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Summary
This TMDL is for the Greater Blue Earth River basin, which includes
the Blue Earth River, The Watonwan River and the Le Sueur River. The
basin is located in southern Minnesota and Northern Iowa.
This TMDL covers 39 impaired reaches within the Greater Blue Earth
Basin. For a list of impaired reaches, listing dates and numeric
identifiers refer to Table 1.1.
The chronic turbidity standard for Class 2B waters is 25 NTU based on
the Minnesota Rule 7050.0220. Subsection 4a. For the purposes of
this TMDL, the surrogate value of 90 mg/L TSS was used for all loading
calculations. Relevant TSS/Turbidity surrogate regression data can be
found in appendix 1.
This TMDL covers 39 impaired reaches within the Greater Blue Earth
Basin. Each impaired reach has an individual loading capacity based
on 5 flow zones to reflect the varying conditions of the system.
Waste load allocations were developed for the individual impaired
reaches.
Permitted discharges and other values used to develop the WLA are
listed by each individual reach.
Load allocations were developed for the individual impaired reaches.
Natural background loading is included, but not specifically listed, in
the load allocations.
An explicit 10% Margin of Safety was used for all reaches/allocations
within the TMDL.
All loading capacity information was calculated using the Load
Duration Curve methodology. This methodology develops load data
specific to flow conditions, and allows further investigation by
separating samples from specific seasons.
To address the major loading portion of the TMDL, the nonpoint
source allocations, a wide variety of management practices will need
to be considered and implemented to address the loading issues.
The state of Minnesota requires that an “Implementation Plan” be
developed to address the impairment and the methods best suited to
meeting the goals of the TMDL.
A specific TMDL monitoring plan has not been created at this time.
Monitoring will include existing programs and programs to be
developed and implemented in the future based on watershed goals.
A general list of implementation activities has been included in the
TMDL. A specific GBERB Turbidity TMDL Implementation plan will be
developed within one year of the acceptance of the TMDL. This
implementation plan will cover specific practices, goals, and targeted
areas.
This report includes a list of all meetings and events related to public
and technical team involvement with the TMDL. Specific discussion
from the technical advisory team can be found in the appendix 2.
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Executive Summary
The Federal Clean Water Act (CWA) requires states to adopt water quality standards to protect surface waters
from pollution. These standards define how much of a pollutant can be in a water body and still allow it to meet
its designated use. These uses include drinking water, aquatic life support and recreation. A water body is
“impaired” if it fails to meet one or more water quality standard.
Section 303(d) of the Clean Water Act requires that states develop Total Maximum Daily Load (TMDL) studies for
surface waters that do not meet and maintain applicable water quality standards. The TMDL by definition (40
CFR Part 130, section 130.2, 130.7, and 130.10) is the sum of all Waste Load Allocations (point source) and Load
Allocations (nonpoint source) with the inclusion of a margin of safety. A TMDL reviews the conditions of a water
body, estimates the loading of a given pollutant from point and nonpoint sources, and determines the capacity
and necessary reductions to eliminate the impairment of that surface water.
The Greater Blue Earth River Basin (GBERB), located in south-central Minnesota and north-central Iowa, contains
39 stream reaches that have been listed for aquatic life impairments from turbidity. Due to these listings, a
TMDL study is required. This TMDL study considers all state and federal requirements of the CWA while
providing information relevant to the project area, including a framework to reduce turbidity levels and improve
water quality in the immediate watershed as well as areas downstream.
Turbidity in water is caused by suspended sediment, algae and other organic and inorganic materials that scatter
light in the water column making the water appear cloudy. The turbidity standard for Minnesota is expressed in
Nephelometric Turbidity Units (NTUs), a dimensionless measure that cannot be directly converted into loading
data. To determine the loading amount for a water body, a surrogate value is calculated based on Total
Suspended Solids (TSS) sampling data. This surrogate value allows a calculation of the amount of suspended
sediment that is considered acceptable to meet the water quality standard. In the case of the GBERB, that
surrogate value was calculated at 90mg/L of TSS.
Water with high turbidity affects the aesthetic value of a water body, as well as the waterbody’s ability to
support aquatic life. In the GBERB, sediment is the primary contributor to turbidity. Excessive sediment can
harm aquatic life by impeding gill function, reducing visibility thus impairing ability to find food, and covering
spawning areas. Other studies have also concluded that “excess sediment is one of the major water pollutants in
the United States and is widespread in streams across the country” (Waters, 1995).
The Greater Blue Earth River Basin is comprised of three major watersheds; the Le Sueur, the Watonwan, and
the Blue Earth, with a total land area of 3,540 Square miles. Contained within the watershed are approximately
3,384 miles of streams and rivers. Parts of fourteen counties in south-central Minnesota and north-central Iowa
are included with an estimated population of 92,202 based on the 2000 census. Sixty percent of the population
lives within cities with the remaining forty percent residing in rural areas. With agriculture as the dominant land
use and additional urban development within the basin, the natural drainage system has been extensively
altered. Currently 3,374 miles of public drainage (719 miles of public open ditch and 2,665 miles of public tile)
exists in the watershed. Public and private drainage continues to be maintained, upgraded and expanded.
Various monitoring projects across the basin have revealed that the GBERB contributes a disproportionally high
pollutant load compared to other major watersheds in the Minnesota River basin. Most of the rivers in the
GBERB have high total suspended sediment concentrations as well as phosphorous and nitrate levels that cause
habitat degradation and eutrophication of downstream water bodies (Quade, 2000). With additional TMDL
studies being conducted for turbidity on the Minnesota River, Lake Pepin, and other major watersheds
contributing to the Minnesota River, as well as related studies within the Le Sueur and Lake Pepin watersheds,
initiating this TMDL was a priority at both the local and state levels.
3

Information utilized for this project included existing monitoring data to create load duration curves, GIS analysis
of the GBERB, geomorphic assessment of stream reaches, and studies related to ongoing watershed projects.
The load duration curve demonstrates the relationship between TSS loads and flow, and illustrates the
frequency of impairments based on high/flood, mid range, normal, dry, and low/no flow conditions. Each
impaired reach has a specific break down of loading capacities at various flow conditions.
Due to the large number of violations of the standards under high flow conditions, the turbidity impairment
appears to be directly correlated with the seasonal increased flows from the spring melt event and high intensity
rain events that may occur at different times. However, additional factors such as land cover and hydrologic
modification must be considered when discussing the timing of the impairment, as flow conditions and
sediment transport are greatly influenced by these factors.
Point sources such as wastewater treatment facilities, construction sites, industrial stormwater discharges and
Municipal Separate Storm Sewer Systems (MS4) were reviewed based on permitted and actual discharge values.
A reserve capacity was built into the MS4 portion of the TMDL by expanding all existing areas classified as urban
development by 5% above the actual value. Permitted construction and industrial storm water were combined
as one category within the Waste Load allocations. All categories were calculated for individual impaired
reaches, and all values are carried in full downstream to the next impaired reach as necessary. Suspected
nonpoint pollutant sources are addressed in general terms due to the variety of such sources across the basin.
These nonpoint contributions include both natural and anthropogenic sources. Additionally, a 10% margin of
safety was used within each flow condition to account for uncertainty within the TMDL calculation process.
While the Waste Load Allocation varies by each impaired reach, based on the calculated loading from permitted
sources and discharges, the vast majority of the load within the impaired areas comes from nonpoint sources
and is considered in the Load Allocation.
Geomorphic assessments, along with on-going research, were used to examine stream stability across the basin.
The general findings of the assessments were widespread instability, indicating that the basin is undergoing
various processes in an attempt to stabilize and reach a new state of equilibrium. Causes for the instability can
range from natural “knickpoint” migration to wide spread hydrologic modification and land use/cover changes.
Additional site specific examination/research would be beneficial in targeting specific areas for remediation due
to the variability of the landscape within the impaired reach and the effects on potential sources.
Existing monitoring programs will be used to track and record all results and progress made towards meeting
the Minnesota surface water quality standards. State and Federally supported BMPs and implementation
practices are recommended which are designed to reduce soil erosion and improve water quality. A general
recommendation of BMPs and programs is offered in the implementation section as a basic outline to target
different practices under various flow conditions. A separate implementation plan will be developed upon the
completion of the TMDL.
The changes within the GBERB that have contributed to water quality impairments took place over the course of
decades, so it is highly likely the changes necessary to improve water quality will also take an extended amount
of time. In order to reach the large scale reductions under various flow conditions, a wide variety of
management changes may have to be made across the landscape. In general, broad changes in existing
hydrology and water retention/storage capacity will need to be addressed to meet water quality standards. Any
implementation will likely need to be handled in a phased approach, allowing for adjustments in new
information, technology, and demands on both the landscape and water resources by society.
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Section 1.0 – Introduction
1.1 Overview and Problem Statement
Located in south-central Minnesota and north central Iowa, the Greater Blue Earth River Basin (GBERB)
includes three major watersheds, the Blue Earth, Le Sueur and Watonwan. The basin covers
approximately 3,540 Square miles (2.3 million acres) and includes 11 counties in Minnesota and 3 in
Iowa. Based on the 2000 census, the basin has an estimated population of 92,202, with 60% living in
cities and 40% rural areas, with 51 municipalities in total.
Most of the rivers in the Greater Blue Earth River Basin (GBERB) have high total suspended sediment
concentrations as well as phosphorous and nitrate levels causing habitat degradation and
eutrophication of downstream water bodies (Quade, 2000). With additional TMDL studies being
conducted for turbidity on the Minnesota River, Lake Pepin, and other major watersheds contributing to
the Minnesota River, as well as related studies within the Le Sueur and Lake Pepin watersheds, initiating
this TMDL was a priority at both the local and state levels. This TMDL was developed in close
coordination with the Minnesota River Turbidity TMDL. By using the timeline and methods of the
Minnesota River TMDL, the runoff information, permitted sources, and other loading calculations were
consistent in both approach and results, ensuring that the values found for each reach within the GBE
TMDL were equal to the Minnesota River TMDL.
Each of the three major watersheds have completed Clean Water Partnership Phase I Diagnostic Reports
which reviewed individual sub-watersheds and determined priority areas deemed to be of high
importance to local stakeholders. The Blue Earth River Basin has been the focus of many research and
implementation projects funded through several Federal and State grants. These include various
easement programs such as the Minnesota River Basin Conservation Reserve Enhancement Program
(CREP), conservation based nutrient and pest management programs such as the Conservation Security
Program (CSP), implementation and staffing dollars through the Clean Water Legacy (CWL) Act,
development of the joint powers board of the Greater Blue Earth River Basin Alliance (GBERBA), and
several regional monitoring and implementation programs through 319 and Clean Water Partnership
(CWP) grants.
With all the implementation activity within the basin, many streams and rivers still remain impaired. In
addition to satisfying the requirements of the Federal Clean Water Act (CWA), which require that a
TMDL study be completed for the impairments, this project will produce loading capacities and
reduction estimates to provide additional goals in relation to water quality in the area.
The CWA requires states to publish and maintain a list of waters that do not meet water quality
standards; this list is updated every two years. As the result of sampling and study, several stream
reaches in the GBERB are listed as impaired on the 303(d) list for recreational use and aquatic life based
on violations of water quality standards for turbidity. Included on the following page, Table 1.1 is the
current 303(d) list with the approved 2010 listings included. The map, Figure 1.1, shows all of the water
impairments from the approved 2010 303(d) list in the GBERB. The MPCA’s projected schedule for TMDL
completions, as indicated on Minnesota’s 303(d) impaired waters list, implicitly reflects Minnesota’s
priority ranking of this TMDL. Ranking criteria for scheduling TMDL projects include, but are not limited
to: impairment impacts on public health and aquatic life; public value of the impaired water resource;
likelihood of completing the TMDL in an expedient manner, including a strong base of existing data and
restorability of the waterbody; technical capability and willingness, locally, to assist with the TMDL; and
appropriate sequencing of TMDLs within a watershed or basin.
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Table 1.1 – Impaired Reaches

Description

Year
Listed

ID

Headwaters to Brush Creek
Brush Creek to Blue Earth River
West Branch Blue Earth River to Coon Creek
Coon Creek to Badger Creek
Badger Creek to East Branch Blue Earth River
East Branch Blue Earth River to South Creek
Elm Creek to Willow Creek
Willow Creek to Watonwan River
Center Creek to Elm Creek
Cedar Lake to Elm Creek
Lily Creek to Blue Earth River
Headwaters to South Fork Elm Creek
Headwaters to Elm Creek
South Fork Elm Creek to Cedar Creek
Cedar Creek to Blue Earth River
Headwaters (Fox Lake 46-0109-00) to Center Creek
Headwaters to Hall Lake

08
08
02
08
08
02
02
08
10
06
02
10
10
06
06
06
06

07020009-554
07020009-553
07020009-504
07020009-518
07020009-565
07020009-508
07020009-515
07020009-507
07020009-514
07020009-521
07020009-503
07020009-523
07020009-524
07020009-522
07020009-502
07020009-525
07020009-527

Cobb River

T107 R26W S30, west line to Le Sueur River

08

07020011-556

Cobb River

T104 R23W S34, south line to Little Cobb River

10

07020011-568

Le Sueur River*
Le Sueur River
Le Sueur River
Rice Creek
Maple River
County Ditch 3
Little Cobb River
Maple River
Unnamed creek (Little Beauford Ditch)

Maple River to Blue Earth River
Headwaters to CD 6
CD 6 to Cobb River
Headwaters to Maple River
Minnesota Lake Outlet to Rice Creek
CD 9 to Maple River
Bull Run Creek to Cobb River
Rice Creek to Le Sueur River
Headwaters to Cobb River

02
10
08
10
10
10
04
08
02

07020011-501
07020011-508
07020011-507
07020011-531
07020011-535
07020011-552
07020011-504
07020011-534
07020011-503

Watonwan River

Headwaters to North Fork Watonwan River

06

07020010-514

Watonwan River

North Fork Watonwan River to Butterfield Creek

06

07020010-512

Reach
BLUE EARTH RIVER
Blue Earth River, East Branch
Blue Earth River, East Branch
Blue Earth River
Blue Earth River
Blue Earth River
Blue Earth River
Blue Earth River
Blue Earth River
Blue Earth River
Cedar Creek
Center Creek
Elm Creek
Elm Creek - South Fork
Elm Creek
Elm Creek
Lily Creek
Dutch Creek

LE SUEUR RIVER

WATONWAN RIVER

Watonwan River
Butterfield Creek to South Fork Watonwan River
06
07020010-511
Watonwan River
South Fork Watonwan River to Perch Creek
08
07020010-510
Watonwan River*
Perch Creek to Blue Earth River
02
07020010-501
Watonwan River, North Fork
Headwaters to Watonwan River
06
07020010-513
Watonwan River, South Fork
Irish Lake to Willow Creek
06
07020010-547
Watonwan River, South Fork
Willow Creek to Watonwan River
06
07020010-517
Perch Creek
Headwaters to Spring Creek
06
07020010-524
Butterfield Creek
Headwaters to St. James
08
07020010-516
St. James Creek
Headwaters to Kansas Lake
02
07020010-528
*“Le Sueur – Maple River to Blue Earth River” and “Watonwan River – Perch Creek to Blue Earth River” are both covered under
the Minnesota River Turbidity TMDL. The values included within this report are included for informational purposes and to
demonstrate the cumulative loading throughout the individual basins.
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Figure 1.1 Map of TMDL Impairments
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1.2 Purpose
The CWA established the basic structure for regulating discharges of pollutants into the waters of the United
States. The CWA also contains requirements to set water quality standards for contaminants in surface waters.
Section 303(d) of the CWA allows states, territories, and
authorized tribes to list waters which do not meet
water quality standards. EPA’s regulations for
implementing section 303(d) are codified in the Water
Quality Planning and Management Regulations (40 CFR
Part 130).
Waters that fail to meet the standards are reviewed
through a TMDL study to determine maximum
allowable pollutant loading, and if possible, the amount
of reduction necessary to meet the standards.
The criteria used for determining stream reach
impairments is outlined in the Minnesota Pollution
Control Agency (MPCA) document, Guidance Manual
for Assessing the Quality of Minnesota Surface Waters
for Determination of Impairment – 305(b) Report and
303(d) List), January 2003. The applicable water body
classifications and water quality standards are specified
in Minnesota Rules Chapter 7050. Minnesota Rules Chapter 7050.0407 lists water body classifications and
Chapter 7050.2222 subparagraph 5 lists applicable water quality standards for the impaired reaches. Additional
guidance was taken from Protocol for Developing Sediment TMDLs – First Edition from the United States
Environmental Protection Agency (EPA) and Turbidity TMDL Protocols and Submittal Requirements from the
MPCA.
The TMDL process establishes the maximum allowable loading of pollutants for a waterbody based on each
waterbody’s specific characteristics. The analysis of the data in the TMDL process takes into account the
seasonal variation and critical conditions. A TMDL study must include a margin of safety (MOS). The MOS
accounts for uncertainty that may occur in different areas of the TMDL analysis.
A TMDL study identifies pollutant sources as specifically as possible and allocates pollutant loads among sources.
The total of all allocations, including waste load allocations (WLA) for point sources, load allocations (LA) for
nonpoint sources (including natural background), and the Margin of Safety (MOS) which is implicitly or explicitly
defined, cannot exceed the maximum allowable pollutant load.
The pollutant of concern for this TMDL is turbidity. Turbidity is measured in nephelometric turbidity units (NTU),
which is a measurement of light reflection/refraction through the water column. Water standards are classified
related to “designated use” of the water bodies. Minnesota turbidity standards by class are:
Classes
1B (drinking water)
2A (cold water fishery, all recreation)
2B (cool & warm water fishery, all recreation)
2C (indigenous fish, most recreation)

Turbidity Standard (NTU)
10
10
25
25

Turbidity has many effects on a water body. High turbidity affects not only aesthetic value but also the ability to
support aquatic life. Excessive turbidity is typically caused by high suspended sediment levels which can harm
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aquatic life by impeding gill function, reduce visibility thus impairing ability to find food, and cover spawning
areas. The cost of sediment related water treatment can also be more expensive where surface waters are used
as drinking water supplies (MPCA, 2008). Excess sediment is one of the major water pollutants in the United
States and is widespread in streams across the country (Waters, 1995). As compared to other Minnesota River
major watersheds, the Blue Earth, Le Sueur, and to a lesser extent, Watonwan River, have been shown to
contribute disproportionately high sediment loads to the Minnesota River (Matteson, 2007).
The Minnesota River Turbidity TMDL is being developed concurrently with the GBERB Turbidity TMDL. The
Minnesota River Turbidity TMDL made extensive use of the Hydrological Simulation Program-Fortran (HSPF)
model to simulate the effect of hydrologic modification and system response across the Minnesota River basin.
HSPF “simulates for extended periods of time the hydrologic and associated water quality processes on pervious
and impervious land surfaces and in streams and well-mixed impoundments.”
HSPF uses continuous rainfall and other meteorological records along with simulation of soil moisture, surface
runoff, interflow, base flow, snowpack depth and water content, snowmelt and evapotranspiration to compute
stream flow hydrographs. Sediment simulations are also possible using sediment detachment and transport
scenarios, and sediment routing by particle size.
The program can simulate one or many pervious or impervious unit areas discharging to one or many river
reaches or reservoirs. HSPF is generally used to assess the effects of land-use change, reservoir operations, point
or nonpoint source treatment alternatives, flow diversions, etc. The model contains hundreds of process
algorithms developed from theory, laboratory experiments, and empirical relations from instrumented
watersheds. The current release is Version 11, which was developed and refined by the USGS in the 1990's.
While the model results were not directly used in the GBE Turbidity TMDL, the direction, computational
methods, date parameters and data collection methods were used extensively through the GBERB TMDL.
In the development and calculation of a TMDL, the loading capacity of the pollutant of concern must be
quantified in terms of a mass load/time. Within the development of the Minnesota River Turbidity TMDL, the
MPCA has developed a set of mathematical relationships to equate a concentration of total suspended solids
(TSS) to its corresponding turbidity value. This value is known as the turbidity surrogate value. This surrogate
value examines the relationship between turbidity and TSS in the individual watersheds of the Minnesota River
basin. The equivalent value for 25 NTU is 90 mg/L TSS within the GBE basin. This value is the second highest TSS
surrogate value within the Minnesota River basin. All surrogate calculation information can be found in appendix
1, with specific GBE calculations found in appendix 1, Figure 17.

Section 2.0 - Background Information
2.1 Landscape and Setting
The GBERB has been extensively shaped by glacial deposits and the processes of erosion. The development and
history of the landscape, in particular soils, slope and stream gradient, are relevant to the project and are the
result of both long term geologic and short term ecosystem changes.
The greater watershed contains three major watersheds and 283 minor watersheds with a total area of 3,540
Square miles (2.3 million acres). The watershed contains 3,364 miles of streams and rivers. The natural drainage
system has been extensively altered from a prairie pothole/prairie-forest transitional area, to a modern
agricultural and urban area by the installation of 3,384 miles of public drainage (719 miles of public open ditch
and 2,665 miles of public tile). Additional private drainage continues to be maintained and upgraded. Wetland
loss is approximately 86 percent in the Blue Earth Basin, 89 percent in the Le Sueur basin, and 86 percent in the
Watonwan Basin though drainage efforts (Quade, 2000).
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The total elevation change from the highest to the lowest point in the basin is approximately 850 feet. Slope
characteristics of the sub-watersheds vary across the basin and in many cases across the sub-watershed itself.
Stream gradient is an important factor in erosion potential related to flow velocity and stream power, two
factors related to turbidity. Stream gradient is often measured in feet per mile (ft/mi), and varies widely across
the three watersheds. The Blue Earth has a range from 1.4 to 6.6 ft/mi the Le Sueur ranges from 1.7 to 14.3
ft/mi, and the Watonwan ranges from 1.9 to 8.4 ft/mi. (Quade, 2000).
A. History and Development
In the Quaternary Period (approximately two million years
ago) glaciers expanded and retreated across the region.
The ice retreated for the last time about 12,500 years ago
(Ojakangas and Matsch, Minnesota’s Geology). The glacial
events left large amounts of unsorted “drift” material
known as “till”. The soils of western and southern
Minnesota also contain “loess”, a fine silt carried by wind.
As the glaciers melted and retreated, they left behind
many glacial lakes and rivers that helped carve out the
landscape. The largest lake was glacial Lake Agassiz, but
other large lakes included Lake Duluth and Lake
Minnesota. Lake Minnesota covered a large portion of the
Blue Earth River basin, as shown in the figure 2.1A. From
time to time these glacial lakes overflowed, cutting large
river channels. At its highest level, Glacial Lake Agassiz
crested a moraine at Brown's Valley and spilled over,
causing the event which would carve out the Glacial River
Warren. Its bed continues to drain the surrounding
uplands, though the water volume of today's Minnesota River is a fraction of the original flow (Natural HistoryMinnesota’s History, Minnesota Department of Natural Resources).
When the glacial river Warren carved out its river valley and later retreated, it left the surrounding drainage
areas at a higher elevation, creating a “knick point”. This sudden elevation change creates higher energy flows
that can increase erosion.
This change in gradient, combined with the properties of the soils and glacial deposits, created an environment
in which large volumes of sediment can potentially be moved as channels work to achieve a balance of flow and
sediment transport.
As the landscape evolved, the Minnesota River Basin developed into a transitional area near the Great Plains
that was covered with small wetlands. Pre-settlement vegetation was primarily deciduous woods in the
northern part of the basin with flat plains and tall grass prairies to the south. Over time, the vegetation and
lake/wetland processes helped create the soils which make the area ideal for agriculture today.
Extensive ditching and draining was utilized to increase the farmable sections of the land for agricultural
production. Construction of subsurface tile and surface ditch drainage systems in the early 1900s increased
contributing drainage areas, resulting in greater amounts of water delivered to rivers (Kuehner, 2004; Leach and
Magner, 1992). Drainage improvements and maintenance remain a major factor in the basin today. Urban
development has led to drainage alteration through impervious surfaces and storm water delivery to streams
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and rivers. These large scale changes in land cover, land use, and hydrology, along with climatic variability have
created changes in flow within the watershed and are directly related to the turbidity impairments within the
Greater Blue Earth Basin.
B. Modern Use and Cover (2000)
Land use across the GBERB is shown in Table 2.1B and are broken down into general categories based on the
2000 land use statistics collected from the National Land Cover Dataset (NLCD), the most current and
comprehensive available.
Conservation programs such as the Conservation Reserve Enhancement Program (CREP), the Conservation
Reserve Program (CRP) and other easement and restoration programs have been active since 2000. The land use
changes from these programs are not reflected in the table below. Since 2000 there are an estimated 19,000
acres of CREP easements in the GBERB, which represents 0.8% of the total landscape (Minnesota Easement GIS
data layer). With current market activity in both commodities and land values, the future of existing CRP or
other limited life easement lands is currently unknown. Definitions of the categories, which are useful in
examining the methods of calculating the values below, are included within appendix 3.
Table 2.1 B – Land Use / Land Cover Data

Blue Earth
Watershed

Watonwan
Watershed

Le Sueur
Watershed

Greater
Blue Earth
Basin
Acres
%

Acres

%

Acres

%

Acres

%

Open Water

14,587

1.5%

7,781

1.4%

14,541

2.0%

36,909

1.6%

Developed – Open Space

58,963

5.9%

29,807

5.3%

39,596

5.6%

128,366

5.7%

Developed – Low Intensity

7,400

0.7%

3,909

0.7%

4,876

0.7%

16,186

0.7%

Developed – Medium Intensity

1,808

0.2%

1,036

0.2%

1,069

0.2%

3,913

0.2%

Developed – High Intensity

556

0.1%

174

0.0%

347

0.0%

1,077

0.0%

Barren Lane (sand,rock)

687

0.1%

247

0.0%

346

0.0%

1,281

0.1%

Deciduous Forest

6,975

0.7%

6,066

1.1%

10,104

1.4%

23,145

1.0%

Evergreen Forest

11

0.0%

2

0.0%

168

0.0%

181

0.0%

Mixed Forest

1,428

0.1%

0

0.0%

12

0.0%

1,439

0.1%

Shrub/Scrub

79

0.0%

49

0.0%

412

0.1%

541

0.0%

Grassland/Herbaceous

20,822

2.1%

5,181

0.9%

16,917

2.4%

42,920

1.9%

Pasture/Hay

6,629

0.7%

3,012

0.5%

10,268

1.4%

19,909

0.9%

Cultivated Crops

846,908

85.3%

486,399

86.7%

588,555

82.7%

1,921,861

84.8%

Woody Wetlands

15,382

1.6%

2,184

0.4%

13,814

1.9%

31,379

1.4%

Emergent Herbaceous Wetlands

10,124

1.0%

15,385

2.7%

10,898

1.5%

36,407

1.6%

C. General Demographic Data
While not directly related to turbidity, a general review of population trends and area demographics can provide
insight to future development and land use that can contribute to turbidity issues.
In general, the rural populations in much of the GBERB are decreasing based on census data collected from 2000
to 2008. Counties such as Martin, Faribault, Watonwan, Waseca, Freeborn, and Cottonwood have all
experienced a decrease in population ranging from -0.4% (Waseca) to -9.6% (Faribault). These decreases can be
used to project future construction and development within the watershed. Based on these trends, it is unlikely
that the smaller municipalities within the GBERB will develop or grow large enough to become more significant
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sources for loading, either from point sources/permitted facilities or nonpoint sources such as stormwater. Still,
these contributions need to be considered when calculating loading within the watersheds.
Only Blue Earth County has experienced population growth, with an 8.0% increase since 2000. This is primarily
due to the expansion and development of the city of Mankato and smaller surrounding municipalities. To
account for future expansion within any Municipal Separate Storm Sewer Systems (MS4) regulated community,
all areas classified as urban are increased by five percent.
MS4 allocations for the City of Mankato will be covered in the Minnesota River Turbidity TMDL. Portions of the
city that extend in the Le Sueur river watershed were calculated for future expansion and annexation and are
included within the “Le Sueur – CD6 to Cobb River” impaired reach.

2.2 Climate
A. Temperature
Average monthly air temperatures in the GBERB during the monitoring season months of April through October
are presented in Figure 2.2A. Spring melt typically occurs between the end of March and early April. The melting
snow will raise the levels of streams and lakes. Temperatures reach peak levels during July/August and then
gradually decline. While turbidity via sediment loading is not directly related to temperature, some relations can
be seen through seasonal variation. Exceedances of the turbidity standard typically occur with rising spring
temperatures and snow melt which may cause increased overland runoff across frozen soils. This combined with
soils lacking cover crops, saturated stream banks and bluffs, and flowing ravines typically causes an increase in
the turbidity and TSS concentrations. As the temperature increases and crop canopies develop on agricultural
lands, turbidity is less affected by smaller scale rain events. This relationship has been explored in the
monitoring and loading data, and is also reviewed in the development of the load duration curves.
Blue Earth River Basin
Average Monthly Temperature (1971-2000 data)
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Figure 2.2A – Average Monthly Temperature by Month

B. Precipitation
The GBERB averages 27 to 33 inches of precipitation annually, increasing from northwest to southeast. The
monitoring season months of April through October see average precipitation totals of 22 to 26 inches. Table
2.2B presents the average monthly precipitation values for five locations across the GBERB, while figure 2.2B is a
map of average precipitation.
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Table 2.2B – Precipitation Data for Major Cities in Blue Earth River Basin

Site
Location
St. James
Blue Earth
Fairmont
Mankato
Waseca
Average

JAN
0.5
0.7
0.8
1.1
1.4
0.9

FEB
0.4
0.6
0.7
0.6
1.0
0.7

MAR
1.8
1.6
1.9
2.1
2.5
2.0

APR
2.7
3.0
3.2
3.1
3.2
3.0

Average Monthly Precipitation (inches)
MAY JUN
JUL
AUG
SEP
3.5
4.5
3.8
3.6
2.7
3.8
5.1
4.3
4.6
2.6
3.9
4.5
4.2
4.2
2.6
3.6
5.6
4.4
4.4
3.1
4.0
4.2
4.5
4.6
3.2
3.7
4.8
4.2
4.3
2.8

OCT
2.1
2.3
2.3
2.5
2.5
2.3

NOV
1.5
1.8
2.0
2.0
2.3
1.9

DEC
0.7
0.9
1.0
1.0
1.4
1.0

ANN
27.7
31.3
31.4
33.4
34.7
31.7

Source: 1971-2000 National Climatic Data Center

Figure 2.2B – Map of Average Precipitation for Minnesota

Monitoring data demonstrates a strong correlation between rainfall ( intensity and/or volume) and turbidity
levels. The highest turbidity on average is associated with the spring melt and after intense rain events,
regardless of season. This is especially true during the spring when stream banks, ravines, and farm fields are
already saturated and are not protected by crop or natural canopy. Crop and natural canopy significantly
reduces rainfall runoff and associated soil erosion and pollutant movement, so in general turbidity impairments
are less likely in middle to late summer.
Precipitation patterns are also changing based on long term records. Increasing rain fall totals, as well as
changes in rain event intensity and duration, causes variability within the hydrologic system. This variability can
cause changes in drainage, run off totals, and sediment transport (Seeley, 2008).
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Increases in total rainfall of up to 20% have occurred in the state of Minnesota over the past 90 years (Seeley,
2008). The Intergovernmental Panel on Climate Change has found that changes in precipitation (including both
duration and intensity) and rain variability have important implications for hydrology and water resources, as
well as its interaction with the surrounding environment (IPCC, 2001). While precipitation ranges from 22 inches
in the northwest to 26 inches in southeast, impaired stream reaches are scattered across the GBE basin,
indicating that higher precipitation alone is not the cause of turbidity.

2.3 Soils
Soils within the GBERB are composed of a multitude of different types, with a wide range of particle composition
and behaviors. Soil textures range from coarse and gravelly to very fine silt and clay. Permeability also varies
greatly, from fast drying sandy soils to hydric soils which act as natural seeps for ground water. The GBERB has
been divided into Agroecoregions through work done at the University of Minnesota.
Agroecoregions are zones having unique soil, landscape, and climatic characteristics which
confer unique limitations and potentials for crop and animal production. The 4,650,100 acre
landscape in southeastern Minnesota was subdivided into 8 unique agroecoregions based upon
distinctions between soil types and geologic parent material, slope steepness, natural and
artificial internal drainage, and erosion potential. Each agroecoregion contains unique
physiographic factors that influence the potential for production of nonpoint source pollution
and the potential for adoption of farm management practices.
http://www.soils.umn.edu/research/seminn/doc/agecoregionnew.html
There are multiple Agroecoregions throughout the GBERB, with each making up a different proportion of each
sub-watershed. The following list is arranged from top to bottom by area represented in the GBE basin. All
descriptions have been taken from the University of Minnesota Soils research Agroecoregion webpage
http://soils.umn.edu/research/mn-river/doc/ageconew.html.
Wetter Clays and Silts
Wetter Clays and Silts are common in the Middle Minnesota, Watonwan, Blue Earth, Le Sueur,
and Lower Minnesota watersheds. Roughly three fourths of the land in this agroecoregion is not
bordered by streams, lakes, or drainage ditches. Landscapes are primarily flat (0-2%) and poorly
drained or tile drained.
This agroecoregion is subdivided into a northern section with loamy soil textures, and a
southern section with silty clay or silty clay loam textures. Isolated pockets of well drained land
with slopes ranging from 2-12% steepness account for roughly one fifth of all land in the Wetter
Clays and Silts. Roughly 47% of the land in this agroecoregion has moderate water erosion
potential.
Wetter Blue Earth Till
The Wetter Blue Earth Till includes 867,800 acres of land in portions of Brown, Jackson,
Cottonwood, Faribault, Watonwan, Martin, and Blue Earth counties. Drainage from the Wetter
Blue Earth Till enters the Middle Minnesota, Cottonwood, Watonwan, and Blue Earth
watersheds.
Soils are primarily loamy in texture. Landscapes in the Wetter Blue Earth Till are a complex
mixture of relatively flat (2-6%) well drained soils and very flat (0-2%) while 46% are poorly
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drained soils. Artificial drainage to remove ponded water from flat and depressional areas is
extensive. Water erosion potentials are very high on 60% of the land in this agroecoregion.
Rolling Moraine
The Less Steep Moraine is located along the eastern boundary of the Minnesota River basin.
About one fourth of the land in this agroecoregion is adjacent to streams and ditches, with
much of this land having slopes ranging from 2-12% steepness. About 90% lands have a very
high potential for erosion. Soils in the Less Steep Moraine are primarily loamy in texture.
Agricultural lands are dominated by moderately steep (2-12%) well drained portions, but
roughly one third of the land is flat (0-2%) and tile drained. 50% of the cropped lands have a
high potential for water erosion.
Steep Stream Banks
The Steep Stream Banks agroecoregion encompasses 112,700 acres in Blue Earth, Faribault,
Martin and Brown counties. In fact, 94% of the Steep Stream Banks agroecoregion occurs in the
Blue Earth, Le Sueur, and Cottonwood watersheds, with 63% of this agroecoregion being located
in the Blue Earth watershed alone. Potential rates of erosion in the Steep Stream Banks
agroecoregion are extreme in 9% of the agroecoregion, and the remainder of land in this
agroecoregion has very high erosion rate potentials.
Dryer Blue Earth Till
About one third of the land in this agroecoregion is adjacent to streams and drainage ditches,
with most of this land having flat slopes ranging from 0-6% in steepness (Table 4). Soils are
predominantly loamy, with landscapes having a complex mixture of well and poorly drained
soils. Drainage in depressional areas is often poor, and tile drainage is common. Water erosion
potentials in the Dryer Blue Earth Till are moderate on 79% of the land.
Alluvium and Outwash
This agroecoregion type has its origins in alluvial or outwash sediments from past glacial events,
with a tendency for sandy and loamy soil textures. In the northwestern portion of the
Minnesota River basin, outwash soils tend to occur on flat (0-2%) landscapes with extensive
artificial drainage. Lands of alluvial or outwash origin along river drainage ways are primarily 212% in slope steepness, and are well drained. 25% of the land in this agroecoregion has a very
high water erosion potential, while 39% has a high wind erosion potential.
A map reflecting these groups of soils can be found on page 26. Soils are highly variable across the basin. While
general groups like those mentioned above can be used for the purposes of discussion, additional information
should be used for implementation. A more specific soil survey was completed by the National Resource
Conservation Service (NRCS) under the name Soil Survey Geographic (SSURGO). This detailed information can be
accessed through the NRCS soils website http://www.soils.usda.gov/survey/geography/ssurgo/ or through the
Minnesota Department of Natural Resources (DNR) Data deli.
Soil particle properties play an important role in turbidity. Size, shape, color, and reflectivity affect turbidity
measurements, thus the possibility of using multiple surrogate values when dealing with changes in soil types
was investigated. The level of suspended materials which cause water to have a turbid appearance can be very
different in areas where soils are sandy as compared to areas where soils are mostly clay or silt.

22

Due to this projects relationship with the Minnesota River Turbidity TMDL, the GBERB TMDL is using the
surrogate value calculated for GBE from the MN river project by using data from the mouths of the Blue Earth,
Le Sueur, and Watonwan Rivers. The surrogate value was calculated using all TSS and Turbidity data available.
Based on a lack of significant difference between the calculated surrogate values for all three major rivers, a
single surrogate value was used. This value was developed based on a 95% confidence interval when comparing
all three river system. The relevant calculations are included in appendix 1.
Figure 2.3 Agroecoregions Map
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2.4 Stream Flow Characteristics
Stream flows fluctuate yearly based on regional precipitation, temperature, and other factors. Figure 2.4A
shows the average annual flow for the Blue Earth River near the Rapidan Dam (USGS gauging program, gauge #
05320000). Flow measurements have been continuously monitored at this location since 1940, and demonstrate
an upward trend in the average flow in the Blue Earth River.

Annual Average Flow Values 1940-2007
USGS station Blue Earth, Near Rapidan
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Figure 2.4A. – Annual Average Flow 1940-2007

Flow is an important factor to consider when examining turbidity issues. As flow increases, turbidity will
generally follow. On average, the highest flow volume is in April, due to the combination of snowmelt runoff and
seasonal precipitation. June, the month with the greatest precipitation totals, has the second highest mean
monthly flow as shown in figure 2.4B. The impairments are often seasonal, and show a strong correlation to the
period of spring melt or storm events.
Blue Earth River, near Rapidan
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Figure 2.4B - Mean Monthly Flow for Blue Earth River, Near Rapidan (1976-2004)
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The exact cause of the increased average flow is unknown. Evidence has been presented for multiple causes,
ranging from increased drainage on the landscape to natural climatic variation. Streamflow has been found to
be sensitive to precipitation in the Midwest of the United States, including most of Southern Minnesota
(Sankarasubramanian et al., 2001), and recent studies have shown an increase in the intensity of rain events.
Stream channelization, wetland drainage, and reduction in upland water storage are generally believed to have
affected the flow and water velocity in area water ways and contribute to channel instability. A change in
contributing drainage area will result in a concordant change in discharge (Magner et al, 2004). The connectivity
of sediment sources to wetlands, lakes and rivers strongly influences sediment deposition and/or conveyance
downstream (Harvey, 2001). The effects of changes in flow are discussed further in section 6.2 under Channel
Stability.

2.5 Biological Monitoring
Typically, when water quality monitoring is discussed, the method of assessment focuses on water chemistry.
However, hydrologic or physical alteration may also result in degradation of a river or lake system habitat. These
sorts of impacts are often something water chemistry data alone cannot measure. To further investigate how
alteration affects riverine systems, MPCA is actively conducting biological monitoring to assess the health of
river and wetland environments utilizing fish, macroinvertebrate, and/or plant communities. According to the
MPCA website, the methods used by the assessment teams are as follows:
“To assess biological condition of surface waters the MPCA utilizes a multi-metric approach
commonly called the Index of Biological Integrity (IBI). This index is a scientifically validated tool
using attributes of biological communities. A typical IBI will use 8-12 attributes (termed metrics)
of a biological assemblage related to taxa richness, community composition, trophic structure,
reproductive function, tolerance to human disturbance, abundance, and condition.”
The degradation of Minnesota’s surface waters can be attributed to a multitude of sources including: chemical
pollutants from municipal and industrial point source discharges; agricultural runoff of pesticides, nutrients, and
sediment; hydrologic alteration from stream channelization, dams, and artificial drainage; and habitat alteration
from agricultural, urban, and residential development.
“Biological communities are subjected to the cumulative effects of all activities and are
continually integrating environmental conditions over time. They represent the condition of
their aquatic environment. Biological monitoring is often able to detect water quality
impairments that other methods may miss or underestimate. It provides an effective tool for
assessing water resource quality regardless of whether the impact is chemical, physical, or
biological in nature. To ensure the integrity of surface waters, we must understand the
relationship between human induced disturbances and their effect on aquatic resources.”
Turbidity can greatly affect the biological community in a water body. High sediment and algae levels can disrupt
many parts of an ecosystem, leading to less diversity of both fish and macro invertebrates. Accumulation of
sediment can cover preferred breeding sites and fill in pool and riffle areas. These areas often support the
greatest species diversity (Allan, 1995). Game fish species such as pike or walleye can be lost and replaced with
fish that are more tolerant to turbid waters, such as carp. Highly turbid waters impair the vision of fish, often
making it hard for them to find food sources. Bioassessment work, conducted by the MPCA, within the Le Sueur
basin was underway at the time of this report. Additional work will be preformed within the Watonwan and Blue
Earth River basins in the future.
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Levels of turbidity are also affected by excess algae. Algae growth is dependent on nutrient loading to the water
body, which can be influenced by nutrients bound to the soil moving in the system. Excessive algal growth and
decay can cause a low oxygen environment, which can greatly stress or kill fish and other animal populations.
Plant life in lakes and rivers is also affected by turbid water and excess sedimentation. Light penetration is
inhibited in the water column by highly turbid waters, decreasing the “photic zone”, which can be detrimental to
plant growth. The loss of plant life diminishes habitat for the biological community and reduces bank and
channel stability. Turbidity’s effect on plant life has been well documented in areas such as the Chesapeake Bay.
Macro invertebrate and fish studies are available within the GBE basin. These studies can be used as an indicator
of the health of the system. The availability or quality of habitat and the animal species that inhabit a particular
section of stream are indicators of present and past physical, chemical, and biological conditions (Zischke, 1996).
Fish survey work through the MN DNR and Minnesota State University – Water Resources Center (MSU – WRC)
are useful in determining various fish types and population levels in local streams and rivers.

