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Executive Summary 
This Total Maximum Daily Load (TMDL) report is a continuation of previously completed TMDLs in the 

Redwood River Watershed that have been approved by the U.S. Environmental Protection Agency (EPA) 

Region 5. In May 2023, the Redwood River Watershed TMDL Report (MPCA 2023a) was approved, which 

covers nine total suspended solids (TSS) impaired reaches, two bacteria (E. coli) impaired reaches, one 

chloride impaired reach, and six nutrient impaired lakes throughout the Redwood River Watershed. The 

Redwood River Fecal Coliform TMDL Report (RCRCA 2013) was approved in January 2014, and covers 

nine bacteria (fecal coliform) impaired reaches throughout the watershed. Prior to the fecal coliform 

TMDL, the state of Minnesota submitted a state-wide TMDL to address mercury in fish, which covered 

six reaches in the Redwood River Watershed, and was approved in March 2007 (MPCA 2007). In 2020, 

EPA Region 5 approved the Minnesota River and Greater Blue Earth River Basin TSS TMDL Study (MPCA 

2020b), which included a TSS TMDL for Redwood River Reach 501. 

This TMDL study addresses one river eutrophication standard (RES) impaired reach of the Redwood 

River (07020006-501) that is listed on the 2022 State of Minnesota’s 303(d) list of impaired waters. River 

eutrophication impairments are treated as phosphorus impairments. Thus, this TMDL establishes the 

maximum amount of a pollutant (i.e., phosphorus) that Redwood River Reach 501 can receive on a daily 

basis and still meet the RES water quality standard. The TMDL report is divided into wasteload 

allocations (WLAs) for point or permitted sources, load allocations (LAs) for nonpoint sources (NPSs) and 

natural background, a margin of safety (MOS), and a reserve capacity (RC). 

This TMDL report used a variety of methods to evaluate current loading contributions from various 

pollutant sources as well as the allowable pollutant loading capacity (LC) of the impaired reach. These 

methods include monitored flow and water quality data, the Hydrologic Simulation Program – FORTRAN 

(HSPF) model, and the flow duration curve approach. This TMDL report was developed in conjunction 

with a basin-wide TMDL report described above (MPCA 2023a), which addresses multiple impairments 

throughout the Redwood River Watershed.  

A general strategy and cost estimate for implementation to address the impairments are included. Both 

point sources and NPSs will be the focus of implementation efforts. NPS contributions are not regulated 

and will need to proceed on a voluntary basis. Permitted point sources will be addressed through the 

Minnesota Pollution Control Agency’s (MPCA) National Pollutant Discharge Elimination System 

(NPDES)/State Disposal System (SDS) Permit programs. 
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1. Project Overview 

1.1 Purpose 

This TMDL addresses one RES impaired reach of the Redwood River (07020006-501) in the greater 

Redwood River Watershed. Redwood River Reach 501 is about four miles long and is the most 

downstream reach of the Redwood River before it discharges to the Minnesota River. The drainage area 

of the impaired reach presented in this TMDL covers portions of six counties in southwest Minnesota: 

Lincoln, Yellow Medicine, Redwood, Lyon, Pipestone, and Murray. The goal of this TMDL is to quantify 

the pollutant reductions needed to meet state water quality standards for phosphorus for Redwood 

River Reach 501 (Table 1 and Figure 1). This TMDL is established in accordance with Section 303(d) of 

the CWA and provides WLAs and LAs for the watershed areas as appropriate. 

There have been TMDLs completed and approved by the EPA Region 5 in the Redwood River Watershed 

prior to this TMDL. In 2023, the Redwood River Watershed TMDL Report (MPCA 2023a) was completed 

and approved, which covers nine TSS impaired reaches, two bacteria (Escherichia coli [E. coli]) impaired 

reaches, one chloride impaired reach, and six nutrient impaired lakes throughout the Redwood River 

Watershed (see Appendix D for impairment details). In 2020, EPA Region 5 approved the Minnesota 

River and Greater Blue Earth River Basin TSS TMDL Study (MPCA 2020b), which included a TSS TMDL for 

Redwood River Reach 501.  

In 2014, EPA Region 5 approved the Redwood River Fecal Coliform TMDL Report (RCRCA 2013), which 

covers nine bacteria reaches throughout the watershed (Appendix D). Prior to the watershed-wide 

TMDL study and the fecal coliform TMDLs, the MPCA completed the Minnesota Statewide Mercury 

TMDL (MPCA 2007) to address multiple impairments for mercury in fish tissue throughout the state. The 

six affected Redwood River Watershed reaches included in the mercury TMDL are listed in Appendix D. 

There are also several approved TMDL reports for water bodies downstream of the Redwood River that 

include watershed area in the Redwood River Watershed: 

• Lower Minnesota River Dissolved Oxygen TMDL Report (MPCA 2004)  

• South Metro Mississippi River TSS TMDL (MPCA 2015)  

• Lake Pepin and Mississippi River Eutrophication TMDL Report (MPCA 2021a)  

Intensive watershed monitoring (IWM) was conducted in the Redwood River Watershed in 2017 and 

2018 to determine the overall health of water resources, identify impaired waters, and identify waters 

in need of protection. Data from this IWM was combined with other available data collected within the 

last 10 years and used to assess water body health. In general, IWM results showed that most of the 

monitored lakes and streams in the Redwood River Watershed are degraded. Detailed results can be 

found in the Redwood River Watershed Monitoring and Assessment Report (MPCA 2020a).  

The (IWM) efforts for the Redwood River Watershed identified 15 stream reaches that currently do not 

meet fish Index of Biotic Impairment (IBI) standards and 18 stream reaches that do not meet aquatic 

macroinvertebrate IBI standards. A Stressor Identification (SID) Report was developed for these reaches 

to determine the primary stressors to the biological communities (MPCA 2021b). Results from the SID 

report was incorporated into the Redwood River Watershed TMDL Report (MPCA 2023a) and the 

https://www.pca.state.mn.us/sites/default/files/wq-ws3-07020006.pdf
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Redwood River Watershed Restoration and Protection Strategies (WRAPS) Report (MPCA 2023b). The 

Redwood River Watershed RES TMDL addresses only the stream eutrophication impairment found in the 

Redwood River’s most downstream reach (-501).  

1.2  Identification of Waterbodies 

This TMDL report addresses one river eutrophication impairment first listed on the State of Minnesota’s 

2016 303(d) list of impaired waterbodies (Table 1). Figure 1 shows the location of the impaired reach in 

the context of the greater Redwood River Watershed. 

Table 1. Impaired river reach addressed in this TMDL report. 

Affected use: 
Pollutant/ 
Stressor Reach ID Reach name Reach description 

Designated 
use Class 

Listing 
year 

Target 
start/ 

Completion 

Aquatic Life: River 
Eutrophication 

07020006-
501 

Redwood 
River 

Ramsey Creek to 
Minnesota River 

2Bg, 3 2016 2018/2021 

1.3 Priority Ranking 

The MPCA schedule for TMDL completions, as indicated on Minnesota’s Section 303(d) impaired waters 

list, reflects Minnesota’s priority ranking of this TMDL. The MPCA has aligned TMDL priorities with the 

watershed approach. The schedule for TMDL completion corresponds to the WRAPS report completion 

following the 10-year IWM cycle. The MPCA developed a state plan, Prioritization Plan for Minnesota 

303(d) Listings to Total Maximum Daily Loads (MPCA 2015), to meet the needs of EPA’s national 

measure (WQ-27) under EPA’s Long-Term Vision for Assessment, Restoration and Protection under the 

CWA Section 303(d) Program (EPA 2013). As part of these efforts, the MPCA identified water quality 

impaired segments that were to be addressed by TMDLs. 
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Figure 1. Overview of Redwood River impaired Reach 501 (in red) covered in this TMDL.
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2. Applicable Water Quality Standards  
The federal Clean Water Act requires states to designate beneficial uses for all waters and develop 

water quality standards to protect each use. Water quality standards consist of several parts: 

• Beneficial uses—Identify how people, aquatic communities, and wildlife use our waters 

• Numeric criteria—Amounts of specific pollutants allowed in a body of water that still protect it 

for the beneficial uses 

• Narrative criteria—Statements of unacceptable conditions in and on the water 

• Antidegradation protections—Extra protection for high-quality or unique waters and existing 

uses 

Together, the beneficial uses, numeric and narrative criteria, and antidegradation protections provide 

the framework for achieving Clean Water Act goals. Minnesota’s water quality standards are in Minn. R. 

chs. 7050 and 7052.  

2.1 Beneficial uses 

The beneficial uses for waters in Minnesota are grouped into one or more classes as defined in Minn. R. 

7050.0140. The classes and associated beneficial uses are:  

• Class 1 – domestic consumption 

• Class 2 – aquatic life and recreation 

• Class 3 – industrial consumption 

• Class 4 – agriculture and wildlife 

• Class 5 – aesthetic enjoyment and navigation 

• Class 6 – other uses and protection of border waters 

• Class 7 – limited resource value waters 

The Class 2 aquatic life beneficial use includes a tiered aquatic life uses framework for rivers and 

streams. The framework contains three tiers—exceptional, general, and modified uses. 

All surface waters are protected for multiple beneficial uses, and numeric and narrative water quality 

criteria are adopted into rule to protect each beneficial use. TMDLs are developed to protect the most 

sensitive use of a water body. 

2.2 Narrative and numeric criteria and state standards 

Narrative and numeric water quality criteria for all uses are listed for four common categories of surface 

waters in Minn. R. 7050.0220. The four categories are: 

• Cold water aquatic life and habitat, also protected for drinking water: Classes 1B; 2A, 2Ae, or 

2Ag; 3; 4A and 4B; and 5 

• Cool and warm water aquatic life and habitat, also protected for drinking water: Classes 1B or 

1C; 2Bd, 2Bde, 2Bdg, or 2Bdm; 3; 4A and 4B; and 5 
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• Cool and warm water aquatic life and habitat and wetlands: Classes 2B, 2Be, 2Bg, 2Bm, or 2D; 3; 

4A and 4B; and 5 

• Limited resource value waters: Classes 3; 4A and 4B; 5; and 7 

The narrative and numeric water quality criteria for the individual use classes are listed in Minn. R. 

7050.0221 through 7050.0227. The procedures for evaluating the narrative criteria are presented in 

Minn. R. 7050.0150. 

The MPCA assesses individual water bodies for impairment for Class 2 uses—aquatic life and recreation. 

Class 2A waters are protected for the propagation and maintenance of a healthy community of cold 

water aquatic life and their habitats. Class 2B waters are protected for the propagation and 

maintenance of a healthy community of cool or warm water aquatic life and their habitats. Protection of 

aquatic life entails the maintenance of a healthy aquatic community as measured by fish and 

macroinvertebrate IBIs. Fish and invertebrate IBI scores are evaluated against criteria established for 

individual monitoring sites by water body type and use subclass (exceptional, general, and modified). 

Both Class 2A and 2B waters are also protected for aquatic recreation activities including bathing and 

swimming, and the consumption of fish and other aquatic organisms. In streams, aquatic recreation is 

assessed by measuring the concentration of (E. coli) in the water, which is used as an indicator species of 

potential waterborne pathogens. Aquatic recreation in streams is also assessed by measuring 

phosphorus levels and its associated eutrophication response variables that can degrade recreational 

use potential. 

2.3 Antidegradation policies and procedures 

The purpose of the antidegradation provisions in Minn. R. ch. 7050.0250 through 7050.0335 is to 

achieve and maintain the highest possible quality in surface waters of the state. To accomplish this 

purpose: 

• Existing uses and the level of water quality necessary to protect existing uses are maintained 

and protected. 

• Degradation of high water quality is minimized and allowed only to the extent necessary to 

accommodate important economic or social development. 

• Water quality necessary to preserve the exceptional characteristics of outstanding resource 

value waters is maintained and protected. 

• Proposed activities with the potential for water quality impairments associated with thermal 

discharges are consistent with Section 316 of the Clean Water Act, United States Code, Title 33, 

Section 1326. 

2.4 Redwood River Watershed RES water quality standards 

The Redwood River RES impaired reach is classified as Class 2B and 3 water (Table 1). This TMDL 

addresses the class 2B standard, which is the most sensitive use of the impaired reach. As described 

above, class 2B waters are protected for the propagation and maintenance of a healthy community of 

cool or warm water sport or commercial fish and associated aquatic life and their habitats. Class 2B 

waters are also protected for aquatic recreation activities including bathing. 



 

Redwood River RES TMDL Report  Minnesota Pollution Control Agency 

6 

The RES water quality standard consists of two parts, requiring an exceedance of the causative variable 

and a response variable which indicates the presence of eutrophication (Table 2). The causative variable 

is total phosphorus (TP). The response variables include chlorophyll-a (chl-a), dissolved oxygen (DO) flux, 

5-day biochemical oxygen demand (BOD), or pH. Water quality standards for the response variables 

must be met, in addition to meeting phosphorus limits, for the water body to be considered meeting 

standards. The MPCA evaluated extensive datasets from across the state to establish clear relationships 

between the causal factor TP and the response variables. It is expected that by meeting the TP target, 

the response variables (Table 2) will also be met. The RESs apply to summer month mean values, for 

June to September. The Redwood River Watershed is located in the Southern River Nutrient Region and 

has a TP standard of 150 micrograms per liter (µg/L) or 0.15 milligrams per liter (mg/L). 

Table 2. Surface water quality standards for Redwood River RES impaired reach 501 addressed in this TMDL report. 

Standard Parameter 
Water Quality 

Standard4 Units Criteria 

Period of Time 
Standard 
Applies 

River 
Eutrophication – 
Southern Rivers 
Nutrient Region 

Total Phosphorus 
(causative1) 

Not to exceed 150 µg/L 
Summer 

Mean 
June - 

September 

Chlorophyll-a 
(response2) 

Not to exceed 35 µg/L 
Summer 

Mean 
June - 

September 

Diel dissolved oxygen 
flux (response2) 

Not to exceed 4.5 mg/L 
Summer 

Mean 
June - 

September 

5-day Biochemical 
Oxygen Demand 

(response2) 
Not to exceed 3.0 mg/L 

Summer 
Mean 

June - 
September 

pH (response2) 
Not to be less than 6.5 

or greater than 9.0 
su3 

Summer 
Mean 

June - 
September 

1Primary, causative indicator of impairment; must be exceeded to be assessed as impaired.  
2Secondary, response indicator of impairment; one of the four response parameters must be exceeded to be assessed as 

impaired. 
3pH is standard units. 
4Minn R. 7050.0222 incorrectly lists water quality standards for chl-a, DO flux and BOD for 2B Southern Streams. These errors 

will be addressed in future rule making efforts. The Standards approved by EPA are presented in Table 2.   
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3. Watershed and Waterbody Characterization 
The Redwood River Watershed is a major HUC-8 watershed in the Minnesota River Basin, covering the 

south-central portion of the state. The Redwood River is approximately 699 square miles or 447,531 

acres, split between six counties with the majority of watershed in Lyon (43%), Redwood (28%), and 

Lincoln (19%) Counties. There is no part of the Redwood River Watershed is located within the boundary 

of a federally recognized Tribal reservation, and the TMDL does not allocate pollutant loads to any 

federally recognized Tribal Nation in this watershed. 

There are seven major HUC-10 subwatersheds in the Redwood River Watershed: Headwaters to 

Redwood River, Coon Creek, city of Marshall-Redwood River, Three Mile Creek, Clear Creek, Ramsey 

Creek, and Redwood River. The streams and tributaries that make up these major subwatersheds flow 

to Redwood River Reach 501. 

3.1 Streams 

Redwood River Reach 501 covers approximately four stream miles and drains 447,531 acres of land 

across the watershed (Table 3).  

Table 3. Stream impairments in the Redwood River Watershed. 

Reach Name 
Impaired 
Reach Id1 Impairment(s) 

Reach Length 
[miles] 

Watershed Area 
[acres] 

Redwood River: Ramsey Creek 
to Minnesota River 

501 RES 4.1 447,531 

1 Only the last three digits of the impaired reach are shown in this table for the Redwood River (07020006) impairments. 

3.2 Subwatersheds 

The drainage areas of the impaired reach were developed using multiple data sources, starting with 

watershed delineations from the MPCA’s Hydrological Simulation Program – FORTRAN (HSPF) model 

application for the Redwood River Watershed (Tetra Tech 2019). HSPF is a comprehensive, mechanistic 

model of watershed hydrology and water quality that allows the integrated simulation of point sources, 

land and soil contaminant runoff processes, and in-stream hydraulic and sediment-chemical 

interactions. The results provide hourly runoff flow rates, sediment concentrations, and nutrient 

concentrations, along with other water quality constituents, at the outlet of any modeled subwatershed 

for the model time period 1996 through 2017. Model documentation contains additional details about 

model development and calibration (Tetra Tech 2019). Within each subwatershed, the upland areas are 

separated into multiple land use categories and are further parameterized based on hydrologic soil 

group. Simulated loads from upland areas represent the pollutant loads that are delivered to the 

modeled stream or lake; the loading rates do not represent field-scale soil loss estimates. The model 

watershed boundaries are based on Minnesota Department of Natural Resources (DNR) Level 8 

watershed boundaries and modified with a 30-meter digital elevation model (DEM).  

3.3 Land Use 

Uninterrupted prairie originally covered a majority of the Redwood River Watershed. Like most areas 

across the Midwest, land throughout the watershed has been converted from a range of tallgrass prairie 

and a small amount of wet prairies to a mixture of intensive agricultural uses. This conversion has 
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resulted in various changes throughout the watersheds, such as increases in overland flow, decreases in 

groundwater infiltration/subsurface recharge, and increases in the nonpoint source transport of 

sediment, nutrients, agricultural and residential chemicals, and feedlot runoff.  

Land use within the Redwood River Watershed was analyzed using USGS’s 2011 National Land Cover 

Database (NLCD). While this is an older database, it is still valid as land use within the watershed has 

changed minimally over the last 10+ years and is dominated by agriculture (mostly row crops) followed 

by rangeland, developed land, wetlands, open water and forest/shrub land (Table 4 and Figure 2). Row 

crops throughout the watersheds are predominately planted in corn, forage for livestock, and soybeans 

(MDA 2009 and 2010a). Rangeland typically follows stream corridors, which is a large reason for less 

channelization of the streams than in other regions of Minnesota.  

The city of Marshall (MS400241) is the largest urban center in the Redwood River Watershed and most 

of the city’s boundary is within the watershed, however a small portion is in the Cottonwood River 

Watershed. The city of Redwood Falls (MS400236) is also located within the Redwood River Watershed 

and is located at the confluence with the Minnesota River. Both the City of Marshall and Redwood Falls 

are subject to the MPCA’s Municipal Separate Storm Sewer System (MS4) Permit program (see Section 

4.2.2). 

Table 4. Summary of land use and watershed area for the impaired reach. 

Impaired 
Waterbody Name 

Reach or  
Lake Id 

Watershed 
Area 

[Acres] 

Percent of Watershed [%] 
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Redwood River 07020006-501 447,532 78 9 6 1 2 3 < 1 

https://www.usgs.gov/centers/eros/science/national-land-cover-database?qt-science_center_objects=0#qt-science_center_objects
https://www.usgs.gov/centers/eros/science/national-land-cover-database?qt-science_center_objects=0#qt-science_center_objects
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Figure 2. Land cover in the Redwood River Watershed (Source: 2011 NLCD).
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3.4 Current/Historical Water Quality 

Existing water quality conditions are described using data downloaded from the MPCA’s Environmental 

Quality Information System (EQuIS) database. EQuIS stores data collected by the MPCA, partner 

agencies, grantees, and citizen volunteers. All water quality sampling data utilized for assessments, 

modeling, and data analysis, for this report and reference reports, are stored in this database and are 

accessible through the MPCA’s Environmental Data Access website. Various agencies and local partners, 

such as the MPCA, Soil and Water Conservation Districts (SWCD), local watershed districts, and 

volunteer monitoring programs collected data to develop this TMDL report. Phosphorus and the 

available response variables (chl-a, pH, and BOD) data are summarized in Table 5 for the impaired reach 

addressed in this TMDL report. The RES impairment is based on the Southern Rivers Nutrient Region TP 

standard of 150 µg/L. Chl-a has a numeric standard of 40 µg/L for the Southern Rivers Nutrient Region, 

BOD has a numeric standard of 3.5 mg/L, and pH must be greater than 6.5 but less than 9, all for  

Class 2B waters in the Southern Rivers Nutrient Region. No data is available within the impaired reach to 

evaluate diel DO flux. 

