  

 Manure and Nutrient Management – The Watonwan River watershed is primarily agricultural.  There is 
a prevalence of row crop production as well as numerous livestock operations.  The watershed plan 
should take into account the importance of implementing proper manure management and nutrient 
management on private and public lands.  A review of local and state requirements should be conducted 
during the planning process.  Additional information on recommended rates, dates, and application for 
manure and nutrients can be found on the University of Minnesota Extension website, the Minnesota 
Pollution Control Agency website, and the Minnesota Department of Agriculture website. 

 Monitoring and Data Collection – Data collection and monitoring activities necessary to support the 
targeted implementation schedule and to reasonably assess and evaluate plan progress are required in 
the planning process.  The plan should explore any gaps in information needed to accomplish 
assessments.  The data collection and monitoring needed to fill the gaps should be coordinated with the 
existing information.  As part of the plan, devise methods that the planning partnership can follow to 
ensure adherence to the planned activities and that allow for reassessment of the plan as 
implementation occurs in the future.  

 The Nonpoint Priority Funding Plan (NPFP) – The NPFP outlines a criteria-based process to prioritize 
Clean Water Fund investments. Planning partners intending to pursue Clean Water Fund dollars are 
strongly encouraged to consider the high-level state priorities, keys to implementation, and criteria for 
evaluating proposed activities in the NPFP.  

 Regional Priorities – On a regional level, the Watonwan River watershed is part of the Greater Blue 
Earth River Basin (GBERB).  A number of plans, reports, and studies have been developed for the GBERB.  
As the Watonwan River watershed planning moves forward, partners should be cognizant of the 
information and goals within these regional works and attempt to include them when possible. 

 Restoration and Protection – Although surface water degradation is prevalent in the watershed and 
restoration is often the primary focus, there are areas that are barely impaired, nearly impaired, and 
unimpaired.  Special focus should be paid to these areas for implementation of BMPs that will aid in the 
delisting and/or the continuing the un-impairment of these waters. This would also align with the high-
level state priorities of the state’s NPFP. 

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=pa
http://www.bwsr.state.mn.us/practices/climate_change/index.html
https://extension.umn.edu/animals-and-livestock#manure-management
https://extension.umn.edu/crop-production#nutrient-management
https://www.pca.state.mn.us/quick-links/feedlots
https://www.pca.state.mn.us/quick-links/feedlots
http://www.mda.state.mn.us/pesticide-fertilizer/fertilizers
http://www.bwsr.state.mn.us/planning/npfp/index.html
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 Soil Health – The majority of the landuse in the Watonwan River watershed is agriculture.  The concept 
and the associated practices of soil health have the potential to positively change the interaction of 
agriculture and the natural system at the soil level.  Common soil health practices include the use of 
reduced or no tillage, the use of cover crops, increased areas of continuous living cover, and extended 
crop rotations.  Improving soil health can decrease soil erosion, increase water infiltration, provide 
nutrient scavenging, and increased soil organic matter.  In addition, there seems to be an increased 
interest from landowners and operators about soil health.  It is recommended that soil health be 
considered as a potential nonstructural BMP to be implemented in the watershed.  

 Surface Water Quality and Quantity – Degraded surface water quality and issues with water quantity 
are a problem in the watershed.  Many rivers, streams, and lakes are impaired due to nutrients, 
sediment, and/or bacteria.  Surface waters in the Watonwan River watershed have also experienced 
damaging high flow and/or flood events.  There are several causes for these issues including, but not 
limited to: altered hydrology, increased peak flows, runoff, and streambank/bluff/ravine erosion.  BWSR 
believes it important that the watershed plan examine the causes of these surface water concerns and 
identify specific areas where implementation of specific BMPs could help decrease these issues. 

 Wastewater and Subsurface Septic Treatment System (SSTS) Management – Proper wastewater and 
SSTS management and disposal is important to surface and groundwater quality and drinking water 
supplies.  It is recommended that the plan evaluate the current and future effectiveness of management 
efforts within the watershed and conduct a comparative review of local ordinances. 

 Wetlands – Protection and restoration of wetlands provides benefits for water quality, flood damage 
reduction, and habitat/wildlife.  The plan should support continued implementation of the Wetland 
Conservation Act (WCA) and look for opportunities to improve coordination across jurisdictional 
boundaries.  The plan should also identify high priority areas for wetland restoration and strategically 
target restoration projects to those areas.  The Restorable Wetland Prioritization Tool is an example 
resource that can be used to help identify areas for wetland restoration.  The state is also embarking on 
a wetland prioritization plan that will assist in guiding wetland mitigation.  Wetland restoration, 
protection, and/or preservation priorities identified in your watershed plan may be eligible for inclusion 
in this statewide plan in the future.  Other local, regional, and state inventories and information is also 
available.   

 Wildlife/Habitat – The planning partners are encouraged to identify opportunities to benefit wildlife 
populations and habitat.  Wildlife of concern should include, but not be limited to, Blanding turtles, 
fisheries, fowl, and pollinators.  The partnership is encouraged to work with a wide variety of partners 
and utilize a wide variety of plans, studies, and information to increase habitat acres and/or quality.  
Examples include:  The Minnesota Prairie Conservation Plan, the BWSR Pollinator Initiative, and 
Minnesota’s Wildlife Action Plan 2015-2025. 

 WRAPS – The Watonwan River Watershed Restoration and Protection Strategies (WRAPS) is planned for 
completion in 2018. This information should be reviewed and incorporated into watershed planning 
efforts.  The current draft includes a list the primary stressors and sources of pollution; therefore, 
implementation actions to address the stressors and pollutant sources should be addressed in the plan.  

 

http://bwsr.state.mn.us/wetlands/index.html
http://www.mnwetlandrestore.org/
http://files.dnr.state.mn.us/eco/mcbs/mn_prairie_conservation_plan.pdf
http://www.bwsr.state.mn.us/practices/pollinator/index.html
https://www.dnr.state.mn.us/mnwap/index.html
https://www.pca.state.mn.us/water/watersheds/watonwan-river
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We commend the watershed partners for their participation in the planning effort. BWSR looks forward to 
working with you through the rest of the plan development process. If you have any questions, please feel free 
to contact me [Telephone 507-344-2825.  Email Jill.Sackett.Eberhart@state.mn.us]. 

 

Sincerely, 

 
Jill Sackett Eberhart 

Board Conservationist 

 

cc: Watonwan Watershed Planning Partnership Steering Team (via email) 

Ed Lenz, BWSR (via email) 

Shaina Keseley, BWSR (via email) 

Barbara Weisman, DNR (via email) 

Robb Collett, DNR (via email) 

Scott Bohling, DNR (via email) 

Margaret Wagner, MDA (via email) 

Amanda Strommer, MDH (via email) 

 Juline Holleran, PCA (via email) 

Wayne Cords, PCA (via email) 

Paul Davis, PCA (via email) 

Equal Opportunity Employer 
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Watonwan River Watershed 
One Watershed One Plan 

Blue Earth County–Brown County–Cottonwood County– 

Jackson County–Martin County–Watonwan County  

 

 

Minnesota Department of Agriculture 

Nitrogen and Pesticide Use 

 
The Minnesota Department of Agriculture surveys farmers through the National 

Agricultural Statistics Service. The most recent nitrogen use survey was for the 2014 

crop year and the most recent pesticide use survey was for the 2013 crop year. 

The following nitrogen use information is from the 2014 nitrogen use report, specifically 

the Southwestern and West Central BMP region and South Central BMP region.  

 

Figure 1. Minnesota nitrogen BMP Regions. 
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The following pesticide use information is from the 2013 pesticide use report, 

specifically the South Central (8) Pesticide Management area. 

 

Figure 2. Minnesota pesticide BMP Regions.  
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Nitrogen use in the Watonwan River Watershed: 2014 Crop Year 
 

More than five responses are required for any individual category to be reported. 
No manure fields are included in the fertilizer section. 

 
Fertilizer section 
 
Figure 3 provides the distribution of nitrogen fertilizer rates in the SC BMP region for 
corn following soybeans; the corresponding corn yields are detailed in red if responses 
were five or greater. 
 

 
Figure 3. Average nitrogen fertilizer rates and yields on corn following 

soybeans in the SC BMP region for 2014: 334 fields. 
 

Table 1. Average county nitrogen fertilizer rates and corn yields for the SC 

BMP region for corn following soybeans. 
 

Average County Nitrogen Fertilizer Rates for the SC BMP Region for  
Corn Following Soybeans 

County 
Number of 

Farm Fields 

Average Nitrogen 
Rate 

Pounds per Acre 

Average Corn  
Yield  

Bushels per Acre 

Blue Earth 31 150 172 

Brown 25 150 170 

Martin 22 152 179 

Watonwan 16 155 175 
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Figure 4 details the distribution of nitrogen fertilizer rates in the SW BMP region for corn 
following soybeans; the corresponding corn yields are detailed in red if responses were 
five or greater. 
 

 
Figure 4. Average nitrogen fertilizer rates and yields on corn following 

soybeans in the SW BMP region for 2014: 385 fields. 
 

Table 2. Average county nitrogen fertilizer rates and corn yields for the SW 

BMP region for corn following soybeans. 
 

Average County Nitrogen Fertilizer Rates for the SW BMP Region for  
Corn following Soybeans 

County 
Number of 

Farm Fields 

Average Nitrogen 
Rate 

Pounds per Acre 

Average Corn  
Yield  

Bushels per Acre 

Cottonwood 23 148 172 

Jackson 29 151 175 

 

  



5 

 

Figure 5 details the distribution of nitrogen fertilizer rates in the SC BMP region for corn 

following corn following alfalfa; the corresponding corn yields are detailed in red if 

responses were five or greater. 

 
Figure 5. Average nitrogen fertilizer rates and yields on corn following corn in 

the SC BMP region for 2014: 120 fields.  
 

Table 3. Average county nitrogen fertilizer rates and corn yields for the SC 

BMP region for corn following corn.  
 

Average County Nitrogen Fertilizer Rates for the SC BMP Region for  
Corn Following Corn 

County 
Number of 

Farm Fields 

Average Nitrogen 
Rate 

Pounds per Acre 

Average Corn  
Yield  

Bushels per Acre 

Blue Earth 14 167 176 

Brown 8 173 178 

Martin 11 173 177 

Watonwan ** ** ** 
** Less than five responses. 
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Figure 6 details the distribution of nitrogen fertilizer rates in the SW BMP region for corn 
following corn; the corresponding corn yields are detailed in red if responses were five 
or greater. 
 

 
Figure 6. Average nitrogen fertilizer rates and yields on corn following 

soybeans in the SW BMP region for 2014: 104 fields. 
 

Table 4.  Average county nitrogen fertilizer rates and corn yields for the SW 

BMP region for corn following corn. 
 

Average County Nitrogen Fertilizer Rates for the SW BMP Region for  
Corn Following Corn 

County 
Number of 

Farm Fields 

Average Nitrogen 
Rate 

Pounds per Acre 

Average Corn  
Yield  

Bushels per Acre 

Cottonwood 5 156 179 

Jackson 10 164 176 
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Figure 7 provides the distribution of nitrogen fertilizer rates in the SC BMP region for 

corn following corn following alfalfa; the corresponding corn yields are detailed in red if 

responses were five or greater. 

 
Figure 7. Average nitrogen fertilizer rates and yields on corn following corn 

following alfalfa in the SC BMP region for 2014: 14 fields. 
 

No counties had five or more responses in SC BMP region.  
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Figure 8 details the distribution of nitrogen fertilizer rates in the SW BMP region for corn 
following corn following alfalfa; the corresponding corn yields are detailed in red if 
responses were five or greater. 
 

 
Figure 8.  Average nitrogen fertilizer rates and yields on corn following corn 

following alfalfa in the SW BMP region for 2014: 12 fields. 
 

No counties had five or more responses in SW BMP region. 
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There were less than five fields that were included in the SC BMP region for corn 

following alfalfa analysis. 

Figure 9 details the distribution of nitrogen fertilizer rates in the SW BMP region for corn 
following alfalfa; the corresponding corn yields are detailed in red if responses were five 
or greater. 
 

 
Figure 9. Average nitrogen fertilizer rates and yields on corn following alfalfa 

in the SW BMP region for 2014: 11 fields. 
 
No counties had five or more responses in the SW BMP region. 
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Manure section 
 
Table 5 details the percentage of respondents on if the farmer knew the amount of 
nitrogen that is in the manure applied for the 2014 corn crop. 

 

Table 5.  The farmers’ knowledge of nitrogen content of manure being applied 

for the 2014 corn crop. 

   

BMP Region 

Knowledge of the 
Actual Amount of 
Nitrogen Applied 

Percentage of  
Respondents 

Southwestern and West Central Yes 37 

Southwestern and West Central No 63 

South Central Yes 38 

South Central No 62 
§ Percent was calculated using only those respondents who answered yes or no to the question. 

 
Table 6 details the nitrogen rates and corn yields in Southwestern and West Central 

BMP regions on corn following various crops. These are corn fields applied with manure 

and commercial nitrogen fertilizer. 

Table 6.  Average amount of nitrogen applied from manure and commercial 

nitrogen fertilizer and corresponding corn yields to previous crops by BMP 

region. 
 

BMP Region Previous Crop 

Average Nitrogen Rate From 
Manure And Commercial 

Fertilizer 
Pounds per Acre 

Average Corn 
Yield  

Bushels per Acre 

Southwestern and West Central Soybeans 177 182 

Southwestern and West Central Corn 178 182 

Southwestern and West Central Corn/Alfalfa ** ** 

Southwestern and West Central Other ** ** 

South Central Soybeans 186 179 

South Central Corn 190 181 

South Central Corn/Alfalfa ** ** 

South Central Small Grains ** ** 

South Central Other ** ** 

** Less than five responses. 
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Table 7 details the total amount of nitrogen applied to fields from both manure and 

commercial nitrogen. 

Table 7.  Average amount of nitrogen applied to fields from both commercial 

fertilizer and manure. 
 

BMP Region 
Main Source of 

Manure 

Average Nitrogen Rate From 
Manure And Commercial 

Fertilizer 
Pounds per Acre 

South Western and West Central All 180 
South Western and West Central Dairy 159 
South Western and West Central Beef 198 
South Western and West Central Hog 179 
South Western and West Central Poultry ** 
South Western and West Central Other ** 

South Central All 188 
South Central Dairy 178 
South Central Beef 185 
South Central Hog ** 
South Central Poultry 208 
South Central Other 180 
** Less than five responses. 
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Pesticide Section 
 
Table 8 details the rates and active ingredients from pesticides applied to corn in 
Pesticide Management Area (PMA) 8.  
 

Table 8.  Pesticide applications and rates for corn – PMA 8 
 

Agricultural  
Chemical (a.i.) 

Surveyed 
Area 

Applied  

Average 
Appli- 

cations 

Average 
Rate Per 

Application 

Average 
Rate Per 

Crop Year 

Total Applied  
 Per Crop 

Year1 

  Percent Number 
Pounds per 

Acre 
Pounds per 

Acre Total Pounds 

Herbicides   (a.i.) (a.i.) (a.i.) 

 Acetochlor  37 1.0 1.25 1.26 65,349 

 Atrazine  9 1.0 0.52 0.52 6,536 

 Clopyralid  20 1.0 0.07 0.07 2,055 

 Dicamba  5 1.0 0.15 0.15 1,081 

 Diflufenzopyr  5 1.0 0.06 0.06 419 

 Dimethenamid-p  9 1.0 0.61 0.61 8,193 

 Flumetsulam  20 1.0 0.03 0.03 835 

 Glufosinate-ammonium  1 1.0 0.37 0.37 302 

 Glyphosate  80 1.2 0.93 1.10 123,781 

 Mesotrione  19 1.0 0.08 0.08 2,053 

 Nicosulfuron  1 1.0 0.30 0.30 360 

 Rimsulfuron  1 1.0 0.13 0.13 184 

 S-metolachlor  14 1.0 0.86 0.87 17,242 

 Saflufenacil  4 1.0 0.07 0.07 427 

 Tembotrione  4 1.0 0.08 0.08 379 

 Topramezone  3 1.0 0.02 0.02 63 

Insecticides      

 Bifenthrin  11 1.1 0.06 0.07 1,032 

 Chlorpyrifos  1 1.0 0.40 0.40 696 

 Cyfluthrin  4 1.0 0.01 0.01 37 

 Lambda-cyhalothrin  1 1.0 0.02 0.02 18 

 Phostebupirim  4 1.0 0.13 0.13 742 

 Tefluthrin  3 1.7 0.11 0.19 931 

Fungicides      

 Azoxystrobin  1 1.0 0.08 0.08 89 

 Fluxapyroxad  2 1.0 0.67 0.67 1,488 

 Metconazole  2 1.1 0.03 0.04 103 

 Propiconazole  3 1.2 0.04 0.04 198 

 Prothioconazole  2 1.0 0.09 0.09 212 

 Pyraclostrobin  8 1.0 0.33 0.33 3,850 

 Tebuconazole  2 1.0 0.09 0.09 212 
 

1 Data in this column is calculated from “raw” data and represents the total pounds of active ingredient applied to the 

indicated crop(s) in 2013 by survey participants in this area. Data in this table and the selection of survey participants 
was not statistically "weighted" in any fashion.  Thus, inappropriate extrapolation of the data may over- or under-
estimate the total pounds of a.i. used at the state, area or sub-area levels. 
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Herbicides applied but not published included the following: 2,4-D, Bromoxynil, Cloransulam, 
Flumioxazin, Fluroxypyr, Fluthiacet-methyl, Pendimethalin, Primisulfuron, Sethoxydim , and 
Triencarbazone-methyl.  
Insecticides applied but not published included the following: Gamma-cyhalothrin and Terbufos. 
Fungicides applied but not published included the following: Trifloxystrobin. 
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Table 9 details the rates and active ingredients from pesticides applied to soybeans in 

PMA 8. 

Table 9.  Pesticide applications and rates for soybean – PMA 8 
 

Agricultural  
Chemical (a.i.) 

Surveyed 
Area 

Applied  

Average 
Appli- 

cations 

Average 
Rate Per 

Application 

Average 
Rate Per 

Crop Year 

Total Applied  
Per Crop 

Year1 

  Percent Number 
Pounds per 

Acre 
Pounds per 

Acre Total Pounds 

Herbicides   (a.i.) (a.i.) (a.i.) 

Clethodim  3  1.2 0.05 0.07  210  

Cloransulam  13  1.0 0.02 0.02  304  

Dimethenamid-p  2  1.0 0.36 0.36  765  

Fluazifop  2  1.1 0.09 0.10  220  

Flumioxazin  2  1.0 0.13 0.13  301  

Fluthiacet-methyl  3  1.0 0.00 0.00  15  

Fomesafen  8  1.0 0.18 0.18  1,390  

Glufosinate-ammonium  1  1.5 0.36 0.54  549  

Glyphosate  92  1.6 0.97 1.52  140,498  

Imazethapyr  4  1.0 0.05 0.05  228  

Lactofen  2  1.0 0.14 0.14  230  

Metribuzin  2  1.0 0.29 0.29  439  

S-metolachlor  3  1.0 0.91 0.91  2,683  

Saflufenacil  3  1.0 0.03 0.03  101  

Sulfentrazone  14  1.0 0.18 0.18  2,546  

Thifensulfuron  1  1.0 0.01 0.01  4  

Trifluralin  1  1.0 0.50 0.50  310  

Insecticides      

Beta-cyfluthrin  3  1.0 0.02 0.02  61  

Bifenthrin  9  1.0 0.06 0.06  595  

Chlorpyrifos  18  1.0 0.46 0.46  8,191  

Esfenvalerate  2  1.0 0.04 0.04  85  

Gamma-cyhalothrin  4  1.0 0.01 0.01  36  

Imidacloprid  3  1.0 0.05 0.05  123  

Lambda-cyhalothrin  19  1.0 0.02 0.02  420  

Thiamethoxam  1  1.0 0.03 0.03  30  

Zeta-cypermethrin  4  1.0 0.02 0.02  63  

Fungicides      

Azoxystrobin  4  1.0 0.11 0.11  512  

Propiconazole  4  1.0 0.05 0.05  167  

Pyraclostrobin  9  1.0 0.12 0.12  1,111  

Tetraconazole 1 1.0 0.06 0.06 72 

Trifloxystrobin 3 1.0 0.04 0.04 129 
 

1 Data in this column is calculated from “raw” data and represents the total pounds of active ingredient applied to the 

indicated crop(s) in 2013 by survey participants in this area. Data in this table and the selection of survey participants 
was not statistically "weighted" in any fashion.  Thus, inappropriate extrapolation of the data may over- or under-
estimate the total pounds of a.i. used at the state, area or sub-area levels. 
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Herbicides applied but not published included the following: Acetochlor, Bentazon, Chlorimuron, 
Dicamba, Fenoxaprop, Flufenacet, Flumiclorac, Imazamox, Pendimethalin, and Phenmedipham. 
Fungicides applied but not published included the following:  Chlorothalonil and Fluoxastrobin. 
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Table 10 details the rates and active ingredients from pesticides applied to hay in PMA 

8. 

Table 10.  Pesticide applications and rates for hay – PMA 8 
 

Agricultural  
Chemical (a.i.) 

Surveyed 
Area 

Applied  

Average 
Appli- 

cations 

Average 
Rate Per 

Application 

Average 
Rate Per 

Crop Year 
Total Applied  

Crop Year1 

  Percent Number  
Pounds per 

Acre  
Pounds per 

Acre Total Pounds 

Insecticides   (a.i.) (a.i.) (a.i.) 

Chlorpyrifos 2 1.0 0.33 0.33 57 

Lambda-cyhalothrin 10 1.0 0.03 0.03 25 
 

1 Data in this column is calculated from “raw” data and represents the total pounds of active ingredient 
applied to the indicated crop(s) in 2013 by survey participants in this area. Data in this table and the 
selection of survey participants was not statistically "weighted" in any fashion.  Thus, inappropriate 
extrapolation of the data may over- or under-estimate the total pounds of a.i. used at the state, area or 
sub-area levels. 
 
Herbicides applied but not published included the following:  2,4-D, Aminopyralid, Clopyralid, and 
Imazamox. 
Insecticides applied but not published included the following: Gamma-cyhalothrin.  
Fungicides applied but not published included the following:  Pyraclostrobin. 
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September 21, 2018 

 

Watonwan County 

Land Management/SWCD 

c/o Heidi Rudolph, Assistant Director  

108 8th St S, Suite #2 

St. James, MN  56081 

 

 

Dear Ms. Rudolph, 

 

Thank you for the opportunity to provide priority issues for consideration in the development of 

the Watonwan River Watershed One Watershed One Plan (1W1P). The Minnesota Department 

of Agriculture (MDA) looks forward to working closely with local government units, 

stakeholders, and other agency partners in the planning process, as well as providing practical 

information and feedback to appropriate landowners and agricultural organizations in the 

watershed. 

 

One of MDA’s roles that relates to the One Watershed One Plan process is technical assistance. 

The MDA maintains a variety of water quality programs including research, on-farm 

demonstrations and groundwater and surface water monitoring. Our goal is to provide you with 

the data from these programs to help better understand the resource concerns and further engage 

the agricultural community in problem solving.   

 

The MDA’s research and on-farm demonstration projects help ensure that current and accurate 

scientific information is made available and used to address water quality concerns in 

agricultural areas of Minnesota. These activities support farmer-led discussion and peer-to-peer 

learning. They engage both farmers and crop advisers knowing that this trusted relationship is 

essential in on–farm decision making.   

 

MDA Priority Concerns 

 

The presence of nitrate and pesticides in groundwater and surface water are a priority concern for 

the MDA in this watershed.  Although MDA has not identified unusual compounds or detected 

abnormal concentrations of pesticides or nitrate in the Watonwan River Watershed, the 

continued groundwater and surface water monitoring discussed below is warranted.  

 

Pesticide Water Quality Monitoring 

 

The MDA has been conducting pesticide monitoring in groundwater since 1985, and in surface 

waters since 1991. Annually, the MDA completes approximately 250 sample collection events 

from groundwater and 800 sample collection events from rivers, streams, and lakes across the 

state. In general, the MDA collects water samples from agriculture and urban areas of Minnesota 

and analyzes water for up to 150 different pesticide compounds that are widely used and/or pose 
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the greatest risk to water resources. Groundwater monitoring is conducted by MDA and 

Minnesota Pollution Control Agency staff. Surface water monitoring is conducted by MDA and 

local organizations. All monitoring is completed following annual work plans and standard 

operating procedures (SOPs) developed by the MDA. 

The purpose of the MDA’s pesticide monitoring program is to determine the presence and 

concentration of pesticides in Minnesota waters, and present long-term trend analysis. Trend 

analysis requires a long-term investment in monitoring within the MDA’s established networks.  

The MDA releases an annual water quality monitoring report that includes a summary of 

all pesticide water quality data and long term trends available at 

www.mda.state.mn.us/monitoring.  All MDA ambient groundwater and surface water quality 

data is available for download at the National Water Quality Portal at 

https://www.waterqualitydata.us/. The MDA will continue to conduct statewide pesticide 

monitoring in the future and will provide additional information related to the occurrence of 

pesticides in Minnesota waters. 

The MDA began evaluating pesticide presence and magnitude in private residential drinking 

water wells as part of the Private Well Pesticide Sampling (PWPS) Project in 2014 as a 

companion program to the MDA Township Testing Program (TTP).  Townships in different 

counties have been, and will continue to be, sampled every year until the project concludes in 

2021.  Townships in the PWPS depend on the participation of well owners and may not reflect 

all of the townships sampled in the TTP. Water samples are collected by trained MDA 

hydrologists and analyzed by a private contract lab for compounds similar to the MDA ambient 

water quality monitoring program.  All monitoring is completed following annual work plans 

and SOP’s developed by the MDA. 

 

Groundwater data related to the Watonwan River Watershed 

 The MDA samples two sites in the watershed.  Sampling began at one site in 2006 and at 

the second site in 2013.  Note that at one site the initial well (Unique well number 

733711) was damaged and replaced in the same location with a new well (Unique well 

number 809300).  Both sites have been sampled at least once a year since they were 

established.  Pesticide and nitrate water quality data are available for the sites.  

Semiannual water level measurements are also available from each site.   

 

 As part of the PWPS Project, wells in at least one township (Riverdale) in Watonwan 

County will be targeted for nitrate and pesticide sampling in 2020.  There will be 

pesticide and nitrate data available for the homeowners and a summary report for 

Watonwan County.   

 

Surface water data related to the Watonwan River Watershed 

 The MDA has completed 48 pesticide and/or nutrient water quality sample collection 

events from two river/stream locations within the Watonwan River Watershed from 

2002-2017.  The MDA has also completed one pesticide water quality sample collection 

event from one lake in 2017. This lake sample was only analyzed for glyphosate and the 

glyphosate degradate AMPA.  There are currently no pesticide water quality impairments 

in the watershed. 

http://www.mda.state.mn.us/monitoirng
https://www.waterqualitydata.us/
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 The MDA has actively monitored the Watonwan River at CSAH-13 near Garden City, 

Minnesota (S000-163) in 2002 and 2013-2017. The MDA collected pesticide water 

quality samples at this location in 2018 and will continue monitoring through at least 

2021. 



   

 4 

 

625 ROBERT STREET NORTH, SAINT PAUL, MN 55155-2538      651-201-6000 or 1-800-967-2474      WWW.MDA.STATE.MN.US 

In accordance with the Americans with Disabilities Act, this information is available in alternative forms of communication upon request by calling 
651-201-6000. TTY users can call the Minnesota Relay Service at 711. The MDA is an equal opportunity employer and provider. 

Figure 1. MDA surface and ground water monitoring sites in the Watonwan River 

Watershed. 
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Nitrogen Fertilizer Management Plan (NFMP) 

 

The NFMP is the state's blueprint for preventing or minimizing the impacts of nitrogen fertilizer 

on groundwater. The original plan was developed in 1990 and recently updated in March 

2015. The 2015 Nitrogen Fertilizer Management Plan (NFMP) is available at: 

http://www.mda.state.mn.us/nfmp  

 

The primary goal of the Nitrogen Fertilizer Management Plan “is to involve the agricultural 

community in problem solving at the local level. We all need to work together to respond to and 

address localized concerns about unsafe levels of nitrate in groundwater."  – Commissioner of 

Agriculture, Dave Frederickson. 

 

As part of the NFMP, the MDA designed the Township Testing Program to determine current 

nitrate-nitrogen concentrations in private wells in areas that are vulnerable to groundwater 

contamination.  

 

Township Testing Program   

 

The MDA has identified townships throughout the state that are vulnerable to groundwater 

contamination and have significant row crop production. The MDA plans to offer free nitrate 

testing to 70,000 private well owners, within over 300 townships, by 2019. This work is being 

done in close partnership with local government units across the state.  

 

More information, including a sampling schedule is available at: 

http://www.mda.state.mn.us/township-testing-program or available upon request.  

 

 One township in the Watonwan River Watershed may be sampled as part of the 

Township Testing Program.  

o If this area is mostly served by rural water the MDA may not test private wells 

because they are not the primary drinking water source.  

 

 

Nitrogen and Pesticide Use  
 

The MDA surveys farmers through the National 

Agricultural Statistics Service (NASS). The most 

recent nitrogen use survey was for the 2014 crop 

year and the most recent pesticide use survey 

was for the 2013 crop year.  

 

The attached nitrogen use information is (pdf 

document)  from the 2014 nitrogen use report, 

specifically the Southwestern and West Central 

BMP region and South Central BMP region.  

 

 

http://www.mda.state.mn.us/nfmp
http://www.mda.state.mn.us/township-testing-program
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Additional Resources and Opportunities for BMP funding and cost-share 

 

Since there is a significant portion of the watershed in agricultural production, we would like to 

bring to your attention a couple resources, listed below, that we encourage you to reference 

during the planning process. 

 

1) The Agricultural BMP Handbook for Minnesota (recently updated) is a comprehensive 

inventory of agricultural best management practices that address water quality impairments. 

The handbook is available on-line and hard copies are available upon request. State agencies 

and local government partners have found this a useful resource in the WRAPS and 1W1P 

processes.  

 

Webpage: http://www.mda.state.mn.us/protecting/cleanwaterfund/research/handbookupdate  

 Download at: https://wrl.mnpals.net/islandora/object/WRLrepository:2955  

 

2) Minnesota Agricultural Water Quality Certification Program (MAWQCP) 

http://www.mda.state.mn.us/awqcp.   

 

The MAWQCP is a voluntary opportunity for farmers and agricultural landowners to take the 

lead in implementing conservation practices that protect our water. Those who implement and 

maintain approved farm management practices will be certified and in turn obtain regulatory 

certainty for a period of ten years. We encourage you to consider this program in the IWIP 

process because it is an opportunity for agricultural producers to evaluate nutrient and field 

management practices within the Watonwan River Watershed to help reduce losses.  

 

 There are currently 22 farmers, 90 fields, and approximately 12,000 acres certified in the 

Watonwan River Watershed. In addition, there are currently 5 farmers, 17 fields, and 

approximately 2,100 acres which are assessed and are currently awaiting certification. 

 

3) The AgBMP Loan Program 

http://www.mda.state.mn.us/agbmploans   

 

The AgBMP Loan Program is a water quality program that provides low interest loans to 

farmers, rural landowners, and agriculture supply businesses. The purpose is to encourage 

agricultural best management practices that prevent or reduce runoff from feedlots, farm fields, 

and other pollution problems identified by the county in local water plans. Loans can be used as 

match for other federal or state dollars supporting implementation.  

 

4) Nutrient Management Initiative (NMI) 

http://www.mda.state.mn.us/nmi 

 

The NMI assists farmers and crop advisers in evaluating nutrient management practices on their 

own field through the use of on-farm trials. This is a great opportunity to promote new strategies 

that are available that could improve fertilizer use efficiency, evaluate new ideas or changes to 

practices, and help open the door to work directly on the farm by including local cooperators in 

the water quality discussion.  

http://www.mda.state.mn.us/protecting/cleanwaterfund/research/handbookupdate
https://wrl.mnpals.net/islandora/object/WRLrepository:2955
http://www.mda.state.mn.us/awqcp
http://www.mda.state.mn.us/agbmploans
http://www.mda.state.mn.us/nmi


   

 7 

 

625 ROBERT STREET NORTH, SAINT PAUL, MN 55155-2538      651-201-6000 or 1-800-967-2474      WWW.MDA.STATE.MN.US 

In accordance with the Americans with Disabilities Act, this information is available in alternative forms of communication upon request by calling 
651-201-6000. TTY users can call the Minnesota Relay Service at 711. The MDA is an equal opportunity employer and provider. 

Furthermore, advanced trials working with the University of Minnesota research staff, help guide 

current nitrogen rate recommendations. There have been approximately 500 on-farm trials 

established in Minnesota through the NMI program since 2015.  

 

 Two on-farm nitrogen rate evaluations have been located in the Watonwan River 

Watershed. These two trials showcased new equipment, technology, and precision 

agriculture strategies cooperative advisers are using to help farmers to apply nitrogen 

more efficiently. 

 

 

We look forward to being involved in the 1W1P process. If you have any questions please do not 

hesitate to contact me. 

 

Sincerely, 

 

Aicam Laacouri 
 
Aicam Laacouri 

Minnesota Department of Agriculture  

625 Robert Street North 

St. Paul, MN 55155 

651-201-6487 

aicam.laacouri@state.mn.us 

mailto:aicam.laacouri@state.mn.us


An equal opportunity employer. 

 

P r o t e c t i n g ,  M a i n t a i n i n g  a n d  I m p r o v i n g  t h e  H e a l t h  o f  A l l  M i n n e s o t a n s  

September 27, 2018 

Watonwan County Land Management/SWCD 
Heidi Rudolph 
108 8th Street South, Suite 2 
St. James, Minnesota 56081 

Dear:  Ms. Rudolph 

Subject: Initial Comment Letter – Watonwan Watershed One Watershed One Plan 

Thank you for the opportunity to submit comments regarding water management issues for 
consideration in the One Watershed One Plan ( 1W1P) planning process for the Watonwan 
Watershed Planning Area. Our agency looks forward to working closely with the local 
government units, stakeholders, and other agency partners on this watershed planning 
initiative.   

The Minnesota Department of Health's (MDH) mission is to protect, maintain, and improve 
the health of all Minnesotans.  An important aspect  to protecting citizens health is the 
protection of drinking water sources.  MDH is the agency responsible for implementing 
programs under the federal Safe Drinking Water Act (SDWA).  

Source Water Protection (SWP) is the framework MDH uses to protect drinking water sources.  
The broad goal of SWP in Minnesota is to protect and prevent contamination of public and 
private sources of groundwater and surface water sources of drinking water using best 
management practices and local planning.  Core MDH programs relevant to watershed planning 
are the State Well Code (MR 4725), Wellhead Protection (MR 4720) and surface water / intake 
protection planning resulting in a strong focus in groundwater management and protecting 
drinking water sources.   

One of the three high level state priorities in Minnesota’s Nonpoint Priority Funding Plan is to 
“Restore and protect water resources for public use and public health, including drinking 
water” which aligns with our agency’s mission and recommendations to your planning process. 
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MDH Priority Concerns:   

Prioritize Drinking Water Supply Management Areas (DWSMA) in the Watonwan Watershed 
1W1P. 

DWSMA boundaries establish a protection area through an extensive evaluation that 
determines the contribution area of a public water supply well, aquifer vulnerability and 
provide an opportunity to prioritize specific geographic areas for drinking water protection 
purposes.  DWSMA boundaries that extend beyond city jurisdictional limits or are established in 
Wellhead Protection (WHP) Action Plans for nonmunicipal public water supplies, like mobile 
home parks, can be a special focus for local partners prioritizing drinking water protection 
activities. 

Aquifer vulnerability determines the level of management required to protect a drinking water 
supply and provides an opportunity to target implementation practices in accordance with the 
level of risk different land uses pose.  The attached Public Water Supply Summary Spreadsheet 
highlights the primary drinking water protection activities for many DWSMAs in the watershed. 

The Watonwan River feeds into the Blue Earth River, which is a source of drinking water for the 
City of Mankato.  Mankato has two shallow aquifer Ranney wells that pull water from the Blue 
Earth and Minnesota Rivers.  Portions of the spill management area buffer for the city of 
Mankato are within the Watonwan Watershed.  Nitrate concentrations in Mankato Ranney 
Wells and in the City of Darfur has reached levels of concern.   Local partners may consider 
focusing nitrogen BMPs in the Watonwan Watershed due to the mutual benefits of protecting 
drinking water supplies.  

Prioritize Sealing Abandoned Wells 

Unused, unsealed wells can provide a conduit for contaminants from the land surface to reach 
the sources of drinking water.  This activity is particularly important for abandoned wells that 
penetrate a confining layer above a source aquifer. 

Sealing wells is a central practice in protecting groundwater quality, however when resource 
dollars are limited it is important to evaluate private well density to identify the populations 
most at risk from a contaminated aquifer.  

Prioritize Protection of Private Wells 

Many residents of Watonwan Watershed rely on a private well for the water they drink. 
However, no public entity is responsible for water testing or management of a private well after 
drilling is completed. Local governments are best equipped to assist private landowners 
through land use management and ordinance development, which can have the greatest 
impact on protecting private wells.  Other suggested activities to protect private wells include:  
hosting well testing or screening clinics, providing water testing kits, working with landowners 
to better manage nutrient loss, promoting household hazardous waste collection, managing 
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storm water runoff, managing septic systems, and providing best practices information to 
private well owners.    

Approximately sixteen percent of the 133 arsenic samples taken from wells in the Watonwan 
Watershed have levels of arsenic higher than the Safe Drinking Water Act (SDWA) standard of 
10 micrograms per liter (µg/L). Arsenic occurs naturally in rocks and soil and can dissolve into 
groundwater. Consuming water with low levels of arsenic over a long time (chronic exposure) is 
associated with diabetes and increased risk of cancers of the bladder, lungs, liver and other 
organs.  The SDWA standard for arsenic in drinking water is 10 µg/L; however, drinking water 
with arsenic at levels lower than the SDWA standard over many years can still increase the risk 
of cancer. The EPA has set a goal of 0 µg/L for arsenic in drinking water because there is no safe 
level of arsenic in drinking water. 
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Targeting Groundwater & Drinking Water Activities in the 1W1P Planning Process 

Limitation of Existing Tools –  

Watershed models used for prioritizing and targeting implementation scenarios in the 1W1P, whether 
PTMapp, HSPF-Scenario Application Manager (SAM) or others, leverage GIS information and/or digital 
terrain analysis to determine where concentrated flow reaches surface water features.  While this is 
an effective approach for targeting surface water contaminates, it does not transfer to groundwater 
concerns because it only accounts for the movement of water on the land’s surface.  Unfortunately, 
targeting tools are not currently available to model the impact on groundwater resources.  The 
Minnesota Department of Health suggests using methodologies applied by the agency to prioritize and 
target implementation activities in the Source Water Protection program. 

Using the Groundwater Restoration and Protection Strategies (GRAPS) Report –  

The MDH, along with its state agency partners, are developing a Groundwater Restoration and 
Protection Strategies (GRAPS) report for the Watonwan Watershed.  GRAPS will provide information 
and strategies on groundwater and drinking water supplies to help inform the local decision making 
process of the 1W1P. Information in a GRAPS Report can be used to identify risks to drinking water 
from different land uses.  Knowing the risks to drinking water in a specific area allows targeting of 
specific activities. 

• Prioritize Actions Identified in the Groundwater Restoration and Protection Strategies (GRAPS) 
report. 

Using Wellhead Protection Plans –  

• Identify Drinking Water Supply Management Areas (DWSMA) located in the watershed. 
• Examine the vulnerability of the aquifer to contamination risk to determine the level of 

management required to protect groundwater quality.  For example, a highly vulnerable 
setting requires many different types of land uses to be managed, whereas a low vulnerability 
setting focuses on a few land uses due to the long recharge time and protective geologic layer. 

• Use the Management Strategies Table in a Wellhead Protection Plan to identify and prioritize 
action items for each DWSMA 

Using Guidance Documents to Manage Specific Potential Contaminant Sources –  

The MDH has developed several guidance documents to manage impacts to drinking water from 
specific potential contaminant sources.  Topics include mining, stormwater, septic systems, feedlots, 
nitrates, and chemical and fuel storage tanks.  This information is available at 
http://www.health.state.mn.us/divs/eh/water/swp/resources/index.html 

 

 

 

 

http://www.health.state.mn.us/divs/eh/water/swp/resources/index.html
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Attached you will find a listing of MDH data and information to help you in the planning 
process.  Thank you for the opportunity to be involved in your watershed planning process.  If 
you have any questions, please feel free to contact me at (507) 476-4241 or 
amanda.strommer@state.mn.us. 

Sincerely, 

 
Amanda Strommer, Principal Planner 
Minnesota Department of Health 
Source Water Protection Unit 
1400 E. Lyon Street 
Marshall, Minnesota, 56258 

 
Attachments 
 
CC via email:    

Yarta Clemens-Billaigbakpu, Area Hydro, MDH Source Water Protection Unit 
         Carrie Raber, MDH Source Water Protection Unit 
 Derek Richter, MDH Source Water Protection Unit 
         Chris Elvrum, MDH Well Management Section 
 Amy Lynch, MDH District Enginner 

Ed Lenz, BWSR 
Jill Sackett-Eberhart, BWSR 
Shaina Keseley, BWSR 
Barbara Weisman, DNR 
Robb Collett, DNR 
Juline Holleran, MPCA 
Paul Davis, MPCA 
Margaret Wagner, MDA 

 

 

 

 

 

 

 

mailto:amanda.strommer@state.mn.us
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MDH Data and information: 

 
 Drinking Water Statistics – 100% of citizens and businesses get their drinking water from 

groundwater in the Watonwan Watershed.  Water is supplied from private wells, 
community public water supplier, or rural water supplier. This information can help you 
understand where people are obtaining their drinking water and develop implementation 
strategies to protect the sources of drinking water in the watershed. 