2.6 Recreational Uses
Recreational opportunities within the GBERB are a valuable resource. Most communities have ties to the rivers
and streams: including scenic areas; boat and canoe access points; city, county, and state parks; wildlife
management and reserve areas; hiking and biking trails; and historical sites along the river. Trails, such as the
Sakatah Trail near Mankato, are valuable tourist destinations and are important to community’s economies.
Fishing enthusiasts are provided many opportunities, connecting them to the rivers and lakes.
For these tourist and local recreational opportunities, water quality is an important aspect to consider both for
aesthetics and the general health of the system. Protection and restoration efforts throughout the GBE
watershed can provide recreational resources to be utilized, allowing for economic improvement throughout
the watershed (Quade, 2000). Excess sediment can degrade the overall health of lakes and streams, potentially
creating new impairments and decreasing local recreational opportunities.

Section 3.0 – Applicable Water Quality Standards and Water Quality Numeric Targets
3.1 Description of Turbidity
Turbidity of water is caused by suspended and dissolved matter such as clay, silt, organic matter, algae and
color. Turbidity limits light penetration and inhibits healthy plant growth on the river bottom and affects the
health of the aquatic community. It is recognized as an indicator of water quality – the greater the turbidity the
greater the pollution. (MPCA Fact Sheet: Minnesota River TMDL Project for Turbidity, 2008)
Suspended sediment can be caused by a number of sources including flow, velocity of water, area soil types,
ground cover, land use, stream channel erosion, steam bank erosion, ravine erosion, storm water, and land
disturbances such as construction or drainage alteration. Other non-sediment related sources include staining of
water through natural and manmade sources, and excessive growth of algae. Figure 3.1 is a simplified diagram
of potential turbidity sources.
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Figure 3.1

(Turbidity TMDL Protocol Guidance and Submittal Requirements, MPCA)

3.2 Applicable Minnesota Water Quality Standards
The CWA requires states to adopt water-quality standards to protect waters from pollution. These standards are
essential as they define how much of a pollutant can be in the water and still allow it to meet designated uses,
such as drinking water, fishing and swimming. A water body is “impaired” if it fails to meet one or more water
quality standard. Once the water is listed as impaired, it becomes a priority for clean up.
Water quality standards have existed in Minnesota since 1967, and have been expanded and updated since that
time. Minnesota’s water quality standards meet or exceed federal requirements (MPCA website, 2008). Two
important aspects of these water quality standards are “beneficial uses” and “numeric standards.”
A. Beneficial Uses
All water bodies in Minnesota are assigned “beneficial uses”. While this classification is performed by the state,
the process is governed by federal rules contained within the CWA. Seven beneficial uses are defined in Minn. R.
7050.0200. These uses and the use-class designations are listed below. The class numbers 1–7 do not imply a
priority ranking (MPCA website, 2008). Most water bodies are assigned multiple classes.
Class 1
Class 2
Class 3
Class 4
Class 5
Class 6
Class 7

Domestic Consumption
Aquatic Life and Recreation
Industrial Consumption
Agriculture and Wildlife
Aesthetic Enjoyment and Navigation
Other Uses
Limited Resource Value

These classes can be broken down further into subclasses. The Class 2 (Aquatic Life and Recreation) subclasses
are the most related to this project.
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2A.

Cold-water fisheries, trout waters, also protected as a source of drinking water.

2Bd.

Cool- and warm-water fisheries, also protected as a source of drinking water.

2B.

Cool- and warm-water fisheries (not protected for drinking water).

2C.

Indigenous fish and associated aquatic community (not protected for drinking water).

2D.

Wetlands (not protected for drinking water).

B. Numeric Standards
Minnesota’s water quality standards include a numeric criterion for turbidity as one measure of whether a water
body meets its designated uses. Specifically, Minn R. ch. 7050.0220, Specific Standards of Quality by Associated
Use Classes, states:
...“The numerical and narrative water quality standards in parts 7050.0221 to 7050.0227
prescribe the qualities or properties of the waters of the state that are necessary for the
designated public uses and benefits. If the standards in this part are exceeded, it is considered
indicative of a polluted condition which is actually or potentially deleterious, harmful, or
injurious with respect to designated uses or established classes of the waters of the state.”
The numeric criteria for turbidity by use class are shown below.
303(d) list use support:
1B (drinking water)
2A (cold water fishery, all recreation)
2B (cool & warm water fishery, all recreation)
2C (indigenous fish, most recreation)

Turbidity (NTUs)
0
10
25
25

Waters are listed as impaired when greater than ten percent of data points collected within the previous tenyear period exceed the 25 NTU standard (or equivalent values for total suspended solids or transparency tube
data).
C. Class 2B Waters
The primary water classification that this TMDL addresses is 2B. Class 2 is concerned with aquatic life and
recreation, and subclass B refers to cool/warm water fisheries with the water body not protected as a drinking
water source. Class 2 waters are formally defined as:
Aquatic life and recreation includes all waters of the state which do or may support fish, other
aquatic life, bathing, boating, or other recreational purposes, and where quality control is or
may be necessary to protect aquatic or terrestrial life or their habitats, or the public health,
safety, or welfare.
https://www.revisor.leg.state.mn.us/arule/7050/0200.html
There are also stream reaches classified as 7, or limited resource value. This classification often refers to
drainage ditches or other enhanced or artificial drainage.
Limited resource value waters include surface waters of the state which have been subject to a use attainability
analysis and have been found to have limited value as a water resource. Water quantities in these waters are
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intermittent or less than one cubic foot per second at the once in ten year, seven-day low flow as defined in part
7050.0210, subpart 7. These waters shall be protected so as to allow secondary body contact use, to preserve
the groundwater for use as a potable water supply, and to protect aesthetic qualities of the water. It is the
intent of the agency that very few waters be classified as limited resource value waters. The use attainability
analysis must take into consideration those factors listed in Minnesota Statutes, section 115.44, subdivisions 2
and 3. The agency, in cooperation and agreement with the Department of Natural Resources with respect to
determination of fisheries values and potential, shall use this information to determine the extent to which the
waters of the state demonstrate:
A. The existing and potential faunal and floral communities are severely limited by natural conditions
as exhibited by poor water quality characteristics, lack of habitat, or lack of water; or
B. The quality of the resource has been significantly altered by human activity and the effect is
essentially irreversible; and
C. There are limited recreational opportunities (such as fishing, swimming, wading, or boating) in and
on the water resource.
https://www.revisor.leg.state.mn.us/arule/7050/0200.html
Class 7 waters do not have a turbidity standard. However, they may need to be considered as potential turbidity
contributors to downstream Class 2B waters.

3.3 Water Monitoring
Water monitoring ranging from basic single parameter to full suite sampling has been done at many levels
throughout the basin. Long term monitoring sites have been established at the mouths of each major
watershed. While these sites are useful in understanding the loading and flow at the mouth of the river, they
don’t show the sources of the pollutants from the upper reaches. It is suspected that impairments exist in
reaches that have not been sampled.
Several diagnostic studies have been performed in the Blue Earth, Le Sueur and Watonwan watersheds. Each of
these studies included a number of sampling sites monitoring stream at the smaller scale within the major
watersheds (ranging from 8 in the Watonwan to 17 in the Blue Earth). These studies have been important in
assessing focus areas for regional implementation projects.
Additional projects including the USGS gauging stations, Clean Water Partnership program, Federal 319 grant
projects, the Metropolitan Council Sampling program, and the Citizen Stream Monitoring program have helped
create a monitoring network that has generated a large volume of data for use in this TMDL.

3.4 Relationships
A. Flow and Turbidity
Turbidity can often be related to the level of flow moving through a system. In general, as flow increases
turbidity also increases. This can be due to a number of reasons including re-entrainment of sediment, active
channel movement, overland runoff, and stream bank slumping caused by increased stream velocity and erosive
power. This relationship can be seen during high and flood stage flow events in the GBE, and is reflected in the
samples utilized in this study.
Hydrologic modification is extensive across the watershed and continues in many areas. Land use changes
including increased impervious surfaces from urbanization and use of ditching and draining for upland water
removal has reduced the landscape’s ability to store water. At the watershed scale the magnitude, duration, and
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frequency of flows has been altered. Research dedicated to the effects of these modifications at the field and
watershed scale is being conducted by several groups to better understand these relationships.
Prior to settlement, many portions of the watershed were not directly drained by streams or rivers. Instead a
system of wetland or other temporary shallow basins existed. These basins typically did not have channelized
areas of discharge (except under extreme flood conditions), and would typically drain via evapotranspiration or
movement to groundwater. As these areas of the basin were drained, additional volumes of water were routed
into the area streams, rivers and lakes (Kuehner, 2004). Connecting these areas has not only potentially
increased flow levels due to larger drainage networks, it also created new pathways for sediment to travel. This
connectivity of sediment sources to wetlands, lakes and rivers strongly influence sediment deposition and/or
conveyance downstream (Harvey, 2001).
B. TSS and Turbidity
Total suspended solids (TSS) and turbidity are both measurements of suspended materials and their effect on a
column of water; however the method and measurement units are different.
TSS analysis methods measure particulate solids by filtering and weighing all remaining solids from a well mixed
sub-sample. Results are commonly expressed as milligrams per liter (mg/L). Turbidity is the measurement of
light attenuation or diffusion from the particles in a sample. Light diffusion, the way the light is scattered by the
particles in suspension, is currently the primary way turbidity is measured. These measurements are taken with
a nephelometer and reported in nephelometric turbidity units (NTU), which does not a measure the
concentration of materials in water.
The correlation between turbidity and TSS varies for each location or situation. This is due to the variable nature
of the TSS. Properties of the parent material or soil particles such as size, shape, color, and reflectivity affect the
relationship between turbidity and TSS measurements.
C. Transparency and Turbidity
Transparency is another measure of optical clarity in water that is closely related to turbidity. Transparency is a
measurement of water clarity based on a visual inspection of a water sample using a transparency tube.
Transparency is measured by filling the transparency tube with water and slowly draining the tube until a small
“Secchi” symbol becomes visible at the bottom. This measurement is recorded in centimeters. Clearer water has
a higher transparency value which can range from zero to sixty in a standard tube. This is the inverse of turbidity
reading values, where the higher the value, the higher the amount suspended material, and the lower the clarity
of the water.
The correlation between turbidity and transparency is similar to the relationship between TSS and turbidity.
Transparency is best used when it is paired with turbidity data. Both of the data sets can be plotted, and a
correlative value can be computed. The correlation can vary from site to site, but generally is very close.
Studies done by the MPCA have examined the relationship between transparency and turbidity using paired
data. As shown in figure 3.4C, the chart from a 2005
MPCA study, the correlative value is high. Even with the
high correlative value, data used within the TMDL is
based on TSS measurements due to the amount of
paired TSS and turbidity data.

Figure 3.4C
(Transparency vs. Turbidity in Minnesota Streams, MPCA, 2005)
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D. Seasonality
Turbidity levels show a seasonal relationship throughout the GBERB. While turbidity doesn’t specifically follow
any season, a relationship can be seen between flow and turbidity.
Due to the combination of snowmelt runoff and seasonal precipitation, April has the highest mean flow, and
typically has a high number of violations of the turbidity standard. June, the month with the greatest
precipitation totals has the second highest mean monthly flow, generally due to rain events of varying intensity.
High intensity, or even lower intensity, high volume rain events can greatly affect levels of turbidity. This is
especially true during the spring when farm fields are not protected by crop canopy, stream banks and bluffs are
saturated, ravines are flowing, and large amounts of sand and debris can make their way through the urban
storm sewers.
This seasonal relationship is further investigated in the development of the load duration curve and individual
allocations for each impaired reach. Levels of turbidity can often be related to spring melt, pre-canopy
development, canopy development, and harvest.

Section 4.0 – TMDL Process and Methods
4.1 TMDL Equation Explanation
The TMDL process establishes the allowable loading of pollutants for a waterbody based on the point and
nonpoint pollution sources, natural background conditions, and in-stream water quality conditions. In general
terms, the process can be described by the following equation:
TMDL = LC = ∑WLA + ∑LA + MOS
Where:
LC = loading capacity, or the maximum amount of loading a water body can receive without
violating water quality standards.
WLA = waste load allocation, or the portion of the TMDL allocated to existing or future point
sources.
LA = load allocation, or the amount of the TMDL allocated to existing or future nonpoint
sources.
MOS = margin of safety, or an accounting of uncertainty about the relationship between
pollutant loads and the receiving water quality.
WLA
The waste load allocation accounts for present and future permitted discharges within the watershed of an
impaired reach. The WLA includes three subcategories: Municipalities subject to MS4 NPDES permit
requirements; Municipal and Industrial wastewater treatment facilities; and Construction and Industrial
Stormwater sites.
Municipalities subject to MS4 NPDES permit requirements - The development of urban areas have led to
drainage alteration with impervious surfaces and varying volumes of storm water being delivered to streams
and rivers. Municipalities of a certain size or density, or located in a sensitive area are subject to Municipal
Separate Storm Sewer Systems rules (Minnesota Rules, Chapter 7090), which control the discharge of storm
water within the area. These MS4 values are calculated for the TMDL by reviewing the developed area within
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the impaired reach watershed, and adding 5% to the value to account for future growth. MS4 permits are
broken down into the three categories:
1. Mandatory MS4s: MS4s in urbanized areas as defined by the 2000 Census are required to obtain a
NPDES/SDS stormwater permit. An "urbanized area" is defined as a land area comprising one or more
places (“central places”) and the adjacent densely settled surrounding area (“urban fringe”) that
together have a residential population of at least 50,000 and a density of at least 1,000 people per
square mile. The definition also includes any other public storm sewer system located fully or partially
within an urbanized area.
2.

Designated MS4s: MS4s outside of urbanized areas that have been designated by the MPCA for permit
coverage under Minn. R. ch. 7090 are required to obtain a NPDES/SDS stormwater permit. MS4s
designated by rule are cities and townships with a population of at least 10,000; and cities and
townships with a population of at least 5,000 and discharging or the potential to discharge to valuable
or polluted waters. These designated MS4s are required to obtain permit coverage by February 15,
2007.

3. Petition MS4s: MS4s that are designated through the petition process under Minn. R. ch. 7090 are
required to obtain a NPDES/SDS stormwater permit. The public can petition the Commissioner for the
designation of an MS4 based on the designation criteria established in the rules.
All MS4 permits covered under the GBERB TMDL are “Designated MS4s”, and are listed as such due to existing
Minnesota River impairments and TMDL requirements. Within the GBE basin, three Municipalities are covered
under the MS4 requirements. They are Mankato, Fairmont, and Waseca. Due to the fact that the outlet of the
Blue Earth River is covered by the Minnesota River Turbidity TMDL, much of the City of Mankato falls outside of
the area of this TMDL. Only the portion found within the Le Sueur River basin is included in the GBE TMDL,
which is less than 10% of the total city area. The actual developed area was used to calculate the loading within
the Le Sueur basin.
While MS4 areas are permitted, the permits do not contain numeric concentration or load limits. Instead, they
are designed to limit storm water through the implementation of BMPs, such as retention or settling basins.
The WLA for the MS4 communities was calculated by multiplying an export coefficient by the actual, developed
MS4 area. The export coefficient of 50 lbs/acre was used. The developed areas were calculated by examining the
2001 National Land Cover Data (NLCD) set. The specific classifications used are the following:
Developed, Open Space (0-19% developed)
Developed, Low Intensity (20-49% developed)
Developed, Medium Intensity (50-74% developed)
Developed, High Intensity (75-100% developed)
Once the specific developed areas were determined, the total areas were then increased by 5% to account for
future growth.
Wastewater Treatment and Industrial – The permits of all wastewater treatment facilities, water treatment
plants and industrial facilities with permitted TSS limits were reviewed. The WLA was determined from the
maximum allowable discharge amount. For wastewater treatment facilities with pond systems the discharge
values were calculated based on their permitted discharge volume and the permitted concentration limit. While
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the discharge is calculated as a daily volume, a pond system discharges on specified days during the year (April 1
- June 15 and September 15 - December 15).
In some of the smaller impaired reaches the permitted wastewater treatment facility design flows are close to or
exceed the stream flow at the “dry conditions” and “low flow” flow zones. In these rare cases, the point sources
may appear to exceed the calculated daily loading capacity. In actuality, permitted facility flow can never exceed
stream flow as it is a component of stream flow. All municipal and/or industrial NPDES permit TSS limits are 30
or 45 mg/L. These values, as well as actual effluent concentrations were used to calculate loading. When
compared to the 90 mg/L TSS surrogate, these discharges should not contribute to violations of the water
quality standards.
All values calculated within the WLA were carried through to the outlet of the GBERB. For example, some areas
have no permitted discharges within the impaired reach watersheds, but do contain permitted discharges in
upstream watersheds.
Construction and Industrial Stormwater (NPDES) – All construction and industrial stormwater permit holders are
listed in the MPCA’s DELTA database. A permit is required for any construction activities disturbing: one acre or
more of soil; 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 less than one acre of soil, but the MPCA determines that the activity poses a risk
to water resources.
Although stormwater runoff at construction sites that do not have adequate runoff controls can be significant
on a per acre basis (MPCA Stormwater web page, 2006), MPCA records show that the number of projects per
year in this predominantly rural watershed is relatively small. Therefore this appears to be a minor turbidity
source (Minnesota River Turbidity TMDL). Construction sites do not appear to represent a major TSS loading
concern in this watershed and for the purpose of the TMDL this source is lumped with industrial sources into a
categorical WLA, and then distributed to the individual reaches based on area. Waste load allocation data was
gathered from the MPCA Water Quality “DELTA” database by MPCA staff for the project. The data was
compared and checked to the Minnesota Turbidity TMDL project to ensure that the same methods of
calculation and values were used. All values were entered into the tables in the specific sections, and then
carried from upstream to downstream to calculate the cumulative total loading at the outlet of the river.
Within each of the watersheds of the impaired reaches, all permitted facilities were listed and mapped.
Typically, only facilities with TSS limits were used in determining the waste load. The majority of permitted
facilities within many of the watersheds were permitted feedlot or animal confinement operations which are
regulated as zero discharge facilities.
For the purposes of the TMDL, in order to avoid an allocation of zero, which would effectively limit any future
loading from the permitted facilities, an estimated value was developed for each impaired reach. In order to
account for areas of uncertainty, this value is double the predicted loading from construction stormwater within
the areas. This same approach was used the Minnesota River Turbidity TMDL.
The NPDES wasteload allocations in this TMDL are based upon current permits. For a new or expanding (nonstormwater) NPDES-permitted facility in the watershed, permit limits will maintain discharge effluent at a
concentration below the TSS concentration target. A new or expanding facility will increase both load and flow.
This effect will be most pronounced in lower flows, when conventional point sources have the greatest impact.
The increased flow will effectively increase the overall assimilative capacity of the river, as the flow increase will
be larger proportionally than the load increase. See appendix 5 for information regarding future growth and/or
expanding discharges.
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LA
The LA is the portion of the total loading capacity assigned to nonpoint and natural background sources of TSS.
While substantial research has been conducted to estimate the amount TSS contribution from different
nonpoint or natural sources, the individual reach allocations in this report do not subdivide the LA. There are
several reasons for this. First, current research is not sufficient to precisely define either nonpoint or natural
background sources, particularly within the individual impaired reaches due to the varying terrains and sources
of TSS. Secondly, sub-division of the LA is not required by the EPA. Finally, further analysis and discussion of
nonpoint or natural background sources can occur through the implementation process.
Natural Background
The specific issue of natural background loading was a focus of the technical advisory team members. There
were very diverse opinions and ideas on the topic of natural background and one meeting was dedicated to its
discussion. Each member provided their beliefs and understanding regarding natural background loading levels,
as well as what are appropriate activities as far as implementation and general feasibility of the goals of the
TMDL. The notes from this discussion can be found in appendix 2. Additional information, including discussion of
specific definitions of natural background is included in section 10. When addressing the natural background
loading levels within a TMDL study, the EPA offers the following guidance:
Where feasible, the source assessment should also compare projected sediment loadings with
natural or background levels of sediment loading. A sediment loading comparison provides an
additional basis for determining the degree to which sediment loadings differ from levels
needed to support designated uses, thereby assisting in identifying the needed levels of
sediment reduction. In many settings it is possible to estimate natural or background sediment
production in the study area. Such estimates can be developed by assessing sedimentation rates
measured in relatively undisturbed areas of the watershed or in comparable reference
watersheds, or estimated based on reviews of appropriate literature sources.
Much of the debate has focused on the definition of what constitutes natural background sources when defined
by the Minnesota Clean Water Legacy Act (CWLA). Below is the CWLA definition of the term TMDL with
references to natural background:
114D.15 DEFINITIONS. Subd. 10. Total maximum daily load or TMDL. "Total maximum daily
load" or "TMDL" means a scientific study that contains a calculation of the maximum amount of
a pollutant that may be introduced into a surface water and still ensure that applicable water
quality standards for that water are restored and maintained. A TMDL also is the sum of the
pollutant load allocations for all sources of the pollutant, including a wasteload allocation for
point sources, a load allocation for nonpoint sources and natural background, an allocation for
future growth of point and nonpoint sources, and a margin of safety to account for uncertainty
about the relationship between pollutant loads and the quality of the receiving surface water.
"Natural background" means characteristics of the water body resulting from the multiplicity of
factors in nature, including climate and ecosystem dynamics, that affect the physical, chemical,
or biological conditions in a water body, but does not include measurable and distinguishable
pollution that is attributable to human activity or influence. A TMDL must take into account
seasonal variations.
Additionally, Minnesota R. ch. 7050, Waters of the State, addresses defines natural causes as:
“Natural causes" means the multiplicity of factors that determine the physical, chemical, or
biological conditions that would exist in a water body in the absence of measurable impacts
from human activity or influence. (Minn. R. 7050.0150, subp. 4(N))
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The lack of a non-impaired reference reaches within the same ecoregion makes natural background evaluations
difficult, if not impossible. Even with in-depth evaluation of each impaired reach, determining natural
background loading will continue to be a debated topic. Impacts within individual impaired reaches could
include unique stressors, such as elevations changes, channel alteration, upland management practices and
other factors which lead to differing rates of natural and/or accelerated sediment loading. After reviewing
completed turbidity TMDL studies within the state of Minnesota, natural background has not been specifically
defined for any TMDL at this point. Additionally, the EPA guidance document under the natural background
discussion states:
These comparisons might not be absolutely necessary for all TMDLs, particularly where other
methods are available for clearly determining the degree to which existing and projected
sedimentation conditions depart from target levels.
Current research, such as sediment fingerprinting, could potentially define general values for natural
background in the watershed but not precise percentages for individual reaches. As an example, in the draft
South Metro Mississippi River Total Suspended Solids TMDL, natural background has been estimated at onetenth of current TSS loads. This estimate is based on sediment core interpretations.
Due to the lack of consensus among the Technical Advisory Team members, and further discussion with MPCA
staff, it was decided that a numerical value or percentage attributed to natural background is not required by
the EPA as a submittal requirement, and a specific value would not be defensible or ultimately beneficial to the
final TMDL project. The load allocation within this TMDL is a combination of all nonpoint sources, including
natural background. Future implementation planning will consider ongoing research on natural background
levels of sediment.
MOS
The third component, MOS, is the allocation that accounts for uncertainty in the TMDL calculations. Figure 4.1
lists a few approaches and considerations when addressing the MOS. A MOS is required for each flow category
when load duration curves are used to calculate the loading. The Margin of Safety can either be explicit or
implicit. This will be discussed further in section 4.3: “Development of Flow and Load Duration Curves.”
Figure 4.1

For the purpose of this TMDL, an explicit 10% MOS was selected. This same MOS was used within the Minnesota
River Turbidity TMDL.
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4.2 Data Collection and Review
The Greater Blue Earth River Basin has been the focus of many Federal, State and local programs including
grants, research, and implementation projects. These projects, along with private and federally funded
monitoring projects have created a large data base to draw from for the project. Data used was supplied by the
following projects:
Watonwan County Environmental Services
Watonwan River Clean Water Partnership Project
Blue Earth Soil and Water Conservation District
Maple River Clean Water Partnership Project
Martin & Faribault Soil and Water Conservation Districts
Lily and Center Creek - Blue Earth River Clean Water Partnership Project
Water Resources Center – Minnesota State University, Mankato
Blue Earth Basin Implementation Framework Project
Le Sueur River Watershed Implementation Framework Project
Beauford Ditch Watershed Project
Minnesota Pollution Control Agency
United States Geological Survey
All of the projects or groups practiced standard quality assurance/quality control (QAQC) procedures in
collection of samples, and all projects sponsored by the MPCA maintained and updated a quality assurance
project plan (QAPP). All samples were collected in sterilized bottles, controlled though chain of custody
documents, and delivered to a certified laboratory within holding periods relevant to the samples.
All samples and results were reviewed by lab technicians and double checked by project coordinators. The
majority of the local samples collected in the basin were analyzed at Minnesota Valley Testing Laboratory in
New Ulm. Additional samples were analyzed thorough the Metropolitan Council. All data is available for review
upon request. Data used for the project was retrieved from the MPCA through the Environmental Data Access
— Water Quality Data website, as well as the Metropolitan Councils EMIS database. Data is also available from
the EPA STORET database, found on the EPA website.

4.3 Development of Flow and Load Duration Curves
The TMDL assessment process was modeled after the approach outlined in the “Turbidity TMDL Protocols and
Submittal Requirements” guidance document developed by the MPCA. This process involves a review of
available flow and loading data, and interpretation and analysis of the data using Flow and Load duration curves.
A duration curve is a graph representing the percentage of observations for which the value of a given
parameter (e.g. flow, load) is equaled or exceeded (Load Duration Curve Methodology for Assessment and TMDL
Development, 2003).
The first step in the process is gathering the available data throughout the project area. For this project, data
was collected on all monitoring projects done through the USGS, MPCA and Metropolitan Council. Since the
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USGS monitoring stations are established near the mouths of the rivers and have daily flow data available from
at least 1965 for each site, they were selected as the logical choice to develop the curves. The total time frame
used for the GBE TMDL was from 1/1/1977 to 12/31/2006, or 30 years, the same timeframe used for the
Minnesota River Turbidity TMDL. To make the curve, all of the daily flow values were ranked from highest to
lowest, and then the percentages when flows were exceeded were calculated. An example of the Blue Earth
River Flow duration curve can be seen in figure 4.3A.
Figure 4.3A – Flow Duration Curve

The flow duration curve is then subdivided into percentile ranges representing five flow zones. TMDL values are
calculated for each zone and monitoring data is analyzed in the context of the zones. Once the flow duration
curve has been developed, it is then used to develop the load duration curve. The curve is created by multiplying
flow values by the water quality standard and converting those values to tons/day. This produces loading
capacities that will meet the water quality standard for the various flow categories.
Since the NTU measurement is a dimensionless unit, the 90 Mg/L TSS surrogate value is used. The four
components (WLA, LA, MOS, and RC) are calculated as daily loads (mass/day) of total suspended solids.
To calculate the load duration curve the following steps were used:
1. Multiply the flow value by 86,400 to calculate cubic feet per day.
2. Multiply the cubic feet per day value by 28.3 to calculate the liters per day value.
3. Multiply the liters per day value by the TSS target to calculate the TSS load in milligrams per day.
4. Divide the TSS load by 907,184,740 to convert the milligrams per day to tons per day.
5. Plotting the TSS tons per day value on a logarithmic scale will show the load duration curve. The load
duration curve represents the loading capacity of the stream which allows it to meet water quality
standards under different flow conditions.
37

These calculations are plotted on a chart, and a load duration curve is established. An example is shown in figure
4.3B. The plotted line shows the loading capacity (tons/day) that allows the stream to meet water quality
standards at different flows.
Figure 4.3B – Load Capacity
Load Duration Curve
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Load duration curves (LDC) were created for each of the three major watersheds. As the LDC shows, the
allowable TSS load increases with increasing flows. Therefore, a single daily load value is not appropriate for the
TMDL. Rather, loads were determined for five different flow regimes: high flow; moist conditions; mid-range
flows; dry conditions; and low/zero flow conditions. The mid-point TSS load for each flow regime was then used
to represent the loading capacity. An example of the numerical break downs of flow conditions can be seen in
table 4.3A.
The high flow regime is the top 10 percent of flow values. The loading capacity for this regime is based on the
95th percent value, or half of the top 10 percent value. At this flow value, the mean daily flow would be
exceeded by 50% of all flow values in the flow regime.
Table 4.3A – Example Flow Conditions

Flow Condition
High flows
Moist Conditions
Normal flows
Dry Conditions
Low/zero flows

Percent Exceedence

Load Capacity Range
(tons/day)

0 - 10%
10 - 40%
40 - 60%
60 - 90%
90 - 100%

7427.2 – 1349.5
1349.5 – 318.2
318.2 – 125.0
125.0 – 24.5
24.5 – 3.5

Next, the MOS was determined for each flow regime. Based on the Minnesota River Turbidity TMDL, a MOS of
10% was used. Because the allocations are a direct function of daily flow, accounting for potential flow
variability is an appropriate way to address the MOS. This is done for each of 5 flow zones, as seen in the
example in table 4.3B.
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Table 4.3B – Example General Allocation Calculations

Blue Earth River near Rapidan
TSS (Tons/day) Loading Capacity
High Flows

Moist Conditions

Mid-range Flows

Dry Conditions

Low Flows

2021.9
202.2
1819.7

622.6
62.3
560.3

203.9
20.4
183.5

62.9
6.3
56.6

13.3
1.3
12.0

Capacity
MOS
Allocation

Once the load duration curve has been created, water quality data can be plotted to illustrate sample
concentrations relative to the loading capacity. Sample TSS concentrations are converted to tons/day using
average daily flow values for the sample days. For example, based on the TSS surrogate for the Watonwan River
at a flow volume of 6510 cubic feet per second, the loading capacity is estimated at 1579 tons/day to meet the
standard.
Next, calculate the loading based on the sample and flow data. An example sample of 144 mg/L is used.
6510 CFS * 86,400 (cubic ft/day) * 28.3 (liters/day) * 144 mg/l (sample value)/907,184,740 (mg/L to tons/day)

144 mg/l * Flow data = A load estimate of 2,528 tons/day
This sample exceeded the standards, which is not surprising due to the high flow conditions (within the top 5%).
The sample data can then be plotted as another series of data points on the chart, as demonstrated on figure
4.3C. Any data point that is above the line created by the load duration curve exceeds the standards.
Figure 4.3C – Load Duration Curve with Sample Data
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The duration curve is a valuable tool to review when violations of the standard occur. Reviewing the load
duration curve for turbidity, it shows that the violations occur primarily in high flows and moist conditions, with
fewer violations occurring in lower flow regimes. Sample points superimposed with yellow triangles represent
samples taken during the spring melt. Identifying the spring samples is a method to examine the seasonality of
the impairment.
Once the flow regime loading capacities have been calculated for each of the three major watersheds, the data
sets were further subdivided into the individual impaired reaches. Duration curves, loading capacities by flow
zone and allocations were then developed for all impaired reaches in the basin. It should be noted that while
load duration curves are an acceptable method of calculating loading and reductions, the method does have
limitations. The LDCs are a reflection of the strength of the data set used to develop them. All LDCs used within
this TMDL have a 30 year window of continuous flow data, providing a very strong data baseline.

4.4 Watershed Area Flow Calculation
When flow data was available for specific stream reaches, it was used to create the flow and loading curves. If
flow data was not available, the load and flow curves were calculated based on the percent of the total
watershed. When both were available, the data was compared to determine the similarity of the results.
Dissimilarity between estimated and recorded flows does not necessarily indicate problems with the method.
Establishing a baseline for flow data is imperative when attempting to accurately establish any estimates for
loading capacity. When using recorded data from a specific stream reach, the data is often collected over three
to five years as opposed to more than 30 years at the outlets. Longer term data collection helps establish
baseline by evening out the wet and dry years.
It was determined that the 30 year window was a more accurate representation of the flow in the basin, and
less subject to the variability seen within the impaired reach. The localized flow datasets did not provide
coverage of the total watershed. For this reason, all data sets were calculated based on the 30 year time frame
and the flow data from the USGS gauging station.

4.5 GIS Data and Analysis

Figure 4.5 – GIS Layers

Geographic Information System (GIS) can be defined as any system used to store,
analyze and create data sets. This project specifically utilized computer analysis of
electronic maps and data sets, such as permit data locations, and watershed areas
to aid the TMDL study. In general, GIS is a powerful computer program which
allows the review and analysis of multiple data sets through a wide variety of
processing tools. GIS is commonly used for many different applications, including
environmental impact assessment and planning, urban planning, resource and
asset management, and various cartographic and scientific studies. Maps and data
sets are used as “layers”. Layers such as aerial photos, elevation data, soil type,
and political boundaries are placed on a map to build database for analysis.
ArcGIS 9.2 was the GIS system used to perform the different analyses necessary for the TMDL study.
All land cover/land use data was calculated based on the National Land Cover Database dataset. The most
current data set is from 2001. This data set was developed by the Multi-Resolution Land Characteristics (MRLC)
Consortium, through the cooperation of many federal agencies. A brief description taken from the MRLC
website is below:
The National Land Cover Database 2001 land cover layer for mapping zone 29 was produced
through a cooperative project conducted by the Multi-Resolution Land Characteristics (MRLC)
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Consortium. The MRLC Consortium is a partnership of federal agencies (www.mrlc.gov),
consisting of the U.S. Geological Survey (USGS), the National Oceanic and Atmospheric
Administration (NOAA), the U.S. Environmental Protection Agency (EPA), the U.S. Department of
Agriculture (USDA), the U.S. Forest Service (USFS), the National Park Service (NPS), the U.S. Fish
and Wildlife Service (FWS), the Bureau of Land Management (BLM) and the USDA Natural
Resources Conservation Service (NRCS). One of the primary goals of the project is to generate a
current, consistent, seamless, and accurate National Land Cover Database (NLCD) circa 2001 for
the United States at medium spatial resolution.
http://www.epa.gov/mrlc/
This data, and its associated definitions and land use categories, have been widely used for a number state and
federal projects, and was selected based on its accuracy. This data set was used to calculate the land cover/land
use, watershed area, MS4 area, and the individual impaired reaches.

4.6 Flow Corrections
Flow correction is a term found in the schematic diagrams (Figure 5.0) depicting the flow and loading
calculations based on the area and location of the reaches within the GBE TMDL. An area listed as a flow
correction accounts for a portion of the watershed that has not been listed as impaired, but is a tributary to the
main stem or other tributaries within the watershed. These areas need to be accounted for when exploring the
flow values within an impaired reach, to ensure that all flow conditions are accurate based on areas found
upstream of the impaired reach.
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Section 5.0 – TMDL Allocations for Individual Impaired Reaches
Reach

Description

Year Listed

ID

Headwaters to Brush Creek
Brush Creek to Blue Earth River
West Branch Blue Earth River to Coon Creek
Coon Creek to Badger Creek
Badger Creek to East Branch Blue Earth River
East Branch Blue Earth River to South Creek
Elm Creek to Willow Creek
Willow Creek to Watonwan River
Center Creek to Elm Creek
Cedar Lake to Elm Creek
Lily Creek to Blue Earth River
Headwaters to South Fork Elm Creek
Headwaters to Elm Creek
South Fork Elm Creek to Cedar Creek
Cedar Creek to Blue Earth River
Headwaters (Fox Lake 46-0109-00) to Center Creek
Headwaters to Hall Lake

2008
2008
2002
2008
2008
2002
2002
2008
2010
2006
2002
2010
2010
2006
2006
2006
2006

07020009-554
07020009-553
07020009-504
07020009-518
07020009-565
07020009-508
07020009-515
07020009-507
07020009-514
07020009-521
07020009-503
07020009-523
07020009-524
07020009-522
07020009-502
07020009-525
07020009-527

Cobb River

T107 R26W S30, west line to Le Sueur River

2008

07020011-556

Cobb River
Le Sueur River *
Le Sueur River
Le Sueur River
Le Sueur River
Rice Creek
Maple River
County Ditch 3
Little Cobb River
Maple River
Unnamed creek (Little Beauford Ditch)

T104 R23W S34, south line to Little Cobb River
Maple River to Blue Earth River
Headwaters to CD 6
CD 6 to Cobb River
Cobb to Maple
Headwaters to Maple River
Minnesota Lake outlet to Rice Creek
CD 9 to Maple River
Bull Run Creek to Cobb River
Rice Creek to Le Sueur River
Headwaters to Cobb River

2010
2002
2010
2008
2010
2010
2010
2010
2004
2008
2002

07020011-568
07020011-501
07020011-508
07020011-507
07010011-506
07020011-531
07020011-535
07020011-552
07020011-504
07020011-534
07020011-503

Watonwan River

Headwaters to North Fork Watonwan River

2006

07020010-514

Watonwan River

North Fork Watonwan River to Butterfield Creek

2006

07020010-512

Watonwan River
Watonwan River
Watonwan River *
Watonwan River, North Fork
Watonwan River, South Fork
Watonwan River, South Fork
Perch Creek
Butterfield Creek
St. James Creek

Butterfield Creek to South Fork Watonwan River
South Fork Watonwan River to Perch Creek
Perch Creek to Blue Earth River
Headwaters to Watonwan River
Irish Lake to Willow Creek
Willow Creek to Watonwan River
Headwaters to Spring Creek
Headwaters to St. James
Headwaters to Kansas Lake

2006
2008
2002
2006
2006
2006
2006
2008
2002

07020010-511
07020010-510
07020010-501
07020010-513
07020010-547
07020010-517
07020010-524
07020010-516
07020010-528

BLUE EARTH RIVER
Blue Earth River, East Branch
Blue Earth River, East Branch
Blue Earth River
Blue Earth River
Blue Earth River
Blue Earth River
Blue Earth River
Blue Earth River
Blue Earth River
Cedar Creek
Center Creek
Elm Creek
Elm Creek - South Fork
Elm Creek
Elm Creek
Lily Creek
Dutch Creek

LE SUEUR RIVER

WATONWAN RIVER

*“Le Sueur – Maple River to Blue Earth River” and “Watonwan River – Perch Creek to Blue Earth River” are both covered
under the Minnesota River Turbidity TMDL. The values included within this report are included for informational purposes
and to demonstrate the cumulative loading throughout the individual basins.
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5.0 - Greater Blue Earth Basin Flow Chart

Area calculations for impaired reaches are included in each TMDL Allocation Summary Report. The Greater Blue
Earth (GBE) percentage is based on the acreage of the immediate impaired reach watershed as it relates to the
total acres in the GBE river watershed. These percentages do not include upstream drainage area. Percentages
for the individual watersheds of the Blue Earth, Le Sueur and Watonwan are based on the immediate impaired
reach watershed plus any upstream contributing area.
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Blue Earth Basin Load Duration Curve Data
The USGS gauge station located near the Rapidan dam was used to calculate loading capacity within the Blue
Earth Basin. This station is located on the Blue Earth River shortly after the confluence with the Watonwan River.
In order to accurately develop the loading curve for the Blue Earth River specifically, the flow data collected at
the USGS gauging station located near the outlet of Watonwan River was subtracted from the flow data
collected at the Rapidan dam.
Figure 5.1 – Blue Earth Load Duration Curve

The table below shows the calculated loading capacities within the Blue Earth River basin. These values were
then used to calculate the remaining loading capacities for each of the sub-watersheds based on the area of the
impaired reaches/watersheds, including contributing upstream watersheds as necessary.
Table 5.1 – Blue Earth Load Duration Curve

TSS (tons/day) Loading Capacity for Each Flow Zone

Capacity
MOS
Allocation

High Flows
940.3
94.0
846.3

Mid-range
Flows
95.9
9.6
86.3

Moist Conditions
295.4
29.5
265.9
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Dry Conditions
26.7
2.7
24.0

Low Flows
6.5
0.7
5.9
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5.1
Reach

Description

Year Listed

ID

Headwaters to Brush Creek

08

07020009-554

BLUE EARTH RIVER
Blue Earth River, East Branch

Stream Reach Status:
Impaired (Listed in 2008)
Impairment: Turbidity.
Category 5a - Impaired
by multiple pollutants
and no TMDL plans
approved.
Contributing Watershed
Size: 130 square miles,
or 83,205 acres
Percentage of GBE
Watershed: 3.87%
Percentage of Blue Earth
Watershed: 8.4%
Additional Watershed(s)
Contributing to Flow:
None.
Municipalities Located
within the Impaired Area:
Alden, Population 652
Walters, Population 88
Number of Minor Watersheds: 12
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Legend
Freeborn
Counties

State Hwy 109

Municipal Boundaries

3rd
Wells

Open Water
Developed - Open Space
Developed - Low Intensity

State Hwy 109

Developed - Medium Intensity
Developed - High Intensity

I-90

Barren Land (Rock, Sand)

I-90

Deciduous Forest
Evergreen Forest

Faribault
Faribault

Alden
Freeborn
Freeborn

State Hwy 253

Mixed Forest

State Hwy 22

Shrub/Scrub

Conger

Walters

Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Bricelyn

Woody Wetlands
Emergent Herbaceous Wetlands

Kiester

0

1.5

3

6

9

12
Miles

Land Use Data:

East Branch Blue Earth
NLCD classification
11
21
22
23
24
31
41
42
71
81
82
90
95

Headwaters to Brush
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Evergreen Forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
1,710.21
5,076.35
488.38
177.25
14.01
17.57
526.85
3.11
2,044.46
348.94
70,749.80
393.86
1,693.97

Percentage of Land Use
2.1%
6.1%
0.6%
0.2%
0.0%
0.0%
0.6%
0.0%
2.5%
0.4%
85.0%
0.5%
2.0%

Monitoring Location(s) in the Area:
Establishing
Station
Agency
Identification
MPCA

S002-477

Type of First Year of Data Last Year of Data
Monitoring
Collection
Collection

Station Name
E BR BLUE EARTH R @ CSAH-16 BRG
#22592
4 MI NW WALTERS, MN

STREAM

2003

2008

Permitted Facilities Located within the Contributing Area:
Facility
Alden WWTP
Walters WWTP

Permit Number
MNG580118
MN0068756

Type
Permitted
Permitted

TSS Discharge (tons/day)
0.461
0.027

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

78.9

24.8

8.0

2.2

0.5

0.49

0.49

0.49

0.49

0.00*

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.01

0.00***

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.49

0.49

0.49

0.49

0.00

Load Allocation

70.51

21.81

6.75

1.53

0.49

East Blue Earth - Headwaters to Brush
Total Daily Loading Capacity
Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities

MOS
7.89
2.48
0.80
0.22
0.05
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December 15)
and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP have been
determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values on
the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to determine MS4
loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading across
the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values on the chart.
However, values have been calculated for all reaches under all flow conditions.
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5.2
Reach

Description

Year Listed

ID

Brush Creek to Blue Earth River

08

07020009-553

BLUE EARTH RIVER
Blue Earth River, East Branch

Stream Reach Status:
Impaired (Listed in 2008)
Impairment: Turbidity.
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Contributing Watershed
Size: 166.9 square miles,
or 106,828.6 acres
Percentage of GBE
Watershed: 4.72%
Percentage of Blue Earth
Watershed: 19.2%
Additional Watershed(s)
Contributing to Flow:
Blue Earth, East Branch –
Headwaters to Brush
Creek
Number of Minor Watersheds: 16
Municipalities Located within the
Impaired Area:
Bricelyn, Population 379
Frost, Population 251
Kiester, Population 540
Located Partially within the Impaired
Reach Watershed:
Blue Earth, Population 3,621
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Delavan

Easton

State Hwy 109

Legend

Wells

Counties
Municipal Boundaries
Open Water
Developed - Open Space

I-90

Developed - Low Intensity
Developed - Medium Intensity

I-90

Blue Earth

Developed - High Intensity

Faribault
Faribault

State Hwy 253
State Hwy 22

Barren Land (Rock, Sand)

Walters

Deciduous Forest

Frost

Evergreen Forest

Bricelyn

Mixed Forest
Shrub/Scrub

Kiester

Grassland/Herbaceous

Elmore

Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Wetlands

0

1.5

3

6

East Branch Blue Earth
NLCD classification
11
21
22
23
24
31
41
71
81
82
90
95

9

12
Miles

Brush to BE
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
164.79
6,256.15
822.19
270.21
43.14
34.47
713.44
2,247.73
653.84
92,909.97
2,307.33
458.13

Percentage of Land Use
0.2%
5.9%
0.8%
0.3%
0.0%
0.0%
0.7%
2.1%
0.6%
86.9%
2.2%
0.4%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

First Year of
Data
Collection

Last Year of Data
Collection

MPCA

S005-358

BLUE EARTH R, EB N OF CR-112 &
E OF CSAH-19, 2 MI W OF FROST

STREAM

1992

1997

MPCA

S002-470

BLUE EARTH R, E BR, AT N E
STREET IN BLUE EARTH, MN

STREAM

2003

2008

Permitted Facilities Located within the Contributing Area:
Facility
Kiester WWTP
Faribault County Public Works
Bricelyn WWTP
Frost WWTP
Seneca Foods Corp. - Blue Earth 2

Permit Number
MNG580097
MNG490154
MNG580129
MNG580120
MN0001287

Type
Permitted
Permitted
Permitted
Permitted
Permitted

TSS Discharge (tons/day)
0.093
Stormwater
0.087
0.074
0.046

Loading Capacity of the Reach (tons/day):
East Blue Earth- Brush to Blue Earth
Total Daily Loading Capacity

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

180.2

56.6

18.4

5.1

1.3

Wasteload allocation
Wastewater Treatment and Industrial
0.79
0.79
0.79
0.79
0.00*
MS4 Municipalities
0.00**
0.00**
0.00**
0.00**
0.00**
Construction and Industrial Stormwater(NPDES)
0.02
0.01
0.00***
0.00***
0.00***
Wasteload Allocation Total
0.81
0.80
0.79
0.79
0.00
Load Allocation
161.34
50.14
15.74
3.81
1.13
MOS
18.02
5.66
1.84
0.51
0.13
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December 15)
and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP have been
determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values on
the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to determine MS4
loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading across
the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values on the chart.
However, values have been calculated for all reaches under all flow conditions.
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5.3
Reach

Description

Year Listed

ID

Blue Earth River

West Branch Blue Earth River to Coon Creek

02

07020009-504

Blue Earth River

Coon Creek to Badger Creek

08

07020009-518

BLUE EARTH RIVER

Blue Earth River
Badger Creek to East Branch Blue Earth River
08
07020009-565
NOTE: This area is listed as multiple reaches due to the fact that all of the impaired reaches fall within one minor
watershed.