Available data from the most recent 10-year assessment period were used for development of this 

TMDL report. However, there are only three years of RES data available (2009, 2017, and 2018) over this 

period, and therefore data dating back to 2000 was also included in Table 5 for reference. Precipitation 

in 2009 was approximately 7.5 inches below the long-term average, while 2017 and 2018 were 

approximately 9.5 inches and 7.5 inches above the long-term average, respectively. RES monitoring from 

2000 through 2008 consisted of data collected in 2001 (~0.5 inches below normal), 2004 (~5 inches 

above normal), 2005 (~7 inches above normal), and 2006 (~1.5 inches below normal). Thus, RES data has 

been collected in four very wet years (i.e., 5+ inches above normal; 2004, 2005, 2017, and 2018), one 

very dry year (i.e., 5+ inches below normal; 2009), and two normal years (i.e., within 2 inches of normal; 

2001 and 2006) since 2000. As shown in Figure 3, there are no clear patterns in the RES data between 

wet, dry, and normal precipitation years. 

Table 5. Current condition RES-related water quality data for Redwood River Reach 501. 

EQuIS 
Station(s) Parameter 

Period of 
Record 

Summer 
Average  

(June-Sep) 
Samples 
(Count) 

Number of 
Exceedances 

S000-299 

Phosphorus (µg/L) 
2009 - 2018 303 19 17 

2000 - 2018 315 38 36 

Chlorophyll-a (µg/L) 
2009 - 2018 20 19 3 

2000 - 2018 46 38 11 

pH 
2009 - 2018 8.5 21 0 

2000 - 2018 8.4 57 0 

Biochemical Oxygen 
Demand (mg/L) 

2009 - 2018 3.7 4 3 

2000 - 2018 3.3 20 11 

RES-related data upstream of the impaired reach were also obtained from EQuIS and analyzed to 

evaluate phosphorus and eutrophication variability throughout the main-stem of the Redwood River 

and its tributaries. Figure 1 shows the locations of the water quality monitoring stations upstream of the 

RES impaired reach that were included in this analysis. Figure 4 to Figure 7 are box plots showing the 
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range of TP and chl-a concentrations from various monitoring locations throughout the watershed. 

Similar box plots for pH and BOD are presented in Appendix A. 

Figure 3. Redwood River Reach 501 summer averages TP (top), chl-a (middle), and BOD (bottom) from 2000 - 2018. Summer 
averages are color-coded by wet years (blue), normal precipitation years (green), and dry years (orange). The solid red lines 
represent the Southern River Nutrient Region RES standards for TP (150 µg/L), chl-a (35 µg/L), and BOD (3 mg/L) (Table 2). 
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Figure 4. Summer (June-September) TP concentrations for Redwood River main-stem monitoring stations (2000-2018). The 
upper and lower edge of each box represents the 75th and 25th percentile of the data range for each site. The error bars 
above and below each box represent the 95th and 5th percentile of the dataset. The green dash is the median TP 
concentration. The solid red line represents the Southern River Nutrient Region RES TP standard (150 µg/L). 

 
Figure 5. Summer (June-September) TP concentrations for Redwood River tributary monitoring stations (2000-2018).
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Figure 6. Summer (June-September) chl-a concentrations for Redwood River main-stem monitoring stations (2000-2018). The 
upper and lower edge of each box represents the 75th and 25th percentile of the data range for each site. The error bars 
above and below each box represent the 95th and 5th percentile of the dataset. The green dash is the median chl-a 
concentration. The solid red line represents the Southern Rivers Nutrient Region RES chl-a standard (35 µg/L). 

 

Figure 7. Summer (June-September) chl-a concentrations for Redwood River tributary monitoring stations (2000-2018). 
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3.5 Lake Redwood 

Lake Redwood (64-0058-00) was created in 1902 when A.C. Burmeister dammed the Redwood River to 

power his grist mill in the city of Redwood Falls beginning around 1910. The 67-acre lake on the western 

edge of the city (Figure 8) provides water for the city’s hydroelectric power plant and recreational 

opportunities to area residents. After a century of sedimentation, the once 20-foot-deep reservoir has 

decreased to less than 3 feet. Lake Redwood was assessed as impaired in 2006 for aquatic recreation 

use based on assessment of the available water quality for the lake. In 2016, an MPCA review team 

determined that Lake Redwood’s short water residence time (less than 1 day) does not meet the 

MPCA’s 14-day residence time for a lake/reservoir according to Minn. R. ch. 7050.0150, subp. 4, BB and; 

therefore, it was removed from the 2016 impaired waters list.  

Average summer growing season water quality monitoring data available for Lake Redwood (TP, chl-a 

and Secchi depth) are presented in Appendix A. Although the monitoring data is rather limited, these 

data suggest Lake Redwood experiences high TP and chl-a concentrations relative to the EPA-approved 

river/stream RES standards. Lake Redwood chl-a levels are highly variable depending on river flow; 

however, concentrations are significantly higher than upstream main-stem river monitoring stations, 

indicating that the lake supports algae growth and functions more like a lake during certain parts of the 

year. Chl-a concentrations in Lake Redwood are highest during mid-summer (July and August) low-flow 

conditions (Appendix A). See Section 8.3.5, of this TMDL, for more details regarding the dredging of Lake 

Redwood. 

Figure 8. Lake Redwood in Redwood Falls, Minnesota, upstream of the Redwood River RES impaired reach.  

https://rcrca.com/lake-redwood-reclamation
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3.6 Pollutant Source Summary 

Human-made influences typically include state- and federal- permitted discharges from wastewater, 

industrial and commercial entities, urban development, impervious surfaces (roads, roofs, and 

driveways), stormwater from artificial drainages on urban and agricultural lands, row cropping, pastured 

lands, individual sanitary-treatment systems, feedlots, and channelized streams/ditches. The internal 

loading of phosphorus in upstream lakes is an additional nonpoint source that can be both 

anthropogenic and natural in origin and is primarily caused by phosphorus releasing from lake 

sediments or aquatic plants. Natural background phosphorus sources include surface runoff (SRO) and 

atmospheric deposition of windblown particulate matter from the natural landscape, stream-channel 

erosion, and groundwater discharge. The following section provides brief descriptions of the primary TP 

sources in the Redwood River Watershed.  

Overland Runoff/Erosion (Rural Areas) 

Nonpoint pollutant loading of phosphorus in rural areas can come from nonpermitted sources such as 

sediment erosion from upland fields, tile drainage (Schottler 2013), gully erosion, and poorly managed 

livestock pastures in riparian zones. Runoff from these sources can carry sediment, phosphorus, and 

other pollutants to surface waters.  

The Redwood River Watershed NPSs of phosphorus were evaluated using the Redwood HSPF Model 

(Tetra Tech 2019). Overall, across the entire Redwood River Reach 501 drainage area, approximately 

53% of the phosphorus load is from agriculture (i.e., cultivated crops and hay/pasture lands identified in 

the 2011 NLCD land use layer, in addition to loading from feedlots) and other rural upland sources.  

Nonpoint source pollution is accumulated by rainfall or snowmelt moving over and through the ground. 

As the runoff moves, it picks up and carries natural and human-made pollutants, finally depositing them 

into lakes and streams. Common nonpoint pollutant sources in the Redwood River Watershed are 

summarized below. 

• Watershed runoff: Erosion from agricultural fields can deliver sediment to waterbodies that 

contain nutrients when soil is disturbed or exposed to wind and rain. Runoff from roads, parking 

lots and other impervious surfaces can also carry pollutants to lakes and streams. The HSPF 

model was used to estimate watershed runoff volumes and pollutant loads for all 

subwatersheds in the Redwood River Watershed. The HSPF model is based on land cover and 

soil type and was calibrated using meteorological data from 1996 through 2017. 

• Altered hydrology: Subsurface drainage tiling, channelization of waterways, land cover 

alteration, and increases in impervious surfaces all decrease detention time in the watershed 

and increase flow from fields and in streams. Further, draining and tiling wetland areas can 

decrease water storage on the landscape, which can lead to lower evapotranspiration and 

increased river flow (Schottler et al. 2014). These hydrologic changes in the landscape, 

combined with the altered precipitation patterns driven by climate change, can lead to 

increased TSS and sediment-bound phosphorus loading to surface waters from eroded 

sediments. For more detailed information on how altered hydrology impacts TSS and 

phosphorus loading to water bodies, see the Redwood River Watershed Characterization Report 

(DNR 2020). 
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• Fertilizer and manure: Fertilizer and manure contain high concentrations of phosphorus, 

nitrogen, and bacteria that can run off into lakes and streams when not properly managed. 

• Failing septic systems: Septic systems that are not maintained or are failing near a lake or 

stream can contribute excess phosphorus, nitrogen, and bacteria. 

Animal Feeding Operations 

Livestock are potential sources of bacteria, phosphorus, and other nutrients to streams in the Redwood 

River Watershed, particularly when direct access is not restricted and/or where feeding structures are 

located adjacent to riparian areas.  

Minn. R. ch. 7020 governs the permitting, standards for discharge, design, construction, operation, and 

closure of feedlots throughout Minnesota. By definition, a feedlot is a site where animals are confined 

for 45 days or more in a 12-month period and vegetative cover is not maintained.  

Concentrated Animal Feeding Operation (CAFO) is a federal definition that implies not only a certain 

number of animals but also specific animal types. CAFO size is based on number of animals (head count) 

and can include large, medium, and small CAFOs. For example, 2,500 head of swine weighing 55 lbs or 

more is considered a large CAFO and 1,000 head of cattle other than mature dairy or veal calves are a 

large CAFO; but a site with 2,499 head of swine weighing 55 lbs or more or 999 head of cattle other than 

mature dairy would be considered a medium CAFO. The MPCA uses the federal definition of a CAFO in 

its permit requirements of animal feedlots along with the state definition of an animal unit (AU). In 

Minnesota, all CAFOs and non-CAFOs that have 1,000 or more AUs must operate under an NPDES or 

state disposal system (SDS) permit. CAFOs with fewer than 1,000 AUs and that are not required by 

federal law to maintain NPDES permit coverage may choose to operate without an NPDES permit.  

CAFO and feedlots with 1,000 or more AUs need to be designed to contain all manure, manure 

contaminated runoff, process wastewater, and the precipitation from a 25-year, 24-hour storm event. 

Having and complying with an NPDES or SDS permit authorizes discharges to waters of the United States 

and waters of the state (with NPDES permits) or waters of the state (with SDS permits) due to a 25-year, 

24-hour precipitation event (approximately 5.2” in 24 hours) when the discharge does not cause or 

contribute to nonattainment of applicable state water quality standards. Large CAFOs with fewer than 

1,000 AUs that have chosen to forego NPDES permit coverage are not authorized to discharge and must 

contain all runoff, regardless of the precipitation event. Large CAFOs permitted with an SDS permit are 

authorized to discharge to waters of the state, although they are not authorized to discharge to waters 

of the U.S. Therefore, many large CAFOs in Minnesota have chosen to obtain an NPDES permit, even if 

discharges have not occurred at the facility. A current manure management plan that complies with 

Minn. R. 7020.2225 and the respective permit is required for all permitted CAFOs and feedlots with 

1,000 or more AUs. CAFOs are inspected by the MPCA in accordance with the MPCA NPDES Compliance 

Monitoring Strategy approved by the EPA. All CAFOs (NPDES/SDS permitted, SDS permitted and not 

required to be permitted) are inspected by the MPCA on a routine basis with an appropriate mix of field 

inspections, offsite monitoring, and compliance assistance. 

Feedlots under 1,000 AUs and those that are not federally defined as CAFOs do not operate with 

permits; however, the requirements under Minn. R. ch. 7020 still apply. In Minnesota, feedlots with 

greater than 50 AUs, or greater than 10 AUs in shoreland areas, are required to register with the county 

feedlot officer if the county is delegated, or with the MPCA if the county is nondelegated. Facilities with 
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fewer AUs are not required to register. Shoreland is defined by Minn. R. 7020.0300 as land within 1,000 

feet from the normal high water mark of a lake, pond, or flowage, and land within 300 feet of a river or 

stream. Livestock are also part of hobby farms, which are small-scale farms that are not large enough to 

require registration but may have small-scale feeding operations and associated manure application or 

stockpiles. 

In Minnesota, feedlots with greater than 50 AUs, or greater than 10 AUs in shoreland areas, are required 

to register with the state. Facilities with fewer AUs are not required to register with the state. Feedlot 

registration enables the County and the MPCA to communicate directly with feedlot owners regarding 

all aspects of feedlot management including technical requirements, permitting, inspections and 

corrective action. Livestock are also part of hobby farms, which are small-scale farms that are not large 

enough to require registration but may have small-scale feeding operations and associated manure 

application or stockpiles. 

In the Redwood River Watershed, Redwood County is the only county that is not delegated to 

administer feedlot-related activities such as permitting, inspections, and compliance/enforcement. 

Lincoln, Pipestone, Lyon, Yellow Medicine, and Murray counties are delegated counties and therefore 

administer a county feedlot program based on the requirements of the Minn. R. 7020, Feedlot Rules. 

These counties have the responsibility for implementing state feedlot regulations for facilities with 

fewer than 1,000 AUs and do not meet the federal definition of a large CAFO that are not subject to 

state or federal operating permit requirements. Responsibilities include registration, permitting, 

education and assistance, and complaint follow-up. 

The MPCA maintains a feedlot registration database that contains feedlot locations and numbers and 

types of animals in CAFOs and registered feedlots. The database includes the maximum number of 

animals within the last five years that the feedlot has held; therefore, the actual number of livestock in 

registered facilities is likely lower. Livestock in nonregistered, smaller operations (e.g., hobby farms) may 

contribute pollutant loads to surface waters through watershed runoff from fields and direct deposition 

in surface waters. The feedlot spatial dataset used in this TMDL was provided by MPCA staff in January 

of 2018. Feedlot data was intersected with the impaired reach watershed and queried to only include 

active feedlot registrations. The MPCA registered feedlot database indicates there are approximately 

349 feedlot facilities with over 100,000 livestock AUs throughout the Redwood River Reach 501 drainage 

area (Figure 9). Table 6 summarizes facility type and livestock numbers for each impaired reach, lake, 

and the entire watershed. In the impaired reach drainage area, there are 33 feedlots located within 

1,000 feet of a lake or 300 feet of a stream or river, an area generally defined as shoreland. Of these 33 

feedlots, 32 have open lots and could present a potential pollution hazard if the runoff from the open 

lots is not treated prior to reaching surface water. See Appendix E for a list and summary of all CAFOs in 

the watershed. 

Table 7 provides a breakdown of AUs within the RES impaired reach by animal type: beef cattle, dairy 

cattle, swine, sheep, horses, and poultry. The “other” category encompasses AUs that do not fit into the 

category (i.e., llamas or alpaca). The MPCA feedlot dataset includes several subdivisions of beef cattle by 

age and weight; dairy cattle are similarly divided. The beef cattle animal count includes the following: 

steer, heifer, cow/calf pairs, and calves. Dairy cattle were summed from the following categories: cattle 

less than 1,000 pounds, heifers, calves, and cattle greater than 1,000 pounds. Poultry includes turkeys, 

chickens, and fowl produced for consumption. 
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Table 6. MPCA active registered feedlots and feedlot type for Redwood River Reach 501. 

Impaired Reach 
Impairment 

Type 

Total Facilities CAFOs Open Lots Shoreland 
Open Lots in 

Shoreland 

Count AUs Facilities AUs Facilities AUs Facilities AUs Facilities AUs 

Redwood River 
Reach 501 

RES 352 86,514 15 10,750 282 54,954 28 3,556 27 3,016 

 
Table 7. Registered livestock animal types within the Redwood River Reach 501 drainage area. 

Impaired Reach 
Impairment 

Type Active Facilities Total AUs 

Animal Units (AUs) 

Beef Cattle Dairy Cattle Swine Sheep Horse Poultry Other 

Redwood River 
Reach 501 

RES 352 86,514 42,394 3,912 35,621 1,436 193 2,940 17 

Figure 9. MPCA registered feedlots in the Redwood River Watershed. 
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Manure 

Manure is a by-product of animal production and large numbers of animals create large quantities of 

manure. This manure is usually stored and then spread over agricultural fields to help fertilize the soil. 

When stored and applied properly, this beneficial re-use of manure provides a natural source for crop 

nutrition and builds soil health. Manure, however, can pose water quality concerns when it is not 

applied properly or leaks or spills from nearby fields, storage pits, lagoons, tanks, etc. Animal waste 

contains high amounts of phosphorus, nitrogen, and fecal bacteria, and therefore when delivered to 

surface and groundwater can cause high bacteria levels, eutrophication, and oxygen demand (i.e., low 

oxygen levels) that can negatively impact human health, aquatic organisms, and aquatic recreation. 

The Minnesota Feedlot rules include regulations regarding the requirements for manure management 

plans and land application of manure. The MPCA has developed templates, guides, and standards for 

the development and implementation of manure management plans, manure nutrient management 

and application rates. Manure management plans are required when producers apply for a feedlot 

permit, or when a facility has 300 or more AUs and does not use a licensed commercial applicator. 

Manure management plans are designed to help ensure that application rates do not exceed crop 

nutrient needs, and that setbacks from waters and drain tile intakes are observed. 

Based on the MPCA feedlot staff analysis of feedlot demographics, knowledge, and actual observations, 

there is a significant amount of late winter solid manure application (before the ground thaws). During 

this time the manure can be a source of nutrients and pathogens in rivers and streams, especially during 

precipitation events. For feedlots with NPDES permits, surface applied solid manure is prohibited during 

the month of March (MPCA 2022). Winter application of solid manure (December through February) for 

permitted sites requires fields to be approved in their MMP, prior to manure application, and the 

feedlot owner/operator must follow a standard list of setbacks and best management practice 

(BMPs). 

Short term stockpile sites are defined in Minn. R. ch. 7020, and are considered temporary. Any stockpile 

kept for longer than a year must be registered with the MPCA and would be identified as part of a 

feedlot facility. Because of the temporary status of the short-term stockpile sites, and the fact they are 

usually very near or at the land application area, they are typically included with the land applied 

manure.  

Incorporating manure is the preferred BMP for land application of manure and should result in less 

runoff losses. This TMDL does not explicitly estimate or model the contribution of manure to surface 

waters in the Redwood River Watershed; however, nutrient loads modeled by HSPF are calibrated using 

monitored, in-stream water quality data at several points throughout the watershed and manure 

contributions to nutrient loads are therefore implicit. The MDA website contains the Minnesota Runoff 

Risk Advisory Forecast (RRAF) system, a tool designed to help farmers and commercial applicators 

determine the best time to apply manure. Precipitation, snow melt or other conditions can cause 

recently applied manure to move off target. The movement can decrease productivity and increase the 

risk of impairing local bodies of water. 

Urban Stormwater 

Cities and developed areas can be a source of phosphorus to surface waters through the impact of 

urban systems on stormwater runoff. Stormwater runoff, which delivers and transports pollutants to 

https://www.pca.state.mn.us/sites/default/files/wq-f8-53.pdf
https://www.mda.state.mn.us/protecting/cleanwaterfund/toolstechnology/runoffrisk
https://www.mda.state.mn.us/protecting/cleanwaterfund/toolstechnology/runoffrisk
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surface waters, is generated in the watershed during precipitation events. The sources of phosphorus in 

stormwater are many, including decaying vegetation (leaves, grass clippings, lawns, etc.), domestic and 

wild animal waste, soil and deposited particulates from the air, road salt, and oil and grease from 

vehicles.  

Although land cover in the Redwood River Watershed is predominantly cultivated crops, there are two 

medium-sized cities located in the watershed. The cities of Marshall (MS400241; population 13,628) and 

Redwood Falls (MS400236; population 5,102) are located in the central and eastern portion of the 

watershed, respectively. These cities are the only communities in the watershed that are subject to the 

MPCA’s MS4 Permit program. MS4s are defined by the EPA as stormwater conveyance systems owned 

or operated by an entity such as a state, city, township, county, district, or other public body having 

jurisdiction over disposal of stormwater or other wastes. The municipal stormwater permit holds 

permittees responsible for stormwater discharging from the conveyance system they own and/or 

operate. The conveyance system includes ditches, roads, storm sewers, stormwater ponds, etc. Under 

the NPDES stormwater program, permitted MS4 entities are required to obtain a permit, then develop 

and implement an MS4 Stormwater Pollution Prevention Program (SWPPP), which outlines a plan to 

reduce pollutant discharges, protect water quality, and satisfy water quality requirements in the Clean 

Water Act (CWA). An annual report is submitted to the MPCA each year by the permittee documenting 

progress on implementation of the SWPPP. 