 
 A spreadsheet of the public water supply systems in the watershed, status in wellhead 

protection planning, and any drinking water protection concerns or issues that have been 
identified in protection areas.  This information can help you understand the drinking water 
protection issues in the watershed, prioritize areas for implementation activities, and 
identify potential multiple benefits for implementation activities.   

 
 Shape files of the Drinking Water Supply Management Areas (DWSMA) in the watershed are 

located at http://www.health.state.mn.us/divs/eh/water/swp/maps/index.htm.  This 
information can help you prioritize and target implementation activities that protect 
drinking water sources for public water supplies. 
 
MDH Figures: 
 

 A figure detailing the “Pollution Sensitivity of Near-Surface Materials” in the Watonwan 
Watershed.  This information can help you understand the ease with which recharge and 
contaminants from the ground surface may be transmitted into the upper most aquifer on a 
watershed scale.  Individual wellhead protection areas provide this same information on a 
localized scale.  This is turn can be used to prioritize areas and implementation activities. 

 A figure detailing “Pollution Sensitivity of Wells” in the Watonwan Watershed. This 
information can help you understand which wells in the watershed are most geologically 
sensitive based on the vulnerability of the aquifer in which the well is completed.   This 
information allows for targeting of implementation activities to the sources of water people 
are drinking. 

 A figure detailing “Pollution Sensitivity of Wells and Nitrate Results” in the Watonwan 
Watershed Underlain by Geologic Sensitivity Ratings from Wells.  This information takes 
what we know about the sensitivity of wells to contamination and combines it with nitrate 
results to highlight areas of the watershed where there is known nitrate contamination of 
the water people are drinking.  This figure can help prioritize implementation activities 
aimed at reducing nitrate levels in the sources of drinking water. 

 A figure detailing “Arsenic Results” in the Watonwan Watershed Underlain by Geologic 
Sensitivity Ratings from Wells.  This information can help you understand which wells in the 
watershed contain elevated arsenic levels.  

 A figure detailing “DWSMA Vulnerability” in the Watonwan Watershed.  This information 
can help you understand which DWSMA is most vulnerable to contamination from the 
ground surface.  This figure allows for targeting of implementation activities for public 
water suppliers. 

http://www.health.state.mn.us/divs/eh/water/swp/maps/index.htm


Watonwan Watershed Public Water Supplies - 
Drinking Water Protection Concerns for Quality & Quantity

Aquifer Risk Name County Subwatershed (HUC 12) DWSMA Vulnerability Drinking Water Protection Concerns

Very high potential contaminant risk due to connection with surface water -
Focus on impacts from land use practices and surface water runoff

 Darfur  Watonwan  Mostly Cottonwood Lake  High GW/High SWCA
 High nitrates in fractured sioux quartzite 
well

 LaSalle  Watonwan
 City of LaSalle - Watonwan 
River  High GW/High SWCA

 Mankato  Blue Earth  Watonwan
 Surface Water Source 
DWSMA

 Spill management buffer area at the mouth 
of Watonwan River

 Red Rock Rural Water - 
Lake Augusta/Jeffers  Cottonwood  Headwaters Watonwan River  High GW/High SWCA  On edge of watershed

High potential contaminant risk -
Focus on potential land use contaminant sources that may impact water quality

 St. James  Watonwan
 Lower Butterfield Creek & 
Lower St. James Creek  High/Moderate/Low

 Mountain Lake  Cottonwood
 Mountain Lake, Headwaters 
Watonwan River, Bingham Lake  High/Low

Low potential contaminant risk -
Focus on sealing of unused wells and old public water supply wells (funding available from MDH)

 Madelia  Watonwan  City of Madelia - Watonwan  Low
 Truman  Martin  Judicial Ditch 47  Low
 Vernon Center  Blue Earth  County Ditch 78  Low  On edge of watershed
 Windom  Cottonwood  Bingham Lake  Low  On edge of watershed

1 Community, Non-Municipal Public Water Supplier in Bingham Lake Subwatershed
20 Non-Community Public Water Suppliers
5 communities recieve water from Red Rock Rural Water and 1 receives water from Windom
Many citizens and businesses rely on Red Rock Rural Water in the western half of watershed.

Acronyms:
SWCA=Surface Water Contribution Area
DWSMA=Drinking Water Supply Management 
Area
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Minnesota Department of Natural Resources 

Southern Region Headquarters 

21371 State Highway 15 

New Ulm MN 56073 

September 27, 2018 

 

Watonwan County Land Management/SWCD 

108 Eighth Street, Suite #2 

St. James, MN 56081 

BWSR – Jill Sackett-Eberhart 

11 Civic Center Plaza, Suite #300 

Mankato, M 56001

Dear Ms. Rudolph and Ms. Sackett-Eberhart, 

Thank you for inviting the Minnesota Department of Natural Resources (DNR) to provide input as you and other local 

partners begin developing a Comprehensive Watershed Management Plan.  I am writing on behalf of DNR 

Commissioner Tom Landwehr to express our support and share our priorities for the Watonwan Watershed.  

We view these priorities as keys to protecting and improving the health of the watershed.  A watershed scale plan can 

provide a system-based management approach.  Sustaining the water resources are a must to maintain or enhance the 

quality of life for all who live, work, and enjoy the outdoors in the Watonwan Watershed.  

Our goal is to supply scientific data and information to support your watershed plan.  We are willing to bring 

information or provide presentations to stakeholders in order to get to know the watershed.  In other watersheds 

partners have found value in our tools focusing on watershed health and Community-based Aquifer Management 

Partnership (CAMP) planning.  

Our lead for this One Watershed One Plan (1W1P) project is Brooke Hacker, Regional Clean Water Legacy Specialist, 

based at the DNR office in Mankato.  Please contact Brooke by phone at (507)389-8803 or via email at 

brooke.hacker@state.mn.us if you have questions or would like more information about the attached priorities. 

Also feel free to contact me directly if needed. As the DNR’s Regional Director, I am committed to ensuring that DNR 

staff in the region are organized to support 1W1P planning efforts and the resulting plans. We greatly value the 

opportunity to contribute to the process and hope the information we provide is helpful.  

Sincerely,  

  

Scott W. Roemhildt, DNR Regional Director, Southern Region  

  

Ec: Robert Collett, DNR EWR South Region Manager Barbara Weisman, DNR Clean Water Coordinator  

Jim Sehl, DNR EWR Assistant Regional Manager  Cathi Fouchi, DNR Regional Planner 

Todd Kolander, DNR EWR South District Manager Brooke Hacker, DNR Clean Water Specialist  



 

  

                

The priorities listed below are from each of the DNR’s divisions, in no specific order.  We would appreciate if these issues 

are included in this Comprehensive Watershed Management Plan.  As a natural resource team, we looked for 

opportunities that provide multiple benefits for the watershed.  We are committed to be involved throughout this 

process and will bring more information as needed.  Thank you for the opportunity to provide input.  

 

Resource  Priority Resource Concerns & Opportunities 

Hydrologic Condition 

  

Adjust overall water 
volume and timing 
through water 
management and 
storage practices to 
improve the health and 
stability of the 
Watonwan watershed.  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Concern: Many of the natural streams, rivers and lakes in the watershed  
are degraded.  Changes in cropping, unmitigated drainage improvements,  
adding impervious surfaces and other landuse changes have changed the 
 volumes of surface water in the watershed.  More volume flows through  
our streams and rivers than has historically, including more flow in the fall  
and even winter. 
 
Drainage is essential for the economic prosperity of agriculture and those in the 
Watonwan Watershed.  However, the cumulative impact of manyhas negatively 
impacted the stability of both natural streams and constructed channels.  We see 
failing banks, increased erosion, and property damage, and needed investment in 
costly infrastructure projects. The net increase in water flow and volume across the 
watershed intensifies flooding, increases nutrient and sediment loads, and degrades 
aquatic habitat and species diversity. The watershed plan should identify targeted 
land use and water management strategies to reduce and mitigate these impacts.  

 Opportunity: Ditch and Drainage Management - Ditch/drainage improvement 

should include mitigation (water storage), reducing impacts to downstream 

roads, bridges, and landowners.  Fluctuating waters degrade public waters, and 

fish and other aquatic life. Focus on drainage repairs and spot clean out, or 

consider including mitigation on system wide excavations or improvements.    

 Opportunity:  Floodplain Access – Many stream have downgraded due to the 

increase flows or have been deepen as part of drainage projects to the point 

flood flows are contained into the channel.  Connecting rivers and streams to 

their floodplains – allowing them to flood – will slow the flow, dispersing 

sediment and nutrients.  Perennial vegetation in the floodplain helps reduce 

erosion and filter sediment and nutrients. 

 Opportunity: Proper Culvert Sizing - Culverts should be properly sized and 

designated to function at various flow conditions while maintaining 

infrastructure and public safety. Improperly sized culverts impact sediment 

transport and stream stability.   

 Opportunity: Natural Channel Restoration - In areas where streambank or 

stream work is needed to protect infrastructure or private land natural channel 

restoration should be considered to achieve stream stability and limit 

downstream impacts.  Natural channel design should be the first option and 

included in projects even when hard revetment (i.e. rock riprap) is preferred by 



 

  

                

Hydrologic Condition 
(Continued) 

landowners. The healthy watershed approach generally favors natural 

stabilization techniques in order to stabilize banks, create floodplain benches 

and manage vegetation. 

Water Quality –  
Reduce nutrient and 

sediment loading to 

improve the biology and 

health of the 

watershed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Issue: Current water quality conditions for both lakes and streams point to a need 
for significant land use changes.  Water Quality continues to decline in the 
watershed.  Significant changes are needed, including landuse changes, to stabilize 
or improve deteriorating water quality trend.  
Work to address the water quality goals established in the Watershed Restoration 
and Protection Strategies (WRAPS) report and TMDL studies in ways that prevent 
future surface water quality impairments and groundwater contamination, improve 
fish habitat in lakes and streams, and promote the watershed's resilience to climate 
change, invasive species, and other stressors. 

 Opportunity: Targeted BMP implementation - Prime agricultural ground 
should be protected for agriculture, but the watershed would benefit from 
targeted conservation BMPs. Healthy soils protected by cover crops and 
reduced tillage reduces nutrients, increases residue, and increases water 
storage within the soil profile and reduces runoff. In addition to targeted 
BMPs, promote watershed wide nutrient application rates as approved by 
MDA. 

 Opportunity: Invasive Species - Work to prevent, contain and/or control the 

spread of invasive species.  Leverage local efforts with state programs to 

improve water quality and stop the spread of invasive plants and animals.   

Issue: Lakes and rivers are under stress from climatic variability and land use 
changes.  Certain lakes are high priorities for protection or restoration because 

they have outstanding water quality, support diverse fisheries and diverse 
and abundant native aquatic plant communities. 

 Opportunity: Protection or restoration measures are needed to maintain or 
improve the high public recreational and resource value of the lakes that 
meet water quality guidelines for water recreation and fish consumption 

-Fish Lake– (Protection) This lake has a higher sensitivity to nutrient loading. 
Nutrient management and other BMPS are especially important in the 
watershed of this lake.  
-St James Lake – (Restoration) Due to the small lake to watershed area, this 
system would likely respond well to a variety of agricultural and urban water 
quality BMPs.  With limited flushing, the timeline to see improvements will 
be much longer. It is best to protect the water quality early on. 
-Kansas Lake – (Restoration) Landuse zoning including Shoreline 
management would help assist the already established fishery from future 
degradation or development pressure.   

 



 

  

                

Water Quality –  
(Continued) 

 

-Bingham Lake - (Protection) Additional development is occurring on the 
lake.  Again, administration of the Shoreland Ordinance should be a priority.  
-Fedji Lake – (Restoration) This lake may benefit from a Lake Management 
plan, including potential draw downs and vegetative management.  

-Perch Creek – (Protection) Perch Creek is home to several rare and 
endangered species, including both plants and wildlife.  Targeted 
conservation practices including buffers, storm water management, 
minimizing tillage, and the use of cover crops could be pay dividends.   

Outdoor Recreation 
and Natural Heritage 
  
Promote and increase 
opportunities for 
outdoor recreation. 
Protect and restore 
perennial vegetation.  
 

Issue: The Watonwan River Watershed is home to unique opportunities for outdoor 
recreation.  The hundreds of stream and river miles, as well as numerous lakes, are 
home to diverse plants and wildlife.  Continued land use conversion pressure poses 
a threat to fragmented ecosystems. 

 Opportunity:   With less than 1% of the native prairie remaining, protecting 

grassland and wildlife habitat is one of the most critical environmental 

challenges facing Minnesota. Documents such as the Prairie Plan Corridor aim 

to preserve this landscape through protection, restoration and enhancement.  

Easement or set-a-side programs may help protect the highest quality areas.  

 Opportunity:   Promote state and local programs such as the Walk in Access 
(WIA) program, to increase outdoor recreation opportunities while maintaining 
private property ownership.  

 Opportunity:  Landuse Ordinances and decisions should protect large tracts of 

floodplain or other natural areas from fragmentation. 

 Opportunity:  Increase outreach and education regarding rare and natural 

animals in the watershed.  Increase awareness of species, such as Blanding’s 

Turtles, and how to protect and restore habitat. 

Water Quantity 
Protect existing aquifers 
and water supplies 
through education and 
usage monitoring. 
 
 
 
 
 
 
 

Issue: Expanded usage of groundwater resources can deplete aquifer volume, 
decrease water quality, and disrupt public water private water supply.  Several 
communities have drilled new wells, or limited water usage in the surrounding area 
due to sustainability concerns.   

 Opportunity: The City of St James should promote the wellhead protection 

area success. Local involvement and efforts should be highlighted as a path 

forward to others success. 

 Opportunity: The DNR provides the Community-based Aquifer Management 

Partnership (CAMP) program to raise awareness of water supply issues, 

infrastructure, and water availability considerations for future need with 

local government units.  Increased knowledge of groundwater resource will 

lead to improved landuse decisions ad community design. 



 

  

                

Water Quantity 
(Continued) 

 
 

 Opportunity: Expand education and outreach at a LGU/watershed level to 

high volume users including irrigators and livestock facilities.  Encourage 

large volume users to work cooperatively, share information on 

improvements in efficiency. Educate irrigators on application rates, timing, 

and scheduling programs.  Help MNDNR get appropriate permitting in place 

in order to broaden water use reporting for better aquifer characterization. 

 Opportunity: Work with the DNR to expand the ground water monitoring 

network.  Work with local communities to instrument and monitor local 

water usage and groundwater sustainability. 

 



 
 
September 21, 2018 
 
 
 
Heidi Rudolph 
Watonwan County Land Management/SWCD 
108 8th Street South, Suite #2 
St. James, MN 56081 
 
Jill Sackett-Eberhart  
Board of Water and Soil Resources 
11 Civic Center Plaza, Suite #300 
Mankato, MN 56001 
 
Dear Heidi Rudolph and Jill Sackett-Eberhart: 

The Minnesota Pollution Control Agency (MPCA) is pleased to provide priority concerns for 

consideration in the development of the Watonwan River Watershed One Watershed One Plan (1W1P). 

The MPCA has contributed significant time and resources in addressing water quality issues in the 

Watonwan River Watershed . We would invite you to consider the following reports and studies during 

1W1P development. 

Watonwan River Monitoring and Assessment Report (2016) – Summary of 2013/2014 intensive 

watershed monitoring efforts. https://www.pca.state.mn.us/sites/default/files/wq-ws3-07020010b.pdf  

Watonwan River Stressor ID (2018) –  This report summarizes and evaluates factors, natural and 

human, which are likely responsible for the impaired condition of the fish and macroinvertebrate 

communities. A thorough description of the natural features and processes occurring in the watershed 

and the extent of various human activity throughout the watershed that may have potential to degrade 

streams, rivers, and lakes. https://www.pca.state.mn.us/sites/default/files/wq-ws5-07020010a.pdf  

DRAFT Watonwan River Watershed Restoration and Protection Strategy (WRAPS) (2018) – High level 

summary of past assessment and diagnostic work and outlines ways to prioritize actions and strategies 

for implementation. Document is currently being drafted and will be reviewed by local partners. Drafts 

will be available for the 1W1P work group.  

DRAFT Watonwan River Watershed Total Maximum Daily Load (TMDL) Report (2018) – A draft TMDL 

report for the Watonwan River will be available for review and will be on public comment during the 

1W1P process.  

DRAFT Minnesota River and Greater Blue Earth River Basin Total Suspended Solids (TSS) TMDL Report 

(2018) – A draft of the TMDL report of the TSS impairments is available for review by the 1W1P work 

group.  

Fecal Coliform TMDL Assessment for 21 Impaired Streams in the Blue Earth River Basin (2007) – TMDL 
study includes five Fecal Coliform impairments in the Watonwan River Watershed. 
https://www.pca.state.mn.us/sites/default/files/wq-iw7-05b.pdf  
 

https://www.pca.state.mn.us/sites/default/files/wq-ws3-07020010b.pdf
https://www.pca.state.mn.us/sites/default/files/wq-ws5-07020010a.pdf
https://www.pca.state.mn.us/sites/default/files/wq-iw7-05b.pdf
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Greater Blue Earth River Basin Fecal Coliform TMDL Report Implementation Plan (2007) – E. coli TMDL 
implementation plan for the impaired reaches of the Greater Blue Earth watershed including impaired 
reaches of the Watonwan and South Fork Watonwan River. 
https://www.pca.state.mn.us/sites/default/files/wq-iw7-05c.pdf  
 

The following table lists streams identified as resource concerns per the 2018 Impaired Waters 303(d) 

list and the corresponding issues affecting them: 

Water Body 
Name  

AUID Water Body Description County  Affected Use  Pollutant or Stressor 

Butterfield 
Creek 

07020010-
516 

Headwaters to St James Cr Watonwan Aquatic Life 
Aquatic 

macroinvertebrate 
bioassessments 

Butterfield 
Creek 

07020010-
516 

Headwaters to St James Cr Watonwan Aquatic Life 
Fishes 

bioassessments 

Butterfield 
Creek 

07020010-
516 

Headwaters to St James Cr Watonwan Aquatic Life Turbidity 

Butterfield 
Creek 

07020010-
516 

Headwaters to St James Cr Watonwan 
Aquatic 

Recreation 
Escherichia coli 

County Ditch 78 
07020010-

559 
164th St to Watonwan R Blue Earth Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

County Ditch 78 
07020010-

559 
164th St to Watonwan R Blue Earth Aquatic Life 

Fishes 
bioassessments 

Judicial Ditch 1 
07020010-

580 
-94.9058 43.9095 to T105 R33W S7, 

east line 
Cottonwood Aquatic Life 

Fishes 
bioassessments 

Judicial Ditch 1 
07020010-

579 
Headwaters to -94.9058 43.9095 Cottonwood Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Judicial Ditch 1 
07020010-

579 
Headwaters to -94.9058 43.9095 Cottonwood Aquatic Life 

Fishes 
bioassessments 

Judicial Ditch 1 
07020010-

581 
T105 R33W S8, west line to Irish Lk Watonwan Aquatic Life 

Fishes 
bioassessments 

Judicial Ditch 1 
07020010-

581 
T105 R33W S8, west line to Irish Lk Watonwan 

Aquatic 
Recreation 

Escherichia coli 

Mink Creek 
07020010-

577 
Unnamed cr to Perch Cr Martin Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Mink Creek 
07020010-

577 
Unnamed cr to Perch Cr Martin Aquatic Life 

Fishes 
bioassessments 

Perch Creek 
07020010-

524 
Headwaters (Perch Lk 46-0046-00) to 

Spring Cr 
Watonwan Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Perch Creek 
07020010-

524 
Headwaters (Perch Lk 46-0046-00) to 

Spring Cr 
Watonwan Aquatic Life 

Fishes 
bioassessments 

Perch Creek 
07020010-

524 
Headwaters (Perch Lk 46-0046-00) to 

Spring Cr 
Watonwan Aquatic Life Turbidity 

Perch Creek 
07020010-

523 
Spring Cr to Watonwan R Blue Earth Aquatic Life 

Fishes 
bioassessments 

Perch Creek 
07020010-

523 
Spring Cr to Watonwan R Blue Earth 

Aquatic 
Recreation 

Escherichia coli 

Spring Branch 
Creek 

07020010-
574 

T106 R30W S22, west line to Perch Cr Watonwan Aquatic Life 
Fishes 

bioassessments 

Spring Branch 
Creek 

07020010-
574 

T106 R30W S22, west line to Perch Cr Watonwan 
Aquatic 

Recreation 
Escherichia coli 

Spring Brook 
07020010-

540 
Unnamed ditch to S Fk Watonwan R Watonwan Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Spring Brook 
07020010-

540 
Unnamed ditch to S Fk Watonwan R Watonwan Aquatic Life 

Fishes 
bioassessments 

https://www.pca.state.mn.us/sites/default/files/wq-iw7-05c.pdf
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Water Body 
Name  

AUID Water Body Description County  Affected Use  Pollutant or Stressor 

St James Creek 
07020010-

515 
Butterfield Cr to Watonwan R Watonwan 

Limited 
Resource 

Value 
Escherichia coli 

St James Creek 
07020010-

502 
T106 R31W S18, south line to 

Butterfield Cr 
Watonwan 

Limited 
Resource 

Value 
Escherichia coli 

St James Creek 
07020010-

576 
T106 R32W S25, west line to T106 

R31W S19, north line 
Watonwan 

Aquatic 
Recreation 

Escherichia coli 

St James Creek 
(Kansas Lake 
Inlet) 

07020010-
528 

Headwaters to Kansas Lk Watonwan Aquatic Life Turbidity 

Unnamed creek 
07020010-

552 
CD 4 to Butterfield Cr Watonwan Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Unnamed creek 
07020010-

552 
CD 4 to Butterfield Cr Watonwan Aquatic Life 

Fishes 
bioassessments 

Unnamed creek 
07020010-

526 
T105 R30W S24, south line to Perch 

Cr 
Watonwan Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Unnamed creek 
07020010-

526 
T105 R30W S24, south line to Perch 

Cr 
Watonwan Aquatic Life 

Fishes 
bioassessments 

Unnamed creek 
07020010-

583 
T106 R35W S1, west line to Unnamed 

cr 
Cottonwood Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Unnamed creek 
07020010-

583 
T106 R35W S1, west line to Unnamed 

cr 
Cottonwood Aquatic Life 

Fishes 
bioassessments 

Unnamed creek 
07020010-

561 
Unnamed cr to JD 1 Cottonwood Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Unnamed creek 
07020010-

561 
Unnamed cr to JD 1 Cottonwood Aquatic Life 

Fishes 
bioassessments 

Unnamed creek 
07020010-

549 
Unnamed cr to N Fk Watonwan R Cottonwood Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Unnamed creek 
07020010-

549 
Unnamed cr to N Fk Watonwan R Cottonwood Aquatic Life 

Fishes 
bioassessments 

Unnamed creek 
07020010-

557 
Unnamed cr to Perch Cr Martin Aquatic Life 

Fishes 
bioassessments 

Unnamed creek 
(Mountain Lake 
Inlet) 

07020010-
505 

Headwaters to Mountain Lk Cottonwood Aquatic Life 
Aquatic 

macroinvertebrate 
bioassessments 

Watonwan River 
07020010-

511 
Butterfield Cr to S Fk Watonwan R Watonwan 

Aquatic 
Consumption 

Mercury in fish tissue 

Watonwan River 
07020010-

511 
Butterfield Cr to S Fk Watonwan R Watonwan Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Watonwan River 
07020010-

511 
Butterfield Cr to S Fk Watonwan R Watonwan Aquatic Life 

Fishes 
bioassessments 

Watonwan River 
07020010-

511 
Butterfield Cr to S Fk Watonwan R Watonwan Aquatic Life Turbidity 

Watonwan River 
07020010-

511 
Butterfield Cr to S Fk Watonwan R Watonwan 

Aquatic 
Recreation 

Fecal Coliform 

Watonwan River 
07020010-

566 
Headwaters to T107 R33W S33, east 

line 
Cottonwood 

Aquatic 
Consumption 

Mercury in fish tissue 

Watonwan River 
07020010-

566 
Headwaters to T107 R33W S33, east 

line 
Cottonwood Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Watonwan River 
07020010-

566 
Headwaters to T107 R33W S33, east 

line 
Cottonwood Aquatic Life 

Fishes 
bioassessments 

Watonwan River 
07020010-

566 
Headwaters to T107 R33W S33, east 

line 
Cottonwood Aquatic Life Turbidity 
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Water Body 
Name  

AUID Water Body Description County  Affected Use  Pollutant or Stressor 

Watonwan River 
07020010-

566 
Headwaters to T107 R33W S33, east 

line 
Cottonwood 

Aquatic 
Recreation 

Fecal Coliform 

Watonwan River 
07020010-

562 
N Fk Watonwan R to T107 R32W S13, 

east line 
Watonwan 

Aquatic 
Consumption 

Mercury in fish tissue 

Watonwan River 
07020010-

562 
N Fk Watonwan R to T107 R32W S13, 

east line 
Watonwan Aquatic Life Turbidity 

Watonwan River 
07020010-

562 
N Fk Watonwan R to T107 R32W S13, 

east line 
Watonwan 

Aquatic 
Recreation 

Fecal Coliform 

Watonwan River 
07020010-

501 
Perch Cr to Blue Earth R Blue Earth 

Aquatic 
Consumption 

Mercury in fish tissue 

Watonwan River 
07020010-

501 
Perch Cr to Blue Earth R Blue Earth 

Aquatic 
Consumption 

Mercury in water 
column 

Watonwan River 
07020010-

501 
Perch Cr to Blue Earth R Blue Earth Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Watonwan River 
07020010-

501 
Perch Cr to Blue Earth R Blue Earth Aquatic Life 

Fishes 
bioassessments 

Watonwan River 
07020010-

501 
Perch Cr to Blue Earth R Blue Earth Aquatic Life Turbidity 

Watonwan River 
07020010-

501 
Perch Cr to Blue Earth R Blue Earth 

Aquatic 
Recreation 

Fecal Coliform 

Watonwan River 
07020010-

510 
S Fk Watonwan R to Perch Cr Watonwan 

Aquatic 
Consumption 

Mercury in fish tissue 

Watonwan River 
07020010-

510 
S Fk Watonwan R to Perch Cr Watonwan Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Watonwan River 
07020010-

510 
S Fk Watonwan R to Perch Cr Watonwan Aquatic Life 

Fishes 
bioassessments 

Watonwan River 
07020010-

510 
S Fk Watonwan R to Perch Cr Watonwan Aquatic Life Turbidity 

Watonwan River 
07020010-

510 
S Fk Watonwan R to Perch Cr Watonwan 

Aquatic 
Recreation 

Escherichia coli 

Watonwan River 
07020010-

563 
T107 R31W S18, west line to 

Butterfield Cr 
Watonwan 

Aquatic 
Consumption 

Mercury in fish tissue 

Watonwan River 
07020010-

563 
T107 R31W S18, west line to 

Butterfield Cr 
Watonwan Aquatic Life 

Fishes 
bioassessments 

Watonwan River 
07020010-

563 
T107 R31W S18, west line to 

Butterfield Cr 
Watonwan Aquatic Life Turbidity 

Watonwan River 
07020010-

563 
T107 R31W S18, west line to 

Butterfield Cr 
Watonwan 

Aquatic 
Recreation 

Fecal Coliform 

Watonwan River 
07020010-

567 
T107 R33W S34, west line to N Fk 

Watonwan R 
Watonwan 

Aquatic 
Consumption 

Mercury in fish tissue 

Watonwan River 
07020010-

567 
T107 R33W S34, west line to N Fk 

Watonwan R 
Watonwan Aquatic Life 

Fishes 
bioassessments 

Watonwan River 
07020010-

567 
T107 R33W S34, west line to N Fk 

Watonwan R 
Watonwan Aquatic Life Turbidity 

Watonwan River 
07020010-

567 
T107 R33W S34, west line to N Fk 

Watonwan R 
Watonwan 

Aquatic 
Recreation 

Fecal Coliform 

Watonwan 
River, North 
Fork 

07020010-
564 

Headwaters to T107 R32W S6, east 
line 

Cottonwood Aquatic Life 
Aquatic 

macroinvertebrate 
bioassessments 

Watonwan 
River, North 
Fork 

07020010-
564 

Headwaters to T107 R32W S6, east 
line 

Cottonwood Aquatic Life 
Fishes 

bioassessments 

Watonwan 
River, North 
Fork 

07020010-
564 

Headwaters to T107 R32W S6, east 
line 

Cottonwood Aquatic Life Turbidity 

Watonwan 
River, North 

07020010-
564 

Headwaters to T107 R32W S6, east 
line 

Cottonwood 
Aquatic 

Recreation 
Escherichia coli 
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Water Body 
Name  

AUID Water Body Description County  Affected Use  Pollutant or Stressor 

Fork 

Watonwan 
River, North 
Fork 

07020010-
565 

T107 R32W S5, west line to 
Watonwan R 

Watonwan Aquatic Life 
Fishes 

bioassessments 

Watonwan 
River, South 
Fork 

07020010-
568 

-94.8475 43.8813 to Irish Lk Watonwan Aquatic Life 
Aquatic 

macroinvertebrate 
bioassessments 

Watonwan 
River, South 
Fork 

07020010-
568 

-94.8475 43.8813 to Irish Lk Watonwan Aquatic Life 
Fishes 

bioassessments 

Watonwan 
River, South 
Fork 

07020010-
568 

-94.8475 43.8813 to Irish Lk Watonwan 
Aquatic 

Recreation 
Escherichia coli 

Watonwan 
River, South 
Fork 

07020010-
569 

-94.9121 43.8594 to -94.8475 43.8813 Cottonwood Aquatic Life 
Fishes 

bioassessments 

Watonwan 
River, South 
Fork 

07020010-
547 

Irish Lk to Willow Cr Watonwan Aquatic Life 
Fishes 

bioassessments 

Watonwan 
River, South 
Fork 

07020010-
547 

Irish Lk to Willow Cr Watonwan Aquatic Life Turbidity 

Watonwan 
River, South 
Fork 

07020010-
517 

Willow Cr to Watonwan R Watonwan Aquatic Life 
Aquatic 

macroinvertebrate 
bioassessments 

Watonwan 
River, South 
Fork 

07020010-
517 

Willow Cr to Watonwan R Watonwan Aquatic Life 
Fishes 

bioassessments 

Watonwan 
River, South 
Fork 

07020010-
517 

Willow Cr to Watonwan R Watonwan Aquatic Life Turbidity 

Watonwan 
River, South 
Fork 

07020010-
517 

Willow Cr to Watonwan R Watonwan 
Aquatic 

Recreation 
Fecal Coliform 

Willow Creek 
07020010-

571 
JD 4 to S Fk Watonwan R Watonwan Aquatic Life 

Aquatic 
macroinvertebrate 
bioassessments 

Willow Creek 
07020010-

571 
JD 4 to S Fk Watonwan R Watonwan Aquatic Life 

Fishes 
bioassessments 

TMDL completed     TMDL in progress 
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The following table lists lakes identified as resource concerns per the 2018 Impaired Waters 303(d): 

 

While the above tables identify specific waterbodies, the table below illustrates concerns relating to the 

Stressor ID report.  

Stream 
Name 

AUID 
Biological 

Impairment 

Stressors 

Lo
w

 D
O

 

Eu
tr

o
p

h
ic

at
io

n
 

N
it

ro
ge

n
 

H
ig

h
 t

u
rb

id
it

y/
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S 
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ck

 o
f 

H
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it
at

 

A
lt

e
re

d
 H

yd
ro
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gy

 

C
o

n
n

e
ct

iv
it

y 

C
h

lo
ri

d
e

/C
o

n
d

u
ct

iv
it

y 

A
m

m
o

n
ia

 

Upper Watonwan River 10 HUC 

Unnamed 
Creek  07020010-

505 
Macroinvertebrates  - o ● - ● o - - - 

(Mountain 
Lake Inlet) 

Watonwan 
River 

07020010-
566 

Both o o ● o/● ● ● - - - 

Watonwan 
River 

07020010-
567 

Fish - o - ● ● ● - - - 

Lake Name Lake ID County Affected Use Pollutant or Stressor

Bingham 17-0007-00 Cottonw ood Aquatic Life Fishes bioassessments

Bingham 17-0007-00 Cottonw ood Aquatic Recreation
Nutrient/eutrophication 

biological indicators

Butterf ield 83-0056-00 Watonw an Aquatic Recreation
Nutrient/eutrophication 

biological indicators

Eagle 17-0020-00 Cottonw ood Aquatic Recreation
Nutrient/eutrophication 

biological indicators

Fish (Bullhead Bay) 32-0018-02 Cottonw ood Aquatic Consumption Mercury in f ish tissue

Fish (Main Lake) 32-0018-03 Cottonw ood Aquatic Consumption Mercury in f ish tissue

Fish (Main Lake) 32-0018-03 Cottonw ood Aquatic Life Fishes bioassessments

Hanska 08-0026-00 Brow n Aquatic Life Fishes bioassessments

Kansas 83-0036-00 Watonw an Aquatic Recreation
Nutrient/eutrophication 

biological indicators

Long 83-0040-00 Watonw an Aquatic Life Fishes bioassessments

Mountain 17-0003-00 Cottonw ood Aquatic Consumption Mercury in f ish tissue

Mountain 17-0003-00 Cottonw ood Aquatic Life Fishes bioassessments

Northw est Bay 32-0018-01 Cottonw ood Aquatic Consumption Mercury in f ish tissue
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Stream 
Name 

AUID 
Biological 

Impairment 

Stressors 

Lo
w

 D
O

 

Eu
tr

o
p
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N
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h
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d

u
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y 

A
m

m
o

n
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North Fork Watonwan River 10 HUC 

Unnamed 
Creek 

07020010-
583 

Both - o ● o ● ● -   - 

Unnamed 
Creek 

07020010-
549 

Both - o ● o ● ● - - - 

NF 
Watonwan 

River 

07020010-
564 

Both o o ● o ● ● o - - 

NF 
Watonwan 

River 

07020010-
565 

Fish  o o - o ● ● - - - 

St James Creek 10 HUC 

Unnamed 
Creek 

07020010-
552 

Both o o o o ● o o -   

Butterfield 
Creek 

07020010-
516 

Both o ● ● ● ● ● ● o o 

South Fork Watonwan River 10 HUC 

Unnamed 
Creek 

07020010-
561 

Both o o ● o ● ● o - - 

JD 1 
07020010-

579 
Both o o ● o ● ● ● - - 

JD1 
07020010-

580 
Fish o o o o ● ● o - - 

JD1 
07020010-

581 
Fish o o o o ● ● ● - - 

South Fork 
Watonwan 

River 

07020010-
569 

Fish o o o o ● ● ● - - 

South Fork 
Watonwan 

River 

07020010-
568 

Both o o o/● ● ●/o ● ● - - 

South Fork 
Watonwan 

07020010-
547 

Fish o o o ● ● ● o - - 

Willow 
Creek 

07020010-
571 

Both -/o o ● o/● ● ● o - - 

South Fork 
Watonwan 

River 

07020010-
517 

Both o o ● ● ● ● - - - 

Spring 
Brook 

07020010-
540 

Both o/- o o o ● o o - - 
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Stream 
Name 

AUID 
Biological 

Impairment 

Stressors 

Lo
w

 D
O
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p
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y 

A
m

m
o

n
ia

 

Perch Creek 10 HUC 

Mink 
Creek 

07020010-
577 

Both o/- o ● -/o ● ● o - - 

Unnamed 
Creek 

07020010-
557 

Fish - o o - ● ● o - - 

Perch 
Creek 

07020010-
524 

Both - o o/● ● ● ● ● - - 

Unnamed 
Creek 

07020010-
526 

Both o/● o o/● o ● ● o o - 

Spring 
Branch 
Creek 

07020010-
574 

Fish o o - o ● ● o - - 

Perch 
Creek 

07020010-
523 

Fish - o o ● ● o - - - 

Lower Watonwan River 10 HUC 

Watonwan 
River 

07020010-
563 

Fish - o o ● ● o - - - 

Watonwan 
River 

07020010-
511 

Both o/- o o ● ● o - - - 

Watonwan 
River 

07020010-
510 

Both o/- o o ● ●/o o - o - 

County 
Ditch 78 

07020010-
559 

Both o o o/● - ●/o o - - - 

Watonwan 
River 

07020010-
501 

Both o/- o -/o o/● ● o - - - 

● = stressor; o = inconclusive stressor; - = not a stressor, blanks not assessed (no data) 
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Based on the listed impairments and identified stressors, the following high level priorities should be 
considered as issues to be addressed as part of the 1W1P. Priority areas will be further developed via 
the local WRAPS workgroup over the next couple months and will be available at that time. 
 
"Local Priority" areas that are of high social importance to restore or protect - Civic engagement and 
the day-to-day work of our local partners has identified several priority areas based on local/citizen 
interest, special uses, or other reasons. Information on the CE process is available on the Watonwan 
website: 
 
http://watonwanriver.org/  
https://drive.google.com/file/d/1ZRN3gg-u0Lu4sLVbDjMYw2pgIwPhQDmi/view  
http://watonwanriver.org/wp-content/uploads/2015/02/ww-leverage-points_2-18.pdf  
https://drive.google.com/file/d/17lviV59Fr-cnEoWCTOuGGPCF3sqj77Lj/view  
 
Local priorities may be the single largest driver of what areas could be prioritized and targeted for 
implementation work. Because there are so many ways to prioritize, there are many ways to link up the 
social and biophysical priorities using WRAPS data. Contact WRAPS authors for assistance if needed. 
 
Improve land management utilizing soil health principles Civic engagement work in the Watonwan 
River Watershed revealed that producers view soil health as a potential win-win management option as 
it can reduce soil erosion, improve soil fertility and store water on the landscape without taking land out 
of production. To produce results at the scale of the Watonwan Watershed, soil health practices will 
need widespread adoption. This will require a lot of education, demonstration, peer-to-peer networking 
and program flexibility.  
 
"Drinking water and Ground water" - Areas contributing water or risks to drinking and ground water 
resources - While not technically in the scope of WRAPS, protecting drinking water and ground water is 
a high local priority. The Minnesota Department of Health (MDH) provides information for targeting for 
drinking water source restoration and protection. High nitrates are typically the primary concern with 
drinking water supply. Targeting nitrogen reduction strategies to the contributing these priority areas 
helps achieve ground water and surface water improvements. Citizens expressed concern about the 
importance of protecting groundwater, both quality and quantity. Some were concerned about 
contamination of groundwater while many others noted the high number of groundwater withdrawal 
permits, particularly in the sandy-soil region near La Salle. Communities are working with the MDH and 
other local partners to better understand the status and to protect groundwater sources. 
 
Nutrient management- High nitrogen concentrations have been identified as a common stressor to the 
stream biology and high phosphorus is linked to eutrophication in lakes in the Watonwan River 
Watershed. The Watonwan WRAPS will provide tools and local input to identify priority areas to focus 
nutrient reduction efforts.  
 
Manage for altered hydrology, in particular, subwatersheds identified as “highly hydrologically 
altered” - Ditches carry nutrients and excess water through the system faster than the natural system 
(before ditching). There is also very little water storage in the watershed as a large percentage of 
wetlands have been drained. Management of ditch systems needs to be revised, considering the 
potential for water storage and water treatment in the ditch repair and improvement processes.  
 

http://watonwanriver.org/
https://drive.google.com/file/d/1ZRN3gg-u0Lu4sLVbDjMYw2pgIwPhQDmi/view
http://watonwanriver.org/wp-content/uploads/2015/02/ww-leverage-points_2-18.pdf
https://drive.google.com/file/d/17lviV59Fr-cnEoWCTOuGGPCF3sqj77Lj/view
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Thank you for the opportunity to provide comments as we begin the 1W1P process for the Watonwan 
River Watershed. The MPCA looks forward to contributing throughout.  
 
Sincerely, 

Wayne Cords 
This document has been electronically signed. 

Wayne Cords 
Manager, Southeast Region 
Watershed Division 
 
cc: Juline Holleran, MPCA 
 Paul Davis, MPCA 
 Shannon Lotthammer, MPCA 



 

 

 Appendix J 



Resource Resource Concern Issue Number Issue

SW.1.1
Level of Mulitpurpose Drainage Management* utility to reduce 
downstream peak flows and flooding, reduce erosion and 
sedimentation, and protect or improve water quality. 

SW.1.2
Level of Redetermination of Benefits process utility in supporting the 
implementation of conservation practices.

SW.2.1 Elevated nutrients and sediment in lakes.

SW.2.2 
Management of lake levels and associated watershed flow 
conveyance.

SW.3.1 Elevated nutrients and sediment in rivers and streams. 
SW.3.2 Elevated bacteria levels in rivers and streams.
SW.3.3 Loss of floodplain access and connectivity.
SW.3.4 Streambank, ravine, and bluff erosion. 

Wetlands SW.4.1 Loss of wetland functions in watershed.

SW.5.1 Land use changes leading to loss of vegetative cover and field residue. 

SW.5.2 Land use changes leading to the loss of natural storage. 

SW.5.3
Level of watershed and community resilience to extreme weather 
events. 