Stream Reach Status:
Impaired (Multiple
listings: 2002, 2008)
Impairment: Turbidity.
Category 5a - Impaired
by multiple pollutants
and no TMDL plans
approved.
Contributing Watershed
Size: 502.9 square miles,
or 321,870.6 acres
Percentage of GBE
Watershed: 14.2%
Percentage of Blue Earth
Watershed: 32.5%
Additional Watershed(s)
Contributing to Flow:
None
Number of Minor Watersheds: 49
Municipalities Located within the
Impaired Area:
Elmore, Population 735
Blue Earth, Population 3,621
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Granada

Legend

I-90 I-90

Counties

Blue Earth

Municipal Boundaries
Martin
Martin

Open Water

US Hwy 169
Faribault

Faribault

Frost

Developed - Open Space

Bricelyn

Developed - Low Intensity
Developed - Medium Intensity
Elmore

Developed - High Intensity
Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

0

2

4

8

12

16
Miles

Blue Earth
NLCD classification
11
21
22
23
24
31
41
71
81
82
90
95

Multiple reaches
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
941.84
18,564.07
1,275.43
197.71
74.06
54.93
1,031.46
5,478.88
837.09
289,776.64
2,173.01
1,533.40

Percentage of Land Use
0.3%
5.8%
0.4%
0.1%
0.0%
0.0%
0.3%
1.7%
0.3%
90.0%
0.7%
0.5%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

MPCA

S000-533

COON CREEKAT N/S ROAD IN S29
1 MI S OF BLUE EARTH

STREAM

First Year of Data Last Year of
Collection
Data Collection
1978

2008

Permitted Facilities Located within the Contributing Area:
Facility
Elmore WWTP
Elmore WTP
Darling International Inc - Blue Earth
Blue Earth WWTP

Permit Number
MN0021920
MN0043010
MN0002313

Type
Permitted
Permitted
Permitted

TSS Discharge (tons/day)
.466
.0007
.088

MN0020532

Permitted

.122

Loading Capacity of the Reach (tons/day):

Blue Earth - Multiple Reaches
Badger Creek to East BE
Coon Creek to Badger Creek
West Branch to Coon Creek

High Flow
Conditions
305.1

Moist
Conditions
95.9

Midrange
Flows
31.1

Dry
Conditions
8.7

Low Flow
Conditions
2.1

Total Daily Loading Capacity
Wasteload Allocation
Wastewater Treatment and Industrial
0.68
0.68
0.68
0.68
0.00*
MS4 Municipalities
0.00**
0.00**
0.00**
0.00**
0.00**
Construction and Industrial Stormwater(NPDES)
0.03
0.01
0.00***
0.00***
0.00***
Wasteload Allocation Total
0.71
0.69
0.68
0.68
0.00
Load Allocation
273.90
85.58
27.32
7.12
1.91
MOS
30.51
9.59
3.11
0.87
0.21
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December 15)
and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP have been
determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values on
the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to determine MS4
loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading across
the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values on the chart.
However, values have been calculated for all reaches under all flow conditions.
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5.4
Reach

Description

Year Listed

ID

East Branch Blue Earth River to South Creek

02

07020009-508

BLUE EARTH RIVER
Blue Earth River

Stream Reach Status:
Impaired (Listed in 2002)
Impairment: Turbidity.
Category 5a - Impaired by
multiple pollutants and
no TMDL plans approved.
Contributing Watershed
Size:
29.7 square miles, or
18,988.3 acres
Percentage of GBE
Watershed: 0.84%
Percentage of Blue Earth
Watershed: 53.6%
Additional Watershed(s)
Contributing to Flow:
Blue Earth River - West
Branch Blue Earth River to
Coon Creek
Blue Earth River - Coon Creek to
Badger Creek
Blue Earth River - Badger Creek to
East Branch Blue Earth River
Blue Earth River, East Branch - Brush
Creek to Blue Earth River
Blue Earth River, East Branch Headwaters to Brush Creek
Number of Minor Watersheds: 3
Municipalities Located within the
Impaired Area:
Located Partially within the Impaired
Reach Watershed:
Blue Earth, Population 3,621
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Winnebago

Legend

US Hwy 169

Counties
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren Land (Rock, Sand)
Deciduous Forest

Faribault
Faribault

Evergreen Forest

I-90

I-90

Mixed Forest
Shrub/Scrub

Grove

Grassland/Herbaceous
Pasture / Hay
Blue Earth
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

0 0.450.9

1.8

2.7

3.6
Miles

Blue Earth
NLCD classification
11
21
22
23
24
41
42
71
81
82
90
95

East Branch to South Creek
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Deciduous forest
Evergreen Forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
35.58
1,317.46
356.72
62.71
15.79
87.62
2.00
433.00
118.98
15,675.62
735.68
161.46

Percentage of Land Use
0.2%
6.9%
1.9%
0.3%
0.1%
0.5%
0.0%
2.3%
0.6%
82.5%
3.9%
0.8%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

First Year of Data
Collection

Last Year of Data
Collection

MPCA

S000-036

BLUE EARTH RIVER N OF BLUE
EARTH

STREAM

1955

1979

MPCA

91MN089

COUNTY DITCH 60

BIOLOGICAL

1991

1991

MPCA

S001-211

CD 60 AT ROAD E LN SEC. 1, 2
MI NW BLUE EARTH

STREAM

1991

1992

Permitted Facilities Located within the Contributing Area:
Facility
None

Permit Number
NA

Type
NA

TSS Discharge (tons/day)
NA

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

504.00

158.33

51.39

14.31

3.50

1.47

1.47

1.47

1.47

0.00*

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.05

0.02

0.01

0.00***

0.00***

Wasteload Allocation Total

1.52

1.49

1.48

1.47

0.00

452.08

141.01

44.77

11.41

3.15

East Blue Earth - East Branch to South Creek
Total Daily Loading Capacity

Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities

Load Allocation

MOS
50.40
15.83
5.14
1.43
0.35
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December 15)
and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP have been
determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values on
the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to determine MS4
loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading across
the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values on the chart.
However, values have been calculated for all reaches under all flow conditions.
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5.5
Reach

Description

Year Listed

ID

Center Creek to Elm Creek

10

07020009-514

BLUE EARTH RIVER
Blue Earth River

Stream Reach Status:
Impaired (Listed in 2010)
Impairment: Turbidity.
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Winnebago

Contributing Watershed Size:
4.5 square miles, or 2898.7
acres
Percentage of GBE
Watershed: 0.89%
Percentage of Blue Earth
Watershed: 70.4%

®

Legend
Municipal Boundaries
Impaired Waters

Additional Watershed(s)
Contributing to Flow:
Blue Earth River, East Branch
- Headwaters to Brush Creek
Blue Earth River, East Branch - Brush
Creek to Blue Earth River
Blue Earth River - West Branch Blue
Earth River to Coon Creek
Blue Earth River - Coon Creek to Badger
Creek
Blue Earth River - Badger Creek to East
Branch Blue Earth River
Blue Earth River - East Branch Blue Earth
River to South Creek

0 0.5 1

Permitted Facilities

2

3

4
Miles

BER - Center to Elm

R
R ii cc ee
B
B rr oo w
w nn

C
C oo tt tt oo nn w
w oo oo dd

JJ aa cc kk ss oo nn

B
B ll uu ee E
E aa rr tt hh

W
W aa ss ee cc aa

W
W aa tt oo nn w
w aa nn

M
M aa rr tt ii nn

FF aa rr ii bb aa uu ll tt

FF rr ee ee bb oo rr nn

Municipalities Located within the
Impaired Area:
EMMET

Located Partially within the Impaired
Reach Watershed:
Winnebago, Population 1,487
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KOSSUTH

WINNEBAGO

US Hwy 169

Legend
Counties
Open Water
Developed - Open Space
Winnebago

Developed - Low Intensity

Main

Developed - Medium Intensity

6th

Developed - High Intensity
Barren Land (Rock, Sand)

US Hwy 169

Martin
Martin

Deciduous Forest

Faribault
Faribault

Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

0

0.45 0.9

1.8

Blue Earth
NLCD classification
11
21
22
23
24
41
42
71
81
82
90
95

2.7

3.6
Miles

Center to Elm
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Deciduous forest
Evergreen Forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
23.57
294.67
132.32
33.80
15.79
36.92
1.11
40.25
30.69
2,130.75
147.45
12.45

Percentage of Land Use
0.8%
10.2%
4.6%
1.2%
0.5%
1.3%
0.0%
1.4%
1.1%
73.5%
5.1%
0.4%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

First Year of Data
Collection

Last Year of Data
Collection

MPCA

S000-523

BLUE EARTH R AT CSAH-10 1.5
MI S OF WINNEBAGO

STREAM

1978

2008

Permitted Facilities Located within the Contributing Area:
Facility

Permit Number

Type

TSS Discharge (tons/day)

NA

NA

NA

None Applicable

Loading Capacity of the Reach (tons/day):
Blue Earth - Center to Elm
Total Daily Loading Capacity

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

662.0

208.0

67.5

18.8

4.6

Wasteload Allocation
Wastewater Treatment and Industrial
2.27
2.27
2.27
2.27
0.00*
MS4 Municipalities
2.27
0.72
0.25
0.08
0.02
Construction and Industrial
Stormwater(NPDES)
0.07
0.02
0.01
0.00***
0.00***
Wasteload Allocation Total
4.61
3.02
2.53
2.35
0.00
Load Allocation
591.16
184.14
58.21
14.56
4.14
MOS
66.20
20.80
6.75
1.88
0.46
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December 15)
and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP have been
determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values on
the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to determine MS4
loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading across
the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values on the chart.
However, values have been calculated for all reaches under all flow conditions.
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5.6
Reach

Description

Year Listed

ID

Elm Creek to Willow Creek

02

07020009-515

BLUE EARTH RIVER
Blue Earth River

Stream Reach Status:
Impaired (Listed in 2002)
Impairment: Turbidity.
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Contributing Watershed
Size: 31.6 square miles, or
20,209 acres
Percentage of GBE
Watershed: 0.89%
Percentage of Blue Earth
Watershed: 90.4%
Additional Watershed(s)
Contributing to Flow:
Cedar Creek - Cedar Lake to
Elm Creek
Center Creek - Lily Creek to Blue Earth River
Elm Creek - Cedar Creek to Blue Earth River
Elm Creek - South Fork Elm Creek to Cedar
Creek
Lily Creek - Headwaters (Fox Lake 46-010900) to Center Creek
Dutch Creek - Headwaters to Hall Lake
Blue Earth River, East Branch - Headwaters
to Brush Creek
Blue Earth River, East Branch - Brush Creek
to Blue Earth River
Blue Earth River - West Branch Blue Earth
River to Coon Creek
Blue Earth River - Coon Creek to Badger
Creek
Blue Earth River - Badger Creek to East
Branch Blue Earth River
Blue Earth River - East Branch Blue Earth River to South Creek
Number of Minor Watersheds: 1
Municipalities Located within the Impaired Area:
Located Partially within the Impaired Reach Watershed: Winnebago, Population 1,487
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US Hwy 169

Legend
Counties

State Hwy 30
Main

Open Water
Blue
Blue Earth
Earth

State Hwy 30

Amboy

Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Martin
Martin

Pasture / Hay

Faribault
Faribault

Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

0

1

2

4

Main
Winnebago
6th
State Hwy 109

6

8
Miles

Blue Earth
NLCD classification
11
21
22
23
24
31
41
71
81
82
90
95

Elm Creek to Willow Creek
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
296.23
1,426.88
224.17
36.03
12.45
6.45
84.51
480.59
454.35
14,435.56
2,382.28
378.96

Percentage of Land Use
1.5%
7.1%
1.1%
0.2%
0.1%
0.0%
0.4%
2.4%
2.2%
71.4%
11.8%
1.9%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

First Year of Data Last Year of Data
Collection
Collection

MPCA

00MN004

BLUE EARTH RIVER

BIOLOGICAL

2000

2000

MPCA

S001-302

BLUE EARTH R AT SH-30, 3 MI
W OF AMBOY

STREAM

1997

2003

Permitted Facilities Located within the Contributing Area:
Facility
Winnebago WWTP

Permit
Number
MN0025267

Type
Permitted

TSS Discharge (tons/day)
0.319

Loading Capacity of the Reach (tons/day):
BE - Elm to Willow
Total Daily Loading Capacity

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

850.03

267.03

86.67

24.14

5.90

Wasteload Allocation
Wastewater Treatment and Industrial
2.70
2.70
2.70
2.70
0.00*
MS4 Municipalities
2.27
0.72
0.25
0.08
0.02
Construction and Industrial
Stormwater(NPDES)
0.09
0.03
0.01
0.00***
0.00***
Wasteload Allocation Total
5.06
3.46
2.96
2.78
0.02
Load Allocation
759.97
236.87
75.04
18.94
5.29
MOS
85.00
26.70
8.67
2.41
0.59
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December 15)
and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP have been
determined to not be a major source of loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading across
the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values on the chart.
However, values have been calculated for all reaches under all flow conditions.
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5.7
Reach

Description

Year Listed

ID

Willow Creek to Watonwan River

08

07020009-507

BLUE EARTH RIVER
Blue Earth River

Stream Reach Status:
Impaired (Listed in
2008) Impairment:
Turbidity.
Category 5a - Impaired
by multiple pollutants
and no TMDL plans
approved.
Contributing
Watershed Size:
45.4 square miles, or
29,043.4 acres
Percentage of GBE
Watershed: 2.93%
Percentage of Blue
Earth Watershed:
98.7%
Additional
Watershed(s) Contributing to
Flow: None.
Number of Minor Watersheds: 3
Municipalities Located within
the Impaired Area:
Located Partially within the
Impaired Reach Watershed:
Good Thunder, Population 592
Vernon Center, Population 359
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Lake Crystal

State Hwy 66

Legend
Counties
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity

US Hwy 169

Developed - High Intensity
Barren Land (Rock, Sand)

Good Thunder

Deciduous Forest

Blue
Blue Earth
Earth

Evergreen Forest
Mixed Forest
Shrub/Scrub

West

Vernon Center

Grassland/Herbaceous
Pasture / Hay
Cultivated Crops

US Hwy 169

Woody Wetlands
Emergent Herbaceous Wetlands

0

1.25

2.5

5

7.5

10
Miles

Blue Earth
NLCD classification
11
21
22
23
24
31
41
42
71
81
82
90
95

Willow to Watonwan
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Evergreen Forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
951.84
1,270.98
175.91
46.48
4.89
196.15
437.00
1.33
434.11
691.64
22,143.94
2,430.32
280.44

Percentage of Land Use
3.3%
4.4%
0.6%
0.2%
0.0%
0.7%
1.5%
0.0%
1.5%
2.4%
76.2%
8.4%
1.0%

Monitoring Location(s) in the Area:
Establishing Agency Station Identification Station Name Type of Monitoring
USEPA

FBE-1

RAPIDAN

First Year of Data
Collection

Last Year of Data
Collection

STREAM

Permitted Facilities Located within the Contributing Area:
Facility
Vernon Center WWTP

Permit Number
MNG550024

Type
Permitted

TSS Discharge (tons/day)
0.011

Loading Capacity of the Reach (tons/day):
Blue Earth - Willow to Watonwan
Total Daily Loading Capacity

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

940.30

295.39

95.87

26.70

6.53

Wasteload Allocation
Wastewater Treatment and Industrial
2.71
2.71
2.71
2.71
0.00*
MS4 Municipalities
2.43
0.77
0.27
0.08
0.02
Construction and Industrial
Stormwater(NPDES)
0.10
0.03
0.01
0.00***
0.00***
Wasteload Allocation Total
5.24
3.52
2.99
2.80
0.02
Load Allocation
841.03
262.33
83.29
21.23
5.85
MOS
94.03
29.54
9.59
2.67
0.65
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December 15)
and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP have been
determined to not be a major source of loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading across
the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values on the chart.
However, values have been calculated for all reaches under all flow conditions.
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5.8
Reach

Description

Year Listed

ID

Cedar Lake to Elm Creek

06

07020009-521

BLUE EARTH RIVER
Cedar Creek

Stream Reach Status:
Impaired (Listed in
2006) Impairment:
Turbidity.
Category 5a - Impaired
by multiple pollutants
and no TMDL plans
approved.
Contributing
Watershed Size:
52.9 square miles, or
33,858.53 acres
Percentage of GBE
Watershed: 0.5%
Percentage of Blue
Earth Watershed:
3.4%
Additional
Watershed(s) Contributing to
Flow: None.
Number of Minor Watersheds: 6
Municipalities Located within the
Impaired Area:
Located Partially within the
Impaired Reach Watershed:
Trimont, Population 754
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Legend
Counties

Cottonwood
Cottonwood

Watonwan
Watonwan

Open Water
Odin

Developed - Open Space

State Hwy 4

Developed - Low Intensity
Ormsby

Developed - Medium Intensity
Developed - High Intensity
Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest
Mixed Forest
Shrub/Scrub

Jackson
Jackson

Martin
Martin

Grassland/Herbaceous

Trimont

Pasture / Hay

State Hwy 4

Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

0

1.25

2.5

Cedar
NLCD classification
11
21
22
23
24
31
41
43
52
71
82
90
95

5

7.5

10
Miles

Cedar Lake to Elm Creek
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
1,210.71
1,840.97
169.24
44.26
3.78
7.78
249.97
23.80
8.23
189.03
29,344.15
72.72
702.32

Percentage of Land Use
3.6%
5.4%
0.5%
0.1%
0.0%
0.0%
0.7%
0.1%
0.0%
0.6%
86.6%
0.2%
2.1%

Monitoring Location(s) in the Area:
Establishing Agency

Station
Identification

Station Name

Type of
Monitoring

First Year of Data
Last Year of
Collection
Data Collection

MPCA

S001-027

CEDAR RUN CREEK BR AT CSAH9, 4 MI NW OF TRIMONT

STREAM

1985

2002

MPCA

S000-671

CEDAR RUN AT ROAD BTN
S34/35 2.5 MI E OF TRIMONT

STREAM

1980

2002

Permitted Facilities Located within the Contributing Area:
Facility
Trimont WWTP

Permit Number
MN0022071

Type
Permitted

TSS Discharge (tons/day)
0.023

Loading Capacity of the Reach (tons/day):
Blue Earth: Cedar Creek- Cedar Lake to Elm Creek
Total Daily Loading Capacity

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

32.1

10.1

3.3

0.9

0.2

0.02
0.00**
0.00***
0.02
28.8

0.02
0.00**
0.00***
0.02
9.0

0.02
0.00**
0.00***
0.02
2.9

0.02
0.00**
0.00***
0.02
0.8

0.00*
0.00**
0.00***
0.00
0.2

Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities
Construction and Industrial Stormwater(NPDES)
Wasteload Allocation Total
Load Allocation

MOS
3.21
1.01
0.33
0.09
0.02
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December 15)
and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP have been
determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values on
the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to determine MS4
loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading across
the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values on the chart.
However, values have been calculated for all reaches under all flow conditions.
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5.9
Reach

Description

Year Listed

ID

Lily Creek to Blue Earth River

02

07020009-503

BLUE EARTH RIVER
Center Creek

Stream Reach Status:
Impaired (Listed in 2002)
Impairment: Turbidity.
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Contributing Watershed Size:
115.2 square miles, or
73,751.2 acres
Percentage of GBE
Watershed: 3.26%
Percentage of Blue Earth
Watershed: 11.0%
Additional Watershed(s)
Contributing to Flow: Dutch
Creek – Headwaters to Hall
Lake
Number of Minor Watersheds: 9
Municipalities Located within the
Impaired Area:
Granada, Population 317
Located Partially within the
Impaired Reach Watershed:
Fairmont, Population 10,889
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220th
Northrop

Legend
Counties

Granada

260th

Open Water

I-90

Fairmont

Developed - Open Space

I-90

State

Developed - Low Intensity
Developed - Medium Intensity
Martin
Martin

Developed - High Intensity

Faribault
Faribault

Barren Land (Rock, Sand)
Deciduous Forest

210th

Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

0

1.5

3

Center
NLCD classification
11
21
22
23
24
31
41
42
71
81
82
90
95

6

9

12
Miles

Lily to Blue Earth
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Evergreen Forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
3,773.35
5,512.24
1,770.03
509.28
271.54
12.23
372.73
2.22
2,634.70
1,144.66
55,788.06
1,227.83
717.44

Percentage of Land Use
5.1%
7.5%
2.4%
0.7%
0.4%
0.0%
0.5%
0.0%
3.6%
1.6%
75.7%
1.7%
1.0%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

First Year of Data Last Year of Data
Collection
Collection

MPCA

S003-024

CENTER CREEK AT 315TH AVENUE
- 1 MI S OF HUNTLEY

STREAM

1989

2008

MPCA

S000-406

CENTER CREEK AT MN-262 AT
GRANADA

STREAM

1977

2009

MPCA

S000-291

CENTER CREEKBETWEEN S34/35, 1
MILE NE OF FAIRMONT

STREAM

1974

2009

Permitted Facilities Located within the Contributing Area:
Facility

Permit Number

Type

TSS Discharge (tons/day)

Fairmont WTP

MN0045527

Permitted

0.0004

Fairmont WWTP

MN0030112

Permitted

0.487

Fairmont Foods of Minnesota Inc

MN0001996

Permitted

0.008

Granada WWTP

MNG580023

Permitted

0.068

Buffalo Lake Energy LLC

MN0068063

Permitted

0.064

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

103.4

32.5

10.5

2.9

0.7

Wastewater Treatment and Industrial

0.80

0.80

0.80

0.80

0.00*

MS4 Municipalities
Construction and Industrial
Stormwater(NPDES)

2.27

0.72

0.25

0.08

0.02

0.01

0.00***

0.00***

0.00***

0.00***

Wasteload Allocation Total

3.08

1.53

1.06

0.88

0.02

Load Allocation

90.01

27.71

8.44

1.76

0.63

Center - Lily to BE
Total Daily Loading Capacity
Wasteload Allocation

MOS
10.34
3.25
1.05
0.29
0.07
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December 15)
and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP have been
determined to not be a major source of loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading across
the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values on the chart.
However, values have been calculated for all reaches under all flow conditions.
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5.10
Reach

Description

Year Listed

ID

Headwaters to South Fork Elm Creek

10

07020009-523

BLUE EARTH RIVER
Elm Creek

Stream Reach Status:
Impaired (Listed in
2010) Impairment:
Turbidity.

Odin

Windom

Ormsby

Contributing
Watershed Size:
45.5 square miles, or
29,124.4 acres

Trimont

Percentage of GBE
Watershed: 1.3%
Percentage of Blue
Earth Watershed: 1.9%

®

Legend

Cumulative Flow
Percent: No additional
flow areas.

Municipal Boundaries
Impaired Waters
0

Permitted facilities

1

2

4

6

8
Miles

Elm Ck - Hdwtr to S Fk

Number of Minor
Watersheds: 6
R
R ii cc ee
B
B rr oo w
w nn

Municipalities Located within the
Impaired Area: None
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EMMET
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FF aa rr ii bb aa uu ll tt

KOSSUTH

FF rr ee ee bb oo rr nn

WINNEBAGO

Cottonwood
Cottonwood

Legend
Counties
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest

Jackson
Jackson

Mixed Forest
Shrub/Scrub

US Hwy 71

Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

0

1

2

4

6

8
Miles

Elm
NLCD classification
11
21
22
23
24
31
41
43
52
71
82
90
95

Headwaters to South Fork
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
254.86
1,643.27
88.29
19.13
1.33
8.67
93.63
205.05
12.01
437.45
25,996.46
37.36
312.02

Percentage of Land Use
0.9%
5.6%
0.3%
0.1%
0.0%
0.0%
0.3%
0.7%
0.0%
1.5%
89.3%
0.1%
1.1%

Monitoring Location(s) in the Area:
Establishing
Station
Agency
Identification
MPCA

S004-217

Station Name

Type of
Monitoring

First Year of Data
Collection

Last Year of Data
Collection

ELM CREEKAT 890TH ST (1/8 MI W
CR-28-29), 8 MI W OF TRIMONT

STREAM

2001

2008

Permitted Facilities Located within the Contributing Area:
Facility
None applicable.

Permit Number
NA

Type
NA

TSS Discharge (tons/day)
NA

Loading Capacity of the Reach (tons/day):
Elm - Headwaters to South Fork
Total Daily Loading Capacity
Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities
Construction and Industrial Stormwater(NPDES)
Wasteload Allocation Total
Load Allocation

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

27.3

8.6

2.8

0.8

0.2

0.00*
0.00**
0.00***
0.00
24.54

0.00*
0.00**
0.00***
0.00
7.71

0.00*
0.00**
0.00***
0.00
2.50

0.00*
0.00**
0.00***
0.00
0.70

0.00*
0.00**
0.00***
0.00
0.17

MOS
2.73
0.86
0.28
0.08
0.02
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December 15)
and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP have been
determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values on
the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to determine MS4
loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading across
the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values on the chart.
However, values have been calculated for all reaches under all flow conditions.
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5.11
Reach

Description

Year Listed

ID

Headwaters to Elm Creek

10

07020009-524

BLUE EARTH RIVER
Elm Creek - South Fork

Stream Reach Status:
Impaired (Listed in
2010) Impairment:
Turbidity.
Category 5a - Impaired
by multiple pollutants
and no TMDL plans
approved.

Trimont

Contributing
Watershed Size:
29.6 square miles, or
18,947.5 acres

Sherburn
Alpha

Percentage of GBE
Watershed: 0.8

Jackson

Legend

Percentage of Blue
Earth Watershed:
2.9%

Municipal Boundaries
Impaired Waters
0

Permitted Facilities

1

2

®
4

6

8
Miles

S Fk Elm Ck - Hdwtrs to Elm

Cumulative Flow
Percent: No additional flow areas.
R
R ii cc ee
B
B rr oo w
w nn

Number of Minor Watersheds: 3
Municipalities Located within the
Impaired Area:
Located Partially within the Impaired
Reach Watershed:
Jackson, Population 3,501

C
C oo tt tt oo nn w
w oo oo dd

JJ aa cc kk ss oo nn

B
B ll uu ee E
E aa rr tt hh

M
M aa rr tt ii nn

EMMET
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W
W aa ss ee cc aa

W
W aa tt oo nn w
w aa nn

FF aa rr ii bb aa uu ll tt

KOSSUTH

FF rr ee ee bb oo rr nn

WINNEBAGO

Legend
Counties
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity

US Hwy 71

Developed - High Intensity
Barren Land (Rock, Sand)
Jackson
Jackson

Deciduous Forest
Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands

I-90

I-90

Emergent Herbaceous Wetlands
Jackson
Alpha

0

1

2

4

6

8
Miles

South Fork Elm
NLCD classification
11
21
22
23
24
31
41
43
52
71
82
90
95

Headwaters to Elm
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
33.80
1,047.03
73.39
26.69
0.44
6.45
35.14
186.59
21.13
269.76
17,079.59
1.11
131.66

Percentage of Land Use
0.2%
5.5%
0.4%
0.1%
0.0%
0.0%
0.2%
1.0%
0.1%
1.4%
90.3%
0.0%
0.7%

Monitoring Location(s) in the Area:
Establishing
Station
Agency
Identification
MPCA

S004-218

Station Name

Type of
Monitoring

ELM CREEKSF AT 870TH/CSAH-26 (1/4
MI W CR-29) 8 MI W TRIMONT

STREAM

First Year of
Last Year of
Data Collection Data Collection
2001

2008

Permitted Facilities Located within the Contributing Area:
Facility
None applicable.

Permit Number
NA

Type
NA

TSS Discharge (tons/day)
NA

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

17.9

5.6

1.8

0.5

0.1

Wastewater Treatment and Industrial

0.00*

0.00*

0.00*

0.00*

0.00*

MS4 Municipalities

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.00***

0.00***

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.00

0.00

0.00

0.00

0.00

Load Allocation

16.08

5.05

1.64

0.46

0.11

Elm Creek South Fork - Headwaters to Elm
Total Daily Loading Capacity

Wasteload Allocation

MOS
1.79
0.56
0.18
0.05
0.01
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December 15)
and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP have been
determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values on
the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to determine MS4
loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading across
the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values on the chart.
However, values have been calculated for all reaches under all flow conditions.
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5.12
Reach

Description

Year Listed

ID

Elm Creek to Cedar Creek

06

07020009-522

BLUE EARTH RIVER
Elm Creek South Fork

Stream Reach Status:
Impaired (Listed in 2006)
Impairment(s): Turbidity,
Fecal Coliform.
Category 5a - Impaired by
multiple pollutants and
no TMDL plans approved.

Trimont

Contributing Watershed
Size: 59.7 square miles,
or 38,211.4 acres
Welcome

Percentage of GBE
Watershed: 1.7%

Sherburn
Alpha

Percentage of Blue Earth
Watershed: 8.7%

®

Legend
Municipal Boundaries
Impaired Waters

Additional Watershed(s)
Permitted Facilities
Contributing to Flow:
Elm Creek - S Fk Elm to Cedar
South Fork Elm Creek –
Headwaters to Elm Creek
Elm Creek – Headwaters to South Fork
B
B rr oo w
w nn
Elm Creek
Number of Minor Watersheds: 3

C
C oo tt tt oo nn w
w oo oo dd

0

1

2

4

6

8
Miles

R
R ii cc ee

B
B ll uu ee E
E aa rr tt hh

W
W aa ss ee cc aa

W
W aa tt oo nn w
w aa nn

Municipalities Located within the
Impaired Area:
Partially Located in the Project Area:
Trimont, Population 754

JJ aa cc kk ss oo nn

M
M aa rr tt ii nn

EMMET
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FF aa rr ii bb aa uu ll tt

KOSSUTH

FF rr ee ee bb oo rr nn

WINNEBAGO

State Hwy 4

Legend
Counties
Open Water
Developed - Open Space
Developed - Low Intensity
Trimont
Developed - Medium Intensity

State Hwy 4

Developed - High Intensity
Barren Land (Rock, Sand)
Jackson
Jackson

Deciduous Forest

Martin
Martin

Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous

Main

Cultivated Crops

Sherburn

Emergent Herbaceous Wetlands

1.25

2.5

Welcome

120th

Woody Wetlands

0

I-90

I-90

Pasture / Hay

5

Alpha

7.5

50th

10
Miles

Elm
NLCD classification
11
21
22
23
31
41
43
52
71
81
82
90
95

South Fork to Cedar
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Barren land (sand/rock)
Deciduous forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
1,078.16
1,841.64
190.81
30.02
15.12
390.97
782.82
25.35
840.42
442.56
31,166.44
83.40
1,312.57

Percentage of Land Use
2.8%
4.8%
0.5%
0.1%
0.0%
1.0%
2.0%
0.1%
2.2%
1.2%
81.6%
0.2%
3.4%

Monitoring Location(s) in the Area:
Establishing
Station
Agency
Identification

Station Name

Type of
Monitoring

First Year of Data
Collection

Last Year of Data
Collection

MPCA

S004-217

ELM CREEKAT 890TH ST (1/8 MI W
CR-28-29), 8 MI W OF TRIMONT

STREAM

2001

2007

MPCA

S004-218

ELM CREEKSF AT 870TH/CSAH-26
(1/4 MI W CR-29) 8 MI W
TRIMONT

STREAM

2001

2007

MPCA

S001-071

ELM CREEK AT CR-103 6 MI W OF
TRIMONT

STREAM

1986

2006

USGS

05318195

ELM CREEK AT CO. RD. 103 NEAR
TRIMONT, MN

USGS

MPCA

46-0133

BIG TWIN 3 MI S OF TRIMONT

LAKE

1986

2007

MPCA

S004-077

SHEEK WATERSHED OUTLET, 3.5
MI N OF SHERBURN

STREAM

1988

2006

MPCA

S003-020

ELM CREEK AT 185TH ST. - 2.5 MI E
OF TRIMONT

STREAM

2000

2006

Permitted Facilities Located within the Contributing Area:
Facility
Great River Energy

Permit Number
MN0067709

Type
Permitted

TSS Discharge (tons/day)
0.0011

Loading Capacity of the Reach (tons/day):
Blue Earth: Elm Creek – South Fork to Cedar
High Flow

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

81.81

25.70

8.34

2.32

0.57

Wastewater Treatment and Industrial

0.00*

0.00*

0.00*

0.00*

0.00*

MS4 Municipalities

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.01

0.00***

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.01

0.01

0.01

0.01

0.00

Load Allocation

73.61

23.12

7.50

2.09

0.51

conditions
Total Daily Loading Capacity
Wasteload Allocation

MOS
8.18
2.57
0.83
0.23
0.06
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December 15)
and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP have been
determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values on
the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to determine MS4
loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading across
the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values on the chart.
However, values have been calculated for all reaches under all flow conditions.
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5.13
Reach

Description

Year Listed

ID

Cedar Creek to Blue Earth River

06

07020009-502

BLUE EARTH RIVER
Elm Creek

Stream Reach Status:
Impaired (Listed in
2006) Impairment:
Turbidity, Fish IBI, Fecal
Coliform
Category 5a - Impaired
by multiple pollutants
and no TMDL plans
approved.
Contributing
Watershed Size:
69.6 square miles, or
44,570 acres
Percentage of GBE
Watershed: 2%
Percentage of Blue
Earth Watershed: 18%
Additional Watershed(s)
Contributing to Flow:
Cedar Creek- Cedar Lake to
Elm Creek
JD 3 - Headwaters to Elm
Creek
Elm Creek - South Fork to
Cedar
Number of Minor
Watersheds: 7
Municipalities Located
within the Impaired Area:
None
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State Hwy 15
Lewisville

Legend

State Hwy 30

Watonwan
Watonwan

Counties

Blue
Blue Earth
Earth

Open Water
Developed - Open Space
Developed - Low Intensity

Truman

Developed - Medium Intensity
Developed - High Intensity
Barren Land (Rock, Sand)

Winnebago

Deciduous Forest

Northrop

Evergreen Forest
Mixed Forest
Martin
Martin

Shrub/Scrub

Granada

Grassland/Herbaceous

I-90

Welcome

Pasture / Hay

Fairmont

Cultivated Crops

130th

Woody Wetlands
Emergent Herbaceous Wetlands

Faribault
Faribault

0

2

4

8

12

16
Miles

Elm
NLCD classification
11
21
22
23
24
31
41
43
71
81
82
90
95

Cedar to Blue Earth
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Mixed Forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
769.48
3,319.67
169.91
38.25
1.33
34.69
210.38
1.11
1,293.00
294.89
50,544.69
1,762.02
253.53

Percentage of Land Use
1.3%
5.7%
0.3%
0.1%
0.0%
0.1%
0.4%
0.0%
2.2%
0.5%
86.1%
3.0%
0.4%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

First Year of Data Last Year of Data
Collection
Collection

MPCA

S003-022

ELM CREEK AT 260TH AVE - 4
MI NE NORTHRUP

STREAM

1985

2001

MPCA

S001-949

ELM CREEKAT CSAH 53, 4.35
MI N OF GRANADA, MN

STREAM

2002

2005

MPCA

03MN065

ELM CREEK

BIOLOGICAL

2003

2003

MPCA

S003-025

ELM CREEK AT 290TH AVE 4.5 MI NE OF GRANADA

STREAM

2002

2007

MPCA

S000-535

ELM CREEK AT ROAD BTN S4/5
2 MI SW OF WINNEBAGO

STREAM

1978

2006

Permitted Facilities Located within the Contributing Area:
Facility
Northrop WWTP

Permit Number
MN0024384

Type
Permitted

TSS Discharge (tons/day)
0.086

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

169.4

53.2

17.3

4.8

1.2

0.11

0.11

0.11

0.11

0.00*

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.02

0.01

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.13

0.11

0.11

0.11

0.00

152.37

47.79

15.44

4.22

1.06

Blue Earth: Elm Creek - Cedar to BE
Total Daily Loading Capacity
Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities

Load Allocation

MOS
16.94
5.32
1.73
0.48
0.12
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.14
Reach

Description

Year Listed

ID

Headwaters (Fox Lake 46-0109-00) to Center Creek

06

07020009-525

BLUE EARTH RIVER
Lily Creek

Stream Reach Status:
Impaired (Listed in
2006) Impairment(s):
Turbidity, Fecal
Coliform.
Category 5a - Impaired
by multiple pollutants
and no TMDL plans
approved.
Length of Impaired
Reach: 15.6 miles
Contributing
Watershed Size:
39.2 square miles, or
25,064.2 acres
Percentage of GBE
Watershed: 1.1%
Percentage of Blue Earth
Watershed: 2.5%
Additional Watershed(s)
Contributing to Flow: None
Number of Minor
Watersheds: 4
Municipalities Located within
the Impaired Area:
Sherburn, Population 1,082
Partially Located in the
Project Area:
Fairmont, Population 10,889
Welcome, Population 721
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Legend
Trimont

Counties
Open Water

State Hwy 4

Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity

I-90

Barren Land (Rock, Sand)
Deciduous Forest

I-90

Martin
Martin

Sherburn

Evergreen Forest

Welcome

Mixed Forest
Fairmont

Shrub/Scrub
Grassland/Herbaceous

130th

Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
Dunnell

0

1.25

2.5

5

7.5

10
Miles

Lily
NLCD classification
11
21
22
23
24
31
41
43
52
71
81
82
90
95

Headwater to Center
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
1,095.73
2,026.45
555.98
72.50
14.68
6.45
96.52
227.95
12.45
928.27
185.92
19,475.44
26.24
338.04

Percentage of Land Use
4.4%
8.1%
2.2%
0.3%
0.1%
0.0%
0.4%
0.9%
0.0%
3.7%
0.7%
77.7%
0.1%
1.3%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
First Year of Data Last Year of Data
Monitoring
Collection
Collection

MPCA

S003-934

LILY CREEK N OF 140TH STREET,
3.7 MI NW OF FAIRMONT, MN

STREAM

2005

2005

MPCA

S003-001

LILY CREEK AT HUNT FARM - N
BORDER OF FAIRMONT

STREAM

2000

2002

MPCA

S003-023

CENTER CREEK AT GEORGE
LAKE. DAM - FAIRMONT

STREAM

2000

2001

Permitted Facilities Located within the Contributing Area:
Facility
Welcome WWTP
Interstate Power - Fox Lake Station

Permit Number
MN0021296
MN0000957

Type
Permitted
Permitted

TSS Discharge (tons/day)
0.032
0.142

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

23.8

7.5

2.4

0.7

0.2

0.17

0.17

0.17

0.17

0.00*

MS4 Municipalities

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.00***

0.00***

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.18

0.18

0.18

0.18

0.00

Load Allocation

21.24

6.55

2.01

0.43

0.15

Blue Earth: Lily Creek - Lily to center
Total Daily Loading Capacity

Wasteload Allocation
Wastewater Treatment and Industrial

MOS
2.38
0.75
0.24
0.07
0.02
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.