In addition to Marshall and Redwood Falls, there are 12 smaller municipalities throughout the Redwood 

River Watershed that are not subject to MS4 permits (Table 8). Phosphorus loading from urban areas 

(both MS4 and non-MS4 communities) was estimated using the Redwood River Watershed HSPF model. 

The HSPF model estimates that urban areas account for approximately 3% of the TP loading across the 

Redwood River Watershed. 

Table 8. Municipalities in the Redwood River Watershed. 

City/Town County 

Area in 
Watershed 

[acres] Population1 MS4 

Echo2 Yellow Medicine 7 243 No 

Florence Lyon 138 28 No 

Ghent Lyon 222 376 No 

Lake Benton Lincoln 2,272 687 No 

Lucan2 Redwood 58 214 No 

Lynd Lyon 775 436 No 

Marshall Lyon 5,875 13,628 Yes 

Milroy Redwood 164 259 No 

Redwood Falls Redwood 1,698 5,102 Yes 

Russell Lyon 628 348 No 

Ruthton Pipestone 375 226 No 

Seaforth Redwood 644 82 No 

Tyler Lincoln 1,004 1,138 No 

Vesta Redwood 215 276 No 

Green Valley 
(Fairview Township) 

Lyon 80 160 No 

1 2020 Census Population 
2 A majority of the Echo and Lucan municipal boundaries are outside the Redwood River Watershed  
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Near-Channel Sources 

Near-channel sources of sediment and phosphorus are those near the stream channel, including bluffs, 

banks, ravines, and the stream channel itself. Hydrologic changes in the landscape and altered 

precipitation patterns driven by climate change can lead to increased TSS and sediment-bound 

phosphorus in surface waters. Subsurface drainage tiling, channelization of waterways, land cover 

alteration, and increases in impervious surfaces all decrease detention time in the watershed and 

increase flow from fields and in streams. Draining and tiling wetland areas can decrease water storage 

on the landscape, which can lead to lower evapotranspiration and increased river flow (Schottler et al. 

2013).  

The straightening and ditching of natural rivers increase the slope of the original watercourse and moves 

water off the land at a higher velocity in a shorter amount of time. These changes to the way water 

moves through a watershed and how it makes its way into a river can lead to increases in water velocity, 

scouring of the river channel, and increased erosion of the river banks (Schottler et al. 2013, Lenhart et 

al. 2013).  

For the purposes of this TMDL study, near-channel TP loading from ravines, bluffs, and streambanks was 

estimated using the Redwood River Watershed HSPF model. The HSPF sediment simulation is based on 

multiple research efforts from various watersheds in the Minnesota River Basin. The partitioning of 

watershed and near-channel sources is based primarily on analysis of sediment cores (Schottler et al. 

2010) and sediment mass balance studies for the Le Sueur River and Greater Blue Earth River 

watersheds (Gran et al. 2011, Bevis 2015). The model parameters developed for these watersheds were 

applied to the rest of the Minnesota River Basin, including the Redwood River Watershed. Model 

documentation (Tetra Tech 2016 and 2019) contains additional details about the model development 

and calibration. The HSPF model estimates that approximately 61% of the TSS load at the outlet of 

Redwood River Reach 501 comes from near-channel sources. However, since there is very little organic 

material and phosphorus attached to the sediment in eroding stream and river banks, the model 

estimates that less than 1% of the Reach 501 phosphorus load is from near channel-sources. Section 

3.5.1 below contains more detailed discussion of the modeled near-channel source contributions.  

Additionally, the Redwood River Watershed Characterization Report (DNR 2020) provides an in-depth 

discussion of the processes, sources, and potential strategies to address near-channel sources in the 

Redwood River Watershed. This report includes the following components: characterization of the 

watershed, analysis of historical and existing hydrological data, assessment of geomorphic conditions 

and stream connectivity throughout the watershed.  

Septic systems 

Failing Subsurface Sewage Treatment Systems (SSTS) near waterways can be a source of bacteria, 

phosphorus and nitrogen to streams and lakes, especially during low flow periods when these sources 

continue to discharge and runoff driven sources are not active. SSTS can fail for a variety of reasons 

including excessive water use, poor design, physical damage, and lack of maintenance. Common 

limitations that contribute to failure include seasonal high-water table, fine-grained soils, bedrock and 

fragipan (i.e., altered subsurface soil layer that restricts water flow and root penetration). SSTS can fail 

hydraulically through surface breakouts or hydrologically from inadequate soil filtration. 
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The MPCA differentiates between systems that fail to protect groundwater (FTPGW) and those that are 

an imminent threat to public health and safety (ITPHS). Generally, FTPGW systems are those that do not 

provide adequate treatment and may contaminate groundwater. For example, a system deemed failing 

to protect groundwater may have a functioning, intact tank and soil absorption system, but fails to 

protect groundwater by providing a less than sufficient amount of unsaturated soil between where the 

sewage is discharged and the periodically saturated soil level or bedrock. FTPGW systems can also 

include, but are not limited to the following: 

• Seepage pits/cesspools/drywells/leaching pits 

• Systems with less than the required vertical separation 

• Systems not abandoned IAW Minn. R. 7080.2500 

Systems considered ITPHS are severely failing or were never designed to provide adequate raw sewage 

treatment. These include SSTS and straight pipe systems that transport raw or partially treated sewage 

directly to a lake, stream, drainage system, or ground surface. ITPHS systems can include, but are not 

limited to the following: 

• Straight pipes 

• Sewage surfacing in the yard 

• Sewage backing up into the home 

• Unsafe tank lids 

• Structurally unsound tanks 

• Unsafe electrical conditions 

Currently, the exact number and status of SSTSs in the Redwood River Watershed is unknown. However, 

each year every county in the state reports estimated FTPGW and ITPHS compliance rate estimates to 

the MPCA (Table 9). It should be noted that these rates are county-wide estimates and were developed 

using a wide range of methods and resources and are intended for planning purposes only. Phosphorus 

loading from SSTSs to the impaired reach were estimated in HSPF using the compliance data provided by 

each county in the watershed. The number of residences that were served by SSTSs were summed from 

the provided permit data per township; the total number of SSTS was determined based on the percent 

of each subwatershed. Loading rates that incorporated SSTS failure rates were developed for 

phosphorus and other pollutants on a per capita basis and applied to each modeled reach within the 

HSPF model. 

Table 9. Estimated SSTS compliance rates by county (MPCA data 2018). 

County  FTPGW SSTS ITPHS SSTS 

Lincoln 40% 16% 

Lyon 24% 5% 

Murray 15% 10% 

Pipestone 9% 46% 

Redwood 30% 5% 

Yellow Medicine 15% 15% 
Note: Estimated compliance rates reported by county and supplied to MPCA. Intended for planning purposes only. 
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Municipal and Industrial Wastewater 

The Federal CWA prohibits point source discharges to waters of the United States, unless the discharge 

has a NPDES permit. NPDES permits specify conditions and limitations for such discharges. There are 10 

active NPDES permitted wastewater facilities in the Redwood River Reach 501 drainage area (Figure 1 

and Table 10), including one petroleum treatment facility, seven municipal treatment plants with 

treatment ponds that discharge seasonally, one major municipal discharger (Marshall) and one major 

industrial discharger (ADM – Marshall) that discharge continuously (i.e., mechanical facilities). Starting in 

2000, the MPCA’s Citizens’ Board adopted a strategy for addressing phosphorus in NPDES permits, 

which established a process for the development of 1 mg/L phosphorus limits for new and expanding 

wastewater treatment plant (WWTPs) that had potential to discharge phosphorus in excess of 1,800 

lbs/year. It also established requirements for other WWTPs to develop and implement phosphorus 

management plans. The MPCA’s Phosphorus Strategy was formally adopted as Minn. R. 7053.0255, in 

2008.  

The data trend in Figure 10 shows summer (June through September) NPDES TP loads have decreased 

by approximately 34% in the Redwood River Watershed since 2015. A majority of the NPDES TP 

reduction can be attributed to improved phosphorus removal by the Marshall WWTP to meet an annual 

TP effluent limit, which has been in effect since April 2017. As a result, Marshall’s June through 

September effluent TP concentrations have been reduced from 3.9 mg/L (2009 through 2015) to 0.97 

mg/L (2016 through 2020). 

Table 10. Wastewater treatment facilities that contribute to the Redwood River impaired reach. 

Facility/City1 NPDES ID# Facility Type WLA Flow2 (MGD) 

ADM Corn Processing – Marshall MN0057037 Mechanical 2.64 

Ghent WWTP MNG585121 Pond 0.26 

Lynd WWTP MNG585030 Pond 0.34 

Magellan Pipeline Co LP – Marshall MN0059838 PT3 0.72 

Marshall WWTP MN0022179 Mechanical 3.154 

Milroy WWTP MNG585124 Pond 0.25 

Russell WWTP MNG585062 Pond 0.59 

Ruthton WWTP MNG585105 Pond 0.38 

Tyler WWTP MNG585116 Pond 1.09 

Vesta WWTP MNG585043 Pond 0.26 
1 The Echo, Lucan, Lake Benton, and Redwood Falls facilities discharge outside of the Redwood River Watershed. 
2 For WWTPs with wastewater ponds (Ghent, Lynd, Milroy, Russell, Ruthton, Tyler, and Vesta) the effluent design flow 
represents the maximum permitted daily discharge volumes from secondary ponds. 
3 Petroleum treatment (PT) with an oil/water separator, VOC treatment system and a 5 micron filter. 
4 70% of average wet weather design flow (4.5 MGD) was used to develop WLA. 
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Figure 10. Summer NPDES wastewater phosphorus loads in the Redwood River Reach 501 Watershed from 2014-2020 based 
on facility Discharge Monitoring Report (DMR) data downloaded from the MPCA’s Wastewater Data Browser 
(https://www.pca.state.mn.us/data/wastewater-data-browser).  

Construction and Industrial Stormwater 

Construction stormwater is regulated through an NPDES permit. Untreated stormwater that runs off 

construction sites often carries sediment to surface waterbodies. Because phosphorus travels adsorbed 

to sediment, construction sites can also be a source of phosphorus to surface waters. Phase II of the 

stormwater rules adopted by the EPA requires an NPDES permit for a construction activity that disturbs 

one acre or more of soil; a permit is needed for smaller sites if the activity is either part of a larger 

development or if the MPCA determines that the activity poses a risk to water resources. Coverage 

under the construction stormwater general permit requires sediment and erosion control measures that 

reduce stormwater pollution during and after construction activities.  

Industrial stormwater is regulated through an NPDES permit when stormwater discharges have the 

potential to come into contact with materials and activities associated with the industrial activity. There 

are currently 30 industrial stormwater permits in the Redwood River Watershed, which cover 

approximately 500 acres (~0.1% of watershed). On average, based on watershed-wide data, 

construction stormwater permits in the Redwood River Watershed account for about 0.2% of watershed 

phosphorus load in any given year. Thus, construction and industrial stormwater is not considered a 

significant source of phosphorus throughout the Redwood River Reach 501 drainage area.  

3.6.1 Phosphorus Source Summary 

As discussed in the previous section, phosphorus loading to streams can come from both external and 

internal sources. External sources include phosphorus loading from permitted sources such as 

construction and industrial stormwater, runoff from urban areas, and wastewater effluent; as well as 

nonpermitted sources such as overland runoff/erosion from cropland, hay/pasture, forest, and 

https://www.pca.state.mn.us/data/wastewater-data-browser


 

Redwood River RES TMDL Report  Minnesota Pollution Control Agency 

25 

rangeland. Potential internal sources of phosphorus include bank erosion and sediment release of 

phosphorus (in-channel and in lakes). This TMDL used the Redwood River HSPF model to evaluate 

phosphorus loading from various sources throughout the Redwood River Watershed. Figure 11 displays 

HSPF-predicted areal phosphorus subwatershed loading rates (lbs/acre/year) from upland areas (i.e., 

NPSs) to local stream channels and waterways throughout the larger Redwood River Watershed. The 

HSPF model predicts the highest nonpoint phosphorus loading rates occur along the high-sloped areas 

of the Coteau (i.e., western portion of the watershed) and the eastern subwatersheds (e.g., Ramsey 

Creek) near the impaired reach. It is important to note that Figure 11 does not include loading from 

point sources, in-channel sources, and phosphorus fate and transport (e.g., settling and plant uptake) in 

the river and stream network upstream of the impaired reach. Therefore, from a management 

perspective, targeting upland BMPs in the high-loading subwatersheds closest to Redwood River Reach 

501 will likely have the greatest impact in reducing phosphorus concentrations in the impaired reach. 

Table 11 and Figure 12 present HSPF predicted summer phosphorus loads by major source category to 

Redwood River Reach 501. Unlike the map below, the values in Table 11 and Figure 12 include all 

phosphorus sources as well as fate and transport through the river and stream network upstream of the 

impaired reach. 

In addition to the HSPF model, this TMDL also used monitored data upstream of the impaired reach to 

evaluate what tributaries and locations within the Redwood River Watershed have the highest 

phosphorus concentrations and loading potential. Figure 4 through Figure 7 in Section 3.4 and Appendix 

A show how TP concentrations, as well as the other RES response variables, change from upstream to 

downstream throughout the Redwood River Watershed. The monitored data and the HSPF model both 

indicate that phosphorus levels generally increase from upstream to downstream across the watershed. 

The biggest increase in TP concentrations and areal loading rates occurs downstream of Marshall, 

mainly due to inputs from permitted wastewater facilities and large tributaries (e.g., Three Mile Creek 

and Clear Creek). Algae growth within the Redwood River (as measured by chl-a) also increases 

downstream of the city of Marshall as the river begins to slow near Lake Redwood (Figure 6 and  

Figure 11).  
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Figure 11. HSPF-predicted nonpoint TP loading rates from upland areas to local stream channels and waterways in the 
Redwood River Watershed (model averaging period: June through September 2009 through 2017).  

 

Figure 12. Phosphorus contributions by source (includes phosphorus fate and transport) at the outlet of Redwood River 
Reach 501 during the summer growing season (June through September) using the Redwood River HSPF model. 
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Table 11. HSPF-estimated phosphorus contributions by source at the outlet of Redwood River Reach 501. 
Note: Numbers in this table are based on HSPF average summer growing season (June through September) phosphorus loads 
(accounting for upstream fate and transport) at the outlet of Reach 501 for model years 2009 through 2017. 
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Total 

Redwood River: 
Ramsey Creek 
to Minnesota 

River 

501 
lbs/season 84,478 3,943 5,227 292 10,909 1 258 105,108 

percent 80% 4% 5% <1% 10% <1% <1% 100% 

1 Includes cultivated cropland, grassland, hay/pasture, and feedlots 
2 Includes forest and shrub land, grassland, groundwater, wetlands, and open water 
3 Includes bluff and bed/bank erosion 

4. TMDL Development 

4.1 TMDL Overview 

A TMDL represents the total mass of a pollutant that can be assimilated by the receiving water without 

causing that receiving water to violate water quality standards. The TMDL is described as an equation 

with four different components, as described below: 

TMDL = LC = ΣWLA +Σ LA + MOS + RC 

Where: 

LC = loading capacity; or the greatest pollutant load a waterbody can receive without violating water 

quality standards; 

WLA = wasteload allocation; or the portion of the TMDL allocated to existing or future permitted point 

sources of the relevant pollutant; 

LA = load allocation, or the portion of the TMDL allocated to existing or future NPSs of the relevant 

pollutant; 

MOS = margin of safety, or an accounting of uncertainty about the relationship between pollutant loads 

and receiving water quality. The MOS can be provided implicitly through analytical assumptions or 

explicitly by reserving a portion of LC (EPA 1999); 

RC = reserve capacity, an allocation of future growth.  

Per Code of Federal Regulations (40 CFR 130.2(1)), TMDLs can be expressed in terms of mass per time, 

toxicity or other appropriate measures. For this TMDL, the TMDLs, allocations, and margins of safety are 

expressed in mass/day. Each of the TMDL components is discussed in greater detail in the following 

sections. 
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4.2 Natural Background Consideration  

“Natural background” is defined in both Minnesota rule and statute: Minn. R. 7050.0150, subp. 4 

“Natural causes” means the multiplicity of factors that determine the physical, chemical, or biological 

conditions that would exist in the absence of measurable impacts from human activity or influence.” The 

CWLA (Minn. Stat. § 114D.10, subd. 10) defines natural background as “characteristics of the waterbody 

resulting from the multiplicity of factors in nature, including climate and ecosystem dynamics that affect 

the physical, chemical, or biological conditions in a waterbody, but does not include measurable and 

distinguishable pollution that is attributable to human activity or influence.”  

In general, natural background conditions refer to inputs that would be expected under natural, 

undisturbed conditions. Natural background sources can include inputs from natural geologic processes 

such as soil loss from upland erosion and stream development, atmospheric deposition, and loading 

from forested land, wildlife, etc. For each impairment, natural background levels are implicitly 

incorporated in the water quality standards used by the MPCA to determine/assess impairment and 

therefore, natural background is accounted for and addressed through the MPCA’s waterbody 

assessment process. Natural background conditions were also evaluated, where possible, within the 

modeling and source assessment portion of this report. These source assessment exercises indicate 

natural background inputs are generally low compared to livestock, cropland, streambank, WWTPs, 

failing SSTSs, and other anthropogenic sources.  

Based on the MPCA’s waterbody assessment process and the TMDL source assessment exercises, there 

is no evidence at this time to suggest that natural background sources are a major driver of the 

impairment and/or affect the waterbody’s ability to meet state water quality standards. For the 

impairment addressed in this TMDL report, natural background sources are implicitly included in the LA 

portion of the TMDL allocation table and TMDL reductions should focus on the major anthropogenic 

sources identified in the source assessment. 

4.3 Model Approach 

The Redwood River Watershed HSPF model was used to estimate watershed runoff and pollutant 

loading to the impaired reach included in this TMDL. HSPF is a comprehensive watershed model of 

hydrology and water quality that includes modeling land surface and subsurface hydrologic and water-

quality processes, which are linked and closely integrated with corresponding stream, wetland and 

reservoir processes. HSPF model applications can be used to determine critical environmental 

conditions (e.g., low/high flows or seasons) for the impaired segments by providing continuous flow and 

concentration predictions throughout the system.  

HSPF models for the Redwood River Watershed were originally developed in 2002 for the Lower 

Minnesota River Dissolved Oxygen TMDL project. These models were subsequently updated in 2009 for 

the Minnesota River Turbidity TMDL project and then further updated in 2016, 2019, and 2023 to 

support this TMDL and other planning and management efforts in the watershed (Tetra Tech 2016 and 

2019). The HSPF models predict the range of flows that have historically occurred in the modeled area, 

the load contributions from a variety of point and NPSs in a watershed, and the source contributions 

when paired flow and concentration data are limited. Supporting documentation is available that 

discusses modeling methodologies, data used, and calibration results for the three major watershed 

HSPF models (Tetra Tech 2016 and 2019). 
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4.4 Loading Capacity Methodology 

The river eutrophication water quality standard of 150 µg/L is for the summer average concentration in 

a reach. In order to align with this standard, the LC for this TMDL is based on the seasonal (June through 

September) average phosphorus load. The LC was calculated as the average seasonal flow, estimated 

using the Redwood River HSPF model, multiplied by the South River Nutrient Region TP standard of 150 

µg/L. The summer average flow was estimated by taking the midpoint flows of five equally spaced flow 

zones: 0% to 20%, 20% to 40%, 40% to 60%, 60% to 80%, and 80% to 100% exceeds flows. In other 

words, the average seasonal flow for the impaired reach is the average of the 10%, 30%, 50%, 70%, and 

90% exceeds flows. This type of averaging was used over a simple average of all flows in order to limit 

the bias of very high flows on phosphorus loading, recognizing that the effects of phosphorus (i.e., algal 

growth) are most problematic at lower flows. Note that these five flow zones are divided up differently 

than those typically used in TSS and E. coli TMDLs (5%, 25%, 50%, 75%, and 95%). The phosphorus 

approach is based on using an average of the five flow zones and having five “equally-sized” zones avoid 

weighting some zones more than others when calculating the average flow condition. Table 12 below 

provides the average flows for each exceedance interval (June through September only) and the 

resulting summer weighted average flow used to develop the Redwood River Reach 501 RES TMDL.  

Table 12. Summer weighted average flow for Redwood River Reach 501 (2009-2018). 

Flow 

Exceedance Flow (cfs) 

10% 1,230 

30% 362 

50% 167 

70% 75 

90% 21 

Weighted Average 371 

The existing TP concentration of the impaired reach was calculated by taking the average of the summer 

growing season (June through September) average TP concentrations for years with available data (see 

Table 5). The overall estimated concentration-based percent reduction needed to meet the TMDL was 

calculated as the existing TP concentration minus the TP standard (150 μg/L) divided by the existing 

concentration (Table 13).  