GW.1.1 Elevated levels of nitrates in groundwater. 
GW.1.2 Contaminants in groundwater. 

Groundwater Quantity GW.2.1 Groundwater use and loss of recharge.

HR.1.1
Aquatic and riparian habitat loss from development and flow 
variability.

HR.1.2
Aquatic habitat loss from bank erosion and chanel instability in creeks, 
streams, and rivers.

HR.1.3 Aquatic invasive and nuisance species and their impacts.
HR.2.1 Terrestrial habitat fragmentation and loss. 
HR.2.2 Terrestrial invasive and nuisance species and their impacts.

Recreation HR.3.1
The lack of recreational access and connectivity to natural resources 
and communities within the watershed.

LKB.1.1
Level of landowner awareness and understanding of Best 
Management Practices (BMPs) for environmental conservation.

LKB.1.2
Level of public awareness and knowledge of issues and potential 
implemention road blocks associated with surface water, 
groundwater, habitat and recreation, and land stewardship.

LS.1.1
The impact of impervious surfaces on stormwater runoff and 
associated impacts on surface water.

LS.1.2
Ensuring adequate management of wastewater treatment facilities 
and systems. 

LS.2.1
The need to increase soil health and its impact on agricultural 
productivity and natural resources.

LS.2.2
Subsurface Sewage Treatment Systems (SSTS) and their potential to 
contaminate groundwater and degrade surface water.

LS.2.3 Addressing inadequate manure management. 

Riparian and Shoreland 
Stewardship

LS.3.1 Level of riparian and shoreland natural resource management.

*Multipurpose 
Drainage 
Management 
Activites are outlined 
in M.S. 103E

Urban Stewardship

Rural Stewardship
Land Stewardship 

Agricultural Drainage Systems

Rivers and Streams

Surface Runoff and Flooding

Surface Water

Groundwater Quality
Groundwater 

Aquatic Habitat

Terrestrial Habitat

Habitat and 
Recreation 

Local Knowledge 
Base

Public Awareness

Lakes
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2019 Watonwan River Watershed Survey

All Responses
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Date Open: January 25, 2019 to February 4, 2019 

77
Total Responses

Complete Responses: 77
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Q1: What county do you live in?

Answered: 77    Skipped: 0

Other County: Nicollet 
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Q1: What county do you live in?

Answered: 77    Skipped: 0

34

8

2 2

15 15

1

Blue Earth Brown Cottonwood Jackson Martin Watonwan Other County
(please specify)

0

5

10

15

20

25

30

35

40

Other County: Nicollet 

N
um

be
r o

f R
es

po
ns

es



Powered by

Q2: Please select all of the items that best describe you:

Answered: 77    Skipped: 0
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Q2: Please select all of the items that best describe you:

Answered: 77    Skipped: 0
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Q3: Thinking about the Watonwan River Watershed, please rate the 

importance of the following to you:

Answered: 77    Skipped: 0
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Q3: Thinking about the Watonwan River Watershed, please rate the 

importance of the following to you:

Answered: 77    Skipped: 0
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Q4: Thinking about the Watonwan River Watershed, please rate the 

importance of the following to you:

Answered: 76    Skipped: 1
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Q4: Thinking about the Watonwan River Watershed, please rate the 

importance of the following to you:

Answered: 76    Skipped: 1
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Answered 21

Skipped 56

Respondent Responses

1

prioritize areas that provide multiple benefits - for example: water quality, wetlands and 

habitat. groundwater recharge, wetlands and wildlife habitat. soil health and groundwater; 

 etc. 

 strive for the biggest bang for the buck. 

restore areas along the rivers for recreation.

2

 

 

Incorporate WRAPS and associated documents, reports, and civic engagement 

 recommendations. 

 

Concerned people who attended the public open house in St James at the Legion did not 

 really even understand what this is about. 

 

Education and outreach is important. A presentation on specific Watonwan watershed 

 health conditions and impairments may have been useful. 

 

Please incorporate initial priority letters submitted in fall 2018 from state agencies in the 

 1W1P process. 

 

 Thank you for your hard work and dedication to the project and process. 

 

3

I am a Brown County resident, and regularly recreate on Lake Hanska and Wood Lake. I 

currently live/work in New Ulm, but grew up on a family farm. I understand that it can be 

 difficult to find a balance between profitable farming and effective conservation.

I would like to see more resources used for drainage ditches (systems) and increasing soil 

 health. 

Thank you  

4

I am concerned there are no requirements for settling ponds to be included as part of tiling 

or drainage ditches prior to their discharge into the river.  As a landowner that borders the 

river, it is very clear that sediment runoff has an extreme impact on the quality of the water. 

Runoff from fertilizer/chemicals, livestock manure and failing septic systems are also of 

significant concern. I am very encouraged that perhaps we are finally able to consider the 

impact on this watershed and what could be done to address issues of concern. It 

unfortunate and an embarrassment that it has taken us this long to finally take actions to 

protect this treasured resource. Thanks for your vision and efforts!

If you have concerns about water resources or specific water bodies in the Watonwan River 

Watershed please describe below.



Respondent Responses

5

We all need drinking water that is free of chemicals like nitrates.  I do not know best ways to 

protect drinking water but it should be a priority over all other issues. Not that the other 

issues are not important but there should be a lot of attention given to drinking water 

protection.

6
The first informational meeting gave the impression that this will not be a science based 

study.  It will be about hunting, fishing and raising ducks to shoot.

7

Martin County is no doubt home to a great deal of industrial agriculture.  Enforcing buffer 

strips has brought some improvement to water quality.  But there is still much to do.   

Limiting fertilizer and pesticide run off by having all tiles drain away from streams would be a 

good start.

8
Water is our most precious resource. Without quality water, we’ll all die. Clean, quality water 

should be a major priority for everyone. 

9 The Watonwan River runs behind our home.  We want it to be a safe and healthy river.

10

Currently CRP pays more for productive soil. I think it would be much better to do the 

opposite, we want flat black nutrient rich soil to be farmed and low CPI (generally sandy and 

hilly) soil to be placed in CRP but we are doing it backwards. Currently farmers can’t justify 

putting their low CPI fields in CPR which would have the most environmental benefit, yet we 

are incentivizing farmers to remove their most productive fields which don’t have erosion or 

water quality issues. Changing this would cost no more money and have drastic improvment 

to our surface and ground water quality. Another suggestion is to incentivize farmers to 

remove surface drainage intakes, I’ve removed most of mine to reduce phosphorus levels in 

my tile outlets and would like to see others do the same. Intsalling a few more subsurface 

lines and removing the intake seems like a win win for crop production and water quality. 

This is also an easy program to incentivize with a large “bang for your buck”. This option 

could also be seen as a program that works with farmers instead of forcing buffer strips on 

them which has reduced farmers willingness to participate in government programs. 

11

the use of commercial and residential salt.  commercially on our road surfaces.  residentially 

people forget that almost every house now has a water softener.  How much additional salt 

is added to our water sources from residential use.  The increased dumping of 

pharmaceuticals in our water supply, household chemicals making their way into our water 

supplies.  It's easy to call out agriculture because it's big and tangible, I think that the 

residential "city issues" are a factor that many forget when factoring water quality issues.  

Lawn and ornamental turf applications use much more fertilizer on a per/acre basis than 

growers do on a farm field. 

12

I just know we need to somehow balance farmers’needs with the needs of our environment. 

My father worked hard for soil conservation back in his day, but it seems as though we have 

forgotten why we need to plant trees, give healthy nutrients back to the soil, and protect the 

topsoil. We need to learn from the past and keep taking care of this land vs making a buck.

13
I live on South Silver Lake in Martin County and there are field drains going directly into our 

lake.



Respondent Responses

14

 Many homes lack of septic systems that treat effluent, they are just connected to tile lines. 

 

The amount of tiling done in last few years is overloading the ditches and impacting streams 

and rivers.

15 Discharge from Septic Systems is a very important issue to me. 

16

 the use of high volumne lift pumps when the river is already flooding over the banks should 

be suspended until river flooding subsides. waters are flooding across fields when 1/4 mile 

up stream large lift pumps are running full speed. just dump more water on poor guy it just 

don't make sense they should have to wait before pumping starts  maybe pattern tilled field 

should have discharge limits until flooding is done maybe 5 or 6 inch outlet instead of 10 

or12. lets talk extreme maybe they build a dam across the wat river south of Darfur with a 

restricted in take to limit the flow like they have along hiway 30 west of 71 or the one at 

mound creek park west of comfrey that should make things interesting

17
Flood water storage.  We need areas to store flood waters and then release them prior to 

the next big storm event.

18

I think that while septic systems that are straight pipes are an issue..land owners should 

only get grants when they have low incomes. Low interest loans should be available. But 

Grant's seem to reward people who should have put in a system years ago. There are also 

many people who have paid the full cost for one or even two systems and it just doesn't 

seem right to reward people who are putting in their first system 

19

Focusing on buffers, CRP, CREP, soil health, and practices that serve multiple purposes 

should be a priority.  Additionally, protecting drinking water or ground water resources 

should be critical.  I am not sure how that should be done, but having drinking water that 

does not have high nitrates or other chemicals should be the basic priority.

20 I enjoy parks and walking on trails or in town with tree lined streets.

21

This area of Blue Earth County has the highest percentage of large diameter / shallow wells 

and is also one of the highest or most vulnerable portions of Blue Earth County due to the 

 sandy soils. BMP's for any possible contaminants is very important.

 

 The sediment load of the Watonwan River, always appears very dirty. 

 

Need more water storage on the landscape and less rapid drainage of property in all 

 watersheds.

 

Sealing of unused wells is important in all of Blue Earth County. 
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Date Open: January 25, 2019 to February 4, 2019 

22
Total Responses

Complete Responses: 22
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Q1: What county do you live in?

Answered: 22    Skipped: 0
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Q2: Please select all of the items that best describe you:

Answered: 22    Skipped: 0
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Q3: Thinking about the Watonwan River Watershed, please rate the 

importance of the following to you:

Answered: 22    Skipped: 0
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Q4: Thinking about the Watonwan River Watershed, please rate the 

importance of the following to you:
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Q5: Thinking about the Watonwan River Watershed, please rate your level 

of concern with the following issues:
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Q6: Thinking about the Watonwan River Watershed, please rate your level 

of concern with the following issues related to agriculture:
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Q7: Thinking about the Watonwan River Watershed, please rate your level 

of concern with the following issues related to development:

Answered: 22    Skipped: 0
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Q8 If you have concerns about water resources or specific water bodies 
in the Watonwan River Watershed please describe below. 

Answered: 5 Skipped: 17 

 
 
 

# RESPONSES DATE 

1 I am concerned there are no requirements for settling ponds to be included as part of tiling or 

drainage ditches prior to their discharge into the river. As a landowner that borders the river, it is 

very clear that sediment runoff has an extreme impact on the quality of the water. Runoff from 

fertilizer/chemicals, livestock manure and failing septic systems are also of significant concern. I 

am very encouraged that perhaps we are finally able to consider the impact on this watershed and 

what could be done to address issues of concern. It unfortunate and an embarrassment that it has 

taken us this long to finally take actions to protect this treasured resource. Thanks for your vision 

and efforts! 

2 The first informational meeting gave the impression that this will not be a science based study. It 

will be about hunting, fishing and raising ducks to shoot. 

3 Currently CRP pays more for productive soil. I think it would be much better to do the opposite,   

we want flat black nutrient rich soil to be farmed and low CPI (generally sandy and hilly) soil to be 

placed in CRP but we are doing it backwards. Currently farmers can’t justify putting their low CPI 

fields in CPR which would have the most environmental benefit, yet we are incentivizing farmers  

to remove their most productive fields which don’t have erosion or water quality issues. Changing 

this would cost no more money and have drastic improvment to our surface and ground water 

quality. Another suggestion is to incentivize farmers to remove surface drainage intakes, I’ve 

removed most of mine to reduce phosphorus levels in my tile outlets and would like to see others 

do the same. Intsalling a few more subsurface lines and removing the intake seems like a win win 

for crop production and water quality. This is also an easy program to incentivize with a large 

“bang for your buck”. This option could also be seen as a program that works with farmers instead 

of forcing buffer strips on them which has reduced farmers willingness to participate in government 

programs. 

4 the use of high volumne lift pumps when the river is already flooding over the banks should be 

suspended until river flooding subsides. waters are flooding across fields when 1/4 mile up stream 

large lift pumps are running full speed. just dump more water on poor guy it just don't make sense 

they should have to wait before pumping starts maybe pattern tilled field should have discharge 

limits until flooding is done maybe 5 or 6 inch outlet instead of 10 or12. lets talk extreme maybe 

they build a dam across the wat river south of Darfur with a restricted in take to limit the flow like 

they have along hiway 30 west of 71 or the one at mound creek park west of comfrey that should 

make things interesting 

2/2/2019 11:39 AM 

 
 
 
 
 
 
 
 

1/30/2019 9:15 AM 

 

1/29/2019 7:00 PM 

 
 
 
 
 
 
 
 
 
 
 
 

 
1/28/2019 3:08 PM 

 

5 Flood water storage. We need areas to store flood waters and then release them prior to the next 

big storm event. 

1/28/2019 1:07 PM 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 Appendix L 



SW.1.1 Erosion and sedimentation impacts on 
agricultural drainage system ability and performance.

2 Medium Local Expertise and 
Survey Response

SW.1.2 The redetermination of benefits to reflect 
current watershed data as it relates to agricultural 
drainage systems.

8 Medium Public Kickoff

SW.1.3 Utilization of multipurpose drainage 
management on agricultural drainage systems.

2 High
Local Expertise and 

State Agency 
Comments

SW.1.4 The need for increased natural water storage 
on the landscape by use of preserving and restoring 
wetland areas. 

26 High Public Kickoff

SW.2.1 Protecting lakes with elevated concentrations 
of nutrients approaching or exceeding water quality 
standards.

11 High Public Kickoff

SW.2.2 Restoring lakes with elevated concentrations 
of nutrients exceeding water quality standards. 

11 High Public Kickoff

SW.2.3 Failing SSTS and their impacts on excess 
nutrient loadings to lakes.

2 High Local Expertise and 
Survey Response

SW.2.4 Shoreland instability as it relates to erosion 
and impacts on surface water quality.

1 Low Covered by Issue 
LDLS3.3

SW.2.5 Work towards delisting impaired lakes. 1 Medium State Agency 
Comments

SW.3.1 Elevated concentrations of suspended solids, 
and sediment approaching (protection) or exceeding 
(restoration) water quality standards for aquatic life, 
which can lead to aquatic life impairments.

0 Low Public Kickoff

SW.3.2 Elevated concentrations of nutrients 
approaching (protection) or exceeding (restoration) 
water quality standards for aquatic life, which can 
lead to aquatic life impairments.

1 Medium State Agency 
Comments

SW.3.3 Elevated concentrations of bacteria 
approaching (protection) or exceeding (restoration) 
water quality standards which can lead to aquatic 
recreation impairments.

0 Low Public Kickoff

SW.3.4 Reduced concentrations of dissolved oxygen 
approaching (protection) or below (restoration) 
tolerable levels that can affect the diversity of quality 
of aquatic life.

2 Low Public Kickoff

SW.3.5 River and stream channel instability as it 
relates erosion and impacts on surface water quality. 21 High Public Kickoff

SW.3 Rivers and Streams

Resource Concern Issue

SW.2 Lakes

SW.1 Agricultural Drainage 
Systems 

Resource: Surface Waters (SW)

*Issues highlighed in Green indicate the priority level was increased from the 
initial Public Kickoff meeting prioritization exercise. Additional Justification is 
provided.

Priority Level Public Kickoff Priority Marks Justification



SW.3.6 Work towards delisting impaired streams and 
rivers. 1 Medium

Local Expertise and 
State Agency 
Comments

SW.3.7 Excessive erosion and sedimentation damages 
riparian areas and degrades surface water quality and 
stream habitats.

13 High Public Kickoff

SW.3.8 Loss of floodplain access and connectivity. 
4 Medium Local Expertise and 

Survey Response

SW.4.1 Protect, enhance and restore wetlands to 
provide wetland habitat functions. 9 Medium Public Kickoff

SW.4.2 Protect, enhance and restore wetlands to 
provide water storage functions. 25 High Public Kickoff

SW.4.3 Protect, enhance and restore wetlands to 
provide nutrient treatment functions. 5 Low Public Kickoff

SW.4.4 Protect, enhance and restore wetlands to 
provide recreation opportunities. 5 Low Public Kickoff

SW.4.5 The need for protection of wetlands from 
indirect impacts such as altered hydrology, increased 
pollutant loading, and encroachment.

1 Medium Local Expertise

SW.5.1 Increased surface runoff due to land use 
change and extreme weather events contributing to 
flood conditions and surface water quality 
degradation.

9 High
Local Expertise and 

State Agency 
Comments

SW.5.2 The need for increased water storage in 
municipalities, shoreland areas, and small 
developments to improve water quality and quantity 
and increase resiliency to extreme weather events.

8 High
Local Expertise and 

State Agency 
Comments

SW.5.2 Excessive flooding threatens public safety, 
property, and riparian ecology. 3 Low Public Kickoff

GW.1.1 Elevated levels of nitrate-nitrogen 
approaching (protection) or exceeding (restoration) 
drinking water standard that can result in 
implications to human health and treatment costs for 
community, municipal, and individual wells from rural 
and urban land uses. .

24 High Public Kickoff

GW.1.2 Elevated levels of arsenic in groundwater.
3 Low Public Kickoff

GW.1.3 Elevated Levels of bacteria in groundwater.
2 Low Public Kickoff

GW.1.4 Seal abandoned wells as required by state 
law. 16 High Public Kickoff

GW.1.5 Underground storage tanks and their 
potential to contaminate groundwater. 9 Medium Public Kickoff

GW.1 Groundwater and Drinking 
Water

   

Resource: Groundwater (GW)

SW.4 Wetlands

SW.5 Flooding



GW.1.6 Protection of private wells.
9 Medium Public Kickoff

GW.2.1 Potential droughts will place additional 
demands on domestic water supply. 3 Low Public Kickoff

GW. 2.2 Nitrate nitrogen in surficial sands and 
recharge of buried sands and bedrock aquifers. 1 Low Public Kickoff

GW.2.3 Impacts of agricultural irrigation such as 
increased demand for groundwater supplies and 
irrigation-induced soil and water quality degradation. 10 High Local Expertise

GW.2.4 Growing trend of ethanol production may 
stress ground and surface water supplies during 
periods of drought. 1 Low Public Kickoff

GW.2.5 Gravel mining and its impacts on 
groundwater recharge. 5 Low Public Kickoff

GW.2.6 Prioritize Drinking Water Supply Management 
Areas (DWSMAs) and Groundwater Restoration and 
Protection Strategies (GRAPS) in the Watonwan River 
Watershed.

7 High State Agency 
Comments

GW.2.7 Limited amount and extent of aquifers in the 
watershed to supply groundwater. 2 Low Public Kickoff

FWH.1.1 Lack of hydrologic connectivity as the 
primary stressor on bio-impaired surface waters.

0 Low Public Kickoff

FWH.1.2 Altered hydrology: Loss of natural storage, 
channelization and ditching, landuse changes, and 
tiling contributing to increased stream flashiness, 
erosion, and sedimentation and is a stressor on 
aquatic life.

19 High Public Kickoff

FWH.1.3 Lack of in-stream habitat as a primary 
stressor on bio-impaired surface waters. 0 Low Public Kickoff

FWH.1.4 The need for continued aquatic invasive 
species (AIS) prevention in undisturbed ecosystems 
and management in disturbed ecosystems. 3 Medium Local Expertise, 

Survey Response

FWH.1.5 Protection and restoration of declining and 
at risk aquatic species. 1 Low Public Kickoff

FWH.2.1 The need for continued protection, 
restoration and enhancement of high quality or 
sensitive natural resource areas. 3 Medium

Local Expertise, 
Survey Response, and 

State Agency 
Comments

    

GW.2 Water Quantity

Resource: Fish and Wildlife Habitat (FWH)

FW.1 Aquatic Habitat 

   



FWH.2.2 The need for  continuous habitat corridors 
throughout the Watonwan watershed. 17 High Public Kickoff

FWH.2.3 Inadequate riparian cover and connectivity 
and its impact on terrestrial species habitat. 2 Low Public Kickoff

FWH.2.4 The need to create habitat and restore 
native vegetation in low-lying areas. 18 High Public Kickoff

FWH.2.5 Loss of CRP land and its impact on habitat 
and water quality. 26 High Public Kickoff

FWH.2.6 Invasive species and their impacts on high 
quality areas of native vegetation. 3 Low Public Kickoff

FWH.2.7 Planned and prioritized areas for structural 
and natural resources protection. 2 Low Public Kickoff

FWH.2.8 Protection and restoration of declining and 
at-risk terrestrial species. 3 Low Public Kickoff

LKB.1.1 The need for greater understanding and 
awareness of water issues, like drainage, erosion, 
fertilizer use, prescription and non-prescription drug 
disposal, and household hazardous waste disposal,  
by the general public.

4 Low Public Kickoff

LKB.1.2 The efficient and effective use of fertilizers 
and pesticides and its impact on surface and 
groundwater quality.

4 Low Public Kickoff

LKB.1.3 The efficeint and effective use of nutrient 
application and its impact on surface and 
groundwater quality.

13 High Public Kickoff

LKB.1.4 Landowner awareness and understanding of 
Best Management Practices (BMPs) for erosion 
mitigation.

7 Medium Public Kickoff

LKB.1.5 Disposal of solid waste, household hazardous 
waste, and prescription and non-prescription drugs 
and their effects on surface water quality. 8 Medium Public Kickoff

LKB.1.6 Responsibility of private well oweners to test 
and maintain their wells.

2 Medium Local Expertise

LKB.1.7 Greater education pertaining to Subsurface 
Sewage Treatment (SSTS) maintenance.

0 Medium

Local Expertise, 
Survey Response,  
and State Agency 

Comments

LKB.2.1 The need for continuation and ongoing 
expansion of water quality, stage, and flow 
monitoring of surface waters.

12 High Public Kickoff

Resource: Local Knowledge Base  (LKB)

    

FW.2 Terrestrial Habitat 

LKB.1 Public Knowledge of and 
Behavior Relative to Water Issues



LKB.2.2 Lack of high-quality digital elevation data.
1 Low Public Kickoff

LKB.2.3 The need for expanded monitoring of lakes  
and streams through MPCA Citizen monitoring 
programs.

0 Low Public Kickoff

LKB.2.4 The need for the regular assessment and 
monitoring of groundwater quality and quantity 10 Medium Public Kickoff

MCF.1.1 The need for sustainable approach to 
planning and management of groundwater resources. 7 Medium Public Kickoff

MCF.1.2 The need for sound floodplain management 
in accordance with Flood Damage Reduction 
principles due to increased frequency and severity of 
flooding.

16 High Public Kickoff

MCF.1.3 Need to update floodplain maps and zoning 
areas to reflect most recent Flood Insurance Rate 
Maps.

3 Low Public Kickoff

MCF.1.4 The need for increased coordination on 
Flood Damage Reduction goals. 0 Low Public Kickoff

MCF.1.5 The need for water quality management to 
mitigate impacts to shoreland in lakes and closed 
basin areas.

3 Low Public Kickoff

MCF.1.6 Lack of funding to implement programs of 
common good to make improvements and manage 
water resources effectively.

0 High Local Expertise 

MCF.1.7 Coordination is needed among LGUs 
administering the Wetland Conservation Act. 1 Low Public Kickoff

MCF.1.8 Coordination between participating LGU 
local ordinances and enforcement. 0 Medium State Agency 

Comments

MCF.1.9 A low supply of wetland bank credits may 
result in replacement for wetland impacts to be 
exported outside the watershed, reducing the ability 
of basic landscape function.

1 Medium Local Expertise

LDLS.1.1 Stormwater and its impacts on urban 
flooding. 1 Low Public Kickoff

LDLS.1.2 The need to preserve the riparian corridor in 
urban areas for flood mitigation and habitat 
preservation.

1 Low Public Kickoff

LDLS.1.3 Stormwater runoff draining directly into 
surface waters due to increased amounts of 
impervious surfaces and its impact on water quality. 17 High Public Kickoff

Resource: Local Development and Land Stewardship

LKB.2 Monitoring and Data 
Collection

Resource: Management, Coordination and Funding (MCF)

1. Planning and Coordination

LDLS.1 Urban Landscape



LDLS.1.4 The need for mosquito control in urban 
areas.

0 Low Public Kickoff

LDLS.1.5 Maintenance of publicly owned wastewater 
treatment facilities. 7 Medium Public Kickoff

LDLS.2.1 Decreased soil health and its impact on 
agricultural productivity and water holding capacity. 7 High Local Expertise and 

Survey Response

LDLS.2.2 Erosion and Sedimentation: Increased sheet, 
rill, concentrated flow, and wind erosion, and its 
impact on agricultural productivity, surface water 
quality, and deposits in drainage systems

15 High Public Kickoff

LDLS.2.3 Landuse changes as a result of higher 
commodity prices sustained over a long period of 
time, exurban development, increases in irrigated 
agricultural production and its impacts on runoff and 
erosion.

0 Low Public Kickoff

LDLS.2.4 Failing Subsurface Sewage Treatment 
Systems (SSTS) and their potential to contaminate 
groundwater and degrade surface water. 0 High Local Expertise and 

Survey Response

LDLS.2.5 The efficient and safe application and 
disposal of manure from animal operations such as 
feedlots, and its impact on surface and ground water 
quality.

1 Medium

Local Expertise, 
Survey Response, and 

State Agency 
Comments

LDLS.2.6 Direct access of cattle to Watonwan River 
and tributaries is causing loss of habitat, increased 
nutrient, sediment, and bacteria transport that 
disrupt habitat for fish and macroinvertebrates and 
may potentially threaten human health.

0 Low Public Kickoff

LDLS 2.7 Establishment of conservation easements in 
areas with high risk of cotributing to surface water 
degradation. 0 High Local Expertise

LDLS 2.8 Land use management and its importance in 
protecting groundwater quality and quantity. 11 High Public Kickoff

LDLS.3.1 Shoreland development pressures leading to 
increased sediment and nutrient loadings, habitat 
loss, wetland loss, and degradation. 1 Low Public Kickoff

LDLS.3.2 The need for updated shoreland rules and 
enforcement of existing regulations. 2 Low Public Kickoff

LDLS.3.3 The need to increase shoreline vegetation 
and un-mowed vegetative buffers around lakes to 
promote fish habitat, water quality, and water clarity. 15 High Public Kickoff

LDLS.2 Rural Landscapes 

LDLS.3 Shoreland and Riparian 
Areas

  



LDLS.3.4. The need to increase recreational access to 
lakes, rivers, streams and wetlands. 1 Medium Local Expertise and 

Survey Response
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Priority Areas - Greenprint  

The Greenprint is a map of green infrastructure in the county. Priority 

areas include river corridors, lake shoreland and wetland complexes.  

 

 

Green Infrastructure 
 

Green infrastructure is a strategically planned, interconnected 

network of waterways, wetlands, woodlands, wildlife habitats, 

and other natural areas; greenways, parks, trails; conservation 

lands; and other open spaces that support natural ecosystem 

processes and contributes to the health and quality of life for 

communities and people. 

Adapted from:  

Green Infrastructure: Smart Conservation for the 21
st

 Century  

Mark A. Benedict and Edward T. McMahon  

and ESRI 

 
 

Green infrastructure is an organizational strategy that provides a 

planning framework for conservation and development. 

Source: Green Infrastructure:  

Linking Landscapes and Communities  

Mark A. Benedict and Edward T. McMahon 

 

 

Making the Greenprint 

A land use planning approach was used to identify Greenprint priority 

areas based on the ability to provide multiple aquatic and natural 

resource benefits.  An inventory of aquatic and natural resources, 

sensitive features, land cover, floodplains, rivers, streams, lakes, 

wetlands, rare plant and animal habitat, sensitive geology, park lands, 

and protected or publicly-owned lands was followed by an analysis of 

their landscape position, proximity and connectivity in four landscape 

settings - river corridors, shallow bedrock and karst, lake shoreland 

and wetland complexes. These diverse landscape settings, natural 

resources and hydrologic conditions were combined to make the 

Greenprint.   

 

Protecting natural resources and open spaces in Greenprint priority 

areas is a land use management priority.   

 

A map, detailed descriptions of the Greenprint river corridors, 

shoreland and wetland complexes and a summary of Greenprint 

criteria are on the following pages. 

 

 

 

 

 

Greenprint Priority Areas 
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Relationship to Other Plans 

The Greenprint incorporated goals and objectives in 

many local and regional plans, including the following:  

 

• Blue Earth County Comprehensive Land Use Plan 

• City of Mankato Comprehensive Land Use Plan - 

Environmentally Sensitive Areas 

• City of Mankato Park and Open Space Plan 

• Envision 2020 Community Plan for Greater Mankato 

– Community Planning and Regional Governance 

Green Infrastructure Mini-vision 

• Greenprint Wetland Guidelines and Policy 

Framework Suggestions 
 

Once adopted, the wetland ecosystem and management 

goals of the Greenprint and the Blue Earth County Water 

Management Plan can be integrated in land use 

decisions and local recreation, transportation and land 

use plans and updates at the local and watershed scale.  
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Greenprint River Corridors  

 

River corridors in the county contain a continuous band of flood 

plains, riparian habitat, wooded and grassy hillsides, marshes and 

swamps. This variety of landscapes provides excellent habitat for a 

wide variety of terrestrial and aquatic wildlife species.  

 

River corridors are the least disturbed ecosystem in the county, and 

aquatic and terrestrial habitat connectivity is greatest in river 

corridors. Most of the outstanding, high and moderate value sites 

mapped by the Minnesota County Biological Survey are in the river 

corridors in the county.    

 

Nearly half of the wetlands in the county are located in river corridors, 

and the majority of forested lands are in or adjacent to river corridors. 

The highest quality and greatest diversity of wetlands are located in 

the river corridors.   

 

Shallow depth to bedrock and karst areas in the county naturally 

extend from river corridors along the Minnesota River and in the 

lower reaches of the Blue Earth River and Le Sueur River. Fens are 

located in these areas, and one Calcareous Fen was located by the 

MNDNR in the Minnesota River corridor.  

The Map of Original Vegetation at the Time of the Public Land Survey 

shows Big Woods hardwoods extending along the river corridors in the 

lowest reaches of the Blue Earth, Le Sueur, Maple, Cobb and 

Watonwan River.   

Greenprint River Corridor Inventory and Criteria 

• Floodplain 

• Native Plant Communities in the Minnesota County Biological 

Survey that have ratings of Outstanding, High or Moderate for 

level of biodiversity  

• Steep slopes (18% slopes or greater that have connections to river 

corridors) 

• Woodlands connected to floodplains, steep slopes or native plant 

communities 

All areas with karst and fens and most areas with shallow depth to 

bedrock are in the Greenprint. 

Greenprint Shoreland 

A natural shoreline is more than an aesthetic buffer for the water; it is 

a complex ecosystem that provides critical habitat for fish and wildlife, 

protects water quality and water storage for fluctuating water levels. 

Near shore wetlands and aquatic plants protect the shore from high 

water and erosion from waves and ice dams and provide habitat. 

Often, shoreline development results in the loss of these essential 

shoreline protection buffers and habitat.   

 

Wetlands connected to lakes and in the near shore area provide 

critical wildlife habitat, water storage and water quality benefits. 

 

Minnesota Conservation Plan 

Shoreland Impacts 

 
“On average, there is a 66% reduction in aquatic vegetation cov-

erage with shoreland development.”   

 

“Structures and turf-grass lawns have replaced natural shores along 

many lakes, and have had adverse impacts on water quality and the 

diverse wildlife that depend on a natural shore. Rainwater runoff 

from manicured lawns can be 5 times to 10 times higher than 

natural shorelines, and runoff from turf lawns can carry up to 9 

times more phosphorus to the lake than runoff from natural 

shorelines.” 
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Many wildlife species are highly dependent on naturally vegetated 

shorelines and adjacent wetlands as habitat for feeding, resting, and 

mating and as nursery areas for juvenile life stages.  

 

Green frogs are shoreline-dependent species that prefer quiet bays 

and protected areas with a high abundance of aquatic plants. Male 

green frogs establish breeding territories within two feet from the lake 

edge. 

 

Many fish depend on aquatic vegetation, woody habitat, and 

shorelines to provide spawning habitat, cover, and refuge from 

predators. Wetlands are critical for northern pike spawning. Downed 

trees provide important in-lake structure, habitat, food, and shelter 

for fishes, frogs, turtles, water birds, and mammals. Turtles need to 

bask on deadfalls or floating logs. Woody habitat is also important for 

aquatic invertebrates.   

 

Shoreline buffers—corridors of natural vegetation along rivers, lakes, 

wetlands and sinkholes—protect water quality by trapping, filtering, 

and impeding runoff laden with nutrients, sediments, and other 

pollutants. Shoreline buffers also stabilize banks, screen shoreland 

development, reduce erosion, and provide critical habitat for shoreline 

species.  

 

Greenprint Shoreland Criteria 

• Public Water lakes or Public Water wetlands   

• Wetlands adjacent to the shore 

• Wetlands with a direct hydrologic connection to Public Waters or 

Public Water Wetlands 

Greenprint Wetland Complexes 

Priority wetland complexes are not located in river corridors but may 

be in close proximity to river corridors and/or lakes. Most wetlands 

outside of river corridors and shoreland are relatively isolated and 

surrounded by cropland, limiting the potential for providing multiple 

wetland functions.  Wetland complexes provide habitat for most types 

of birds and waterfowl as well as other wildlife species and many 

forms of aquatic life. Direct hydrologic connections are not required 

for some species and may not be beneficial for some species. Habitat 

structure, proximity and connectivity are important for terrestrial 

wildlife habitat rather than watershed boundaries.  

 

The criteria used to define priority wetland complexes for the 

Greenprint are based primarily on habitat and providing stepping 

stones of habitat connectivity to form corridors. The criteria used are 

consistent with numerous federal and state agency and conservation 

organization plans or criteria including the following:   

• Minnesota MNDNR Duck Recovery Plan 

• Minnesota Audubon Society Important Bird Areas Upper 

Minnesota Valley and Blueprint for Minnesota Prairie Parkland 

Region 

• US Fish and Wildlife Service Minnesota Valley Waterfowl 

Management District – Small Wetlands Acquisition Program 

• Minnesota MNDNR Working Lands Initiative 

• 2015 Minnesota Pheasant Summit Action Plan 

 

Common to all of these plans and programs is recognition that: 

  

“The best waterfowl production habitat occurs within prairie 

habitat complexes 4–9 square miles in size where at least 20% of 

the area is wetland and 40% is grassland. At least one-half of the 

wetland acreage should be temporary or seasonal basins and 
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ideally each complex will include one shallow lake over 50 acres. 

One-half of the grasslands should be under long-term protection.” 

 

Greenprint Wetland Complexes Criteria 

The priority waterfowl habitat complexes were identified by first 

identifying 50-acre or greater shallow lakes and a one mile buffer 

around Wildlife Management Areas (WMA), Wildlife Protection Areas 

(WPA) and permanent conservation easements. The resulting 4 to 9 

square mile areas are priority wetland complexes in the county. The 

following is a list of criteria used: 

• 50-acre or greater public shallow lake 

• Wildlife Management Area 

• Waterfowl Production Areas 

• Permanent conservation easement 

• 4 to 9 square miles in total size 

The Greenprint wetland complexes’ boundaries will be dynamic as the 

elements in these complexes may change with establishment of new 

permanent conservation easements, WMAs, WPAs or other land use 

changes that may shift a 4 to 9 square mile wetland complex from the 

initial Greenprint maps.   

Small seasonal basins less than two acres as well as grasslands are also 

important in wetland complexes, but these areas were not mapped 

for restoration in this plan.  The U.S. Fish and Wildlife Service and 

Ducks Unlimited restorable depressional wetlands inventory for the 

Prairie Pothole region of Minnesota can provide information about 

smaller wetlands in the Greenprint wetland complexes and 

throughout the county.   



Blue Earth County Comprehensive Wetland Protection and Management Plan 2017-2026 

  

Blue Earth County Water Management Plan 2017-2026 
 

Greenprint 
The Blue Earth County Greenprint is a strategically planned interconnected network of waterways, wetlands, woodlands, wildlife habitat, conservation lands and open 
spaces that support natural ecosystems. The Greenprint identifies priority areas and provides a planning framework for conservation and development that 
contributes to the health and quality of life for communities and people.   
Landscape 
Position Description Greenprint Inventory & Criteria 

Corridors 

River corridors contain a continuous band of flood plains, riparian wildlife habitat, 
wooded and grassy hillsides, marshes and swamps. This variety of landscapes 
provides excellent habitat for a wide variety of bird and other wildlife species as 
well as water storage and water treatment functions.   

• Floodplain 
• Native Plant Communities in the Minnesota County 

Biological Survey that have ratings of Outstanding, High or 
Moderate for level of biodiversity  

• Steep slopes (18% slopes or greater that have connections 
to river corridors) 

• Woodlands connected to floodplains, steep slopes or 
native plant communities 

 

Wetland 
Complexes 

Wetland complexes are areas where wetlands are in close proximity, providing 
ideal habitat for most types of birds and waterfowl as well as other wildlife 
species. Hydrologic connections are not required. A variety of wetland types 
(seasonal and temporarily flooded) is preferred along with grassland.  The working 
lands criteria were used to prioritize wetland complexes: 

• 4 to 9 square miles in size 
• 1 shallow lake over 50 acres 
• 20% total wetland acres 
• 50% seasonal wetland acres (few weeks to a few months) and temporary 

(few days to a few weeks) 
• 40% is grassland, one half in long term protection 

• 50-acre or greater public shallow lake 
• Wildlife Management Area 
• Waterfowl Production Areas 
• Permanent conservation easements 
• 4 to 9 square miles in total size 

 

Shoreland 

Wetlands connected to lakes and near the shore provide critical wildlife habitat, 
water storage and water quality benefits.  Near-shore wetlands protect the shore 
from erosion. Near-shore habitat is critical for many wildlife species.  For example, 
male green frogs establish breeding territories within 2 feet from the lake edge. 

• Lakes or wetlands that are Public Waters  
• Wetlands adjacent to the shore 
• Wetlands that have a direct hydrologic connection to 

Public Waters 
 

Geology The Geologic Atlas of Blue Earth County, Part B, 2016, shows areas with shallow 
depth to bedrock and karst. Fens are most likely to be in these areas. 

• Bedrock within 10 Feet of ground surface  
• Karst 

 

Recreation 
Parks, trails and open spaces can provide important connections between 
population centers or developed landscapes to wetlands, woodlands and 
waterbodies.  

• Park and Open Space Plans 
• Planned Greenways 
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Blue Earth County Water Management Plan 2017-2026 

Conservation Practices and Replacement Sites for Voluntary Conservation 

Potentially restorable basins may provide important functions such as water storage, nutrient treatment and wildlife habitat, depending on site 
suitability, the landowner’s goals, project engineering and design.   

Function Considerations Basin Criteria 

Water Storage 
Basin has the potential to store a large volume of water and store surface 
runoff to the basin from a 10-year, 24-hour storm event.  Volume assumes 
the basin is dry.* This will vary year-to-year and seasonally.   
10-year: 4.37 inches.  2-year: 2.91 inches. 

Capacity for 10-year, 24-hour storm event or larger* 
Yes or No 
 

 

Nutrient Treatment 

Vegetation is needed for nutrient treatment.  The basin must be shallow 
to support wetland vegetation. For maximum nutrient treatment, the 
wetland/basin should be located near the bottom of its watershed and 
receive drainage from tile-drained fields.  
 
Iowa CREP: Depressions that have a watershed size of 494 acres or larger, 
have at least 75% of basin that is less than 3 feet in depth, and surface 
area is 0.5-2.0% of the total drainage area. 

High: (Modified Iowa CREP) 
Depth: at least 75% of basin less than 3 feet  
Ratio of basin to watershed area:  Basin 0.4% to 2.5% 
of watershed area 
No minimum watershed size 

 
Medium: Depth: 75% or more of basin is less than 3 feet 
deep 
 
Low:  Depth: Less than 75% of basin is under 3 feet deep 

 

Pollution Sensitivity 
& Groundwater 
Recharge 

Soil types in the county limit infiltration and groundwater recharge 
capabilities.   
 
Geologic Atlas of Blue Earth County Part B, maps of pollution sensitivity to 
buried sand aquifers and near surface materials provide a qualitative 
evaluation of recharge rate or flow of surface water to deeper aquifers.   

Geologic Atlas of Blue Earth County Part B pollution 
sensitivity maps of surficial and buried sand aquifers 
 
Very High:  hours to months  
 
High: weeks to years 
 

 

Other Determined by landowners.  Basins owned by one landowner.   
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Wetland Functions and Local Public Value 

Wetland functions are science based natural processes that occur in 

wetlands.  The value of a wetland is an estimate of the importance or 

worth of one or more of its functions to society and individuals. 

Wetlands are considered valuable because they use and filter 

nutrients, recharge water supplies, retain water, reduce flooding, and 

provide fish and wildlife habitat.  Wetlands also provide recreational 

opportunities and aesthetic benefits.  

 

Local Public Values 

Minnesota Statutes 2017, section 103B.3355 requires local public 

values of wetlands be determined based on the functions of wetlands.  

 

The wetland functions most important in local watersheds were 

determined with consideration of watershed and ecological goals, an 

assessment of existing wetlands functions and citizen and technical 

stakeholders’ input.  Citizen surveys to determine important wetland 

functions and priority aquatic and natural resource concerns were 

conducted just prior to developing this plan.  