87

5.15
Reach

Description

Year Listed

ID

Headwaters to Hall Lake

06

07020009-527

BLUE EARTH RIVER
Dutch Creek

Stream Reach Status:
Impaired (Listed in
2006) Impairment(s):
Turbidity, Fecal
Coliform.
Category 5a - Impaired
by multiple pollutants
and no TMDL plans
approved.
Contributing Watershed
Size:
17.1 square miles, or
10,949.65 acres
Number of Minor
Watersheds: 1
Percentage of GBE
Watershed: 0.5%
Percentage of Blue Earth
Watershed: 1.1%
Additional Watershed(s)
Contributing to Flow: None
Municipalities Located within
the Impaired Area:
Partially Located in the
Project Area:
Fairmont, Population 10,889
Welcome, Population 721
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Legend
Counties

I-90

Open Water
Developed - Open Space

Welcome

Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren Land (Rock, Sand)
Deciduous Forest

Martin
Martin

Fairmont

Evergreen Forest
Mixed Forest

130th

Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

0 0.5 1

2

3

4
Miles

Dutch
NLCD classification
11
21
22
23
24
31
41
71
81
82
90
95

Headwater to Hall Lake
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
15.57
623.81
18.68
13.34
5.34
2.89
62.27
473.92
1.11
9,649.21
54.93
27.35

Percentage of Land Use
0.1%
5.7%
0.2%
0.1%
0.0%
0.0%
0.6%
4.3%
0.0%
88.1%
0.5%
0.2%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

First Year of Data Last Year of Data
Collection
Collection

MPCA

S001-610

DUTCH CREEK AT LAIR RD, 2
MI SW OF FAIRMONT

STREAM

2000

2001

MPCA

S003-000

DUTCH CREEK AT 100TH ST. 0.5 MILES W OF FAIRMONT

STREAM

2000

2007

MPCA

S001-332

DUTCH CREEK AT CSAH-39 BR
IN FAIRMONT, MN

STREAM

1999

1999

Permitted Facilities Located within the Contributing Area:
Facility
None applicable.

Permit Number
NA

Type
NA

TSS Discharge (tons/day)
NA

Loading Capacity of the Reach (tons/day):
Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

10.34

3.25

1.05

0.29

0.07

0.00*

0.00*

0.00*

0.00*

0.00*

0.05

0.02

0.01

0.00**

0.00**

0.00***

0.00***

0.00***

0.00***

Dutch Creek – Headwaters to Hall Lake
Total Daily Loading Capacity
Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities
Construction and Industrial Stormwater(NPDES)

0.00***

Wasteload Allocation Total

0.05

0.02

0.01

0.00

0.00

Load Allocation

9.25

2.91

0.94

0.26

0.06

MOS
1.03
0.32
0.11
0.03
0.01
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.

Le Sueur - Load Duration Curve Data
The Le Sueur Load data was calculated using the USGS station at the outlet of the Le Sueur River. This
gauging station has collected daily flow values since 1964. Data collected from specific grab samples were
used to calculate loading data specific to the Le Sueur River.
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The table below reflects the calculated loading capacities within the Le Sueur River basin. These values were
then used to calculate the remaining loading capacities for each of the sub-watersheds based on the area of
the impaired reaches/watersheds, including contributing upstream watersheds as necessary.

TSS (tons/day) Loading Capacity for Each Flow Zone
Flow Zone

Capacity
MOS
Allocation

High Flows
696.6
69.7
626.9

Moist
Conditions
192.2
19.2
173.0

Mid-range
60.7
6.1
54.6
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Dry Conditions
18.4
1.8
16.6

Low Flows
3.9
0.4
3.5

Le Sueur Flow Chart
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5.16
Reach
LE SUEUR RIVER
Le Sueur River

Description

Year Listed

ID

Maple River to Blue Earth River

02

07020011-501

Stream Reach Status:
Impaired (Listed in 2002)
Impairment(s): Mercury,
Polychlorinated Biphenyl, and
Turbidity.
Category 5a - Impaired by
multiple pollutants and no TMDL
plans approved.
Length of Impaired Reach: 5.9
miles
Contributing Watershed Size:
9.7 square miles, or 6181.0 acres
Percentage of GBE Watershed:
0.27%
Percentage of Blue Earth
Watershed: 100%
Additional Watershed(s)
Contributing to Flow:
Le Sueur River - Maple River to Blue
Earth River
Le Sueur River - CD 6 to Cobb River
Cobb River - T107 R26W S30, west
line to Le Sueur River
Maple River - Rice Creek to Le Sueur
River
Little Cobb River - Bull Run Creek to
Cobb River
Le Sueur River - Headwater to CD6
Cobb River - South line to Little Cobb
Maple - Rice to Le Sueur
Maple - Minnesota Lake to Rice
Creek
Rice Creek - Headwaters to Maple
CD3 – CD 9 to Maple
Unnamed creek (Little Beauford Ditch) - Headwaters to Cobb River
Municipalities Located within the Impaired Area: None
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Skyline

Legend
Municipal Boundaries
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

0

0.45

0.9

Le Sueur
NLCD classification
11
21
22
23
24
31
41
71
81
82
90
95

1.8

2.7

Ü

3.6
Miles

Maple to Blue Earth
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
194.82
372.06
67.16
24.02
1.56
71.39
934.50
226.17
385.63
3,723.53
36.03
145.89

Percentage of Land Use
3.2%
6.0%
1.1%
0.4%
0.0%
1.2%
15.1%
3.7%
6.2%
60.2%
0.6%
2.4%

Mankato

Monitoring Location(s) in the Area:
Establishing
Station
Agency
Identification

Type of
First Year of Data Last Year of Data
Monitoring
Collection
Collection

Station Name

MPCA

S000-340

LESUEUR R MN-66 1.5 MI NE OF
RAPIDAN

STREAM

USGS

05320500

LE SUEUR RIVER NEAR RAPIDAN,
MN

USGS

USEPA

FLE-1

RAPIDAN

STREAM

MPCA

S004-343

MAPLE R AT CONF. WITH LE
SUEUR R, 5.5 MI S OF MANKATO,
MN

STREAM

1975

2007

2006

2007

Permitted Facilities Located within the Contributing Area:
Facility
None

Permit Number
NA

Type
NA

TSS Discharge (tons/day)
NA

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

696.6

192.2

60.7

18.4

3.9

Wastewater Treatment and Industrial

5.40

5.40

5.40

5.40

0.00

MS4 Municipalities

0.77

0.21

0.07

0.02

0.00

Construction and Industrial Stormwater(NPDES)

0.28

0.08

0.02

0.01

0.00

Wasteload Allocation Total

6.45

5.69

5.49

5.43

0.01

620.50

167.32

49.12

11.17

3.49

Le Sueur - Maple to Blue Earth
Total Daily Loading Capacity

Wasteload Allocation

Load Allocation

MOS
69.7
19.2
6.1
1.8
0.4
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.17
Reach

Description

Year Listed

ID

LE SUEUR RIVER
Little Cobb River

Bull Run Creek to Cobb River

02

07020011-504

Stream Reach Status:
Impaired (Listed in
2002) Impairment(s):
Turbidity, Mercury,
Fish IBI.
Category 5a Impaired by multiple
pollutants and no
TMDL plans
approved.
Length of Impaired
Reach: 16.2 miles
Contributing
Watershed Size:
132.3 square miles, or
84,664.43 acres
Percentage of GBE
Watershed: 3.7%
Percentage of Le Sueur
Watershed: 11.9%
Additional Watershed(s)
Contributing to Flow: None
Number of Minor Watersheds:
10
Municipalities Located within
the Impaired Area:
Pemberton, Population 24
Waldorf, Population 242
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Saint Clair

Legend
Open Water
Developed - Open Space

Pemberton

Developed - Low Intensity
Developed - Medium Intensity
Developed
Developed -- High
High Intensity
Intenisty

Barren Land (Rock, Sand)
Deciduous Forest

Waldorf

Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops

Minnesota Lake

Woody Wetlands
Emergent Herbaceous Wetlands
Municipal Boundaries

0

1.5

3

Little Cobb
NLCD classification
11
21
22
23
24
31
41
71
81
82
90
95

6

9

Ü

12
Miles

Bull Run to Cobb
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
974.75
4,668.71
195.93
18.90
8.90
25.58
526.63
1,736.89
537.75
73,397.62
1,011.00
1,618.58

Percentage of Land Use
1.2%
5.5%
0.2%
0.0%
0.0%
0.0%
0.6%
2.1%
0.6%
86.6%
1.2%
1.9%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

First Year of
Data
Collection

Last Year of
Data
Collection

MPCA

S003-574

LITTLE COBB NEAR CSAH-16, 6.3 MI
W OF PEMBERTON, MN

STREAM

2004

2007

USGS

05320270

LITTLE COBB RIVER NEAR
BEAUFORD, MN

USGS

Permitted Facilities Located within the Contributing Area:
Facility
Waldorf WWTP
Pemberton WWTP

Permit Number
MN0021849
MNG580075

Type
Permitted
Permitted

TSS Discharge (tons/day)
0.012
0.122

Loading Capacity of the Reach (tons/day):
Little Cobb - Bull Run to Cobb

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

Total Daily Loading Capacity

82.8

22.9

7.2

2.2

0.5

0.13

0.13

0.13

0.13

0.00*

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.03

0.01

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.17

0.14

0.14

0.14

0.00

Load Allocation

74.38

20.43

6.36

1.84

0.42

Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities

MOS
8.28
2.29
0.72
0.22
0.05
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.18
Reach
LE SUEUR RIVER
Le Sueur River
Le Sueur River

Description

Year Listed

ID

CD 6 to Cobb River
Cobb River to Maple River

08
10

07020011-507
07020011-506

Stream Reach Status:
Impaired (Listed in 2010)
Impairment(s): Turbidity.
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.

Waterville
Madison Lake

Elysian

North Mankato
Eagle Lake

Mankato
Skyline

Janesville

Contributing Watershed Size:
108.2 square miles, or 69,274.6
acres
Percentage of GBE Watershed:
3.1%

Saint Clair

Good Thunder

Pemberton

Legend

Percentage of Le Sueur
Watershed: 40.4

Municipal Boundaries
Impaired Waters
0 1.25 2.5

Permitted Facilities

Additional Watershed(s)
Contributing to Flow:
Le Sueur – Headwaters to CD 6

®
5

7.5

10
Miles

Le Sueur - CD6 to Cobb

R
R ii cc ee
B
B rr oo w
w nn

Number of Minor Watersheds: 10
Municipalities Located within the
Impaired Area:
Eagle Lake, Population 1787
St. Clair, Population 827
Partially Located in the Project
Area:
Mankato, Population 32,427
Minnesota Lake, Population 681
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W
W aa ss ee cc aa

FF rr ee ee bb oo rr nn

WINNEBAGO

Legend
Open Water

Madison Lake

Developed - Open Space
Developed - Low Intensity

North Mankato

Developed - Medium Intensity

Mankato

Developed - High Intensity
Intenisty

Eagle Lake

Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous

Saint Clair

Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
Municipal Boundaries

Pemberton
0

1.25

2.5

Le Sueur
NLCD classification
11
21
22
23
24
31
41
42
52
71
81
82
90
95

5

7.5

Ü

10
Miles

CD6 to Cobb
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Evergreen Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
2,952.50
4,100.27
1,277.43
344.04
75.84
60.71
2,241.50
43.37
131.21
2,835.07
2,005.54
49,144.95
1,808.06
2,270.19

Percentage of Land Use
4.3%
5.9%
1.8%
0.5%
0.1%
0.1%
3.2%
0.1%
0.2%
4.1%
2.9%
70.9%
2.6%
3.3%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
First Year of Data Last Year of
Monitoring
Collection
Data Collection

MPCA

S003-860

LE SUEUR R AT CSAH-8, 5.1 MI
SSE OF MANKATO, MN

STREAM

2005

2008

MPCA

S003-447

LE SUEUR R AT CSAH-90, 3 MI
SE OF MANKATO, MN

STREAM

2004

2008

MPCA

S003-448

LE SUEUR R AT CSAH 28 IN
SAINT CLAIR, MN

STREAM

2004

2008

Permitted Facilities Located within the Contributing Area:
Facility
St. Clair WWTP

Permit Number

Type

TSS Discharge (tons/day)

MN0024716

Permitted

.026

Loading Capacity of the Reach (tons/day):
Le Sueur - CD6 to Cobb
Total Daily Loading Capacity
Wastewater Treatment and Industrial
MS4 Municipalities
Construction and Industrial Stormwater(NPDES)
Wasteload Allocation Total
Load Allocation
MOS

High Flow
Conditions
281.4

Moist
Conditions
77.6

Midrange
Flows
24.5

Dry
Conditions
7.5

Low Flow
Conditions
1.6

1.38
0.77
0.11
2.26
250.96
28.14

1.38
0.21
0.03
1.62
68.25
7.76

1.38
0.07
0.01
1.46
20.60
2.45

1.38
0.02
0.00***
1.40
5.30
0.75

0.00*
0.00**
0.00***
0.01
1.41
0.16

The Le Sueur - Cobb to Maple impaired reach is within the Le Sueur CD6 to Cobb watershed. However, to
correctly calculate the loading for this individual reach, the loading data from the Cobb River has been
added.

101

Le Sueur – Cobb to Maple
Total Daily Loading Capacity

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

281.4

77.6

24.5

7.5

1.6

Wastewater Treatment and Industrial
2.23
2.23
2.23
2.23
0.00*
MS4 Communities
0.77
0.21
0.07
0.02
0.00**
Construction and Industrial
Stormwater(NPDES)
0.19
0.05
0.02
0.00***
0.00***
Wasteload Allocation Total
3.00
2.44
2.30
2.25
0.00
Load Allocation
250.23
67.43
19.76
4.45
1.41
MOS
28.1
7.8
2.5
0.7
0.2
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.19
Reach
LE SUEUR RIVER
Le Sueur River

Description

Year Listed

ID

Headwaters to CD 6

10

07020011-508

Stream Reach Status:
Impaired (Listed in 2010)
Impairment(s): Turbidity.
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Contributing Watershed
Size:
340.9 square miles, or
218,207.5 acres
Percentage of GBE
Watershed: 9.6%
Percentage of Le Sueur
Watershed: 30.7%

®

Legend
Impaired Waters
0

Permitted Facilities

Additional Watershed(s)
Contributing to Flow: None

Partially Located in the Project Area:
Elysian, Population 486
Waseca, Population 8,493

4

8

12

16
Miles

LeSueur R - Hdwtrs to CD6

Number of Minor Watersheds: 27
Municipalities Located within the
Impaired Area:
New Richland, Population 1,197
Janesville, Population 2,109
Hartland, Population 228

2
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WINNEBAGO

Madison Lake

Legend

Elysian

Waterville

Morristown

Eagle Lake

Open Water

Developed - Low Intensity

Owatonna

Janesville

Developed - Open Space

Saint Clair

Waseca

Developed - Medium Intensity
Developed -- High
High Intensity
Intenisty
Developed
Barren Land (Rock, Sand)

Pemberton

Deciduous Forest
Evergreen Forest
Mixed Forest

Waldorf

Shrub/Scrub
Grassland/Herbaceous

New Richland

Pasture / Hay

Ellendale

Cultivated Crops

Minnesota Lake

Woody Wetlands
Emergent Herbaceous Wetlands

Hartland

Municipal Boundaries

Freeborn

Clarks Grove

Wells
0

2

4

Le Sueur
NLCD classification
11
21
22
23
24
31
41
42
43
52
71
81
82
90
95

8

12

Ü

16
Miles

Headwater to CD6
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
3,784.91
12,135.79
1,687.30
361.83
135.88
63.38
3,472.23
114.53
11.79
282.44
5,335.00
5,755.32
178,654.43
3,685.95
2,835.74

Percentage of Land Use
1.7%
5.6%
0.8%
0.2%
0.1%
0.0%
1.6%
0.1%
0.0%
0.1%
2.4%
2.6%
81.8%
1.7%
1.3%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

First Year of
Data
Collection

Last Year of
Data Collection

MPCA

S000-657

LESUEUR R AT CSAH-33 6 MI S
OF JANESVILLE

STREAM

1980

2008

MPCA

S000-295

LE SUEUR RIVER CSAH-9 BY
WASECA

STREAM

1974

2008

Permitted Facilities Located within the Contributing Area:
Facility
Hartland WWTP
New Richland WWTP
Waseca WWTP
Janesville WWTP
Guardian Energy

Permit Number
MNG580102
MNG550019
MN0020796
MNG580025
MN0068331

Type
Permitted
Permitted
Permitted
Permitted
Permitted

TSS Discharge (tons/day)
0.074
0.075
0.437
0.641
0.129

Loading Capacity of the Reach (tons/day):
Le Sueur - Headwaters to CD6

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

Total Daily Loading Capacity

214.4

59.2

18.7

5.7

1.2

Wastewater Treatment and Industrial

1.36

1.36

1.36

1.36

0.00*

MS4 Municipalities

0.42

0.12

0.04

0.01

0.00**

Construction and Industrial Stormwater(NPDES)

0.09

0.02

0.01

0.00***

0.00***

Wasteload Allocation Total

1.86

1.50

1.40

1.37

0.00

191.06

51.74

15.40

3.74

1.07

Wasteload Allocation

Load Allocation

MOS
21.44
5.92
1.87
0.57
0.12
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.20
Reach
LE SUEUR RIVER
Cobb River

Description

Year Listed

ID

T107 R26W S30, west line to Le Sueur River

08

07020011-556

Stream Reach Status:
Impaired (Listed in 2008)
Impairment(s):
Category 5a - Impaired by
multiple pollutants and no TMDL
plans approved.

Lake Crystal
Saint Clair

Good Thunder

Percentage of GBE Watershed:
0.7%

Pemberton

Vernon Center

Percentage of Le Sueur
Watershed: 28.0%
Contributing Watershed Size:
25.5 square miles, or 16,351.9
acres

Mapleton

Legend
Municipal Boundaries
Impaired Waters
0

Permitted Facilities

Additional Watershed(s)
Contributing to Flow:
Cobb - South line to Little Cobb
Beauford Ditch - Headwater to
Cobb
Little Cobb - Bull Run to Cobb

1

2

®
4

6

8
Miles

Cobb R - W. line to Le Sueur
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Number of Minor Watersheds: 2
Municipalities Located within the
Impaired Area: None
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WINNEBAGO

Legend
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed -- High
High Intensity
Intenisty

Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
Municipal Boundaries

0 0.5 1

2

Cobb
NLCD classification
11
21
22
23
24
31
41
42
71
81
82
90
95

3

Ü

4
Miles

West Line to Le Sueur
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Evergreen Forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

107

Acres
1.11
839.09
35.58
4.89
2.45
20.24
670.74
1.33
578.22
147.89
12,648.63
1,316.12
95.85

Percentage of Land Use
0.0%
5.1%
0.2%
0.0%
0.0%
0.1%
4.1%
0.0%
3.5%
0.9%
77.3%
8.0%
0.6%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
First Year of Data Last Year of
Monitoring
Collection
Data Collection

MPCA

S003-446

COBB R AT CSAH-16, 4.4 MI
NE OF GOOD THUNDER, MN

STREAM

2004

2008

Permitted Facilities Located within the Contributing Area:
Facility
None applicable

Permit Number
NA

Type
NA

TSS Discharge (tons/day)
NA

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

195.0

53.8

17.0

5.2

1.1

0.85
0.00**

0.85
0.00**

0.85
0.00**

0.85
0.00**

0.00*
0.00**

0.08

0.02

0.01

0.00***

0.00***

Wasteload Allocation Total

0.93

0.87

0.86

0.85

0.00

Load Allocation

174.6

47.6

14.4

3.8

1.0

Cobb - To Le Sueur
Total Daily Loading Capacity
Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities
Construction and Industrial
Stormwater(NPDES)

MOS
19.50
5.38
1.70
0.52
0.11
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.21
Reach

Description

Year Listed

ID

LE SUEUR RIVER
Cobb River

T104 R23W S34, south line to Little Cobb River

10

07020011-568

Stream Reach Status:
Impaired (Listed in 2010)
Impairment(s): Turbidity
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.

New Richland

Minnesota Lake

Percentage of GBE
Watershed: 4.1%
Percentage of Le Sueur
Watershed: 13%
Additional Watershed(s)
Contributing to Flow: None

Waldorf

Mapleton

Hartland
Delavan

Easton

Freeborn
Wells
Manchester
Albert Lea

®

Legend
Municipal Boundaries

Contributing Watershed
Size: 144.7 square miles, or
92,584.8 acres

Impaired Waters
0 1.252.5

Permitted Facilities

5

7.5

10
Miles

Cobb - S Line to Little Cobb

Number of Minor Watersheds: 10
Municipalities Located within the
Impaired Area:
Freeborn, Population 305
Partially Located in the Project
Area:
Mapleton, Population 1,678
Minnesota Lake, Population 681
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Pemberton

Legend
Open Water
Developed - Open Space
Developed - Low Intensity

Waldorf

Mapleton

Developed - Medium Intensity
Developed
- High Intensity
Developed
- High Intenisty

New Richland

Barren Land (Rock, Sand)
Deciduous Forest

Minnesota Lake

Evergreen Forest
Mixed Forest

Hartland

Shrub/Scrub
Grassland/Herbaceous

Easton

Pasture / Hay

Freeborn
Wells

Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
Municipal Boundaries

Alden

Ü

00.51 2 3 4
Miles

Cobb
NLCD classification
11
21
22
23
24
31
41
71
81
82
90
95

South line to Little Cobb
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
2,550.63
5,172.43
494.60
83.84
28.24
24.02
457.91
1,725.55
863.55
78,259.36
1,716.43
1,268.75

Percentage of Land Use
2.8%
5.6%
0.5%
0.1%
0.0%
0.0%
0.5%
1.9%
0.9%
84.5%
1.9%
1.4%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

MPCA

S004-300

MPCA COBB R (AKA BIG COBB R)
AT CSAH-3 BRG 5 MI NE
MINNESOTA LAKE

STREAM

First Year of
Last Year of
Data Collection Data Collection
2006

2008

Permitted Facilities Located within the Contributing Area:
Facility
Freeborn WWTP
Mapleton WWTP

Permit Number
MNG580018
MN0021172

Type
Permitted
Permitted

TSS Discharge (tons/day)
0.046
0.671

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

90.6

25.0

7.9

2.4

0.5

0.72

0.72

0.72

0.72

0.00*

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.04

0.01

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.75

0.73

0.72

0.72

0.00

Load Allocation

80.75

21.76

6.38

1.44

0.45

Cobb - S line to Little Cobb
Total Daily Loading Capacity
Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities

MOS
9.06
2.50
0.79
0.24
0.05
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.22
Reach

Description

Year Listed

ID

LE SUEUR RIVER
Maple River

Rice Creek to Le Sueur River

8

07020011-534

Stream Reach Status:
Impaired (Listed in 2008)
Impairment(s): Turbidity
Category 5a - Impaired by multiple
pollutants and no TMDL plans
approved.

Lake Crystal
Saint Clair
Madelia

Good Thunder

Pemberton

Vernon Center
Lewisville

Mapleton

Percentage of GBE Watershed: 1.8%
Amboy

Percentage of Le Sueur Watershed:
30.8%
Contributing Watershed Size:
64.2 square miles, or 41,062.2 acres

Minnesota Lake

Truman

Legend
Municipal Boundaries
Impaired Waters

Additional Watershed(s)
Contributing to Flow:
Maple - Minnesota Lake to Rice Creek
Rice Creek - Headwaters to Maple
CD3 - CD9 to Maple

0 1.5

Permitted Facilities

3

®
6

9

12
Miles

Maple - Rice Ck to Le Sueur
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Number of Minor Watersheds: 4

C
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Municipalities Located within the
Impaired Area:
Amboy, Population 575
Good Thunder, Population 592
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Lake Crystal

Legend
Open Water
Developed - Open Space
Developed - Low Intensity

Good Thunder

Developed - Medium Intensity
Developed
Developed -- High
High Intensity
Intenisty

Barren Land (Rock, Sand)

Vernon Center

Deciduous Forest
Evergreen Forest
Mixed Forest

Mapleton

Shrub/Scrub
Grassland/Herbaceous

Amboy

Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
Municipal Boundaries

0 1.25 2.5

5

Maple
NLCD classification
11
21
22
23
24
31
41
42
71
81
82
90
95

7.5

Ü

10
Miles

Rice Creek to Le Sueur
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Evergreen Forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
72.06
2,270.19
221.50
36.47
23.13
60.27
724.34
6.67
1,048.59
301.57
34,110.26
1,931.93
281.99

Percentage of Land Use
0.2%
5.5%
0.5%
0.1%
0.1%
0.1%
1.8%
0.0%
2.6%
0.7%
83.0%
4.7%
0.7%

Monitoring Location(s) in the Area:
Establishing
Station
Agency
Identification

Type of First Year of Data Last Year of
Monitoring
Collection
Data Collection

Station Name

MPCA

S002-430

MAPLE R .2 MI SW OF TOWNSHIP RD
531 .9 MI SE OF GOOD THUNDER

STREAM

2003

2008

MPCA

S002-435

MAPLE R AT TOWNSHIP RD-96, 2 MI
NE OF GOOD THUNDER, MN

STREAM

2003

2008

Permitted Facilities Located within the Contributing Area:
Facility
Good Thunder WWTP
Amboy WWTP

Permit Number
MNG580206
MN0022624

Type
Permitted
Permitted

TSS Discharge (tons/day)
0.133
0.036

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

214.4

59.2

18.7

5.7

1.2

3.16

3.16

3.16

3.16

0.00*

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.09

0.02

0.01

0.00***

0.00***

Wasteload Allocation Total

3.24

3.18

3.16

3.16

0.00

189.68

50.06

13.64

1.95

1.08

Maple - Rice to Le Sueur
Total Daily Loading Capacity
Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities

Load Allocation

MOS
21.44
5.92
1.87
0.57
0.12
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.23
Reach

Description

Year Listed

ID

LE SUEUR RIVER
Rice Creek

Headwaters to Maple River

10

07020011-531

Stream Reach
Status:
Impaired (Listed in
2010)
Impairment(s):
Turbidity
Category 5a Impaired by
multiple pollutants
and no TMDL plans
approved.

Mapleton
Amboy

Minnesota Lake

Delavan

Winnebago

Easton

Percentage of GBE
Watershed: 2.3%
Percentage of Le
Sueur Watershed:
7.3%

Legend
Municipal Boundaries
Impaired Waters

Additional
Watershed(s)
Contributing to
Flow: None

0 1.25 2.5

Permitted Facilities

®
5

7.5

10
Miles

Rice Ck - Hdwtr to Maple

Contributing Watershed Size:
81.6 square miles, or 52,219.8 acres
C
C oo tt tt oo nn w
w oo oo dd

Number of Minor Watersheds: 4
Municipalities Located within the
Impaired Area:
Delavan, Population 223
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Partially Located in the Project
Area:
Winnebago, Population 1,487
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Mapleton

Legend

Amboy

Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed
Developed -- High
HighIntensity
Intenisty

Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest
Mixed Forest
Shrub/Scrub

Delavan

Winnebago

Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
Municipal Boundaries

0

1

2

Rice
NLCD classification
11
21
22
23
24
31
41
71
81
82
90
95

4

6

Ü

8
Miles

Headwater to Maple
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
2,237.06
2,747.45
118.76
23.35
5.56
10.45
240.85
1,371.72
132.77
43,054.92
1,180.24
1,125.98

Percentage of Land Use
4.3%
5.3%
0.2%
0.0%
0.0%
0.0%
0.5%
2.6%
0.3%
82.4%
2.3%
2.2%

Easton

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
First Year of
Last Year of
Monitoring Data Collection Data Collection

MPCA

S002-431

RICE CREEK AT CR-151 .9 MI SE OF
STERLING CENTER, MN

STREAM

2003

2008

Permitted Facilities Located within the Contributing Area:
Facility
Delavan WWTP

Permit Number
MNG580109

Type
Permitted

TSS Discharge (tons/day)
.076

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

50.9

14.0

4.4

1.3

0.3

0.08

0.08

0.08

0.08

0.00*

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.02

0.01

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.10

0.08

0.08

0.08

0.00

Load Allocation

45.67

12.55

3.91

1.14

0.26

Rice Creek - Headwaters to Maple
Total Daily Loading Capacity

Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities

MOS
5.09
1.40
0.44
0.13
0.03
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.24
Reach

Description

Year Listed

ID

LE SUEUR RIVER
Maple River

Minnesota Lake outlet to Rice Creek

10

07020011-535

Stream Reach Status:
Impaired (Listed in 2010)
Impairment(s): Turbidity
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Percentage of GBE
Watershed: 3.6%

Vernon Center
Waldorf

Mapleton

New Richland

Amboy

Minnesota Lake

Winnebago

Delavan

Easton

Freeborn
Wells

Percentage of Le Sueur
Watershed: 11.5%
Additional Watershed(s)
Contributing to Flow: None

Legend
Municipal Boundaries
Impaired Waters
0

Permitted Facilities

Contributing Watershed Size:
128.1 square miles, or
82,000.5 acres

1.5

3

®
6

9

12
Miles

Maple_MnLaketoRiceCk

R
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Number of Minor Watersheds: 11
Municipalities Located within the
Impaired Area:
Wells, Population 2,494
Partially Located in the Project
Area:
Mapleton, Population 1,678
Minnesota Lake, Population 681
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Good Thunder

Pemberton

Legend
Open Water
Developed - Open Space

Waldorf

Mapleton

Developed - Low Intensity
Developed - Medium Intensity
Developed -- High
Developed
High Intensity
Intenisty

Barren Land (Rock, Sand)
Deciduous Forest

Minnesota Lake

Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous

Delavan

Easton

Pasture / Hay

Wells

Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
Municipal Boundaries

0 1.25 2.5

5

Maple
NLCD classification
11
21
22
23
24
31
41
42
71
81
82
90
95

7.5

Ü

10
Miles

Minnesota Lake to Rice Creek
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Evergreen Forest
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
1,741.56
4,593.98
618.70
143.44
59.38
6.23
362.06
2.45
1,464.24
142.33
70,752.02
1,059.48
1,111.08

Percentage of Land Use
2.1%
5.6%
0.8%
0.2%
0.1%
0.0%
0.4%
0.0%
1.8%
0.2%
86.2%
1.3%
1.4%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
First Year of Data
Last Year of
Monitoring
Collection
Data Collection

MPCA

S000-296

MAPLE RIVER CSAH-21 NE OF
EASTON

STREAM

1974

2008

Permitted Facilities Located within the Contributing Area:
Facility
Wells-Easton-Minnesota Lake WWTP

Permit Number
MN0025224

Type
Permitted

TSS Discharge (tons/day)
2.91

Loading Capacity of the Reach (tons/day):
Maple - Minnesota Lake to Rice Creek
Total Daily Loading Capacity

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

80.1

22.1

7.0

2.1

0.4

2.91

2.91

2.91

0.00*

0.00*

0.00**

0.00**

0.00**

0.00**

0.00**

Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities
Construction and Industrial Stormwater(NPDES)

0.03

0.01

0.00***

0.00***

0.00***

Wasteload Allocation Total

2.94

2.92

2.91

0.00

0.00

Load Allocation

69.16

16.98

3.37

1.08

0.40

MOS
8.01
2.21
0.70
0.21
0.04
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.25
Reach

Description

Year Listed

ID

LE SUEUR RIVER
County Ditch 3

CD 9 to Maple River

10

07020011-552

Stream Reach Status:
Impaired (Listed in 2010)
Impairment(s): Turbidity
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.

Minnesota Lake

Delavan

Easton

Percentage of GBE
Watershed: 1.9%

Wells

Percentage of Le Sueur
Watershed: 6.5%
Additional Watershed(s)
Contributing to Flow: None

®

Legend
Municipal Boundaries
Impaired Waters

Contributing Watershed
Size: 68.4 square miles, or
43,763.6 acres

0

Permitted Facilities

1

2

4

6

8
Miles

CD3_CD9toMapleR

R
R ii cc ee
B
B rr oo w
w nn

Number of Minor Watersheds: 6
Municipalities Located within the
Impaired Area:
Easton, Population 214
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WINNEBAGO

Legend
Open Water

Minnesota Lake

Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Intenisty
Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest

Delavan

Easton

Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
Municipal Boundaries

0

1

2

CD3
NLCD classification
11
21
22
23
24
31
41
71
82
90
95

4

6

Ü

8
Miles

CD6 to Cobb
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Barren land (sand/rock)
Deciduous forest
Grassland/Herbaceous
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
22.68
2,379.61
141.22
28.47
7.56
3.78
394.08
524.18
40,132.01
35.81
125.87

Percentage of Land Use
0.1%
5.4%
0.3%
0.1%
0.0%
0.0%
0.9%
1.2%
91.6%
0.1%
0.3%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

MPCA

S000-296

MAPLE RIVER CSAH-21
NE OF EASTON

STREAM

First Year of Data Last Year of Data
Collection
Collection
1974

2008

Permitted Facilities Located within the Contributing Area:
Facility
None Applicable

Permit Number
NA

Type
NA

TSS Discharge (tons/day)
NA

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

45.3

12.5

3.9

1.2

0.3

Wastewater Treatment and Industrial

0.00*

0.00*

0.00*

0.00*

0.00*

MS4 Municipalities

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.02

0.01

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.02

0.01

0.00

0.00

0.00

Load Allocation

40.73

11.24

3.55

1.08

0.23

CD3 - CD9 to Maple
Total Daily Loading Capacity

Wasteload Allocation

MOS
4.53
1.25
0.39
0.12
0.03
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.26
Reach

Description

Year Listed

LE SUEUR RIVER
Unnamed creek (Little Beauford Ditch)

Headwaters to Cobb River

02

Stream Reach Status:
Impaired (Listed in 2002)
Impairment(s): Turbidity,
Mercury, PCB, and Fecal
Coliform
Category 5a - Impaired by
multiple pollutants and
no TMDL plans approved.
Length of Impaired
Reach: 3.0 miles
Contributing Watershed
Size: 8.6 square miles, or
5,530.8 acres
Percentage of GBE
Watershed: 0.2%
Percentage of Le Sueur
Watershed: 0.8%
Additional Watershed(s)
Contributing to Flow: None
Number of Minor
Watersheds: 1
Municipalities Located
within the Impaired Area:
None
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ID
07020011-503

Legend
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed - High Intensity
Intenisty
Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
Municipal Boundaries

0

0.375 0.75

Beauford Ditch
NLCD classification
11
21
22
41
71
82
90
95

1.5

2.25

3
Miles

Headwaters to Cobb
CATEGORY
Open Water
Developed - Open Space
Developed - Low Intensity
Deciduous forest
Grassland/Herbaceous
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
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Acres
8.45
324.03
11.79
82.73
82.06
4,975.39
32.25
17.12

Percentage of Land Use
0.2%
5.9%
0.2%
1.5%
1.5%
89.9%
0.6%
0.3%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

MPCA

S001-210

UNN TRIB TO BIG COBB R,
SH22 .5 MI N BEAUFORD

STREAM

USGS

05320300

COBB RIVER TRIBUTARY
NEAR MAPLETON, MN

USGS

MPCA

91MN104

TRIBUTARY TO BIG COBB
RIVER

BIOLOGICAL

First Year of
Last Year of Data
Data Collection
Collection
1998

2007

1991

1991

Permitted Facilities Located within the Contributing Area:
Facility
Not applicable

Permit Number
NA

Type
NA

TSS Discharge (tons/day)
NA

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

5.4

1.5

0.5

0.1

0.0

Wastewater Treatment and Industrial

0.00*

0.00*

0.00*

0.00*

0.00*

MS4 Municipalities

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.00***

0.00***

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.00

0.00

0.00

0.00

0.00

Load Allocation

4.89

1.35

0.43

0.13

0.03

Beauford Ditch - Headwaters to Cobb
Total Daily Loading Capacity

Wasteload Allocation

MOS
0.54
0.15
0.05
0.01
0.00
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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Watonwan River Duration Curve Data:
The Watonwan Load data was calculated using the USGS station at the outlet of the Watonwan River basin.
This gauging station has collected daily flow values since 1964. Data collected from specific grab samples
were used to calculate loading data specific to the Watonwan River.

Load Duration Curve
100000
10000

TSS (Tons/day)

1000
100

Load
Sample
s
April June

10
1
0.1
High
Flows

0.01
0.00%

Moist
Conditions
20.00%

Dry

Mid40.00%

60.00%
Percent

Low

80.00%

100.00%

The table below reflects the calculated loading capacities within the Watonwan River basin. These values
were then used to calculate the remaining loading capacities for each of the sub-watersheds based on the
area of the impaired reaches/watersheds, including contributing upstream watersheds as necessary.

TSS (tons/day) Loading Capacity for Each Flow Zone
Flow Zone

Capacity
MOS
Allocation

High Flows
419.9
42.0
377.9

Moist
Conditions
114.1
11.4
102.7

Mid-range
36.2
3.6
32.5
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Dry Conditions
10.2
1.0
9.2

Low Flows
2.1
0.2
1.9
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5.27
Reach

Description

Year Listed

ID

WATONWAN RIVER
Watonwan River

Headwaters to North Fork Watonwan River

06

07020010-514

Stream Reach Status:
Impaired (Listed in 2006)
Impairment(s):Turbidity,
Fish IBI and Fecal Coliform
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Contributing Watershed
Size: 122.4 square miles, or
78,360.88 acres
Percentage of GBE
Watershed: 2.1%
Percentage of Watonwan
Watershed: 8.6%
Additional Watershed(s)
Contributing to Flow: None
Number of Minor Watersheds: 7
Municipalities Located within the
Impaired Area:
Darfur, Population 137
Located partially in the impaired
reach watershed:
Mountain Lake, Population 2,082
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Springfield
Sanborn

Legend
Municipal Boundaries
Open Water
Developed - Open Space

Comfrey

Developed - Low Intensity
Developed
Intensity
Developed -- High
Medium
Intensity

Jeffers

Darfur

Developed - High Intenisty
Barren Land (Rock, Sand)
Deciduous Forest

Saint James

Evergreen Forest

Butterfield

Mixed Forest

Mountain Lake

Shrub/Scrub

Bingham Lake

Grassland/Herbaceous
Pasture / Hay

Windom

Odin
Ormsby

Cultivated Crops

Wilder

Woody Wetlands
Emergent Herbaceous Wetlands

Trimont
0

2

4

8

12

16
Miles

Watonwan - Headwater to North Fork
NLCD classification
CATEGORY
11
Open Water
21
Developed - Open Space
22
Developed - Low Intensity
23
Developed - Medium Intensity
24
Developed - High Intensity
31
Barren land (sand/rock)
41
Deciduous forest
52
Shrub/Scrub
71
Grassland/Herbaceous
81
Pasture/Hay
82
Cultivated Crops
90
Woody Wetlands
95
Emergent Herbaceous Wetlands
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Acres
966.52
4,473.44
443.23
123.87
19.57
33.80
373.62
42.48
1,074.38
459.24
68,697.55
123.43
1,509.83

Percentage of Land Use
1.2%
5.7%
0.6%
0.2%
0.0%
0.0%
0.5%
0.1%
1.4%
0.6%
87.7%
0.2%
1.9%

Monitoring Location(s) in the Area:
Establishing
Station
Agency
Identification

Type of
First Year of
Last Year of
Monitoring Data Collection Data Collection

Station Name

MPCA

S001-748

WATONWAN R AT CREEK 124, 1.2 MI
SW OF DARFUR, MN

STREAM

2001

2008

MPCA

S002-252

WATONWAN R ON UNN RD, 1 MI W
OF CSAH-4, 4.5 MI W OF LASALLE

STREAM

2000

2002

Permitted Facilities Located within the Contributing Area:
Facility
Delft Sanitary District WWTP
Mountain Lake WTP
Mountain Lake WWTP
Milk Specialties

Permit Number
MN0066541
MN0002763
MNG580035
MN0066036

Type
Permitted
Permitted
Permitted
Permitted

TSS Discharge (tons/day)
0.0007
0.006
0.771
0.009

Loading Capacity of the Reach (tons/day):
Watonwan - Headwaters to North Fork
Total Daily Loading Capacity
Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities
Construction and Industrial Stormwater(NPDES)
Wasteload Allocation Total
Load Allocation

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

58.6

15.9

5.0

1.4

0.3

0.79
0.00**
0.01
0.80
51.92

0.79
0.00**
0.00***
0.79
13.54

0.79
0.00**
0.00***
0.79
3.76

0.79
0.00**
0.00***
0.79
0.50

0.00*
0.00**
0.00***
0.00
0.27

MOS
5.86
1.59
0.50
0.14
0.03
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.28
Reach

Description

Year Listed

ID

WATONWAN RIVER
Watonwan River

North Fork Watonwan River to Butterfield Creek

06

07020010-512

Stream Reach Status:
Impaired (Listed in 2006)
Impairment(s):Turbidity
and Fecal Coliform
Category 5a - Impaired by
multiple pollutants and
no TMDL plans approved.
Contributing Watershed
Size: 11.3 square miles, or
7,220.8 acres
Percentage of GBE
Watershed: 0.3%
Percentage of Watonwan
Watershed: 23.8%
Additional Watershed(s)
Contributing to Flow:
Watonwan River -Headwaters
to North Fork Watonwan
River
Watonwan River, North Fork Headwaters to Watonwan
River
Number of Minor
Watersheds: 1
Watonwan River (31040)
Municipalities Located within
the Impaired Area:
La Salle, Population 90
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Legend
Municipal Boundaries
Open Water
Developed - Open Space
Developed - Low Intensity
Developed
Intensity
Developed -- High
Medium
Intensity

Developed - High Intenisty
Barren Land (Rock, Sand)
Deciduous Forest

La Salle

Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

0 0.45 0.9

1.8

2.7

Ü

3.6
Miles

Watonwan - North Fork to Butterfield
NLCD classification
CATEGORY
11
Open Water
21
Developed - Open Space
22
Developed - Low Intensity
23
Developed - Medium Intensity
24
Developed - High Intensity
31
Barren land (sand/rock)
41
Deciduous forest
71
Grassland/Herbaceous
81
Pasture/Hay
82
Cultivated Crops
90
Woody Wetlands
95
Emergent Herbaceous Wetlands
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Acres
20.02
406.09
65.61
22.68
3.78
1.33
84.95
5.78
47.15
6,048.21
168.80
346.49

Percentage of Land Use
0.3%
5.6%
0.9%
0.3%
0.1%
0.0%
1.2%
0.1%
0.7%
83.8%
2.3%
4.8%

Monitoring Location(s) in the Area:
Establishing
Station
Agency
Identification

Station Name

Type of
Monitoring

First Year of
Last Year of
Data Collection Data Collection

MPCA

S002-253

WATONWAN R ON CR-16, 1 MI SE OF
LASALLE

STREAM

2000

2002

MPCA

S002-252

WATONWAN R ON UNN RD, 1 MI W
OF CSAH-4, 4.5 MI W OF LASALLE

STREAM

2000

2002

Permitted Facilities Located within the Contributing Area:
Facility
La Salle WWTP

Permit Number
MN0067458

Type
Permitted

TSS Discharge (tons/day)
0.002

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

99.9

27.1

8.6

2.4

0.5

0.79

0.79

0.79

0.79

0.00*

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.01

0.00***

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.81

0.80

0.79

0.79

0.00

Load Allocation

89.10

23.63

6.95

1.39

0.46

Watonwan - North Fork to Butterfield
Total Daily Loading Capacity
Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities

MOS
9.99
2.71
0.86
0.24
0.05
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.29
Reach

Description

Year Listed

ID

WATONWAN RIVER
Watonwan River

Butterfield Creek to South Fork Watonwan River

06

07020010-511

Stream Reach Status:
Impaired (Listed in 2006)
Impairment(s):Turbidity
and Fecal Coliform
Category 5a - Impaired
by multiple pollutants
and no TMDL plans
approved.
Contributing Watershed
Size:
102.4 square miles, or
65,545.9 acres
Percentage of
Watonwan Watershed:
48.9%
Additional Watershed(s)
Contributing to Flow:
Watonwan River - North Fork
Watonwan River to Butterfield
Creek
Watonwan River - Headwaters
to North Fork Watonwan River
Watonwan River, North Fork Headwaters to Watonwan
River
Butterfield Creek - Headwaters
to St. James Creek
St. James Creek - Headwaters
to Kansas Lake
Municipalities Located within
the Impaired Area:
Located Partially in the
Impaired Reach Watershed:
St. James, Population: 4,695
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Legend
Municipal Boundaries
Open Water

Hanska

Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed
- High Intenisty
Developed
- High Intensity
Barren Land (Rock, Sand)

La Salle
Darfur

Deciduous Forest
Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous

Saint James

Pasture / Hay
Cultivated Crops

Butterfield

Woody Wetlands
Emergent Herbaceous Wetlands

0 1.25 2.5

5

7.5

Ü

10
Miles

Watonwan - Butterfield to South Fork
NLCD classification
CATEGORY
11
Open Water
21
Developed - Open Space
22
Developed - Low Intensity
23
Developed - Medium Intensity
24
Developed - High Intensity
31
Barren land (sand/rock)
41
Deciduous forest
71
Grassland/Herbaceous
81
Pasture/Hay
82
Cultivated Crops
90
Woody Wetlands
95
Emergent Herbaceous Wetlands
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Acres
2,265.97
3,273.63
808.18
290.89
78.50
38.47
534.41
205.05
296.23
54,223.74
334.92
3,212.25

Percentage of Land Use
3.5%
5.0%
1.2%
0.4%
0.1%
0.1%
0.8%
0.3%
0.5%
82.7%
0.5%
4.9%

Monitoring Location(s) in the Area:
Establishing
Station
Agency
Identification
MPCA

S002-894

Type of
First Year of
Last Year of
Monitoring Data Collection Data Collection

Station Name

UNN MOUNTAIN L OUTLET AT CSAH9
STREAM
DAM, N OF MOUNTAIN LAKE

1991

1991

Permitted Facilities Located within the Contributing Area:
Facility
Butterfield WWTP
St. James WWTP

Permit
Number
MN0022977
MN0024759

Type
Permitted
Permitted

TSS Discharge (tons/day)
0.518
0.370

Loading Capacity of the Reach (tons/day):
Watonwan - Butterfield to South Fork
Total Daily Loading Capacity

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

201.0

54.6

17.3

4.9

1.0

Wasteload Allocation
Wastewater Treatment and Industrial
1.68
1.68
1.68
1.68
0.00*
MS4 Municipalities
0.00**
0.00**
0.00**
0.00**
0.00**
Construction and Industrial Stormwater(NPDES)
0.03
0.01
0.00***
0.00***
0.00***
Wasteload Allocation Total
1.71
1.69
1.68
1.68
0.00
Load Allocation
179.20
47.46
13.90
2.71
0.92
MOS
20.10
5.46
1.73
0.49
0.10
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.30
Reach

Description

Year Listed

ID

WATONWAN RIVER
Watonwan River

South Fork Watonwan River to Perch Creek

08

07020010-510

Stream Reach Status:
Impaired (Listed in 2008)
Impairment(s):Turbidity
and Fecal Coliform
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Contributing Watershed
Size: 87.2 square miles, or
55,809.1 acres
Percentage of GBE
Watershed: 2.46%
Percentage of Watonwan
Watershed: 77.7%
Additional Watershed(s)
Contributing to Flow:
Watonwan River - North Fork
Watonwan River to Butterfield
Creek
Watonwan River - Headwaters to
North Fork Watonwan River
Watonwan River, North Fork Headwaters to Watonwan River
Butterfield Creek - Headwaters to
St. James Creek
St. James Creek - Headwaters to
Kansas Lake
Watonwan River, South Fork - Irish
Lake to Willow Creek
Watonwan River, South Fork Willow Creek to Watonwan River
Flow Correction
Municipalities Located within the Impaired Area: Madelia, Population 2,340
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Legend

Hanska

Municipal Boundaries
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed
- High Intenisty
Developed
- High Intensity
Barren Land (Rock, Sand)
Deciduous Forest

Madelia

Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

0

1

2

4

6

Ü

8
Miles

Watonwan - South Fork to Perch
NLCD classification
CATEGORY
11
Open Water
21
Developed - Open Space
22
Developed - Low Intensity
23
Developed - Medium Intensity
24
Developed - High Intensity
31
Barren land (sand/rock)
41
Deciduous forest
71
Grassland/Herbaceous
81
Pasture/Hay
82
Cultivated Crops
90
Woody Wetlands
95
Emergent Herbaceous Wetlands
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Acres
781.94
2,836.41
570.88
149.00
26.46
13.12
1,117.53
215.28
408.54
46,934.13
528.18
2,245.28

Percentage of Land Use
1.4%
5.1%
1.0%
0.3%
0.0%
0.0%
2.0%
0.4%
0.7%
84.1%
0.9%
4.0%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

MPCA

S002-253

WATONWAN R ON CR-16, 1 MI SE
OF LASALLE

STREAM

First Year of
Last Year of
Data Collection Data Collection
2000

2002

Permitted Facilities Located within the Contributing Area:
Facility
Madelia WWTP

Permit Number
MN0024040

Type
Permitted

TSS Discharge (tons/day)
0.164

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

Total Daily Loading Capacity

326.1

88.6

28.1

7.9

1.7

Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities
Construction and Industrial Stormwater(NPDES)
Wasteload Allocation Total
Load Allocation

1.95
0.00**
0.05
1.99
291.53

1.95
0.00**
0.01
1.96
77.78

1.95
0.00**
0.00***
1.95
23.33

1.95
0.00**
0.00***
1.95
5.18

0.00*
0.00**
0.00***
0.00
1.49

Watonwan - S Fork to Perch Creek

MOS
32.61
8.86
2.81
0.79
0.17
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.31
Reach
WATONWAN RIVER
Watonwan River

Description

Year Listed

ID

Perch Creek to Blue Earth River

02

07020010-501

Stream Reach Status:
Impaired (Listed in 2002)
Impairment: Turbidity and
Fecal Coliform
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Contributing Watershed
Size: 96.3 square miles, or
61,603.5 acres
Percentage of GBE
Watershed: 2.72%
Percentage of Watonwan
Watershed: 100%
Additional Watershed(s)
Contributing to Flow:
Watonwan River - North Fork Watonwan
River to Butterfield Creek
Watonwan River - Headwaters to North
Fork Watonwan River
Watonwan River, North Fork - Headwaters
to Watonwan River
Butterfield Creek - Headwaters to St.
James Creek
St. James Creek - Headwaters to Kansas
Lake
Watonwan River, South Fork - Irish Lake to
Willow Creek
Watonwan River, South Fork - Willow
Creek to Watonwan River
Flow Correction
Perch Creek - Headwaters to Spring Creek
Municipalities Located within the Impaired Area:
Located Partially in the Impaired Reach Watershed: Lewisville, Population 274
Vernon Center, Population 359
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Hanska

Legend
Lake Crystal

Municipal Boundaries
Open Water
Developed - Open Space

Madelia

Developed - Low Intensity
Developed
Intensity
Developed
- Medium- High
Intensity

Developed - High Intenisty
Barren Land (Rock, Sand)
Deciduous Forest

Vernon Center

Evergreen Forest
Mixed Forest

Lewisville

Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay

Amboy

Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

0

1.5

3

6

9

Truman

Ü

12
Miles

Watonwan - Perch to Blue Earth River
NLCD classification
CATEGORY
11
Open Water
21
Developed - Open Space
22
Developed - Low Intensity
23
Developed - Medium Intensity
24
Developed - High Intensity
31
Barren land (sand/rock)
41
Deciduous forest
71
Grassland/Herbaceous
81
Pasture/Hay
82
Cultivated Crops
90
Woody Wetlands
95
Emergent Herbaceous Wetlands
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Acres
177.47
3,074.14
437.89
74.28
2.22
45.59
1,528.29
151.01
680.75
53,911.28
278.88
1,260.30

Percentage of Land Use
0.3%
5.0%
0.7%
0.1%
0.0%
0.1%
2.5%
0.2%
1.1%
87.5%
0.5%
2.0%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
First Year of Data Last Year of
Monitoring
Collection
Data Collection

MPCA

S002-254

WATONWAN R ON UNN ROAD, 1 MI
W OF CR-6, 3.5 MI SE OF LASALLE

STREAM

2000

2002

Type
Permitted

TSS Discharge (tons/day)
0.09

Permitted Facilities Located within the Contributing Area:
Facility
Lewisville WWTP

Permit Number
MN0065722

Loading Capacity of the Reach (tons/day):
Watonwan - Perch Creek to Blue Earth
Total Daily Loading Capacity

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

419.9

114.1

36.2

10.2

2.1

2.13
0.00**
0.06
2.20
375.71

2.13
0.00**
0.02
2.15
100.52

2.13
0.00**
0.01
2.14
30.41

2.13
0.00**
0.00***
2.14
7.04

0.000*
0.00**
0.00***
0.01
1.92

Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities
Construction and Industrial Stormwater(NPDES)
Wasteload Allocation Total
Load Allocation

MOS
41.99
11.41
3.62
1.02
0.21
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.32
Reach
WATONWAN RIVER
Watonwan River, North Fork

Description

Year Listed

ID

Headwaters to Watonwan River

06

07020010-513

Stream Reach Status:
Impaired (Listed in 2006)
Impairment(s):Turbidity and
Fecal Coliform
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Contributing Watershed
Size: 75.1 square miles, or
48,046.0 acres
Percentage of GBE
Watershed: 2.12%
Percentage of Watonwan
Watershed: 8.6%
Additional Watershed(s)
Contributing to Flow: None
Number of Minor
Watersheds: 6
Municipalities Located within
the Impaired Area: None
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Springfield
Sanborn

Legend
Municipal Boundaries
Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity

Comfrey

Developed
- High Intensity
Developed
- High Intenisty
Barren Land (Rock, Sand)
Deciduous Forest

Darfur

Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay

Butterfield

Cultivated Crops

Mountain Lake

Woody Wetlands
Emergent Herbaceous Wetlands

Bingham Lake
Windom

0

1.5

3

6

9

Ü

12
Miles

Watonwan North Fork - Headwaters to North Fork
NLCD classification
11
Open Water
21
Developed - Open Space
22
Developed - Low Intensity
23
Developed - Medium Intensity
24
Developed - High Intensity
31
Barren land (sand/rock)
41
Deciduous forest
52
Shrub/Scrub
71
Grassland/Herbaceous
81
Pasture/Hay
82
Cultivated Crops
90
Woody Wetlands
95
Emergent Herbaceous Wetlands

145

Acres
653.61
2,267.30
111.86
18.90
0.67
32.91
244.19
6.89
426.11
258.42
42,004.56
161.24
1,851.65

Percentage of Land Use
1.4%
4.7%
0.2%
0.0%
0.0%
0.1%
0.5%
0.0%
0.9%
0.5%
87.4%
0.3%
3.9%

Monitoring Location(s) in the Area:
Establishing
Station
Agency
Identification
MPCA

S001-599

Type of
First Year of
Last Year of
Monitoring Data Collection Data Collection

Station Name
N FK WATONWAN R AT CSAH-5 BRG,
2 MI NE OF DARFUR

STREAM

2000

2007

Permitted Facilities Located within the Contributing Area:
Facility
None applicable.

Permit Number
NA

Type
NA

TSS Discharge (tons/day)
NA

Loading Capacity of the Reach (tons/day):
Watonwan North Fork –
Headwaters to Watonwan

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

35.9

9.8

3.1

0.9

0.2

Wastewater Treatment and Industrial

0.00*

0.00*

0.00*

0.00*

0.00*

MS4 Municipalities
Construction and Industrial
Stormwater(NPDES)

0.00**

0.00**

0.00**

0.00**

0.00**

0.01

0.00***

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.01

0.00

0.00

0.00

0.00

Load Allocation

32.31

8.78

2.78

0.78

0.16

Total Daily Loading Capacity
Wasteload Allocation

MOS
3.59
0.98
0.31
0.09
0.02
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.33
Reach

Description

Year Listed

ID

WATONWAN RIVER
Watonwan River, South Fork

Irish Lake to Willow Creek

06

07020010-547

Stream Reach Status:
Impaired (Listed in 2006)
Impairment: Turbidity
and Fecal Coliform
Category 5a - Impaired by
multiple pollutants and
no TMDL plans approved.
Contributing Watershed
Size: 116.8 square miles,
or 74,761.1 acres
Percentage of GBE
Watershed: 3.3%
Percentage of Watonwan
Watershed: 13.3%
Additional Watershed(s)
Contributing to Flow:
None
Number of Minor
Watersheds: 1
Municipalities Located within
the Impaired Area:
Bingham Lake, Population: 167
Odin, Population: 125
Ormsby, Population: 154
Municipalities located
partially within the impaired
area: Mountain Lake,
Population 2,082
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Darfur

Legend
Municipal Boundaries
Open Water

Saint James

Developed - Open Space
Developed - Low Intensity

Butterfield
Mountain Lake

Developed - Medium Intensity
Developed
- High Intensity
Developed
- High Intenisty
Bingham Lake
Barren Land (Rock, Sand)

Deciduous Forest

Odin

Evergreen Forest

Ormsby

Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops

Trimont

Woody Wetlands
Emergent Herbaceous Wetlands

0

2

4

8

12

Ü

16
Miles

Watonwan South Fork - Irish Lake to Willow Creek
NLCD classification
CATEGORY
11
Open Water
21
Developed - Open Space
22
Developed - Low Intensity
23
Developed - Medium Intensity
24
Developed - High Intensity
31
Barren land (sand/rock)
41
Deciduous forest
71
Grassland/Herbaceous
81
Pasture/Hay
82
Cultivated Crops
90
Woody Wetlands
95
Emergent Herbaceous Wetlands
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Acres
1,356.38
3,967.05
350.94
111.86
6.67
64.72
745.02
1,670.17
218.17
65,061.64
40.70
1,154.44

Percentage of Lane Use
1.8%
5.3%
0.5%
0.1%
0.0%
0.1%
1.0%
2.2%
0.3%
87.0%
0.1%
1.5%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

MPCA

S001-708

S FK WATONWAN R, 3.75
MI NE OF OLMSBY, MN

STREAM

First Year of Data Last Year of
Collection
Data Collection
2001

2008

Permitted Facilities Located within the Contributing Area:
Facility
Neuhof Hutterian Brethren
Ethanol 2000
Odin – Ormsby WWTP

Permit Number
MNG580113
MN0063118
MN0069442

Type
Permitted
Permitted
Permitted

TSS Discharge (tons/day)
0.022
0.018
0.056

Loading Capacity of the Reach (tons/day):
Watonwan South Fork - Irish to Willow
Total Daily Loading Capacity

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

55.9

15.2

4.8

1.4

0.3

Wasteload Allocation
Wastewater Treatment and Industrial

0.10

0.10

0.10

0.10

0.00*

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.01

0.00***

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.10

0.10

0.10

0.10

0.00

Load Allocation

50.20

13.56

4.23

1.12

0.26

MS4 Municipalities

MOS
5.59
1.52
0.48
0.14
0.03
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.34
Reach
WATONWAN RIVER

Description

Year Listed

ID

Watonwan River, South Fork

Willow Creek to Watonwan River

06

07020010-517

Stream Reach Status:
Impaired (Listed in 2006)
Impairment: Turbidity
and Fecal Coliform
Category 5a - Impaired by
multiple pollutants and
no TMDL plans approved.
Contributing Watershed
Size: 51.9 square miles,
or 33,206.2 acres
Percentage of GBE
Watershed: 1.47%
Percentage of
Watonwan Watershed:
23.0%
Additional Watershed(s)
Contributing to Flow:
Watonwan River, South
Fork - Irish Lake to Willow
Creek
Flow Correction
Number of Minor
Watersheds: 3
Municipalities Located
within the Impaired Area:
None
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La Salle

Legend
Municipal Boundaries

Madelia

Open Water
Developed - Open Space
Developed - Low Intensity
Developed - Medium Intensity
Developed
- High Intenisty
Developed
- High Intensity

Saint James

Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest
Mixed Forest
Shrub/Scrub

Lewisville

Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

Ormsby

0

1.25

2.5

5

7.5

Ü

10
Miles

Watonwan South Fork - Willow Creek to Watonwan
NLCD classification
CATEGORY
11
Open Water
21
Developed - Open Space
22
Developed - Low Intensity
23
Developed - Medium Intensity
24
Developed - High Intensity
41
Deciduous forest
71
Grassland/Herbaceous
81
Pasture/Hay
82
Cultivated Crops
90
Woody Wetlands
95
Emergent Herbaceous Wetlands
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Acres
505.72
1,881.23
181.70
47.15
0.67
682.97
76.28
204.16
28,349.60
298.90
996.54

Percentage of Land Use
1.5%
5.7%
0.5%
0.1%
0.0%
2.1%
0.2%
0.6%
85.3%
0.9%
3.0%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
First Year of Data Last Year of Data
Monitoring
Collection
Collection

MPCA

S001-749

S FK WATONWAN R, 2 MI NW
OF S BRANCH, MN

STREAM

2001

2003

Permitted Facilities Located within the Contributing Area:
Facility
None applicable

Permit Number
NA

Type
NA

TSS Discharge (tons/day)
NA

Loading Capacity of the Reach (tons/day):
Watonwan South Fork - Willow to Watonwan
Total Daily Loading Capacity

High Flow
Conditions
96.6

Moist
Conditions
26.2

Mid Range
Flows
8.3

Dry
Conditions
2.3

Low
Flows
0.5

Wasteload Allocation
Wastewater Treatment and Industrial
0.10
0.10
0.10
0.10
0.00*
MS4 Municipalities
0.00**
0.00**
0.00**
0.00**
0.00**
Construction and Industrial Stormwater(NPDES)
0.00***
0.00***
0.00***
0.00***
0.00***
Wasteload Allocation Total
0.10
0.10
0.10
0.10
0.00
Load Allocation
86.82
23.51
7.39
2.01
0.44
MOS
9.66
2.62
0.83
0.23
0.05
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.35
Reach

Description

Year Listed

ID

WATONWAN RIVER
Perch Creek

Headwaters to Spring Creek

06

07020010-524

Stream Reach Status:
Impaired (Listed in 2006)
Impairment(s):Turbidity
and Fecal Coliform
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Contributing Watershed
Size: 99.7 square miles, or
63,804.0 acres
Percentage of GBE
Watershed: 2.8%
Percentage of Watonwan
Watershed: 11.4%
Additional Watershed(s)
Contributing to Flow: None
Number of Minor
Watersheds: 7
Municipalities Located
within the Impaired Area:
Lewisville, Population 274
Truman, Population 1,259
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Saint James

Legend
Municipal Boundaries
Open Water
Developed - Open Space

Lewisville

Developed - Low Intensity
Developed - Medium Intensity
Developed -- High
High Intensity
Intenisty
Developed
Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest
Mixed Forest

Truman

Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

Northrop

0

1.25 2.5

5

7.5

Ü

10
Miles

Perch Creek - Headwater to Spring Creek
NLCD classification
CATEGORY
11
Open Water
21
Developed - Open Space
22
Developed - Low Intensity
23
Developed - Medium Intensity
24
Developed - High Intensity
31
Barren land (sand/rock)
41
Deciduous forest
42
Evergreen Forest
71
Grassland/Herbaceous
81
Pasture/Hay
82
Cultivated Crops
90
Woody Wetlands
95
Emergent Herbaceous Wetlands
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Acres
308.24
3,599.66
419.66
106.53
24.24
6.23
329.81
2.45
1,038.58
212.16
56,553.09
192.59
1,037.47

Percentage of Land Use
0.5%
5.6%
0.7%
0.2%
0.0%
0.0%
0.5%
0.0%
1.6%
0.3%
88.6%
0.3%
1.6%

Monitoring Location(s) in the Area:
Establishing
Station
Agency
Identification

Station Name

Type of
Monitoring

First Year of
Last Year of
Data Collection Data Collection

MPCA

S001-715

PERCH CREEK AT 121ST ST, 3.75 MI
SE OF LEWISVILLE, MN

STREAM

2001

2004

MPCA

S001-716

PERCH CREEK AT CSAH 24, 3.75 MI
SW OF LEWISVILLE, MN

STREAM

2001

2004

Permitted Facilities Located within the Contributing Area:
Facility
Truman WWTP
Truman WTP
Lewisville WTP

Permit Number
MN0021652
MNG640129
MN0043958

Type
Permitted
Permitted
Permitted

TSS Discharge (tons/day)
0.097
0.002
0.002

Loading Capacity of the Reach (tons/day):
Perch - Headwaters to Spring

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

Total Daily Loading Capacity

47.7

13.0

4.1

1.2

0.2

0.10
0.00**
0.01
0.11
42.82

0.10
0.00**
0.00***
0.10
11.56

0.10
0.00**
0.00***
0.10
3.60

0.10
0.00**
0.00***
0.10
0.94

0.00*
0.00**
0.00***
0.00
0.22

Wasteload Allocation
Wastewater Treatment and Industrial
MS4 Municipalities
Construction and Industrial Stormwater(NPDES)
Wasteload Allocation Total
Load Allocation

MOS
4.77
1.30
0.41
0.12
0.02
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.36
Reach
WATONWAN RIVER

Description

Year Listed

ID

Butterfield Creek

Headwaters to St. James Creek

08

07020010-516

Stream Reach Status:
Impaired (Listed in 2008)
Impairment(s): Turbidity
and Fecal Coliform
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Contributing Watershed
Size: 62.3 square miles, or
39,900.6 acres
Percentage of GBE
Watershed: 1.76%
Percentage of Watonwan
Watershed: 7.1%
Additional Watershed(s)
Contributing to Flow:
Number of Minor
Watersheds: 6
Municipalities Located
within the Impaired Area:
Butterfield, Population 564
Located partially in the
impaired reach watershed:
St. James, Population 4,695
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Legend

Comfrey

Municipal Boundaries
Open Water
Developed - Open Space

La Salle
Darfur

Developed - Low Intensity
Developed -- High
Medium
Intensity
Developed
Intensity
Developed - High Intenisty
Barren Land (Rock, Sand)
Deciduous Forest

Saint James

Evergreen Forest
Mixed Forest

Butterfield

Shrub/Scrub

Mountain Lake

Grassland/Herbaceous
Pasture / Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

Odin
Ormsby
0

1.25 2.5

5

7.5

Ü

10
Miles

Butterfield - Headwater to St. James Creek
NLCD classification
CATEGORY
11
Open Water
21
Developed - Open Space
22
Developed - Low Intensity
23
Developed - Medium Intensity
24
Developed - High Intensity
31
Barren land (sand/rock)
41
Deciduous forest
71
Grassland/Herbaceous
81
Pasture/Hay
82
Cultivated Crops
90
Woody Wetlands
95
Emergent Herbaceous Wetlands
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Acres
110.75
2,306.89
409.43
75.84
9.56
10.45
210.61
58.49
147.89
35,497.55
32.91
1,045.69

Percentage of Land Use
0.3%
5.8%
1.0%
0.2%
0.0%
0.0%
0.5%
0.1%
0.4%
88.9%
0.1%
2.6%

Monitoring Location(s) in the Area:
Establishing
Station
Agency
Identification
MPCA

S001-746

Type of
First Year of
Last Year of
Monitoring Data Collection Data Collection

Station Name
BUTTERFIELD CREEK AT CREEK 116,
3.5 MI NW OF ST. JAMES, MN

STREAM

2001

2006

Permitted Facilities Located within the Contributing Area:
Permit
Number
NA

Facility
Not Applicable

Type
NA

TSS Discharge (tons/day)
NA

Loading Capacity of the Reach (tons/day):
Butterfield - Headwater to St. James
Total Daily Loading Capacity

High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

29.8

8.1

2.6

0.7

0.2

Wasteload Allocation
Wastewater Treatment and Industrial
0.00*
0.00*
0.00*
0.00*
0.00*
MS4 Municipalities
0.00**
0.00**
0.00**
0.00**
0.00**
Construction and Industrial
Stormwater(NPDES)
0.00***
0.00***
0.00***
0.00***
0.00***
Wasteload Allocation Total
0.00
0.00
0.00
0.00
0.00
Load Allocation
26.83
7.29
2.31
0.65
0.14
MOS
2.98
0.81
0.26
0.07
0.02
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.37
Reach

Description

Year Listed

ID

WATONWAN RIVER
St. James Creek

Headwaters to Kansas Lake

02

07020010-528

Stream Reach Status:
Impaired (Listed in 2002)
Impairment(s):Turbidity
and Fecal Coliform
Category 5a - Impaired by
multiple pollutants and no
TMDL plans approved.
Length of Impaired Reach:
8.1 miles
Contributing Watershed
Size: 19.2 square miles, or
12,274.1 acres
Percentage of GBE
Watershed: 0.54%
Percentage of Watonwan
Watershed: 2.2%
Additional Watershed(s)
Contributing to Flow: None
Number of Minor
Watersheds: 1
Municipalities Located
within the Impaired Area:
None
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Legend
Municipal Boundaries
Open Water

Saint James

Developed - Open Space
Developed - Low Intensity

Butterfield

Developed - Medium Intensity
Developed
- High Intensity
Developed
- High Intenisty

Barren Land (Rock, Sand)
Deciduous Forest
Evergreen Forest
Mixed Forest
Shrub/Scrub
Grassland/Herbaceous
Pasture / Hay

Odin

Cultivated Crops
Woody Wetlands

Ormsby

Emergent Herbaceous Wetlands

0
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4

6

Ü

8
Miles

St. James - Headwater to Kansas Lake
NLCD classification
CATEGORY
11
Open Water
21
Developed - Open Space
22
Developed - Low Intensity
23
Developed - Medium Intensity
24
Developed - High Intensity
41
Deciduous forest
71
Grassland/Herbaceous
81
Pasture/Hay
82
Cultivated Crops
90
Woody Wetlands
95
Emergent Herbaceous Wetlands
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Acres
618.25
572.00
22.68
3.56
0.44
69.16
27.58
32.02
10,487.18
14.46
424.77

Percentage of Land Use
5.0%
4.7%
0.2%
0.0%
0.0%
0.6%
0.2%
0.3%
85.5%
0.1%
3.5%

Monitoring Location(s) in the Area:
Establishing
Agency

Station
Identification

Station Name

Type of
Monitoring

First Year of
Data Collection

Last Year of Data
Collection

MPCA

S001-747

ST. JAMES CREEK AT CSAH
27, 2.5 MI NE OF ST.
JAMES, MN

STREAM

2001

2007

Permitted Facilities Located within the Contributing Area:
Facility
Not Applicable

Permit Number
NA

Type
NA

TSS Discharge (tons/day)
NA

Loading Capacity of the Reach (tons/day):
High Flow
Conditions

Moist
Conditions

Midrange
Flows

Dry
Conditions

Low Flow
Conditions

9.2

2.5

0.8

0.2

0.0

Wastewater Treatment and Industrial

0.00*

0.00*

0.00*

0.00*

0.00*

MS4 Municipalities

0.00**

0.00**

0.00**

0.00**

0.00**

Construction and Industrial Stormwater(NPDES)

0.00***

0.00***

0.00***

0.00***

0.00***

Wasteload Allocation Total

0.00

0.00

0.00

0.00

0.00

Load Allocation

8.28

2.25

0.71

0.20

0.04

St. James - Headwater to Kansas Lake
Total Daily Loading Capacity
Wasteload Allocation

MOS
0.92
0.25
0.08
0.02
0.00
*- WWTP discharges are limited to specific timeframe (April 1 through June 15 and September 15 through December
15) and are also permitted only to discharge below the water quality standards. Under low flow conditions, WWTP
have been determined to not be a major source of loading. Section 4.0 details calculation methods.
** - No MS4 regulated community exists within this area, or loading based on flow category falls below the 0.00 values
on the charts. If rule changes were to occur in the future, this section of loading may have to be recalculated to
determine MS4 loading. Section 4.0 details calculation methods.
*** - Construction and Industrial stormwater values are based on permitted totals and additional estimated loading
across the GBERB. When divided out into the individual impaired reaches, the values often fall below the 0.00 values
on the chart. However, values have been calculated for all reaches under all flow conditions.
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5.38 Necessary Load Reductions
Although not required, an examination of the TSS load reductions necessary to remove waters from the
303d list can be helpful within the context of a TMDL study. These reductions should not be confused with
the target of the wasteload and load allocations, which is to meet the 25 NTU standard on all days. These
reductions are calculated at the 90th percentile of the sampled TSS loads for each of the flow zones. This
calculation method estimates the percent reduction in TSS load that will be necessary for the impaired
reaches, or in this case, the 3 major watersheds to be removed from the impaired waters list (i.e. fewer than
10% of samples exceed 25 NTU per the listing requirements).
Table 5.3A - Greater Blue Earth

1

Capacity
Current Loading
% Reductions

High flows
2021.9
10325.8
80.42%

Reductions
Moist
Conditions
622.6
2592.6
75.99%

Midrange
203.9
365.1
44.15%

Dry
Conditions
62.9
58.3
0.00%

Low
Flows
13.3
7.3
0.00%

Midrange
36.2
31.1
0.00%

Dry
Conditions
10.2
9.1
0.00%

Low
Flows
2.1
0.6
0.00%

Table 5.3B - Watonwan

Capacity
Current Loading
% Reductions

High flows
419.9
1896.4
77.86%

Reductions
Moist
Conditions
114.1
420.0
72.84%

Table 5.3C - Le Sueur

Capacity
Current Loading
% Reductions

High flows
696.6
9593.9
92.7%

Reductions
Moist
Conditions
192.2
1304.1
85.3%

Midrange
60.7
68.3
11.1%

Dry
Conditions
18.4
12.3
0.0%

Low
Flows
3.9
0.9
0.0%

In general, the data indicate that the greatest reductions in TSS loading will need to occur during higher flow
periods. These high flow events combined with overland runoff, in-channel and near channel sources
combine to likely create the greatest erosion potential.
Attaining these reductions will likely require large scale and long term changes across the entire basin in all
areas and types of land use. It should be noted that these reductions are an estimate based on sample data
from near the outlets of each of the major watersheds.
1

*Due to a lack of data specific to the Blue Earth River before the Watonwan and Le Sueur enter in to the
system, an accurate calculation of the specific loading reductions necessary to meet the calculated maximum load are
difficult. In relation to the Watonwan and Le Sueur basin, the Blue Earth most likely needs similar reductions, slightly
greater than those of the Watonwan, and less than that of the Le Sueur, dependent upon flow conditions.”
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Section 6.0 – Source Pollutant Assessment
6.1 General Information
Erosion and transport of sediment is a natural process. Moving water is constantly interacting with the
surrounding materials, causing slumping in banks, migration of stream channel, and deposition and erosion
of sandbars. However, the amount of “natural” erosion is often difficult to quantify given the extensive
anthropogenic forces present in Minnesota watersheds and water bodies (Turbidity TMDL Protocols and
submittal Requirements, MPCA).
Throughout any given watershed, the pollutants that enter waterways come from a wide variety of sources.
From natural loading, to specifically permitted industrial wastewater discharges, the path ways of turbidity
are numerous. In order to understand the sources, we need to understand the terminology, and explore the
relationships that the various sources have.
A. Point Sources
Point source pollution is pollution from a specific known location, and is regulated by the National Pollutant
Discharge Elimination System (NPDES) program as established by the Clean Water Act. Examples of a point
source would be a smoke stack (air pollution) or a discharge pipe (water pollution). Sources include
wastewater treatment facilities (industrial and municipal), construction areas, and municipalities required to
have stormwater NPDES permits. These point sources are allotted an amount of a certain pollutant, and
tested to ensure that they do not exceed the allotted amount. For the purpose of the TMDL, the point
source permits are tabulated as discharging at the maximum allowable limit. While these facilities or permit
holders might not discharge daily at that amount, they are allotted/allowed to discharge the amount, and
may do so on an infrequent basis.
B. Nonpoint Sources
Nonpoint source (NPS) pollution is any pollution that can’t be linked to a direct outlet such as a pipe or
smokestack. Non point source pollution comes from the interaction of many diffuse sources that water
travels over on its way to a lake, stream or wetland. This soil and water interaction provides no specific
location to address the pollutant, there is often no specific solution to the problem, making it difficult to
address or regulate. Soil erosion is the main component of most turbidity impairments. Finding and
controlling the overland runoff, sediment transport, and erosion processes that occur in agricultural and
urban areas is the key to reducing the turbidity impairments in the watershed.
Soil erosion can occur directly from sheet (overland flow without a channel), rill (slightly channelized flow)
and gully (channelized, eroding flow) erosion. It can also occur downstream from gully, bluff, stream bank
and channel erosion (Turbidity TMDL Protocols and submittal Requirements, MPCA). Since nonpoint sources
cannot be directly tracked, they are more problematic to calculate.
C. Geomorphic Definitions
The sources of sediment are numerous across the GBE basin. As discussed in the history section, the natural
setting and development of the basin has created an environment where sediment is readily mobile under a
variety of flow conditions. The continued evolution of the landscape has led to several geomorphic features
which by their nature play a part in sediment loading. These features have been broken down into general
categories for easier reference.
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Streambanks – The natural boundaries of the stream/river system under normal flow
conditions. Streambanks are commonly composed of sediment and materials deposited by the
system under various flow conditions in previous channels, or within the wider river valley.
Streambanks are dynamic and their size, shape, and composition often change between seasons
and in some cases, between storm events (Minnesota River Turbidity TMDL).
Floodplains- The depositional features adjacent to streambanks which are occasionally
inundated with water once the height of the water is sufficient to rise above the stream banks.
Under natural conditions in a low gradient environment, flood plains are typically covered with
water in a 1.5 year flood event. The floodplain typically consists of material deposited by the
river during flood events.
Bluffs- are steep exposures, at least 3 meters or higher, of material that was typically not
deposited by the present day river. Bluffs may be located immediately adjacent to the river, or
can be set back from the channel at the margins of a river valley.
Uplands –are the areas that comprise the majority of the watershed, but are commonly not
inundated with standing water during flood conditions. Uplands can be further divided into
pervious and impervious areas. The majority of impervious area is found in urban or developed
lands in features such as streets and parking lots, but also includes roof structures of homes or
buildings. The most common pervious areas within the upland category in the GBE Basin is
cropped fields, but other types of agriculture, forests, wetlands, native grasses, and urban land
uses are also found in the uplands (Minnesota River Turbidity TMDL report).
Ravines - are erosional features typically occurring at the transitional area between uplands and
steep-sloping surfaces, such as bluffs or other steep valley walls. A ravine is generally a slope
landform of relatively steep (cross-sectional) sides, on the order of twenty to seventy percent in
gradient. The term “ravine” and “gully” are often used interchangeably, although many refer to
a gully as a smaller feature which can be filled by common tillage equipment (Posen et al, 2003).
Ravines are usually referred to as larger, more permanent features having a depth of 0.5 to 30
meters (Posen et al, 2003).

These geomorphic features have long been the focus of sediment loading studies. Current studies are
underway within the Greater Blue Earth Basin by groups such as the Minnesota Pollution Control Agency,
Minnesota State University Mankato, The National Center for Earth Surface Dynamics, and the University of
Minnesota. While these sources are the primary suspects, identifying the specific causes within the impaired
reaches is very difficult due to the varying nature of the watershed.
While the geomorphic features are sources of sediment loading, stressors which act upon them can have
dramatic effect on the rates of sediment being moved through the system, and ultimately can drive the
changes which occur within the geomorphology of the basin.

6.2 Geomorphic Assessment
Nearly every stream, river or lake in Southern Minnesota has undergone some type of hydrologic alteration.
The level of this change is an actively investigated and discussed topic due to the many possible responses
that a water body may exhibit. From sudden changes due to a natural process, to slowly accumulating
responses from human modifications and everything in between, water bodies are often in a continuous
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cycle of change in an effort to reach a dynamic equilibrium. Changes in flow regime or sediment loads tend
to produce compensatory adjustments in channel morphology as stream channels seek to establish new
equilibrium (Poff et al., 1997). Physical responses to increased magnitude and frequency of high flows
include bank erosion and channel widening (Hammer, 1972).
Trying to understand the watershed’s current condition, natural processes, human induced changes and
anticipated future changes is needed to properly design the TMDL study and future implementation plan.
Through field investigation with geomorphic methods the current state of stability can be predicted to plan
for future activities.
Determining the load allocation and natural background levels in any TMDL is difficult, and often a
contentious topic. Since data of pre settlement conditions is often limited to qualitative written
observations, documenting or calculating rates of change is often impossible. Through the use of various
geomorphic assessment methods and analysis, along with existing research and sample data, a more
accurate determination of contributions can be considered.
Assessment goals were to investigate the following processes:
The natural variability in sediment dynamics over time and space.
Geologic versus anthropogenic sediment sources.
Levels or percentages of sediment loading in specific stream reaches based on upland, near
channel/transitional areas, and in channel processes.
The erosion and deposition processes and general carrying capacity of the stream/river reach.
A general prediction of sediment loads under various flow conditions.
Stream flow changes over time and stream channel stability currently.
Geomorphic assessments were used to refine the estimates of the contribution from the major sources
within the watershed. Those sources include upland, near channel/transitional area (including gullies and
ravines), and stream bank processes. In the larger Minnesota River Turbidity TMDL, it was determined that
in general, the relative contribution was best divided up as an even split of one third for each of the three
zones. This was done based on in-depth analysis of the loading data available across the basin, and was
correct as a general estimate when you look at the major watersheds as a whole. The GBERB TMDL deals
with many smaller reaches within the major watersheds. Further investigating individual reaches and their
specific processes as sediment sources was conducted to understand stability related contributions.
There are many methods and protocols developed to perform geomorphic assessments across the United
States. For this TMDL project, a combination of methods utilized by the Minnesota Pollution Control Agency,
the University of Minnesota, the United Stated Department of Agriculture and the Environmental Protection
Agency are considered.
The EPA has approved the Watershed Assessment of River Stability and Sediment Supply (WARSSS) method
for geomorphic assessment and TMDLs, but upon review it was decided that many of the methods and
matrices were not appropriate based on conditions found in southern Minnesota. Many of the WARSSS and
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other geomorphic protocols were developed in mountainous or high gradient areas. Since this TMDL is a
very low gradient area with little bedrock a combination of matrices that better reflect the processes and
necessary grading criteria for the area was developed.
METHODS USED
A number of methods and guides were reviewed to determine what topics to address in geomorphic
surveys. The primary methods used are incorporated as follows:
A. RGA: The Rapid Geomorphic Assessment method was developed by Andrew Simon through the
United States Department of Agriculture (USDA). This method is used to quickly gain an overview of
an area, and help develop a baseline for the watershed as a whole by offering grading criteria for
each stream reach or area reviewed. This method allowed a wide variety of qualitative
measurements that could be viewed differently by different assessors. Due to the potential for
limited repeatability of the process, we opted to use more quantitative measurements. We have
included selected aspects of the RGA within our grading criteria.
B. Pfankuch Stability Index: This method was originally developed by Dale Pfankuch in 1975 as a part
of The Stream Reach Inventory and Channel Stability Evaluation. The grading criteria were
developed in the Western United states using mountain streams. Due to widely differing geology,
gradient, and other important factors, the method is being reviewed and redeveloped though the
University of Minnesota and the MPCA to more accurately characterize streams and processes in
our part of the country.
C. Pfankuch Modified Stability Index: This method was developed specifically to deal with the
geomorphic processes and dynamics found in our region of the country. The often lower gradient
streams operating in a glacial substrate behave differently and require a specialized assessment
method. MPCA guidelines state that:
In general, if the stream is greater than 3 m wide (2nd – 4th order stream) with cobbles and more
than one riffle/50-m, use the original Stability index. This type of stream will likely have enough
stream power to move bed material during spring or storm event flows as compared to a flatgradient stream. If the stream consists of mostly fine substrates or are of such low gradient that the
stream is unable to transport cobble substrates at high flow conditions use the modified stability
index.
Special care was taken to ensure that the geomorphic processes evaluated focused on the channel
processes, functions and substrate response to remove error or bias from more subjective,
generalized methods. A copy of the modified Pfankuch field evaluation form can be found in the
appendix 3 of the TMDL report.
D. WARSSS: The Watershed Assessment of River Sediment Supply and Stability (WARSSS) is an
extension and a compilation of methods developed by David Rosgen under support of the U.S. EPA.
The methods within WARSSS can be used to analyze sediment problems and develop sediment
TMDLs. Due to the in-depth nature required for a full analysis, the WARSSS method was used as an
outline for developing our investigation. Aspects of the WARSSS process were included in stream
survey work.
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E. MADRAS: The Minnesota Agricultural Ditch Reach Assessment for Stability is designed to review
drainage ditches and determine the stability of the ditch based primarily on the following criteria:
•
•
•

Ditch bank/side slope condition.
Undercutting or over-widening.
In channel deposition.

The MADRAS assessment was used to determine stability and sediment supply or sources. The
grading criteria designed specifically for ditches and artificial/designed drainage can be more suited
to the networks of the watersheds.
E. Channel Evolution Model: Also developed by Andrew Simon through the USDA, the Channel
Evolution Model is a set of evaluations designed to help determine the development of the channel
and banks based on flow conditions and stability. Separated into six separate stages, the method is
designed to allow site specific data to be collected based on the documented and measured
reaction of the stream compared to other areas to predict the current conditions, and provide a
method to predict the future behavior of the system.
The six stages of Simon's Channel Evolution Model are as follows:
Stage I: The waterway is a stable, undisturbed natural channel.
Stage II: The channel is disturbed by some drastic change such as forest clearing,
urbanization, dam construction, or channel dredging.
Stage III: Instability sets in with scouring of the bed.
Stage IV: Destructive bank erosion and channel widening occur by collapse of bank
sections.
Stage V: The banks continue to cave into the stream, widening the channel. The stream
also begins to aggrade, or fill in, with sediment from eroding channel sections upstream.
Stage VI: Aggradation continues to fill the channel, re-equilibrium occurs, and bank
erosion ceases. Riparian vegetation once again becomes established.
This method allows for determining the future stage of the system based on current conditions. River
systems can move through the various stages in a non-linear progression, depending on changing
environmental factors.