Table 13. Summer average phosphorus conditions for Redwood River Reach 501 (2009-2018). 

Phosphorus 

Average Monitored TP concentration (µg/L) 303 

Water Quality Standard (µg/L) 150 

Existing Load (lbs/day) 606 

Load Capacity (lbs/day) 300 

Load Reduction (lbs/day) 306 

Percent Reduction (%) 50% 

4.5 Wasteload Allocation Methodology 

The WLAs for phosphorus were divided into three categories: NPDES permitted wastewater dischargers, 

NPDES MS4 stormwater, and NPDES permitted construction and industrial stormwater. The following 
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sections describe how each WLA category was determined. WLAs are not assigned to CAFOs, including 

CAFOs with NPDES or SDS permits, and CAFOs not requiring permits; this is equivalent to a WLA of zero. 

Although the NPDES and SDS permits allow discharge of manure and manure contaminated runoff due 

to a precipitation event greater than or equal to a 25-year, 24-hour precipitation event, the permits 

prohibit discharges that cause or contribute to nonattainment of water quality standards.  

All other non-CAFO feedlots and the land application of all manure are accounted for in the LA for 

nonpermitted sources. 

NPDES Permitted Wastewater Dischargers 

There are 10 active regulated NPDES wastewater dischargers in the Redwood River RES impaired reach 

drainage area (Table 14). Two of the facilities that drain directly to the Redwood River, the Marshall 

WWTP and ADM Corn Processing – Marshall, are mechanical plants that discharge daily. The Marshall 

WWTP is permitted with an average dry-weather design flow of 3.31 MGD and an average wet-weather 

design flow of 4.50 MGD. ADM Corn Processing – Marshall is permitted with a maximum permitted daily 

flow of 2.64 MGD. However, average discharge rates from both of these facilities over the TMDL time 

period are generally well under their design flows (1.55 MGD for Marshall WWTP and 1.63 MGD for 

ADM Corn Processing – Marshall).  

The MPCA’s “Phosphorus Effluent Limit Review: Redwood River Basin, Version 1.2” memorandum 

(memo; MPCA 2021d) evaluated various scenarios using HSPF to determine TP reductions needed for 

attainment of the 150 µg/L RES standard in Redwood River Reach 501 and several RES impaired reaches 

of the Minnesota River downstream of its confluence with the Redwood River. For these scenarios, it 

was demonstrated that average summer TP concentrations within the Redwood and Minnesota River 

RES impaired reaches would meet the RES standards as long as two conditions were met: 1) a broad 

suite of nonpoint source BMPs are implemented that targeted TSS and TP reductions; and 2) permitted 

wastewater treatment facility effluent limits are established at levels identified in the memo. These 

scenarios also showed that the wastewater treatment facility TP effluent limits needed for the 

Minnesota River to meet the 150 µg/L standard are more restrictive than those required for the 

Redwood River and therefore ensure that Redwood River Reach 501 will also meet applicable RES 

standards. Further, the permitted wastewater TP limits identified for the Minnesota River are more 

restrictive than those established in the Lake Pepin and Mississippi River TMDL Report (MPCA 2021a), 

and therefore ensure compliance with that TMDL’s WLAs. Thus, the Minnesota River TP limits presented 

in the Redwood River memo were used to develop the permitted wastewater WLAs for Redwood River 

Reach 501 (Table 14). Marshall WWTP and ADM Corn Processing – Marshall will receive new, more 

stringent water quality based effluent limits (WQBEL) that are consistent with the WLAs in this TMDL. 

Seven of the facilities are controlled discharge stabilization pond facilities that are authorized to 

discharge at a maximum flow rate of six inches per day from their secondary ponds (Table 14). These 

facilities are not authorized to discharge in the summer from June 15 to September 15, which leaves 30 

days during the 122-day growing season in which they can discharge (24.6% of growing-season days). To 

set the WLA for each pond facility, it was assumed that they are allowed to discharge at their current 

design flow rate for 24.6% of the growing season at a TP concentration treatment level of 2.0 mg/L, 

which is consistent with the approach used in the Lake Pepin and Mississippi River TMDL Report  

(MPCA 2021a). Therefore, annual permit limits consistent with the Lake Pepin WLAs will be sufficient to 
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ensure compliance and consistency with the daily RES WLAs for stabilization pond WWTPs in the 

Redwood River Watershed. 

There is one petroleum treatment facility, Magellan Pipeline Co LP – Marshall, that intermittently 

discharges to the Redwood River. This facility is considered a “Small Industrial, Low Concentration” (i.e., 

<817 kg/year and concentration <1.0 mg/L) discharger and was assigned a TP WLA of 23 kg/year  

(0.14 lbs/day) in the Lake Pepin TMDL Report (MPCA 2021a). This WLA was calculated based on the 

facility’s average wet weather design flow (0.72 MGD), effluent concentration estimate (0.02 mg/L), and 

a 15% load uncertainty factor.  
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Table 14. NPDES wastewater TP WLAs for Redwood River Reach 501 derived from MPCA 2021d. 

Facility Name NPDES ID# Flow Type 

Design 
Flow1 
(MGD) 

TP WLA 
Concentration 

(mg/L) 
TP WLA 

(lbs/day) 

Marshall WWTP MN0022179 Continuous 4.52 0.53 13.92 

ADM Corn Processing - Marshall MN0057037 Continuous 2.64 0.53 11.67 

Tyler WWTP MNG585116 Controlled 1.09 2.0 4.47 

Russell WWTP MNG585062 Controlled 0.59 2.0 2.40 

Ruthton WWTP MNG585105 Controlled 0.38 2.0 1.55 

Lynd WWTP MNG585030 Controlled 0.34 2.0 1.40 

Ghent WWTP MNG585121 Controlled 0.26 2.0 1.06 

Vesta WWTP MNG585043 Controlled 0.26 2.0 1.06 

Milroy WWTP MNG585124 Controlled 0.25 2.0 1.01 

Magellan Pipeline Co LP - Marshall MN0059838 Intermittent 0.72 0.02 0.143 
1 For WWTPs with wastewater ponds (Ghent, Lynd, Milroy, Russell, Ruthton, Tyler, and Vesta) the effluent design flow 
represents the maximum permitted daily discharge volumes from secondary ponds. It is assumed that discharge from these 
facilities occurs (at most) for only 30 days during the 122-day summer growing season (24.6% of the summer). Since 
stabilization pond WWTP discharges have minimal eutrophication impacts during the summer season, their TP WLAs will be 
implemented as Kilogram/year, Calendar Year-to-Date effluent limits.  
2 WLA flow for Marshall WWTP (3.15 MGD) is calculated based on 70% of the facility’s average wet weather design flow (4.5 
MGD). 
3 WLA for Magellan Pipeline Co LP is calculated as maximum permitted flow (0.72 mgd) and an effluent concentration 
assumption of 0.02 mg/L plus a 15% load uncertainty factor. 

NPDES Permitted MS4 Stormwater 

The cities of Marshall and Redwood Falls are the only permitted MS4s within the Redwood River Reach 

501 drainage area. Figure 1 shows the municipal boundaries for Marshall and Redwood Falls and their 

locations in the Redwood River Watershed. Marshall and Redwood Falls account for approximately 1.3% 

(5,875 acres) and 0.4% (1,698 acres) of the land area for reach 501, respectively. Phosphorus allocations 

for these cities were calculated by multiplying the MS4 percent watershed coverage (percentages stated 

above) by the total watershed LC. The total watershed LC applies to all nonpoint source watershed 

sources (e.g., urban stormwater, lakes, wetlands, agriculture, etc.) and is the remaining load after the 

permitted wastewater facility, MOS, and RC loads were established and subtracted from the LC. 

NPDES Permitted Construction and Industrial Stormwater 

Construction stormwater is regulated by NPDES Permits for any construction activity disturbing a) one 

acre or more of soil, b) less than one acre of soil if that activity is part of a "larger common plan of 

development or sale" that is greater than one acre, or c) less than one acre of soil, but the MPCA 

determines that the activity poses a risk to water resources. The WLA for stormwater discharges from 

sites where there are construction activities reflects the number of construction sites expected to be 

active in the impaired reach watershed at any one time. Industrial stormwater is regulated by NPDES 

Permits if the industrial activity has the potential for significant materials and activities to be exposed to 

stormwater discharges.  

A categorical WLA was assigned to all construction activity in the watershed. Current acres under 

Construction and Industrial Stormwater Permit in each major watershed were available through the 

MPCA’s Permit database. The amount of land under Construction and Industrial Stormwater Permit in 

the Redwood River Watershed was divided by the total area of the watershed to determine the percent 

of permitted land. Results of this analysis show that approximately 0.3% of land in the Redwood River 

Watershed is currently under construction and industrial stormwater permit. To determine the WLA for 
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these activities, the total watershed LC was multiplied by the construction and industrial coverage 

percentage.  

4.6 Margin of Safety  

The purpose of the MOS is to account for uncertainty with the allocations resulting in attaining water 

quality standards. Uncertainty can be associated with data collection, lab analysis, data analysis, 

modeling error, and implementation activities. An explicit 10% MOS was applied to the watershed WLAs 

and LAs in this TMDL report. The explicit 10% MOS accounts for: 

• Uncertainty in the observed daily flow record; 

• Uncertainty in the simulated flow data from the HSPF model; 

• Uncertainty in the observed water quality data; 

The majority of the MOS is apportioned to uncertainty related to the HSPF model than with the other 

causes for uncertainty. The HSPF model for the Redwood River HUC-12 watershed was originally 

developed in 2014 and then updated in 2016 to better refine the model’s sediment calibration 

(Appendix C). In 2019, the model was extended and then recalibrated in 2023 to more accurately 

represent the system and recent monitoring data. Below is a summary of the hydrologic validation 

statistics for the HSPF model at the Redwood River near Redwood Falls, Minnesota (USGS station ID 

05316500), which are presented in Table 7 of Appendix C (Tetra Tech 2019): 

• 1.75% error in total flow volume;  

• 9.63% error in bottom 50% low flows;  

• -0.89% error in the top 10% high flows;  

• A Nash-Sutcliffe coefficient of model fit efficiency (NSE) of 0.789 for daily flows;  

• And, an NSE of 0.860 for monthly flows  

Overall, the HSPF model was determined to be “Good.” The load capacities were developed using the 

HSPF modeled daily flow and phosphorus concentrations data from June to September. There is no 

reason to believe a 10% MOS is inappropriate as it is consistent with HSPF modeling errors and the HSPF 

model is a valid representation of hydrological and chemical conditions in the watershed. More 

information on the calibration of the HSPF model can be found in Tetra Tech (2016 and 2019). 

4.7 Reserve Capacity 

The RC represents a set-aside load for potential future loading sources. In this TMDL report, the RC is 

reserved for projects that address failing or nonconforming septic systems and “unsewered” 

communities, and will be made available only to new WWTPs or existing WWTPs that provide service to 

existing populations with failing or nonconforming systems. The potential need for RC for these 

situations has been estimated based on the assumption that 10% of the unsewered population within 

the project watershed may discharge to WWTPs in the future. The potential TP load from future WWTPs 

serving these populations has been calculated based on an assumption of 0.8 kg/capita/year of TP load 

to the WWTP and a reduction efficiency of 80% at the WWTP, resulting in a load to the receiving water 

of 0.16 kg/capita/year (MPCA 2012b). 
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The Redwood River Watershed is likely to have “unsewered” communities become “sewered” in the 

future, and therefore a RC was allocated for the Redwood River RES impaired reach addressed in this 

TMDL report. A summary of the RC calculations for future “sewered” communities is presented in 

Table 15. 

Table 15. Reserve capacity for future “sewered” communities in the Redwood River Watershed. 

Estimated population 
not currently connected 

to NPDES permitted 
WWTP 

Estimated 
required future 

population 

Estimated 
untreated TP load 

(lbs/year) 

Reserve Capacity 
(80% removal) 

(lbs/year) 

Reserve Capacity 
(80% removal) 

(lbs/day) 

4,882 488 861 172 0.47 

4.8 Baseline Year 

For the purposes of this TMDL, the baseline year for implementation will be the mid-range year of the 

data years used to develop the TMDL. The TMDL was developed using summer weighted average flow 

data from 2009 through 2018, and therefore the baseline year is 2013. The rationale for developing a 

baseline year is that projects undertaken recently may take a few years to influence water quality. Any 

wasteload-reducing BMP implemented since the baseline year will be eligible to “count” toward an 

MS4’s load reductions. If a BMP was implemented during or just prior to the baseline year, the MPCA is 

open to presentation of evidence by the MS4 Permit holder to demonstrate that it should be considered 

as a credit. 

4.9 Load Allocation Methodology 

The LA is comprised of the nonpoint source load that is allocated to an impaired reach after the WLAs 

(point sources, construction and industrial stormwater), MOS, and RC were determined and subtracted 

from the total LC. This residual remaining LC is meant to represent all nonregulated (nonpoint) sources 

of phosphorus upstream of the impaired reach. The LA, also referred to as the watershed LA, includes 

nonpoint pollution sources that are not subject to NPDES Permit requirements such as wind-blown 

materials, soil erosion from stream channel and upland areas, and natural background. The LA also 

includes runoff from agricultural lands and non-MS4 stormwater runoff. 

Natural background conditions were also evaluated, where possible, within the modeling and source 

assessment portion of this study (Section 3.6). For all impairments addressed in this TMDL report, 

natural background sources are implicitly included in the LA portion of the TMDL tables, and reductions 

should focus on the major human attributed sources identified in the source assessment. 

4.10 Seasonal Variation 

Critical conditions for the RES impaired reach are during the summer months, which is when phosphorus 

and chl-a concentrations peak. Stream assessments for eutrophication focus on summer average TP 

concentration, chl-a concentration, BOD, and DO flux. The TMDL models are focused on the growing 

season (June 1 through September 30) as the critical condition, which inherently accounts for the 

seasonal variation. The frequency and severity of nuisance algal growth in Minnesota streams is typically 

highest during the growing season. The load reductions are designed so that the stream will meet the 

water quality standards over the course of the growing season as a long-term average. The nutrient 

standards set by the MPCA, which are a growing season concentration average rather than an individual 

sample (i.e., daily) concentration value, were set with this concept in mind. Additionally, by setting the 
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TMDL to meet targets established for the applicable summer period, the TMDL will inherently be 

protective of water quality during all other seasons. 

4.11 TMDL Summary 

The TMDL allocation table (Table 16) presents the total LC (Total Load (TMDL) in table), the MOS, the 

WLAs (wasteload in table), RC, and the remaining watershed LAs (total LA in table) for the RES impaired 

reach. Allocations for this TMDL were established using the 150 µg/L phosphorus standard. TMDL 

allocations for the impaired reach include the entire watershed draining to the impaired reach.  

The following rounding conventions were used in the TMDL table: 

• Values ≥ 10 reported in lbs/yr have been rounded to the nearest tenth of a pound  

• Values < 10 and reported in lbs/yr have been rounded to the nearest hundredth of a pound 

• While some of the numbers in the table show multiple digits, they are not intended to imply 

great precision 

The bottom line of the table shows the estimated load reduction which was calculated based on the 

difference between the average summer monitored TP load and the TP load standard. Load reductions 

to achieve this TMDL will need to come from a variety of sources including permitted wastewater 

facilities, urban stormwater, and agriculture. See Section 8 of this TMDL and the WRAPS report for 

further information on which sources and geographical locations within the impaired reach watershed 

should be targeted for phosphorus BMPs and restoration strategies.  

Table 16. River Eutrophication TMDL allocations for Redwood River Reach 501. 

• Listing year: 2016 

• Baseline year: 2013 

• Numeric standard used to calculate TMDL: 150 µg/L TP 

• TMDL and allocations apply Jun–Sep 

TMDL Parameter 
Summer Average Flow 

Condition1 (lbs/day) 

Wasteload 

Marshall WWTP (MN0022179) 13.9 

ADM Corn Processing – Marshall (MN0057037) 11.7 

Tyler WWTP (MNG585116)2 4.47 

Russell WWTP (MNG585062)2 2.40 

Ruthton WWTP (MNG585105)2 1.55 

Lynd WWTP (MNG585030)2 1.40 

Ghent WWTP (MNG585121)2 1.06 

Vesta WWTP (MNG585043)2 1.06 

Milroy WWTP (MNG585124)2 1.01 

Magellan Pipeline Co LP – Marshall (MN0059838) 0.14 

City of Marshall MS4 (MS400241)3 3.03 

City of Redwood Falls MS4 (MS400236)3 0.88 

Construction/Industrial SW3 0.71 

Total WLA 43.3 

Load Total LA 3 226.4 

Margin of Safety 30.0 

Reserve Capacity 0.47 

Loading Capacity (TMDL) 300.2 

Existing Load 4 606.4 

Estimated Load Reduction 4 50% 
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1 Model simulated flow from June - September for HSPF reach 501 (2009-2017) and monitored flow from Redwood River USGS 
station 05316500 (2018) were used to develop the LC for this reach 
2 TP WLAs will be implemented as Kilogram/year, Calendar Year-to-Date effluent limits.  
3The daily wasteload allocations for MS4s, construction and industrial stormwater, and the total LA (i.e., nonpermitted 
watershed runoff) equate to areal phosphorus loading rates of approximately 0.189 lbs/acre/calendar year or 0.063 
lbs/acre/summer period (122 days – June through September) 
4 Water quality monitoring station(s) used to estimate reductions: S000-299 

5. Future Growth Considerations 
According to the Minnesota State Demographic Center (Minnesota Department of Administration 2015) 

from 2015 to 2035, the populations of all six counties in the Redwood River Watershed are projected to 

decrease by 3% (Lyon County) to as much as 18% (Redwood County). The overall projection for all six 

counties is negative 9%. The MPCA does not anticipate significant population growth within the 

Redwood River Watershed. 

5.1 New or Expanding Permitted MS4 WLA Transfer Process 

Future transfer of watershed runoff loads in this TMDL may be necessary if any of the following 

scenarios occur within the project watershed boundaries. 

1. New development occurs within a regulated MS4. Newly developed areas that are not already 

included in the WLA must be transferred from the LA to the WLA to account for the growth. 

2. One regulated MS4 acquires land from another regulated MS4. Examples include annexation or 

highway expansions. In these cases, the transfer is WLA to WLA. 

3. One or more nonregulated MS4s become regulated. If this has not been accounted for in the WLA, 

then a transfer must occur from the LA. 

4. Expansion of a U.S. Census Bureau Urban Area encompasses new regulated areas for existing 

permittees. An example is existing state highways that were outside an urban area at the time the 

TMDL was completed, but are now inside a newly expanded urban area. This will require either a 

WLA to WLA transfer or a LA to WLA transfer. 

5. A new MS4 or other stormwater-related point source is identified and is covered under a NPDES 

Permit. In this situation, a transfer must occur from the LA. 

Load transfers will be based on methods consistent with those used in setting the allocations in this 

TMDL. In cases where WLA is transferred from or to a regulated MS4, the permittees will be notified of 

the transfer and have an opportunity to comment.  

5.2 New or Expanding Wastewater 

A small RC was set aside for this TMDL for future treatment of unsewered communities that may 

become sewered and discharge to a WWTP in the future. Because phosphorus loading must be reduced 

substantially to the impaired reach, there is little capacity for new sources that will result in more 

phosphorus being added during the months of June through September. For this reason, only a small RC 

is available to establish WLAs for the conversion of existing phosphorus loads. The RC will support 

projects that convert unsewered communities to sewered communities and will be made available only 

to new WWTPs or existing WWTPs that provide service to existing unsewered populations.  
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6. Reasonable Assurance 
A TMDL needs to provide reasonable assurance that water quality targets will be achieved through the 

specified combination of point and nonpoint source reductions reflected in the LAs and WLAs. According 

to EPA guidance (EPA 2002a), “When a TMDL is developed for waters impaired by both point and 

nonpoint sources, and the WLA is based on an assumption that nonpoint-source load reductions will 

occur... the TMDL should provide reasonable assurances that nonpoint-source control measures will 

achieve expected load reductions in order for the TMDL to be approvable. This information is necessary 

for the EPA to determine that the TMDL, including the LA and WLAs, has been established at a level 

necessary to achieve water quality standards”. In the Redwood River Watershed considerable 

reductions in NPSs are required. 

6.1 Regulatory 

6.1.1 Construction Stormwater 

Regulated construction stormwater was given a categorical WLA in this study. Construction activities 

disturbing one acre or more are required to obtain NPDES permit coverage through the MPCA. 