Loss of wetlands, wildlife habitat, water quality and groundwater 

quality are priority management concerns. Protecting and restoring 

these functions are the highest priority for achieving watershed and 

ecological goals in local watersheds. The ability of wetlands to provide 

multiple benefits has the greatest local public value.  

Most Important Wetland Functions 

The following wetland functions were determined to be most 

important in local watersheds and have the greatest local public value:   

 

• Wildlife Habitat, including terrestrial and aquatic habitat and 

connectivity of those habitats 

• Public Recreation, including hunting and fishing areas, wildlife 

viewing areas, and nature areas 

• Water Storage, including floodwater and stormwater attenuation 

and the potential for downstream flooding and downstream 

erosion in the watershed 

• Water Quality, including utilization of nutrients that would 

otherwise pollute public waters, filtering of pollutants to surface 

and groundwater and shoreline protection  

• Groundwater Protection, including utilization of the wetland for 

groundwater protection or as a recharge area for groundwater 

and low flow augmentation of streams and rivers 

• Rare Plant and Animal Habitat, as mapped in the MNDNR 

Minnesota County Biological Survey 

• Ability to Provide Multiple Benefits, including wildlife habitat, 

water storage, water quality, groundwater protection, rare plant 

and animal habitat and public recreation functions  

 

These important wetland functions were grouped and/or divided into 

four priorities, including 1) the ability to provide multiple benefits, 2) 

water storage, 3) water quality and 4) groundwater protection.  

 

All wetlands provide important functions, but not all wetlands 

provide all functions equally well. 

Source: United States Geological Survey 

Wetland Priorities 
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High Priority Areas 

Science-based, locally-defined criteria were developed to determine 

priority areas and potential  wetland replacement sites in the 

Greenprint and the Blue Earth County Water Management Plan 

through a collaborative effort of local governments and 

representatives of the U.S. Fish and Wildlife Service, MNDNR, SWCD, 

MPCA, BWSR, engineering consultants and citizens.   

The highest priority areas are interconnected ecological corridors and 

wetland complexes in the Greenprint. These priority areas contain 

important wildlife habitats and aquatic and natural resources that 

provide multiple wetland functions important in local watersheds.  

Protecting and restoring wetlands and avoiding impacts to wetlands in 

priority areas is important for sustaining water quality and wildlife 

habitat functions in local watersheds. Impacts to and loss of wetlands 

in the Greenprint priority areas can result in critical loss or 

fragmentation of habitat or changes in hydrology that reduce the 

ability of the wetland and potentially the entire wetland complex or 

corridor to provide the desired functions important in their 

watershed.   

Wetland enhancement and restoration in Greenprint priority areas are 

more likely to be ecologically sustainable as these areas provide 

connectivity to other aquatic resources and upland habitat and are 

more likely to be protected from future disturbance from the 

surrounding landscape.  

 

Wildlife Habitat 

Wildlife habitat and recreation are the wetland functions most valued 

by local residents.  Protecting, enhancing and restoring wildlife habitat 

and restoring fragmented habitat in areas where wetlands provide 

multiple benefits is a long-term resource need in the county and local 

watersheds.   

Habitat loss refers to the complete eradication of a parcel of habitat, 

such as conversion of native wetlands, lake and stream shoreline plant 

communities, prairies, forests, or brushlands to agricultural, 

residential, or industrial uses.  

 

Habitat degradation occurs when the habitat is still present but its 

value to native plant, wildlife, and aquatic communities has been 

impaired or changed significantly. For example, wildlife habitats in 

urban and exurban developments retain some but not all important 

natural characteristics, so that some wildlife species can persist while 

others disappear or greatly decline. In lakes, near-shore habitats 

(needed by many aquatic species for breeding and juvenile rearing) 

become degraded when too much native vegetation is removed from 

shorelines and woody debris and aquatic plants are removed from 

near-shore waters.  

 

Habitat fragmentation is the breakup of large contiguous areas of 

habitat into smaller and smaller parcels and fragments. The fragments 

are no longer close enough or sufficiently connected to allow fish, 

wildlife, and other native organisms to move freely among habitats in 

order to use optimal breeding and rearing sites. For example, road 

construction can fragment prairie, wetland, brushland, or forest; low-

head dams in rivers and various water control structures in lakes 

disrupt natural movements of fish and amphibians. Habitat 

fragmentation may degrade the genetic capacity of wild populations 

to adapt to future environmental change because it fragments larger 

populations—which harbor more genetic variation—into smaller 

breeding groups. A cumulative effect of habitat loss, degradation, and 

fragmentation is large declines in abundance and productivity of wild 

populations, threatening their ability to adapt to future environmental 

changes and to persist for the enjoyment of future generations. 
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Long Term Resource Needs  

Wetland Protection Buffers  

Sustainable wetlands should include buffers and upland protection or 

treatment. Accelerated sedimentation may be the most detrimental 

impact on wetlands. Accumulation of sediment in wetlands decreases 

wetland volume, decreases the duration wetlands retain water, and 

changes plant community structure by burial of seed banks. (Source: 

ACE HGM)  
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Priority Replacement Sites 

Potentially restorable basins were identified and prioritized based on 

ability to provide 1) water storage or 2) water quality functions. 

Shallow basins that support vegetation are needed for water quality 

treatment to utilize nutrients. Greater storage volume and potentially 

deeper basins are needed for water storage.  

Replacing degraded wetlands in the Greenprint and priority areas 

identified in the Blue Earth County Water Management Plan is certain 

to provide a gain in wetland function and public value, especially in 

areas where impact avoidance will continue to maintain a degraded 

wetland or result in further degradation of the wetland from altered 

hydrology, invasive species, fertilized lawns, concentrated stormwater 

runoff, trash, or pet waste inputs. 

 

Some of the potentially restorable basins identified in this plan will not 

be suitable for wetland restoration but might be suitable for 

constructed stormwater wetlands or conservation practices to provide 

water quality or water storage functions important in local 

watersheds. Ultimately, site conditions and landowner goals will 

determine how or if potential sites might be used for conservation 

projects.  

Potentially Restorable Basins  

The U.S. Fish and Wildlife Service and Ducks Unlimited produced a 

restorable depressional wetlands inventory for many counties in the 

Prairie Pothole region of Minnesota including Blue Earth County. This 

inventory includes over 32,787 (71,218 acres) potentially restorable 

wetlands in the county. The potentially restorable wetlands in this 

inventory range in size from under .1-acres to over 900 acres.  

 

To prioritize potentially restorable basins for this plan, the County 

used terrain analysis based on the 2012 LiDAR Digital Elevation Model.  

For this analysis, a minimum size of two acres and depth of at least six 

inches were used as the starting criteria.  A consultant, Houston 

Engineering Incorporated, performed the terrain analysis that allowed 

for many functions like storage volume, ability to hold certain rainfall 

events and ability for nutrient treatment to be assessed. There are 

over 3,000 total potentially restorable depressions of at least two 

acres in size analyzed to support prioritizing wetland replacements. 

Priority Areas – Groundwater Protection and 

Recharge  

 

Groundwater Pollution Sensitivity and Recharge 
Groundwater protection and recharge are a high priority in the county 

and affect groundwater aquifers beyond county or watershed 

boundaries.  

In most of the county soil infiltration and groundwater recharge of 

deeper aquifers is limited. Areas with shallow depth to bedrock, karst 

and potential for groundwater recharge were identified for this plan 

using the Geologic Atlas of Blue Earth County, Part B.   

 

The 2016 Geologic Atlas of Blue Earth County, Part B, includes an 

analysis of pollution sensitivity and an evaluation of the recharge rate 

of surface water into deeper aquifers. 

 

“The travel times to buried aquifers vary from days to thousands 

of years. Areas with relatively short travel times of less than a few 

years are rated high or very high pollution sensitivity. Areas with 

Priority Sites for Wetland Water Quality Functions 
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estimated travel times of decades or longer are rated low or very 

low pollution sensitivity.”   

Maps of rapid or focused recharge for specific aquifers are show in in 

Figures 25 through 32 on pages 42 to 47 of the Geologic Atlas of Blue 

Earth County, Part B.   

 

The map on the following page shows a compilation of the highest 

rates of recharge for each of the aquifers in the Geologic Atlas.  It 

includes the “High” and “Very High” classes in which the vertical travel 

time for water to enter a buried sand aquifer is less than a year.    

 

Of the potentially restorable wetlands identified in this plan, 316 are 

located in an area with “High” or “Very High” potential for 

groundwater recharge.    

 

To determine whether a potential site can provide groundwater 

protection or groundwater recharge in practice, a more detailed field 

analysis will be necessary. Whether a potential site might be 

developed for a wetland restoration or another type of conservation 

practice will depend on site suitability and landowner goals. Site 

suitability should include an analysis of surrounding land uses and 

potential sources of pollution when restoring wetlands or constructing 

water storage and water quality practices in areas with high or very 

high pollution sensitivity to ensure the project will protect water 

quality instead of becoming a source of pollution. Additional buffers 

and other measures may be needed in these areas. 
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Priority Areas – Water Storage – Flood water and 

Stormwater Attenuation 

Description of Water Storage Function 

Water storage functions relate to the capacity to collect and retain 

surface water runoff, direct precipitation and discharging 

groundwater. Water storage includes water standing in the basin and 

water held in the soil.  

The source of the following description of water storage functions is 

from A Regional Guidebook for Applying the Hydrogeomorphic 

Approach to Assessing Wetland Functions of Prairie Potholes (HGM), 

Army Corps of Engineers.   

Water that is delayed or stored in the wetland reduces the amount of 

runoff down slope, thereby ensuring a decrease in flood crests down 

gradient. Wetlands facilitate detention of runoff because many lack 

well-defined surface water outlets and, between basins, subsurface 

flows in glacial till are slow. When runoff is detained in a regionally 

dispersed manner by wetland basins, pulses of water that eventually 

enter downstream areas in most cases are staggered 

(desynchronized). This broadens the storm hydrograph and reduces 

streamflow peaks.  

 

Land use activities also affect erosion up slope and sediment import 

into the wetlands. An increased sediment load will decrease the 

wetland’s capacity to store water, sometimes nearly eliminating 

storage capacity. 

Although accumulation and retention of sediments and particulates 

are recognized functions of wetlands resulting in improved water 

quality, it has a negative effect on wetland hydrology. Many wetlands 

are closed basins; thus, sediment inputs are derived primarily from 

wind and water erosion of upland soils within the catchment. Upland 

land use affects the movement of water, sediment, and pollutants into 

the wetland. Generally, the higher the percentage of catchment under 

perennial cover, the better the condition of the wetland. Properly 

managed perennial cover helps to slow the movement of water down 

slope, which aids in the filtering of sediments and entrapment of 

pollutants. 

Prioritizing Potential Sites for Water Storage 
Each potentially restorable basin (landscape depression) was analyzed 

for the ability to store surface water runoff from its catchment area.  

For planning purposes, this analysis assumes each basin is empty and 

allows for comparison among potential sites. However, most existing 

wetlands with the greatest storage capacity typically contain water 

because wetland (hydric) soils in the county are poorly- or very poorly-

drained with very low infiltration rates.  Water storage capacity in a 

wetland will vary seasonally and year-to-year as it will depend on 

recent rainfall as well rain and snow in previous years.  

Potential sites were prioritized based on the ability to hold a 10-year, 

24-hour storm event (4.37 inches), which sites hold the largest volume 

of water and which sites have the smallest footprint while storing the 

most water.     

To determine whether a site can provide water storage functions in 

practice, a more detailed field analysis will be necessary. Whether a 

potential site might be developed for a wetland restoration or another 

type of conservation practice will depend on site suitability and 

landowner goals.  
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Potentially Restorable Basins - Priority Water Storage Criteria  

Maps on the following pages display potential sites for water 

storage based on the following prioritization criteria: 

1. Ability to store a 10-year 24-hour rain event (4.37 inches),  

2. Largest potential storage volume (100 acre feet or more), 

and  

3. Top 10% for ratio of volume to surface area – they hold the 

most water in the smallest footprint  

 

Priority Areas and Watersheds  

Water storage is an important function in all watersheds in the 

county. Small watershed catchments such as ravines and lakes as 

well as watersheds at the minor (HUC 10-12) and major (HUC 8) 

watershed scale are affected by altered hydrology as a result of 

lost water storage.  Every local unit of government in the county 

has been affected by flooding.   Every municipality and most 

townships in the county have been affected by flooding or flash 

flooding.  

 

Reduced water storage contributes the following water 

management concerns: 

 

• Flooding in developed areas, roadways.  

• Near channel erosion and channel incision in ravines, 

intermittent streams and rivers; significant sources of erosion 

and sedimentation downstream. 

• Elevated water levels and negatively impacted aquatic 

vegetation and aquatic life in lakes and wetlands. Naturally 

fluctuating water levels best support maintenance of healthy 

aquatic and wetland vegetation.  
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Wetland Functions and Local Public Value 

Wetland functions are science based natural processes that occur in 

wetlands.  The value of a wetland is an estimate of the importance or 

worth of one or more of its functions to society and individuals. 

Wetlands are considered valuable because they use and filter 

nutrients, recharge water supplies, retain water, reduce flooding, and 

provide fish and wildlife habitat.  Wetlands also provide recreational 

opportunities and aesthetic benefits.  

 

Local Public Values 

Minnesota Statutes 2017, section 103B.3355 requires local public 

values of wetlands be determined based on the functions of wetlands.  

 

The wetland functions most important in local watersheds were 

determined with consideration of watershed and ecological goals, an 

assessment of existing wetlands functions and citizen and technical 

stakeholders’ input.  Citizen surveys to determine important wetland 

functions and priority aquatic and natural resource concerns were 

conducted just prior to developing this plan.  

Loss of wetlands, wildlife habitat, water quality and groundwater 

quality are priority management concerns. Protecting and restoring 

these functions are the highest priority for achieving watershed and 

ecological goals in local watersheds. The ability of wetlands to provide 

multiple benefits has the greatest local public value.  

Most Important Wetland Functions 

The following wetland functions were determined to be most 

important in local watersheds and have the greatest local public value:   

 

• Wildlife Habitat, including terrestrial and aquatic habitat and 

connectivity of those habitats 

• Public Recreation, including hunting and fishing areas, wildlife 

viewing areas, and nature areas 

• Water Storage, including floodwater and stormwater attenuation 

and the potential for downstream flooding and downstream 

erosion in the watershed 

• Water Quality, including utilization of nutrients that would 

otherwise pollute public waters, filtering of pollutants to surface 

and groundwater and shoreline protection  

• Groundwater Protection, including utilization of the wetland for 

groundwater protection or as a recharge area for groundwater 

and low flow augmentation of streams and rivers 

• Rare Plant and Animal Habitat, as mapped in the MNDNR 

Minnesota County Biological Survey 

• Ability to Provide Multiple Benefits, including wildlife habitat, 

water storage, water quality, groundwater protection, rare plant 

and animal habitat and public recreation functions  

 

These important wetland functions were grouped and/or divided into 

four priorities, including 1) the ability to provide multiple benefits, 2) 

water storage, 3) water quality and 4) groundwater protection.  

 

All wetlands provide important functions, but not all wetlands 

provide all functions equally well. 

Source: United States Geological Survey 

Wetland Priorities 
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High Priority Areas 

Science-based, locally-defined criteria were developed to determine 

priority areas and potential  wetland replacement sites in the 

Greenprint and the Blue Earth County Water Management Plan 

through a collaborative effort of local governments and 

representatives of the U.S. Fish and Wildlife Service, MNDNR, SWCD, 

MPCA, BWSR, engineering consultants and citizens.   

The highest priority areas are interconnected ecological corridors and 

wetland complexes in the Greenprint. These priority areas contain 

important wildlife habitats and aquatic and natural resources that 

provide multiple wetland functions important in local watersheds.  

Protecting and restoring wetlands and avoiding impacts to wetlands in 

priority areas is important for sustaining water quality and wildlife 

habitat functions in local watersheds. Impacts to and loss of wetlands 

in the Greenprint priority areas can result in critical loss or 

fragmentation of habitat or changes in hydrology that reduce the 

ability of the wetland and potentially the entire wetland complex or 

corridor to provide the desired functions important in their 

watershed.   

Wetland enhancement and restoration in Greenprint priority areas are 

more likely to be ecologically sustainable as these areas provide 

connectivity to other aquatic resources and upland habitat and are 

more likely to be protected from future disturbance from the 

surrounding landscape.  

 

Wildlife Habitat 

Wildlife habitat and recreation are the wetland functions most valued 

by local residents.  Protecting, enhancing and restoring wildlife habitat 

and restoring fragmented habitat in areas where wetlands provide 

multiple benefits is a long-term resource need in the county and local 

watersheds.   

Habitat loss refers to the complete eradication of a parcel of habitat, 

such as conversion of native wetlands, lake and stream shoreline plant 

communities, prairies, forests, or brushlands to agricultural, 

residential, or industrial uses.  

 

Habitat degradation occurs when the habitat is still present but its 

value to native plant, wildlife, and aquatic communities has been 

impaired or changed significantly. For example, wildlife habitats in 

urban and exurban developments retain some but not all important 

natural characteristics, so that some wildlife species can persist while 

others disappear or greatly decline. In lakes, near-shore habitats 

(needed by many aquatic species for breeding and juvenile rearing) 

become degraded when too much native vegetation is removed from 

shorelines and woody debris and aquatic plants are removed from 

near-shore waters.  

 

Habitat fragmentation is the breakup of large contiguous areas of 

habitat into smaller and smaller parcels and fragments. The fragments 

are no longer close enough or sufficiently connected to allow fish, 

wildlife, and other native organisms to move freely among habitats in 

order to use optimal breeding and rearing sites. For example, road 

construction can fragment prairie, wetland, brushland, or forest; low-

head dams in rivers and various water control structures in lakes 

disrupt natural movements of fish and amphibians. Habitat 

fragmentation may degrade the genetic capacity of wild populations 

to adapt to future environmental change because it fragments larger 

populations—which harbor more genetic variation—into smaller 

breeding groups. A cumulative effect of habitat loss, degradation, and 

fragmentation is large declines in abundance and productivity of wild 

populations, threatening their ability to adapt to future environmental 

changes and to persist for the enjoyment of future generations. 
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Long Term Resource Needs  

Wetland Protection Buffers  

Sustainable wetlands should include buffers and upland protection or 

treatment. Accelerated sedimentation may be the most detrimental 

impact on wetlands. Accumulation of sediment in wetlands decreases 

wetland volume, decreases the duration wetlands retain water, and 

changes plant community structure by burial of seed banks. (Source: 

ACE HGM)  
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Priority Replacement Sites 

Potentially restorable basins were identified and prioritized based on 

ability to provide 1) water storage or 2) water quality functions. 

Shallow basins that support vegetation are needed for water quality 

treatment to utilize nutrients. Greater storage volume and potentially 

deeper basins are needed for water storage.  

Replacing degraded wetlands in the Greenprint and priority areas 

identified in the Blue Earth County Water Management Plan is certain 

to provide a gain in wetland function and public value, especially in 

areas where impact avoidance will continue to maintain a degraded 

wetland or result in further degradation of the wetland from altered 

hydrology, invasive species, fertilized lawns, concentrated stormwater 

runoff, trash, or pet waste inputs. 

 

Some of the potentially restorable basins identified in this plan will not 

be suitable for wetland restoration but might be suitable for 

constructed stormwater wetlands or conservation practices to provide 

water quality or water storage functions important in local 

watersheds. Ultimately, site conditions and landowner goals will 

determine how or if potential sites might be used for conservation 

projects.  

Potentially Restorable Basins  

The U.S. Fish and Wildlife Service and Ducks Unlimited produced a 

restorable depressional wetlands inventory for many counties in the 

Prairie Pothole region of Minnesota including Blue Earth County. This 

inventory includes over 32,787 (71,218 acres) potentially restorable 

wetlands in the county. The potentially restorable wetlands in this 

inventory range in size from under .1-acres to over 900 acres.  

 

To prioritize potentially restorable basins for this plan, the County 

used terrain analysis based on the 2012 LiDAR Digital Elevation Model.  

For this analysis, a minimum size of two acres and depth of at least six 

inches were used as the starting criteria.  A consultant, Houston 

Engineering Incorporated, performed the terrain analysis that allowed 

for many functions like storage volume, ability to hold certain rainfall 

events and ability for nutrient treatment to be assessed. There are 

over 3,000 total potentially restorable depressions of at least two 

acres in size analyzed to support prioritizing wetland replacements. 

Priority Areas – Groundwater Protection and 

Recharge  

 

Groundwater Pollution Sensitivity and Recharge 
Groundwater protection and recharge are a high priority in the county 

and affect groundwater aquifers beyond county or watershed 

boundaries.  

In most of the county soil infiltration and groundwater recharge of 

deeper aquifers is limited. Areas with shallow depth to bedrock, karst 

and potential for groundwater recharge were identified for this plan 

using the Geologic Atlas of Blue Earth County, Part B.   

 

The 2016 Geologic Atlas of Blue Earth County, Part B, includes an 

analysis of pollution sensitivity and an evaluation of the recharge rate 

of surface water into deeper aquifers. 

 

“The travel times to buried aquifers vary from days to thousands 

of years. Areas with relatively short travel times of less than a few 

years are rated high or very high pollution sensitivity. Areas with 

Priority Sites for Wetland Water Quality Functions 
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estimated travel times of decades or longer are rated low or very 

low pollution sensitivity.”   

Maps of rapid or focused recharge for specific aquifers are show in in 

Figures 25 through 32 on pages 42 to 47 of the Geologic Atlas of Blue 

Earth County, Part B.   

 

The map on the following page shows a compilation of the highest 

rates of recharge for each of the aquifers in the Geologic Atlas.  It 

includes the “High” and “Very High” classes in which the vertical travel 

time for water to enter a buried sand aquifer is less than a year.    

 

Of the potentially restorable wetlands identified in this plan, 316 are 

located in an area with “High” or “Very High” potential for 

groundwater recharge.    

 

To determine whether a potential site can provide groundwater 

protection or groundwater recharge in practice, a more detailed field 

analysis will be necessary. Whether a potential site might be 

developed for a wetland restoration or another type of conservation 

practice will depend on site suitability and landowner goals. Site 

suitability should include an analysis of surrounding land uses and 

potential sources of pollution when restoring wetlands or constructing 

water storage and water quality practices in areas with high or very 

high pollution sensitivity to ensure the project will protect water 

quality instead of becoming a source of pollution. Additional buffers 

and other measures may be needed in these areas. 
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Priority Areas – Water Storage – Flood water and 

Stormwater Attenuation 

Description of Water Storage Function 

Water storage functions relate to the capacity to collect and retain 

surface water runoff, direct precipitation and discharging 

groundwater. Water storage includes water standing in the basin and 

water held in the soil.  

The source of the following description of water storage functions is 

from A Regional Guidebook for Applying the Hydrogeomorphic 

Approach to Assessing Wetland Functions of Prairie Potholes (HGM), 

Army Corps of Engineers.   

Water that is delayed or stored in the wetland reduces the amount of 

runoff down slope, thereby ensuring a decrease in flood crests down 

gradient. Wetlands facilitate detention of runoff because many lack 

well-defined surface water outlets and, between basins, subsurface 

flows in glacial till are slow. When runoff is detained in a regionally 

dispersed manner by wetland basins, pulses of water that eventually 

enter downstream areas in most cases are staggered 

(desynchronized). This broadens the storm hydrograph and reduces 

streamflow peaks.  

 

Land use activities also affect erosion up slope and sediment import 

into the wetlands. An increased sediment load will decrease the 

wetland’s capacity to store water, sometimes nearly eliminating 

storage capacity. 

Although accumulation and retention of sediments and particulates 

are recognized functions of wetlands resulting in improved water 

quality, it has a negative effect on wetland hydrology. Many wetlands 

are closed basins; thus, sediment inputs are derived primarily from 

wind and water erosion of upland soils within the catchment. Upland 

land use affects the movement of water, sediment, and pollutants into 

the wetland. Generally, the higher the percentage of catchment under 

perennial cover, the better the condition of the wetland. Properly 

managed perennial cover helps to slow the movement of water down 

slope, which aids in the filtering of sediments and entrapment of 

pollutants. 

Prioritizing Potential Sites for Water Storage 
Each potentially restorable basin (landscape depression) was analyzed 

for the ability to store surface water runoff from its catchment area.  

For planning purposes, this analysis assumes each basin is empty and 

allows for comparison among potential sites. However, most existing 

wetlands with the greatest storage capacity typically contain water 

because wetland (hydric) soils in the county are poorly- or very poorly-

drained with very low infiltration rates.  Water storage capacity in a 

wetland will vary seasonally and year-to-year as it will depend on 

recent rainfall as well rain and snow in previous years.  

Potential sites were prioritized based on the ability to hold a 10-year, 

24-hour storm event (4.37 inches), which sites hold the largest volume 

of water and which sites have the smallest footprint while storing the 

most water.     

To determine whether a site can provide water storage functions in 

practice, a more detailed field analysis will be necessary. Whether a 

potential site might be developed for a wetland restoration or another 

type of conservation practice will depend on site suitability and 

landowner goals.  
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Potentially Restorable Basins - Priority Water Storage Criteria  

Maps on the following pages display potential sites for water 

storage based on the following prioritization criteria: 

1. Ability to store a 10-year 24-hour rain event (4.37 inches),  

2. Largest potential storage volume (100 acre feet or more), 

and  

3. Top 10% for ratio of volume to surface area – they hold the 

most water in the smallest footprint  

 

Priority Areas and Watersheds  

Water storage is an important function in all watersheds in the 

county. Small watershed catchments such as ravines and lakes as 

well as watersheds at the minor (HUC 10-12) and major (HUC 8) 

watershed scale are affected by altered hydrology as a result of 

lost water storage.  Every local unit of government in the county 

has been affected by flooding.   Every municipality and most 

townships in the county have been affected by flooding or flash 

flooding.  

 

Reduced water storage contributes the following water 

management concerns: 

 

• Flooding in developed areas, roadways.  

• Near channel erosion and channel incision in ravines, 

intermittent streams and rivers; significant sources of erosion 

and sedimentation downstream. 

• Elevated water levels and negatively impacted aquatic 

vegetation and aquatic life in lakes and wetlands. Naturally 

fluctuating water levels best support maintenance of healthy 

aquatic and wetland vegetation.  

 



 
 Blue Earth County Comprehensive Water Management Plan   - Priority Sites for Wetland Water Quality Functions                                                                    Page | 90  

 

 

 

 



 
 Blue Earth County Comprehensive Water Management Plan   - Wetland Priorities                                                                                                                            Page | 76  

 

 

 

High Priority Areas 

Science-based, locally-defined criteria were developed to determine 

priority areas and potential  wetland replacement sites in the 

Greenprint and the Blue Earth County Water Management Plan 

through a collaborative effort of local governments and 

representatives of the U.S. Fish and Wildlife Service, MNDNR, SWCD, 

MPCA, BWSR, engineering consultants and citizens.   

The highest priority areas are interconnected ecological corridors and 

wetland complexes in the Greenprint. These priority areas contain 

important wildlife habitats and aquatic and natural resources that 

provide multiple wetland functions important in local watersheds.  

Protecting and restoring wetlands and avoiding impacts to wetlands in 

priority areas is important for sustaining water quality and wildlife 

habitat functions in local watersheds. Impacts to and loss of wetlands 

in the Greenprint priority areas can result in critical loss or 

fragmentation of habitat or changes in hydrology that reduce the 

ability of the wetland and potentially the entire wetland complex or 

corridor to provide the desired functions important in their 

watershed.   

Wetland enhancement and restoration in Greenprint priority areas are 

more likely to be ecologically sustainable as these areas provide 

connectivity to other aquatic resources and upland habitat and are 

more likely to be protected from future disturbance from the 

surrounding landscape.  

 

Wildlife Habitat 

Wildlife habitat and recreation are the wetland functions most valued 

by local residents.  Protecting, enhancing and restoring wildlife habitat 

and restoring fragmented habitat in areas where wetlands provide 

multiple benefits is a long-term resource need in the county and local 

watersheds.   

Habitat loss refers to the complete eradication of a parcel of habitat, 

such as conversion of native wetlands, lake and stream shoreline plant 

communities, prairies, forests, or brushlands to agricultural, 

residential, or industrial uses.  

 

Habitat degradation occurs when the habitat is still present but its 

value to native plant, wildlife, and aquatic communities has been 

impaired or changed significantly. For example, wildlife habitats in 

urban and exurban developments retain some but not all important 

natural characteristics, so that some wildlife species can persist while 

others disappear or greatly decline. In lakes, near-shore habitats 

(needed by many aquatic species for breeding and juvenile rearing) 

become degraded when too much native vegetation is removed from 

shorelines and woody debris and aquatic plants are removed from 

near-shore waters.  

 

Habitat fragmentation is the breakup of large contiguous areas of 

habitat into smaller and smaller parcels and fragments. The fragments 

are no longer close enough or sufficiently connected to allow fish, 

wildlife, and other native organisms to move freely among habitats in 

order to use optimal breeding and rearing sites. For example, road 

construction can fragment prairie, wetland, brushland, or forest; low-

head dams in rivers and various water control structures in lakes 

disrupt natural movements of fish and amphibians. Habitat 

fragmentation may degrade the genetic capacity of wild populations 

to adapt to future environmental change because it fragments larger 

populations—which harbor more genetic variation—into smaller 

breeding groups. A cumulative effect of habitat loss, degradation, and 

fragmentation is large declines in abundance and productivity of wild 

populations, threatening their ability to adapt to future environmental 

changes and to persist for the enjoyment of future generations. 
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Long Term Resource Needs  

Wetland Protection Buffers  

Sustainable wetlands should include buffers and upland protection or 

treatment. Accelerated sedimentation may be the most detrimental 

impact on wetlands. Accumulation of sediment in wetlands decreases 

wetland volume, decreases the duration wetlands retain water, and 

changes plant community structure by burial of seed banks. (Source: 

ACE HGM)  
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Priority Replacement Sites 

Potentially restorable basins were identified and prioritized based on 

ability to provide 1) water storage or 2) water quality functions. 

Shallow basins that support vegetation are needed for water quality 

treatment to utilize nutrients. Greater storage volume and potentially 

deeper basins are needed for water storage.  

Replacing degraded wetlands in the Greenprint and priority areas 

identified in the Blue Earth County Water Management Plan is certain 

to provide a gain in wetland function and public value, especially in 

areas where impact avoidance will continue to maintain a degraded 

wetland or result in further degradation of the wetland from altered 

hydrology, invasive species, fertilized lawns, concentrated stormwater 

runoff, trash, or pet waste inputs. 

 

Some of the potentially restorable basins identified in this plan will not 

be suitable for wetland restoration but might be suitable for 

constructed stormwater wetlands or conservation practices to provide 

water quality or water storage functions important in local 

watersheds. Ultimately, site conditions and landowner goals will 

determine how or if potential sites might be used for conservation 

projects.  

Potentially Restorable Basins  

The U.S. Fish and Wildlife Service and Ducks Unlimited produced a 

restorable depressional wetlands inventory for many counties in the 

Prairie Pothole region of Minnesota including Blue Earth County. This 

inventory includes over 32,787 (71,218 acres) potentially restorable 

wetlands in the county. The potentially restorable wetlands in this 

inventory range in size from under .1-acres to over 900 acres.  

 

To prioritize potentially restorable basins for this plan, the County 

used terrain analysis based on the 2012 LiDAR Digital Elevation Model.  

For this analysis, a minimum size of two acres and depth of at least six 

inches were used as the starting criteria.  A consultant, Houston 

Engineering Incorporated, performed the terrain analysis that allowed 

for many functions like storage volume, ability to hold certain rainfall 

events and ability for nutrient treatment to be assessed. There are 

over 3,000 total potentially restorable depressions of at least two 

acres in size analyzed to support prioritizing wetland replacements. 

Priority Areas – Groundwater Protection and 

Recharge  

 

Groundwater Pollution Sensitivity and Recharge 
Groundwater protection and recharge are a high priority in the county 

and affect groundwater aquifers beyond county or watershed 

boundaries.  

In most of the county soil infiltration and groundwater recharge of 

deeper aquifers is limited. Areas with shallow depth to bedrock, karst 

and potential for groundwater recharge were identified for this plan 

using the Geologic Atlas of Blue Earth County, Part B.   

 

The 2016 Geologic Atlas of Blue Earth County, Part B, includes an 

analysis of pollution sensitivity and an evaluation of the recharge rate 

of surface water into deeper aquifers. 

 

“The travel times to buried aquifers vary from days to thousands 

of years. Areas with relatively short travel times of less than a few 

years are rated high or very high pollution sensitivity. Areas with 
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estimated travel times of decades or longer are rated low or very 

low pollution sensitivity.”   

Maps of rapid or focused recharge for specific aquifers are show in in 

Figures 25 through 32 on pages 42 to 47 of the Geologic Atlas of Blue 

Earth County, Part B.   

 

The map on the following page shows a compilation of the highest 

rates of recharge for each of the aquifers in the Geologic Atlas.  It 

includes the “High” and “Very High” classes in which the vertical travel 

time for water to enter a buried sand aquifer is less than a year.    

 

Of the potentially restorable wetlands identified in this plan, 316 are 

located in an area with “High” or “Very High” potential for 

groundwater recharge.    

 

To determine whether a potential site can provide groundwater 

protection or groundwater recharge in practice, a more detailed field 

analysis will be necessary. Whether a potential site might be 

developed for a wetland restoration or another type of conservation 

practice will depend on site suitability and landowner goals. Site 

suitability should include an analysis of surrounding land uses and 

potential sources of pollution when restoring wetlands or constructing 

water storage and water quality practices in areas with high or very 

high pollution sensitivity to ensure the project will protect water 

quality instead of becoming a source of pollution. Additional buffers 

and other measures may be needed in these areas. 
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Priority Areas – Water Storage – Flood water and 

Stormwater Attenuation 

Description of Water Storage Function 

Water storage functions relate to the capacity to collect and retain 

surface water runoff, direct precipitation and discharging 

groundwater. Water storage includes water standing in the basin and 

water held in the soil.  

The source of the following description of water storage functions is 

from A Regional Guidebook for Applying the Hydrogeomorphic 

Approach to Assessing Wetland Functions of Prairie Potholes (HGM), 

Army Corps of Engineers.   

Water that is delayed or stored in the wetland reduces the amount of 

runoff down slope, thereby ensuring a decrease in flood crests down 

gradient. Wetlands facilitate detention of runoff because many lack 

well-defined surface water outlets and, between basins, subsurface 

flows in glacial till are slow. When runoff is detained in a regionally 

dispersed manner by wetland basins, pulses of water that eventually 

enter downstream areas in most cases are staggered 

(desynchronized). This broadens the storm hydrograph and reduces 

streamflow peaks.  

 

Land use activities also affect erosion up slope and sediment import 

into the wetlands. An increased sediment load will decrease the 

wetland’s capacity to store water, sometimes nearly eliminating 

storage capacity. 

Although accumulation and retention of sediments and particulates 

are recognized functions of wetlands resulting in improved water 

quality, it has a negative effect on wetland hydrology. Many wetlands 

are closed basins; thus, sediment inputs are derived primarily from 

wind and water erosion of upland soils within the catchment. Upland 

land use affects the movement of water, sediment, and pollutants into 

the wetland. Generally, the higher the percentage of catchment under 

perennial cover, the better the condition of the wetland. Properly 

managed perennial cover helps to slow the movement of water down 

slope, which aids in the filtering of sediments and entrapment of 

pollutants. 

Prioritizing Potential Sites for Water Storage 
Each potentially restorable basin (landscape depression) was analyzed 

for the ability to store surface water runoff from its catchment area.  

For planning purposes, this analysis assumes each basin is empty and 

allows for comparison among potential sites. However, most existing 

wetlands with the greatest storage capacity typically contain water 

because wetland (hydric) soils in the county are poorly- or very poorly-

drained with very low infiltration rates.  Water storage capacity in a 

wetland will vary seasonally and year-to-year as it will depend on 

recent rainfall as well rain and snow in previous years.  

Potential sites were prioritized based on the ability to hold a 10-year, 

24-hour storm event (4.37 inches), which sites hold the largest volume 

of water and which sites have the smallest footprint while storing the 

most water.     

To determine whether a site can provide water storage functions in 

practice, a more detailed field analysis will be necessary. Whether a 

potential site might be developed for a wetland restoration or another 

type of conservation practice will depend on site suitability and 

landowner goals.  
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Potentially Restorable Basins - Priority Water Storage Criteria  

Maps on the following pages display potential sites for water 

storage based on the following prioritization criteria: 

1. Ability to store a 10-year 24-hour rain event (4.37 inches),  

2. Largest potential storage volume (100 acre feet or more), 

and  

3. Top 10% for ratio of volume to surface area – they hold the 

most water in the smallest footprint  

 

Priority Areas and Watersheds  

Water storage is an important function in all watersheds in the 

county. Small watershed catchments such as ravines and lakes as 

well as watersheds at the minor (HUC 10-12) and major (HUC 8) 

watershed scale are affected by altered hydrology as a result of 

lost water storage.  Every local unit of government in the county 

has been affected by flooding.   Every municipality and most 

townships in the county have been affected by flooding or flash 

flooding.  

 

Reduced water storage contributes the following water 

management concerns: 

 

• Flooding in developed areas, roadways.  

• Near channel erosion and channel incision in ravines, 

intermittent streams and rivers; significant sources of erosion 

and sedimentation downstream. 

• Elevated water levels and negatively impacted aquatic 

vegetation and aquatic life in lakes and wetlands. Naturally 

fluctuating water levels best support maintenance of healthy 

aquatic and wetland vegetation.  
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Wetland Functions Classification Framework 

A classification system and prioritization framework was developed to 

predetermine wetland functions and the local public value of wetlands 

in the county.  Predetermining and classifying wetland functions and 

values establishes expectations for wetland protection in the county.   

This function based classification system can be used by the WCA local 

government unit (LGU) and technical evaluation panel (TEP) to 

evaluate the public value and associated functions of wetlands when 

considering applications and making decisions regarding wetland 

impact sequencing (impact minimization, avoidance and replacement) 

and the adequacy of proposed wetland replacement.  

 

The four functional classes in the classification framework are based 

on an analysis of landscape position, proximity and connectivity to 

important natural resources, environmentally sensitive areas, wildlife 

habitat, recreation and the ability to provide important wetland 

functions for water quality and wildlife habitat in local watersheds. 

The following factors were considered to classify wetland functions:  

• Proximity to Greenprint corridors and wetland complexes or 

planned or existing contiguous open space. This is based on an 

analysis of landscape position and ability to provide important 

wetland functions and the greatest local public value. (Blue Earth 

County Greenprint map) 

• Whether the wetland is identified in a formally-adopted municipal 

stormwater management plan  

• Connection to Protected Lakes or Protected Wetlands  

• Whether the wetland is in an area with shallow depth to bedrock 

or karst area mapped in the Geologic Atlas of Blue Earth County 

Part B and as shown in the Blue Earth County Water Management 

Plan 

• Whether the wetland is in a well head or source water protection 

plan area 

The highest priority areas for wetland preservation, protection, 

enhancement and restoration are interconnected, continuous and 

stepping-stone corridors in the Greenprint. These priority areas 

contain important wildlife habitats and aquatic resources where 

wetland impacts can result in critical loss or fragmentation of habitat 

or changes in water storage and hydrology that reduce the ability of 

the entire wetland complex or corridor to provide the desired 

functions in the watershed.   

Some wetlands in the Greenprint may not have high or exceptional 

functional ratings for all functions, but high or exceptional functional 

ratings are not required for a wetland to be a high priority for 

protection as the location, distribution, proximity and connectivity was 

considered at the landscape scale in local watersheds.   

Wetland restoration or enhancement projects and replacement of 

degraded wetlands in the Greenprint priority areas are more likely to 

provide sustainable ecological functions and important wetland 

functions with local public value.  

Potential replacement sites that may provide water quality functions 

such as water storage and nutrient assimilation functions important in 

local watersheds are also identified in this plan.  

The Wetland Functions Classification Framework and the criteria used 

to assign each of the four wetland functions classes are described on 

the following pages.   

Maps of NWI wetlands that were assigned wetland functions 

classifications using the framework are on the following pages.  The 

Wetland Management Classification maps in this plan shows only 

wetlands in the National Wetland Inventory (NWI).  Wetlands not 

mapped for the NWI may be assigned a wetland function classification 

by local government units administering the WCA.  
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Functional Class 1 (Preserve) and Class 2 (Protect) wetlands 

These wetlands are important anchors and connections in the 

Greenprint priority corridors and wetland complexes. Wetlands in the 

Greenprint were predetermined to provide water quality, wildlife 

habitat, water storage, groundwater quality or public recreation 

functions important in local watersheds.  Preserving and protecting 

these wetlands is important for achieving the immediate and long 

term resource needs and watershed and ecological goals in local 

watersheds.    

Functional Class 1 (Preserve) wetlands have important habitat, 

hydrologic, vegetation/floral characteristics, or are extremely 

difficult or impossible to replace through wetland creation or 

restoration.  These wetlands and the functions they provide should 

be preserved.  

Functional Class 2 (Protect) wetlands provide or enhance 

connections for habitat diversity within open green spaces and 

form connectivity between habitats and open green spaces. Their 

functions and values are difficult or impossible to replace once lost. 

These wetlands, in addition to their value in river corridors, lake 

watersheds, wetland complexes and open green spaces, can 

contribute important water quality functions. These wetlands and 

the functions they provide should be protected to the greatest 

extent possible.  