6.3 Assessment Results
Originally 16-20 locations were to be investigated in the fall of 2009. These locations would be selected in
conjunction with over 50 sites visited through studies being performed by the University of Minnesota and
the National Center for Earth Surface Dynamics. Four to five of these selected sites were to review areas
already examined by the other studies (to compare our findings) with the remainder being new locations.
Due to rain late in the year and higher than expected flow levels, many of the sites could not be visited. It
was concluded that the existing data sets collected by the University of Minnesota and the National Center
for Earth Surface Dynamics would be used for the TMDL study. The data collected by the University of
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Minnesota was collected in the Blue Earth and Le Sueur basins. The Watonwan basin was unfortunately not
investigated. It is suspected that the stability in the Watonwan River Watershed is best of the three, due to
the lower levels of sediment loading. A summary of the collected data can be found in the tables 6.3A and
6.3B on the following pages.
In general, based on the various methods utilized for assessment, the majority of studied reaches show
issues with stability including an increased potential for bank erosion, generally incised channels with loss of
flood plain connection and limited vegetation to control erosion forces. Assessment methods and further
definitions of results are available in Appendix 4.
Figure 6.3 – Geomorphic Assessment Locations
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6.3A – Assessment Results

RATING

RGA
Score

RGA
rating

Modified
Pfankuch
Score

Modified
Pfankuch
Rating

37
39
32
34
35
29.5
36.5
32.5
37
34.5
42
29.5
39
33.5

HIGH
HIGH
MODERATE
HIGH
HIGH
MODERATE
HIGH
HIGH
HIGH
MODERATE
VERY HIGH
MODERATE
HIGH
HIGH

21.5
19.5
20
22.5
20.5
17
19.5
20
16
11.5
16
14.5
17
17

POOR
FAIR
FAIR
POOR
POOR
FAIR
FAIR
FAIR
FAIR
GOOD
FAIR
GOOD
FAIR
FAIR

110
125
104
83
102
97
128
124
85
88
111
104
121
117

Fair
Poor
Fair
Fair
Fair
Fair
Poor
Poor
Fair
Fair
Fair
Fair
Poor
Poor

3

36.5

HIGH

18

FAIR

125

Poor

08MN043

5

27.5

MODERATE

13

GOOD

83

Fair

JEC 085
TCR 103
TCR 140

3
3
3

29.5
31
42

MODERATE
HIGH
VERY HIGH

18
21.5
24

FAIR
POOR
POOR

82
113
136

Fair
Fair
Poor

TCL 123
NEC 190
NEC 200
WEC 159

4
3
4
4

30
34
29
28.5

HIGH
HIGH
MODERATE
MODERATE

16
17.5
18.5
16.5

FAIR
FAIR
FAIR
FAIR

113
100
121
85

Fair
Fair
Poor
Fair

HEC 300
WEM 609
FLC 130
FCC 015
GCC 270
GCC 059

4
3
3
3
3
3

33.5
25
23
29
38
35

MODERATE
MODERATE
MODERATE
MODERATE
HIGH
HIGH

15
13.5
14.5
23.5
17.5
24.5

GOOD
GOOD
GOOD
POOR
FAIR
POOR

96
82
74
95
100
121

Fair
Fair
Good
Fair
Fair
Poor

Center Creek. at Hwy. 1
HCC 001
Table 6.3B – Assessment Results 2

3

43.5

VERY HIGH

22

POOR

106

Fair

Site ID #

CEM
STAGE

Total
BEHI

Le Sueur River SE of Vista
Le Sueur River in Wilton
Trib. to Le Sueur R. #1
Rice Creek @ Hwy. 109
Headwaters of Maple R.
Little Cobb @ 144th St.
Le Sueur NE of Pemberton
Little Cobb @ CR 174
Cobb R. @ CR 16
Maple River @ CR 8
Le Sueur @ CR 8
Maple River @ Hwy. 30
Le Sueur River on Hwy. 66
Rice Creek on CR 151

08MN055
08MN052
08MN033
08MN010
08MN022
08MN039
08MN048
08MN006
08MN005
08MN003
08MN035
08MN024
08MN001
08MN004

3
3
3
3
3
3
4
3
4
5
4
4
4
3

Maple River on CR 18
Trib. to Maple River SE of
Good Thunder
Blue Earth Watershed

08MN019

Elm Creek @ CR 85
Elm Creek at CR 103
Elm Creek at CR 140
Elm Creek upstream of
Creek L.
Elm Creek at 190th Ave
Elm Creek at Hwy. 15
Elm Creek at CR 159
Elm Creek at Restoration
Site
Elm Creek near BERB
Lily Creek at I-90
Center Creek at Hwy. 15
Center Creek at 270th Ave
Center Creek at Hwy. 59

SITE
Le Sueur Watershed
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Site ID #

BHR
Incision
Rating

Sensitivity

Recovery
Potential

Sediment
Supply

Streambank
erosion
potential

Vegetation
Controlling
influence

Le Sueur River SE of Vista
Le Sueur River in Wilton
Trib. to Le Sueur River #1
Rice Creek @ Hwy. 109
Headwaters of Maple
River
Little Cobb @ 144th St.
Le Sueur NE of Pemberton
Little Cobb @ CR 174
Cobb River @ CR 16
Maple River @ CR 8
Le Sueur @ CR 8
Maple River @ Hwy. 30
Le Sueur River on Hwy. 66
Rice Creek on CR 151

08MN055
08MN052
08MN033
08MN010

Deeply
Deeply
Deeply
Deeply

Very High
Very High
Very High
Very High

Fair
Fair
Good
Poor

Very High
High
Low
High

Very High
Very High
Moderate
High

Very High
Moderate
Very High
High

08MN022
08MN039
08MN048
08MN006
08MN005
08MN003
08MN035
08MN024
08MN001
08MN004

Deeply
Deeply
Deeply
Deeply
Moderate
Moderate
Deeply
Moderate
Deeply
Slight

Moderate
Very High
Very High
Moderate
Extreme
Very High
Moderate
Very High
Very High
Very High

Excellent
Good
Poor
Excellent
Poor
Fair
Excellent
Fair
Poor
Fair

Moderate
Low
Very High
Moderate
Very High
Very High
Moderate
Very High
Very High
Very High

Moderate
Moderate
Very High
Low
Very High
Very High
Low
Very High
Very High
Very High

Moderate
Very High
Moderate
Moderate
Moderate
Very High
Moderate
Very High
Moderate
Very High

Maple River on CR 18

08MN019

Deeply

Very High

Poor

Very High

Very High

Moderate

Trib. to Maple River SE of
Good Thunder

08MN043

Deeply

Very High

Good

Low

Moderate

Very High

JEC 085
TCR 103
TCR 140

Deeply
Deeply
Stable***

Very High
Moderate
Moderate

Good
Excellent
Excellent

Moderate
Moderate
Moderate

High
Low
Moderate

Very High
Moderate
Moderate

TCL 123
NEC 190
NEC 200
WEC 159

Slight
Moderate
Moderate
Deeply

Very High
Moderate
Very High
Very High

Fair
Excellent
Fair
Poor

Very High
Moderate
Very High
Very High

Very High
Low
Very High
Very High

Very High
Moderate
Very High
Moderate

HEC 300
WEM 609
FLC 130
FCC 015

Deeply
Moderate
Deeply
Deeply

Moderate
Very High
Very High
Very High

Excellent
Good
Good
Fair

Moderate
High
High
Very High

Moderate
Very High
High
Very High

Moderate
Very High
Very High
Very High

GCC 270
GCC 059

Deeply
Deeply

Very High
Very High

Fair
Fair

Very High
Very High

Very High
Very High

Very High
Very High

HCC 001

Deeply

Moderate

Excellent

Moderate

Moderate

Moderate

SITE
Le Sueur Watershed

Blue Earth Watershed
Elm Creek @ CR 85
Elm Creek at CR 103
Elm Creek at CR 140
Elm Creek upstream of
Creek L.
Elm Creek at 190th Ave.
Elm Creek at Hwy. 15
Elm Creek at CR 159
Elm Creek at Restoration
Site
Elm Creek near BER
Lily Creek at I-90
Center Creek at Hwy. 15
Center Creek at 270th
Ave.
Center Creek at Hwy. 59
Center Creek. at Hwy. 1
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6.4 Suspected Stressors
For generations, humans have changed and adapted the natural environment to better suit their needs. The
GBERB has been dramatically altered from the prairie pothole region that existed pre-settlement. While this
change in land use has been essential to developing the economic viability of the region and making it
suitable for human development, land use and hydrologic changes are contributing to turbidity impairments
in the watershed.
1. Hydrologic Modification
Hydrologic modification is the alteration of water flow or volume by human activity. Those modifications can
dramatically alter levels of sediment loading or transport due to changes in volume, timing, or flow rates,
particularly if the area was not subject to flow in the past. Overall, the GBERB has been greatly modified
from its original state.
The types of hydrologic modifications are vast, including the draining and filling of wetlands and lakes,
ditching or draining formerly hydrologically disconnected basins, adding impervious surfaces across the
basin, increasing drainage for increased transport of water (both in urban and agricultural areas),
straightening or constricting a natural flow path or river, and changing the timing and rate of delivery within
the hydrologic system. Any increase in stream power (e.g., due to change in peak flows or increased
frequency of bank full flows) will generate an increase in sediment load (Lane, 1955).
Ditches and/or straightened portions of the stream are not turbidity sources per se, but are important
factors to consider when evaluating excess stream turbidity. Such waterways are shorter than the natural
channel and, thus, steeper in gradient generally exhibiting higher velocities and higher peak flows. Also,
their geometry is such that access to the floodplain is limited, thus confining the energy of the water to the
channel. Straightened channels exhibit a tendency to try to revert to a meandering condition resulting in
increased potential for bank erosion.
The ditch and tile network within the watershed has connected areas which prior to settlement had no
outlet to the stream system. Reduced surface storage, increased conveyance, and increased effective
drainage area have altered the dynamics of and generally increased flows in larger streams and rivers. In
extensively drained landscapes, such as the agricultural Midwest of the United States, the connection of
isolated basins has inflated total surface water discharge and increased the density of linear drainage
networks (Haitjema, 1995; Magner et al., 2004; Ter Haar & Herricks, 1989).
These changes to the original drainage network have altered flows and delivery timing, impacting the
“dynamic stability” within the system, causing it to adapt to the changed forces working within the area.
Many streams in the region are in disequilibrium due to past and current land-use change with
corresponding hydrologic responses, as well as direct channel modifications. (Lenhardt, 2007).
These modifications have not occurred at a constant rate, but in episodes or events, such as construction of
the public drainage system from 1912- 1920 (Lenhardt, 2007) and continue today through repair, upgrading,
and increased amount of impervious surfaces and the addition of subsurface drainage. Construction of
subsurface tile and surface ditch drainage systems in the early 1900s increased contributing drainage areas,
resulting in greater amounts of water delivered to rivers (Kuehner, 2004; Leach and Magner, 1992). The
effects of these suites of changes are cumulative, interrelated, and tend to compound across different
spatial and temporal scales (Aadland et al., 2005; Spaling & Smit, 1995). The contribution of subsurface
drainage to aquatic ecosystem effects may be difficult to isolate relative to other agricultural impacts. (Blann
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et al, 2009) Cumulatively, these changes in hydrology, geomorphology, nutrient cycling, and sediment
dynamics have had profound implications for aquatic ecosystems and biodiversity (Blann et al, 2009).
While it has been demonstrated at field scales that increased tile drainage can increase soil infiltration and
decrease overland flows, additional information is needed to determine the overall effect on a watershed
scale. Also, it must be recognized that a dry antecedent moisture condition may result from the conveyance
of water from the soil profile via tile and ditch, shortening concentration time, increasing peak discharge and
discharge frequency and stream power when compared to similar undrained environment.
Historical changes in hydrologic storage have been greatly reduced by drainage of over 90% of the wetlands
in the region (Miller, 1999; Prince, 1997) and an increase in impervious surfaces. As these hydrologic
modifications continue, the GBERB systems will try to reach an equilibrium based on these new flow
regimes.
These changes have caused widespread channel instability (Magner and Steffan, 2000) which were noted in
many of the geomorphic evaluations performed. Stream channels have responded to land use changes in
several ways including enlargement of the channel, eroded and incised channels and lost sinuosity.
Croplands in intensively managed agricultural landscapes typically store less water, and runoff is higher and
more flashy (i.e., characterized by spiking peak flows followed by a rapid return to base flow) than lands in
perennial vegetation, such as the native prairie of the North American Midwest (Knox, 2001; Robinson &
Rycroft, 1999; Schilling & Libra, 2003). The cumulative influence of large-scale drainage, particularly the
increase in contributing drainage area, has initiated downstream channel instability across southern
Minnesota (Magner and Steffen, 2000; Magner, et al., 2004) and accelerated nutrient losses.
2. System Stability
Rivers are dynamic. Moving water acts as an erosive agent, which causes river channels to move or shift
over time. Channel morphology is linked to both suspended sediment concentrations and bed-load
transport (Simon et al., 2004). Rivers in an unaltered, natural state are believed to eventually reach a state
of equilibrium between sediment supply and transport capacity. As the stream channel moves and erodes
an area, the majority of the sediment is deposited in the channel through bar formation and bank
deposition. However, if at any given point this system is influenced by upstream, downstream, and
environmental controls these changes can greatly affect fluvial stability (Knighton, 1998).
Streambed and streambank erosion is often a function of changing and unstable hydrologic processes in a
watershed. System instability can lead to increased bluff erosion due to additional channel migration and
the potential for the river to come into contact with the river valley walls. Many land use activities can affect
both of these components and lead to accelerated bank erosion (US EPA, 2009). Stream channel incision
generally leads to reduced spatial habitat heterogeneity and greater temporal instability in stream (Shields
et al., 1994; Simon & Darby, 1999).
Fluvial erosion occurs when streambed, streambank, and/or flood plains are in direct contact with water
(Minnesota River Turbidity TMDL). Depending on the volume and speed of the water, friction and shear
stress are created as the water flows across the materials. Bluffs are also subject to fluvial erosion when the
river is in direct contact with the bluff face. The location and nature of the flow will determine the nature of
erosion, with the greatest erosion rates typically found when the bluff is on the outer bend of a river/stream
meander.
Bluffs are also subject to slumping, block failure, or creeping. These geomorphic processes can be the result
of various stresses on the bluff face, such as ground water seepage or undercutting. However, when bluffs
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not adjacent to the river fail, the falling material does not land in the river channel. This material can
contribute to contribute turbidity at a later time, but it must be carried to the channel, most likely by
overland runoff. (Minnesota River Turbidity TMDL).
The Minnesota River Turbidity TMDL, the “parent” of the GBE turbidity TMDL, lists the streambank, upland,
and ravine sediment as each contributing approximately a third of the sediment loading. Additional
assessment/analysis work may be preformed for the development of the implementation plan to determine
if the break down is appropriate to use across the GBE basin, or if it will need to be refined to appropriately
represent the individual impaired reaches due to the specific nature of the area.
3. Land Cover / Land Use
Land cover has changed dramatically since the time of European settlement with land use dictating the
future of land cover as we expanded. From large tracts of native grasses and wetlands, the landscape was
changed to suit human habitation and use. Changes in land cover can directly or indirectly impact turbidity
by changing flow patterns or the materials which water moves over. Soil can be readily transported under
the proper conditions through stormwater and overland runoff from urban and agricultural lands.
Surface runoff occurs when water travels over the land when soil is saturated to capacity. Overland runoff is
common across the basin during spring snowmelt where water travels over frozen ground, inhibiting
infiltration. This movement of water can erode soil, leading to increased turbidity. The impact from overland
runoff varies greatly due to land surface/land cover, slope/gradient, and soil type.
While not all material eroded across the landscapes makes it into the river system, the four most common
transportation and storage mechanisms are described below.
A. The material can remain in-situ or be redistributed in the uplands as colluviums;
B. The material can be transported to an active stream channel and become an alluvial(transported
by a stream or river) deposit in the floodplain;
C. The material can be transported to an active stream channel and become an alluvial deposit
within the stream channel; or
D. Eroded materials from whatever source may be transported out of the watershed or basin
(sediment yield).
(Trimble and Lund, 1982)
Overland runoff and erosion often results in the loss of the productive top layer of soil. Food production is
affected by accelerated erosion as well as the waters that receive the excess sediment (Muckel, 2004). The
Barr engineering report (2004) for the Lower Mississippi River Basin found that “the TSS and turbidity
observations associated with greater than 50% of the flow indicate that surface-runoff processes, in addition
to channel or in-stream processes (e.g. streambank erosion), represent important contributions to the
observed TSS and turbidity”.
This movement of water also plays a large part in the development of the geomorphic features listed
previously, particularly ravines/gullies and upland sediment transport.

173

Gully/ravine erosion occurs when the power of runoff is strong enough that it cuts a well defined channel.
This process can be exacerbated by adding additional water to the flow system, such as storm water or drain
tile discharge. In the case of gully erosion, large amounts of material can be transported in a small time
period.
4. MS4 Municipalities – Stormwater
Development of urban areas have led to drainage alterations through the addition of impervious surfaces
and varying volumes of storm water delivery to streams and rivers. This is effectively a combination of land
cover change and hydrologic modification. Municipalities of a certain size or density, or located in a sensitive
area are subject to Municipal Separate Storm Sewer Systems (MS4) rules.
Within the GBE basin, three Municipalities are covered under the MS4 requirements. They are Mankato,
Fairmont, and Waseca. The Mankato area of the TDML is included within the Minnesota River Turbidity
TMDL.
The methods used to treat storm water in smaller unregulated communities is often up to the municipality
and may or may not be addressed through planning and zoning regulations. In many rural towns and
municipalities, storm water is directed to the nearest river, stream or ditch system. Stormwater discharges
can quickly add flow volume contributing to instability in the system.
5. Climatic Change/Variation
Current research suggests an increase in intensity of rain events with a decrease in frequency, if true these
high intensity events could cause changes in flow levels and volume in ditches, streams and rivers.
Movement of sediment from upland, channel, and near channel sources, as well as stored sediment (both
within the channel and near channel locations) can be increased. Stream flow has been found to be sensitive
to precipitation in the Midwest of the United States, including most of Southern Minnesota
(Sankarasubramanian et al., 2001).
Climatic change or variation has the potential to be a major stressor within the GBE system. While data
suggests that changing weather patterns have an impact on the flow conditions of the system, it is difficult
to separate the impact from the widespread anthropological changes made within the basin.
6. Stains/Color/Algae/Organic Matter
Other sources of turbidity include natural colors and stains in the waters. Tannic acids often associated with
peat and bog areas cause water to be colored, resulting in turbidity. These sorts of staining are most
commonly found near the outlets of large wetland complexes or shallow lakes. Algae growth from nutrients
entering the stream through leaf decomposition or other naturally occurring decomposition processes can
also be a source of turbidity. Many lakes located in the Western Corn Belt Ecoregion are shallow and are
subject to eutrophication. (Quade, 2000). Quantifying the levels of natural algae growth versus accelerated
algae growth is difficult, and is best taken on a case by case basis to determine what other factors may be
influencing the system.
Human alteration has also increased nutrient loading in the basin. Nutrients such as phosphorus can
dramatically increase algae levels, which can result in increased turbidity. Nutrients come from many
sources including wastewater discharges, wastewater treatment plants, untreated stormwater and runoff
from agricultural lands (both cropland and livestock).
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6.5 Source Estimate Summary
Estimates from sediment budgets and models focused on upland and stream bank erosion. Relative
contributions varied depending on the project area, but generally upland erosion had been estimated as a
larger contributor compared to bank erosion. Recent studies are reexamining the processes and sources of
turbidity. Understanding the contribution from upland sources is a complex and ongoing process. Previous
sediment budgets were developed to determine sources and target BMP activity with estimates as high as
80 percent of sediment coming from agricultural fields. Newer research and studies suggest that the
percentage can be considerably lower, depending on land use factors.
Research has examined bluff and ravine erosion within the GBERB. This erosion is a major source of
suspended sediment in some river reaches and in larger regional rivers bluff erosion was found to contribute
large quantities of fine sediment that is easily carried downstream as suspended sediment (Sekely, 2001).
While individual components such as fields, streams, and drainage are understood, the “linkages” between
the components, such as how overland/field erosion relates to sediment at the river mouth, is not as well
understood (Lenhart, 2007).
Studies of “natural”, pre-settlement erosion are on-going in many studies related to Lake Pepin with a focus
on sediment rates and sources. Studies such as “Sediment Fingerprinting” are being conducted by the
Science Museum of Minnesota - St. Croix Research Station, in cooperation with Minnesota State University,
Mankato. These studies are leading to updated models and sediment source assessments, and consideration
of the stream bank, near stream, and upland interactions.
Greater depth and detail concerning sediment supply and research used for this TMDL can be found in the
supporting documents cited within this section, as well as additional research used in the Minnesota River
Turbidity TMDL, particularly the document “Identifying Sediment sources in the Minnesota River Basin”,
which can be found at the MPCA website http://www.pca.state.mn.us/publications/wq-b3-43.pdf.

Section 7.0 – Implementation
The Clean Water Legacy Act requires an implementation plan to be developed for TMDL’s following approval
by the U.S. EPA. The plan is a document detailing restoration activities needed to meet the approved TMDL’s
pollutant load allocations for point and nonpoint sources. Consistent with the approach for the Minnesota
River and South Metro Mississippi Turbidity TMDL’s, detailed implementation planning for the Greater Blue
Earth River Basin will occur at the level of the individual major watersheds: LeSueur, Blue Earth and
Watonwan. All major watersheds of the State are being addressed through a 10-year cycle. The LeSueur is
scheduled for completion in 2013: the Watonwan in 2017: and the Blue Earth in 2021. This planning will
occur with stakeholder input to ensure the needs of the community are met. If they are to be the principal
agents for achieving results, the plan, targets and goals must be acceptable to the community. Participating
organizations will include local and state representatives and agricultural interests. Implementation efforts
between these groups can help to understand varying points of view, as well as encourage willingness to
participate in future efforts.
In addition to local interests and goals, an additional basis or starting point for the major watershed planning
will be an outline of general strategies and actions for achieving TMDL targets for the Minnesota and South
Metro Mississippi Rivers. It is already known that the Greater Blue Earth major watersheds are significant
contributors of sediment to these systems; therefore these watersheds are likely to be prominent in the
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strategies and actions. The outline, which itself will be based on significant citizen, stakeholder and agency
input is scheduled for completion in late 2012.

7.1 Implementation Activities
When dealing with impairments on a large scale, in particular impairments due to non point sources, no
single practice or activity will improve water quality to the point of achieving standards. It will take a number
of practices in different areas to improve water quality across the basin ranging from simple, small-scale
fixes, to changes in mindsets when dealing with water and watershed management.
Sediment and other materials contributing to turbidity come from a wide variety of sources across the basin.
Riparian corridor management alone will not attenuate turbid water quality violations; the volume and
timing of runoff must also be managed in the upland to improve water quality in the region. (Lenhart, 2007)
Research indicates that approximately 2/3 of the sediment comes from near-channel sources and 1/3 from
upland areas, although rates vary by watershed (Minnesota River Turbidity TMDL).
Many practices already exist to reduce sediment from upland sources including buffer strips and grassed
waterways. Uncertainty exists regarding the amount of sediment specifically coming from ravines,
bluffs/streambanks, and upland sources especially when considering the variation of sources between the
individual impaired reaches. Even with this uncertainty there are several practices which can address the
flow and sediment loading issues. These “other” sources and their associated management practices are not
as well defined and in many cases are not supported via existing programs.
Best Management Practices (BMPs) are used as a means for improving agricultural or urban landuse
practices to improve water quality. The majority of these practices are modeled on researched, field tested
designs that can be utilized for individual project sites to ensure proper function in the areas where they are
installed. BMP’s have been used in agriculture for several decades to greatly reduce levels of soil erosion
and transport. Traditionally BMP funding comes through various governmental organizations to landowners
in rural, agricultural settings. Funding for urban practices can be more difficult to find, and may need to rely
on local programs, grants, or property owner contributions.
Many of the Best Management Practices recommended to address turbidity impairments are based on
research and guidance from the Natural Resource Conservation Service (NRCS) and are taken from the Field
Office Technical Guide (FOTG). These guides are often county specific, and offer guidance on designs that
would be suited to the area. A description of the FOTG is included below:
Purpose
The purpose of the Minnesota FOTG is to promote conservation of Minnesota's natural
resources in a consistent and responsible fashion. All conservation planners and
integrated disciplines are encouraged to use this guide to avoid confusion for land
managers and possible conflict with Federal law.
The MN-FOTG contains information for use in providing technical assistance to decision
makers for resource management. The desired level of management is for nondegradation and sustainability. The information used in resource management must
reflect specific sites and activities and conform to all local, State and Federal
requirements. The MN-FOTG does not provide all information needed to solve every
possible problem that may occur. Unique or complex problems may require additional
effort.
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The MN-FOTG is designed to be used by technically trained persons to assist
landowners, land managers and others to plan, apply and maintain appropriate
conservation practices.
These practices were chosen based on Conservation Practice Physical Effect (CPPE) matrix to target soil
erosion, water retention, and other conservation practices to increase and promote water quality. A
complete matrix for Minnesota can be found at the Minnesota NRCS website
http://efotg.nrcs.usda.gov/references/public/MN/cppematrix2.pdf.
All BMPs should be designed specifically for a project by an authorized and certified group or organization,
installed through a professional contractor, and inspected after installation to ensure it is functioning
properly and providing maximum benefit. All BMP designs are based on tested and studied projects. These
studies can often be found in the individual sections pertaining to the practice. For example:
Channel Bank Vegetation (332)
Purpose:
Stabilize channel banks and adjacent areas and reduce erosion and sedimentation.
Maintain or enhance the quality of the environment, including visual aspects and
fish and wildlife habitat.
References:
Bentrup, G., and J.C. Hoag. 1998. The Practical Streambank Bioengineering Guide User's Guide for Natural Streambank Stabilization Techniques in the Arid and
Semiarid Great Basin and Intermountain West. Interagency Riparian/Wetland Plant
Development Project. USDA-NRCS, Aberdeen, ID.
FISRWG. 1998. Stream Corridor Restoration: Principles, Processes, and Practices.
Federal interagency Stream Restoration Working Group (FISRWG).
Since many BMPs are related to erosion and water quality, they can assist in reducing the sediment loading
and turbidity. These BMPs (with NRCS program code numbers) include, but are not limited to:
Conservation Cover (327),Conservation Crop, Rotation (328), Contour Farming (330),
Contour Strip Cropping (585), Cover Crop (340), Critical Area Planting (340), Cross Wind
Strip-cropping (589B),Cross Wind Trap Strip (589), Dike (356), Diversion (362), Filter
Strip (393), Grade Stabilization Structure (410), Grassed Waterway (412), Heavy Use
Area Protection (561), Lined Waterway or Outlet (468), Mulching (484), Residue
Management programs, Riparian Forest Buffer (391), Riparian Herbaceous Cover (390),
Roof Runoff Management (558), Runoff Management System (570), Sediment Basin
(558), Stream Channel Stabilization (584), Stream Habitat Improvement and
Management (395), Structure for Water Control (587), Terrace (600), Vegetative buffers
(601), Wetland Creation (658), Wetland Enhancement (659) and Wetland Restoration
(657).
Additional BMP and implementation activity should focus on urban and stormwater issues. Stormwater can
have serious consequences on the quality of lakes, streams and rivers if it is not treated or managed. Often
associated with impervious areas and urban development, stormwater often contains oil, chemicals, excess
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phosphorous, toxic metals, litter, and potentially disease-causing organisms and bacteria. Due to the nature
of many stormwater system designs, the rate and volume of stormwater delivered frequently overwhelms
streams and rivers, and causes scouring of streambanks and river bottoms potentially affecting fish and
other aquatic organisms.
Because of the potential impact of stormwater, the MPCA, BWSR, and many local government units have
developed rules, programs or suggestions when dealing with stormwater. For example, the MPCA covers
construction and industrial stormwater under the NPDES permit program with the following language:
Construction Stormwater: Construction storm water activities are considered in
compliance with provisions of the TMDL if they obtain a Construction General Permit
under the NPDES program and properly select, install and maintain all BMPs required
under the permit, including any applicable additional BMPs required in Appendix A of
the Construction General Permit for discharges to impaired waters, or meet local
construction stormwater requirements if they are more restrictive than requirements of
the State General Permit.
Industrial Stormwater: Industrial stormwater activities are considered in compliance
with provisions of the TMDL if they obtain an industrial stormwater general permit or
general Sand and Gravel Permit (MNG49) under the NPDES program and properly
select, install and maintain all BMPs required under the permit.
Additional work has been done to develop the “Minnesota Stormwater Manual” which details the effects
and lists several methods for dealing with stormwater through alternative designs and BMPs.
Counties, with the help of BWSR, have developed Water Plans focusing on local water quality concerns.
These chapters should be referenced and utilized when developing the implementation strategy, especially
when dealing with target area goals.
Implementation activity can be completed using existing conservation programs or rules established by
state, county, or local ordinances. Existing rules/programs include USDA programs (such as CRP, CREP, RIM,
and EQIP), DNR programs and setbacks and State, county, or local ordinances concerning shore land,
ditches, or riparian areas.
These practices when used individually or in series and dispersed to the areas of greatest need can greatly
reduce overland flow and soil erosion. Added benefits include improving water retention which may lead to
decreased peak flows and improved bank and channel stability.
Targeting of practices is critical in terms of maximizing water quality benefit while minimizing financial
inputs. Targeting should include information such as physical location, soil types, land uses, size of area
effected (both up and down stream) with a calculation of the potential impact of the practice in terms of
pollutant reduction and economic benefit. Practices should be based on targeted flow and loading
conditions, as effectiveness can change based on variations caused by seasonal and individual reach
conditions.
While improving water quality within the river system is the goal, many of the practices listed involve
activities and implementation outside of the river corridor. In order to reach the large scale reductions
under various flow conditions, landuse management changes may need to be made across the landscape. In
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general, broad changes in existing hydrology and water retention/storage capacity will need to be addressed
to meet water quality standards Figure 7.1A.
Figure 7.1A - Implementation

The changes within the GBERB that have contributed to water quality impairments took place over the
course of decades, so it is highly likely the changes necessary to improve water quality will also take an
extended amount of time. Any implementation will likely need to be handled in a phased approach, allowing
for adjustments in new information, technology, and demands on both the landscape and water resources
by society.
It is important to consider that the Minnesota River Turbidity TMDL recommends a 30 year timeline with
multiple practices necessary to reduce loading to acceptable levels. Modeling the effects of landscape
changes was a major focus of the Minnesota Turbidity TMDL. Using the HSPF model, combinations of
practices were created in separate “scenarios”. Each of these scenarios was run across the basin to measure
the potential effectiveness and estimate reductions.
Below are summaries of the Scenarios, as well as a general description of methods, as taken from the
Minnesota River Turbidity TMDL:
The sediment reduction needs in the TMDL represent aggressive goals. Implementation will be
conducted using an adaptive management approach. Adaptive management is appropriate to predict
the response that will occur from implementing practices with the information available to demonstrate
expected reductions. Changes in water quality standards, technology, research, and weather may alter
the course of actions detailed here. Continued monitoring and adjustments responding to monitoring
results are the most appropriate strategy for attaining the water quality targets established in this
TMDL.
Implementation activities will occur over a 30-year period. Three types of activity will occur: 1)
Groundwork including research and developing more specific strategies prior to implementation; 2)
Implementation activities; and 3) Continued implementation in cases where practices are not adopted.
Adjustments to this timeline will occur as organizations undertake various facets of the research and
implementation agendas. Additionally, local watershed projects may elect to prioritize the list differently
given local needs.
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Scenario 1: Scenario 1 was designed to represent “continuous change.” It generally represents a
continuation of current trends in land use and management practices, and is expected to achieve a
small but steady course of incremental improvements. The focus was on two areas:
Current trends in crop production and management.
Permitting requirements for Municipal Separate Storm Sewer Systems (MS4s) draining
urban lands.
The results showed that the net changes from baseline conditions are minimal, with increases and
reductions in approximate balance. The flow-weighted mean TSS concentration increases by a few
mg/L in some seasons and decreases in others.
Scenario 2: Scenario 2 was designed to represent “innovative change” and entails pursuing
breakthrough ideas, such as modification of land use and cropping systems, to accelerate progress.
Options in this category are considered challenging.
The results showed consistent, but small decreases in flow-weighted mean TSS concentrations.
Most spring and summer TSS concentrations remained well above the targets needed to achieve
turbidity targets for these seasons.
Scenario 3: Scenario 3 represents “advancing change” - a higher level of effort that is intended to
represent a transformation of current thinking. Management options are focused at the structural
level and are perceived to be difficult, but potentially feasible, involving use of the best alternatives.
Although these aggressive actions may appear onerous and difficult, they do not appear to be
sufficient to fully achieve water quality standards.
This scenario yields further incremental reductions in TSS concentrations, but the resulting
concentrations are still well in excess of targets during spring and summer periods. Concentrations
remain high in large part because loading from bank, bluff, and channel processes was not
addressed. In addition, only a small amount of reduction was simulated for loading from ravines,
another important component of the total sediment load.
Scenario 4: The results of Scenario 3 demonstrated that additional management measures would
be needed to meet targets. After a presentation of the Scenario 3 results, participants at the
Minnesota River Turbidity TMDL Stakeholder Committee meeting of July 24, 2008 developed a list of
additional ideas for the next model scenario. Four important areas for additional focus included:
An effort to reduce sediment loading from ravines and gullies;
Water storage and upland drainage management;
Land use changes including conversion of agriculture to perennial crops; and
Reductions in bank and bluff erosion. Together these ideas formed the framework for
Scenario 4 – “accelerating change.”
Scenario 4 includes a variety of practices (including crop changes, reduction in ravine loads,
retention of 1” of runoff near the source, and other practices) that drastically reduce the sediment
loading rate from agricultural lands (tillage and pasture). Reductions were imposed on urban or
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developed lands, but only for those lying within MS4 boundaries. The various components of
Scenario 4, taken together, resulted in significant changes in the distribution of land uses in the
Minnesota River watershed.
Scenario 5: Scenario 5 represents “paradigm change” – simulating the level of change of both the
landscape and the stream network that were needed to achieve the turbidity surrogate
concentrations.
The TMDL targets scenario (Scenario 5) was developed iteratively. First, a set of baseline measures
was applied to all watersheds. Then, additional measures were applied on an individual watershed
basis, as needed, to achieve targets.
Analysis of the results of Scenario 5 demonstrated that large reductions were achieved in loads from
upland sources and ravine loading. Most of the remaining load is derived from channel and
bank/bluff erosion, particularly in the bluff reaches. Reduction in these sources is needed to achieve
standards. However, it was also determined that some excursions appeared to be caused by runoff
from developed (“urban”) land outside of MS4 boundaries, for which no enhanced management has
been proposed in earlier scenarios. Given below is a brief summary of the Scenario 5 baseline
components.
All upland management practices in Scenario 4 are carried forward to Scenario 5.
An additional reduction in sediment load from developed land outside of MS4
was imposed.

boundaries

Rates of sediment supply from the bluffs were reduced by 25 percent.
The baseline components of Scenario 5 reduced rates of excursion of the TSS surrogate objectives to
around 5 – 10 percent, but did not fully achieve the targets. Therefore, additional management
measures were applied on a watershed by watershed basis to meet the targets. In many cases,
these additional measures were needed to address a few isolated excursions of the objectives. A
detailed version of these additional measures can be found in the Minnesota Turbidity TMDL.
Scenario 5 represents an extremely effective suite of management measures. Different
combinations of management measures that achieve similar levels of reduction might also achieve
targets, but it is clear that any successful strategy would need to address both channel and upland
loads, and include measures that reduce loading during both large events (where upland loading is
dominated by runoff from cropland) and smaller events (where significant contributions come from
impervious surfaces associated with developed land).
Based on the results from the HSPF model, a wide variety of changes may be necessary to address
the impairment. These implementation activities in some cases are outside of the traditional
management practices recommended by state and federal agencies, such as the Board of Soil and
Water Resources (BWSR) and the National Resource Conservation Service (NRCS). As such,
additional time and effort must be given to find funding and support for new or “innovative”
practices if they will be successfully used at a level to effect change.
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The sediment reduction needs demonstrated by the TMDL to meet water quality standards under all flow
conditions represent aggressive goals. These goals will also need to reflect realistic social and economic
consideration when addressing implementation.
For this reason, implementation will likely need to be conducted using an adaptive management approach.
Adaptive management allows the targets and practices to change based on predictions and responses that
will occur from implementing practices. Changes in water quality standards, technology, research, and
weather may alter the course of actions detailed here. Continued monitoring and adjustments responding to
monitoring results are the most appropriate strategy for attaining the water quality targets established in
this TMDL.

7.2 Future Monitoring
Ongoing water quality monitoring programs are imperative for the success of the TMDL process. Continuous
monitoring is necessary to establish an accurate baseline and measure the impact that practices and
changes to the landscape make towards improving water quality. Several programs exist in the basin.
Intensive Watershed Monitoring
Introduced in 2006 in selected watersheds and statewide in 2009, the Intensive Watershed Monitoring
process is used to assess the aquatic health of the entire major watershed through biological and water
chemistry sampling. This approach utilizes a ‘pour point’ method of sampling near the mouths of watersheds
at different scales to measure the condition of the upstream reaches. The intensive approach allows
assessment of the watershed for aquatic life, aquatic recreation, and aquatic consumption use support of
the State’s streams in each of the 84 major watersheds on a 10 year cycle. The main objectives of the
Intensive Watershed Monitoring Strategy are to determine the condition of all watersheds throughout the
state for a variety of indicators, to locate watersheds with impairments, to provide information for the
stressor identification/TMDL process, and to monitor conditions over time.
Clean Water Partnership Projects
Within the GBERB, there have been multiple Clean Water Partnership projects (CWP). The Lily and Center
Creek-Blue Earth River, Maple River and Watonwan River CWP’s have focused on stream monitoring. Each
of these projects were created based on various diagnostic studies done in the region to determine priority
areas. These CWP projects work toward improving water quality through BMP/practice implementation and
educational outreach. Projects monitor water to assess how BMP implementation is impacting water
quality.
319 Grants
Within the CWA, the Nonpoint Source (NPS) Management Program was introduced in 1987 as section 319.
Under section 319, federal grant money is distributed to States, Territories and Tribes. These grants can be
applied for under criteria established by the agency holding the dollars. Typically the focus of these projects
includes technical and financial assistance, outreach and education, and project implementation and
evaluation. Current 319 projects in the GBERB include the Big Cobb River project in Blue Earth County and
the Urban Storm Water Specialist located in Faribault County.
Interagency Water Monitoring Initiative (IWMI)
The IWMI was formed in 1998 with the focus of assessing the water quality of four streams in the GBERB
and two locations along the Minnesota River. The program was implemented by Metropolitan Council and
coordinated along with the Department of Agriculture and the Minnesota Pollution Control Agency. In 2005,
Metropolitan Council transferred the monitoring stations to the Water Resources Center at Minnesota State
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University, Mankato. The IWMI is a biannually funded program and as such functions on a two year work
plan.
Citizen Stream Monitoring Program (CSMP)
The Citizen Stream-Monitoring Program is a monitoring network composed of volunteers trained and
assisted by the MPCA. The program has more than 400 volunteers and close to 700 sites across the state.
Participants assist in determining the condition of Minnesota streams and expand the water-quality
monitoring network. Increased stream monitoring helps identify problems, develop strategies and prioritize
activities for improving water quality, and tracks progress toward improvement.

7.3 Cost
The scale and scope of this TMDL study makes it very difficult to reliably estimate the costs of achieving
water quality standards for the entire impaired river and stream reaches. The following general statements,
however, may be of some value.
1. There should be no cost implications to municipal and industrial wastewater sources. Current
discharge limits for these facilities are already at or below TMDL targets.
2. For urban stormwater covered under MS4 NPDES permits, the draft Minnesota River Basin turbidity
TMDL Study provides a cost estimate of $33 per pound for TSS removal. Based on HSPF model
results for a scenario that achieve water quality standards, this translates to substantial costs for all
MS4 communities in the Minnesota River basin upstream of Jordan. The Greater Blue Earth
watershed includes only a small portion of these MS4 communities. In addition, the draft Minnesota
River report describes reasons why the cost estimate may be on the high side.
3. The draft Minnesota River Basin Turbidity TMDL Study provides an estimate of the cost of increasing
perennial vegetation throughout the basin. The HSPF model indicated that increasing perennial
vegetation to cover 20% of the land in each major watershed was necessary to achieve TMDL goals.
A total dollar estimate for 20% landcover modification in the GBERB is not possible due to the needs
of targeting and the variability of land costs assuming that conservation easements would need to
be purchased from landowners to achieve this increase in perennial vegetation. Given the size and
importance of the Greater Blue Earth Basin within the Minnesota River Basin, the costs of these
conservation easements for the Greater Blue Earth alone would be substantial. It is important to
note that the draft report suggests reasons why the costs could be much less. Depending on future
economic conditions and support of perennial bioenergy crops, actual costs could be neutral.

Section 8.0 – Reasonable Assurance
All TMDLs are required by the US EPA to provide “reasonable assurance” of practices and programs ability to
reduce loading levels to meet or exceed and maintain water quality standards. The MPCA and other state
and federal agencies have limited regulatory authority over the majority of the sediment sources in this
TMDL report. The MPCA does have regulatory authority over sources such as permitted MS4 Municipalities,
construction, industrial and wastewater treatment facilities. However, by volume, these are minor sediment
sources under most flow conditions. To address the major loading portion of the TMDL, the nonpoint source
allocations, a wide variety of management practices will need to be considered and implemented to address
the loading issues.
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Programs and agencies exist at the local, state and federal levels that provide implementation practices that
address causes or sources of turbidity, as well as hydrologic management. The development of the “Clean
Water Fund” through the adoption of the “Clean Water, Land and Legacy Amendment” in 2008 provides
new funding sources to target and clean up impaired waters across the state.
The state of Minnesota requires that an implementation plan be developed to address the impairment and
the methods best suited to meet the goals of the TMDL.