Compliance with TMDL requirements is assumed when a construction site owner/operator meets the 

conditions of the Construction General Permit and properly selects, installs, and maintains all BMPs 

required under the permit, including any applicable additional BMPs required in Section 23 of the 

Construction General Permit for discharges to impaired waters, or compliance with local construction 

stormwater requirements if they are more restrictive than those in the State General Permit. 

6.1.2 Industrial Stormwater 

Industrial stormwater was given a categorical WLA in this study. Industrial activities require permit 

coverage under the state's NPDES/SDS Industrial Stormwater Multi-Sector General Permit (MNR050000) 

or NPDES/SDS Nonmetallic Mining/Associated Activities General Permit (MNG490000). If a facility 

owner/operator obtains stormwater coverage under the appropriate NPDES/SDS permit and properly 

selects, installs, and maintains BMPs sufficient to meet the benchmark values in the permit, the 

stormwater discharges would be expected to be consistent with the WLA in this TMDL report. 

6.1.3 MS4 Permits 

The MPCA is responsible for applying federal and state regulations to protect and enhance water quality 

in Minnesota. The MPCA oversees stormwater management accounting activities for all MS4 entities 

listed in this TMDL report. The MS4 General Permit requires regulated municipalities to implement 

BMPs that reduce pollutants in stormwater to the maximum extent practicable. A critical component of 

permit compliance is the requirement for the owners or operators of a regulated MS4 conveyance to 

develop a Stormwater Pollution Prevention Plan (SWPPP). The SWPPP addresses all permit 

requirements, including the following six measures: 

• Public education and outreach 

• Public participation 

• Illicit discharge detection and elimination program 
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• Construction site runoff controls 

• Post-construction runoff controls 

• Pollution prevention and municipal good housekeeping measures 

A SWPPP is a management plan that describes the MS4 permittee’s activities for managing stormwater 

within their regulated area. In the event of a completed TMDL study, MS4 permittees must document 

the WLA in their future NPDES/SDS permit application and provide an outline of the BMPs to be 

implemented that address needed reductions. The MPCA requires MS4 owners or operators to submit 

their application and corresponding SWPPP document to the MPCA for review. Once the application and 

SWPPP are deemed adequate by the MPCA, all application materials are placed on 30-day public notice, 

allowing the public an opportunity to review and comment on the prospective program. Once 

NPDES/SDS permit coverage is granted, permittees must implement the activities described within their 

SWPPP and submit an annual report to the MPCA documenting the implementation activities completed 

within the previous year, along with an estimate of the cumulative pollutant reduction achieved by 

those activities. For information on all requirements for annual reporting, please see the Minnesota 

Stormwater Manual (Minnesota Stormwater Manual contributors 2019): Guidance for completing the 

TMDL reporting form. 

This TMDL report assigns WLAs to permitted MS4s of the cities of Redwood Falls and Marshall in the 

study area. The MS4 General Permit requires permittees to develop compliance schedules for EPA 

approved TMDL WLAs not already being met at the time of permit application. A compliance schedule 

includes BMPs that will be implemented over the permit term, a timeline for their implementation, and 

a long-term strategy for continuing progress toward assigned WLAs. For WLAs being met at the time of 

permit application, the same level of treatment must be maintained in the future. Regardless of WLA 

attainment, all permitted MS4s are still required to reduce pollutant loadings to the maximum extent 

practicable. 

The MPCA’s stormwater program and its NPDES permit program are regulatory activities providing 

reasonable assurance that implementation activities are initiated, maintained, and consistent with WLAs 

assigned in this study. 

6.1.4 Wastewater NPDES and SDS Permits 

Permits issued under the NPDES program are required to have effluent limits consistent with the 

assumptions and requirements of the WLAs in this TMDL report if their discharges cause or have 

reasonable potential to cause or contribute to exceedance of RES. Attaining the WLAs, as developed and 

presented in this TMDL report, is assumed to ensure meeting the water quality standards for the river 

eutrophication 303(d) listing. During the permit issuance or reissuance process, wastewater discharges 

will be evaluated for the potential to cause or contribute to violations of phosphorus water quality 

standards. WQBELs will be developed for facilities whose discharges are found to have a reasonable 

potential to cause or contribute to phosphorus above the water quality standards. The WQBELs will be 

calculated based on summer average conditions, may vary slightly from the TMDL WLAs and will include 

concentration based effluent limitations, as found in the Redwood River Phosphorus Effluent Limit 

Review memo (MPCA 2021d). 
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6.1.5 SSTS Program 

SSTS, commonly known as septic systems, are regulated by Minn. Stat. §§ 115.55 and 115.56. Counties 

and other local government units (LGUs) that regulate SSTS must meet the requirements for local SSTS 

programs in Minn. R. ch. 7082. Counties and other LGUs must adopt and implement SSTS ordinances in 

compliance with Minn. R. chs. 7080, through Minn. R. ch. 7083.  

These regulations detail:  

• Minimum technical standards for individual and mid-size SSTS;  

• A framework for LGUs to administer SSTS programs and;  

• Statewide licensing and certification of SSTS professionals, SSTS product review and registration, 

and establishment of the SSTS Advisory Committee.  

Counties and other LGUs enforce Minn. R. chs. 7080 through 7083 through their local SSTS ordinance 

and issue permits for systems designed with flows up to 10,000 gallons per day. There are 

approximately 200 LGUs across Minnesota, and depending on the location an LGU may be a county, city, 

township, or sewer district. LGU SSTS ordinances vary across the state. Some require SSTS compliance 

inspections prior to property transfer, require permits for SSTS repair and septic tank maintenance, and 

may have other requirements which are stricter than the state regulations. 

Compliance inspections by Counties and other LGUs are required by Minnesota Rule for all new 

construction and for existing systems if the LGU issues a permit for the addition of a bedroom. In order 

to increase the number of compliance inspections, the MPCA has developed and administers funds to 

LGUs for various ordinances, and specific actions. Additional funding dollars are awarded to counties 

that have additional provisions in their ordinance above the minimum program requirements. The 

MPCA has worked with counties through the SSTS Implementation and Enforcement Task Force (SIETF) 

to identify the most beneficial way to use these funds to accelerate SSTS compliance statewide through: 

• Compliance inspection for property transfer 

• Compliance inspection for any (all) permit-countywide 

• Plan to improve compliance, like records catalog or inventory (past, ongoing or future) 

• Plan to address Unsewered Areas 

The MPCA staff keep a statewide database of known ITPHS systems that include “straight pipe systems”. 

These straight pipe systems are reported to the counties or the MPCA by the public. Upon confirmation 

of a straight pipe system, the county sends out a notification of noncompliance, which starts a 10-month 

deadline to fix the system and bring it into compliance. From 2006 through 2017, 742 straight pipes 

have been tracked by the MPCA. Seven hundred-one of those were abandoned, fixed, or were found not 

to be a straight pipe system as defined in Minn. Stat. 115.55, subd. 1. There have been 17 Administrative 

Penalty Orders issued and docketed in court. The remaining straight pipe systems received a notification 

of noncompliance and are currently within the 10-month deadline.  

Since 1996, the MPCA southwest wastewater staff have helped small communities build wastewater soil 

treatment systems throughout the region. The small communities with wastewater concerns within the 

Redwood River Watershed are all addressing their wastewater treatment through SSTS upgrades 
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regulated by county ordinances and funded by various sources, such as the Clean Water Fund and Clean 

Water Partnership (CWP) State Revolving Fund (SRF) Loan Program.  

6.1.6 Feedlot Program 

All feedlots in Minnesota are regulated by Minn. R. ch. 7020. The MPCA has regulatory authority of 

feedlots but counties may choose to participate in a delegation of the feedlot regulatory authority to the 

local unit of government. Delegated counties are then able to enforce Minn. R. ch. 7020 (along with any 

other local rules and regulations) within their respective counties for facilities that are under the CAFO 

threshold. In the Redwood River Watershed, the counties of Lincoln, Pipestone, Murray, Lyon, and 

Yellow Medicine are delegated the feedlot regulatory authority. The only nondelegated county in the 

Redwood River Watershed is Redwood County. The Counties and MPCA will continue to implement the 

feedlot program and work with producers on manure management plans. 

There are two primary concerns about feedlots in protecting water: 

• Ensuring that manure on a feedlot or manure storage area does not run into water  

• Ensuring that manure is applied to cropland at a rate, time and method that prevents bacteria 

and other possible contaminants from entering streams, lakes and ground water. 

The MPCA regulates the collection, transportation, storage, processing and disposal of animal manure 

and other livestock operation waste. The MPCA Feedlot Program implements rules governing these 

activities and provides assistance to counties and the livestock industry. The feedlot rules apply to most 

aspects of livestock waste management including the location, design, construction, operation and 

management of feedlots and manure handling facilities. 

6.1.7 Buffers, Shoreland, and NPS Statutes 

Minnesota’s buffer law requires perennial vegetative buffers along public ditches, lakes, rivers, and 

streams. Buffers along lakes, rivers, and streams are to be 50 feet in width, and buffers along public 

ditches are to be 16.5 feet wide or more. These buffers help filter out P, nitrogen, and sediment. Buffers  

are critical to protecting and restoring water quality and healthy aquatic life, natural stream functions, 

and aquatic habitat due to their immediate proximity to the water. 

The law provides some flexibility for landowners to install alternative practices if they provide equal or 

better water quality benefits. An example of an alternative practice could be a narrower buffer if the 

land slopes away from the waterbody. This is not uncommon with some ditches, rivers, and streams. 

Alternative practices must be approved by the local governmental unit that implements the buffer law. 

In general, most of the private lands in the Redwood River Watershed contain well vegetated buffers 

along ditches, lakes and streams. Reported rates of compliance for every county in the Redwood River 

Watershed is between 95% and 100% (BWSR website). 

Other nonpoint source statutes/rules include: 

• Protecting highly erodible land within the 300-foot shoreland district (Minn. Stat. § 103F.201)  

• Excessive soil loss statute (Minn. Stat. § 103F.415) 

• Nuisance nonpoint source pollution (Minn. R. 7050.0210, subp. 2) 

https://bwsr.state.mn.us/where-can-i-find-buffer-maps
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6.2 Nonregulatory 

6.2.1 Pollutant Load Reduction 

Reliable means of reducing nonpoint source pollutant loads are fully addressed in the Redwood River 

WRAPS Report (MPCA 2023b), a document written as a companion to this TMDL. For the impaired 

waters to meet water quality standards, the majority of pollutant reductions in the Redwood River 

Watershed will need to come from NPSs. Agricultural drainage and SRO are major contributors of 

phosphorus, sediment, and increased flows throughout the watershed. As described in the WRAPS 

report, the BMPs identified for restoration have all been demonstrated to be effective in reducing 

transport of phosphorus to surface water. The combinations of BMPs discussed throughout the WRAPS 

process were derived from Minnesota’s Nutrient Reduction Strategy (NRS) (MPCA 2014) and related 

tools. As such, they were vetted by a statewide engagement process prior to being applied in the 

Redwood River Watershed.  

Selection of sites for BMPs will be led by LGUs, county SWCDs, watershed management organizations, 

and county planning and zoning, with support from state and federal agencies. The Redwood River 

Watershed was selected for funding through the One Watershed One Plan (1W1P) process un 2023 to 

develop a comprehensive local water plan to guide this work. These BMPs are supported by programs 

administered by the SWCDs and the Natural Resource Conservation Service (NRCS). Local resource 

managers are well-trained in promoting, placing, and installing these BMPs. Some counties within the 

basin have shown significant levels of adoption of these practices. State and local agencies will need to 

work with landowners to identify priority areas for BMPs and practices that will help reduce nutrient 

runoff, as well as streambank and overland erosion. Agencies, organizations, LGUs, and citizens alike 

need to recognize that resigning waters to an impaired condition is not acceptable. Throughout the 

course of the WRAPS and TMDL meetings, the WRAPS local work group (LWG) endorsed the BMPs 

selected in the WRAPS report. These BMPs reduce phosphorus and other pollutants from runoff as well 

as pollutants delivered through drainage tiles or groundwater flow. 

To help achieve nonpoint source reductions, a large emphasis has been placed on public participation, 

where the citizens and communities that hold the power to improve water quality conditions are 

involved in discussions and decision-making. The watershed’s citizens and communities will need to 

voluntarily adopt the practices at the necessary scale and rates to achieve the 10-year targets presented 

in the WRAPS report. The WRAPS also presents the allocations of the pollutant/stressor goals and 

targets to the primary sources and the estimated years to meet the goal as developed by the WRAPS 

LWG. The strategies identified and relative adoption rates developed by the WRAPS LWG were used to 

calculate the adoption rates needed to meet the pollutant/stressor 10-year targets.  

In addition to public participation, several government programs are in place to support a political and 

social infrastructure that aims to increase the adoption of strategies that will improve watershed 

conditions and reduce loading from NPSs. One example of a government program available is The 

Minnesota Agricultural Water Quality Certification Program (MAWQCP). The MAWQCP is an MDA led 

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 10 years.  

Through this program, certified producers receive: 

http://www.mda.state.mn.us/awqcp
http://www.mda.state.mn.us/awqcp
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• Regulatory certainty: certified producers are deemed to be in compliance with any new water 

quality rules or laws during the period of certification  

• Recognition: certified producers may use their status to promote their business as protective of 

water quality  

• Priority for technical assistance: producers seeking certification can obtain specially designated 

technical and financial assistance to implement practices that promote water quality. 

As of January 31, 2023, the Redwood River Watershed has 17,112 acres enrolled in the MAWQCP. BMPs 

implemented to-date through this program include: 

• 22 alternative/closed tile intakes 

• 15 sediment basins  

• 26.6 acres of filter strips 

• 365 acres of residue management  

• 113 acres of nutrient management 

• 2,400 acres of nitrogen BMPs  

• 913 acres of phosphorus BMPs  

• 147 acres of cover crops  

• 577 acres of conservation cover 

Further, another MDA led initiative - The Nutrient Management Initiative Program (NMI) – has engaged 

farmers and increased agricultural BMP adoption in the Redwood River and Cottonwood River 

Watersheds. The NMI Program has provided financial incentives for participants to conduct on-farm 

trials comparing yields related to nitrogen fertilizer rate management. A total of 31 nutrient trials took 

place in these two watersheds between 2006 and 2019.  

Water Quality Trends for Minnesota Rivers and Streams at Milestone Sites notes that sites across 

Minnesota, including the Redwood River, show long-term reductions in certain pollutants (MPCA 2014). 

The Minnesota NRS documented a 33% reduction of the phosphorus load leaving the state via the 

Mississippi River from the pre-2000 baseline to current (MPCA 2014). These reports generally agree that 

while further reductions are needed, municipal and industrial phosphorus loads as well as loads of 

runoff-driven pollutants (i.e., TSS) are decreasing; a conclusion that lends assurance that the Redwood 

River WRAPS and TMDL goals and strategies are reasonable and that long-term, enduring efforts to 

decrease erosion and phosphorus loading to surface waters have the potential to reduce pollutant 

loads. 

6.2.2 Prioritization 

The WRAPS report details a number of tools that provide means for identifying priority pollutant sources 

and implementation work in the watershed. Further, LGUs in the Redwood River Watershed often 

employ their own local analysis for determining priorities for work. 

https://www.mda.state.mn.us/nmiguidelines
https://www.pca.state.mn.us/sites/default/files/wq-s1-71.pdf
https://www.pca.state.mn.us/water/nutrient-reduction-strategy
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The State of Minnesota has provided tools to further the buffer initiative; they are being used in the 

implementation planning process to examine riparian land use in the Redwood River Watershed, and 

prioritize potential buffer installation. The Buffer Initiative was signed into law by Governor Dayton in 

June 2015 (amended by the Legislature and signed into law by Governor Dayton on April 25, 2016). It 

provides clarification regarding which waters need buffers, a timeline for implementing them, and tools 

for LGUs to use in tracking and reporting compliance (http://www.bwsr.state.mn.us/buffers/). 

Light Detection and Ranging (LiDAR) data and hydro-conditioned DEMs are available for the entire 

Redwood River Watershed. These data are being increasingly used by LGUs to examine landscapes, 

understand watershed hydrology, and prioritize BMP targeting.  

6.2.3 Funding 

On November 4, 2008, Minnesota voters approved the Clean Water, Land and Legacy Amendment to 

the constitution to: 

• protect drinking water sources; 

• protect, enhance, and restore wetlands, prairies, forests, and fish, game, and wildlife habitat; 

• preserve arts and cultural heritage; 

• support parks and trails; and 

• protect, enhance, and restore lakes, rivers, streams, and groundwater 

This is a secure funding mechanism with the explicit purpose of supporting water quality improvement 

projects. 

Additionally, there are many other funding sources for nonpoint pollutant reduction work; they include 

but are not limited to CWA Section 319 grant programs, Board of Water and Soil Resources (BWSR) state 

Clean Water Fund implementation funding, and NRCS incentive programs. Programs and activities are 

also occurring at the local government level, where county staff, commissioners, and residents work 

together to address water quality issues. In the past, several state CWP and federal Section 319 grants 

have been utilized to implement nonpoint source BMPs.  

There are a variety of funding sources to help cover some of the cost to implement practices that reduce 

pollutants from entering surface waters and groundwater. Below are web links to the programs and 

contacts for each entity. The contacts for each grant program can assist in the determination of 

eligibility for each program, as well as funding requirements and amounts available. 

• Agriculture BMP Loan Program (MDA) 

• Agricultural Water Quality Certification Program (MDA) 

• Clean Water Fund Grants (BWSR) 

• Clean Water Partnership Loans (MPCA) 

• Environment and Natural Resources Trust Fund (Legislative-Citizen Commission on Minnesota 

Resources) 

• Environmental Assistance Grants Program (MPCA) 

http://www.bwsr.state.mn.us/buffers/
https://www.mda.state.mn.us/agbmploan
https://www.mda.state.mn.us/environment-sustainability/minnesota-agricultural-water-quality-certification-program
https://bwsr.state.mn.us/grants
https://www.pca.state.mn.us/water/clean-water-partnership-and-section-319-programs
https://www.lccmr.leg.mn/
https://www.lccmr.leg.mn/
https://www.pca.state.mn.us/about-mpca/environmental-assistance-grants


 

Redwood River RES TMDL Report  Minnesota Pollution Control Agency 

44 

• Phosphorus Reduction Grant Program (Minnesota Public Facilities Authority [PFA}) 

• Small Community Wastewater Treatment Construction Loans & Grants (PFA) 

• Source Water Protection Grant Program (Minnesota Department of Health) 

• Surface Water Assessment Grants (MPCA) 

• Wastewater and Stormwater Financial Assistance Programs (MPCA) 

• Conservation Partners Legacy Grant Program (DNR) 

• Environmental Quality Incentives Program (Natural Resources Conservation Service) 

• Conservation Reserve Program (USDA)   

• Clean Water State Revolving Fund (EPA) 

Minnesota was awarded $500 million to implement the Conservation Reserve Enhancement Program 

(CREP) that when fully implemented will convert approximately 60,000 acres of land to perennial cover 

(perpetual easements). Riparian areas and marginal agricultural land are a focus of the program. This 

aligns precisely with statewide and Redwood River Watershed strategies focused on converting marginal 

lands to perennials to reduce pollutant loading to surface and groundwater.  

Since 2004, over $69 million have been spent addressing water quality issues in the Redwood River 

Watershed (Figure 13). Additional information about funding may be found on the MPCA’s Healthier 

Watersheds webpage and CREP webpage. 

 

https://mn.gov/deed/pfa/funds-programs/point-source-grants.jsp
https://mn.gov/deed/pfa/funds-programs/smallcommunitywastewatertreatmentprogram.jsp
https://www.health.state.mn.us/communities/environment/water/swp/grants.html
https://www.pca.state.mn.us/water/surface-water-assessment-grants
https://www.pca.state.mn.us/water/wastewater-and-stormwater-financial-assistance
https://www.dnr.state.mn.us/grants/habitat/cpl/index.html
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/eqip/
https://www.fsa.usda.gov/programs-and-services/conservation-programs/conservation-reserve-program/index
https://www.epa.gov/cwsrf
https://bwsr.state.mn.us/mn-crep-landowners
https://www.pca.state.mn.us/water/healthier-watersheds
https://www.pca.state.mn.us/water/healthier-watersheds
https://bwsr.state.mn.us/mn-crep-landowners
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Figure 13. Spending addressing water quality issues in the Redwood River Watershed (2004-2019). 