Functional Class 3 (Manage) wetlands  

These wetlands may be degraded by surrounding land uses and are 

generally isolated in cultivated agricultural landscapes. These wetlands 

may provide some wetland functions for wildlife habitat, water quality 

or water storage depending on proximity to Greenprint corridors and 

wetland complexes, water storage capability in its catchment area, 

and vegetation.  Potential for degradation of wetland quality and 

functions by development and/or expected future development could 

result in further degradation of these wetlands.   

Wetland Function Class 4 (General Use) wetlands  

These wetlands are known to be degraded. They are cultivated in 

agricultural fields and provide minimal functions due to drainage, 

diversion of the contributing watershed, filling, pollutant runoff, and 

manipulation of vegetation or adjacent upland.  Most of these 

wetlands are typically Type 1 wetlands defined by the Fish and Wildlife 

Service Circular 39, and many are not included in the NWI.  Replacing 

or restoring degraded wetlands in priority areas identified in this plan 

is certain to provide a gain in wetland function and public value, 

especially in areas where impact avoidance will continue to maintain a 

degraded wetland or result in further degradation of the wetland from 

altered hydrology, invasive species, fertilized lawns, concentrated 

stormwater runoff, litter, or pet waste inputs.   
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Wetland Functions Classification Framework 

 

Function Class & Description Criteria 

1 

“Preserve” wetlands are valuable for 

protection of important native species or 

wildlife habitat; OR they are important to 

provide multiple important wetland 

functions in Greenprint priority wetland 

complexes and corridors. 

A wetland is classified as Class 1 “Preserve” if any of the following apply: 

• Is within a Greenprint priority corridor or wetland complex  

• Mapped Moderate, High, or Outstanding importance for native vegetation in biological diversity by 

the Minnesota Department of Natural Resources Minnesota County Biological Survey (MCBS).  

• Is a calcareous fen 

• Is in a designated FEMA floodplain 

• Is a Protected Lake or Wetland 

• Is in a Wildlife Management Area, Waterfowl Production Area, or government-owned conservation 

area 

• Is a riparian wetland of a Protected Lake or Protected Wetland 

• Is identified in a local wellhead protection plan or source water protection plan 

 

2 

“Protect” wetlands are important in 

Greenprint wetland complexes or corridors, 

interconnected park and open spaces, or 

are important for water storage or water 

quality protection.   

A wetland is classified as Class 2 “Protect” if any of the following apply: 

• Is within or provides connections to Greenprint priority wetlands complexes or corridors 

• Is located in an area with shallow depth to bedrock or karst, as shown in the Geologic Atlas for Blue 

Earth County, Part B maps 

• Provides connection to existing or planned, interconnected park and open green spaces 

• Is adjacent to or has a hydrologic connection to a Public Water Lake or Public Water Wetland  

• Is identified in a municipal stormwater plan showing wetlands for water quality  

 

3 

“Manage” wetlands may be important for 

water storage, water quality protection, or 

interconnected green space but have 

moderate or low ecological value due to 

surrounding land uses. 

A wetland is classified as Class 3 “Manage” if all of the following apply: 

• Is neither within nor provides connectivity to Greenprint priority wetland complexes or corridors or 

other planned parks or interconnected open green space 

• Is not in a local municipality or county engineered and adopted stormwater management plan 

• Is not in a cultivated field or agricultural land 

 

4 

“General” wetlands have been significantly 

altered and degraded through past 

disturbances.  Most of these are Type 1 

wetlands in cultivated fields. 

A wetland is classified as “General Use” Class 4 if all of the following apply: 

• Is not within or does not provide connectivity to priority wetland complexes, Greenprint Corridors 

or other interconnected open green space 

• Is not in a local municipality or county stormwater management plan  

• Is in a cultivated field or agricultural land 

Agricultural land is land used principally for horticulture, the cultivation or production of row crops, pasture or hay land crops; or farm animals; and public and private 

drainage systems and field roads located on any of these lands.  
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Goal:  Protect, enhance and restore wetlands in 

priority areas to provide important water quality, 

wildlife habitat and groundwater protection functions 

in local watersheds.   
 

Wetland Conservation Act (WCA) Strategies and Policies 
 

ONGOING PROGRAM: WETLAND CONSERVATION ACT, MINNESOTA RULES, 

PART 8420.    

The County will continue to administer the Wetland Conservation Act, 

Minnesota Rules, part 8420, in accordance with Minnesota Rules and 

Statutes and with guidance from the Blue Earth County Water 

Management Plan.   

 

Wetland Conservation Act (WCA) Implementation Policies 

WCA rules require the local government unit (LGU) and technical 

evaluation panel (TEP) to evaluate the public value and associated 

functions of wetlands when considering applications and making 

decisions regarding wetland impact sequencing (impact minimization, 

avoidance and replacement) and the adequacy of proposed wetland 

replacement. The Blue Earth County Water Management Plan 

provides a function-based classification system and prioritization 

framework for wetlands in consideration of local public values. This 

framework will be used to assess the function and value of wetlands. 

The following policies related to the implementation of the WCA are 

adopted to help achieve the plan’s wetland goals. 

SEQUENCING POLICY: IMPACT AVOIDANCE AND MINIMIZATION.  

When evaluating wetland impact avoidance and minimization, the 

LGU and TEP should consider the functional classification of the 

wetland(s) and their public value in relation to priority preservation 

and replacement areas as designated in the Blue Earth County Water 

Management Plan.  (Reference: Minnesota Rules, part 8420.0520 

subpart 3C (3) (f) and subpart  4E.) 

SEQUENCING POLICY: FLEXIBILITY.   

When evaluating whether or not to exercise flexibility in the 

application of the sequencing steps, the LGU and TEP should consider 

the functional classification of the wetland(s) and the priority wetland 

replacement areas in the Blue Earth County Water Management Plan. 

(Reference: Minnesota Rules, part  8420.0520 subparts 7A(1) and 7B.) 

 

REPLACEMENT STANDARDS POLICY: ECOLOGICAL SUITABILITY.   

When evaluating and determining the appropriate location, type, 

function, design and ecological suitability of replacement wetlands, 

the LGU and TEP should consider the priority wetland replacement 

areas in the Blue Earth County Water Management Plan. (Reference: 

Minnesota Rules, part 8420.0522 subpart 5D and part 8420.0528 

subpart 1.) 

Wetland Planning 

STRATEGY: WETLAND REPLACEMENT SITES.   

Wetland Protection, Restoration and Enhancement  

Goals and Strategies 
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Science-based, locally-defined criteria were developed to determine 

priority areas and potential replacement sites in the Greenprint and 

the Blue Earth County Water Management Plan through a 

collaborative effort of local government staff and representatives of 

the U.S. Fish and Wildlife Service, MNDNR, SWCD, MPCA, BWSR, 

engineering consultants and citizens. 

 

Action: The County may continue to collaborate with other local units 

of government, regulatory agencies and other entities to identify 

potential replacement opportunities in local watersheds to achieve 

plan goals. (Reference: Minnesota Rules, part 8420.0520 Subp. 7F.) 

STRATEGY: COMPREHENSIVE WETLAND PROTECTION AND MANAGEMENT 

PLAN.   

The County may consider development of a Comprehensive Wetland 

Protection and Management Plan as an alternative to WCA rules in 

accordance with Minnesota Rules, part 8420.0830.  

 

 

Wetland Protection, Enhancement and 

Restoration Strategies 

PRIORITY WETLANDS POLICY: PRIORITY WETLAND FUNCTIONS FRAMEWORK.  

Policy:  Local units of government should consider the wetland 

functions classification framework and the natural resource priority 

areas in the Priority Areas for Protection and Restoration Section of 

the Blue Earth County Water Management Plan when developing all 

types of land use and comprehensive plans. (Reference: Minnesota 

Statutes  2017, sections 394.23, 394.231, 462.357 Subd.9) 

STRATEGY: AQUATIC AND NATURAL RESOURCES IN LAKE WATERSHEDS.  

Action: Protect, enhance and restore wetlands and aquatic vegetation 

in near-shore areas to provide critical fish and wildlife habitat and 

shoreline protection from waves and ice ridges. 

 

Action: Protect, enhance and restore water quality, water storage, fish 

and wildlife habitat and recreation functions with wetland restoration, 

wetland and upland buffers for habitat and erosion control, 

constructed wetlands, stormwater quality treatment wetlands or 

similar conservation projects in lake watersheds.   

 

STRATEGY: AQUATIC AND NATURAL RESOURCES IN GREENPRINT PRIORITY 

AREAS.   

Land Use Policy: Local government units in the county will consider 

minimizing fragmentation and development of woodlands, wildlife 

habitat, open space, shoreland,  and wetlands in Greenprint priority 

areas.  (Reference: Minnesota Statutes 2017, sections 394.23, 

394.231, 462.357 subdivision 9) 

 

Action: Protect, enhance and restore wetlands and natural resources 

and restore channelized streams in Greenprint river corridors to 

provide wildlife habitat, floodwater storage, groundwater recharge, 

nutrient assimilation, water quality, open space and recreation 

functions.  

 

Action:  Protect, enhance and restore wetlands and upland wildlife 

habitat and grasslands in Greenprint wetland complexes, shoreland 

and river corridors.  

 

Action:  Seek funds and support private and non-profit partnerships 

and investments to protect, enhance and restore wetlands, upland 

habitat, other natural resources and recreation in the Greenprint and  

priority areas in the Priority Areas for Protection and Restoration 

Section of the Blue Earth County Water Management Plan.   

STRATEGY: GROUNDWATER PROTECTION AND RECHARGE FUNCTIONS.     

Action: Protect and restore wetlands and upland buffers in areas with 

the potential to recharge buried sand and bedrock aquifers and in 

areas with moderate or high pollution sensitivity as shown in the 

Geologic Atlas of Blue Earth County, Part B or the Priority Areas for 
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Pollution Sensitivity of Near Surface Materials 

The map on this page shows the pollution sensitivity and combined 

travel time for soil and surfical geologic sediment. 

The Geologic Atlas of Blue Earth County Part B describes pollution 

sensitivity in some areas of the county:  

• “The slower infiltration rates (low to very low pollution 

sensitivity) are common in the eastern and southern portions of 

the county. The exceptions are the larger stream valleys where 

sandier sediment and soil are present. 

• Higher infiltration rates (moderate to high pollution sensitivity) 

occur in the northwestern portion of the county where sandier 

soil and sediment are common at the surface. 

• Potentially very high infiltration rates (karst) exist in portions of 

the Minnesota, Blue Earth, Watonwan, Maple, Le Sueur, and 

Cobb river valleys.”  

The Geologic Atlas of Blue Earth County Part B explains geologic 

sensitvity as follows:   

 “Migration of contaminants dissolved in water through unsaturated 

and saturated sediments is a complex process. Because of this, 

large-scale assessments of pollution sensitivity require some 

generalizing assumptions. The rate that fluids travel from the 

surface to the aquifers is the main variable that affects the 

sensitivity of aquifers to pollution. Geologic sensitivity is defined by 

the physical properties and hydrologic controls that affect the ability 

of sediment to restrict the downward migration of pollutants to the 

groundwater of interest. In general, coarse-textured sediment have 

short travel times and high sensitivity ratings, whereas fine-textured 

sediment have longer travel times and low sensitivity ratings.”   
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Pollution Sensitivity and Recharge for Buried Sand 

Aquifers 

The map on this page shows a compilation of pollution sensitivity of 

buried sands aquifers maps on pages 42-47 in the Geologic Atlas of Blue 

Earth County, Minnesota, Part B. 

 “The pollution sensitivity modeling process for buried aquifers provides 

a qualitative evaluation of recharge rate or flow of surface water into 

deeper aquifers. This, along with the flow direction (indicated by the 

potentiometric surface contours), gives a good indication of areas at the 

surface that are worthy of protection. The travel times to buried 

aquifers vary from days to thousands of years. Areas with relatively 

short travel times of less than a few years are rated high or very high 

pollution sensitivity. Areas with estimated travel times of decades or 

longer are rated low or very low pollution sensitivity.”  (Geologic Atlas 

of Blue Earth County Part B) 

“Simplifying assumptions used to produce the maps in this atlas are: 

flow paths are vertical and downward; pollutants move at the same rate 

as water (advection); and sediment texture, if known, is the primary 

factor controlling permeability. In confined-aquifer settings the texture 

and permeability of the aquitards are often unknown but assumed to be 

fine-grained and low, respectively. Therefore, the thickness of the layers 

overlying the sensitivity target layer (often an aquifer) is the primary 

variable affecting the sensitivity rating. The pollution sensitivity models 

used geologic data provided by the MGS. The model results for seven 

buried sand aquifers and the bedrock surface were evaluated with 

residence-time indicators from 116 water samples.” (Geologic Atlas of 

Blue Earth County Part B) 
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1 PROJECT COLLABORATORS 

This project was conducted through a public, non-profit, private collaboration. The International Water Institute, 
on behalf of the Red River Water Management Board, led the effort to develop the Prioritize Target and 
Measure Application (PTMApp) using a Clean Water Fund Accelerated Implementation Grant from the Board of 
Water and Soil Resources (BWSR). Houston Engineering, Inc. was retained as a sub consultant on the project 
development team.  
 
The entire project development team gratefully acknowledges the members of a blue ribbon panel that helped 
guide the development of PTMApp. 

2 INTRODUCTION 

The purpose of PTMApp is to leverage the geospatial data created by the IWI during the completion of their 
2012 Accelerated Implementation Grant (AIG) by developing, testing, and deploying an operational application 
for informing the process of prioritizing watershed resources of concern and issues impacting resources of 
concern, targeting fields for the implementation of nonpoint source Best Management Practices (BMPs) and 
Conservation Practices (CPs), and estimating measurable water quality improvements that would result from 
BMP and CP targeted implementation plans.  

The PTMApp is intended to be a statewide tool. It was specifically designed for use by local governmental units 
(LGU) in rural areas of the state, to facilitate the estimation of water quality benefits associated with the 
implementation of BMPs and CPs, as required under the Clean Water Accountability Act (CWAA) of 2013. This 
data and output products produced through PTMApp are intended to help inform the development of watershed 
plans (i.e., One Watershed, One Plan), further refine targeting completed as part of the Total Maximum Daily 
Load (TMDL)/Watershed Restoration and Protection Strategies (WRAPS) development, adapt and revise 
targeted implementation plans on annual or semiannual timesteps, and provide a means to reduce LGU’s need 
for external technical support. 

2.1 ASSUMPTIONS AND LIMITATIONS 

PTMApp has several known limitations. The majority of calculations (described in details below) are 
based upon empirical information. Some specific know limitations include: 

 PTMApp-Desktop processing times can be long, on the order of 1 month to process a HUC 8 watershed 
 Outputs may be limited based upon the resolution of the land use/land cover data used 
 Needs to be validated in a broader range of landscapes 
 Does not account for existing conservation efforts 
 Does not estimate species of total nitrogen or total phosphorus 
 Does not estimate near channel sources of sediment and nutrients 
 Does not perform hydrologic routing outside of the SCS curve number and unit hydrograph method 
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3 WORKSHOPS 

As part of the project, a series of eight workshops were held. All eight of these workshops were used to 
inform the development of PTMApp. As such, the information garnered from these workshops were 
incorporated into the final PTMApp-Desktop and PTMApp-Web. A general description of the workshops is 
provided below. A summary of the information gleaned from the workshops is provided in Appendix A: 

Workshops. 

Five workshops were designed to describe the PTMApp concept and obtain feedback from potential end 
users, primarily representatives from LGUs, from across the state. PTMApp intended users include local 
practitioners who desire data and tools which allow for the interactive prioritization, targeting and 
effectiveness measuring of specific BMPs and CPs, including those identified in a Total Maximum Daily 
Load (TMDL) studies or Watershed Restoration and Protection Strategies (WRAPS). The goal of the 
workshops was to insure that the PTMApp-Desktop and PTMApp-Web had statewide applicability, and 
resulted in user friendly tools that can easily be incorporated into efforts to implement conservation 
strategies to protection Minnesota’s land and water resources. Briefly, the workshops covered the 
following topics: 

1. Background and project understanding – overview of the project justification, data and expertise 
needed to run PTMApp, and draft data products 

2. Fitting with LGU business workflows – overview of ways the PTMApp products could be used in 
LGU business workflows. 

3. PTMApp usefulness and usability – workshop to get feedback as to whether or not the products 
from PTMApp will be useful and usable in LGU business workflows. 

4. PTMApp-Desktop and PTMApp-Web – web based workshop to present how feedback from the 1st 
three workshops had been incorporated into the final PTMApp-Desktop and PTMApp-Web 
concept 

5. Presentation of Final Products – presentation of the final products and how they can be used to 
develop a targeted implementation plan 

4 PTMAPP-DESKTOP PTMAPP-WEB 

This section describes the operation of PTMApp-Desktop and PTMApp-Web. It includes the technology 
requirements, overall structure of the application, and the workflow for both the Desktop and Web 
applications. 

4.1 DEVELOPMENT/TECHNOLOGY REQUIREMENTS 

 

 

 

 

Table 1 shows the technologies that were used in the development of PTMApp-Desktop and PTMApp-
Web including servers, databases, browsers, geographic information systems, and mobile device 
compatibility. 
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Table 1. PTMApp development and technology requirements. 

Question Response 

Where will the application be hosted? 
(include long-term plan) 

HEI preference: Rent and configure a cloud server for the 
development/testing of PTMA. 

Will the code be provided as a deliverable? Yes.  

Is written documentation required? Yes. Database schema, architecture, end user.  

What are the required platforms for this 
module? 

Required: Desktop Web Browser;  
Desired: Mobile tablet;  
Not included: Mobile phone; 

Does the application require a login or any 
type of user profile or specific 
authentication? 

Yes. To store information to allow the user to save 
scenarios for evaluating Best Management Practices 
(BMPs) and Conservation Practices (CPs).  

Does this application require https security? No.  

Who will completed testing? Users selected by BWSR.  

Is wire framing planned or completed? Yes, some. Sufficient to illustrate primary pages.  

What source control will be used? SVN or GIT 

How will application bugs get tracked?  Assembla Tickets 

If desktop which operating systems to 
support?  Windows 7, Windows 8 

License agreement Yes. Prior to distribution.  

Does the application need to interact with a 
third party program such as document imaging 
system, financial system, etc.? 

No.  

How will maintenance and support be handled 
upon completion of the project? 

Limited period of time, based on financial availability, 
subsequent to acceptance by BWSR.  

Server & Database 

Is there a preferred server-side development 
language/framework? 

HEI preference: Python with Django framework or PHP 
HEI preference Web Server: Apache 

Is a database required? HEI preference: PostGreSQL 

Do we need to design a database schema or 
is it provided? 

Design.  

Will it be a Windows or Linux server?  HEI preference: Windows 
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How large of a database (number of records) 
is anticipated (this can influence the decision 
on the database). 

Not of concern.  

Is ArcGIS Online or Arc Server required? Yes.  

Will the client want a backup copy of their 
database? Yes.  

  

Client / Browser 

What browsers does it need to support?  IE10+; Firefox; Chrome – versions as existing in 2014.  

Is backward compatibility required with older 
browsers (IE 8,9)? 

No.  

Is there a preferred client-side programming 
language/framework?   

HEI preference: JavaScript/HTML with jQuery Mobile, 
Jquery UI or Dojo Toolkit libraries (depends on mobile 
considerations) 

Is there a preferred client-server 
communication standard?   

WCF, REST 

Are there any additional IT polices or 
standards? 

 

Mobile  

Does that application need to support use 
mobile devices? 

Tablet if possible. Not in current scope of project. 

Identify the mobile platforms. Not applicable 

Does it need to work in a disconnected 
environment? 

Not applicable 

GIS 

Does that application need GIS functionality?  Yes.  

If so what?  Geoprocessing; map viewer; and digitizing.  

Is there a preferred GIS platform?   HEI Preference: ESRI  

Will the application require storing GIS data 
entry in the database?  Example digitizing 
points, lines or polygons. 

Yes.  

What API’s are desired? ESRI JavaScript 

If ESRI desktop, what map data formats to 
support 

File GDB, SDE 
 

Required extensions? Spatial analyst 

Is web map editing required Yes.  
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4.2 OVERALL STRUCTURE OF THE APPLICATION 

PTMApp is made up of two components, PTMApp-Desktop and PTMApp-Web (Figure 1).  PTMApp-
Desktop is an ArcGIS Desktop toolbar. PTMApp-Desktop is the engine for conducting analysis to inform 
the prioritization of resources of concern, target conservation efforts, and measure the resulting water 
quality improvements from implementing BMPs. PTMApp-Desktop can serve as a standalone tool for 
developing watershed plans and targeted implementation plans. In addition, the functionality can be used 
for tailoring the results of targeted implementation plans through project design and build. However, 
PTMApp-Desktop requires access to ArcGIS and a moderate level of ArcGIS technical expertise (Table 
2). PTMApp-Web was built to ingest the data created through PTMApp-Desktop and make PTMApp 
functionality available to a wider range of practitioners. Once initialize, PTMApp-Web can be used during 
watershed planning to inform the prioritization of resources of concern, target conservation efforts, and 
measure the resulting water quality improvements from implementing BMPs. In particular, PTMApp-Web 
is especially well suited to the collaborative design and tailoring of targeted implementation plans. Section 
4.3 Workflow overview describes the workflow overview for PTMApp-Desktop and PTMApp-Web. 

 

 

Figure 1. Overall structure of PTMApp. 
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Table 2. Capacity needed to utilize PTMApp-Desktop and PTMApp-Web. 

Need Stage of Plan Development Level of Expertise 

Person capable of gathering the 
data needed to run the desktop 
application, and run the 
application to generate the 
products 

 

Early Moderate GIS skills 

Load GIS products following 
generation of the desktop 
process to a GIS server and turn 
on web services 

 

Toward end of plan 
development 

Advanced GIS/ Technical skills 

GIS base data creation 
capability for Time of Travel, 
Curve Number, etc.  

 

Early Moderate GIS skills 

ESRI ArcGIS (9.X or >) with a 
spatial analyst license for 
processing the data for through 
the desktop toolbar  

 

Early NA 

Person(s) capable of running 
the web application once it is set 
up 

 

Post Plan (Tailoring) Novice 

4.3 WORKFLOW OVERVIEW 

Figure 2 is a process workflow chart has been used to diagram the workflow process for PTMApp-Desktop and 
PTMApp-Web, including diagramming the relationship between the two PTMApp components. In Section 5.3.1: 



 

             (PTMAPP): THEORY AND DEVELOPMENT DOCUMENTATION    13 

PTMApp Desktop and 5.3.2 PTMApp-Web, the workflows within each of the two components of PTMApp are 
described. 
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Figure 2. Workflow overview for PTMApp-Desktop and PTMApp-Web. 
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4.3.1 PTMAPP-DESKTOP 

PTMApp-Desktop is comprised of several modules that perform different processing steps for the 
PTMApp-Desktop workflow (Figure 2). The desktop modules include Ingest Data, Catchments and 
Loading, Ranking, BMP Suitability, Benefits Analysis, and Cost Analysis. The process workflows for each 
module have been provided in this section describing the functionality provided by each of the modules. 

4.3.1.1 INGEST DATA 

The Ingest Data module in PTMApp-Desktop sets the plan boundary extent, which in turn set the extent 
for all data used in the desktop analysis. This module establishes the working data that is utilized for the 
remainder of the PTMApp-Desktop calculations. Once set, all base data is clipped to the plan boundary 
extent. In addition, the optional planning data and the required processing data are input and clipped to 
the plan boundary in the Ingest Data Module.  

4.3.1.2 CATCHMENTS AND LOADING 

The Catchments and Loading module allows the user to generate field scale (average size 40 acres) 
catchment for the entire plan boundary, process hydrologic travel times to catchment outlets and 
resources of concern, generate TP, TN, and sediment yield and loading, deliver TP, TN, and sediment 
yields and loads to catchment outlets and resources of concern, generate volumes and peak discharge 
for 2 year, 24 hour and 10 year, 24 hour events, and import scaling data (HSPF, SWAT, or 1 gage). The 
methods used in the Catchments and Loading Module are described in section 5.1 Catchments and 
loading. 

4.3.1.3 RANKING 

The Ranking module allows the user to calculate ranks (i.e. 0-100%) for the loading information 
generated in the Catchments and Loading Module. This includes ranking the delivery of TP, TN, and 
sediment leaving the landscape, to catchment outlets, and resources of concern.  In addition, the Ranking 
Module allows the user to re-rank data based upon user provided zones (e.g. planning regions), adjust 
ranks developed by PTMApp by a user supplied weighting factor (e.g. zonation outputs, landowner 
willingness), and calculate a Water Quality Index (WQI). The methods used in the Ranking Module are 
described in section 5.2 Ranking. 

4.3.1.4 BMP SUITABILITY 

The BMP Suitability module allows the user to identify locations on the landscape that hold the potential 
for storage, filtration, biofiltration, infiltration, protection, source reduction, and user defined BMPs and 
CPs. The methods used to identify locations suitable locations for conservation efforts in the BMP 
Suitability Module are described in section 5.3 BMP suitability. 

4.3.1.5 BENEFITS ANALYSIS 

The Benefits Analysis Module allows the user to measure the load reductions in TP, TN, and sediment 
that would occur from implementing BMPs and CPs on the landscape. This includes estimating load 
reductions based upon single practice treatments and treatment trains. The methods used to estimate 
load reductions in the Benefits Analysis Module are described in section 5.4 Benefits analysis. 
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4.3.1.6 COST ANALYSIS 

The Cost Analysis Module allows the user to calculate the cost and treatment cost ($/mass of load 
reduced) of implementing BMPs and CPs. It includes an option for identifying the optimum treatment 
costs for single practice implementation scenarios. The methods used for the Cost Analysis module are 
described in section 5.5 Cost analysis. 

4.3.2 PTMAPP-WEB 

The PTMApp-Web allows users to collaboratively build, share, and analyze targeted implementation 
plans. After analysis is conducted on the targeted implementation plans, the results can be viewed, 
printed, or downloaded.  The analysis of targeted implementation plans in PTMApp-Web is driven by the 
treatment train analysis functionality built into PTMApp-Desktop, and is described in section 5.7 Modeling 
Treatment Trains. Similarly, the collaboratively built targeted implementation plans can also be viewed, 
printed, or downloaded by users. The functionality of PTMApp-Web is developed primarily with the goal of 
allowing local units of government to collaboratively build, share, and analyze BMP targeted 
implementation strategies that are prioritized, targeted, and result in measurable water quality 
improvements. The conceptual wireframes that were built during PTMApp development document the 
workflow process and have been provided in Appendix C: PTMApp-Web Wireframes. 

5 THEORY AND METHODS 

The theory and methods utilized by PTMApp-Desktop and PTMApp-Web are described in this section.  
The major modules within PTMApp include: 

 Catchments and Loading 
 Ranking 
 BMP Suitability  
 Benefits Analysis 
 Cost Analysis 

The theory and methods used in performing calculations within each of these major modules is described 
in the following sections. 

5.1 CATCHMENTS AND LOADING  

This section described the methods used to generate catchments, stream power index (SPI), sediment 
yields and delivery, and TN and TP yields and delivery. 

5.1.1 CATCHMENTS 

Catchments are generated with PTMApp-Desktop to represent field scale units (average size 40 acres) 
that are delineated based upon hydrology. Catchments serve as the finest scaled of data aggregation 
with PTMApp-Desktop and PTMApp-Web. As part of PTMApp-Desktop processing, the topological 
relationships among catchments are established for use in routing TP, TN, and sediment to resources of 
concern and adjoint catchment outlets. Adjoint catchments are defined within PTMApp as catchments 
that have catchments upstream of their location which contribute flow, TP, TN and sediment to their pour 
point. 
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5.1.2 STREAM POWER INDEX 

SPI accounts for physical characteristics of a landscape to estimate the potential of overland and 
concentrated surface water flow to cause erosion. SPI values are computed by multiplying the slope of a 
point on the landscape by its contributing drainage area (i.e. flow accumulation).  

	 ln 	 	 	  

Higher SPI values indicate greater energy in moving surface water and thus a greater likelihood of 
sediment erosion. SPI is a simple analysis, not accounting for land cover, land use, soil type or other 
factors that impact surface water erosion. For this reason, it is best to compare SPI values across areas 
with similar land management practices, land covers, and soils.  

In PTMApp, SPI values are computed using derivatives of a conditioned digital elevation model (DEM). 
Landscape slope is determined from the raw “bare earth” DEM. Contributing areas are determined using 
the flow accumulation raster created from the conditioned DEM. Typically, the primary focus of the SPI 
analysis is to locate areas with high potential for erosion and subsequently gully formation.  

5.1.3 SEDIMENT YIELD  

Sediment yields are estimated based on the implementation of the Revised Universal Soil Loss Equation 
(RUSLE). RUSLE accounts for land cover, soil type, topography, and management practices to determine 
an average annual sediment yield estimate as a result of rill and interrill flow. RUSLE requires several 
input parameters to be developed and multiplied an equation to form the estimated annual sediment yield. 
The development of input variables to RUSLE are described below. The RUSLE is calculated as: 

	 	 	 	 	 	 	 	  

where, R is the Rainfall and Runoff Factor, K is the Soil Erodibility Factor, LS is the Length-Slope Factor, 
C is the Cover and Management Factor, and P is the Support Practice Factor. The R, K, C, and P factors 
are require inputs for PTMApp-Desktop (see PTMApp-Desktop user guide, available online: 
http://ptmapp.rrbdin.org/files/PTMApp_User_Guide.pdf ). A description of each of these factors is given 
below. 

Rainfall and Runoff Factor (R-factor) – The R-factor accounts for the impact of meteorological 
characteristics of the watershed on erosion rates. Information on R-factors across the State of Minnesota 
is available from the NRCS Field Guide, on a county-by-county basis (NRCS, 1996)  

Soil Erodibility Factor (K-factor) – Soil erodibility factors used in PTMApp should be taken directly from the 
NRCS’s SSURGO Database. The K factor accounts for the effects of soil characteristics on erosion rates.  

Length-Slope Factor (LS-factor) – The LS-factor accounts for physical characteristics of the landscape on 
erosion rates. The US Department of Agriculture’s (USDA) Predicting Soil Erosion by Water: A Guide to 
Conservation Planning with RUSLE, Agricultural Handbook No. 703 summarizes the methodology used 
to derive the LS-factors within PTMApp. Length data is derived from the conditioned DEM and slope data 
was derived from the raw “bare earth” DEM.  

Cover and Management Factor (C-factor) – The C-factor accounts for land cover effects on erosion rates. 
C-values in the NRCS’s MN Field Office Technical Guide should be used as the basis for developing the 
values used in this analysis.  These C-Factors can be transcribed based upon land use, land cover. The 
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most recent National Agricultural Statistics Service (NASS) Crop Land Datalayer (CDL) is the 
recommended land use, land cover data source. Table 3 C-Factor values that can be transcribed based 
upon the 2013 NASS CDL. PTMApp currently uses generalized C-Factors as data on future crop 
rotations and an assessment of their transcription to C-Factors were unavailable at the time this project 
was developed. It is suggested that future work considers developing better estimates of C-Factors based 
upon rotational changes in land use, land cover. 

Table 3. Cover and Management Factor suggestion for PTMApp based upon 2013 NASS CDL. 

C- Factor NASS CDL Classification 

0.200 Corn, Soybeans, Sunflower, Barley, Spring Wheat, Durum Wheat, Winter 
Wheat, Rye, Oats, Canola, Flaxseed, Peas, Herbs, Dry Beans, Potatoes, 
Other Crops, Fallow/Idle Cropland  

0.100 Alfalfa, Other Hay/Non Alfalfa, Sod/Grass Seed, Herbs 

0.005 Clover/Wildflowers

0.003 Developed/Open Space, Developed/Low Intensity, Developed/Medium 
Intensity, Developed/High Intensity, Barren

0.002 Deciduous Forest, Evergreen Forest, Shrubland, Mixed Forest 

0.001 Grassland Herbaceous, Woody Wetlands, Herbaceous Wetlands 

0.000 Open Water 

Support Practice Factor (P-factor) – The P-factor accounts for the impact of support practices on erosion rates. 
Examples of support practices include contour farming, cross-slope farming, and buffer strips. For the purposes 
of PTMApp, variations in P-factors across the study area were not accounted for in Sediment yield and load 
calculations, since there is not sufficient information to derive P-factors at the scale required for this analysis. 
Support practice P-factors are typically less than one and result in lower estimates of sediment yield than if the 
support practices were not accounted for. As such, the results of the RUSLE analysis in this work are 
conservative estimates of soil erosion, not accounting for support practices that may be in-place. Practices such 
as contour farming and buffer strips can be accounted for in the Benefits Analysis module within PTMApp. 

5.1.4 SEDIMENT DELIVERY 

Once the sediment yield is estimated within PTMApp, the sediment reaching a channel at the catchment 
outlet is estimated using a sediment delivery ratio (SDR). The estimated SDR for the catchment is a 
function of area (Maidment, 1993).  

	 0.41 ∗ 	 	 	 . .  

The SDR for each cell within an overland catchment is estimated as a function of the catchment SDR 
adjusted by the distance from a cell to the nearest area of channelized flow.  
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	 	 	 1 	

	

	 	 	 	

0.75
	

	 	 	 	

 

Therefore, the SDR for each cell is computed as Overland SDR (for the catchment) multiplied by 
Overland SDR Adjustment Factor (for the cell).  

The sediment transported downstream to a priority resource is further reduced using a first-order 
transport function. In-channel downstream transport and loss follows an exponential decay function (i.e., 
first order loss) using travel time and median diameter of sediment: 

 

Where Y is sediment yield, β is transport coefficient, T is travel time, d50 is mean sediment diameter. 
Values of 0.2 and 0.1 are used as defaults for β and the d50, respectively. These values can be adjusted 
based upon local knowledge. 

5.1.5 TN AND TP YIELD  

Nutrient annual yields leaving the landscape are estimated using a method similar to sediment (i.e., they 
are computed for each cell in the raster). Yields for TP and TN follow an empirical approach using land 
use export coefficients from literature values.  TP and TN annual yields are estimated using the values in 
Table 4 and Table 5 applied to land use classes in the 2011 National Land Cover Dataset (NLCD), 
respectively.  

Table 4. Total Phosphorus yield for NLCD 2011 land use classifications. 

NLCD 
Classification 

 

Description 

TP Loading 

[kg/ha/yr]

 

Source 

11 Open Water 0 MPCA 2004 

21 Developed, Open Space 1 Lin 2004 

22 Developed, Low Intensity 0.91 LimnoTech 2007

23 Developed, Medium Intensity 1.15 LimnoTech 2007

24 Developed, High Intensity 1.5 LimnoTech 2007

31 Barren Land 1 MPCA 2004 

41 Deciduous Forest 0.075 LimnoTech 2007

42 Evergreen Forest 0.075 LimnoTech 2007

43 Mixed Forest 0.075 LimnoTech 2007

52 Shrub/Scrub 0.075 LimnoTech 2007

71 Grassland/Herbaceous 0.17 LimnoTech 2007
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NLCD 
Classification 

 

Description 

TP Loading 

[kg/ha/yr]

 

Source 

81 Pasture/Hay 0.17 LimnoTech 2007

82 Cultivated Crops 0.38 LimnoTech 2007

90 Woody Wetlands 0 LimnoTech 2007

95 Emergent Herbaceous Wetlands 0 LimnoTech 2007

Table 5. Total Nitrogen yield for NLCD 2011 land use classifications. 

NLCD 
Classification 

 

Description 

TN Loading 

[kg/ha/yr] 

 

Source 

11 Open Water 3.5 MPCA 2013 

21 Developed, Open Space 3.5 MPCA 2013 

22 Developed, Low Intensity 5.4 US EPA 1983  

23 Developed, Medium Intensity 9.6 US EPA 1983 

24 Developed, High Intensity 18.0 US EPA 1983 

31 Barren Land 3.5 MPCA 2013 

41 Deciduous Forest 2 US EPA 1999 

42 Evergreen Forest 2 US EPA 1999 

43 Mixed Forest 2 US EPA 1999 

52 Shrub/Scrub 2 US EPA 1999 

71 Grassland/Herbaceous 1.3 USDA MANAGE1 database

81 Pasture/Hay 2.4 USDA MANAGE1 database

82 Cultivated Crops 7.8 USDA MANAGE1 database

90 Woody Wetlands 3.5 MPCA 2013 

95 Emergent Herbaceous Wetlands 3.5 MPCA 2013 

                                                      

 

1 U.S. Department of Agriculture – Agricultural Research Station.  Nutrient Loss Database for Agricultural Fields in the US. 
(http://www.ars.usda.gov/Research/docs.htm?docid=11079) 
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5.1.6 TN AND TP DELIVERY 

The mass leaving each cell comprising the raster is “routed” downstream to: 1) the overland catchment 
outlet 2) each priority resource, using a first order decay computed as a function of overland and in-
channel flow travel times. The decay or loss of mass after leaving the landscape is used to represent the 
reduction in mass from physical, chemical and biological processes. A travel time raster is used in 
estimating the first order loss coefficient. The calculation methods for downstream routing can be 
subdivided into two parts 2) transport to the channel, and 3) an in-channel routing routine. 

The nutrient mass loss as it is transported downstream was represented using a first order loss equation 
for both, as a function of travel time:  

exp  

where W is the portion of the yield leaving the landscape and delivered to the downstream, k is the decay 
rate and T is travel time from one location to the next The default values used for k was 0.1 for travel to 
the overland catchment outlet and 0.4 for in-channel transport. The delivery raster was created using the 
travel time raster to determine the portion of the mass reaching the overland catchment and priority 
resources. 

5.1.7 RUNOFF VOLUME AND PEAK DISCHARGE 

The runoff volume (i.e. excess depth multiplied by watershed area) is calculated in PTMApp-Desktop 
using the NRCS runoff curve number (CN) method. The table used for generating CN values has been 
provided in 
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Appendix D: Curve Number Table.  Peak discharge is then calculated based upon methods describe in 
NRCS TR-55 (NRCS, 1986). These calculations are performed at the raster scale, giving a spatially 
distributed estimate of volumes. 

5.1.8 ADJUSTING LOADS AND YIELDS 

Two options for adjusting loads are available: adjusting to modeling data (e.g. Hydrologic Simulation 
Program-Fortran) and adjusting to point information (i.e. monitoring data). Spatial information includes 
land segment information from watershed models (e.g. SWAT or HSPF) or other known sources (e.g. 
event mean concentrations (EMCs)) which have a spatial extent (e.g. PERLNDs from HSPF, HRUs from 
SWAT, NLCD for EMCs, etc). Point information is observed loads at a gauging point the User would like 
to adjust the yields too.  

5.2 RANKING 

5.2.1 PERCENTILE RANKS 

For Sediment, TP, and TN data, percentile ranks are calculated based upon the relative magnitude of 
contribution towards leaving the landscape, reaching a catchment outlet, and reaching a priority resource. 
Percentile ranks are calculated assuming a log-normal distribution, or linear distribution. PTMApp users 
will be able to choose which distribution is a better fit for their data. 

5.2.2 WATER QUALITY INDEX 

PTMApp, calculates a Water Quality Index (WQI) value that combines the sediment, TP and TN ranked 
rasters into one composite ranking computed as follows.  

	 	 	 0.5	 	 	 0.25	 	 	 0.25	 	 	  

By default, this formula gives equal weighting to both sediments and nutrients to identify areas 
contributing relatively high proportions of both sediment and nutrients downstream. Within PTMApp, 
these weightings can be adjusted based upon user preference. 

5.3 BMP SUITABILITY 

Within PTMApp, potential locations for BMPs and CPs are identified based upon treatment groups (Table 

6). These groups are based upon the primary form of treatment and the primary treatment process.  
Table 7 shows an example of how these treatment groups correspond to specific types of BMPs. 
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Appendix E: Mapping BMPs to Treatment Groups contains the list of specific BMP types and how they 
correspond to PTMApp treatment groups. PTMApp-Desktop application will identify suitability for 
representative BMPs based upon treatment groups. The suitability analysis is not expected to include all 
BMPs in Table 6.  

Table 6. BMP and CP treatment groups and primary treatment process. 

 
Storage Filtration Bio-Filtration Infiltration Protection Source 

Reduction 

User 

Defined 

Primary 

Treatment 

Process 

Sedimentation Sedimentation Sedimentation 
& biological 

Volume 
abstraction  

Physical 
protection of 
the 
landscape 

Reduction of 
Mass 
Potential 

User selects 
method 
(from those 
to left) or 
enters 
percentage 

Primary Form 

of Treatment 

Particulate Particulate Particulate Dissolved Total 
(Dissolved & 
Particulate) 

Total 
(Dissolved & 
Particulate) 

Total 
(Dissolved & 
Particulate) 

 

Table 7. Example of specific BMPs that have been categorized into Treatment Groups. 

Treatment Group‡ BMP Type NRCS Practice 
Code 

BWSR 
Practice 

Code 

MDA BMP 
Handbook 
Category

Infiltration Alternative Tile Intakes 606 170M – 173M Controlling 

Filtration Grassed Waterways 412 412 Controlling 

Filtration Filter Strip 393 393 Trapping 

Protection Grade Stabilization Structure 410 410 Trapping 

Source Reduction Nutrient Management  590 590 Avoiding 

Storage Water and Sediment Control 
Basin (WASCOB) 

638 638 Trapping 

Protection Critical Area Planting 342 342 Avoiding 

Storage Pond for Water Use 378 378 Trapping 
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Treatment Group‡ BMP Type NRCS Practice 
Code 

BWSR 
Practice 

Code 

MDA BMP 
Handbook 
Category

Protection Streambank and Shoreline 
Protection 

580 580 Controlling 

Storage Wetland Restoration 657 657 Trapping 

Filtration Conservation Cover Easement 327 327 Avoiding 

Bio-Filtration Vegetated Subsurface Drain 
Outlet (Saturated Buffers) 

739 739 Trapping 

Storage Drainage Water Management 554 554 Controlling 

Bio-Filtration Denitrifying Bioreactor 747 747 Trapping 

User Defined User Defined† User Input User Input User Input 

PTMApp identifies areas that are suitable for BMP Treatment Groups based upon the criteria in Table 8. 