Section 9.0 – Public Participation
Public participation and involvement are important in the successful design, review, and implementation of
a TMDL study. For this reason, the GBERB Turbidity TMDL project worked closely with a broad array of
county, state and citizen groups and organizations.
To address the broad interests that would be involved in the project, multiple stakeholders groups were
developed. These lists were divided into Technical/professional, related organizations, and
volunteers/citizens.
The Technical group included state and federal and local government employees, research groups and
projects, and joint powers boards. Agencies on the mailing and contact lists include: USDA, NRCS, FSA,
MPCA, BWSR, U of M Twin Cities, MSU, USGS, NCED, and GBERBA, CSMP volunteers, and concerned citizens.
These various groups were included in additional mailings and meeting information.
The technical committee was updated on the progress of the project through meetings and mailings. Key
finding, concerns, and comments were discussed and input was gathered from the group and included in the
TMDL report.
Activities and meetings:
November 2007- Presentation to GBERBA (Policy and Technical) regarding project; asked for
assistance thorough the development of a subcommittee.
January – Update GBERBA technical board on project progress.
February 2008 – Attend technical meeting, begin sub-committee selection process.
February 2008 - Sent out letters to CSMP program volunteers and agricultural groups and
organizations asking for participation in the project.
March 2008 – Afternoon meeting with GBERBA. Involves area project updates and thesis
presentation.
May 25, 2008 – 4:30 – 8:00 - Open public meeting in St. James.
May 26, 2008 – 4:30 – 8:00 – Open public meeting in Waldorf.
May 27, 2008 – 4:30 – 8:00 – Open public meeting in Blue Earth.
July 12th, 2008 – Presentation at Gustavus Adolphus college for the Mayday conference.
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August 25th 2008 – 6:30 - 7:30 Open public meeting held at the Mankato Public Library.
September 17th, 2008 – Open technical advisory team meeting held at the USDA Service Center in
Mankato.
October 29th 2008 – 7:00 – 8:00 Open public meeting held at Winnebago Community Center.
February 17th, 2009 – Meeting at MPCA to discuss various aspects of the GBERB TMDL and the
Minnesota River TMDL.
September 23rd, 2009 – Open technical advisory team meeting held at the MPCA office in Mankato.
November 23rd, 2009 – Open technical advisory team meeting to discuss loading and natural
background held at the MPCA office in Mankato.
February 15th, 2010 – Draft of the TMDL is sent to all technical advisory team members to allow for
input and comments.
March 24th, 2010 – Open technical advisory team meeting to discuss the draft of the TMDL.
An opportunity for public comment will be provided once the TMDL is posted on the MPCA’s
website. A public notice regarding that comment period will be published in the State Register.

Section 10 – Technical Advisory Team and Author Comments
Throughout the development of the TMDL, several key issues and concerns were raised by members of the
technical advisory team. The issues were discussed and attempts were made to explain the reasoning of
methods used within this study, however portions or topics of the TMDL exist where a general consensus
was not reached among the technical advisory team. This section is dedicated to addressing some of these
concerns brought forward by the technical advisory team, as well as concerns of the author.
Scale
Within the context of a TMDL, finding the best scale is difficult. It has been demonstrated that working with
an individual impaired reach is cost prohibitive and time consuming, but it may be the best way to identify
specific stressors and work with individual citizens and stakeholders directly affected to discuss solutions
and costs of rehabilitation.
Working within a larger watershed scale allows for multiple reaches to be addressed at one time, but it also
limits the amount of public interaction (primarily due to time and cost involved) and creates the necessity
for increased generalization when dealing with landscape variables, such as elevation, soil types, and land
use.
While the science behind the load duration curve and the methods of estimating the loading for the
individual reaches based on area/percentages of the watershed has been well supported, it can prove to be
problematic when trying to identify specific problem areas. Due to a lack of site specific flow data, individual
impaired reaches are divided out based on areas within the watershed contributing to the impaired reach.
This is the best approach to take to create a uniform method for creating allocations, however as the
landscape varies across the basin this generalization can impede the identification of specific stressors
within impaired reaches. The stressors and impairments that occur in the upper reaches or headwaters of
the rivers are potentially very different from the outlets due to differences in river and landscape dynamics.
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Another area potentially affected by scale is the surrogate data. For the development of the surrogate
values, each of the three major rivers (Blue Earth, Watonwan, and Le Sueur) utilized flow and sample data to
calculate an individual surrogate value. These surrogate values were calculated as 78 mg/L on the
Watonwan, 84 mg/L on the Blue Earth, and 83 mg/l on the Le Sueur. To further insure confidence in the
calculated surrogate values, and to reflect the data and calculation methods used within the Minnesota
River Turbidity TMDL, these values were grouped at 90 mg/L for each of the three major watersheds.
While steps were taken to account for these differences, it is possible that due to the scale and size of the
TMDL, some of the specific impaired reaches may be over or underestimated in terms of flow and load
volumes.
Specificity of Research / Sediment Identification
When dealing with an area the size of the GBERB, determining sediment sources outside of general
descriptions and terms is difficult. In very general terms, the Minnesota River Turbidity TMDL has identified
the major contributions of sediment as originating from upland, ravine, and streambank/bluff sources, with
each group contributing roughly one third of the sediment within the watershed.
In a large scale project, like the Minnesota River and to a lesser extent the Greater Blue Earth, these
percentages are used as a way to best estimate sediment sources while acknowledging that within the
individual major watersheds the relative percentages and contributions are variable based on the best
available research.
When trying to describe differences across a basin for individual reaches, the specific contributions from
each of the 3 categories will likely be very different depending on your location within the basin. In the GBE
for example, many headwaters areas are of very flat topography and low stream gradient. These areas
typically do not have ravine contributions, changing the distribution of the suspected sources. In order to
accurately determine how streambank and upland contributions should be adjusted, it is likely that
individual field assessments would be necessary. With the number of impaired reaches within the TMDL,
and the timeline of the work to be done, these individual assessments were not practical. Collected
geomorphic data within the project area was used to supplement the study.
From the typical flat headwater areas, to the “knickpoint” sections with higher stream gradient, the
variability of each of the relative contributions across the basin is likely to be very high. When developing
the implementation plan for this TMDL, contact with LGUs and other agencies and organizations familiar
with the local landscape will be necessary to properly target where implementation projects will be most
effective.
Natural Background
Natural background has been a highly debated topic within the TMDL. Much of the debate has focused on
the definition of what constitutes natural background sources when defined by the Minnesota Clean Water
Legacy Act. Below is the definition of a TMDL along with what should be included in the calculation
methods:
114D.15 DEFINITIONS.
Subd. 10. Total maximum daily load or TMDL. "Total maximum daily load" or "TMDL"
means a scientific study that contains a calculation of the maximum amount of a
pollutant that may be introduced into a surface water and still ensure that applicable
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water quality standards for that water are restored and maintained. A TMDL also is the
sum of the pollutant load allocations for all sources of the pollutant, including a
wasteload allocation for point sources, a load allocation for nonpoint sources and
natural background, an allocation for future growth of point and nonpoint sources, and
a margin of safety to account for uncertainty about the relationship between pollutant
loads and the quality of the receiving surface water. "Natural background" means
characteristics of the water body resulting from the multiplicity of factors in nature,
including climate and ecosystem dynamics, that affect the physical, chemical, or
biological conditions in a water body, but does not include measurable and
distinguishable pollution that is attributable to human activity or influence. A TMDL
must take into account seasonal variations.
Additionally, Minn. R. ch. 7050, Waters of the State, defines natural causes as:
“Natural causes" means the multiplicity of factors that determine the physical, chemical,
or biological conditions that would exist in a water body in the absence of measurable
impacts from human activity or influence. (Minn. R. 7050.0150, subp. 4N)
One of the primary arguments related to natural background, similar to the concern of the specificity of the
research, is that sufficient data is not available to identify the individual natural background loading within
the impaired reaches.
Technical advisory team members debated the proper definition of natural background focusing on the
wording of what is “measurable and distinguishable pollution that is attributable to human activity or
influence”. The debate centers on whether pollution within the load allocation should be defined as natural
or not if it is not distinguishable as directly contributable to human influence. With the extensive alteration
across the system, a lack of direct sample data, and changes within the climatic patterns within the basin,
the issue only becomes more problematic.
While it could be potentially defined as a general value from current research, such as sediment
fingerprinting, determining a specific percentage that would be an accurate and defensible value or
calculation method within an individual impaired reach is difficult for a number of reasons.
Impacts within individual impaired reaches could include unique stressors, such as elevations changes,
channel alteration, upland management practices and other factors which lead to differing rates of natural
and accelerated sediment loading.
The lack of a non-impaired reference reaches within a similar ecoregion also makes comparison and
evaluation difficult, if not impossible. Without in-depth evaluation of each impaired reach, determining
natural background loading will continue to be a debated topic.
Standards / Flow Conditions
The turbidity standard was also an area debated by the group. While the standards for turbidity are in
essence an aquatic life standard, there has been some confusion as to what the standard represents, or if it
is attainable within all flow conditions in the river system.
It has been demonstrated that continual or chronic turbidity impairments have a negative impact on aquatic
communities through loss of intolerant indicator species and a general homogenization of aquatic plant,
invertebrate and fish species (Blann, et al., 2009). The standard of 25 NTU was used because it is at this level
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that the effects listed above become apparent. However, the standards that currently exist do not explicitly
have a time span or length associated with them. This has been addressed within the Protocol for Minnesota
Turbidity TMDLs:
Minnesota Rules Chapter 7050.0227 does not explicitly state how the numeric water
quality standard for turbidity is to be applied (see Section II.A.i); however, the standard
is listed in the context of being a chronic standard (Dave Maschwitz, personal
communication, 2006). As such, a single exceedance of the standard would not cause a
violation of the standard; rather, some chronic condition involving the standard would
result in a violation of the standard. A violation of a standard due to a single exposure to
a pollutant would indicate an acute condition. Chronic conditions in terms of pollutant
toxicity are often based on a four-day average concentration of a substance. Use of a
four-day average “chronic” turbidity as the determinant of impairment is one option for
the application of the standard.
It is also a requirement that in order for a body of water to be listed, it must have at least one sample out of
ten, (10%) with a minimum of 20 samples before it qualifies as impaired.
When reviewing the loading under various flow conditions, there are numerous violations of the standard in
the upper 10 percent flow values. In fact, in some individual reaches the sample data reflected that within
the top 10 percent of flows, the samples were never at or below the standards. This had raised the concern
within the technical advisory team as to the attainability of the standards under high flow or flood
conditions.
While implementation practices have the potential to mitigate the timing of waters entering the channels,
even if the delivery time to the impaired reaches was increased and the peak flows reduced, current sample
data indicate that a major reduction in sediment would be necessary to meet the standards. Combining
these concerns with additional economic considerations, some members of the technical advisory team
question the practicality and/or feasibility of meeting the standards under all flow conditions within all
reaches of the GBERB.
Members of the technical advisory team are interested in any future discussion or evaluation of the
Turbidity standard, and perhaps have an interest in participating in the evaluation of data used in the
development of a TSS standard.
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Appendix 1 – Surrogate Data Calculation
Development of Total Suspended Solids (TSS) Surrogates for
Turbidity in the Minnesota River Basin
Draft 10/28/2008 (E. Campbell, L. Ganske, G. Johnson)
I. Background
The Minnesota River Total Maximum Daily Load (TMDL) project addresses turbidity impairments in the
Minnesota River Basin. The project area begins near Lac Qui Parle in western Minnesota and ends at the city
of Jordan near the Twin Cities metropolitan area. It includes 18 reaches on the mainstem and lower
tributaries, including the Chippewa, Redwood, Cottonwood, Blue Earth, Hawk Creek, Yellow Medicine,
Watonwan, and Le Sueur Rivers (MPCA, 2005). A map of the project area is shown in Figure 1.

Figure 1. Minnesota River Turbidity TMDL project area (MPCA, 2005)
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Turbidity is a measurement of the clarity of water, determined by how much light is absorbed and scattered
in a water sample (MPCA, 2005). Suspended organic matter, inorganic sediment and dissolved organic
matter all can affect turbidity. It is not a direct measure of pollutant mass. However, because light scatter
and absorption is strongly affected by particles suspended in the water, there is a strong relationship
between turbidity and the commonly used mass-based water quality parameter total suspended solids
(TSS). For this reason, and because mass loads are needed for TMDL calculations and allocations, TSS is
commonly used as a surrogate for turbidity.
Correlation analysis was conducted on a large data set of paired TSS and turbidity values from samples taken
in the Minnesota, Lower Mississippi, Cedar, Des Moines and Missouri River basins indicate that it is possible
to use TSS values to predict turbidity. This analysis showed a strong relationship between turbidity and TSS
measurements (MPCA, 2001).
More recently, MPCA staff completed analysis of TSS surrogates for turbidity using data from 1996-2005
within the Western Corn Belt Plains (WCBP) and Northern Glaciated Plains (NGP) ecoregions
(Christopherson, 2008). A natural log transformation of the data was performed. TSS was plotted as the
independent variable and turbidity as the dependent variable. This resulted in a TSS surrogate of 60 mg/L for
the turbidity standard of 25 NTU being used in the assessment process for the impaired waters {303(d)} list.
The plots were also used to demonstrate when turbidity exceedances are correctly identified by TSS, when a
false positive occurs, when a false negative occurs, and when acceptable turbidity is correctly identified by
TSS. Current MPCA assessment guidance applies the surrogate to impaired waters listing decisions (MPCA,
2007).
In addition to deriving TSS surrogates from TSS-turbidity regression, TSS benchmarks have been previously
established using ecoregion percentile values. The TSS values selected as the thresholds were 58 and 66
mg/L in the WCBP and NGP ecoregions, respectively. These are the 75th percentile values in the distribution
of TSS values measured at minimally impacted sites (not influenced by point sources) in the two ecoregions
(MPCA, 2006). The 58 and 66 mg/L surrogates have been used as TSS benchmark goals by several watershed
groups in the Minnesota River Basin. One noted use of this application is in the State of the Minnesota River
report.
This paper describes the methods and results of TSS-turbidity regression analysis performed on watershed
specific data sets to determine watershed or river specific surrogate values. These results were then
compared across watersheds to determine regional specific surrogate TSS values and to simplify the number
of TSS surrogates used in the Minnesota River Turbidity TMDL.

II. Data Utilized and Analysis Techniques
The data used in this analysis include turbidity and TSS from several sites across the basin. The years of data,
number of observations, sampling organization and labs used in sample analysis are summarized in Table 1
for each site. For major tributaries, all sites are at or near the outlet unless otherwise noted. 2007 MCES
data was not used because of a change in meter type.
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Table 1: Site information, years of data, and number of observations used in the regressions.

Site

Years of
Data used in
Analysis

Number of
Observations

Chippewa River

2001-2007

84

Hawk Creek

2004-2007

75

Redwood River
Cottonwood River

2003-2007
2003-2007

47
48

Watonwan River

2000-2007

227

2000-2005

86

MCES, MSU-WRC

MCES***

2000-2005

54

MCES, MSU-WRC

MCES

2000-2005

112

MCES, MSU-WRC

MCES

2000-2005

97

MCES, MSU-WRC

MCES

2000-2005

140

MCES

MCES

Blue Earth River
(Mile 12.0)
Le Sueur River
Minnesota River at
Judson
Minnesota River at
St. Peter
Minnesota River at
Jordan

Organization(s) that
Collected Sample
Chippewa River
Watershed Project
Hawk Creek Watershed
Project
RCRCA
RCRCA
MPCA,
Watonwan County
Environmental
Services, Maple River
Watershed Project

Lab
Era – Duluth*
Era - Duluth
MVTL – New Ulm**
MVTL – New Ulm

MVTL – New Ulm

*Era Laboratories, Inc.
**Minnesota Valley Testing Lab
***Metropolitan Council Environmental Services Lab

There are a number of factors that need consideration in the work to establish a TSS surrogate for the
turbidity water quality standard. These include the effect of suspended particle size and concentration on
turbidity meter response, parametric data analysis assumptions, and differences between turbidity meters.
In order to minimize bias to the TSS-turbidity regressions from values at the extreme ends of the sample
range, data sets used in the analysis were limited to sample pairs less than 40 NTU for turbidity and greater
than 10 mg/L for TSS following the MPCA Turbidity TMDL Protocol (MPCA, 2007). TSS was plotted as the
independent variable and turbidity was plotted as the dependent variable.
To use linear regression in this work, a data transformation was needed to meet the assumption of the data
being normally distributed for the appropriate use of the parametric statistical method. A natural log
transformation of the data was found to provide a reasonably normal distribution of the data. Using the
natural log transformation as opposed to a transformation of another sort (e.g. log10) was chosen because
much of the related regression work within the MPCA has been performed using a natural log
transformation.
Meter differences between labs are another component of the analysis that had to be addressed. ERA uses a
Hach 2100AN turbidimeter with the ratio mode "Off", which reports in NTUs. Until 2006, both MVTL and
MCES used a Hach 2100A turbidimeter, which reports in NTUs. Beginning in March 2006, MCES began using
a Hach 2100N with the ratio mode “On” (Campbell, personal communication with D. Fuchs, 2008), which
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reports turbidity as NTRUs. Because of this, MCES results from 2006 and 2007 were not used in this analysis,
so that NTRU to NTU conversions did not have to be made. In 2006, MVTL switched from a Hach 2100A to a
HF Scientific Micro100, which also reports in NTUs (Johnson, personal communication with J. Smith, 2007).
Since the meter change did not result in a unit change, no MVTL data was omitted from the analysis.
The Hach 2100A uses a single white light source and a single light detector. The Hach 2100AN and Hach
2100N use a single white light source and multiple light detectors (Johnson, 2007; MPCA 2007; Hach 2008).
The Hach 2100AN and Hach 2100N meters reports turbidity as NTU when the ratio mode is “Off” and NTRU
when the ratio mode is “On”. The HF Scientific Micro100 operates in a similar fashion as the Hach 2100A.
The USGS has investigated the differences between meters and has compiled a list of meters and their
reporting units at http://water.usgs.gov/owq/turbidity_codes.xls (USGS, 2007).
Along with regressions for each of the sites individually, grouped regressions were also performed. The
groups are: Chippewa and Hawk; Redwood and Cottonwood; Watonwan, Blue Earth and Le Sueur; and the
three Minnesota River sites. These groups were chosen based on similar geology and land use within the
watersheds and also on results from past MPCA data analysis that show similar differences between the
data sets. The groups were then confirmed with statistical analysis.
A few data points obviously skewed the regressions and were removed as outliers. A statistical computation
was not performed, but the points that were removed are documented in Table 2 below and if needed in
the future, a statistical test can be performed.
Table 2: Outliers removed from analysis

Site

Sample pairs removed as outliers
Date (TSS mg/L, Turbidity NTU)

Chippewa River
Hawk River
Redwood River
Cottonwood River
Watonwan River
Blue Earth River
Le Sueur River
MN River at Judson
MN River at St. Peter
MN River at Jordan

none
none
none
none
none
5/12/00 (339, 26)
Pairs with <10 NTU (due to scatter); 5/23/04 (648, 39)
9/23/03 (45, 2.4)
10/20/04 (397, 24); 12/14/04 (313, 18)
6/8/04 (943, 40)
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III. Results
A. Individual Regressions.
TSS-Turbidity regression plots for each site are shown in Figures 2 – 11.
2001-2007 Chippewa River Outlet
TSS - Turbidity Regression
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3
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Figure 2: Chippewa River TSS-Turbidity Regression.

2004 - 2007 Hawk Creek Outlet
TSS - Turbidity Regression
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Figure 3: Hawk Creek TSS-Turbidity Regression.
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2003-2007 Redwood River Outlet
TSS - Turbidity Regression
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Figure 4: Redwood River Outlet TSS – Turbidity Regression

2003-2007 Cottonwood River Outlet
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Figure 4: Cottonwood River TSS-Turbidity Regression
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2000-2005 Blue Earth River (Mile 12.0)
TSS - Turbidity Regression
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Figure 5: Blue Earth River TSS-Turbidity Regression

2000 - 2007 Watonwan River Outlet
TSS - Turbidity Regression
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Figure 6: Watonwan River TSS-Turbidity Regression
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2000 - 2005 Minnesota River at Judson
TSS - Turbidity Regression
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Figure 8: Minnesota River at Judson TSS-Turbidity Regression

2000 - 2005 Le Sueur River Outlet
TSS-Turbidity Regression
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Figure 9: Le Sueur River Outlet TSS-Turbidity Regression
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2000-2005 Minnesota River at Jordan
TSS - Turbidity Regression
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Figure 10: Minnesota River at Jordan TSS-Turbidity Regression

2000 - 2005 Minnesota River at St. Peter
TSS - Turbidity Regression
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Figure 11: Minnesota River at St. Peter TSS-Turbidity Regression
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The TSS surrogate value was computed by using the regression equation to solve for TSS when turbidity
equals 25 NTU. The initial TSS surrogate values for each site and the corresponding r-squared value from the
regression analysis are summarized in Table 3 below. Values are rounded to the nearest whole number.
Table 3: Initial TSS Surrogate Values Summary Table by Site

Site
Chippewa River
Hawk River
Redwood River
Cottonwood River
Watonwan River
Blue Earth River
Le Sueur River
MN River at Judson
MN River at St. Peter
MN River at Jordan

TSS (mg/L) surrogate
value of 25 NTU
49
48
67
61
78
87
86
95
96
102

R2
0.63
0.66
0.71
0.78
0.66
0.74
0.80
0.85
0.85
0.87

These surrogate values were developed based on data from monitoring sites at or near the mouth of these
watersheds. Given variation in the relationship between turbidity and TSS due to suspended solids
composition, dissolved organics and other factors, there may be different TSS turbidity relationships at other
locations within the watersheds. The TSS surrogates listed above are specific to the monitoring sites and
location on the rivers. They may be considered for application in other parts of the watershed; however, the
appropriateness of their use should be evaluated on a case by case basis.
B. Grouped Regressions.
In an effort to simplify the number of TSS surrogates used in the Minnesota River Turbidity TMDL, the data
from individual sites was combined into groups to evaluate TSS-turbidity relationships in areas with similar
geology and land use. Several group possibilities were considered and were analyzed statistically to
determine if the data could be combined. The results are discussed below in Section IV. The combined data
sets are:
Chippewa and Hawk
Redwood and Cottonwood
Watonwan, Blue Earth, and Le Sueur
Minnesota River at Judson, St. Peter, and Jordan
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TSS-Turbidity regression plots for each combination of sites are shown in Figures 12 – 15.

2001-2007 Chippewa and Hawk
Turbidity - TSS Regression
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Figure 12: Chippewa and Hawk Turbidity -TSS Regression

2000-2007 Redwood and Cottonwood
TSS - Turbidity Regression
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Figure 13: Redwood and Cottonwood TSS - Turbidity Regression
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2000-2007 Watonwan and 2000-2005 Blue Earth
and Le Sueur TSS - Turbidity Regression
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Figure 14: Watonwan and Blue Earth and Le Sueur TSS - Turbidity Regression

2000-2005 MN River at Judson, St. Peter and Jordan
TSS - Turbidity Regression
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Figure 15: MN River at Judson, St. Peter and Jordan TSS - Turbidity Regression
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The TSS surrogate values of 25 NTU for each group of sites and the corresponding r-squared value from the
regression analysis are summarized in Table 4 below.
Table 4: TSS Surrogate Values Summary Table by Groups of Sites

Sites
Chippewa and Hawk
Redwood and Cottonwood
Watonwan, Blue Earth and Le Sueur
Minnesota River at Judson, St. Peter and Jordan

TSS (mg/L) surrogate
value of 25 NTU
48
64
82
98

R2
0.71
0.75
0.68
0.85

C. Bias Correction.
Retransforming log-transformed regression estimates to provide "raw" data value estimates results in a
retransformation bias given that the logarithmic transformation is nonlinear. The estimates are biased on
the low side. A bias correction method known as Duan's smearing estimator is calculated by summing the
anti-logs of the individual residuals and dividing the sum by the number of residuals (Johnson, personal
communication, 2008). This bias correction method was applied to the dataset, resulting in a correction of
approximately 1-7 mg/L depending on the site or group. The results of this correction to TSS surrogate
values that have not been rounded to the nearest whole number are shown in Table 5.
Table 5: TSS Surrogate Estimates for 25 NTU WQ Standard (with and without bias adjustment)

Chippewa River

TSS Surrogate
without Bias
Correction
48.6

Hawk Creek

48.3

1.027

50.2

1.9

Redwood River

67.0

1.040

71.4

4.5

Cottonwood River

61.3

1.034

64.3

3.0

Watonwan River

78.4

1.055

85.0

6.6

Blue Earth River

87.0

1.026

90.3

3.3

Le Sueur River

86.2

1.018

89.0

2.8

MN River at Judson

94.6

1.021

97.4

2.8

MN River at St. Peter

95.9

1.025

99.2

3.3

MN River at Jordan

102.0

1.024

105.4

3.4

Chippewa and Hawk
Redwood and Cottonwood
Watonwan, Blue Earth and
Le Sueur
Minnesota River at Judson,
St. Peter and Jordan

48.3
64.2

1.025
1.037

50.0
67.8

1.7
3.7

81.9

1.042

87.4

5.5

97.9

1.023

101.1

3.2

Site(s)

Duan's Smearing
Estimator

TSS Surrogate
adjusted for Bias

Difference

1.022

50.1

1.5
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IV. Statistical Analysis of Watershed Grouping
In order to determine whether or not sites could be grouped together, two statistical analyses were
performed.
A. Test for Coincidental Regressions.
The first test for verifying grouping was a test for coincidental regressions (Zar, 1996). This test determines
whether the slope and elevation of the regression lines of each data set are statistically different from each
other. The results of the test are shown in Table 6 below.
Table 6: Results from the Test for Coincidental Regressions

Sites

Regression Lines
Statistically Different?

Chippewa and Hawk

No

Redwood and Cottonwood

No

Watonwan, Blue Earth
and Le Sueur

No

Redwood, Cottonwood,
Watonwan, Blue Earth
and Le Sueur

Yes

Minnesota River at
Judson, St. Peter and
Jordan

No

All Tributaries

Yes

All Sites

Yes

Test Results
F = 0.04
Fcrit (1, 159) ≈ 3.91
Fcrit > F
H0 accepted
P > 0.05 [P = 0.84]
F = 0.11
Fcrit (1, 95) ≈ 3.96
Fcrit > F
H0 accepted
P > 0.05 [P = 0.74]
F = 0.43
Fcrit (2, 367) ≈ 3.02
Fcrit > F
H0 accepted
P > 0.05 [P = 0.65]
F= 2.54
Fcrit (4, 462) ≈ 2.40
Fcrit < F
H0 rejected
P < 0.05 [P = 0.04]
F = 0.28
Fcrit (2, 349) ≈ 3.02
Fcrit > F
H0 accepted
P > 0.05 [P = 0.76]
F = 13.63
Fcrit (6, 621) = 2.10
Fcrit < F
H0 rejected
P < 0.05 [P = 0.00]
F = 22.58
Fcrit (9, 970) = 1.88
Fcrit < F
H0 rejected
P < 0.05 [P = 0.00]
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B. Confidence Intervals.
Using SYSTAT, 95% confidence intervals were computed. Results are shown in Table 7 and in Figures 16 and
17.
Table 7: 95% Confidence Intervals of the TSS Surrogate Value (mg/L) with Bias Correction by Site or Group

Site

Lower Confidence
Level

TSS surrogate value
(mg/L) with Bias
Correction

Upper Confidence
Level

Chippewa River

48

51

54

Hawk Creek

45

50

57

Redwood River

63

72

83

Cottonwood River

57

64

72

Watonwan River

80

85

92

Blue Earth River

82

90

99

Le Sueur River

80

89

99

MN River at Judson

92

98

104

MN River at St. Peter

93

99

105

MN River at Jordan

99

105

111

Chippewa and Hawk

48

50

53

Redwood and Cottonwood
Watonwan, Blue Earth
and Le Sueur
Minnesota River at Judson,
St. Peter and Jordan

62

68

75

83

88

95

98

101

104

Also presented in Figure 16 are possible rounded surrogate values for the grouped data: 50 mg/L for
Chippewa and Hawk; 70 mg/L for Redwood and Cottonwood; 90 mg/L for Watonwan, Blue Earth and Le
Sueur and 100 mg/L for the Minnesota River at Judson, St. Peter and Jordan. These rounded values were a
result of discussions about the data and results of the statistical analyses within the MPCA Minnesota River
Turbidity TMDL Technical Team.
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Chippewa River

51

Hawk Creek

50

Minnesota River Basin Bias Corrected
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Figure 7: Minnesota River Basin Bias Corrected TSS Surrogate Values with 95% Confidence Intervals
and Possible Rounded Group Surrogate Values

Minnesota River Basin Grouped Bias
Corrected TSS Surrogate Values with
95% Confidence Intervals
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Figure 8: Grouped Bias Corrected TSS Surrogate Values with 95% Confidence Intervals
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V. Discussion of Surrogate Value Variability and Algal Influence.
There are numerous likely and potential reasons for the differences in the TSS surrogate values among the
different watersheds. While every attempt was made to account for differences in meter type, reporting
units and lab analysis techniques, this may still be a significant “hidden” source of the variability. To the
extent that more consistent approaches are developed over time in these areas, this variability will be
reduced. The other major source of variability is the host of physical differences that exist throughout the
basin. Everything from the rainfall patterns, soil types, and land slopes of the watersheds and rivers, to the
size, width, depth, and nutrient status of the rivers, may affect the relationship between TSS and turbidity.
One of the most obvious physical causes of variability in the relationship is the particle-size distribution of the
TSS. Finer (e.g. clay) particles have the potential to cause more turbidity per unit mass than coarser (e.g.
sand, some algae) particles. Particle size, in turn, is influenced by both watershed characteristics such as soil
types and sediment sources, and by river characteristics such as depth and gradient. A case could be made
that the greater significance of non-field (ravine, bluff, and streambank) sediment sources in the eastern
portion of the basin result in a coarser particle size distribution in TSS samples. Higher stream gradients can
also produce a coarser particle size distribution in TSS samples. Both of these situations would result in
higher TSS surrogate values. Unfortunately, limited data that includes particle size, turbidity, and TSS for a
given water sample exists to test these ideas. At this time, we believe it is prudent for this project to utilize
the grouped surrogate values shown in Figures 16 and 17. The analysis of the data supports these differences
being real, even if the reasons cannot be fully explained.
In addition to (and related to) particle size distribution, there are both volatile (organic) and non-volatile
(inorganic) components of TSS. Volatile solids include live and dead algae, and detritus that may influence
turbidity differently from non-volatile solids. The algal component has been of particular interest from the
standpoint of understanding whether on-going or future phosphorus reduction strategies will also reduce
turbidity by limiting algae production. However, a thorough investigation of the relationships between
turbidity, TSS and chlorophyll-a completed in the Phase I Report of the Lower Vermillion River Watershed
Turbidity TMDL Project (Tetra Tech, 2004), concluded that algae do not play a major role in the observed
turbidity. The Vermillion Study settled on a simple TSS regression as the best overall predictor of turbidity. At
this time, we believe a similar approach is warranted in this project. Algae, other volatile solids, and nonvolatile solids are all component parts of TSS, and contribute more or less to turbidity. A TMDL effort directed
at TSS will encompass all three components. Some watershed management activities will impact all three
components, and some may impact one more than others. As a more sophisticated understanding of
turbidity emerges, some management activities could be directed at a specific component of TSS.
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Appendix 2 – Natural Background Meeting Discussion Notes
Greater Blue Earth Turbidity TMDL
Technical Committee Meeting on November 22, 2009
Present- Su Beran, Steve Sodeman, Larry Gunderson, Todd Kolander, Lee Ganske, Julie Conrad, Chris Hughes,
Leo Getsfried, Steve Commerford, Michele Stindtman, Brandee Douglas, Scott Bohling, Paul Davis.
Intro to the meeting by Scott B with agenda and discussion on natural background.
Su Beran facilitated the natural background discussion. She discussed the ground rules and the steps that
would be included for the discussion.
Steve C. asked that we have a round of introductions with a summary of each persons backgrounds. Each
member gave a brief description of their education and experiences.
Su asked that each person write on a sticky note their personal definition of natural background.
The first question to the group was for their opinion of where on the continuum did they feel that turbidity in
the Greater Blue Earth River fit based on three different categories.
Natural--------------------50--------------------Not natural
II
I
I
III I
SS S
J
M
L C LO T
Comments: L=Lee G- Opinion based on science and gut feelings from his readings/research.
LO=Leo G- Feels altered hydrology plays a big part. Gradient differentiation from River Warren is part of the
natural processes of down cutting.
C=Chris- readings have convinced him that there have been big changes since pre-settlement. There was
some natural turbidity in the past based on historical readings. Settlement and turning over of the prairie and
drainage have caused more water to get to streams faster. Big change in vegetative cover over time causing
more erosion and sedimentation.
SS=Steve S- All aspects of turbidity have to do with the current not the past. Natural background is what’s
currently going on, it’s part of how we exist as a human society. If we wanted to return to “natural” we’d
have to knock down all structures and move to the high ground. Weather plays a role, sometimes a storm
occurs and the water is perfectly clear. How will we continue to exist if we don’t have it how it is currently.
S=Steve C- Natural forces are the primary driver of the ecosystem no matter what ecosystem is present.
Everything has changed over time and will continue to change. Humans have managed all ecosystems now.
We’re basing this on humans not being natural, we are part of the ecosystem. The current system is a
legitimate system. Rainfall is the primary driver of flows, impervious surface does speed the flow and
increase the flow dramatically.
T=Todd- We have a system that is out of balance. Turbidity is a give and take with hydrology. Erosion rates
are off the charts, deposition is increasing. Look toward other systems in an ag setting that show balance.
Problem is a compilation of things.
J=Julie- Feels that the turbidity is a natural response to the hydrologic modifications. In response to
comments on building near the river, cities were built on rivers as the transportation mechanism for the
grain markets.
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M=Michele- Not sure she knows and is still trying to figure out that answer.
Fixable--------------------50--------------------Not fixable
IIII II
I
I
SS L M C T LO
L
S
Steve S- Need to figure out what needs to be fixed then take steps towards fixing them. The engineering
body says they can. Doesn’t seem there’s a lot out there that we can fix.
Steve C- if it’s a natural process you can’t change them. There’s a way to change anything if you want to,
engineers out there to do so. This is primarily driven by a process that is not in our control, therefore it does
not need to be fixed.
Larry G- Through research and as a society we can do more to fix and improve the water quality. High flow
events will always have more problems with turbidity.
Michele- Feels things are fixable but can we spend the money to fix the things we feel should be done.
Chris- Bluffs, nickpoints, field erosion and impervious surfaces all have practices that can be done to move us
further up the continuum.
Lee- Tends to be pessimistic in this part, feels there are drastic landscape changes that are needed.
Todd- Things are fixable where targeted, need to look towards fixes that will help in the future.
Leo- Things are not entirely fixable due to modifications to the system. Need to look at buffers and water
retention to start the process.

Severe Problem--------------------50--------------------Minor Problem
II I
I
I
I
I
T J LO
C
L
SS S
Leo- Problem in the recreational opportunities that have been lost and the costs involved with water
treatment.
Steve S- Things can be fixed but doesn’t see things as a problem.
Lee- The ecology of the system is degraded, in the context of melting ice caps it doesn’t compare but locally it
is a problem.
Todd- There are impairments to the bio community and from a public heath standpoint. The Pepin sediment
rates show it is s cumulative and severe problem.
Julie- Sees the issues primarily in the public use concerns.
Chris- large economic issues and problems with the accumulation of sediment. More needs to be learned on
the problem and solutions.
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Steve C- The turbidity is severe in relation to other streams, the problem is how you define it. If you define it
as an issue then it’s high. Need to have a discussion on whether it is a problem. Can we change it? Can we
contend with it, we don’t have a lot of control over it.
General discussion- Steve S stated that as a commodity person he didn’t feel we differed by much. He felt
Todd’s comment on round 1 and 2 weren’t consistent because the first round describes the second round. Su
appreciated Michele’s honesty in her comment on not being sure what she feels on these issues. Leo stated
that we can’t fully appreciate the recreational opportunities that have never been there because of the
problems so how do you put value on a resource that can’t be fully utilized. Steve S feels people will canoe
the river but won’t swim in it because of the septic issues. Su commented that that you don’t know what you
don’t know. Steve C asked if we know what it was like on the river 150 years ago? Leo stated that that’s his
point, that if you grew up using, swimming the river would you miss it. No one has had the chance to use it to
its potential recreationally.
Steve c-Everyone has a picture of how they see the river. Cheyenne River is an example, the turbidity makes
the Blue Earth insignificant yet there is no ag in the area. There are rivers in Wyoming that are the same way.
Todd stated that that is comparing apples to oranges. The systems are extremely different geomorphically.
Need to compare soils, geology, hydrology of similar areas not compare to totally different context. Compare
to the areas of the Des Moines and Chippewa for better comparison. Need same landscape form to compare.
Julie stated that the watershed itself is very different depending on where you are. The upper headwaters
are flatter ditched and channelized. You have a different appreciation when in the upper and lower parts of
the watershed. More recreational opportunities farther downstream. Michele liked Julies comment and
stated that she never used the river for rec as a kid. Her dad farmed in the upper reaches and she didn’t see
the recreational value like others may see it. She feels that just because you may not use the resource
recreationally doesn’t mean that other don’t. It’s hard to know where to be on the scale because of the
complexity of the differences and where the focus should be. Need to work on what we do to drive change.
Participants were asked to pick their top three sources/causes of turbidity for the next exercise.
Lee-

I--------------------I--------------------I
SB
HY/LU

There are relations to all components but steambank but there is a natural component to SB erosion.
Steve C

I--------------------I--------------------I
SB/BF/RV

The biggest source for the studies, seen as the big driver. Bluffs and ravines big contributors depending on
how they flow off the landscape.

Larry

I--------------------I--------------------I
BF
HY/LU

Leo

I--------------------I--------------------I
BF
HY/LU

Major flushes of water from drainage. Some sediment sources natural including bluffs/streams.
Steve CI--------------------I--------------------I
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CV SB

Chris-

LM

LM=not natural but good for humans

I--------------------I--------------------I
SB
HY/LU

Liked a recent statement from presentation that we’ve gone from thatched roof to tin roof for a runoff
comparison. Feels bank erosion leans more to the natural side.
FIXABLE/NOT FIXABLE
Lee-

I--------------------I--------------------I
HY/LU
SB
The context needs to be on where to focus our efforts.
Work on hydrology first and may see response in other areas.
Steve S-

I--------------------I--------------------I
SB LM CV
Doesn’t see streambanks as too fixable, would rather live under a tin roof, Climate just is.
Larry-

I--------------------I--------------------I
LU/HY
BF
Feels things are changeable rather than fixable for land use and hydrology.
Chris-

I--------------------I--------------------I
HY/LU
SB

Can’t go back to pre-settlement but can improve. Need to hold some water back and look at alternatives to
conventional corn/bean rotation and low impact development. Streambank is costly but need to look at
ravine issues.
Steve C-

I--------------------I--------------------I
BF SB RV

Engineers feel that we can fix anything. Is society willing and capable to make modifications with the costs
associated.
Leo-

I--------------------I--------------------I
LU
HY BF
Sees new technologies that may help with bluff erosion, hydro will be tough with the need to hold back
water on the landscape.
SEVERE/MINOR
LeeI--------------------I--------------------I
HY/LU
SB
Steve s-

I--------------------I--------------------I
SB
CV LM

Leo-

I--------------------I--------------------I
HY/LU
BF
I--------------------I--------------------I

Larry-
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HY/LU

BF

Steve C-

I--------------------I--------------------I
SB RV/BF

Chris-

I--------------------I--------------------I
HYLU
SB

DISCUSSION
Todd feels that all the issues are interconnected. Climate drives but the landuse causes the erosion and
turbidity issues. We don’t all agree on whether things are fixable. These systems didn’t happen overnight and
we need to work together to find common agreement. Sometimes we can be polar opposites. Todd didn’t
feel he should participate in the last exercise due to the number of govt people on the panel but feels we
won’t make any headway until we agree that there is a problem and start to work towards solving it.
Lee stated that at the last meeting it was hard to find a common ground on natural background issues and
we wanted to use this exercise to try to find whether there was some agreement on issues not the causes.
Steve C felt that the exercises were very informative. Felt it was good to get an idea of peoples backgrounds
and where they are thinking from. Need to take our views and come to the table to bring the science forward
to back up the information and if there are gaps then need discussion. Natural background is defined in
statute.
Julie commented that there isn’t enough info to decide in her opinion. She would like to see all the science
and data from the Blue Earth. She feels the bluff and ravine need to have more stakeholder input. Should the
tech group or should we be bringing the information to the stakeholders?
Steve C agrees that we take the info that presented for granted and assume everyone is aware of the data.
He is in favor of getting the people with the science to do presentations on how data collected and utilized.
NATURAL BACKGROUND
Su asked if everyone felt they were given the opportunity to express their viewpoints and if anyone had
additional comments.
There was some discussion on the historical journals from explorers as a basis to understand the presettlement condition. Steve S contention is that that was then and this is now. Goal is not to get back to that
time.
The definition of the statute was read by the group. Lee stated that the concept of natural background is one
of many frames of reference to define our target others include economic, societal and doable. There are
harder historical #s available such as species diversity in the historical record to look at for understanding on
what the rivers are capable of being. These show a pattern of the loss due to human use.
Steve S feels that on a continuum our values change, we’ve all dumped out waste in a convenient place. We
need to focus on solutions not problems. We’re not going back to the thatched roof, so let’s not talk about it.
Let’s not lay blame. Our backgrounds prevail and land use will continue to change.
Steve C feels that the natural background is important to source allocations. The allocation should set aside
everyone’s bias and determine what is or isn’t a component. After that the decision should be make whether
it’s fixable. Society will make that determination. Need to determine the things that are processes of nature.
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Ecosystem dynamics are a part of the definition. Not trying to change Mother Nature, but determine sources
and put resources to good use.
Julie commented that we don’t know enough about what is possible with the rivers. She remembers as a
child all her neighbors fishing the Maple for walleyes. We’re not trying to get rid of agriculture but we need
to figure out what’s reasonable for the rivers. BE county efforts currently are on bluff issues and the variation
that they are seeing.
Steve C commented that the commodity groups have funded a 2nd LiDARlast spring for BE county. They will
do a comparison to see erosion of bluffs. This will help to show what’s eroding and how to target.
The question was posed as to whether we can accurately assess natural or does this need to be addressed by
smaller shed?
Steve C feels that there are clearly human influenced contributions including those from impervious surfaces
and road/bridge development. He gave an example of study of the Willmar Stormwater runoff. The study
shows flows 10X the ag rate for the impervious surface. Steve also had a recent commodity funded mapping
project showing urban landuse as 8.5-9% of the watershed that was completed by the USDA.
Julie noted that they have seen high ravine erosion in areas of road and housing development. They have
also seen that the townships have used the ravines as dumpsites for construction excavation and wonders
the impacts of that on sediment delivery. We need to take hydrology into account and use it to manage
landuse changes.
Steve S used Thompson Ravine as an irreversible mistake of development. If capable the road should be
abandoned. There are things we can do to plan for future development and land use. There is a mindset
process of change that we need to go through.
Steve C feels we need documentation to make people aware of issues that actually exist and are
manageable.
Steve S Ag or Cities are a problem , don’t dwell on the past (no thatch roof argument) let’s move forward.
Feels ag have been conscious about the matters and have done things better. Have been defensive and need
solution science based approach to getting things done.
Meeting was running past time line, Scott will send out info for those who are interested in more
commenting.