6.2.4 Planning and Implementation 

The WRAPS, TMDLs, and all the supporting documents provide a foundation for planning and 

implementation. Subsequent planning, including imminent development of a 1W1P for the Redwood 

River Watershed, will draw on the goals, technical information, and tools to describe in detail strategies 

for implementation. For the purposes of reasonable assurance, the WRAPS document is sufficient in that 

it provides strategies for achieving pollutant reduction goals. However, many of the goals outlined in this 

TMDL are very similar to objectives outlined in the individual county water plans. Some general goals 

and themes in the individual county water plans are consistent such as: 

• Protect, manage, and improve surface waters 

• Target landscapes and sites for increased conservation practices and reduction in feedlot and 

septic pollutants 
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• Reduce flooding, erosion, sediment, and nutrient loading 

• Identify, design, and improve drainage management, water retention and concentrated flow 

• Protect groundwater resources 

These county plans have the same goal of removing streams and lakes from the 303(d) Impaired Waters 

List. These plans provide watershed specific strategies for addressing water quality and quantity issues. 

In addition, the commitment and support from the local governmental units will ensure that this TMDL 

project is carried successfully through implementation. 

6.2.5 Tracking Progress 

Water monitoring efforts within the Redwood River Watershed are diverse and constitute a sufficient 

means for tracking progress and supporting adaptive management. See Chapter 7 for more information 

on monitoring efforts and programs in the Redwood River Watershed.  

To date, some agricultural and urban runoff in the Redwood River Watershed has been reduced through 

the implementation of conservation practices and stormwater BMPs. These efforts have been led by 

local resource professionals representing cities, counties, SWCDs, and Redwood-Cottonwood Rivers 

Control Area (RCRCA). The MPCA Healthier Watersheds webpage shows that over 1,000 BMPs were 

installed and reported through federal, state, and locally funded programs and grants in the Redwood 

River Watershed between 2004 and 2020. Table 17 summarizes the major types of BMPs that have been 

implemented throughout the watershed, while Figure 14 shows the total number of BMPs per 

subwatershed. 

Table 17. Reported BMPs in the Redwood River Watershed by BMP type (2004-2020). 

BMP Type Total BMPs 

Nutrient Management (Cropland) 252 

Tillage/residue Management 194 

Designed Erosion Control 188 

Buffers and Filters 106 

Converting Land to Perennials 62 

Stream Banks, Bluffs, and Ravines 46 

Living Cover to Crops in Fall/Spring 43 

Septic System Improvements 43 

Pasture Management 37 

Tile Inlet Improvements 37 

Drainage Ditch Modifications 21 

Tile Drainage Treatment/Storage 11 

Habitat and Stream Connectivity 9 

Crop Rotation 4 

https://www.pca.state.mn.us/water/best-management-practices-implemented-watershed
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Figure 14. Relative distribution of subwatershed BMPs in the Redwood River Watershed between 2004 – 2020. 

6.2.6  Reasonable Assurance Summary 

In summary, significant time and resources have been devoted to identifying the best BMPs and 

supporting their implementation via state initiatives and dedicated funding in southwest Minnesota and 

in the Redwood River Watershed.  

The WRAPS and TMDL process engaged partners to arrive at reasonable examples of BMP combinations 

that achieve pollutant reduction goals. Local water planning using the 1W1P process was awarded 

funding in 2023, and will utilize WRAPS and TMDL information in the planning process. Minnesota is a 

leader in watershed planning, monitoring, and tracking progress toward water quality goals.   
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7. Monitoring Plan 
Several types of monitoring are necessary to track progress toward achieving the load reductions 

required for this TMDL and the achievement of water quality standards. Water monitoring combined 

with tracking implementation of BMPs on the ground is critical in the adaptive management approach to 

implementing TMDLs. The LGUs will track the implementation of BMPs annually through BWSR’s e-LINK 

system. Monitoring results will identify progress toward obtainable benchmark goals as well as shape 

the next course of action for implementation through adaptive management. Data from water quality 

monitoring programs enables water quality condition assessment and creates a long-term data set to 

track progress toward water quality goals. These programs will continue to collect and analyze data in 

the Redwood River Watershed as part of Minnesota’s Water Quality Monitoring Strategy (MPCA 2021c). 

Data needs are considered by each program and additional monitoring is implemented when deemed 

necessary and feasible. These monitoring programs are summarized as follows: 

• Intensive Watershed Monitoring collects water quality and biological data for two years at 

established stream and lake monitoring stations across the Redwood River Watershed every 10 

years. Starting in 2027, the MPCA, with assistance from LGUs, will re-visit and re-assess some of 

the Cycle 1 monitoring stations, as well as consider monitoring new sites with demonstrated 

state or local importance. It is expected that funding for monitoring and analysis will be 

available through the MPCA. 

• Watershed Pollutant Load Monitoring Network data provides 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. There are three sites in the Redwood River Watershed with data that vary by 

site. 

•  Volunteer Water Monitoring Program data provide a continuous record of waterbody 

transparency and user perception throughout much of the basin. This program relies on a 

network of private volunteers who make monthly stream and lake measurements annually. 

There are currently two volunteer monitoring sites within the Redwood River Watershed. The 

MPCA will seek more citizen monitors to track trends of water quality transparency for impaired 

waters within the basin.  

https://www.pca.state.mn.us/sites/default/files/p-gen1-10.pdf
https://www.pca.state.mn.us/water/watershed-sampling-design-intensive-watershed-monitoring
https://www.pca.state.mn.us/water/watershed-pollutant-load-monitoring
https://www.pca.state.mn.us/water/citizen-water-monitoring
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8. Implementation Strategy Summary 
The strategies described in this section are potential actions to reduce phosphorus loads in the Redwood 

River Watershed. These actions are further developed in a separate, more detailed WRAPS report 

(MPCA 2023b). 

8.1 Minnesota Nutrient Reduction Strategy 

The primary implementation strategies to achieve the phosphorus load reductions required by the RES 

TMDL in this report are described in Minnesota’s NRS Report (MPCA 2014). The NRS is intended to guide 

the state in reducing excess nutrients in waters so that in-state and downstream water quality goals are 

ultimately met. Successful implementation of the NRS will require broad support, coordination, and 

collaboration among agencies, academia, local government, private industry, and citizens. The theme of 

the NRS is A Path to Progress in Achieving Healthy Waters, and highlights a multi-faceted approach to 

nutrient reduction that focuses on the following: 

• Progress goals for downstream waters. The strategy includes clear, meaningful, and achievable 

nutrient loading reduction targets and interim milestones.  

• Progress on in-state nutrient criteria. The strategy complements existing planning efforts to 

make progress toward meeting in-state nutrient criteria for impaired waters and provides 

protection to lakes and streams not yet assessed, or assessed as threatened or unimpaired by 

nutrients.  

• Prioritize and target watersheds. The strategy helps to prioritize watersheds relative to nutrient 

loads and impacts, and target implementation activities to ensure efficient use of resources. 

• Build from existing efforts. Many ongoing efforts are moving the state in the right direction. The 

strategy unifies and organizes information to align goals, identify the most promising strategies, 

and coordinate activities.  

• Local implementation. The goal is for agencies and organizations to focus and adjust programs, 

policies, and monitoring efforts. 

The NRS includes a goal for reducing phosphorus in the Mississippi River, which includes the Minnesota 

River and its tributaries (e.g., Redwood River), by 45% from average 1980 through 1996 conditions by 

2025. This goal applies where the Mississippi River leaves Minnesota boundaries. The NRS estimates 

that a 31% reduction of phosphorus in the Mississippi River at Red Wing, the upstream end of Lake 

Pepin, had been achieved by 2014 largely as a result of reductions in point sources.  

While the RES TMDL presented in this report requires slightly different phosphorus reduction goals, 

similar strategies will be applied across the Redwood River Watershed. Priority sources of phosphorus 

targeted in the NRS for reduction include cropland runoff, wastewater point sources, and streambank 

erosion. Priority watersheds for phosphorus reduction were also identified in the NRS, one of which is 

the Redwood River Watershed. Watershed prioritization for phosphorus is based on a Spatially 

Referenced Regressions on Watersheds (SPARROW) model that combined nutrient loads leaving the 

HUC-8 watershed with a comparison to the (at the time pending) RES for that reach, and computed a 

yield reaching the state border. HUC-8 watersheds with a higher yield reaching the state border were 
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assigned a higher priority ranking. This ranking process did not factor in the potential capacity for lakes 

to intercept phosphorus. 

8.2 Permitted Sources 

8.2.1 Construction Stormwater 

The WLA for stormwater discharges from sites where there is construction activity reflects the number 

of construction sites greater than one acre expected to be active in the watershed at any one time, and 

the BMPs and other stormwater control measures that should be implemented at the sites to limit the 

discharge of pollutants of concern. The BMPs and other stormwater control measures that should be 

implemented at construction sites are defined in Minnesota’s NPDES/SDS General Stormwater Permit 

for Construction Activity (MNR100001). If a construction site owner/operator obtains coverage under 

the NPDES/SDS General Stormwater Permit and properly selects, installs, and maintains all BMPs 

required under the permit, including those related to impaired waters discharges and any applicable 

additional requirements found in Section 23 of the Construction General Permit, the stormwater 

discharges would be expected to be consistent with the WLA in this TMDL. All local government 

construction stormwater requirements must also be met.  

8.2.2 Industrial Stormwater 

The WLA for stormwater discharges from sites where there is industrial activity reflects the number of 

sites in the watershed for which NPDES industrial stormwater permit coverage is required, and the 

BMPs and other stormwater control measures that should be implemented at the sites to limit the 

discharge of pollutants of concern. Minnesota’s NPDES/SDS Industrial Stormwater Multi-Sector General 

Permit (MNR050000) and NPDES/SDS Nonmetallic Mining/Associated Activities General Permit 

(MNG490000) establish benchmark concentrations for pollutants in industrial stormwater discharges. If 

a facility owner/operator obtains stormwater coverage under the appropriate NPDES/SDS Permit and 

properly selects, installs, and maintains BMPs sufficient to meet the benchmark values in the permit, the 

stormwater discharges would be expected to be consistent with the WLA in this TMDL report. Industrial 

activity must also meet all local government stormwater requirements. 

8.2.3 MS4 Stormwater 

Phase II MS4 NPDES-permitted stormwater communities are required by permit (the General Permit 

Authorization to Discharge Stormwater Associated with small MS4s under the NPDES/SDS Permit 

[MNR040000]) to develop and implement a SWPPP. This Permit requires MS4s to develop regulatory 

mechanisms, including enforcement of construction sites under the MPCA’s General Permit to Discharge 

Stormwater Associated with Construction Activity (MNR100001) and post-construction stormwater 

management. MS4s are also required to inventory and map the storm sewer system and implement a 

minimum of six control measures (MCMs – public education and outreach, public participation and 

involvement, illicit discharge detection and elimination, construction site runoff controls, post-

construction stormwater runoff controls and pollution prevention, and good housekeeping measures). 

Measurable goals must be specified for each of the six MCMs, including public participation and 

involvement in reviewing the SWPPPs. Routine inspection and maintenance of the MS4 conveyance 

system is required. Additionally, the MS4 permit requires regulated communities to provide reasonable 

assurance that progress is being made toward achieving all TMDL WLAs approved by the EPA before the 



 

Redwood River RES TMDL Report  Minnesota Pollution Control Agency 

51 

effective date of the MS4 General permit, which is issued at five-year intervals. MS4s must determine 

whether their applicable WLA(s) are being met, and if not, a compliance schedule is required. The 

compliance schedule includes interim milestones (expressed as BMPs such as pet waste programs and 

urban BMPs in MS4 areas) that are not one of the six MCMs and that will be implemented over the 

current five-year permit term. As MS4 management activities occur across 10-year capital budgetary 

cycles, a long-term implementation strategy and target date for full compliance to the WLAs must be 

included. The Minnesota Stormwater Manual includes specific BMPs to improve water quality for 

pollutants addressed in this TMDL. More information on MS4 regulations is included in Section 6.1.3 of 

this TMDL. 

The cities of Marshall and Redwood Falls have MS4 wasteloads allocated in this TMDL. The WRAPS 

report for the Redwood River Watershed includes various BMPs and implementation strategies to meet 

the MS4 TMDL goals throughout the watershed. Some of these strategies include, but are not limited to: 

• Infiltration basins 

• Bioretention (rain gardens) 

• Vegetated filter strips 

• Stormwater ponds/wetlands 

• Street sweeping 

• Dedicated snow removal deposit locations 

• Urban stormwater runoff controls 

• Stormwater/rainwater harvest and reuse 

8.2.4 Wastewater 

Municipal and industrial WWTFs are regulated through NPDES permits. Ten permitted municipal and 

industrial wastewater dischargers have been assigned a WLA in this TMDL report. A summer WLA for 

each of these facilities was developed to protect Redwood River Reach 501. The approach and 

methodology for determining the summer WLA for each facility can be found in Section 4.6. The WLAs 

to protect Redwood River Reach 501, which have been determined to also protect Lake Pepin and the 

Mississippi River, will be implemented in permits as WQBELs in the facilities’ NPDES permit if the 

discharges are found to have reasonable potential to cause or contribute to the Redwood River RES 

impairment in accordance with the procedures described in 40 CFR §122.44. These WQBELs will be 

evaluated on a monthly basis to ensure compliance. 

Based on review of data available on the MPCA’s Wastewater Data Browser, all pond facilities are 

currently meeting the TMDL requirements set forth in this TMDL (Table 14 and Table 16). The two 

continuous discharging facilities, ADM – Marshall and Marshall WWTP, currently exceed their TMDL 

allocations. Reductions of approximately 88% (~83 lbs/day) and 40% (~9 lbs/day) will be needed for 

ADM – Marshall and Marshall WWTP, respectively, to meet their TMDL goals. 

https://stormwater.pca.state.mn.us/index.php?title=Main_Page
https://www.pca.state.mn.us/data/wastewater-data-browser
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8.3 Nonpermitted Sources 

Implementation of the Redwood River Watershed RES TMDL will require BMPs that address phosphorus 

as well as other pollutants in the watershed. This section provides an overview of example BMPs that 

may be used for implementation. The BMPs included in this section are not exhaustive, and the list may 

be amended after the development of future watershed plans and studies. Other reports and studies 

have evaluated implementation strategies in the Redwood River Watershed, such as the Redwood River 

Fecal Coliform TMDL (RCRCA 2013), Redwood River Watershed SID Report (MPCA 2021b), Redwood 

River Watershed TMDL Report (MPCA 2023a), and the Redwood River WRAPS Report (MPCA 2023b). 

Agricultural sources such as livestock and runoff from cropland, stormwater runoff from developed 

areas, human wastewater sources such as ITPHS septic systems, near-channel sources of sediment, and 

internal lake phosphorus loading in upstream lakes were identified as high priority pollutant sources. 

8.3.1 Agricultural Sources 

Several different agricultural BMPs can be used to target priority sources and their associated pollutants. 

Table 18 provides a summary of agricultural BMPs, their NRCS code, and their targeted pollutants. 

Descriptions of each BMP are provided below. More information on agricultural BMPs in the state of 

Minnesota can be found in the Agricultural BMP Handbook for Minnesota (Lenhart et al. 2017).  

Table 18. Summary of agricultural BMPs for agricultural sources and their primary targeted pollutants. 

BMP (NRCS standard) 
Targeted pollutant(s) 

Phosphorus TSS E. coli Chloride 

Conservation cover (327) X X   

Conservation/reduced tillage (329 & 345) X X   

Cover crops (340) X X   

Filter strips (636) X X X  

Riparian buffers (390) X X X  

Clean water diversion (362) X  X  

Access control/fencing (472 & 382) X X X  

Waste storage facilities (313) and nutrient management 
(590) 

X  X X 

Drainage water management (554) X X   

Alternative tile intakes (606) X X X  

Grassed waterways (412) X X   

Water and sediment control basins (638) X X   

Wetland restorations (657) X X X  

Conservation Cover (327), Conservation/Reduced Tillage (329 and 345), and Cover Crops (340) 

Conservation cover, conversation/reduced tillage, and cover crops are all on-field agricultural BMPs that 

aim to reduce erosion and nutrient loss by increasing and/or maintaining vegetative cover and root 

structure. Conservation cover is the process of converting previously row crop agricultural fields to 

permanent perennial vegetation. Conservation or reduced tillage can mean any tillage practice that 

leaves additional residue on the soil surface; 30% or more cover is typically considered conservation 

tillage. In addition to reducing erosion, conservation tillage preserves soil moisture. Cover crops refer to 

“the use of grasses, legumes, and forbs planted with annual cash crops to provide seasonal soil cover on 

cropland when the soil would otherwise be bare” (Lenhart et al. 2017).   
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Filter Strips (636) and Riparian Buffers (390) 

Feedlot/wastewater filter strips are defined as “a strip or area of vegetation that receive and reduce 

sediment, nutrients, and pathogens in discharge from a settling basin or the feedlot itself. In Minnesota, 

there are five levels of runoff control, with Level 1 being the strictest and for the largest operations” 

(Lenhart et al. 2017). Riparian buffers are composed of a mix of grasses, forbs, sedges, and other 

vegetation that serves as an intermediate zone between upland and aquatic environments (Lenhart et 

al. 2017). The vegetation is tolerant of intermittent flooding and/or saturated soils that are prone to 

occur in intermediate zones.  

Riparian buffers and filter strips that include perennial vegetation and trees can filter runoff from 

adjacent cropland, provide shade and habitat for wildlife, and reinforce streambanks to minimize 

erosion. The root structure of the vegetation uses enhanced infiltration of runoff and subsequent 

trapping of pollutants. Both; however, are only effective in this manner when the runoff enters the BMP 

as a slow moving, shallow “sheet”; concentrated flow in a ditch or gully will quickly pass through the 

vegetation offering minimal opportunity for retention and uptake of pollutants. Similarly, tile lines can 

often allow water to bypass a buffer or filter strip, thus reducing its effectiveness. 

Clean Water Diversions (362) 

Clean runoff water diversion “involves a channel constructed across the slope to prevent rainwater from 

entering the feedlot area or the farmstead to reduce water pollution” (Lenhart et al. 2017). Clean water 

diversions can take many forms including roof runoff management, grading, earthen berms, and other 

barriers that direct uncontaminated runoff from areas that may contain high levels of E. coli and 

nutrients. 

Access Control/Fencing (472 and 382) 

Fencing can be used with controlled stream crossings to allow livestock to cross a stream while 

minimizing disturbance to the stream channel and streambanks. Providing alternative water supplies for 

livestock allows animals to access drinking water away from the stream, thereby minimizing the impacts 

to the stream and riparian corridor. Some researchers have studied the impacts of providing alternative 

watering sites without structural exclusions and found that cattle spend 90% less time in the stream 

when alternative drinking water is furnished (EPA 2003). 

Waste Storage Facilities (313) and Nutrient Management (590) 

Manure management strategies depend on a variety of factors. A pasture or open lot system with a 

relatively low density of animals (one to two head of cattle per acre [EPA 2003]) may not produce 

manure in quantities that require management for the protection of water quality. For mid-size and 

large facilities, additional waste storage is needed. A waste storage facility is “an impoundment created 

by excavating earth or a structure constructed to hold and provide treatment to agricultural waste” 

(Lenhart et al. 2017). Waste storage facilities hold and treat waste directly from animal operations, 

process wastewater, or contaminated runoff.  

Confined swine operations typically use liquid manure storage areas that are located under the 

confinement barn. Wash water used to clean the floors and remove manure buildup combines with the 

solid manure to form a liquid or slurry in the pit. The mixture is usually land applied in the spring and fall 
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by injection/incorporation into the soil or transported offsite. Some facilities may have “open-air” liquid 

manure storage areas, which can pose a runoff risk if improperly managed.  

Nonpermitted large dairies in the Redwood River Watershed mainly store and handle manure in liquid 

form to be land applied at a later date. Other potential sources of wastewater include process 

wastewater such as parlor wash down water, milk-house wastewater, silage leachate, and runoff from 

outdoor silage feed storage areas. There are potential runoff problems associated with these 

wastewater sources if not properly managed. In addition, many small dairy operations have limited to 

no manure storage. Most poultry manure is handled as a dry solid in the state; liquid poultry manure 

handling and storage is rare. Improperly stockpiled poultry manure or improper land application can 

pose runoff issues. Final disposal of waste usually involves land application on the farm or 

transportation to another site.  

The MDA recommends that inorganic and organic (manure) fertilizer application follow the “4Rs” of 

nutrient management by optimizing application rate (Right rate), application timing (Right timing), 

source of nutrient (Right source), and placement of the application (Right placement) (MDA 2010b). 

Manure is typically applied to the land once or twice per year. To maximize the amount of nutrients and 

organic material retained in the soil, application should not occur on frozen ground or when 

precipitation is forecast during the next several days. 