These criteria are primarily based upon NRCS design standards. User defined can be any point on the 
landscape, however, the user would then have to match their location to one of the PMTApp treatment 
groups. 

Table 8. Suitability criteria for BMP treatment groups. 

Treatment Group  Specific BMP   Criteria 

Storage WASCOB/Sediment Basin • Accumulated sediment delivered to flow line; percentile 
rank > 90; 

•Contributing drainage area < 40 acres 

 Controlled Drainage •National Land Cover Dataset (NLCD) 2011 cultivated 
lands; 

•Slope < 1%; 

•Not a hydric soil

 Ponds for Water Use

 Wetland Restoration

 Depression Storage •Depressions(fill all on raw DEM – raw DEM); 

•Minimum depth of 0.5 feet; 

•Minimum surface area of 2 ;acres 

•National Land Cover Dataset (NLCD) 2011 cultivated 
lands 

 Drainage Water Management

Filtration Grassed Waterways •Contributing drainage area < 7 acres; 
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Treatment Group  Specific BMP   Criteria 

•Slope > 3% and < 12%; 

•National Land Cover Dataset (NLCD) 2011 cultivated 
lands ; 

•Upstream flow length less than 750 feet 

 Filter Strips •Land Within 100 ft. of channelized flowline; 

•NLCD 2011 cultivated lands; 

•< 8.1 tons/year of sediment; 

•Contributing Area < 124 acres 

 Saturated Buffer •Land Within 100 ft. of channelized flowline; 

•NLCD 2011 cultivated lands; 

•Depth to groundwater < 2 feet 

 Conservation Cover 
Easements 

 

Bio-filtration Denitrifying Bio-reactors •Slope ≤ 1%; 

•NLCD 2011 cultivated lands; 

•Not a hydric soil 

Infiltration 2-stage Ditch •NLCD 2011 cultivated lands; 

•Drainage ditch based on MN DNR 24K streams; 

•Bank heights ≤ 10 ft.

Protection Grade Stabilization •SPI Ranks > 50; 

•NLCD 2011 cultivated lands 

 Shoreline Protection

Source Reduction Nutrient Management

 Cover Crops •NLCD 2011 cultivated lands; 

 Perrenial Crops •Crop Productivity Index ≤ 61; 

•NLCD 2011 cultivated lands 

User Defined   
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5.4 BENEFITS ANALYSIS 

One of the most challenging parts of “measuring” water quality improvements is estimating the reduction 
in total nitrogen (TN), total phosphorus (TP), and sediment resulting from implementing agricultural BMPs 
and CPs on the landscape. Some of the reasons that estimating the pollutant reduction benefits of 
agricultural BMPs and CPs is challenging include: 

 The dependence upon specific design factors related to the BMP or CP; 
 Effectiveness is a function of the location of the BMP or CP on the landscape, relative to the particular 

waterbody it is intended to protect or restore;  
 Highly variable in-field monitoring results, caused in part because of the changing environmental 

conditions (e.g., amount of runoff); and 
 Challenges associated with the ability to extrapolate monitoring data from one setting to another.  

Because of these challenges, the pollutant reduction benefits of agricultural nonpoint source BMPs and 
CPs is often assumed as a fixed percentage of the load received and estimated at the BMP or CP 
location. These methods are inadequate for measuring progress toward achieving water quality goals at 
the actual waterbody for which a protection or restoration strategy is being developed. PTMApp utilizes 
treatment groups (see Table 6) to estimate load reductions at the BMP and at the downstream resource. 
This section documents the theoretical basis for methods for estimating BMP and CP load reductions and 
measuring water quality improvement for a proposed implementation strategy as part of PTMApp 
development. 

5.4.1 REDUCTION RATIOS 

A key step in “measuring” the impacts of BMPs for PTMApp is estimating the volume of runoff that can be 
treated by a BMP (treatment potential) resulting from different precipitation events (delivery potential). By 
default, 2-year, 24-hour and 10-year, 24-hour precipitation events are used as the standard precipitation 
events2 in PTMApp based upon Atlas 14, as most BMPs are designed for treatment within this range. The 
assumption is that the mass reductions estimated using the 2-year, 24-hour precipitation event will 
approximate annual average values (since it is a 50% chance precipitation event). Users of the PTMApp 
will able to adjust storm events to their desired depths. The remainder of this section describes how 
reduction ratios will be calculated for each treatment group within PTMApp. 

The “current” methods used to estimate BMP and CP effectiveness is to assign an assumed value. This 
approach fails to acknowledge that the effectiveness of BMPs and CPs in reducing load is typically based 
on either the volume of water they receive (e.g., storage), or how rapidly water moves across the surface 
(e.g., filter strips). Conceptually, the approach provides a continuous mathematical function between 
lower and upper percent reduction values (obtained from the literature), to estimate the reduction in load 
received by the BMP, based upon either the volume of water which can be treated or the rate by which 
water moves through the BMP.  

                                                      

 

2 Water quality BMPs and CPs are generally designed for more frequent storm events, rather than less frequent events like the 100-year return period 
storm as is typical for flood control projects.  
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Within PTMApp, the percent reduction of a water quality constituent is based upon a reduction ratio and 
the empirical statistical distribution of BMP effectiveness within the treatment category (Table 9). For 
instance, the reduction ratio for Storage BMPS (e.g. wetlands, sediment control basins) is calculated as 
the ratio of the volume of water delivered (Delivery potential) to the BMP under 2-year, 24-hour and 10-
year, 24-hour precipitation events to the volume of water held by the storage BMP (Treatment potential). 
The reduction ratios for each treatment group are shown in Table 9. BMPs and CPs will be placed in 
treatment groups based on the process by which water is treated (see Table 6). This is necessary 
because of the large number of equations which would need to be developed for each type of BMP and 
CP if they were not placed into treatment groups and the general lack of data relative to effectiveness. 

 

Table 9. Methods for estimating the reduction ratio for BMP and CP treatment groups. 

Storage Filtration Bio-Filtration Infiltration Protection Source 

Reduction 

User 

Defined 

Reduction 

Ratio (r) 
Treatment 
Volume / 
Runoff 
Volume 
Delivered 

Velocity Design 
Standard / 
Velocity During 
Peak Discharge 

Velocity 
Design 
Standard / 
Velocity 
During Peak 
Discharge 

BMP 
Abstraction 
Volume / 
Volume 
Delivered 

Modified 
RUSLE 
Parameters  

Actual 
reduction 
in mass 

User 
selects 
method 
(from 
those to 
left) or 
enters 
percentage

 

5.4.1.1 STORAGE 

Storage BMPs generally provide treatment through sedimentation processes. The effectiveness of 
sedimentation processes are therefore related to the volume of dead storage (i.e., water stored within a 
permanent pool) and the volume of water delivered to the BMP. The storage reduction ratio is calculated 
based upon the treatment volume of the practice (treatment potential) derived from topographical data 
and the total volume of water delivered to the practice (delivery potential) under 2-year, 24-hour and 10-
year, 24-hour precipitation events. The volume of water delivered to a storage BMP is calculated using 
the Curve Number (CN) method. 

5.4.1.2 FILTRATION 

Filtration practices generally provide treatment by allowing water to infiltrate and by slowing the velocity of 
water to allow for sedimentation processes to occur. The effectiveness of filtration BMPs are therefore a 
function of the velocity design standard and the velocity of runoff delivered across the surface of the BMP. 
Filtration practices are typically designed to treat a maximum velocity of 0.06 ft. sec-1. PTMApp uses 0.05 
ft. sec-1 as the treatment potential of filtration BMPs and CPs. This treatment potential velocity was 
calculated using stoke’s law, assuming a 50 foot wide filtration practice that results in the silt and sand 
fractions of sediment being retained within the BMP. The velocity resulting from the peak rate of runoff 
(delivery potential) is then calculated using the CN method and unit hydrograph theory to determine peak 
discharge for the 2-year, 24-hour and 10-year, 24-hour precipitation events. The reduction ratio is 
reduced if the velocity exceeds 0.05 ft. sec-1. 
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5.4.1.3 BIO-FILTRATION 

Bio-filtration practices generally provide treatment by slowing the velocity of water to allow for 
sedimentation processes and biological processes to occur. The reduction ratio for bio-filtration BMPs is 
calculated using the same method as Filtration practices. PTMApp uses 0.05 ft. sec-1 as the treatment 
potential of bio-filtration BMPs. The velocity during peak discharge (delivery potential) is then calculated 
using the CN method and unit hydrograph theory to determine peak discharge under 2-year, 24-hour and 
10-year, 24-hour precipitation events. The effectiveness of bio-filtration practices is differentiated from 
filtration practices based upon the empirical statistical distribution of observed treatment. 

5.4.1.4 INFILTRATION 

Infiltration practices generally provide treatment by allowing water to infiltration through the soil or other 
media. PTMApp calculates the reduction ratio for infiltration BMPs based upon the volume abstracted (i.e. 
infiltrated) from runoff (treatment potential) and the volume of water delivered (delivery potential) to the 
BMP under 2-year, 24-hour and 10-year, 24-hour precipitation events. Both the abstraction volume and 
volume delivered to the BMP are calculated using the CN method. 

5.4.1.5 PROTECTION 

Protection practices generally provide treatment by physically armoring the landscape in areas with high 
potential for erosion. This could include natural materials (e.g. tree, shrub, grass plantings) and/or 
manmade materials (e.g. rock filled gabion baskets). PTMApp estimates the reduction potential of 
protection BMPs and CPs based upon the amount of water quality constituents (TP, TN, Sediment) no 
longer being eroded from areas where protection BMPs can be placed on the landscape. The percent 
reduction in water quality constituents is based upon the empirical statistical distribution of protection 
BMPs. For protection practices, reduction ratios will be set to 1 and their effectiveness will vary based 
upon empirical data. 

5.4.1.6 SOURCE REDUCTION 

Source reduction practices generally provide treatment by reducing the amount of water quality 
constituents (typically TP and TN) applied to the landscape. For example, nutrient management plans 
usually reduce the amount of fertilizer applied to agricultural areas. PTMApp measures the reduction 
potential of source reduction BMPs and CPs based upon their empirical statistical distribution for reducing 
TP and TN. This empirical distribution is a function of published effectiveness values (e.g. AG BMP 
database, National BMP database) for the BMPs that are categorized into the source reduction treatment 
group. 

5.4.1.7 USER DEFINED 

With the state, national, and international focus on reducing non-point source pollution through the use of 
BMPs and CPs, accounting for every potential type of BMP and CP proves challenging. In order to allow 
greater flexibility in the BMPs captured within the PTMApp, users are allowed to define and input the 
effectiveness of User Defined practices. This will allow end user’s to measure the effectiveness of current 
BMPs not captured within PTMApp and allow future BMPs to be incorporated into the application. The 
user have the option of using assigning their custom defined BMPs to any of the treatment groups, or 
inputting their own effectiveness value. 
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5.4.2 ESTIMATING CONSTITUENT REMOVAL 

An empirical treatment decay function is used to transform the reduction ratio (r) into a percent reduction 
of a water quality constituent from the implementation of a BMP. The percent reduction (R) will be 
calculated as: 

karR   

where ɑ is a percent reduction in a water quality constituent taken from the empirical statistical distribution 
of the BMP treatment group, and k is a decay coefficient based upon the interquartile range of the 
empirical statistical distribution of the BMP treatment group. To account for potential uncertainty in the 
calculations, the ɑ term is modeled as the median (Q2), upper (Q3) and lower limit (Q1) of the inter 
quartile range of the empirical statistical distribution of the BMP treatment group. The decay coefficient, k, 
is calculated as: 

12
23

QQ

QQ
k




   

where Q3 is third quartile (i.e. upper limit) of the empirical statistical distribution of the BMP and CP 
treatment group, Q2 is the second quartile (i.e. median) of the empirical statistical distribution of the BMP 
treatment group, and Q1 is the first quartile (i.e. lower limit) of the empirical statistical distribution of the 
BMP treatment group. The empirical statistical distribution was established based upon the availability of 
research on a particular treatment group with priority going to studies conducted in Minnesota, then the 
Upper Midwest, and then the United States. Figure 3 is a graphical illustration of possible treatment 
decay function ranges assuming different values of k. The decay coefficient values (k) for each treatment 
group based were fit based upon best available data. 
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Figure 3. Illustration of different treatment decay functions based on different decay coefficients (k). 

5.5 COST ANALYSIS 

The cost of implementing BMPs and CPs is estimated on a per unit area, volume or length basis. The 
average per unit area, length, volume basis for different treatment groups was based upon NRCS EQIP 
payment schedules. These values are the default in PTMApp, but can be adjusted based upon local 
knowledge (Table 10). These payments do not necessarily reflect the true total cost of installing and 
maintaining BMPs and CPs. If better costs become available, it is suggested they be updated. This cost 
information is used to estimate the treatment cost of implementing BMPs on areas that are suitable for 
different treatment groups. The calculated costs is paired with the estimates of constituent removal for 
each BMP treatment group. This information is used to establish a treatment cost and total potential 
constituent removal for each BMP treatment group. An efficiency frontiers is then developed for each 
treatment group to identify the maximum reduction in a water quality constituent per dollar invested in a 
treatment group. The efficiency frontier will assume single practice implementation (i.e. won’t account for 
BMP treatment trains). These efficiency frontiers will serve as a “measuring stick” for the treatment cost of 
implementing individual best management practices. 
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Table 10. Treatment group per unit area, length, or volume costs based upon EQIP rates. 

Treatment 
Group 

Reporting 
Unit 

Price, $ Practices included in cost estimate 

Storage CuYd $0.10 Pond, Sediment Basin, Wetland Restoration 

Filtration acre $474.07 Conservation Cover, Conservation Crop Rotation, Contour Buffer 
Strips, Contour Farming, Cover Crop, Field Boarder, Filter Strip

Bio-Filtration CuYd $43.87 Denitrifying Bioreactor

Infiltration ft $3.95 Terraces

Protection acre $2,133.35 Critical Area Planting, Tree & Shrub Establishment

Source 
Reduction 

acre $30.87 Irrigation Water Mangement, Nutrient Management, Conservation 
Tillage

5.6 EXAMPLE BENEFIT COST ANALYSIS 

To clarify the methods described in 5.4 Benefits analysis and 5.5 Cost analysis, an example of the output 
data products that can be generated by PTMApp has been performed for filtration practices for a 
subwatershed in the Sand Hill River Watershed District (SHRWD). The SHRWD is used as the example 
because of past work completed in the District.  

5.6.1 CALCULATING REDUCITON RATIOS 

The delivery potential and treatment potential for filtration practices were calculated for a subwatershed 
identified as a high priority for sediment reduction in the SHRWD (based on HSPF model results) using 
the runoff resulting from a 10-year 24-hour precipitation event (Figure 4). Peak discharge was calculated 
using the CN method and unit hydrograph theory. Peak Discharge was converted to a peak velocity and 
used as the delivery potential. A design standard of 0.06 ft. sec.-1 was used for the treatment potential of 
filter strips. The treatment potential was divided by the delivery potential to estimate the reduction ratio. 
This example illustrates how reduction ratios will be calculated in the PTMApp. Once calculated, the 
reduction ratio can be transformed with a treatment decay function to “measure” reductions in TN, TP, 
and sediment. The approach essentially assumes the reduction ratio is a function of how rapidly water 
moves across the surface of the filtration BMP.  
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Figure 4. Example reduction ratio calculation for filtration practice treatment group. 

5.6.2 ESTIMATING CONSTITUENT REMOVAL 

Table 11 shows an example of the empirical statistical distribution for sediment removal within the 
filtration treatment group and includes the resulting decay coefficient (k). The statistics are taken from the 
Minnesota Agricultural BMP database. Figure 5 shows the resulting treatment decay results as a function 
of reduction ratios for filtration practices. By utilizing the range of observed treatment potential, the 
resulting treatment decay functions will account for uncertainty in BMP performance. Figure 6 shows the 
output transformation of the reduction ratio to percent reduction in sediment for filtration practices using 
the median (Q2) observed value. PTMApp will use the percent reduction for each treatment group to 
“measure” load reductions (TP, TN, sediment and runoff) at the BMP and at the resource of concern. 

Table 11. Empirical statistical distribution for sediment removal within the filtration treatment group and the resulting 
decay coefficient (k). Based on data from the MN Ag. BMP database. 

Treatment Group Min, % Q1, % Q2, % Q3, % Max, % k 

Filtration 0.44 0.54 0.75 0.91 1 0.74 
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Figure 5. Treatment decay functions based on reduction ratios for filtration practices. 

 

            

Figure 6. Conversion of the reduction ratio to a percent reduction in water constituent (sediment) using  
the treatment decay function for filtration practices. 
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5.6.3 ESTIMATING TREATMENT COST AND OPTIMUM TREAMENT 

PTMApp estimates the potential cost associated with implementing BMPs and CPs on a per unit area, 
length or volume for each BMP treatment group. Each treatment group will have a default cost derived 
from best available information (i.e. NRCS EQUIP payment schedules). End user’s will also have the 
option to override the default cost value based on local experience. For this example, it was assumed that 
filtration practices could be implemented at $1,000 / acre.  

The percent sediment reductions calculated above (see Figure 5) were applied to sediment loading 
estimates delivered to a downstream resource of concern (i.e. main stem of the Sand Hill River). The 
sediment load delivered to the Sand Hill River was then scaled based upon the Hydrologic Simulation 
Program-Fortran (HSPF) model for the Sand Hill River watershed (meaning loads were adjusted from the 
terrain analysis products to match the calibrated HSPF modeled loads). PTMApp allows users to scale 
loading data based on existing models and/or gage (observed) data or other external knowledge. Figure 

7 shows the resulting treatment cost ($ / Ton of sediment reduced at the Sand Hill River impaired water) 
and total potential sediment reduction by field scale catchment. This information could be used during the 
development of targeted implementation plans to identify areas with the most cost-effective and highest 
potential for treatment of issues (TP, TN, sediment and runoff) impacting resources of concern. It could 
also be used to inform measurable goals and establish implementation strategies.  

                   

Figure 7. Dollars per ton of sediment reduced and total potential sediment reduction at the Sand Hill River.  
Grey catchments lack opportunities for filtration practices. 

The BMP cost-effectiveness was then used to identify single practice implementation efficiency frontiers 
(Figure 8). In other words, the efficiency frontier identifies the minimum measured dollar investment 
needed to achieve a given amount of reduction in water constituent (TN, TP, sediment, and runoff) at a 
resource of concern. This output could serve to inform the potential efficiency (i.e. cost-effectiveness) of 
proposed implementation projects. Proposed projects that are close to the maximum possible efficiency 
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should provide more cost-effective treatment relative to projects that are further away from the maximum 
possible efficiency. 

 

Figure 8. Single treatment efficiency frontier for filtration practices. Frontier indicates the maximum reduction in 
sediment delivered to the main channel of the Sand Hill River relative to the implementation cost. 

5.7 MODELING TREATMENT TRAINS 

A treatment train is defined as two or more BMPs and CPs which treat a portion of the same runoff and 
load. The estimated treatment effectiveness of the BMPs and CPs are interdependent; i.e., the load 
arriving at a BMP or CP if modified by one located upstream. BMP treatment trains can occur in series 
and parallel, as well as a combination of series and parallel. Figure 9 defines the conceptual range of 
potential interdependence3 of BMPs and CPs. 

                                                      

 

3 The treatment effectiveness of BMPs and CPs located in separate catchments are independent, and therefore their combined removal is multipliative 
moving downstream.  
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Figure 9. Type of BMP treatment trains within PTMApp. 

The fundamental technical challenge when estimating the combined effectiveness (i.e., load reduction) of 
a treatment train in a geospatial environment lies in the ability to know the number and types of BMPs 
and CPs located upstream from a specific BMP/CP (i.e., network topology).  

To estimate the load reduction at a BMP or CP, both the localized load (from the intervening drainage 
area between a specific BMP / CP and the next upstream BMP / CP) and the load delivered from 
upstream BMPs and CPs needs to be known. An example, highlighting this concept, is provided below. 
The computational steps necessary in a geospatial environment to estimate the combined load reductions 
can be complex. The approach used in PTMApp results in a reasonably efficient process by using the 
annual load rasters (3m x 3m rasters for TP, TN and sediment) for a catchment, where the load values 
are the mass delivered to the catchment pour point. Once load reductions to the catchment pour points 
are estimated, they can be “routed” to a downstream resource using pre-computed decay functions. A 
raster equal to one minus the pollutant reduction effectiveness (i.e. the BMP Delivery Factor) of the BMP / 
CP is applied to the annual load raster for a catchment. The BMP Delivery Factor is utilized to track the 
load remaining rather than the load reduced. This methodology eliminates the need for routing loads 
through BMPs as the routing to the catchment outlet or priority resources is already performed at the 
raster cell scale. The following section describes how treatment trains (series, parallel, and combinations) 
are handled within PTMApp. 

5.7.1 TREATMENT TRAINS: CALCULATING LOAD REDUCTIONS 

The general equations used to estimate the annual load reduction from a treatment train are as follows: 

Series 

 

Parallel 

 

Combination 
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where  is the annual load delivered to the catchment pour point after being reduced by the combined 
effectiveness of the upstream BMPs,  is the annual load delivered to BMP  from its upstream 
drainage area, and  is the proportion of the load reaching the  th BMP (BMP ) that is delivered to 
catchment pour point (i.e., BMP delivery factor). The structure of these equations requires that in order to 
estimate the overall load reduction at the catchment pour point (or a priority resource), the annual load 
raster for the catchment of an individual BMP must have the BMP delivery factor applied to the raster. 
Likewise, if the cell of a raster falls within the drainage area of multiple BMPs (i.e. overlapping BMPs) then 
the BMP delivery factor are applied multiplicatively. Treatment train costs are estimating using the EQIP 
estimates in Table 10. These payments do not necessarily reflect the true total cost of installing and 
maintaining BMPs and CPs. If better costs become available, it is suggested that Table 10 be updated. 

5.7.2 APPLYING TREAMENT TRAINS IN PTMAPP 

Within PTMApp the process for applying this theory is as follows: 

1. Develop a raster of annual loads delivered to the catchment pour point for the catchment in which 
the BMP is located; 

2. Develop BMP delivery factor rasters, based upon the median and interquartile range of the BMPs 
estimated effectiveness, for the upstream contributing drainage area for each BMP (i.e. all cells 
within the catchment given the BMPs BMP delivery factor value) in the catchment;  

3. Multiply BMP delivery factor rasters grids together to create an overall BMP delivery factor grid. 
4. Multiply the overall BMP delivery factor raster grid by the loading grid to create an applied BMP 

treatment train loading grid (i.e. the load that is not treated by the BMPs).  

Within PTMApp, the nutrient and sediment load reductions to areas that receive treatment from BMPs, 
are based upon each BMP’s individual effectiveness. Treatment of nutrients and sediment is estimated by 
calculating load reductions for the areas treated by each BMP or CP (Table 12). For example, Storage 
practice reductions are applied to nutrients and sediment delivered to the BMP from its’ watershed, 
whereas Source Reduction practice (e.g. Nitrogen Management Plans) reductions will be applied to the 
area where the BMP is implemented. For all practice types, costs (per unit area based upon EQIP 
payment schedule) and benefits (i.e. load reductions) will be estimated relative to catchment pour point or 
resource of concern. An example calculation is provided to illustrate the proposed treatment train 
methods for use in PTMApp. 

Table 12. Method for applying reductions by treatment group. 

Storage Filtration Bio-Filtration Infiltration Protection Source 

Reduction 

User 

Defined 

Method for 

applying 

load 

reductions 

Reductions 
applied to 
BMP 
watershed 

Reductions 
applied to 
BMP 
watershed 

Reductions 
applied to BMP 
watershed 

Reductions 
applied to 
BMP 
watershed 

Reductions 
applied area 
where BMP 
is 
implemented 

Reductions 
applied area 
where BMP 
is 
implemented 

User selects 
method 
(from those 
to left)  

5.7.3 EXAMPLE TREATMENT TRAIN CALCULATION 

A catchment with high sediment delivery to the Middle Branch Root River was selected for an example 
treatment train calculation. Information about the potential locations for various BMPs and CPs is 
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expected to be available either based on the BMP Suitability analysis (see 5.3 BMP suitability) or the 
user. The treatment potential of each BMP considered in this example is shown in Table 13. Note, a 
portion of the catchment does not receive treatment by these BMPs. For illustration purposes it is 
assumed there are opportunities for Source Reduction and Filtration practices (show in blue cross hatch 
on Figure 10) within the catchment. Figure 10 shows the potential location for filtration practices. The red 
boundary in Figure 10 is an area that is suitable for a source reduction practice. The black line shows the 
catchment boundary. These boundaries are automatically generated using the PTMApp-Desktop. 
Catchments are delineated based upon surface hydrology and have an average size of 40 acres (see 
5.1.1 Catchments). 

Table 13. Treatment potential of the individual BMPs. 

Treatment Group Area Treated, acres Sediment Treatment Effectiveness (Median), % 

Filtration 65 76% 

Source Reduction 83 76% 

            

                    

Figure 10. Targeted catchment showing opportunities for BMPS. 
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The contributing drainage area to each BMP / CP is identified using geospatial processing tools (Figure 

11) according to the methods outlined in Table 12. The grey area within Figure 11 represents the 
catchment boundary, the black area the location of source reduction practices within the catchment, the 
blue line the location of proposed filtration practices and the green area the upstream drainage area 
contributing runoff to the filtration practices. The individual BMP efficiencies were estimated using the 
methods described in 5.4 Benefits analysis. For this example calculation the median efficiencies were 
used for each BMP. These BMP efficiencies were then converted to a BMP Delivery Factor (described in 
5.7.1 Treatment trains: Calculating load reductions) and applied to the areas of the watershed treated, 
assuming multiplicative reductions (Figure 12). The treatment train scenario indicated that the practices 
would result in a 13 Tons/year reduction in sediment delivered to the downstream resource and a total 
EQIP cost of $6,300, giving a treatment cost of $485/ton/year (Figure 13). To better illustrate how these 
calculations are performed, a 5 row X 7 column set of values were extracted from the treatment 
effectiveness, BMP Delivery Factor and RUSLE sediment yield rasters to so the measured yield 
remaining after the treatment was applied (Figure 14). 

 

Figure 11. Areas of the watershed treated by the selected BMPs. 
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Figure 12. BMP effectiveness applied to the area of the watershed treated by the BMPs for sediment  
delivered to the downstream resource. 

 

Figure 13. Resulting treatment cost of the treatment train scenario. 
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Figure 14. Illustration of treatment train calculations showing raster cell values that result from applying the BMP Delivery Factor to RUSLE sediment yields. 
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6 TARGETED IMPLMENTATION PLANS: PUTTING THE DATA TO 
USE 

This section provides examples of the business workflows that can be accomplished using PTMApp-Desktop 
(Figure 15). This example was provided courtesy of Sauk River Watershed District (SRWD) and shows the 
result of a PTMApp-Desktop analysis conducted through an Accelerated Implementation Grant for Ashley 
Creek within the Sauk River Watershed (SRW). The purpose of the project was to further target conservation 
efforts following the development of an HSPF model, and estimate the water quality benefits of the targeted 
BMPs and CPs. In other words, Sauk River Watershed District had a business need to develop a targeted 
implementation plan that was Prioritized, Targeted, and would likely result in Measurable water quality 
improvements.   

The graphics below walk through the different data products available through PTMApp-Desktop and used to 
address the business need of Sauk River Watershed District.  

 

Figure 15. Business workflows addressed by PTMApp Desktop. 
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6.1 DESCRIBE YOUR WATERSHED 

Describe your watershed is this process of identifying and describing important resources, features, and factors (e.g. socioeconomics) associated with your watershed. PTMApp provides base outputs of publicly available statewide data that are set to the 
extent of your watershed, such as watershed boundaries of different scales, assessed streams and lakes, impaired streams and lakes, ecological regions, and monitoring locations. This information is intended to simplify the process of gathering and 
summarize some of the common information needs associated with watershed management. Figure 16 below is an example in the SRW for Ashley Creek where assessed and impaired lakes and streams are displayed based upon current geospatial data 
from the Minnesota Pollution Control Agency.  This data can help to visualize and summarize the number of impaired waters and assessed waters within the study area. 

 

 

 

 

 

 

 

 

 

  

Figure 16. Assessed and impaired streams draining to Ashely Creek in the Sauk River Watershed. 
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6.2 PRIORITIZE RESOURCE CONCERNS  

Prioritizing resource concerns is the process by which practitioners establish the relative importance of resources within their area of management. Frequently in Minnesota, water quality is a potential resource concern included in prioritization processes. 
Products from PTMApp can be used in conjunction with other information, such as Hydrologic Simulation-Fortran Program (HSPF) models and zonation, to aid in the process of prioritizing resource concerns. For example, PTMApp outputs can be used to 
show the ranks of field scale catchments based upon their delivery of sediment and nutrients, called a water quality index (50% sediment and 50% nutrients), to areas of channelized flow (Figure 17). These ranks can aid the prioritization in types of resources 
that are selected as priorities and locations in which management actions are undertaken. 

 

 

  

Figure 17.  Water quality index (50% sediment and 50% nutrients) for sediment, total nitrogen, and total phosphorus delivered to areas of channelized flow draining 
to Ashley Creek within the Sauk River Watershed. 



 

            (PTMAPP): THEORY AND DEVELOPMENT DOCUMENTATION   45 

 

45 

 

6.3 COMPLETE SOURCE ASSESSMENT 

The source assessment identifies the magnitude and spatial distribution of potential pollution sources across the landscape. PTMApp – Desktop creates three source assessment products; i.e., load and yields leaving the landscape, delivered to a 
waterway, and delivered to a downstream resource of interest (e.g., lake or river reach). By completing a source assessment an understanding of how various parts of the watershed affect a resource is obtained and problem BMP and CP locations 
identified. The sediment yield (tons/acre/year) delivered to the outlet of Ashley Creek that have been scaled (i.e. forced to match) relative to a HSPF model for SRW (RESPEC, 2014), within the Ashley Creek study area are shown in Figure 18. Similar 
products can be developed for TN and TP for any priority resource point input during processing. The results indicate that the highest areas of sediment loading to the outlet of Ashley Creek are within Lower Ashley Creek (9070102020205), with additional 
areas in Silver Creek (070102020204) and Middle Ashley Creek (070102020203). For strategies aimed at reducing sediment delivered to the outlet of Ashley Creek, the “High” sediment yield areas would provide ideal locations to target practices. However, 
we first must evaluate the feasibility of implementing BMPs and CPs in those areas. In other words, the highest loading (sediment, TN, or TP) areas on the landscape, might have limited opportunities for implementing a practice to address the issue. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18. Ashley Creek source assessment for sediment yield delivered to the outlet of Ashley Creek. Total Nitrogen and Total Phosphorus were also assessed (not shown in map).



 

            (PTMAPP): THEORY AND DEVELOPMENT DOCUMENTATION   46 

 

46 

6.4 EVALUATE PRACTICE FEASIBILITY 

The feasibility of placing a BMP or CP on the landscape depends on several factors. These factors include the size of the contributing drainage area, the land slope, the type of flow regime, and local topography. Practice feasibility is 
based solely on technical factors largely based on field office technical guides developed by the NRCS, and excludes social factors like landowner willingness. Locations shown as “feasible” are candidates for implementing practices 
and require further technical evaluation to confirm feasibility. The potential opportunities for BMPs and CPs within the Ashley Creek study area are shown in Figure 19. The opportunities are displayed by PTMApp treatment group (HEI, 
2014b). It’s important to note that that these are only potential locations at this point in the business workflow. Local knowledge is still needed to refine the locations to identify a realistic set of targeted practices. These BMP and CP 
opportunities can be combined with the source assessment data in PTMApp to estimate the “measurable” water quality benefits for implementing the practices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19. Potential opportunities for BMPs and CP within the Ashley Creek Study Area. 
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6.5 ESTIMATE WATER QUALITY BENEFITS 

One of the means of selecting specific practices for implementation is based on their probable benefits. The probable benefits of a practice can be described by either the amount of a parameter like sediment or phosphorus removed, or the cost to remove one 
unit of the parameter (e.g., dollars per pound of phosphorus annually reduced). Practice benefits can be estimated at the location of the practice or the resource. The estimated benefits at a lake or river are more valuable from a decision making perspective. 
The treatment cost, tons/year/dollar spent, of reducing sediment to the outlet of Ashley Creek are shown in Figure 20. The areas providing the largest “bang for the buck” are in the High category. The most cost-effective areas for sediment reductions do not 
correspond exactly to the highest source load areas (see Figure 18). These results can be used to target practice locations to implement BMPs and CPs that provide the most cost-effective avenue to make progress towards local, state, and regional water 
quality management goals. 

 

 

 

 

Figure 20. The treatment cost (tons/year/dollar spent) of reducing sediment delivered to the outlet of the Ashley Creek study area. Similar products can be developed for total nitrogen and total phosphorus. 



 

            (PTMAPP): THEORY AND DEVELOPMENT DOCUMENTATION   48 

 

48 

 

6.6 TARGET PREFERRED PRACTICE LOCATIONS 

Once possible BMP and CP locations are identified based upon technical feasibility, the potential locations need to be assembled into an implementation approach to evaluate their combined effectiveness. The range of BMP and CP locations based solely on 
technical feasibility is reduced, by applying conditions like a minimum size requirement, minimum treatment effectiveness, or minimum cost effectiveness. The BMPs and CPs targeted for Scenario 2 within the Ashley Creek study area shown in . Scenario 2 
focused on targeting practices that provided the most cost-effective reductions in sediment at TP to the outlet of Ashley Creek. This step in the business workflow is based upon queries of the data generated by PTMApp. It is intended to provide feasible 
locations for implementing practices that will provide measurable water quality improvements for local priority resources. However, there are a number of factors that might influence the practices which end up being implemented such as, existing practices 
already in place or willingness of the landowner to participate. The inclusion of such factors is discussed in the next business workflow section, Develop Targeted Implementation Plan. 

 
 

 

 

 

Figure 21. Practices targeted for implementation during the development of Scenario 2 for the Ashley Creek Study Area.
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6.7 DEVELOP TARGETED IMPLMENTATION PLAN 

Specific locations to place practices need to be targeted based on other factors, including practical and social 
factors. Practical factors include for example landowner acceptance of specific types of practices and landowner 
willingness to place a practice on a field. Additional information can be incorporated to refine the practices 
targeted based upon PTMApp data. It’s likely that many areas in watersheds might already have numerous 
BMPs and CPs implemented, lack landowners who are willing to participate in additional BMPs and CPs, or 
have benefits outside of water quality (water quantity, wildlife habitat, aquatic habitat, etc...) that adjust the 
targeted locations for BMPs and CPs. For example, local knowledge was used for the Adley Creek study area 
scenarios to restrict targeting to the Adley Creek (070102020404) 12-digit HUC subwatershed, as this area was 
identified by SRWD as a priority subwatershed for practice implementation. 
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6.8 ESTIMATE BENEFITS OF TARGETED IMPLMENTATON PLAN 

The combined benefits expressed as the amount of load reduction at the resource location being restored or protected can be compared to a measurable goal. The measurable goal may be the load reduction necessary to reach the loading capacity 
for an impaired surface water or the existing load. Because the benefits of one or more practices depends on the amount of distance between the practice and the lake or river, practices benefits are a function of their position within and size of the 
watershed. Practice benefits tend to decline moving downstream as the drainage area increases. Although a practice may be intended to restore or protect the closest lake or river reach, benefits are also realized further downstream. The combined 
benefits of many practices can be used to assess the effectiveness of the targeted implementation plan. The annual load reduction estimates for TN, TP, sediment based upon Scenario 2 for the Ashley Creek study area are shown in Figure 22. The 
load reductions are calculated at each priority resource point within the Ashley Creek study area and can be used to assess progress towards and feasibility of a measurable water quality goal. This information can be used directly within a targeted 
implementation plan. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22. Sediment, TP, and TN reductions based upon Scenario 2 for Ashely Creek. 
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6.9 ASSESS FEASIBILITY OF MEASURABLE GOALS 

A measurable goal may be the load reduction needed to restore a lake or river reach or a maximum load to protect a resource. The benefits of the implementation plan can be compared to the measurable goals at one or more locations. The 
estimated benefits of the targeted implementation plan can be compared to water quality goals from watershed, state, or regional strategies, such as those found in the States Nutrient Reduction Strategy or the Sauk River Watershed WRAPS. 
For example, a study completed during the Sauk River Watershed WRAPS development (RESPEC, 2014) identified an achievable total suspended solids (TSS) reduction for SRWD Sauk Lake Management Unit of 1,486 tons/year using BMPs 
and CPs in agricultural areas. The Ashley Creek study area only makes up a portion of the Sauk lake Management Unit. The results of this project suggest that implementing Scenario 2 would provide 18% of the reductions needed for this goal 
assuming that TSS is a surrogate for suspended sediment.  

 

 

 

 

Figure 23. Sauk River Watershed District Management Units relative to the study areas used in this project. 
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7 DEVELOPMENT RESULTS AND CONCLUSIONS 

PTMApp was developed to meet multiple business needs of LGUS and BWSR (see Figure 15). 
Specifically, it was developed with the goal of providing a tool for rural LGUS to target BMPs and CPs and 
measure the water quality benefits associated with implementing BMPs and CPs. The original purpose for 
PTMApp was to serve as a tool to support LGUs for Comprehensive Watershed Managements and 
Ongoing Local Implementation within the Minnesota 10 year cycle Water Quality Framework (Figure 24). 
However, PTMApp can also be used to provide information for Restoration and Protection Strategy 
Development, Water Resource Characterization & Problem Investigation, and Monitoring and 
Assessment.  

 

 

Figure 24. Minnesota Water Quality Framework showing the 10 year watershed cycle. 