Drainage water management (554) 

Drainage water management, or controlled drainage, is a BMP in which a water control structure such 

as stop logs or floating mechanisms are placed at or near the outlet of a drainage system to manage the 

water table beneath an agricultural field. Storing excess water through the use of a controlled drainage 

system reduces the volume of agricultural drainage flow to surface water and the nutrients and 

sediment it carries. 

Alternative tile intakes (606) 

This BMP replaces open intakes that are flush with the ground surface that provide a direct conduit for 

sediment and nutrients to enter the tile system. Alternative options include perforated riser pipes, 

gravel/rock inlets, dense pattern tile and vegetated buffers surrounding the inlet. These alternatives 

increase sediment trapping efficiency and reduce the velocity of flow into the inlet. 

Grassed Waterways (412) and Water and Sediment Control Basins (638) 

Grassed waterways and water and sediment control basins (WASCOBs) are both agricultural BMPs that 

aim to slow water flow off agricultural fields. Grassed waterways are areas of vegetative cover that are 

placed in line with high flow areas on a field. WASCOBs are vegetative embankments that are placed 

perpendicular to water’s flow path to pool and slowly release water. Both practices reduce erosion and 

sediment and phosphorus loss from agricultural fields. 

Wetland Restoration (657) 

Wetland restoration refers to the restoration of former or degraded wetlands to the hydrological, 

vegetative, and soil conditions that existed before modification from activities such as farming or 

draining. Wetlands are natural storage features that slow and filter water, reducing downstream 

flooding events. Wetland restoration can reduce fecal bacteria, nutrient, and sediment loading to 

nearby waterways in addition to providing habitat for plants and wildlife (Lenhart et al. 2017).  
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8.3.2 Stormwater Runoff 

Implementation strategies to address urban stormwater management are detailed in the Minnesota 

Stormwater Manual. Practices can be construction-related, post-construction, pre-treatment, 

nonstructural, and structural. Implementation in the more urban areas will likely require retrofits, while 

practices in the more rural residential areas can target open areas and runoff from lawns and 

impervious surfaces associated with development.  

8.3.3 Subsurface Sewage Treatment Systems 

SSTS Assessments 

There are state-sponsored funding programs available for community-wide septic system assessments. 

The PFA administers the Small Community Wastewater Treatment Program, which provides grants of up 

to $60,000 to LGUs to “conduct preliminary site evaluations and prepare feasibility reports, provide 

advice on possible SSTS alternatives, and help develop the technical, managerial, and financial capacity 

to build, operate, and maintain SSTS systems” (PFA website). These studies assess current SSTS 

compliance status as well as potential future individual and/or community SSTS solutions.  

Also, BWSR has provided grant funds in the past to local governments for large-scale SSTS compliance 

inspection projects. These projects typically involve riparian communities on impaired waterbodies. 

SSTS Upgrades/Replacement 

When a straight pipe system or other ITPHS location is confirmed, the local SSTS LGU will send a Notice 

of Noncompliance to the owner that includes a replacement or repair timeline. State rules mandate a 

10-month deadline for the system to be brought into compliance, but an LGU can choose to set a more 

restrictive timeline. The reductions in loading resulting from upgrading or replacing failing systems in the 

watershed depend on the level of failure present in the watershed.  

An SSTS doesn’t need to be a straight pipe or other ITPHS to be a threat to surface water quality. Leaking 

tanks or a drainfield without adequate separation from groundwater can result in the transport of 

pathogens or excess nutrients to nearby surface waters through the groundwater. This is of particular 

concern for water-front properties. Shoreland rules in every county require proof of a compliant SSTS 

prior to issuance of a building permit for dwelling additions or rebuilds, and most County-level SSTS 

LGUs also require proof of a compliant SSTS for property transfers.  

Many Counties and SWCDs offer low interest loan programs for SSTS upgrades or replacement. The 

Clean Water Partnership Loan Program administered by the MPCA offers low interest loans for LGUs to 

address SSTS. The PFA Small Community Wastewater Program offers grant and loan packages of up to 

$2,000,000 for the construction of publicly owned community SSTS. 

SSTS Maintenance 

The most cost-effective BMP for managing loads from SSTSs is regular maintenance. The EPA 

recommends that septic tanks be pumped every three to five years depending on the tank size and 

number of residents in the household (EPA 2002b). When not maintained properly, SSTSs can cause the 

release of pathogens and excess nutrients into surface water. Annual inspections, in addition to regular 

maintenance, ensure that systems function properly. Compliance with state and county code is essential 

https://stormwater.pca.state.mn.us/index.php?title=Main_Page
https://stormwater.pca.state.mn.us/index.php?title=Main_Page
https://mn.gov/deed/pfa/
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to reducing E. coli and phosphorus loading from SSTSs. SSTSs are regulated under Minn. Stat. §§ 115.55 

and 115.56. Counties must enforce ordinances in Minn. R. ch. 7080 to 7083. 

Public Education 

Education is another crucial component of reducing pollutant loading from SSTSs. Education can occur 

through public meetings, routine SSTS service provider home visits, mass mailings, and radio and 

television advertisements. An inspection program can also help with public education because 

inspectors can educate owners about proper operation and maintenance during inspections. 

8.3.4 Near Channel Sources of Sediment and Phosphorus 

It is expected that implementation of the Sediment Reduction Strategy (MPCA 2015) for the Minnesota 

River Basin will reduce sediment and phosphorus loads in the Redwood River Watershed. Both direct 

and indirect controls for reducing near-channel sediment can be used in the Redwood River Watershed. 

Direct Sediment Controls 

Direct controls for near channel sediment sources include practices such as limiting ravine erosion with a 

drop structure or energy dissipater, or controlling streambank or bluff erosion through streambank 

stabilization and restoration. Streambank stabilization and restoration should be implemented to 

address eroding banks and areas of instability in stream channels. Activities should be focused in priority 

areas as defined by the LGUs. 

The natural vegetation along stream corridors should be preserved. Buffers can mitigate pollutant 

loading associated with human disturbances and help to stabilize streambanks and improve infiltration. 

Minnesota’s buffer law requires establishment and maintenance of up to 50 feet of perennial vegetation 

along many rivers, streams, and ditches. Additional value could be added by working with landowners 

and residents to also install fencing or stream crossings to limit access to streams and ensuring 

enforcement of Minnesota’s Shoreland Management Act. 

Indirect Controls 

Indirect controls for sediment loss typically involve land management practices and structural practices 

designed to temporarily store water or shift runoff patterns by increasing evapotranspiration at critical 

times of the year. The temporary storage of water and a shift in runoff patterns are needed to reduce 

peak flows and extend the length of storm hydrographs, which in turn will reduce the erosive power of 

streamflow on streambanks and bluffs. 

8.3.5 Lake Redwood Reclamation and Enhancement Project 

In 2019, the State Legislature appropriated $7.3 million in Capital Investment funds to the Lake 

Redwood Reclamation and Enhancement Project. This funding, when combined with a $900,000 

commitment from the City of Redwood Falls, set a sediment removal goal of 650,000 cubic yards to 

bring the lake to its original depth. Dredging began in May of 2022 and was completed in the fall of the 

same year.  

A local/state/federal investment of over $9 million of BMPs, water quality monitoring, and educational 

programming has occurred within the watershed since 1993 through a series of CWP Diagnostic Studies 

and Implementation grants. Watershed BMP improvements to Redwood River over the last half century 

have reduced sedimentation rates 1.5 feet/year to .13 feet/year (Houston Engineering 2007). With 
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continued restoration and protection efforts, this rate will continue to decrease. It is anticipated that 

water volume (140 acre-ft to 541 acre-ft) and average summer residence time (0.7 days to 2.6 days) in 

Lake Redwood will increase by nearly a factor of four as a result of the Lake Redwood Reclamation and 

Enhancement Project. These increases should allow more time for sediment and particulate phosphorus 

to settle out and be removed as the Redwood River passes through Lake Redwood and moves 

downstream to Reach 501. It is expected that successful implementation of the watershed TP load 

reduction goals set forth in this TMDL, combined with implementation of the TSS load reduction goals 

defined in the Redwood River Watershed TMDL and WRAPS reports, will help protect the Lake Redwood 

Reclamation and Enhancement Project and the recreational quality of Lake Redwood (e.g., less frequent 

algae blooms). 

8.3.6 Internal Loading in Lakes 

Implementation strategies for internal loading in impaired lakes (i.e., Lake Benton, Dead Coon, Goose, 

Clear and School Grove) upstream of the RES impaired reach include water level drawdown, sediment 

phosphorus immobilization or chemical treatment (e.g., alum), management of aquatic vegetation, and 

biomanipulation (e.g., carp management).  

Sequencing of in-lake management strategies both relative to each other as well as relative to external 

load reduction is important to evaluate and consider. In general, external loading, if moderate to high, 

should be the initial priority for reduction efforts. Biomanipulation may also be an early priority. 

However, it is generally believed that further in-lake management efforts involving chemical treatment 

(e.g., alum) can follow after substantial progress has been made toward achieving external load 

reduction goals. The success of alum treatments depends on several factors including lake 

morphometry, water residence time, alum dose used, and presence/abundance of benthic-feeding fish 

(Huser et al. 2016).  

The MPCA recommends feasibility studies for any lakes in which water level drawdown or chemical 

treatment is considered. For more information on internal phosphorus load reduction practices, see 

“Minnesota State and Regional Government Review of Internal Phosphorus Load Control”. 

8.4 Education 

Education is a crucial component of reducing pollutant sources in the Redwood River Watershed and is 

important to increasing public buy-in of residents, businesses, and organizations. RCRCA and the local 

LGUs that work within the boundaries of the Redwood River Watershed, have established connections 

with the public through public meetings, mass mailings, radio and television advertisements, and other 

media.  

8.5 Cost 

TMDLs are required to include an overall approximation of implementation costs (Minn. Stat. 2007, § 

114D.25). It is estimated that the costs to implement the NPS activities outlined in the strategy 

document are approximately $110 million dollars over the next 20 years. This TMDL will also require 

significant point source reductions for two wastewater facilities, so the total cost will be much higher. 

The NPS cost value is considered a rough estimate at this time as there is a level of uncertainty in the 

generalized cost estimate numbers used here as well as the source assessment and TMDL allocations 

presented in this report. The cost estimates should also be considered in the context of the watershed-

https://www.pca.state.mn.us/sites/default/files/wq-s1-98.pdf
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wide TMDL addressing sediment, E. coli and lake impairments, as many of the BMPs would help reduce 

multiple pollutants. The individual cost estimate exercises include: BMPs commonly implemented to 

address upland sediment-bound phosphorus sources, livestock BMPs, ITPHS system 

repairs/replacements, and addressing nutrient impairments in lakes upstream of the RES impaired 

reach. Required buffer installation, replacement of FTPGW systems, and SSTS maintenance are not 

included in the cost estimate at this time. Below is a general discussion of the cost estimate assumptions 

used for this TMDL. 

Sediment 

Utilizing estimates developed by an interagency work group (BWSR, USDA, MPCA, Minnesota 

Association of SWCDs, Minnesota Association of Watershed Districts, NRCS) who assessed restoration 

costs for several TMDLs, it was determined that implementing the Redwood River TSS TMDLs will cost 

approximately $82 million over 20 years. This was based on total area of the watershed (705 square 

miles) multiplied by the cost estimate of $117,000/square mile for a watershed-based treatment 

approach. 

Livestock and SSTSs 

The cost estimate for phosphorus is based on unit costs for the two major sources: livestock and ITPHS 

SSTSs. The unit cost for bringing AUs under manure management plans and feedlot runoff controls is 

$350/AU. This value is based on USDA EQIP payment history and includes buffers, livestock access 

control, manure management plans, waste storage structures, and clean water diversions. Repair or 

replacement of ITPHS systems was estimated at $20,000/system (Wenck, personal communication 

2020). Multiplying those unit costs by an estimated 300 ITPHS systems and 86,514 AUs in the Redwood 

River Watershed provides a total cost of approximately $36 million. The MPCA staff calculates that 

approximately 75% of these AUs currently have controls or management plans in place, thus reducing 

this estimate to ~$13 million. 

Upstream Impaired Lakes 

A detailed analysis of the cost to implement the nutrient TMDLs was not conducted. However, as a 

rough approximation one can use some general results from BMP cost studies across the U.S. for 

example, an EPA summary of several studies showed a median life cycle cost of approximately $2,200 

per pound TP removed for watershed BMPs (Foraste et al. 2012). Another recent review (Macbeth et al. 

2015) of lake restoration projects performed throughout the State of Minnesota suggests a median life 

cycle cost of approximately $500 per pound of TP removed for internal load BMPs such as aluminum 

sulfate. Multiplying these rates by the needed watershed (4,485 pounds per year) and internal (10,229 

pounds per year) TP reductions needed for the five impaired lakes (referenced in Section 8.3.6 above) in 

the Redwood River Watershed (MPCA 2023a) provides a total cost of approximately $15 million. This 

cost estimate assumes a 20-year life cycle for watershed and internal load BMPs. 

Wastewater 

Cost analyses for wastewater nutrient removal were provided in the Minnesota NRS (MPCA 2014). The 

reader is referred to the NRS for more details beyond the summary information included here. Costs for 

the vast majority (over 90%) of residents receiving municipal wastewater treatment range from $7 to 

$11 per pound of phosphorus removed to reach 1 mg/L concentration phosphorus in the effluent. 



 

Redwood River RES TMDL Report  Minnesota Pollution Control Agency 

59 

However, removal costs escalate sharply with declining effluent concentration targets. Costs range from 

$39 to $175 per pound for removal to a 0.8 mg/L concentration and $91 to $344 per pound for removal 

to a 0.1 mg/L concentration. These phosphorus removal cost estimates represent chemical phosphorus 

treatment by mechanical municipal WWTFs only. Stabilization pond and industrial WWTP phosphorus 

removal costs are not included in these estimates. 

The Redwood River Reach 501 RES TMDL calls for a summer average phosphorus load reduction of 

approximately 306 lbs/day (see Table 16) from all sources. The seven WWTP pond facilities that received 

RES WLAs in Table 16 are currently meeting their WLA targets. However, the two mechanical facilities, 

ADM – Marshall and Marshall WWTP, are not meeting their WLA targets and will require significant 

reductions to meet these targets (~83 lbs/day for ADM; ~ 9 lbs/day for Marshall WWTP). It is difficult to 

project the potential project costs of upgrading these facilities until more planning and engineering 

feasibility work has been completed. However, using the NRS municipal wastewater treatment removal 

cost estimates outlined above, removal costs for the mechanical facilities included in this TMDL could 

range from $59 to $240 per pound of additional phosphorus removed. 

8.6 Adaptive Management 

Adaptive management is an iterative implementation process that makes progress toward achieving 

water quality goals while using new data and information to reduce uncertainty and adjust 

implementation activities. The state of Minnesota has a unique opportunity to adaptively manage water 

resource plans and implementation activities. This opportunity resulted from a voter-approved tax 

increase to improve state waters. The resulting interagency coordination effort is referred to as the 

Minnesota Water Quality Framework, which works to monitor and assess Minnesota’s major 

watersheds every 10 years. This Framework supports ongoing implementation and adaptive 

management of conservation activities and watershed-based local planning efforts utilizing regulatory 

and nonregulatory means to achieve water quality standards.  

Implementation of TMDL and protection related activities is ongoing, can take many years, and water 

quality benefits associated with these activities can 

also take many years. As the pollutant source 

dynamics within the watershed are better 

understood, implementation strategies and activities 

will be adjusted and refined to efficiently meet the 

TMDL and lay the groundwork for de-listing the 

impaired reaches and lakes. The follow up water 

monitoring program outlined in Section 7 will be 

integral to the adaptive management approach, 

providing assurance that implementation measures 

are succeeding in achieving water quality standards. 

Adaptive management does not include changes to 

water quality standards or LC. Any changes to water 

quality standards or LC must be preceded by appropriate 

administrative processes, including public notice and an opportunity for public review and comment.  

Figure 15. Adaptive management. 
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A list of implementation strategies in the Redwood River WRAPS Report prepared in conjunction with 

this TMDL focuses on adaptive management (Figure 15). Continued monitoring and “course corrections” 

responding to monitoring results are the most appropriate strategy for achieving the water quality goals 

established in this TMDL. Management activities will be changed or refined to efficiently meet the 

TMDLs and lay the groundwork for de-listing the impaired waterbody. 

https://www.pca.state.mn.us/sites/default/files/wq-ws4-94a.pdf
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9. Public Participation 
A stakeholder participation process was undertaken for this TMDL to obtain input from, review results 

with, and take comments from the general public and a LWG that consisted of staff from county 

environmental services departments, SWCDs, Redwood-Cottonwood River Control Area (RCRCA), MPCA, 

DNR, BWSR, MDA, Department of Health and other interested and affected agencies. The LWG, led by 

RCRCA and MPCA staff, convened multiple times from 2017 through 2021 to discuss and review TMDL 

results and provide input and feedback on the development of the Redwood River WRAPS and TMDLs. 

The entire public stakeholder process involved meetings and other forms of communication as 

described in Table 19. In addition to the stakeholder participation, the MPCA Municipal and Permitting 

Staff met with the City of Marshall and ADM to gather further input. 

Table 19. Summary of stakeholder meetings/events held during the development of the Redwood TMDL/WRAPS. 

Date Description 

4/19/2017 Local Work Group Meeting at Wabasso, MN 

6/8/2017 Local Work Group Meeting at Marshall, MN 

8/10/2017 Local Work Group Meeting at Marshall, MN 

11/7/2017 Local Work Group Meeting at Marshall, MN 

1/18/2018 Local Work Group Meeting at Marshall, MN 

2/15/2018 Local Work Group Meeting at Marshall, MN 

3/19/2018 Elected Officials Meeting at Lamberton, MN 

4/19/2018 Local Work Group Meeting at Marshall, MN 

6/28/2018 Local Work Group Meeting at Sleepy Eye, MN 

7/24/2018 Public Informational Meeting at Lake Benton, MN 

7/25/2018 Public Informational Meeting at Marshall, MN 

7/26/2018 Public Informational Meeting at Redwood Falls, MN 

8/16/2018 Local Work Group Meeting at Lamberton, MN 

9/20/2018 Local Work Group Meeting at Redwood Falls, MN 

11/15/2018 Local Work Group Meeting at Marshall, MN 

1/17/2019 Local Work Group Meeting at Marshall, MN 

3/21/2019 Local Work Group Meeting at Wabasso, MN 

5/16/2019 Local Work Group Meeting at Marshall, MN 

7/18/2019 Local Work Group Meeting at Redwood Falls, MN 

9/19/2019 Local Work Group Meeting at Wabasso, MN 

12/19/2019 Local Work Group Meeting at Redwood Falls, MN 

2/25/2020 Local Work Group Meeting at Redwood Falls, MN 

5/21/2020 Local Work Group Meeting via WebEx 

6/18/2020 Local Work Group Meeting via WebEx 

8/27/2020 Local Work Group Meeting via WebEx 

9/17/2020 Local Work Group Meeting via WebEx 

12/10/2020 Local Work Group Meeting via WebEx 

1/21/2021 Local Work Group Meeting via WebEx 

3/18/2021 Local Work Group Meeting via WebEx 

5/13/2021 Local Work Group Meeting via WebEx 

Public notice 

An opportunity for public comment on the draft TMDL was provided via a public notice in the State 

Register from October 16, 2023, through November 15, 2023. There were no comment letters received 

and responded to as a result of the public comment period. 
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Figure A-1. Summer (June-September) pH for Redwood River main-stem monitoring stations (2000-2018). The 
upper and lower edge of each box represents the 75th and 25th percentile of the data range for each site. The 
error bars above and below each box represent the 95th and 5th percentile of the dataset. The green dash is the 
median pH. The solid red lines represent the upper and lower Southern Rivers Nutrient Region pH range 
standards (6.5 and 9.0). 

 
Figure A-2. Summer (June-September) pH for Redwood River tributary monitoring stations (2000-2018). 
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Figure A-3. Summer (June-September) 5-day BOD concentrations for Redwood River main-stem monitoring 
stations (2000-2018). The upper and lower edge of each box represents the 75th and 25th percentile of the data 
range for each site. The error bars above and below each box represent the 95th and 5th percentile of the 
dataset. The green dash is the median concentration. The solid red line represents the Southern Rivers Nutrient 
Region 5-day BOD standard (3.5 mg/L). 

 
Figure A-4. Summer (June-September) 5-day BOD for Redwood River tributary monitoring stations (2000-2018). 
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 Figure A-5. Redwood River Reach 501 annual average (solid bars), minimum (lower error bar) and maximum 
(upper error bar) TP concentrations (2000-2018). 

 
Figure A-6. Redwood River Reach 501 monthly average (solid bars), minimum (lower error bar) and maximum 
(upper error bar) TP concentrations (2000-2018). 
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Figure A-7. Redwood River Reach 501 annual average (solid bars), minimum (lower error bar) and maximum 
(upper error bar) chlorophyll-a concentrations (2000-2018). 

 

Figure A-8. Redwood River Reach 501 monthly average (solid bars), minimum (lower error bar) and maximum 
(upper error bar) chlorophyll-a concentrations (2000-2018). 
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 Figure A-9. Redwood River Reach 501 annual average (solid bars), minimum (lower error bar) and maximum 
(upper error bar) 5-day BOD concentrations (2000-2018). 

  

Figure A-10. Redwood River Reach 501 monthly average (solid bars), minimum (lower error bar) and maximum 
(upper error bar) 5-day BOD concentrations (2000-2018). 
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Figure A-11. Redwood River Reach 501 total phosphorus load duration curve and monitored loads (2000-2018) 
for station S000-299 (in reach 501) and Lake Redwood (upstream of reach 501).  

  

Figure A-12. Redwood River Reach 501 chlorophyll-a load duration curve and monitored loads (2000-2018) for 
station S000-299 (in reach 501) and Lake Redwood (upstream of reach 501)
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Figure A-13. Redwood River Reach 501 5-day BOD load duration curve and monitored loads (2000-2018) for 
station S000-299 (in reach 501). 
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Figure A-14. Lake Redwood average summer TP, chlorophyll-a, and Secchi depth  

 

 



C-1 
 

Appendix B – WWTF DMR Data Summary 
 

Table B-1. WWTF summer (June through September) monthly average effluent TP concentration summary 
(2009-2018). 

Facility 
Number of 

Samples 
TP  

(ave; mg/L) 
TP  

(min; mg/L) 
TP  

(max; mg/L) 

Samples 
exceeding 
1.0 mg/L 

Samples 
exceeding 
2.0 mg/L 

ADM Corn 
Processing - 
Marshall 

36 7.3 1.7 12.0 36 35 

Ghent WWTP 6 1.9 0.4 3.2 5 2 

Lynd WWTP 2 3.3 1.5 5.2 2 1 

Marshall 
WWTP 

35 4.1 0.9 9.3 31 20 

Milroy WWTP 5 1.9 1.5 2.4 5 1 

Russell WWTP 7 1.0 0.4 2.3 3 1 

Ruthton 
WWTP 

14 1.2 0.3 3.0 7 2 

Tyler WWTP 9 1.4 0.8 2.7 5 2 

Vesta WWTP 4 5.3 1.3 13.8 4 3 

Note: Samples refer to single monthly average reported value 
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Appendix D – Redwood River Watershed 

Impairments Covered by other TMDLs Supporting  

Table D-1. Impaired waterbodies in the Redwood River Watershed addressed in previous TMDL reports.  

Affected use: 
Pollutant/ 
Stressor 

Reach ID 
07020006 - 

Reach/Lake 
name   Reach description TMDL Report 

Aquatic Life: 

Turbidity/TSS 

 

502 
Redwood 

River 
T111 R42W S33, west line to Three 

Mile Creek 

Redwood River 

Watershed TMDL 

Report (MPCA 2023) 

503 
Redwood 

River 
Three Mile Creek to Clear Creek 

509 
Redwood 

River 
Clear Creek to Redwood Lake 

510 
Redwood 

River 
Coon Creek to T110 R42W S20, 

north line 

564, 565 & 
566 1 

Three Mile 
Creek 

Headwaters to T113 R41W S33, 
east line (564); T113 R41W S34, 

west line to T112 R41W S12, east 
line (565) 

567 & 568 

 
Clear Creek -95.323 44.466 to Redwood River 

Aquatic Life: TSS 

501 
Redwood 

River 
Ramsey Creek to Minnesota River Minnesota River and 

Greater Blue Earth 

River Basin TSS TMDL 

Study (MPCA 2020) 506 Clear Creek Headwaters to Redwood River 

Aquatic Recreation: 
Fecal Coliform 

501 
Redwood 

River 
Ramsey Creek to MN River 

Redwood River Fecal 

Coliform TMDL Report 

(RCRCA 2013) 

509 
Redwood 

River 
Clear Creek to Redwood Lake 

Redwood River 

Watershed TMDL 

Report (MPCA 2023) 

Aquatic Recreation: 

Bacteria 

(Fecal Coliform, 

E. coli) 

510 
Redwood 

River 
Coon Creek to T110 R42W S20, 

north line 

521 
Ramsey 
Creek 

T113 R36W S35, west line to 
Redwood River 

Aquatic Recreation: 
Fecal Coliform 

Aquatic 
Consumption: 

Mercury in Fish 
Tissue 

502A 
Redwood 

River 
T111 R42W S33 west line to Three 

Mile Creek 

Redwood River Fecal 

Coliform TMDL Report 

(RCRCA 2013) 

Minnesota Statewide 

Mercury TMDL (MPCA 

2007) 
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Affected use: 
Pollutant/ 
Stressor 

Reach ID 
07020006 - 

Reach/Lake 
name   Reach description TMDL Report 

Aquatic Recreation: 
Fecal Coliform 

Aquatic 
Consumption: 

Mercury in Fish 
Tissue 

Aquatic 
Consumption: 

Mercury in Fish 
Tissue 

502B 
Redwood 

River 

T111 R42W S33 west line to Three 
Mile Creek (excluding and above 

the city of Marshall) 

Redwood River Fecal 

Coliform TMDL Report 

(RCRCA 2013) 

Minnesota Statewide 

Mercury TMDL (MPCA 

2007) 

Minnesota Statewide 

Mercury TMDL (MPCA 

2007) 

504 
Three Mile 

Creek 
Headwaters to Redwood River 

505 
Redwood 

River 
Headwaters to Coon Creek 

512 Tyler Creek 
Headwaters to Redwood River, a 

limited resource value water 

511 Coon Creek Lake Benton to Redwood River 

505 
Redwood 

River 
Headwaters to Coon Creek  

510 
Redwood 

River 
Coon Creek to T110 R42W S32 

east line 

513 
Redwood 

River 
T110 R42W S17, south link to T111 

R42W S32 east line 

503 
Redwood 

River 
Three Mile Creek to Clear Creek 

Aquatic 
Consumption: 

Mercury in Fish 
Tissue 

509 
Redwood 

River 
Clear Creek to Redwood Lake Minnesota Statewide 

Mercury TMDL (MPCA 

2007) 501 
Redwood 

River 
Ramsey Creek to Minnesota River 

Aquatic 
Consumption, Life 

and Recreation: 
Chloride 

502 
Redwood 

River 
T111 R42W S33, west line to Three 

Mile Creek 

Redwood River 

Watershed TMDL 

Report (MPCA 2023) 

Aquatic Recreation: 

Lake Nutrients 

41-0043-00 Benton T110 N. R45 W. 

Redwood River 

Watershed TMDL 

Report (MPCA 2023) 

41-0021-01 
Dead Coon 
(Main Lake) 

T110 N. R44 W. 

42-0093-00 Goose Sec. 32, T111 N., R43 W. 

42-0002-00 
School 
Grove 

Sec. 36, T 113 N., R36 W. 

42-0055-00 Clear T 110 N. R 42 W. 

42-0096-00 Island Sec. 34, T111 N., R43 W. 
1 Three Mile Creek Reach 504 was split into three separate reaches, 564, 565 and 566, for the 2020 303(d) impaired waters list 
assessment proces 
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Appendix E – CAFO List and Watershed Summary 
Table E- 1. List of CAFOs by HUC-10 subwatershed in the Redwood River Watershed. 

HUC-10 Watershed Reg Number Animal Unit (AU) Count Within Shoreland 

Upper Redwood River 081-50002 

081-87131 

081-87133 

081-87135 

081-87139 

081-87143 

081-87168 

081-87185 

081-87186 

081-87224 

081-87227 

081-87233 

081-87257 

081-87259 

081-87261 

081-87262 

081-87263 

081-87297 

081-87303 

081-87304 

081-87305 

081-87322 

081-87332 

081-87363 

081-87364 

081-87383 

081-87399 

081-87414 

081-87415 

081-87416 

081-87424 

081-87432 

081-87433 

1400 

99 

140 

170 

54 

54 

450 

180 

290 

990.18 

50 

23 

60 

807.5 

54 

108 

57 

99 

56 

50 

21 

61.5 

51.5 

196 

60 

225 

52.5 

50.2 

52.5 

55.5 

450 

255 

58 

 

N 

Y 

N 

N 

N 

N 

Y 

N 

N 

N 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

N 

Y 

N 

N 

N 

N 

N 

Y 

N 

Y 

N 

N 
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HUC-10 Watershed Reg Number Animal Unit (AU) Count Within Shoreland 

081-87446 

081-87471 

081-87472 

081-87478 

081-87528 

081-87555 

081-87561 

081-87597 

081-93882 

081-95343 

081-95347 

081-95348 

081-95354 

081-95362 

081-95363 

081-95364 

081-103220 

081-103227 

081-107840 

081-126161 

083-50017 

083-50023 

083-61774 

083-62431 

083-62440 

083-62557 

083-62707 

083-63419 

083-113094 

083-122506 

083-126538 

101-68925 

101-77119 

101-77385 

101-82347 

101-108019 

17 

265.8 

90 

170 

53.5 

200 

70 

90 

60 

445.5 

420 

50 

280 

56 

96 

210 

95 

56 

50 

50 

84 

120 

315 

299 

290 

136 

51.7 

85 

397 

270 

720 

394 

135 

89 

490 

95 

Y 

N 

N 

N 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

N 

N 

N 

 

N 

N 

N 

N 

N 

N 

Y 

N 

N 

N 

 

N 

N 

N 

N 

N 



E-3 
 

HUC-10 Watershed Reg Number Animal Unit (AU) Count Within Shoreland 

101-108020 

101-123945 

117-85305 

117-85516 

117-85517 

117-85519 

117-85530 

117-85542 

117-85545 

117-85546 

117-85549 

117-85553 

117-85555 

117-85563 

117-85564 

117-85632 

117-85635 

117-95027 

120 

87.5 

999 

132 

55 

54 

297.5 

52.8 

50 

309.25 

200.8 

154 

540 

50 

72 

24 

85.5 

48 

N 

N 

N 

N 

N 

N 

N 

Y 

N 

N 

N 

N 

Y 

N 

N 

Y 

N 

Y 

Coon Creek 081-87121 

081-87122 

081-87136 

081-87137 

081-87138 

081-87156 

081-87157 

081-87160 

081-87161 

081-87191 

081-87192 

081-87201 

081-87229 

081-87246 

081-87258 

081-87296 

081-87301 

081-87302 

22 

60 

60 

120 

14 

102 

53 

195.75 

30 

98 

55 

60 

26 

60 

22 

1200 

70 

53.5 

Y 

N 

N 

N 

Y 

Y 

N 

Y 

Y 

N 

N 

N 

Y 

Y 

Y 

 

N 

N 
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HUC-10 Watershed Reg Number Animal Unit (AU) Count Within Shoreland 

081-87313 

081-87314 

081-87316 

081-87336 

081-87337 

081-87345 

081-87348 

081-87349 

081-87354 

081-87366 

081-87373 

081-87375 

081-87376 

081-87385 

081-87417 

081-87435 

081-87476 

081-87493 

081-87510 

081-87522 

081-87536 

081-87560 

081-93696 

081-93871 

081-95342 

081-95350 

081-103223 

081-108043 

081-108305 

081-110862 

081-114317 

081-114856 

081-117923 

081-125947 

083-50005 

083-62921 

290 

60 

110.25 

14.4 

950 

12 

57 

74 

96 

172 

155 

72 

62 

252.25 

450 

99 

178 

471 

154 

12 

84 

54.075 

250 

98 

62.5 

90 

50 

120 

132 

52 

21.6 

55 

60 

990 

900 

116 

N 

N 

N 

Y 

N 

Y 

N 

N 

N 

N 

N 

N 

N 

Y 

N 

Y 

N 

N 

Y 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

N 

N 

N 

N 

N 
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HUC-10 Watershed Reg Number Animal Unit (AU) Count Within Shoreland 

083-63768 

083-99560 

083-121701 

82 

990 

90 

N 

N 

N 

Middle Redwood River 083-50009 

083-60600 

083-60761 

083-61755 

083-61763 

083-61773 

083-61777 

083-62113 

083-62342 

083-62343 

083-62434 

083-62455 

083-62712 

083-62859 

083-63553 

083-64011 

083-65088 

083-98340 

083-100380 

083-115204 

083-121700 

083-127074 

083-127075 

143 

300 

59.5 

235 

875 

72 

400 

82.5 

175.58 

475 

630 

126 

495 

763 

1020 

57.2 

975 

240 

125 

295 

150 

105 

70 

N 

N 

N 

N 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

 

N 

Three Mile Creek 081-87159 

081-87243 

083-50008 

083-50016 

083-50019 

083-50020 

083-50025 

083-60023 

083-60846 

083-61733 

50.3 

525 

1780 

1807 

490 

720 

250 

3270 

298.5 

195.5 

N 

N 

 

N 

N 

N 

N 

N 

N 

N 
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HUC-10 Watershed Reg Number Animal Unit (AU) Count Within Shoreland 

083-61751 

083-61752 

083-61758 

083-62101 

083-62168 

083-62429 

083-62438 

083-62439 

083-62561 

083-62598 

083-62675 

083-62693 

083-62705 

083-62713 

083-62753 

083-62786 

083-62820 

083-62821 

083-62841 

083-62849 

083-62850 

083-62861 

083-63525 

083-63530 

083-63556 

083-65512 

083-65514 

083-65526 

083-65533 

083-65617 

083-66480 

083-81605 

083-89076 

083-89077 

083-100422 

083-104380 

990 

650 

521 

180 

895 

420 

429 

995 

240 

182 

360 

252 

61 

240 

990 

270 

30 

191.85 

360 

478 

650 

294 

430 

115 

55 

210 

710 

487.5 

290 

300 

950 

120 

960 

585 

150 

100 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Y 

N 

N 

N 

N 

N 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 
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HUC-10 Watershed Reg Number Animal Unit (AU) Count Within Shoreland 

083-106760 

083-112578 

083-119657 

083-121842 

083-122917 

083-124932 

083-125995 

083-126068 

083-126539 

650 

1440 

114.8 

400 

190 

175 

720 

300 

720 

N 

N 

N 

N 

N 

N 

N 

 

N 

Clear Creek 083-62200 

083-62721 

083-62844 

083-63771 

083-64975 

083-65530 

083-65820 

083-89078 

083-101420 

083-119906 

083-121594 

083-121699 

083-125965 

083-126369 

083-126506 

127-50008 

127-50012 

127-50013 

127-50015 

127-50076 

127-61732 

127-61743 

127-62526 

127-62533 

127-62911 

127-63121 

127-105460 

760.52 

120 

495 

637.5 

750 

450 

944 

1408 

250 

195 

720 

720 

82.4 

295 

600 

770 

105 

73.2 

247.7 

490 

158.1 

72.5 

166.08 

150 

272.4 

77.7 

428.8 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

 

 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 
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HUC-10 Watershed Reg Number Animal Unit (AU) Count Within Shoreland 

127-115816 190 N 

Ramsey Creek 127-50005 

127-50018 

127-50028 

127-60849 

127-62885 

127-62889 

127-62942 

127-64985 

127-99760 

127-103040 

127-111442 

127-115531 

127-120148 

173-50070 

173-108031 

173-116157 

173-118389 

360 

1440 

88.13 

159.5 

680 

89 

360 

50 

900 

499 

600 

954 

250 

844.8 

360 

720 

1999 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Lower Redwood River 083-50001 

083-61735 

083-62185 

083-62715 

083-62853 

083-62854 

083-62855 

083-62860 

083-63764 

083-63807 

083-64976 

083-64981 

083-81586 

083-98780 

083-106860 

083-122484 

083-125996 

083-126537 

1840.15 

250 

852 

215 

150 

182 

50 

299 

412 

280 

223 

62.5 

440 

420 

900 

1440 

720 

720 

N 

N 

N 

N 

Y 

N 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

N 

 

N 
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HUC-10 Watershed Reg Number Animal Unit (AU) Count Within Shoreland 

127-50004 

127-50006 

127-50020 

127-50030 

127-50073 

127-50077 

127-50081 

127-50087 

127-60087 

127-60320 

127-60343 

127-60843 

127-62482 

127-62528 

127-62530 

127-62532 

127-62895 

127-62907 

127-62962 

127-64984 

127-64989 

127-65510 

127-80031 

127-110660 

127-112519 

127-115333 

127-124583 

127-125524 

127-125859 

173-50370 

20190001 

800 

350 

79.1 

63 

1440 

784 

143 

1248 

505 

289.8 

500 

90 

275 

205 

408 

270 

440 

87 

500 

144.8 

360 

310 

840.7 

498 

355 

99 

1440 

1713.8 

990 

180 

290 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

 

Table E- 2. Redwood River Watershed CAFO Summary 

General 

   Total Feedlots 316 

   Total Permitted CAFO’s 23 
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   Total Animal Units (AUs) 111,489 

   Primary Animal Type1 Cattle (49%) 

Swine (43%) 

Sensitive Areas 

   Open Lot Feedlots 235 

   Feedlots in Shoreland  35 

   Open Lot Feedlots in Shoreland 33 

1Percentages are based on animal units. 

 

 


	Redwood River Eutrophication Total Maximum Daily Load Report
	Contents
	List of tables
	List of figures
	Appendices
	Acronyms
	Executive Summary
	1. Project Overview
	1.1 Purpose
	1.2  Identification of Waterbodies
	1.3 Priority Ranking

	2. Applicable Water Quality Standards
	2.1 Beneficial uses
	2.2 Narrative and numeric criteria and state standards
	2.3 Antidegradation policies and procedures
	2.4 Redwood River Watershed RES water quality standards

	3. Watershed and Waterbody Characterization
	3.1 Streams
	3.2 Subwatersheds
	3.3 Land Use
	3.4 Current/Historical Water Quality
	3.5 Lake Redwood
	3.6 Pollutant Source Summary
	3.6.1 Phosphorus Source Summary


	4. TMDL Development
	4.1 TMDL Overview
	4.2 Natural Background Consideration
	4.3 Model Approach
	4.4 Loading Capacity Methodology
	4.5 Wasteload Allocation Methodology
	4.6 Margin of Safety
	4.7 Reserve Capacity
	4.8 Baseline Year
	4.9 Load Allocation Methodology
	4.10 Seasonal Variation
	4.11 TMDL Summary

	5. Future Growth Considerations
	5.1 New or Expanding Permitted MS4 WLA Transfer Process
	5.2 New or Expanding Wastewater

	6. Reasonable Assurance
	6.1 Regulatory
	6.1.1 Construction Stormwater
	6.1.2 Industrial Stormwater
	6.1.3 MS4 Permits
	6.1.4 Wastewater NPDES and SDS Permits
	6.1.5 SSTS Program
	6.1.6 Feedlot Program
	6.1.7 Buffers, Shoreland, and NPS Statutes

	6.2 Nonregulatory
	6.2.1 Pollutant Load Reduction
	6.2.2 Prioritization
	6.2.3 Funding
	6.2.4 Planning and Implementation
	6.2.5 Tracking Progress
	6.2.6  Reasonable Assurance Summary


	7. Monitoring Plan
	8. Implementation Strategy Summary
	8.1 Minnesota Nutrient Reduction Strategy
	8.2 Permitted Sources
	8.2.1 Construction Stormwater
	8.2.2 Industrial Stormwater
	8.2.3 MS4 Stormwater
	8.2.4 Wastewater

	8.3 Nonpermitted Sources
	8.3.1 Agricultural Sources
	8.3.2 Stormwater Runoff
	8.3.3 Subsurface Sewage Treatment Systems
	8.3.4 Near Channel Sources of Sediment and Phosphorus
	8.3.5 Lake Redwood Reclamation and Enhancement Project
	8.3.6 Internal Loading in Lakes

	8.4 Education
	8.5 Cost
	8.6 Adaptive Management

	9. Public Participation
	Public notice

	10. Literature Cited
	Appendices Combined.pdf
	Redwood RES DRAFT Appendix A
	Redwood RES DRAFT Appendix B
	Redwood RES DRAFT Appendix C
	Redwood RES DRAFT Appendix D
	Redwood RES DRAFT Appendix E