It is important to note that PTMApp is in no way intended to replace other tools (e.g. ACPF Framework, 
Zonation), actual monitoring, or models (e.g. HSPF, SWAT) within the Minnesota Water Quality 
Framework.  Rather, it was developed to complement or integrate with the other efforts. 
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9 APPENDICES 

9.1 APPENDIX A: WORKSHOPS 
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9.3 APPENDIX C: PTMAPP-WEB WIREFRAMES 
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9.4 APPENDIX D: CURVE NUMBER TABLE 

 

Hydrologic Soils 
Group 

ID  NLCD 
Value 

NLCD Class Name  Join  CN 

A  1  11  Open Water  1101  100 

B  2  11  Open Water  1102  100 

C  3  11  Open Water  1103  100 

D  4  11  Open Water  1104  100 

A/D  5  11  Open Water  1105  100 

B/D  6  11  Open Water  1106  100 

C/D  7  11  Open Water  1107  100 

A  1  12  Perennial Ice/Snow  1201  100 

B  2  12  Perennial Ice/Snow  1202  100 

C  3  12  Perennial Ice/Snow  1203  100 

D  4  12  Perennial Ice/Snow  1204  100 

A/D  5  12  Perennial Ice/Snow  1205  100 

B/D  6  12  Perennial Ice/Snow  1206  100 

C/D  7  12  Perennial Ice/Snow  1207  100 

A  1  21  Developed, Open Space  2101  45 

B  2  21  Developed, Open Space  2102  65 

C  3  21  Developed, Open Space  2103  76 

D  4  21  Developed, Open Space  2104  82 

A/D  5  21  Developed, Open Space  2105  45 

B/D  6  21  Developed, Open Space  2106  65 

C/D  7  21  Developed, Open Space  2107  76 

A  1  22  Developed, Low Intensity  2201  60 

B  2  22  Developed, Low Intensity  2202  74 
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Hydrologic Soils 
Group 

ID  NLCD 
Value 

NLCD Class Name  Join  CN 

C  3  22  Developed, Low Intensity  2203  82 

D  4  22  Developed, Low Intensity  2204  86 

A/D  5  22  Developed, Low Intensity  2205  60 

B/D  6  22  Developed, Low Intensity  2206  74 

C/D  7  22  Developed, Low Intensity  2207  82 

A  1  23  Developed, Medium Intensity  2301  77 

B  2  23  Developed, Medium Intensity  2302  85 

C  3  23  Developed, Medium Intensity  2303  90 

D  4  23  Developed, Medium Intensity  2304  92 

A/D  5  23  Developed, Medium Intensity  2305  77 

B/D  6  23  Developed, Medium Intensity  2306  85 

C/D  7  23  Developed, Medium Intensity  2307  90 

A  1  24  Developed, High Intensity  2401  92 

B  2  24  Developed, High Intensity  2402  94 

C  3  24  Developed, High Intensity  2403  96 

D  4  24  Developed, High Intensity  2404  96 

A/D  5  24  Developed, High Intensity  2405  92 

B/D  6  24  Developed, High Intensity  2406  94 

C/D  7  24  Developed, High Intensity  2407  96 

A  1  31  Barren Land  3101  77 

B  2  31  Barren Land  3102  86 

C  3  31  Barren Land  3103  91 

D  4  31  Barren Land  3104  94 

A/D  5  31  Barren Land  3105  94 

B/D  6  31  Barren Land  3106  9 

C/D  7  31  Barren Land  3107  94 
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Hydrologic Soils 
Group 

ID  NLCD 
Value 

NLCD Class Name  Join  CN 

A  1  41  Deciduous Forest  4101  36 

B  2  41  Deciduous Forest  4102  60 

C  3  41  Deciduous Forest  4103  73 

D  4  41  Deciduous Forest  4104  79 

A/D  5  41  Deciduous Forest  4105  79 

B/D  6  41  Deciduous Forest  4106  79 

C/D  7  41  Deciduous Forest  4107  79 

A  1  42  Evergreen Forest  4201  30 

B  2  42  Evergreen Forest  4202  55 

C  3  42  Evergreen Forest  4203  70 

D  4  42  Evergreen Forest  4204  77 

A/D  5  42  Evergreen Forest  4205  77 

B/D  6  42  Evergreen Forest  4206  77 

C/D  7  42  Evergreen Forest  4207  77 

A  1  43  Mixed Forest  4301  30 

B  2  43  Mixed Forest  4302  55 

C  3  43  Mixed Forest  4303  70 

D  4  43  Mixed Forest  4304  77 

A/D  5  43  Mixed Forest  4305  77 

B/D  6  43  Mixed Forest  4306  77 

C/D  7  43  Mixed Forest  4307  77 

A  1  52  Scrub/Shrub  5201  35 

B  2  52  Scrub/Shrub  5202  56 

C  3  52  Scrub/Shrub  5203  70 

D  4  52  Scrub/Shrub  5204  77 

A/D  5  52  Scrub/Shrub  5205  77 
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Hydrologic Soils 
Group 

ID  NLCD 
Value 

NLCD Class Name  Join  CN 

B/D  6  52  Scrub/Shrub  5206  77 

C/D  7  52  Scrub/Shrub  5207  77 

A  1  71  Grassland/Herbaceous  7101  30 

B  2  71  Grassland/Herbaceous  7102  58 

C  3  71  Grassland/Herbaceous  7103  71 

D  4  71  Grassland/Herbaceous  7104  78 

A/D  5  71  Grassland/Herbaceous  7105  78 

B/D  6  71  Grassland/Herbaceous  7106  78 

C/D  7  71  Grassland/Herbaceous  7107  78 

A  1  81  Pasture/Hay  8101  49 

B  2  81  Pasture/Hay  8102  69 

C  3  81  Pasture/Hay  8103  79 

D  4  81  Pasture/Hay  8104  84 

A/D  5  81  Pasture/Hay  8105  84 

B/D  6  81  Pasture/Hay  8106  84 

C/D  7  81  Pasture/Hay  8107  84 

A  1  82  Cultivated Crops  8201  61 

B  2  82  Cultivated Crops  8202  71 

C  3  82  Cultivated Crops  8203  78 

D  4  82  Cultivated Crops  8204  81 

A/D  5  82  Cultivated Crops  8205  61 

B/D  6  82  Cultivated Crops  8206  71 

C/D  7  82  Cultivated Crops  8207  78 

A  1  90  Woody Wetlands  9001  78 

B  2  90  Woody Wetlands  9002  78 

C  3  90  Woody Wetlands  9003  78 
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Hydrologic Soils 
Group 

ID  NLCD 
Value 

NLCD Class Name  Join  CN 

D  4  90  Woody Wetlands  9004  78 

A/D  5  90  Woody Wetlands  9005  78 

B/D  6  90  Woody Wetlands  9006  78 

C/D  7  90  Woody Wetlands  9007  78 

A  1  95  Emergent Herbaceous Wetland  9501  85 

B  2  95  Emergent Herbaceous Wetland  9502  85 

C  3  95  Emergent Herbaceous Wetland  9503  85 

D  4  95  Emergent Herbaceous Wetland  9504  85 

A/D  5  95  Emergent Herbaceous Wetland  9505  85 

B/D  6  95  Emergent Herbaceous Wetland  9506  85 

C/D  7  95  Emergent Herbaceous Wetland  9507  85 
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9.5 APPENDIX E: MAPPING BMPS TO TREATMENT GROUPS 
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Technical Memorandum 

 

To: The Watonwan River Watershed Planning Partnership 

  

From: Timothy Erickson PE 

 Houston Engineering, Inc.  

Subject: Watonwan River Watershed Flow Analysis 

Date: May 1, 2019 

Project: 8840-0003 

1.0  INTRODUCTION 

One of the stressors commonly referenced as a reason for aquatic life and TSS impairments is “altered 

hydrology.”  Altered hydrology is commonly thought to be characterized by increases in peak discharge and 

runoff volume for a range of precipitation events, as compared to some historic or benchmark condition. 

Numerous studies have suggested that this hydrologic alteration is a result of some combination of climatic 

variation, land use/land cover changes, or other landscape scale changes. Aquatic habitat loss, increased 

streambank erosion and bank failure, and increased sediment levels are some of the suggested consequences 

of altered hydrology.  Individually and collectively these are believed to lead to the impairment of aquatic life, 

exhibited by lower ecological diversity. 

 

This technical memorandum (TM) describes a framework used define and quantify altered hydrology using 

records for the USGS’s long-term, continuous flow gaging network. In addition, this TMS describes methods to 

estimate storage goals based on changes of altered hydrology metrics that can be used to develop 

management plans to help mitigate the impacts of alteration.  
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1.1  A NEED TO ASSESS ALTERED HYDROLOGY 
Although a general sense of the characteristics of altered hydrology exists, a substantive challenge remains. A 

challenge associated with addressing altered hydrology is the lack of a common definition, including agreement 

on a set of science-based metrics to establish the desired (i.e., benchmark) condition, and assess whether 

altered hydrology has indeed occurred. 

Figure 1 provides an example of 

hydrologic data which could be used to 

illustrate altered hydrology. Figure 1 

shows a flow duration curve for a 

streamflow gage in the Sand Hill River 

Watershed, within northwestern 

Minnesota. Two 30-year time periods 

are shown on the graph; i.e., 1980 – 

2010 (solid line) and 1945 - 1975 

(dashed line). The graph represents the 

likelihood of exceeding a specific daily 

mean discharge. The graph indicates an 

increase in the daily mean discharge 

through most of the flow range, because 

for the same likelihood of exceedance 

the daily mean discharge is greater for 

the more recent time periods. This 

suggests “altered hydrology” meaning that flow conditions in the watershed differ between the two time periods.  

The example illustrates one possible visual metric which could be used to describe altered hydrology.  

Agreement on a set of science-based metrics to assess the extent of hydrologic alteration and the desired (i.e., 

benchmark) condition is needed in order to quantitatively assess changes in the hydrology of a watershed. A 

definition is needed to rigorously assess whether hydrology has indeed changed through time, establish goals 

for altered hydrology, and assess and evaluate various means, methods and projects to mitigate the adverse 

effects of altered hydrology.  

 

Considerable research and technical information relative to describing altered hydrology has been completed. 

The recently release report titled “Technical Report: Protection Aquatic Life from Hydrologic Alternatives” (Novak 

et al., 2015) is one example. The report presents metrics which can be used to describe altered hydrology. 

However, causal information about how the change in hydrology results in the alteration or loss of ecological 

function is lacking within the report.  

 

For the hydrology of a watershed to be altered there must be some deviation from a preferred or desired 

hydrologic condition; i.e., a “benchmark” condition. The benchmark for altered hydrology could be the “natural 

hydrologic regime” or some other condition.   The natural hydrologic regime (Poff et al 1997; Arthington et al 

2006; Bunn and Arthington 2002 ; Sparks 1995) is the characteristic pattern of water quantity, timing and 

variability in a natural water body. A river’s hydrologic or flow regime consists of environmental flow components 

(Mathews and Richter, 2007; The Nature Conservancy, 2009), each of which can be described in terms of 

the magnitude, frequency, duration, timing and rate of change in discharge. The integrity of an aquatic system 

presumably depends on the natural dynamic character of these flow components to thereby driving ecological 

processes.  

Figure 1. Flow duration curve for the Sand Hill River at Climax, Minnesota. The 

solid black line shows an increase in daily mean discharge for the 1980 – 2010 

period, compared to the early 1945 – 1975 period.  

https://www.conservationgateway.org/Files/Pages/bibliography-freshwater-c.aspx
https://www.conservationgateway.org/Files/Pages/bibliography-freshwater-c.aspx
https://www.conservationgateway.org/Files/Pages/bibliography-freshwater-c.aspx


DRAFT  5/1/19 

             7550 MERIDIAN CIR N, SUITE 120 | MAPLE GROVE, MN 55369    PAGE 3 OF 23 

 

 

Defining altered hydrology and the benchmark condition, identifying the metrics to describe altered hydrology 

and translating the information into goals to mitigate the adverse consequences is technically challenging. The 

approach used to evaluate whether a watershed exhibits altered hydrology is presented within this document. A 

definition of altered hydrology is presented. Specific quantitative metrics to assess the extent of hydrologic 

change and the desired (i.e., benchmark) condition are also presented. No effort is made to describe the causal 

relationship between hydrology and the ecological, geomorphological or water quality effects. Rather, the 

assumption is made that the desired condition is achieved by obtaining the benchmark condition.  These results 

are intended to be a beginning point in addressing the topic of altered hydrology in a more rigorous manner, 

which no doubt will evolve through time.  

 

 

2.0 A METHODOLOGY TO DEFINE ALTERED HYDROLOGY 

2.1 A BRIEF HISTORY OF CHANGING HYDROLOGY 
Streamflow in Minnesota (Novotny & Stefan, 2007) and across the contentious United States (Lins and Slack 

1999, McCabe and Wolock, 2002) have been changing during the past century, with flows in the period starting 

from the 1970s to the beginning of the 21st Century tending to be higher than during the early to mid-1900s 

(Ryberg et al. 2014). Numerous studies have been conducted to quantify magnitude of impact and pinpoint 

relative importance of potential causes of these changes, but scientific consensus has currently not been 

achieved. The science is not at a point where specific causes can be attributed to altered hydrology with any 

significant certainty and public discussion about specific causes usually leads to barriers to implementation.  

In general, the leading candidate causes of altered hydrology can be categorized into to two primary groups: 

climatic changes and landscape changes. Examples of climatic changes include changes in annual precipitation 

volumes, in surface air temperature, timing of the spring snowmelt, annual distribution of precipitation, and 

rainfall characteristics (timing, duration, and intensity). Examples of landscape changes include changes in land 

use/land cover, increased imperviousness (urbanization), tile drainage and drainage ditching, wetland 

removal/restoration, groundwater pumpage, flow retention and regulation, and increased storage (both in-

channel and upland storage).  Although it is important to water resource management to understand the 

mechanics behind the changes in hydrology, the focus of this analysis is developing a definition for altered 

hydrology, a method for assessing whether it has occurred within a watershed, and establishing a goal for 

addressing altered hydrology. No assumption of causation is made or needed to use this framework.  

 

 

2.2 ALTERED HYDROLOGY DEFINED 
Altered hydrology is defined as a discernable change in specific metrics derived from stream discharge, 

occurring through an entire annual hydrologic cycle, which exceed the measurement error, compared to a 

benchmark condition. For this framework, discernable has been used as a proxy for statistical 

comparisons. The metrics are typically some type of hydrologic statistic derived from the annual 

discharge record across a long period of time, usually a minimum of 20-years (Gan et al. 1991). The 

amount of baseflow, the hydrograph shape, peak discharge, and runoff volume for a range of precipitation 

event magnitudes, intensities, and durations are specific components of or derived from the annual 

hydrograph.  
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2.3 ESTABLISHING BENCHMARK CONDITION 
A reference or “benchmark” condition is needed to complete an assessment of whether hydrology is altered. A 

minimum of a 20-year time-periods reasonably ensures stable estimates of streamflow predictably (Gan et al. 

1991; Olden & Poff 2003), sufficient duration to capture climate variability and the interdecadal oscillation 

typically found in climate (McCabe et al. 2004, Novotny and Stefan 2007), and is the standard timespan used 

for establishing “normal” climate statistics in the United States. Where the extent data allows it, the analysis is 

performed for two 35-year time periods; i.e., a benchmark period called “historic” and an “altered” state or called 

“modern”). The benchmark period used to establish benchmark conditions represents the period before shifts in 

hydrology are commonly thought to have begun within Minnesota as a result of land use/land cover changes, or 

increases in the depth, intensity, and duration of precipitation. 

 

To illustrate an example of a change in streamflow and the validity in the breakpoint period, cumulative 

streamflow (using annual depth values) is plotted across time (Figure 2) for the USGS gage at Crow River at 

Rockford, MN (USGS ID: 05280000). Cumulative streamflow was used instead of straight annual streamflow 

because (1) it linearizes streamflow relationship where the slope of a trendline would be the average annual 

streamflow, (2) no assumptions about multi-year dependencies (e.g. changes in storage) or autocorrelation is 

necessary, and (3) changes in slope can be visualized, showing an altered state of hydrology. 

 

 

 

Figure 2. Cumulative streamflow for the Crow River at Rockford, MN (USGS Station 05280000). 

 

Results from analysis shown in the example (Figure 2) determine the break point and define the benchmark 

and modern conditions.  

 

2.4 METRICS USED TO ASSESS ALTERED HYDROLOGY 
Many potential metrics can be used to describe a measurable change in the annual hydrograph. For 

example, the indicators of hydrologic alteration software developed by the Nature Conservancy 
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(https://www.conservationgateway.org/ConservationPractices/Freshwater/EnvironmentalFlows/Methodsa

ndTools/IndicatorsofHydrologicAlteration/Pages/indicators-hydrologic-alt.aspx) uses 67 different statistics 

derived from mean daily discharge to describe altered hydrology. Ideally, each indicator or metric could 

be causally linked to an ecological or geomorphological consequence, although this is technically 

challenging. Use of such a large number of indictors can be problematic as many of the metrics can be 

correlated and are therefore interdependent or lack ecological or geomorphological meaning.   

The structure and therefore function of ecological systems are often “driven” by “non-normal” events; e.g., low 

flows associated with drought, higher flows which inundate the floodplain. Metrics used to complete this analysis 

were preferentially selected to reflect the variability in specific characteristics of the annual hydrograph, and 

include peak discharges, runoff volumes and hydrograph shape. Each metric was specifically selected to 

represent a flow condition believed to be of ecological or geomorphological importance, in the absence of 

causal information. Table 1 shows the specific metrics used to complete the analysis. The use of these metrics 

is intended to identify: 1) whether the hydrology within a watershed is indeed altered: and 2) which resources 

may be at risk because of the alteration.

https://www.conservationgateway.org/ConservationPractices/Freshwater/EnvironmentalFlows/MethodsandTools/IndicatorsofHydrologicAlteration/Pages/indicators-hydrologic-alt.aspx
https://www.conservationgateway.org/ConservationPractices/Freshwater/EnvironmentalFlows/MethodsandTools/IndicatorsofHydrologicAlteration/Pages/indicators-hydrologic-alt.aspx
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Table 1. Metrics used to define and assess whether hydrology is “altered” for a specific watershed.  

Relevance 

Hydrograph 

Feature 

Frequency 

of 

Occurrence Duration Metric 

Ecological or Geomorphic 

Endpoint 

Condition of 

Aquatic Habitat 

Baseflow 

 

10-year 30 day 

The minimum change between time periods is the accuracy of measuring 

streamflow discharge and estimating daily mean discharge. A discharge 

measurement accurate within 10% of the true value is considered 

excellent by the United States Geological Survey (USGS). Some 

additional error is induced through the conversion of these data to 

discharge. Therefore, a minimum change of 15% is needed between 

“historic” and ”modern” period for this metric to classified as “altered.”  

Discharge needed to maintain 

winter flow for fish and aquatic life. 

 
Annual 30-day median (November) 

 

Aquatic 

Organism Life 

Cycle  

Shape Mean 
Monthly average of daily 

means 

Use the ”historic” period of record to define “normal variability.” Develop a 

histograms of daily mean discharges for each month within the period of 

record for the “historic” and “modern” time periods. Compare the 

histograms of the monthly average of daily means using an appropriate 

statistical test. Assume the histograms are from the same statistical 

population and text for significance at an appropriate significance level. 

Shape of the annual hydrograph 

and timing of discharges 

associated with ecological cues.  

 

 

Timing 

 

Julian day of 

minimum 1-day 

 Julian day of 

maximum 

 

Riparian 

Floodplain 

(Lateral) 

Connectivity 

Peak discharge 

 

10-year 

24-hour and 10-day 

The minimum change between time periods is the accuracy of measuring 

streamflow discharge and estimating daily mean discharge. A discharge 

measurement accurate within 10% of the true value is considered 

excellent by the United States Geological Survey (USGS). Some 

additional error is induced through the conversion of these data to 

discharge. Therefore, a minimum change of 15% is needed between 

“historic” period and “modern” period for this metric to classified as 

“altered.” 

Represents the frequency and 

duration of flooding of the riparian 

area and the lateral connectivity 

between the stream and the 

riparian area. Functions include 

energy flow, deposition of 

sediment, channel formation and 

surface water – groundwater 

interactions 

50-year 

100-year 

Volume  

 

 

10-year 
Total runoff volume for 

those days with a daily 

mean discharge exceeding 

the 24-hour discharge 

50-year 

100-year 

Geomorphic 

Stability and 

Capacity to 

Transport 

Sediment 

Peak Discharge 1.5 year 24 - hour The minimum change between time periods is the accuracy of measuring 

streamflow discharge and estimating daily mean discharge. A discharge 

measurement accurate within 10% of the true value is considered 

excellent by the United States Geological Survey (USGS). Some 

additional error is induced through the conversion of these data to 

discharge. Therefore, a minimum change of 15% is needed between 

“historic” period and “modern” period for this metric to classified as 

“altered.”  

 

 

Channel forming discharge. An 

increase is interpreted as an 

increased risk of stream channel 

susceptibility to erosion.  

 

 

Volume 

 

1.5 year 

Cumulative daily volume 

exceeding channel forming 

discharge 

Average 

daily 
30-year flow duration curve 
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2.5 DETERMINATION OF ALTERED HYDROLOGY 
A simple weight of evidence approach is used to decide whether the hydrology of a watershed is “altered” 

between two time periods. A “+” is assigned to each metric if it has a discernable increase from the 

benchmark as defined by the metric, between the historic and modern time periods. A “-“ is assigned to 

each metric if it has a discernable decrease from the benchmark as defined by the metric, between the 

historic and modern time periods. An “o” is assigned to each metric if it lacks a discernable increase or 

decrease from the benchmark as defined by the metric, between the historic and modern time periods. If 

the number of “+” values exceeds the number of “-“ values, an increase in the watershed response to 

precipitation is implied and the hydrology is considered altered between the two time periods. If the 

number of “-” values exceeds the number of “+“ values, the a decrease in the watershed response to 

precipitation is implied and the hydrology is considered altered between the two time periods. The 

hydrologic response of the watershed is considered “altered” if the percentage of + and – signs exceeds 

50% in any group of metrics. 

 

2.6 ESTABLISHING ALTERED HYDROLOGY GOALS 
There are two types of goals; i.e., a qualitative and a quantitative goal. The qualitative goal is to return the 

hydrology to the benchmark condition. The qualitative goal is evaluated using a weight of evidence 

approach. The goal is simply to achieve the conditions for the historic period as defined by the metrics 

with Table 1. It is presumed the historic period is “better” from an ecological and geomorphological 

perspective.  

The second type of goal is a quantitative storage goal. Several of the metrics within Table 1 can be used 

to establish storage goals, which may be accomplished by a variety of types of projects. These project 

types include not only traditional storage but increasing the organic matter content of soils. These goals 

are the change in volume between the historic and modern time periods. The volume needs to be 

described by the effective volume, which is the amount of storage required on the landscape.  

 

2.7 METHODS FOR EVALUATING ALTERED HYDROLOGY MITIGATION 
STRATEGIES 
Several methods can be used to develop strategies to mitigate the effects of altered hydrology. These 

methods include the use of continuous simulation hydrology models (like the Hydrologic Simulation 

Program Fortran) and the event-based hydrology approaches (like those within the Prioritize, Target and 

Measure Application).  
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3.0 ALTERED HYDOLOGY IN THE WATONWAN RIVER 

The following are summaries of results from the altered hydrology analysis conducted on long-term gaging 

stations. 

 

3.1 WATONWAN RIVER 

3.1.1 WATONWAN RIVER NEAR GARDEN CITY, MN (USGS# 05319500)  

The USGS long-term, continuous flow gaging station in the Watonwan River near Garden City, MN (USGS# 

05319500) and drains approximately 851 square miles. The data record starts in 1940 and runs to the 1945, 

then restarts in 1976 and runs through 2019 (present day).  The flow record was downloaded on March 27, 

2019. The site includes both daily average streamflow records and peak flow measurements. Figure 3 shows 

the cumulative streamflow (in inches per year) for the gaging site. Cumulative streamflow is used to determine a 

breakpoint between the benchmark condition and the altered condition (see Section 2.3).  

 
Figure 3. Cumulative streamflow for Watonwan River near Garden City, MN. (USGS# 05319500). 

 

No flow records were available from 1946 to part of 1976, points in Figure 3 start when the flow record begins in 

1977. According to the cumulative streamflow analysis, a breakpoint exists around 1992-1993. Therefore, the 

benchmark (“historic”) conditions will include data from 1977-1992 and the altered (“modern”) will include data 

form 1993-2018.  

 

A summary of the results from the altered hydrology analysis is provided in Table 2. A more detailed description 

of the results is provided in Appendix A. A summary of the storage goals based on the altered hydrology 

analysis are provided in Section 4.  
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Table 2: Altered Hydrology Summary for Watonwan River near Garden City, MN. (USGS# 05319500). 

Group Metric % Difference 
Altered 

Hydrology 
Metric  

Evidence of 
Altered Hydrology 

for Group 

Aquatic 
Habitat 

10-year, Annual Minimum 30-day Mean Daily 
Discharge  176.7% + 

Yes, Increasing  10-year, Annual Minimum 7-day Mean Daily 
Discharge  183.6% + 

Median November (Winter Base) Flow 73.5% + 

Aquatic 
Organism 
Life Cycle 

Magnitude of Monthly Runoff Volumes 5.9%-to-120% + 

Yes, Increasing  
Distribution of Monthly Runoff Volumes -30.2%-to-45.3% + 

Timing of Annual Peak Discharge 38.44% + 

Timing of Annual Minimum Discharge 25.19% + 

Riparian 
Floodplain 
(Lateral) 

Connectivity 

10-year Peak Discharge Rate 111.52% + 

Yes, Increasing  

50-year Peak Discharge Rate 198.06% + 

100-year Peak Discharge Rate 239.75% + 

Average Cumulative Volume above the Historic 10-
year Peak Discharge 5029.16% + 

Average Cumulative Volume above the Historic 50-
year Peak Discharge NA NA 

Average Cumulative Volume above the Historic 100-
year Peak Discharge NA NA 

Geomorphic 
Stability and 
Capacity to 
Transport 
Sediment 

1.5-year Peak Discharge Rate 23.83% + 

Yes, Increasing  

2-year Peak Discharge Rate 36.70% + 

Average Cumulative Volume above the Historic 1.5-
year Peak Discharge 156.68% + 

Average Cumulative Volume above the Historic 2-
year Peak Discharge 368.66% + 

Duration above the Historic 1.5-year Peak Discharge 42.33% + 

Duration above the Historic 2-year Peak Discharge 52.48% + 

Flow Duration Curve 41.1%-to-225% + 
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4.0 STORAGE GOALS 

Goals for addressing the change in hydrology were estimated using four methods. Each method is based 

on different assumptions and altered the metrics for a specific “altered hydrology” group.  The first method 

is focused on the aquatic habitat and geomorphic ability to transport sediment metric group and uses the 

change in the cumulative volume for mean daily discharges, exceeding the 1.5-year return period event. 

The cumulative total volume when the daily average discharge exceeds the 1.5-year peak discharge 

includes all flows above the 1.5-year peak, i.e. can include storms with much larger return periods. This 

method is based on the changes in the observed data and since it includes all flows above the 1.5-year 

flow relies on the two periods to have a similar distribution of flows. The second method is based on the 

changes in hydrology across the entire annual hydrograph and integrates the differences in return period 

discharges between the modern and historic period and finding a probability-weighted representative 

change in flow rate. A volume is found by assuming a flow period equal to the change in flow period for 

the 1.5-year flow (i.e. the change in the number of days above the 1.5-year flow). This method assumes a 

constant flow over a representative duration to estimate the storage goal.   Since a hydrograph typically 

changes over time, this method may over-estimate the storage goal. The third method is also based on 

addressing the effects through the entire flow range and is a revision to Method 2. Method 3 considers 

incorporates the observed change in the timing of the peak discharge for each return period event. This 

method uses the probability-weighted representative change in flow rate and multiples the flow rates by 

the change in the number of days exceeding the return period flow for each return period. Method 4 

estimates a storage goal based on changes in the flow duration curve (FDC) (see Figure A.6). Method 4 

integrates the changes in the FDC between two periods and applies the probability of each flow to occur.  

This analysis presents a preliminary framework for defining altered hydrology, applying a method to 

determine whether altered hydrology has occurred, and establishing a goal for relating to proposed 

projects. The storage goals are provided in Table 3 for each of the four methods. For planning purposes, 

we recommend a preliminary goal equal to a representative goal, taken as the average of the 4 methods, 

across the watershed, realizing that the altered hydrology goals should ideally be established at the 12-

digit HUC scale. The average, representative storage goal is 0.77 inches across the watershed, or 

34,834 acre-feet. The actual amount of mitigation needed may exceeds the estimated range, as the 

methods used to achieve the goal are not expected to be 100% effective in removing volume from peak 

of the hydrograph. The means to achieve the estimated mitigation goal may include the use of structural 

practices and management practices and should be specifically evaluated through completion of a 

hydrologic study or the use of appropriate tools and models.  

 

Table 7: Storage goals for rivers in the Watonwan River. 

Stream USGS ID 
Storage Targets 

Method 1 Method 2 Method 3 Method 4 

Watonwan River near Garden City, MN 05319500 0.95 in. 0.86 in. 0.74 in. 0.52 in. 

Details on calculations of the storage goals can be found in the Appendices.  
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APPENDIX A:  METRICS OF ALTERED HYDROLOGY FOR THE 

WATONWAN RIVER NEAR GARDEN CITY, MN (USGS #05319500). 

The following is the summary statistics used to determine the altered hydrology metrics in detail and develop the 

storage goals. A summary of these statistic is shown in Table 2 in Section 3.1.1.  

 

 

A.1 CONDITION OF AQUATIC HABITAT 
The condition of aquatic habitat includes a group of metrics that primarily reflect the flow characteristics of 

the annual hydrograph, needed to maintain adequate habitat for fish and aquatic life. The 7-day low flow, 

the 30-day low flow, and the median November mean daily discharge are metrics used to represent 

changes in the availability of flow for aquatic habitat.  

 

A.1.1  Annual minimum 30-day mean daily discharge 

The annual minimum 30-day mean daily discharge is the minimum of the 30-day moving mean daily 

discharge within a year (an annual minimum series). Figure A.1 shows the annual minimum 30-day mean 

daily discharge for select return periods (1.01-year, 1.5-year, 2-year, 5-year, 10-year, 25-year, 50-year, 

and 100-year). Table A.1 summarizes the data shown in Figure A.1.  

 

 
Figure A.1. Historical (1940-1975) versus modern (1980-2015) annual minimum 30-day mean daily discharge versus return 

period for Watonwan River near Garden City, MN. (USGS# 05319500). 
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Table A.1: Summary of annual minimum 30-day mean daily discharge by return periods for the Watonwan River near 
Garden City, MN. (USGS# 05319500). 

Return Period Historic Period 
 [1949-1981] 

Modern Period 
 [1982-2012] % Diff. 

Altered 
Hydrology 
Criterion 

1.01 233.2 171.2 -26.6% - 

1.5 27.3 37.9 38.9% + 

2 16.5 27.0 63.5% + 

5 6.0 13.8 129.4% + 

10 3.5 9.8 176.7% + 

25 2.0 6.7 240.6% + 

50 1.4 5.3 291.3% + 

100 1.0 4.3 344.6% + 
+ symbol indicates metric exhibits altered hydrology and an increase for the modern period compared to the historic period 

o symbol indicates fails to exhibit altered hydrology for the modern period compared to the historic period 

- symbol indicates metric exhibits altered hydrology and a decrease for the modern period compared to the historic period 

 

 

A.1.2  Annual Minimum 7-Day Mean Daily Discharge 

Like the annual minimum 30-day mean daily discharge, the annual minimum 7-day mean daily discharge is the 

minimum of the 7-day moving average flow in the year. Figure A.2 shows the annual minimum 7-day mean 

daily discharges for select return periods (1.01-year, 1.5-year, 2-year, 5-year, 10-year, 25-year, 50-year, and 

100-year). Table A.2 summarizes the data shown in Figure A.2.  

 

 

 
Figure A.2. Historical (1940-1975) versus modern (1980-2015) annual minimum 7-day mean daily discharge return periods 

for Watonwan River near Garden City, MN. (USGS# 05319500). 
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Table A.2: Summary of annual minimum 7-day mean daily discharge return periods for the Watonwan River near Garden 
City, MN. (USGS# 05319500). 

Return Period Historic Period 
 [1949-1981] 

Modern Period 
 [1982-2012] % Diff. 

Altered 
Hydrology 
Criterion 

1.0101 196.5 137.4 -30.1% - 

1.5 23.2 31.6 36.5% + 

2 13.9 22.5 62.2% + 

5 5.0 11.5 132.3% + 

10 2.9 8.1 183.6% + 

25 1.6 5.6 254.0% + 

50 1.1 4.3 310.5% + 

100 0.7 3.5 370.7% + 
+ symbol indicates metric exhibits altered hydrology and an increase for the modern period compared to the historic period 

o symbol indicates fails to exhibit altered hydrology for the modern period compared to the historic period 

- symbol indicates metric exhibits altered hydrology and a decrease for the modern period compared to the historic period 

 

 

A.1.3  November Median Daily Discharge  

The median daily mean discharge for November is another indicator of baseflow. This metric is intended to 

represent baseflow condition during the winter months. Table A.3 provides the median November flow for each 

period.  

 

Table A.3: Historical (1940-1975) and modern (1980-2015) median November flow for the Watonwan River near Garden 
City, MN. (USGS# 05319500). 

Return Period Historic Period 
 [1949-1981] 

Modern Period 
 [1982-2012] % Diff. 

Altered 
Hydrology 
Criterion 

Period median November flow [cfs] 105.5 183.0 73.5% + 

+ symbol indicates metric exhibits altered hydrology and an increase for the modern period compared to the historic period 

o symbol indicates fails to exhibit altered hydrology for the modern period compared to the historic period 

- symbol indicates metric exhibits altered hydrology and a decrease for the modern period compared to the historic period 

 

 

 

A.2 AQUATIC ORGANISM LIFE CYCLE 

The shape of the annual hydrograph and timing of discharges are associated with ecological cues. Metrics 

related to the aquatic organism life cycle include the shape of the annual hydrographs, timing of the annual 

minimum flow, and timing of the annual peak flow.  



 

 

             7550 MERIDIAN CIR N, SUITE 120 | MAPLE GROVE, MN 55369    PAGE 14 OF 

23  

 

 

A.2.1 Annual Distribution of Discharges 

The annual distribution of runoff is shown two ways: as average monthly runoff volume in acre-feet per 

month (Figure A.3) and as a percentage of average annual runoff volume (Figure A.4). Table A.4 

summarized the data used to generate Figures A.3 and A.4. 

 
Figure A.3. Average monthly runoff volume [ac-ft] in the Watonwan River near Garden City, MN. (USGS# 05319500). 

 

 
Figure A.4. Annual distribution of average monthly runoff volume as a percentage of annual total volume in the Watonwan 

River near Garden City, MN. (USGS# 05319500). 
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Table A.4. Average monthly runoff volume and annual distribution of monthly runoff volumes in Watonwan River near 
Garden City, MN. (USGS# 05319500). 

Month  

Average Monthly Volumes [ac-ft] Distribution of Annual Volume 
Historic 
Period 

 [1949-1981] 

Modern 
Period 

 [1982-2012] 
% diff. AH 

Historic 
Period 

 [1949-1981] 

Modern 
Period 

 [1982-2012] 
% diff. AH 

Jan 4,352 6,235 43.3% + 1.8% 1.7% -5.6% o 

Feb 5,900 8,740 48.1% + 2.4% 2.3% -2.4% o 

Mar 38,271 40,548 5.9% o 15.5% 10.8% -30.2% - 

Apr 52,273 63,438 21.4% + 21.2% 16.9% -20.0% - 

May 31,673 57,626 81.9% + 12.8% 15.4% 19.9% + 

Jun 36,916 72,888 97.4% + 14.9% 19.4% 30.1% + 

Jul 22,858 39,056 70.9% + 9.3% 10.4% 12.6% + 

Aug 11,437 14,483 26.6% + 4.6% 3.9% -16.6% - 

Sep 10,745 22,251 107.1% + 4.3% 5.9% 36.4% + 

Oct 10,524 23,211 120.6% + 4.3% 6.2% 45.3% + 

Nov 13,517 15,828 17.1% + 5.5% 4.2% -22.9% - 

Dec 8,583 10,685 24.5% + 3.5% 2.8% -18.0% - 
+ symbol indicates metric exhibits altered hydrology and an increase for the modern period compared to the historic period 

o symbol indicates fails to exhibit altered hydrology for the modern period compared to the historic period 

- symbol indicates metric exhibits altered hydrology and a decrease for the modern period compared to the historic period 

AH means altered hydrology criterion 

 

 

A.2.2 Timing of Annual Maximum and Minimum Flows 

The timing of the annual maximum daily discharge and annual minimum daily discharge are important 

metrics of the annual distribution of flows. The timing of the annual maximum typical occurs during the 

spring flood and the timing of the annual minimum usually occurs during the winter months. Table A.5 

provides statistics on the Julian day of the annual maximum flow and Table A.6 provides the Julian day 

for the annual minimum flow. The statistics include the average, the median, and the standard deviation 

of the Julian days when the maximum or minimum flow occur. 

  

Table A.5. Julian Day of annual maximum in the Watonwan River near Garden City, MN. (USGS# 05319500). 

Statistic Historic Period 
 [1949-1981] 

Modern Period 
 [1982-2012] % diff. AH 

Average 22-Apr 5-Jun 38.44% + 

Median  30-Mar 11-Jun 81.01% + 

Standard Deviation 44 days 62 days 40.96% + 
1Based on 365-day year. 

+ symbol indicates metric exhibits altered hydrology and an increase for the modern period compared to the historic period 

o symbol indicates fails to exhibit altered hydrology for the modern period compared to the historic period 
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- symbol indicates metric exhibits altered hydrology and a decrease for the modern period compared to the historic period 

AH means altered hydrology criterion 

 

 

Table A.6. Julian Day of annual minimum flow in the Watonwan River near Garden City, MN. (USGS# 05319500). 

Statistic Historic Period 
 [1949-1981] 

Modern Period 
 [1982-2012] % diff. AH 

Average 113 156 38.44% + 

Median  90 162 81.01% + 

Standard Deviation 44 62 40.96% + 
1Based on 365-day year. 

+ symbol indicates metric exhibits altered hydrology and an increase for the modern period compared to the historic period 

o symbol indicates fails to exhibit altered hydrology for the modern period compared to the historic period 

- symbol indicates metric exhibits altered hydrology and a decrease for the modern period compared to the historic period 

AH means altered hydrology criterion 

 

 

 

A.3 RIPARIAN FLOODPLAIN (LATERAL) CONNECTIVITY (PEAK FLOWS) 
The riparian floodplain connectivity metrics represent the frequency and duration of flooding of the riparian area 

and the lateral connectivity between the stream and the riparian area. Functions include energy flow, deposition 

of sediment, channel formation and surface water – groundwater interactions. The riparian floodplain 

connectivity metrics include the discharge rates for the 10-year, the 25-year, the 50-year, and the 100-year peak 

discharges. The annual peak discharge rates for select return periods (1.01-year, 1.5-year, 2-year, 5-year, 10-

year, 25-year, 50-year, 100-year, and 200-year) are shown in Figure A.5.  

 

 

Figure A.5. Historical (1940-1975) versus modern (1980-2015) peak discharge return periods for Watonwan River near 
Garden City, MN. (USGS# 05319500). 
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In addition, the number of years with discharges exceeding the historic peak discharge within a period, the 

average number of days above the historic peak discharge rates, and the average cumulative volume of 

discharge above the historic peak discharges are provide (Table A.7).  

 

Table A.7. Riparian floodplain connectivity metrics for the Watonwan River near Garden City, MN. (USGS# 05319500). 

Flow Metric 
Historic 
Period 

 [1949-1981] 

Modern 
Period 

 [1982-2012] 
% Diff.1 Altered  

Hydrology 

5-Year Peak Discharge, Q(5) [cfs]   3,893 6,938 78.2% + 

Number of years with Discharge (Q) > QH (5) 4 12 200.0% + 

Average number of days per year Q > QH  (5) 3 10 233.3% + 

Average annual cumulative volume > QH  (5) [ac-ft] 1,747 39,499 2161.0% + 

10-Year Peak Discharge, Q(10) [cfs]   4,574 9,675 111.5% + 

Number of years with Discharge (Q) > QH (10) 1 11 1000.0% + 

Average number of days per year Q > QH  (10) 2 7 263.6% + 

Average annual cumulative volume > QH  (10) [ac-ft] 600 30,751 5029.2% + 

25-Year Peak Discharge, Q(25) [cfs]  5,241 13,579 159.1% + 

Number of years with Discharge (Q) > QH (25) 0 8 NA NA 

Average number of days per year Q > QH  (25) 0 7 NA NA 

Average annual cumulative volume > QH  (25) [ac-ft] 0 31,476 NA NA 

50-Year Peak Discharge, Q(50) [cfs]  5,624 16,763 198.1% + 

Number of years with Discharge (Q) > QH (50) 0 7 NA NA 

Average number of days per year Q > QH  (50) 0 6 NA NA 

Average annual cumulative volume > QH  (50) [ac-ft] 0 30,864 NA NA 

100-Year Peak Discharge, Q(100) [cfs]  5,930 20,148 239.7% + 

Number of years with Discharge (Q) > QH (100) 0 5 NA NA 

Average number of days per year Q > QH  (100) 0 8 NA NA 

Average annual cumulative volume > QH  (100) [ac-ft] 0 38,073 NA NA 
1No events occurred above return period discharge. 

+ symbol indicates metric exhibits altered hydrology and an increase for the modern period compared to the historic period 

o symbol indicates fails to exhibit altered hydrology for the modern period compared to the historic period 

- symbol indicates metric exhibits altered hydrology and a decrease for the modern period compared to the historic period 

 

 

 

A.4  GEOMORPHIC STABILITY AND CAPACITY TO TRANSPORT SEDIMENT 
The geomorphic stability and capacity to transport sediment metrics are related to the channel forming 

discharge. An increase in these metrics would be interpreted as an increase in the risk of the stream 

channel susceptibility to erosion. These metrics include changes to the flow duration curves, the 1.5-year 

peak flow, the 2-year peak flow. The 1.5-year to 2-year peak flows are generally consider the range of 

channel forming flow. In addition, the number of years within a period exceeding the historic peak flows, 
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the average number of days above the historic peak flow rates, and the average volume of flow above the 

historic peak flows are provide (Table A.8). Figure A.6 is the flow duration curves for the historic and 

modern periods and Table A.8 provides a summary of flows for select percent exceedances. Both show 

that discharges across the flow spectrum have increased substantially, with the exception of the very high 

flows. 

 

 
Figure A.6. Historical (1940-1975) versus modern (1980-2015) flow duration for Watonwan River near Garden City, MN. 

(USGS# 05319500). 

 
 

Table A.8. Select summary of the flow duration curves for the Watonwan River near Garden City, MN. (USGS# 05319500). 

Percent Exceedance Historic Period 
 [1949-1981] 

Modern Period 
 [1982-2012] % Diff. Altered 

Hydrology 

0.10% 4,064 9,077 123.3% + 

1.0% 2,846 4,360 53.2% + 

10.0% 964 1,360 41.1% + 

25.0% 399 582 45.9% + 

50.0% 110 197 79.9% + 

75.0% 35 65 85.7% + 

90.0% 8 23 177.1% + 

99.0% 3 9 224.8% + 

99.9% 2 6 224.7% + 
+ symbol indicates metric exhibits altered hydrology and an increase for the modern period compared to the historic period 

o symbol indicates fails to exhibit altered hydrology for the modern period compared to the historic period 

- symbol indicates metric exhibits altered hydrology and a decrease for the modern period compared to the historic period 
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Table A.9 provides the 1.5-year and 2-year annual peak flows and flow statistics, including peak 

discharge, number of years with flow rates above the historic return period flow, average number of days 

per year above the historic return period flow, and average volume above the historic return period flow.  

 

Table A.9. Geomorphic stability and capacity to transport sediment metrics for the Watonwan River near Garden City, MN. 
(USGS# 05319500). 

Flow Metric 
Historic 
Period 

 [1949-1981] 

Modern 
Period 

 [1982-2012] 
% Diff. Altered 

Hydrology 

1.5-Year Peak Discharge, Q(1.5) [cfs]  1,974 2,444 23.8% + 

Number of years with Discharge (Q) > QH (1.5) 10 21 110.0% + 

Average number of days per year Q > QH  (1.5) 18 25 42.3% + 

Average annual cumulative volume > QH  (1.5) [ac-ft] 27,617 70,889 156.7% + 

2-Year Peak Discharge, Q(2) [cfs]  2,581 3,528 36.7% + 

Number of years with Discharge (Q) > QH (2) 9 18 100.0% + 

Average number of days per year Q > QH  (2) 11 17 52.5% + 

Average annual cumulative volume > QH  (2) [ac-ft] 11,811 55,355 368.7% + 
+ symbol indicates metric exhibits altered hydrology and an increase for the modern period compared to the historic period 

o symbol indicates fails to exhibit altered hydrology for the modern period compared to the historic period 

- symbol indicates metric exhibits altered hydrology and a decrease for the modern period compared to the historic period 

 

 

A.5 SETTING GOALS 
A summary of the storage goals is provided in Table 4 in Section 4. The following are the methods used 

to develop those goals. Goals for addressing the change in hydrology were estimated using three 

methods. Each method is based on different assumptions and altered the metrics for a specific “altered 

hydrology” group (see Table 11). The first method is focused on the aquatic habitat and geomorphic and 

ability to transport sediment metric group and uses the change in the cumulative volume for mean daily 

discharges, exceeding the 1.5-year return period event. The cumulative total volume when the daily 

average discharge exceeds the 1.5-year peak discharge includes all flows above the 1.5-year peak, i.e. 

can include storms with much larger return periods. The change in average annual cumulative volume 

above the 1.5-year peak flow (see Table A.9) This method is based on the changes in the observed data 

and since it includes all flows above the 1.5-year flow relies on the two periods to have a similar 

distribution of flows. The storage goal based on observed flows is 43,272 AF or 0.95 inches across the 

watershed. 

The second method is based on the changes in hydrology across the entire annual hydrograph and 

integrates the differences in return period discharges between the modern and historic period (see Table 

A.10) and finding a probability-weighted representative change in flow rate. A volume is then found by 

assuming a flow period equal to the change in flow period for the 1.5-year flow (i.e. the change in the 

number of days above the 1.5-year flow; see Table A.9).  
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Table A.10. Estimated goal for the drainage area of the Watonwan River near Garden City, MN. (USGS# 05319500) using 
method 2.  

Return 
Period 

Historic Period 
Discharges 

(cfs) 

Modern Period 
Discharges 

 (cfs) 

Difference  
(cfs) 

Probability of 
Occurrence 

Difference*Probability 
(cfs) 

1.5 1,974 2,444 470 0.67 313.6 
2 2,581 3,528 947 0.50 473.6 

5 3,893 6,938 3045 0.20 609.0 

10 4,574 9,675 5101 0.10 510.1 

25 5,241 13,579 8338 0.04 333.5 

50 5,624 16,763 11139 0.02 222.8 

100 5,930 20,148 14218 0.01 142.2 

        Sum (cfs): 2,605 

        Sum (ac-ft/day): 5,168 

Number of days: 8 Total Volume Goal: 39,153 AF (0.86 in.) 

 

The third method is also based on addressing the effects through the entire flow range and is a revision to 

Method 2. Method 3 considers incorporates the observed change in the timing of the peak discharge for 

each return period event. This method uses the probability-weighted representative change in flow rate 

and multiples the flow rates by the change in the number of days exceeding the return period flow for 

each return period (see Table A.11).  

 

Table A.11. Estimated goal for the drainage area of the Watonwan River near Garden City, MN. (USGS# 05319500) using 
method 3. 

Return 
Period 

Change in 
Flow    

(Qm-Qh) [cfs] 

Probability of 
Occurrence 

Probability 
Weighted Flow 

[AF/day] 

Change in number 
of days above flow 

(days) 
Storage Volume 

1.5 470 0.67 622.2 8 4,714 

2 947 0.50 939.6 6 5,533 

5 3,045 0.20 1,208.2 7 8,457 

10 5,101 0.10 1,012.0 5 5,336 

25 8,338 0.04 661.7 7 4,384 

50 11,139 0.02 442.0 6 2,778 

100 14,218 0.01 282.1 8 2,257 

        Total Volume Goal: 33,460 AF (0.74 in.) 

 

The fourth method integrates the changes in the FDC (see Figure A.6) and the probability of occurrence of each 

flow. The fourth method estimated a storage goal of 23,393 AF, or 0.52 inches, across the watershed.  
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Management Practices - Prioritize and implement management BMPs that 
reduce the delivery of sediment and nutrient loads by decreasing surface 
water runoff (nutrient management, conservation tillage, etc.) 181 acres 

(17 practices)  $ 1,000/year  
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Structural Practices - Prioritize and implement structural BMPs that 
reduce the delivery of sediment and nutrient loads (WASCOBs, grassed 
waterways, filter strips, vegetative buffers, etc.) 21  $ 1,000/year  1.2% 0.2% 0.3% 
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Easement Practices - Government acquisition of private land for the 
purpose of establishing conservation practices such as native plantings, 
tree planting, or wetland restoration (e.g. CCRP - temporary, CREP/RIM - 
permanent)   

10 acres  $ 500/year 
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UPPER WATONWAN RIVER PLANNING REGION 
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Management Practices - Prioritize and implement management BMPs that 
reduce the delivery of sediment and nutrient loads by decreasing surface 
water runoff (nutrient management, conservation tillage, etc.) 282 acres 

(28 practices)  $ 1,500/year  

SWCD, NRCS, MDA, 
County  Ongoing 

1.6% 0.2% 0.1%  
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10-yr Baseline Funding ($15,000) 

10-yr Enhanced Funding# ($160,000) 4,095 acres 
(196 practices)  $ 16,000/year  10.8% 2.8% 1.2%  
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Structural Practices - Prioritize and implement structural BMPs that 
reduce the delivery of sediment and nutrient loads (WASCOBs, grassed 
waterways, filter strips, vegetative buffers, etc.) 33  $ 1,500/year 1.4% 0.2% 0.3% 
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10-yr Baseline Funding ($15,000) 

10-yr Enhanced Funding# ($160,000) 233  $ 16,000/year  6.1% 1.2% 1.8% 

S
W

.1
.1

a
 

S
W

.2
.1

a
 

S
W

.2
.1

b
 

S
W

.3
.1

a
&

b
 

S
W

.3
.2

a
&

b
 

S
W

.4
.1

a
 

S
W

.5
.1

a
 

S
W

.5
.2

a
&

b
 

 
G

W
1
.1

a
&

b
 

G
W

1
.2

a
 

G
W

2
.1

a
 

   

L
S

.2
.1

a
 

Easement Practices - Government acquisition of private land for the 
purpose of establishing conservation practices such as native plantings, 
tree planting, or wetland restoration (e.g. CCRP - temporary, CREP/RIM - 
permanent)     

 10 acres $ 500/year 

SWCD, NRCS, BWSR, 
County Ongoing 
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10-yr Baseline Funding ($5,000) 

10-yr Enhanced Funding# ($80,000) 160 acres   $ 8,000/year     
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SAINT JAMES CREEK PLANNING REGION 

Action-Specific Goal 

Output 
(Number of 
Practices) 

Annual 
Budget 

(Rates are 
1.25x 

average 2016 
EQIP rates) 

Responsibility - 
Lead 

(underlined) & 
Partner(s) 

Timeline PTMApp Practice 
Assessment of Goals Multiple Benefits 
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Management Practices - Prioritize and implement management BMPs that 
reduce the delivery of sediment and nutrient loads by decreasing surface 
water runoff (nutrient management, conservation tillage, etc.) 470 acres 

(45 practices)  $ 2,000/year  

SWCD, NRCS, MDA, 
County Ongoing 

1.8% 0.3% 0.1%  
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10-yr Baseline Funding ($20,000) 

10-yr Enhanced Funding# ($265,000) 6,825 acres 
(367 practices)  $ 26,500/year  12.0% 3.6% 1.6%  
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Structural Practices - Prioritize and implement structural BMPs that reduce 
the delivery of sediment and nutrient loads (WASCOBs, grassed waterways, 
filter strips, vegetative buffers, etc.) 51  $ 2,000/year  1.4% 0.3% 0.5% 
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10-yr Baseline Funding ($20,000) 

10-yr Enhanced Funding# ($265,000) 453  $ 26,500/year  6.6% 1.9% 2.8% 
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Easement Practices - Government acquisition of private land for the 
purpose of establishing conservation practices such as native plantings, 
tree planting, or wetland restoration (e.g. CCRP - temporary, CREP/RIM - 
permanent)     

20 acres  $ 1,000/year 

SWCD, NRCS, BWSR, 
County Ongoing 

   

S
W

.1
.1

a
 

S
W

.2
.1

a
 

S
W

.2
.1

b
 

S
W

.3
.1

a
&

b
 

S
W

.3
.2

a
&

b
 

S
W

.4
.1

a
 

S
W

.5
.1

a
 

S
W

.5
.2

a
&

b
 

 
G

W
1
.1

a
&

b
 

G
W

1
.2

a
 

G
W

2
.1

a
 

H
R

.2
.1a

 

  

L
S

.2
.1

a
 

10-yr Baseline Funding ($10,000) 

10-yr Enhanced Funding# ($135,000)  270 acres  $ 13,500/year     
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SOUTH FORK WATONWAN RIVER PLANNING REGION 

Action-Specific Goal 

Output 
(Number of 
Practices) 

Annual 
Budget 

(Rates are 
1.25x 

average 
2016 EQIP 

rates) 

Responsibility 
- 

Lead 
(underlined) & 

Partner(s) 

Timeline PTMApp Practice 
Assessment of Goals Multiple Benefits 
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Management Practices - Prioritize and implement management BMPs that 
reduce the delivery of sediment and nutrient loads by decreasing surface 
water runoff (nutrient management, conservation tillage, etc.) 367 acres 

(29 practices)  $ 1,500/year  

SWCD, NRCS,  MDA, 
County  Ongoing 

2.2% 0.2% 0.1%  
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10-yr Baseline Funding ($15,000) 

10-yr Enhanced Funding# ($215,000) 5,461 acres 
(246 practices)  $ 21,500/year   14.3% 2.6% 1.1%  
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Structural Practices - Prioritize and implement structural BMPs that 
reduce the delivery of sediment and nutrient loads (WASCOBs, grassed 
waterways, filter strips, vegetative buffers, etc.) 38  $ 1,500/year 2.1% 0.2% 0.3% 
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10-yr Baseline Funding ($15,000) 

10-yr Enhanced Funding# ($215,000) 323  $ 21,500/year   7.9% 1.1% 1.7% 
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Easement Practices - Government acquisition of private land for the 
purpose of establishing conservation practices such as native plantings, 
tree planting, or wetland restoration (e.g. CCRP - temporary, CREP/RIM - 
permanent)     

20 acres   $ 1,000/year  

SWCD, NRCS, 
BWSR, County Ongoing 
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10-yr Baseline Funding ($10,000) 

10-yr Enhanced Funding# ($105,000) 210 acres   $ 10,500/year     
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PERCH CREEK PLANNING REGION 

Action-Specific Goal 

Output 
(Number of 
Practices) 

Annual 
Budget 

(Rates are 
1.25x 

average 
2016 EQIP 

rates) 
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- 
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Management Practices - Prioritize and implement management BMPs that 
reduce the delivery of sediment and nutrient loads by decreasing surface 
water runoff (nutrient management, conservation tillage, etc.) 125 acres 

(7 practices)  $ 1,000/year  

SWCD, NRCS, MDA, 
County Ongoing 

1.1% 0.1% 0.0%  
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10-yr Baseline Funding ($10,000) 

10-yr Enhanced Funding# ($110,000) 2,721 acres 
(135 practices)  $ 11,000/year  9.6% 1.5% 0.6%  
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Structural Practices - Prioritize and implement structural BMPs that 
reduce the delivery of sediment and nutrient loads (WASCOBs, grassed 
waterways, filter strips, vegetative buffers, etc.) 12  $ 1,000/year  0.9% 0.1% 0.1% 
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10-yr Baseline Funding ($10,000) 

10-yr Enhanced Funding# ($110,000) 174  $ 11,000/year  4.3% 0.7% 1.0% 
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Easement Practices - Government acquisition of private land for the 
purpose of establishing conservation practices such as native plantings, 
tree planting, or wetland restoration (e.g. CCRP - temporary, CREP/RIM - 
permanent)     

 10 acres $ 500/year  

SWCD, NRCS, 
BWSR, County Ongoing  
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10-yr Baseline Funding ($5,000) 

10-yr Enhanced Funding# ($55,000)  110 acres  $ 5,500/year        

S
W

.1
.1

a
 

S
W

.2
.1

a
 

S
W

.2
.1

b
 

S
W

.3
.1

a
&

b
 

S
W

.3
.2

a
&

b
 

S
W

.4
.1

a
 

S
W

.5
.1

a
 

S
W

.5
.2

a
&

b
 

 
G

W
1
.1

a
&

b
 

G
W

1
.2

a
 

G
W

2
.1

a
 

H
R

.2
.1a

   

L
S

.2
.1

a
 

 

 

  



LOWER WATONWAN RIVER PLANNING REGION 

Action-Specific Goal 

Output 
(Number of 
Practices) 

Annual 
Budget 

(Rates are 
1.25x 

average 
2016 EQIP 

rates) 

Responsibility - 
Lead 

(underlined) & 
Partner(s) 

Timeline PTMApp Practice 
Assessment of Goals Multiple Benefits 
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Management Practices - Prioritize and implement management BMPs that 
reduce the delivery of sediment and nutrient loads by decreasing surface 
water runoff (nutrient management, conservation tillage, etc.) 375 acres  

(32 practices)  $ 1,500/year  

SWCD, NRCS, MDA, 
County Ongoing 

2.3% 0.2% 0.1%  
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W
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a
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a
 

   

L
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a
  

10-yr Baseline Funding ($15,000) 

10-yr Enhanced Funding# ($215,000) 5,418 acres 
(261 practices)  $ 21,500/year  12.6% 2.7% 1.1%  
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L
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Structural Practices - Prioritize and implement structural BMPs that 
reduce the delivery of sediment and nutrient loads (WASCOBs, grassed 
waterways, filter strips, vegetative buffers, etc.) 42  $ 1,500/year 1.4% 0.2% 0.3% 
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10-yr Baseline Funding ($15,000) 

10-yr Enhanced Funding# ($215,000) 313  $ 21,500/year  6.3% 1.3% 1.9% 
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Easement Practices - Government acquisition of private land for the 
purpose of establishing conservation practices such as native plantings, 
tree planting, or wetland restoration (e.g. CCRP - temporary, CREP/RIM - 
permanent)   

20 acres  $ 1,000/year 

SWCD, NRCS, BWSR, 
County Ongoing  
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10-yr Baseline Funding ($10,000) 

10-yr Enhanced Funding# ($105,000)  210 acres  $ 10,500/year        
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Action # Goal-Related Actions Unit Unit 
Cost  

Total 10-
Year Cost 

($) 

Responsibility - 
Lead (underlined) & 

Partner(s) 

Timeline Issue # by Resource Concern 
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CI-1 

Support lake associations and other landowners in lake -based 
decision-making for lakes with high phosphorus loading.. See Section 7; Table 7-3 County, SWCD, 

DNR 
Ongoing   

SW
.2

.1a
 

SW
 2

.1b
 

                

CI-2 

Stabilize and protect streams, rivers, and bluffs through 
restoration of straightened channels to decrease stream velocity, 
reduce flood impacts, and enhance recreational and fish and 
wildlife habitat value. 

See Section 7; ; Table 7-3 County, SWCD Ongoing     

SW
.3

.1a
 

SW
.3

.1b
 

      

H
R

.1.
1a

 
H

R
.1.

1b
 

      

CI-3 

Implement livestock waste management systems and manage 
water using runoff control measures. 

See Section 7; ; Table 7-3 County, SWCD, 
MDA 

Ongoing     

SW
.3

.2
a 

SW
.3

.2
b 

    

G
W

.1.
1a

 
   

 G
W

.1.
1b

 

        

CI-4 

Protect and restore wetlands through programs as property tax 
credits, easements, and wetland bank sites.  Restore and improve 
500 acres of wetlands.                                

See Section 7; ; Table 7-3 County, SWCD, 
BWSR 

Ongoing       

SW
.4

.1a
 

  

G
W

.1.
1a

 
G

W
.1.

1b
 

 

        

CI-5 

Repair, maintain, and implement additional flood storage 
practices, larger scale retention projects, larger scale floodplain 
culverts, and floodwater impoundments to address the most 
significant flooding contributors first based on outcome of future 
conditions hydrologic and hydraulic model. 

See Section 7; ; Table 7-3 County, SWCD, 
City 

Ongoing         

SW
.5

.2
a 

SW
.5

.2
b 

 
 

          

CI-6 

Address failing culverts and fish barriers through engagement 
with county public works, townships and private landowners to 
accurately size bridges and culverts. See Section 7; ; Table 7-3 County, SWCD, 

DNR 
Ongoing             

H
R

.1.
1b

 

      

 

 

Watershed-Wide Actions 



Action # Goal-Related Actions Unit Unit Cost 
Total 10-
Year Cost 

($) 

Funding Level 
 

(Baseline – B, 
Enhanced – E, 
Col/Comp – C) 

Responsibility 
- 
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(underlined) & 

Partner(s) 

Timeline Issue # by Resource Concern 
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RM-1 

Continue monitoring programs such as 
wellhead monitoring, volunteer rain gages, 
water sampling, and lake level monitoring. 

Monitoring 
Programs 

 

Ongoing 
Program $44,000  B 

County, 
SWCD, DNR, 
MDA, MDH  

 
Ongoing 

  

  

 S
W

.2
.1a

 
SW

.2
.1b

 
  S

W
.2

.2
a 

 S
W

.3
.1a

 
SW

.3
.1b

 
SW

.3
.1c

 

    

 G
W

.1.
1a

 
G

W
.1.

1b
 

G
W

.1.
1c

 

        

RM-2 

Develop and maintain an aquatic invasive 
species database including the location of 
current populations, areas prone to invasion, 
and natural barriers to coordinate infestation 
management efforts, including (but not 
limited) to invasive carp, Eurasian 
Watermilfoil, Purple Loosestrife, zebra 
mussels, and Spiny Water Fleas. 

AIS 
management 

plan / 
database 

$15,000  $15,000  B County, 
SWCD, DNR 

Ongoing             

H
R

.1.
3a

 
H

R
.1.

3b
 

      

RM-3 

Target key landscapes and areas that should 
be priority for reducing runoff (i.e. steep 
slopes, highly erodible soils, etc.) utilizing 
PTMApp data outputs such as soil erodibility 
factor and length-slope factor variables from 
the revised universal soil loss equation 
(RUSLE), as well as available geologic/soils 
data. 

Prioritization 
Study $10,000  $10,000  B County, SWCD ● ●               

SW
.5

.1 
a 

SW
.5

.2
a 

SW
.5

.2
b 

          

RM-4 

Prioritize feedlot inspections, regardless of 
size, in areas of greatest risk to pollution of 
water resources.  

Prioritization 
Study $5,000  $5,000  B County, 

SWCD, MPCA 
Ongoing                   

LS
.2

.3
a 

RM-5 

Prioritize areas with a high density of private 
wells, high pollution sensitivity, Mankato 
drinking water supply management area, 
and/or where there are known groundwater 
contaminants (e.g., wellhead protection areas, 
sensitive landscapes, etc.) to implement BMPs 
that reduce the risk of contaminants in 

Prioritization 
Study $5,000  $5,000  B 

County, 
SWCD, DNR, 
MDH, MDA, 

public water 
suppliers 

 ●                   

G
W

.1.
2a

 

        



Action # Goal-Related Actions Unit Unit Cost 
Total 10-
Year Cost 

($) 

Funding Level 
 

(Baseline – B, 
Enhanced – E, 
Col/Comp – C) 

Responsibility 
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Lead 
(underlined) & 

Partner(s) 

Timeline Issue # by Resource Concern 
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groundwater utilizing the Nitrogen Infiltration 
Risk analysis. 

RM-6 

Identify, prioritize and target structures 
needed to repair/replace or build to address 
the most significant flooding contributors first. 

Prioritization 
Study $10,000  $10,000  E 

SWCD, 
County, DNR, 

City 
● ●               

SW
.5

.3
b 

          

RM-7 

Leverage existing or planned work while 
conducting watershed-wide source 
assessment of near-channel sediment loading 
(i.e., banks, bluffs, and ravines) and identify 
priority banks for stabilization BMPs. 

1 assessment $75,000  $75,000  E, C SWCD, County Ongoing     

SW
.3

.4
a 

              

RM-8 

Pursue management activities to address 
terrestrial invasives of concern, including but 
not limited to early detection, control 
measures, and educational outreach 
campaigns.  

Annual 
Management 
Expenditure 

$5,000  $50,000  E, C 

County, 
SWCD, DNR, 

MDA, 
Townships, City 

Ongoing             

H
R

.2
.2

a 
H

R
.2

.2
b 

      

RM-9 

Leverage existing or planned work to identify 
areas adjacent to existing public lands that 
contain wildlife habitat features (wetlands, 
floodplain, MBS biodiversity sites, priority 
shallow lakes, etc.) and prioritize to 
encourage enrollment in land set-aside 
programs. 

Prioritization 
Study $10,000  $10,000  E, C County, 

SWCD, DNR 
  ●           

SW
.3

.3
a 

      

H
R

.2
.1a

 

      

RM-10 

Leverage existing or planned work while 
following DNR guidance for wood removal in 
riparian corridors at or below the ordinary 
high water level.  Above the ordinary high 
water level will be covered by shoreland 
ordinance.     

Resource $2,500  $2,500  E, C DNR, County, 
SWCD 

  ●           

SW
.3

.4
a 

      

H
R

 1.
1a

  

      



Action # Goal-Related Actions Unit Unit Cost 
Total 10-
Year Cost 

($) 

Funding Level 
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Enhanced – E, 
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Responsibility 
- 

Lead 
(underlined) & 

Partner(s) 
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RM-11 

Complete and maintain a future conditions 
watershed hydrologic and hydraulic study to 
address areas experiencing impacts from 
high-discharge events, better define 
disconnected floodplain areas and prioritize 
flood prevention measures based on outcome 
of future conditions hydrologic and hydraulic 
model (e.g., infrastructure in the 100-year 
floodplain) inclusive of streams, rivers, and 
lakes and prioritize prevention measures 
based on the model. 

1 Study $200,000  $200,000  C 
SWCD, 

County, DNR, 
City 

● ●           

SW
.3

.3
a 

  

SW
.5

.3
a 

          

RM-12 

Complete channel stabilization inventory that 
will reduce peakflow and address bank 
failures in conjunction with landowners, DNR, 
and drainage authorities. Based on root  
causes of unstable channels identify 
maintenance actions that maintain drainage 
capacity by utilizing traditional benefits or the 
Drainage System Repair Cost Apportionment 
Option where applicable and restore streams 
to reconnect channels to natural floodplains to 
improve stream function and habitat. 

One Planning 
Document $50,000  $50,000  C 

County, 
SWCD, 

Drainage 
Authority 

● ●                   

H
R

1.2
a 

      



Action # Goal-Related Actions Unit Unit Cost 
Total 10-
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(Baseline – B, 
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RM-13 

Develop, maintain, and utilize a watershed 
wide geospatial restoration and natural lands 
database using criteria identified by Blue Earth 
County to guide habitat projects that decrease 
habitat fragmentation, enhance native habitat 
corridors, expand recreational opportunities in 
native habitats and expand riparian access by 
effectively leveraging county, state, and 
federal cost-share programs (i.e., Continuous 
CRP, RIM, CREP, reserve for wellhead 
protection, wetland banking, etc.) to improve 
wildlife habitat. 

1 database 
and 

maintenance 
budget 

$20,000 
database 
developm

ent; 
$5,000 
annual 

maintenan
ce budget 

$30,000  C SWCD, County Ongoing             

H
R

.2
.1a

 

      

RM-14 

Identify needed improvements to 
infrastructure relative to public accesses, 
trails, road maintenance, and signage to 
promote and increase use of publicly-owned 
lands. 

Recreational 
infrastructur

e 
management 

plan 

$10,000  10000 C County, DNR Ongoing               

H
R

.3
.1a

 

    

RM-15 

Identify and prioritize degraded lakeshore and 
upstream bank failure sites for BMP 
implementation to address lake nutrient and 
sediment loading. 

1 Study $10,000  $10,000  C SWCD, 
County, DNR 

Ongoing   

SW
.2

.1a
 

                

RM-16 

Develop and apply resources to assess and 
estimate wetland loss. 

1 Study $10,000  $10,000  C County, 
SWCD, DNR 

Ongoing       

SW
.4

.1a
 

SW
.4

.1b
 

            

RM-17 

Identify, prioritize and target areas where 
connectivity can be established through the 
creation of a water feature, installation of a 
new structure, or repair/replacement of an old 
structure.  

Prioritization 
Study $5,000  $5,000  C 

County, 
SWCD, City, 

DNR 
Ongoing     

SW
.3

.3
a 

              



Action # Goal-Related Actions Unit Unit Cost 
Total 10-
Year Cost 
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Funding Level 
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RM-18 

Identify and Prioritize aquifer recharge BMPs 
within identified DWSMAs. Prioritization 

Study $5,000 $5,000  C 

County, 
SWCD, MDH, 
public water 

suppliers 

● ●                 

G
W

.2
.1a

 

        

RM-19 

Start/complete the Geologic Atlas process for 
all counties Geologic 

Atlas Per 
County 

Estimate 
Partnershi

p Cost 

Cost per 
remaining 

County 
C 

County, 
SWCD, DNR, 

MGS 
Ongoing           

G
W

.2
.1a

 

        

RM-20 

Identify and prioritize soil health practices in 
planning regions.  Prioritization 

Study 
N/A: Existing PMTApp 

Data N/A 
County, 

SWCD, DNR, 
MGS 

●                   

G
W

.2
.1a

 

        

RM-21 

Monitor and document the details of each 
flood event that results in damages. N/A: Existing Budget N/A 

County, 
SWCD, City, 

DNR 
Ongoing     

 S
W

 3
.1a

 
SW

 3
.2

b 

  

SW
.5

.3
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EO-1  

Complete 100 visits annually to local 
landowners to encourage enrollment 
in state and federal programs to 
preserve and restore wetlands. 

100 Visits / 
year 

$150 / visit; 
$15,000 / year $150,000  B SWCD, County Ongoing       

SW
.4

.1b
 

            

EO-2 

Conduct property stewardship visits 
to discuss BMP implementation with 
interested property owners. 

5 
comprehensive 

site visits / 
year 

$500 / visit $25,000 B SWCD, County, 
City, MDA 

Ongoing                 

LK
B

.1.
1a

 
LK

B
.1.

1b
 

  

EO-3 

Provide technical assistance to bring 
75% of SSTS into compliance.  Ongoing 

Marketing $2,000 / year $20,000 B County, SWCD, 
MPCA, MDA 

Ongoing                  

LS
.2

.2
a 

EO-4 

Conduct property landowner 
awareness visits to foster 
understanding of BMPs and 
environmental conservation.  

10 site visits / 
year $150 / visit $15,000 B SWCD, County, 

City, MDA 
Ongoing                 

LK
B

.1.
1a

 
LK

B
 .1

.1a
 

  

EO-5 

Develop an outreach plan to 
coordinate the educational and 
outreach efforts consistent with the 
goals of this plan. 

Ongoing 
Marketing $1,000 / year $10,000  B SWCD, County, 

City 
Ongoing                 

LK
B

.1.
1a

 

  

EO-6 

Provide outreach to property owners 
about riparian and shoreland BMPs.  Ongoing 

Marketing $1,000 / year $10,000 B SWCD, County, 
DNR 

Ongoing                   

LS
.3

.1a
 

EO-7 

Conduct 1 educational outreach effort 
annually to highlight watershed 
livestock BMP and SSTS incentive 
programs. 

1 outreach 
effort / year 

$1,000 / 
outreach effort $10,000 B County, SWCD, 

City 
Ongoing     

SW
.3

.2
c 

    

G
W

.1.
1c
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EO-8 

Explore and promote protection and 
restoration of wetlands through such 
programs as property tax credits, 
easements, and establishment of 
wetland bank sites.   

Ongoing 
Marketing $1,000 / year $10,000  B SWCD, County, 

BWSR 
Ongoing       

SW
.4

.1b
 

            

EO-9 

Increase the number of farmers 
enrolled in the Nutrient Management 
Initiative Program to evaluate 
nutrient management practices.  

Number of 
enrollments / 

year 
$1,000/year $10,000  B County, SWCD, 

MDA 
Ongoing           

G
W

.1.
1c

 

        

EO-10 
Hold 1 water testing outreach effort 
annually to determine nitrate 
concentrations in irrigation water. 

1 outreach 
effort / year 

$1,000 / 
outreach effort $10,000  B County, SWCD, 

MDA, MDH 
Ongoing           

G
W

.1.
1c

 

        

EO-11 

Provide information to private well 
users about local drinking water 
quality and well testing opportunities: 
Coliform Bacteria (every year); 
Nitrate (every other year); Arsenic (at 
least once); Lead (at least once); 
Manganese (at least once). Conduct 
outreach  to enhance the public's 
understanding  of Contaminants of 
Emerging Concern (CEC) by 
communicating the health impacts 
and exposure potential of emerging 
contaminants in drinking water. 

2 well testing 
clinic / year $1,000 / clinic $10,000  B County, SWCD, 

MDH  
Ongoing           

G
W

.1.
2b

 

        

EO-12 

Work with County Emergency 
Management Staff, City Staff, and 
affected landowners  to educate the 
community and build awareness 
regarding extreme weather events. 

Ongoing 
Marketing $1,000 / year $10,000  B SWCD, County Ongoing         

SW
.5

.3
a 
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EO-13 

Maintain and expand set-aside acres 
in sensitive areas, including areas in 
publicly supported conservation 
programs like CRP, from being 
converted to higher intensity uses.  

# of Set-Aside 
Acres $1,000 / year $10,000  B 

County, SWCD, 
USDA Farm 

Service Agency 
Ongoing           

G
W

.2
.1b

 

        

EO-14 

Promote and encourage the adoption 
of irrigation water management 
BMPs that increase water 
conservation. 

Ongoing 
Marketing $1,000 / year $10,000 B MDA, SWCD, 

DNR 
Ongoing           

G
W

.2
.1b

 

        

EO-15 

Engage county public works, 
townships and private landowners in 
prioritizing and replacing failing 
culvert/ barriers that impact aquatic 
life as identified in county CIPs 
(including technical assistance and 
design standards). 

1 outreach 
effort / year 

$1,000 / 
outreach effort $10,000  B 

County, 
Townships, 

SWCD 
● ● ●                 

H
R

.1.
1b

 

      

EO-16 

Promote BMPs that increase 
perennial native vegetation in 
riparian areas to provide connections 
between fragments, expand riparian 
access and increase riparian cover.  

Ongoing 
Marketing $1,000 / year $10,000  B County, SWCD Ongoing             

H
R

.1.
1a

 

      

EO-17 

Annually complete outreach efforts 
to describe opportunities to improve 
water quality while maintaining 
drainage capacity. 

Ongoing 
Marketing $1,000 / year $10,000  B 

County, SWCD, 
Drainage 
Authority 

Ongoing 

SW
.1.

1a
 

                  

EO-18 

Support lake associations and other 
landowners in lake-based decision 
making.  

Ongoing 
Marketing $1,000 / year $10,000  B SWCD, County, 

DNR 
Ongoing   

SW
.2

.1a
 

SW
.2

.1b
 

                

EO-19 

Request and work with MN DNR to 
hold 2 public outreach efforts to 
discuss lake level management. 

2 outreach 
efforts / year 

$1,000 / 
outreach effort $2,000  B 

SWCD, County, 
DNR, Lake 

Associations 
Ongoing   

SW
.2

.1a
 

SW
.2

.1b
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EO-20 

Form committee to explore 
collaborative efforts in dealing with 
aquatic invasive species including 
education, control, rapid response, 
and inspections. 

N/A: Existing Staff Time B County, SWCD, 
DNR 

●                     

H
R

.1.
3a

 
H

R
.1.

3b
 

      

EO-21 

Generate and provide supporting 
educational and outreach materials 
consistent with the goals of this plan. 

Ongoing 
Marketing $1,000 / year $50,000  E SWCD, County, 

City 
Ongoing                 

LK
B

.1.
2a

 

  

EO-22 

Conduct outreach and host 
educational programs to increase the 
adoption of conservation practices 
and soil health practices to highlight 
available assistance technical and 
financial assistance to implement 
these practices. 

2 outreach 
efforts / year 

$1,000 / 
outreach effort $20,000  E SWCD, County Ongoing         

SW
.5

.1b
 

SW
.5

.2
c 

          

EO-23 

Coordinate opportunities for local 
field days, training and outreach for 
farmers, co-ops, and crop consultant; 
include state and federal agency 
resource partners to facilitate 
outreach efforts. Focus on land-
water relationship concepts, 
alternative nitrogen management 
practices, soil health, second crops 
and other conservation, land 
stewardship practices that provide 
long-term sustainable solutions to 
protect groundwater quality and 
quantity.  

2 outreach 
efforts 

$1,000 / 
outreach effort $20,000 E SWCD, County, 

MDH, MDA  
Ongoing         

SW
.5

.1b
  

SW
.5

.2
c 

G
W

.2
.1b

 

        

EO-24 

Conduct 2 educational outreach 
efforts annually about water quantity 
and community resilience to extreme 
weather events. 

2 outreach 
efforts / year 

$1,000 / 
outreach effort $20,000  E County, SWCD, 

Cities 
Ongoing         

SW
.5

.3
a 
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EO-25 

Educate the public about invasive 
species infestations and how to 
prevent further spread. 

2 outreach 
efforts / year 

$1,000 / 
outreach effort $20,000  E SWCD, County, 

DNR  
Ongoing             

H
R

.1.
3a

 
H

R
.1.

3b
 

H
R

.2
.2

b 

      

EO-26 

Work with 1 community annually to 
implement urban stormwater BMPs 
to address peak flow rates, sediment, 
and nutrient loading.  

1 community / 
year $2,000 / year $20,000 E City, County, 

SWCD, MPCA 
Ongoing                   

LS
.1.

1b
 

EO-27 

Conduct outreach efforts on the 
fragmentation of high-quality habitat 
and voluntary conservation programs 
to restore these habitats. 

2 outreach 
efforts / year 

$1,000 / 
outreach effort $20,000  E SWCD, County, 

DNR 
Ongoing             

H
R

.2
.1a

 

      

EO-28 

Hold 1 educational outreach effort 
annually to promote implementation 
of nutrient management practices. 1 outreach 

effort / year 
$1,000 / 

outreach effort $10,000  E County, SWCD, 
MDA, MDH 

Ongoing     

SW
.3

.1c
 

    

G
W

.1.
1c

 
G

w
.1.

1d
 

        

EO-29 

Promote the implementation of 
whole-farm and nutrient 
management practices to improve 
farm profitability and reduce nitrogen 
loss. 

1 outreach 
effort / year 

$1,000 / 
outreach effort $10,000 E SWCD, County, 

MDA , MDH  
Ongoing           

G
W

.1.
1c

 

      

 L
S.

2.
1a

 

EO-30 

Continue to identify programs and 
opportunities for growers to test and 
implement new nitrogen practices, 
innovative technology or cropping 
systems that protect groundwater 
quality that prevent or reduce 
nitrogen loss (e.g., cover crops, 
alternative crops, precision ag / new 
technologies, nutrient management 
initiative, etc.) 

1 outreach 
effort / year 

$1,000 / 
outreach effort $10,000  E County, SWCD, 

MDA  
Ongoing           

G
W

.1.
1c

 
G

w
.1.

1d
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EO-31 

Hold 1 outreach effort annually for 
the public to learn current successes 
and issues with groundwater use and 
groundwater recharge. 

1 outreach 
effort / year 

$1,000 / 
outreach effort $10,000  E County, SWCD, 

MDA, DNR, MDH 
Ongoing           

G
W

.2
.1b

 

        

EO-32 
Promote the recreational use of 
natural resources. Ongoing 

Marketing $1,000 / year $10,000 E County, SWCD, 
DNR 

Ongoing               

H
R

.3
.1a

 

    

EO-33 

Conduct annual outreach to 
encourage residents to adopt urban 
conservation BMPs and water reuse 
practices. 

Ongoing 
Marketing $1,000 / year $10,000  E City, County, 

SWCD, MPCA 
Ongoing                   

LS
.1.

1b
 

EO-34 

Conduct 1 outreach effort annually to 
educate producers about existing 
manure management ordinances, 
describe BMPs, and encourage 
producers to update their Manure 
Management Plan annually. 

1 outreach 
effort / year $1,000 / year $10,000  E SWCD, County, 

MPCA 
Ongoing                   

LS
.2

.3
b 
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R-1 

Coordinate with Drainage Authorities to identify and prioritize 
MPDM during Plan and Schedule development. 

N/A: Existing Budget 
County, SWCD, 

Drainage 
Authority 

Ongoing 

SW
.1.

1a
 

                  

R-2 

Provide financial and technical assistance to implement 
MDPDM practices. N/A: Existing Budget 

County, SWCD, 
Drainage 
Authority 

Ongoing 

SW
.1.

1b
 

                  

R-3 

Develop a local drainage project coordination team to identify 
drainage systems in need of repair and conservation practice 
implementation. 

N/A: Existing Budget 
County, SWCD, 

Drainage 
Authority 

Ongoing 

SW
.1.

2a
 

                  

R-4 

Administer zoning regulations to preserve and restore the 
natural shoreland areas. N/A: Existing Budget County, DNR Ongoing   

SW
.2

.1a
 

SW
.2

.1b
 

  

  

    

H
R

.1.
1a

 
H

R
.2

.1a
 

      

R-5 

Enforce feedlot riparian setback requirements. 

N/A: Existing Budget County, MPCA Ongoing   

  SW
.3

.2
a 

SW
.3

.2
b 

            

LS
.2

.3
a 

R-6 

Administer the County Feedlot Program. 

N/A: Existing Budget County, SWCD, 
MPCA 

Ongoing   

  

SW
.3

.2
a 

SW
.3

.2
b 

            

LS
.2

.3
a 

R-7 

Enforce field manure application requirements. 

N/A: Existing Budget County, MPCA Ongoing   

  SW
.3

.2
a 

SW
.3

.2
b 

            

LS
.2

.3
a 
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R-8 

Enforce state stream buffer requirements. 

N/A: Existing Budget County, SWCD, 
BWSR 

Ongoing   

  

SW
.3

.4
a 

              

R-9 

Implement and enforce applicable county ordinances and the 
Wetland Conservation Act (WCA) to retain wetland quantity, 
function, and value, and investigate WCA consistency to assess 
the possibility of shared services. N/A: Existing Budget County, SWCD, 

BWSR 
Ongoing     

  

SW
.4

.1a
 

            

R-10 

Implement well set back rules by ordinance. 

N/A: Existing Budget County, SWCD, 
DNR, MDH 

Ongoing           

G
W
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R-11 
Implement Wellhead Protection Areas and prioritize the 
protection of DWMSAs N/A: Existing Budget County, City, 

MDH 
Ongoing           

G
W

.1.
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R-12 

Adhere to Minnesota Statutes and Rules pertaining to invasive 
species (Minnesota Statute 84D and Minnesota Rules 6216) and 
the Noxious Weed Law (Minnesota Statutes Sections 18.76 to 
18.91). 

N/A: Existing Budget County, 
Townships, City 

Ongoing             
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R

.2
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a 
H

R
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R-13 

Administer Minn. R. Chapter 7080 through 7083 and local 
county ordinances to manage SSTS and implement a loan 
program for SSTS upgrade to protect surface and groundwater 
quality.  N/A: Existing Budget County, SWCD, 

MPCA, MDA 
Ongoing                   
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.2

.2
a 
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R-14 

Hold joint discussions with watershed partners that enforce 
ordinances and permit programs to provide consistency, 
effectiveness, and efficiency across the watershed to benefit 
water quality and habitat vitality. The intent of this action is to 
share knowledge, not to adjust local regulations. 

N/A: Existing Budget SWCD, County, 
DNR 

Ongoing                   
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R-15 

Provide technical and financial resources to seal, maintain, or 
replace failing or abandoned wells. 

N/A: Existing Budget SWCD, 
County, MDH 

Ongoing      
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OM-1 Continue to implement ditch repair and inspection programs.  N/A: Existing Budget County, SWCD, 
Drainage Authority 

Ongoing 

SW
.1.

1a
 

SW
.1.

1b
 

                  

OM-2 Coordinate with counties to identify where infrastructure 
repair/upgrades should be prioritized.  N/A: Existing Budget County, SWCD, 

DNR 
Ongoing     

SW
.3

.3
a 

              

OM-3 Pursue RIM and CREP opportunities to expand existing riparian 
buffers. N/A: Existing Budget County, SWCD, 

NRCS 
Ongoing     

SW
.3

.4
a 

              

OM-4 Manage public access sites for invasive and nuisance species and 
coordinate efforts in rapid response and access inspections. N/A: Existing Budget County, SWCD, 

DNR 
Ongoing             

H
R

.1.
3 

      

OM-5 
Pursue funding to support construction of new BMPs and 
enhancements of existing BMPs that expand stormwater 
management capacity.  

N/A: Existing Budget City, County, 
SWCD, MPCA 

Ongoing 

                  

LS
.1.
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OM-6 Encourage and promote low-impact development techniques and 
methods. N/A: Existing Budget City, County, 

SWCD, MPCA 
Ongoing 
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