Appendix 3 – NLCD Land Use Categories and Definitions
Water - All Areas of Open Water or Permanent Ice/Snow Cover.
11. Open Water - All areas of open water; typically 25 percent or greater cover of water (per pixel).
12. Perennial Ice/Snow - All areas characterized by year-long cover of ice and/or snow.
Developed - areas characterized by a high percentage (30 percent or greater) of constructed materials (e.g.
asphalt, concrete, buildings, etc).
21. Low Intensity Residential - Includes areas with a mixture of constructed materials and vegetation.
Constructed materials account for 30-80 percent of the cover. Vegetation may account for 20 to 70 percent
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of the cover. These areas most commonly include single-family housing units. Population densities will be
lower than in high intensity residential areas.
22. High Intensity Residential - Includes highly developed areas where people reside in high numbers.
Examples include apartment complexes and row houses. Vegetation accounts for less than 20 percent of the
cover. Constructed materials account for 80 to100 percent of the cover.
23. Commercial/Industrial/Transportation - Includes infrastructure (e.g. roads, railroads, etc.) and all highly
developed areas not classified as High Intensity Residential.
Barren - Areas characterized by bare rock, gravel, sand, silt, clay, or other earthen material, with little or no
"green" vegetation present regardless of its inherent ability to support life. Vegetation, if present, is more
widely spaced and scrubby than that in the "green" vegetated categories; lichen cover may be extensive.
31. Bare Rock/Sand/Clay - Perennially barren areas of bedrock, desert pavement, scarps, talus, slides,
volcanic material, glacial debris, beaches, and other accumulations of earthen material.
32. Quarries/Strip Mines/Gravel Pits - Areas of extractive mining activities with significant surface expression.
33. Transitional - Areas of sparse vegetative cover (less than 25 percent of cover) that are dynamically
changing from one land cover to another, often because of land use activities. Examples include forest
clearcuts, a transition phase between forest and agricultural land, the temporary clearing of vegetation, and
changes due to natural causes (e.g. fire, flood, etc.).
Forested Upland - Areas characterized by tree cover (natural or semi-natural woody vegetation, generally
greater than 6 meters tall); tree canopy accounts for 25-100 percent of the cover.
41. Deciduous Forest - Areas dominated by trees where 75 percent or more of the tree species shed foliage
simultaneously in response to seasonal change.
42. Evergreen Forest - Areas dominated by trees where 75 percent or more of the tree species maintain their
leaves all year. Canopy is never without green foliage.
43. Mixed Forest - Areas dominated by trees where neither deciduous nor evergreen species represent more
than 75 percent of the cover present.
Shrubland - Areas characterized by natural or semi-natural woody vegetation with aerial stems, generally
less than 6 meters tall, with individuals or clumps not touching to interlocking. Both evergreen and
deciduous species of true shrubs, young trees, and trees or shrubs that are small or stunted because of
environmental conditions are included.
51. Shrubland - Areas dominated by shrubs; shrub canopy accounts for 25-100 percent of the cover. Shrub
cover is generally greater than 25 percent when tree cover is less than 25 percent. Shrub cover may be less
than 25 percent in cases when the cover of other life forms (e.g. herbaceous or tree) is less than 25 percent
and shrubs cover exceeds the cover of the other life forms.
Non-natural Woody - Areas dominated by non-natural woody vegetation; non-natural woody vegetative
canopy accounts for 25-100 percent of the cover. The non-natural woody classification is subject to the
availability of sufficient ancillary data to differentiate non-natural woody vegetation from natural woody
vegetation.
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61. Orchards/Vineyards/Other - Orchards, vineyards, and other areas planted or maintained for the
production of fruits, nuts, berries, or ornamentals.
Herbaceous Upland - Upland areas characterized by natural or semi-natural herbaceous vegetation;
herbaceous vegetation accounts for 75-100 percent of the cover.
71. Grasslands/Herbaceous - Areas dominated by upland grasses and forbs. In rare cases, herbaceous cover is
less than 25 percent, but exceeds the combined cover of the woody species present. These areas are not
subject to intensive management, but they are often utilized for grazing.
Planted/Cultivated - Areas characterized by herbaceous vegetation that has been planted or is intensively
managed for the production of food, feed, or fiber; or is maintained in developed settings for specific
purposes. Herbaceous vegetation accounts for 75-100 percent of the cover.
81. Pasture/Hay - Areas of grasses, legumes, or grass-legume mixtures planted for livestock grazing or the
production of seed or hay crops.
82. Row Crops - Areas used for the production of crops, such as corn, soybeans, vegetables, tobacco, and
cotton.
83. Small Grains - Areas used for the production of graminoid crops such as wheat, barley, oats, and rice.
84. Fallow - Areas used for the poduction of crops that are temporarily barren or with sparse vegetative
cover as a result of being tilled in a management practice that incorporates prescribed alternation between
cropping and tillage.
85. Urban/Recreational Grasses - Vegetation (primarily grasses) planted in developed settings for recreation,
erosion control, or aesthetic purposes. Examples include parks, lawns, golf courses, airport grasses, and
industrial site grasses.
Wetlands - Areas where the soil or substrate is periodically saturated with or covered with water as
defined by Cowardin et al.
91. Woody Wetlands - Areas where forest or shrubland vegetation accounts for 25-100 percent of the cover
and the soil or substrate is periodically saturated with or covered with water.
92. Emergent Herbaceous Wetlands - Areas where perennial herbaceous vegetation accounts for 75-100
percent of the cover and the soil or substrate is periodically saturated with or covered with water.

Appendix 4 – Pfankuch Assessment Information
MPCA Guidance Manual for Assessing Geomorphic Condition and Channel Stability
This guidance manual is based on The Stream Reach Inventory and Channel Stability Evaluation (PSI; Pfankuch
1975). The original PSI was designed using mountainous streams in the western United States. Hence,
modifications to the original PSI were needed in order to more accurately characterize conditions of
geomorphic condition and channel stability in low to mid-gradient alluvial streams in the Midwest.
There are currently two versions of the PSI included here: Original Pfankuch Assessment for Mid to High
Gradient Streams (OHG) and a Modified Pfankuch Assessment for Low-Gradient Stream (MLG). In general, if
the stream is great than 3 m wide (2nd – 4th order stream) with cobbles and more than one riffle/50-m, use
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the OHG. This type of stream will likely have enough stream power to move bed material during spring or
storm event flows as compared to a flat-gradient stream. If the stream consists of mostly fine substrates or
are of such low gradient that the stream is unable to transport cobble substrates at high flow conditions use
the MLG.
A Channel Evolution Model (CEM) has also been included as part of the assessment process. Using the CEM
will aid the assessor in determining whether conditions are considered part of the natural process of stream
migration or are considered indicators of instability. This should be done while walking the stream and
making general observations before starting the Pfankuch assessment.
The Channel Evolution Model (CEM) – Disequilibrium and channel instability occurs when watershed
disturbances are collectively magnified in the hydrologic regime and expressed in the channel and sometimes
the valley health (e.g., conditions alter riparian vegetation). The disequilibrium often results in a change in
stream gradient and/or sediment transport capacity (see Figure 1; Lane’s Balance) when the stream’s ability
to resist morphological changes is pushed past a natural background threshold. Once this occurs, a stream
may adjust its pattern (e.g., sinuosity), dimension (cross-section width to depth dimensions), and profile
(gradient, and longitudinal sequence of pool, riffle, run and relative depth) in order to accommodate the new
regime being imposed (Rosgen 1996). In Minnesota, the new regime is often an increase in Q (streamflow)
from changes in land use, land cover, or climate change. Morphological changes in the stream’s hydraulic
geometry have been observed and described in channel evolution models (e.g., Schumm et al. 1984, Simon
1989, Rosgen 1996). These morphological changes may be observed in a longitudinal succession as
knickpoints migrate upstream, or when a disturbance (channelization) alters the local stream gradient and
sediment transport capacity as indicated by Lane’s Balance (Lane 1955):

Fig. 1. Lane’s Balance
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Table 1. Channel Evolution Model (CEM) stages. Modified from Schumm et al. (1984) and Thorne (1999)
I. Pre-adjustment – Channel exhibits little evidence of excessive bank erosion and cutting. For sinuous
alluvial streams, the outside bends demonstrate some bank erosion and the inside bends some
deposition; however, the degree of bank erosion and deposition remains in balance. The stream may
demonstrate signs of lateral migration, but the degree of sinuosity and channel width remains relatively
constant over time.
II. Degradation/incision/downcutting – The process of incision may be instigated by many factors,
including, but not limited to: a change in stream gradient due to mechanical channelization, bridge
alignment, baselevel lowering of a main channel that causes knickpoint migration in tributaries and
ravines, a change in the magnitude, duration, and frequency of high flows either due to a change in
climate or anthropogenic change in watershed hydrology. As a knickpoint progresses upstream (Fig. 2)
the bed incises and eventually the channel may disconnect from its floodplain. This results in a larger
cross-section, where higher flows are now confined within the channel walls thereby increasing
discharge and the potential for flow forces to dislodge bed and banks materials. Evidence of incision
may include excessive bed scouring, steeper banks, and bank erosion along both the inside and outside
bends.
Note: Degradation may not be observed when coarse substrates are armoring the channel bottom. In
this case, channel widening will be the dominant process (see CEM stage III below).
III. Widening and aggradation – Banks have steepened to the point where they destabilize and
collapse. This results in a wider cross-section with slower water velocities that allow suspended
sediments to settle on the channel bottom. Evidence of widening may include trees observed leaning
into the stream from one or both sides of the channel, midpoint bars, undercut banks as flows now
erode banks below the rootline as a consequence of the deeper channel profile, grass matts or trees
that have recently fallen into the stream, and reduced pool depth due to excess aggradation.
IV. Re-stabilizing - During this stage, the stream may display evidence of the build up of sand bars along
the inside bend thereby directing flows to the outside bend where the concentrated flow is now able to
scour aggraded sediment. Consequently, a narrower, deeper channel (a thalweg) begins to form within
the overwidened cross-section. During this transitional phase, some degree of cutting and bank collapse
may still be observed along the outside bend as flows are directed against the channel wall (Thorne
1999).
V. New dynamic equilibrium – Thalweg reformed, banks stable, and sand bars revegetated. Smaller
floodplain within active channel.

Note: The morphological adjustments observed (Table 1) may alternate back and forth between CEM stages. For
example, where coarse substrates are available and concentrated sporadically along the channel bottom, the stream
may not have the ability to down-cut but will widen instead (CEM III). Where coarse substrates are not available, the
stream may downcut considerably (CEM II) before breaching a critical bank repose angle at which point bank collapse
could occur (CEM III).

Figure 2. Theoretical sequence of CEM stages as a knickpoint migrates upstream. Figure from Bledsoe et al. (2002) after Schumm et
al. (1984).
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Pfankuch Assessment - The original Pfankuch guidance manual (Pfankuch 1975) provides the following
suggestions:
1. Since space for the 15 metrics and the scoring strategy is limited, the descriptions contained on the
worksheet are very brief. The guidance manual provides a much more detailed and in-depth
description of the conditions being assessed. Therefore, it is important to consult the guidance
manual while in the stream conducting the assessment.
2. The channel cross-section is subdivided into three areas (Upper Bank, Lower Bank, Bottom). Make
sure that you are focusing your attention on the appropriate region when assessing each of the
metrics.
3. The ratings provided in the original Pfankuch (1975) assessment were tailored to fit 2nd to 4th order
stream reaches. As a consequence, for very small first order streams the numeric descriptions
provided will require a scaling down of the metric (e.g., cutting 12 to 18” for a small stream may have
to be scaled down to 8 to12”) and for 5th order reaches and larger, a scaling up of the numeric metric
will be required.
The original PSI and modified PSI are comprised of 15 and 13 individual metrics, respectively that score
physical stream channel conditions as they relate to channel form, function, and sediment continuity. The PSI
evaluates three regions of the stream channel and attendant floodplain.

Figure: Three channel assessment regions (from Pfankuch, 1975)

1. Upper Banks – The region above what is estimated as the bankfull flow (1.5-yr RI) (normal high water line
to extreme high water line). In non-incised streams, this zone is the attendant floodplain that extends
back to the valley wall, if present. In incised streams, this zone is above the bankfull flow line as indicated
by high flow indicators (debris in tree limbs) and verified with a regional hydraulic geometry curve. See
example in Appendix.
2. Lower Banks – The region between the base-flow (indicated by water) and the bankfull flow line (normal
high water line). This region is regularly submerged during annual high flow and generally becomes
visible when flows reduce to seasonal base-flow.
3. Bottom - The bottom or bed of the channel. This is the portion of the channel that encompasses the
wetted width during base-flow (channel bottom to base-flow flow line indicated by water in the figure
above).
Within each assessment region are individual metrics that score the ability of the stream channel to resist
flow and the associated detachment of bed and bank materials. The magnitude of hydraulic forces that are at
work during stream flows (< 2-yr RI) and the capacity of the stream to move sediment, will determine if the
channel is stable or unstable. Extreme events (100-yr RI) can cause irreversible channel damage (e.g., Root
River).
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The three assessment regions and their corresponding metrics are described as follows:
1. UPPER BANKS: This region is immediately adjacent to the channel and tends to be primarily a terrestrial
environment. However, during high flows (1.5-yr RI or greater), this area can be inundated with water
during which the stream flow interacts with trees, downed limbs, and upper bank vegetation. This
section is scored based on how easily the energy from high flows is able to access and dissipate over the
floodplain and how well structural materials are able to resist detachment and transport.
a. Landform Slope: The steepness of the land immediately adjacent to the stream determines how
easily the energy from higher than 1.5-yr RI flows can be dispersed out onto the floodplain or is
contained within the channel and is likely to tear at banks and dislodge dead trees and branches
along the upper bank corridor and float them into the channel. All things being equal, the steeper the
land adjacent to the stream, the greater the potential for erosive flows to increase volume of slough
materials (soil and debris) entering the stream.
This metric assesses the steepness of the land adjacent to the stream channel above bankfull stage (> 1.5-yr
RI flow); and typically includes the land slope back to the valley wall. Again consult a regional hydraulic
geometry curve to determine the 1.5-yr RI stage or water line. Pfankuch (1975) chose a 60% limit for the
highest angle of landform slope being assessed. This angle was chosen based on the expected gravitational
repose angle for unconsolidated soil materials. Slopes greater than 60% are rated poor due to the likelihood
that gravity alone will erode banks if they are denuded of vegetation. Other angles were arbitrarily chosen by
the author.
Note: This diagram below is included on the back of the worksheet for easy reference. While in the stream
hold the “Percent slope scale” diagram at arm’s length and match the slope of the landscape with the lines
on the scale to determine the category to assign as described below:
OHG/MLG
a. Landform
slope

Bank slope
gradient <30%

2

Bank slope
gradient 30-40%

4

Bank slope
gradient 40-60%

6

Bank slope
gradient 60%+

8

100

100

80

80

Excellent - Side slopes to the channel are generally less
than 30% on both banks. Energy from overbank flows
easily dissipated.

60

60

Good - Side slopes up to 40% on one or occasionally both
banks.

40

40

Fair - Side slopes up to 60% common on one or both
banks.

30

30

Poor - Steep slopes, over 60%, may tear at vegetation
and erode soil providing large volumes of material to
stream.
0

0

Percent Slope Scale

b. Mass Wasting Hazard (recent): The original Pfankuch assesses the existing and future potential of
soil detachment. We have modified this metric to account for only relatively recent events that may
have occurred within the same year or previous year prior to the assessment. This was done in order
to assess the degree to which recent mass wasting events may have contributed to excess sediment
and debris that may be currently the cause of flow deflection and sedimentation downstream.
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While the original PSI describes mass wasting as large landslide events, we have modified the
characterization of mass wasting to account for smaller but still significant events that may contribute excess
sediment to stream channels that are incised.
Incised streams have down-cut to an elevation that historic bank-full flow now erodes material below the
observed top-of-bank; if incised in cohesive soil the root-line of deep rooted vegetation may be observed if
the bank angle is steep. Evidence of this occurrence may be slumps of grass within the stream (greater than 1
meter by 1 meter), trees that have fallen into the stream from flows scouring below roots and undermining
banks, and exposed soil surfaces between areas that still have vegetation overhanging banks.
OHG/MLG
Moderate frequency
and size, with some
b. Mass wasting or
3
6 raw spots eroded by
failure
water during high
flows
Excellent - There is no evidence of mass wasting that has occurred recently.
No evidence of
past events of
mass wasting
into channel

Infrequent
and/or very
small. Mostly
healed over

9

Frequent or
large, causing
sediment nearly
yearlong, bluffs
present

12

Good - There is evidence of infrequent and/or very small slumps. Occasionally, small areas of banks appear
“raw” with exposed, unprotected soil. Where evidence of relatively recent slumps have occurred (same year
or likely previous year), areas are re-vegetated and relatively stable.
Fair - Evidence of mass wasting is more frequent. Normal high waterline erodes soil at toe of steep banks,
thereby causing banks above toe slope to become undermined and slump into channel periodically during the
year.
Poor - Mass wasting frequency and size is contributing large volumes of sediment to the stream channel
yearlong. Normal high water line frequently erodes away toe slope and undermines steep banks above.
Geotechnical instability also likely as wetted banks dry as high flows recede.

c. Riparian Debris Jam and Flow Deflector Contribution: Debris may be the result of natural (storm
related, insect disease, beaver) or human events (logging) and may include tree trunks, limbs, twigs,
and leaves that may enter the stream. Accumulations of debris across half the stream width or across
the entire cross-section may cause flow deflection and debris jams that direct erosive flows into
banks thereby further destabilizing the channel.
In order to assess this metric, consider the present amount of debris in the stream that has recently formed
or contributed to a debris jam or is deflecting flow into the banks (see g. Obstructions/flow
deflectors/sediment trap) and how likely that the material was recently transported from the riparian zone
adjacent to the channel.
OHG/MLG
c. Riparian debris
Essentially
Present but
Present,
Moderate to heavy
jam and flow
absent from
mostly small
volume and
amounts,
2
4
6
8
deflector
immediate
twigs and
size are both
predominantly
contribution
channel area
limbs
increasing
larger sizes
Excellent – No woody debris on the banks (prairie or wetland streams) or if woody debris is present, it is
situated far from stream or is of such size that high flows are not likely to dislodge debris from upper bank and
float it into the stream channel.
Good – Debris is present and offers some bank protection during annual high water flows. However, this
debris is small enough or unstable enough that higher flow will likely float debris away and not cause a
potential debris jam downstream.
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Fair – Noticeable accumulations of woody debris of all sizes, many of which can be moved downstream during
high flows thereby reducing bank protection and adding to debris jam potential downstream.
Poor – Moderate to heavy accumulations of debris are present due to recent fires, insect attacks, wind-throw
or logging activities. High flows likely to float some debris into the channel and cause erosive currents
retreating and destabilizing banks.

d. Vegetative Bank Protection: This metric assesses the degree that plant or tree roots are stabilizing
banks be holding soil in place. Trees and shrubs generally have deeper roots than grasses and forbs.
However, prairie grasses and the invasive Reed Canary Grass have very deep root systems (>18
inches) that can contribute greatly to the level of bank protection. Therefore, this metric has been
slightly altered from the original PSI in order to better characterize conditions found in low-gradient
streams in Minnesota that often have banks that are covered in grasses and native vegetation or
shrubs (not commonly trees).
Activities within the riparian zone can introduce less protective, shallow-rooted vegetation (animal grazing,
lawn care, golf-courses) or clear the banks of protective vegetation (dense grazing, row-crop cultivation) that
can lead to bank collapse. Consider the underling root depth, density, and amount of exposed soil within the
riparian zone adjacent to the stream channel (within 10m) when scoring this metric.
In addition to bank protection and stabilization, vegetation can also benefit the stream channel by
dampening erosive overbank flows and reducing the velocity. The greater the density of stable trees and
grasses along the banks, the greater the resistance to flow. Another factor to consider when scoring this
metric is the variety and vigor of the vegetation being assessed. Vegetative variety and vigor (mixture of
trees, shrubs, and grasses) afford greater bank protection than old decaying trees and sparse grass stands.
OHG /MLG
90%+ plant density.
<50% density,
70-90% density.
Trees, shrubs, or
50-70% density;
bare ground
Fewer trees,
thick grasses
bare ground
between plants
d. Vegetative
shrubs, and
dominate; deep
visible but spotty.
common. Plants
bank
3
deep rooted
6
9
roots cover most of
Roots shallow (1.5
or grasses with
protection
grasses. Roots
upper banks. Roots
– 5”) or
very shallow
5-10” deep,
>10” deep,
discontinuous
roots (<1.5”),
generally
generally
easily pulled
Excellent – Trees, shrubs, grasses and forbs together cover more than 90% of the ground. Openings in this
cover exposing bare soil are rarely found or are small and evenly dispersed. A variety of species and age
classes suggest a dense and vigorous soil binding root mass.
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Good – Trees, shrubs, grasses and forbs cover 70 to 90 % of the ground. Shrub species and grasses are more
prevalent than trees. Openings in the ground cover are occasional but of fair size to be easily observed.
Fair – Plant cover ranges from 50 to 70 %. Occasional deep rooted vegetation present, but most vegetation is
shallow rooted and/or large bare spots are visible. There may be a lack of cover due to extensive shading by
trees, dead vegetation or activities within the riparian zone (e.g., grazing, landscaping, row crops, etc).
Poor – Less than 50% of the ground is covered with vegetation. Deep rooted vegetation is essentially absent or
exists in scattered, discontinuous clumps. Shallow rooted vegetation is pulled loose from soil easily. Overall,
vegetation provides little soil binding bank protection. Riparian land use will play a large role in the vegetative
management.

2. LOWER BANKS: This channel zone is located between the normal high water line (1.5-yr RI flow line) and
base-flow; the lower banks define the extent of the base-flow stream wetted width. Some plants may be able
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to grow on this region of the banks between high and low flows; however, plants may be relatively sparse
depending on the energy regime.
For low-gradient streams under stable hydrologic conditions, the stream channel may migrate slowly side to
side within the floodplain zone over time. Consequently, the outer bank of meander bends may show signs of
bank erosion while the inside bends form point bars and accrue sediment. Unstable conditions can be
observed when the outside bends show excessive cutting and mass wasting, as the stream tries to increase
sinuosity or when the channel is incised and widening. Evidence of incision and widening may include cutting
along both the inside and outside banks of the stream channel and deposition along the inside bend or along
both sides of the channel that is excessive compared with other streams in the region of similar geologic
character.
e. Channel Capacity/Bankfull Channel Capacity: The channel cross-section is a product of the size of
the watershed above the reach, soil type, climate, and vegetation. For stable reaches, the stream
cross-section has evolved to accommodate the present normal high flow (1.5-yr RI), which is also
referred to as the channel forming flow. When the timing, magnitude, and duration of the flow
regime is altered (e.g., increase in drain-tile, imperviousness, change in watershed vegetation), the
channel cross-section is no longer sufficient to handle the increase in flow. Consistently higher than
normal flows can begin to act upon the channel and initiate a time period of instability during which
the cross-sectional morphology (width and/or depth) or the plan form (longitudinal profile, sinuosity)
may adjust by enlarging; deepening and/or widening to accommodate the new 1.5-yr RI peak flow.
This metric assesses the degree to which recent high flows have been contained within the channel crosssection. Look for signs of debris on tree branches overhanging the stream and on trees and vegetation along
the riparian corridor. Also look for signs of fresh deposition on top of grasses or where sediment has partially
buried tree trunks. These signs indicate that a recent high flow event has overtopped the banks.
OHG/ MLG
W/D ratio 15-25,
W/D ratio >25,
evidence of overe. Bankfull
channel blowbank deposition,
channel
1
2
3
outs, vegetated,
4
roots of vegetation
capacity
many or large
buried, some midmid-channel bars
channel bars
Excellent - The channel is not incised nor has evidence of excess sediment aggrading and filling in the channel.
Consequently, the cross-sectional area is ample for present frequent peak volumes (1.5-yr RI flow) plus some
additional. Width-to-depth ratio < 7.
W/D ratio < 59,1.5-yr RI Peak
Flows contained or
valley flooded

W/D ratio 7-17,
little evidence of
bank sediment
deposition

Good – Bottom shows some signs of sediment aggradation; pools, and runs may also be slightly aggraded
(Cross-check sediment depth, metric l). If evidence of slight incision, not significant overall. The bankfull crosssectional area is adequate for containing most frequent peak flows. Width to depth ratio 8 to 15.
Fair – Channel demonstrates significant pool infilling with sediment and riffles appear to be embedded;
however, in general, the channel has remains a single thread with some mid-channel bar formation. Width to
depth ratios 15 to 25.
Poor – Bottom demonstrates evidence of significant infilling of pools and runs; channel capacity greatly
reduced and inadequate; more then one channel = Rosgen “D” type channel. Width to depth ratio 25 or more.

f.

Bank Rock Content: The composition of the bank material is related to the geologic history of the
region (bedrock, glacial till, glacial outwash) as well as the history of the stream itself (alluvial
deposition, lacustrine silts and clay). Therefore, the composition of the banks will depend greatly on
the stream setting.
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This metric assesses the ability of the stream banks to resist detachment and collapse by erosive flow forces
during high discharge events as well as the general character of the bank composition to remain stable under
low flow conditions. To assess this metric, focus on the exposed surface of the bank and score as follows:
OHG/MLG
40-65%, mostly
20-40%, with
<20% rock
small boulders to
most in the 3-6"
fragments of
f. Bank rock
cobbles 6-12". Or,
diameter class.
gravel sizes, 1-3"
2
4
6
8
content
cohesive but may
Or, friable
or less. Or,
erode slightly
mixture, erodes
crumbles easily;
during high flows
during high flow
highly erodable
Excellent – Rock makes up 65% or more of the volume of the banks. The rocks comprising this soil matrix
contains numerous, large angular boulders (12” or basketball size, measured on their largest axis). Or, bank
made of cemented clay or cohesive material that does not crumble when touched and would easily withstand
high flows without eroding.
65%+ large,
angular boulders
12”+. Or, cohesive
sediment, resistant
to erosion

Good – Banks are composed of 40-65% rock of mostly small boulders and cobble ranging in size form 6-12” in
mean diameter. Some may be rounded while others are angular. Or, bank consists of a mixture of clay with
gravel or sand or other fairly cohesive material. Bank mostly stable during high flow conditions and when dry.
No stratification observed.
Fair – 20-40% of the bank volume is rock. While some larger rocks may be present, most fall into the 3 to 6”
diameter class. Or, if consists of fine particles, bank is somewhat resistant to crumbling when touched. Bank
would remain relatively stable during most flow conditions, however, fluvial action could slowly erode bank,
stratification observed, or cracks could form when dry, leading to bank collapse.
Poor – Less than 20% of the bank is composed of rock, mostly gravel sizes 1 to 3” in diameter. Soil matrix
crumbles easily when touched, or stratification of soil and/or silt/clay lenses present. “Pop-outs” or bank
erosion during high flows or when dry likely or evident.

g. Obstructions/Flow Deflectors/Sediment Traps: Objects in the stream, both naturally occurring and
human related, may locally change the natural longitudinal course of flow and lead to instability or add
stability depending on their size, angle of flow deflection, and associated velocity.
Flow Deflectors. A large tree or branches may fall from one bank and stretch across only ¾ of the stream
cross-section. In this case, the large tree or branches may channel and “deflect” flow toward the opposite
bank thereby causing localized bank erosion and bank collapse. The presence of numerous obstructions and
flow deflectors can greatly destabilize the channel reach. The flow deflection may occur only during high
flow; therefore this metric requires the assessor to imagine the flow conditions at the bankfull elevation and
higher.
In low-gradient streams, lateral riffles comprised of gravel or small cobble, can form and also deflect flow
into stream banks, therefore, these lateral riffles should be considered flow deflectors as well and have been
added to the metric descriptions. Lateral riffles form when previously horizontal riffles have been dislodged
due to higher velocities or where local knickpoints are migrating upstream (this phenomena suggests bed
instability that can adversely affect the lower banks).
Sediment Traps. Objects that block flow and locally slow the velocity of water tend to have a buildup of fine
sediment behind them. When that occurs, these objects are considered “sediment traps.” For example,
downed trees and branches may build up perpendicularly across the channel (log jams or beaver dams) and
obstruct flow. This may cause a slowing down of water velocity as water backs up behind the jam. The
sediment carried by higher velocity flows drops out and aggrades behind the dam at the start of the pool and
“traps” sediment that would have otherwise been carried downstream. When a large volume of sediment is
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trapped, channel capacity can be reduced to the point where normal high flows now overtop the banks,
thereby causing floods.
Large boulders and some branches may create scour holes locally during times of high velocity. Depending on
their orientation, these objects may not deflect flow into banks and therefore are not scored here since these
conditions are not contributing to channel instability in any significant way.
OHG/MLG
Moderately
frequent,
Frequent
Some present,
Rocks and old logs
moderately
obstructions
causing erosive
firmly embedded.
unstable
and deflectors
g. Obstructions /
cross currents and
Flow pattern
obstructions and
cause bank
Flow deflectors
2
minor pool filling.
4
6
8
without cutting or
deflectors move
erosion
/ Sediment traps
Obstructions and
deposition. Pools
with high water
yearlong.
deflectors newer
and riffles stable
causing bank
Sediment traps
and less firm
cutting and filling
full
of pools
Excellent – Logs, boulders, and other obstructions to flow are firmly embedded and produce a pattern of flow
that does not erode the banks and bottom or cause sediment buildup. Pool and riffles stable.
Good – Obstructions to flow and sediment traps are present but rare. These obstructions project across the
relative width of the stream. Their length and orientation result in erosive cross-currents being deflected into
and destabilizing banks. Some obstructions are newer, less firmly embedded, and are likely to be moved by
high flows. Some sediment is trapped in pools.
Fair – Moderately frequent flow deflectors likely to cause bank erosion under high flow. Lateral riffles may be
observed which direct flow into banks; considerable sediment accumulating behind obstructions during low
flow conditions.
Poor – Obstructions and sediment traps occur so frequently that cross-currents are creating extreme bank
erosion and cutting back banks and adding sinuosity to the channel or creating avulsion. Sediment aggrading
behind traps is filling in pools almost as quickly as they form causing channel to over widen locally.

h. Cutting/ Hydraulic or Geotechnical Failure, Cutting: One of the first indicators of channel
degradation is a loss of vegetation by scouring or uprooting. However, some channels are naturally
devoid of aquatic vegetation and so other indicators need to be assessed. As the channel base-level
lowers during a stage of degradation, the bank slopes steepen. Unless the channel encounters a
resistant surface (bedrock, armoring of the channel bottom with coarse substrates), the channel will
continue to degrade until the banks become nearly vertical and begin to collapse due to gravity
(geotechnical failure).
Incised channels allow erosive flows that previously overtopped the banks to become contained within the
hydraulic geometry. The likely cause is increased discharge and concordant erosive forces that will actively
erode banks below the root-line and cause the upper bank to eventually be undermined and collapse even
when the tops of the banks are well vegetated. Additionally, as the channel down-cuts, the profile may
encounter stronger ground water discharge. Hydrostatic pressure being relieved during base-flow can create
groundwater pore pressure seeps that push sediment out at the toe of the bank; thereby causing a “pop-out
failure” and bank collapse.
Note: The numeric descriptions for “cutting” are scaled to 2nd to 4th order streams. If this metric is being
scored in a 1st order stream, the metric needs to be adjusted lower, whereas in a 5th order stream or greater,
this metric needs to be scaled higher.
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OHG
h.
Cutting

Little or none
evident.
Infrequent raw
banks less than 6"
high generally

4

Some, intermittently
at outcurves and
constrictions. Raw
banks may be up to
12"

Significant. Cuts
12-24" high. Root
mat overhangs
and sloughing
evident

8

12

Almost continuous
cuts, come over 24"
high. Failure of
overhangs
frequent.

16

MLG
Some,
Significant. Cuts
Almost
intermittently at
12-24" high.
continuous raw
h. Hydraulic or
outcurves and
Root mat
bank over 24"
geotechnical
4 constrictions. Raw 8 overhangs and
12
high to bank
failure, cutting
banks may be up
sloughing
top. Clear toe
to 12" or some
evident or GW
slope erosion
toe slope erosion
driven failure
Excellent – Very little or no cutting is evident. Raw, eroding banks are infrequent (1 to 2 small, localized
occurrences), short and generally less than 6” high.
Infrequent raw
banks less than 6"
high with little or no
evidence of
undercutting or
seepage

16

Good – Few locations of cutting evident (2 to 3 localized occurrences). Cutting occurs along the outside
meander bend of sinuous channels and at areas of constriction. Raw, eroded areas are equivalent in length to
one channel width or less. Vertical cuts are generally less than 12” high. Groundwater seeps may be causing
localized “pop-outs.”
Fair – Bank cutting occurs frequently along the reach along one or both sides (3 to 6 occurrences if small and
localized). Root mat overhangs and sloughing evident. Trees may lean in toward stream or collapse as roots
are undermined by scouring flows or from groundwater driven failure. Raw vertical banks 12 to 24”.
Poor – Bank cutting is nearly continuous along the entire reach. Some cuts are over 24” high. Undercutting of
the vegetative root line, root overhangs, and vertical bank failures may also be frequent. New tree fall may
also be evident.

i.

Percent of Relatively New Deposition: This metric assesses the degree of sediment deposition along
the lower banks of the cross-section (note: bottom deposition will be assessed later in the Bottom
metrics). Here the lower bank area may provide a steep and narrow strip of exposed land during
base-flow. The appearance of newly formed sand and gravel bars along this lower bank margin can
be an indicator of upstream erosion processes as a consequence of a watershed disturbance (change
in riparian vegetation, land cover, etc.). These sediment bars will continue to grow as long as the
disturbance continues and sediment production exceeds sediment transport capacity (Lane 1955). In
sinuous alluvial streams, some deposition along the inside bend is natural as the outside bend
erodes. However, excessive erosion of the outside bend and consequent deposition on the inside
bend may be indicative of a stream that is attempting to re-adjust its planform (i.e., increase
sinuosity) to accommodate a new hydrologic regime. Deposition may also naturally occur where the
channel slope gradient suddenly changes as would occur when water flows into a large downstream
pool.

OHG /MLG

i. Percent of
relatively
new
deposition

If point bars, no
sediment
accumulation. No
mid-channel bar
growth

4

Some new increase
in bar formation.
Some evidence of
mid-channel
deposits. 1-25%
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8

Moderate
deposition of
new sand on old
and some new
bars. Deposition
may be on inside
and outside
bends. 25-75%

12

Extensive,
predominantly
fine-grain
particles.
Accelerated
active bar
development.
>75%

16

Excellent – Very little or no new deposition of silt, sand, or gravel observed along the side margins of the
channel in straight reaches or newly deposited on point bars on the inside bends of curved reaches. No mid
channel bars.
Good – Some new deposition on point bars and behind obstructions such as logs and boulders. Mid-channel
bars may be visible, but are not prevalent.
Fair – New deposits of coarse sands and gravels observed along banks in moderate frequency. Bars are
enlarging and pools are filling in with fine sediment and/or gravels. Deposition may be visible along both
margins of stream as sediment transport capacity is greatly reduced (over-widened) or sediment supply
accelerated from upstream channel processes.
Poor – Deposition of fine sand, silt and small gravels are evident along much of the channel reach causing
accelerated bar development. Pools and spaces behind jams and obstructions are now full. Fine sediments
moving even during low flow periods. Accelerated and extensive bar development occurring along channel
margins. Mid channel bars large when present.

3. BOTTOM: The bottom of the stream is largely an aquatic environment year round. The biological
community of plants, fish, and macroinvertebrates are largely supported by the character of the substrate
and the degree of movement during high flows. Stable substrates support the growth of diatoms, algae, moss
and plants that provide food and protection for many species of fish and macroinvertebrates. When
substrates are mobilized, rock surfaces may be scoured or their undersides exposed. Hence, the degree of
scour may be inferred from looking at the condition of diatoms on rocks and rooted plants.
The following metrics consist of rock and plant indicators that provide inference as to the degree of substrate
movement that occurs annually during high flow conditions. Assessments within this zone should take place
during base-flow conditions when the water is clear and not turbid.
j.

Rock angularity (OHG only) – The geologic history of an area will largely determine the type of
substrate available and visible within the stream. Streams that run through geologic zones of bedrock
or areas of large igneous boulders, limestone, and karst will consist of different rock types and
shapes than geologic zones of unsorted glacial till and alluvium. Contiguous slabs of bedrock,
sandstone, and karst will become fractured through natural weathering and scouring processes. The
fractured material will initially have jagged angular edges which may eventually become smooth over
time as they are rolled and tumbled against other rocks during conditions of high flow; where stream
gradient is low or stream power is not strong enough to mobilize substrates, fractured rock may
remain jagged and angular. Therefore, rock angularity may indicate the degree of scouring forces
that are available to streams where continuous slabs of rock are present (e.g., carbonate, sandstone).

However, glaciers are also agents of weathering and rock smoothing. Rounded boulders and cobble may
have been ground smooth under the weight and movement of ice. Consequently, rocks in streams that run
through glacial till or alluvium cannot be used as indicators of the degree of scouring in these streams.
Therefore, before assessing “Rock Angularity” the assessor has to first be informed of the geologic origin of
the stream in order to decide whether or not to score this metric or use the alternatives described here:
For mid to high gradient streams (OHG):
a. If bedrock or large boulder clasts present and are actively fracturing from weathering and scour,
score the metric for “Rock Angularity”.
b. If the stream runs through glacial till or alluvium and no large boulder clasts are present, bypass
scoring the metric for “Rock Angularity” and double the score given for “Brightness.”
For low gradient streams (MLG): The metrics “Rock Angularity” and “Brightness” have been omitted from the
MLG worksheet.
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OHG only
j. Rock angularity
If NA, then omit &
2x k.

Sharp edges and
corners, plane
surfaces
roughened

1

Rounded corners
and edges, surfaces
smooth and flat

2

Corners and
edges well
rounded in two
dimensions

3

Well rounded
in all
dimensions,
surfaces
smooth

4

k. Brightness (OHG only) – When rocks remain stationary over time, diatoms and algae attach to the
surface and darken their appearance. When these rocks are dislodged during high velocity events,
they can be tumbled and expose the unstained underside that is generally “brighter” (lower chroma
values) in appearance than their “stained” counterparts. Hence, the degree of “brightness” can be
used to infer the degree that scouring velocities have occurred recently.
Depending on water temperature, the season, and nutrient levels, bright surfaces can become dull and
stained in a matter of weeks or months. However, differences in chroma as the result of high spring runoff or
storm flow events should still be detectable even up to the next year’s survey. Look first for changes in sands
in gravels.
Note: “Brightness” has been omitted from the modified assessment (MLG) since most low-gradient streams
will not develop the scouring potential required to move larger substrates such as boulder and cobble, if they
exist.
OHG only
Surfaces dull,
Mostly dull, but
Mixture, 50/50
Predominantly
1
2
3
4
darkened, or
may have up to
dull and bright,
bright, 65%+,
or
or
or
or
stained, generally
35% bright
+/- 15% (35exposed or scoured
2
4
6
8
not "bright".
surfaces.
65%).
surfaces.
Excellent – Less than 5% of the bottom is bright with newly polished or exposed surfaces. Most substrates are
dark from diatoms staining surface of rocks. Stains may also be from minerals dissolved in the water. When
picked up, rocks show evidence of staining only on the portion of the rock surface exposed to water.

k. Brightness
2x score if
omit k. above

Good – 5 to 35% of the bottom appears brighter, smaller substrates more bright than larger rocks.
Fair – About 50% of the bottom appears bright while the other 50% remains obviously dark and stained; give
or take 15% in either direction (e.g., 35 to 65% bright materials).
Poor – Rocks of all sizes mostly bright (> 65%). Bright rocks easily moved under foot; likely that these rocks
were moved during recent high flow events (not other events like cattle trampling, restoration work, etc.).

l.

Consolidation or Particle packing/ Consolidation or Particle packing (vertical): A channel bed that
contains assorted grain sizes larger than sand will be more resistant to movement than a channel bed
dominated by sand. Further, particle sizes less than sand in a till or lacustrine matrix will be more
resistant to movement because of cohesion; this concept is best demonstrated by the classic
Hjulstroom diagram (1939):
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Erosion: According to Fig. 2, clay particles are more
cohesive than silt or fine sand; hence, higher
velocities are required to erode clay from stream
banks and bottoms than silt or fine sand. Higher
velocities are also required to erode larger particles
(coarse sand and gravel) from banks and bottoms.
Transportation: Once eroded from banks, lower
flow velocities are required to keep particles in
suspension (entrained). While in suspension, these
particles can be transported downstream.
Deposition: As velocities diminish (e.g., when the
storm flow limb recedes, where the channel widens
or deepens) particles will fall out in relation to
particle size and deposit on the bottom of the
stream.
In low gradient streams, particle sizes larger than 10 mm may be rare unless the material was left behind by a
glacier. Glaciers passing over fine-grained sediment typically compacted and consolidated the material (e.g.,
Des Moines lobe till); hence the mechanical shear strength of Des Moines lobe till is relatively stronger and
more resistant to boundary shear forces than alluvial sand and gravel.
Figure 2 Hjulstroom Diagram

OHG
l. Consolidation
or Particle
packing

Assorted sizes
tightly packed
and/or
overlapping

Moderately
packed with
some
overlapping

2

Mostly a loose
assortment with
no apparent
overlap

4

6

No packing evident.
Loose assortment,
easily moved

8

Unconsolidated
actively mobile
bed. Probe depth
>8” (>20 cm)

16

MLG
l. Consolidation
or Particle
packing (vertical)

Bed firmly
packed. Probe
depth 0-1”
(0-2.5 cm)

4

Bed moderately
packed. Probe
depth 1-5” (2.513 cm)

8

Loose bed
sediment.
Probe depth
5-8” (13-20
cm)

12

For streams dominated by sand and fines (MLG worksheet), the probing rod will provide an estimate of bed
material density if the rod is driven into the bed by applying a constant downward force. The depth of
penetration may be influenced by ground water pore pressure; however, the end result will still point to the
likelihood of mobility with an increase in stream power associated with a rise in water stage. Generally,
cohesive till will be dense and if this high density sediment covers > 80% of the channel bed the risk of bed
mobility will be very low. Mixtures of sediment will likely occur in most streams, your challenge is to define
the relative density as measured by mechanical shear and determine the spatial variability over the study
reach. This will require you to interpret probe contact with sediment and probe response to downward
pressure.
Excellent – Probe depth minimal if any due to very firmly packed sediment.
Good – Probe depth 2-5” before encounters resistant surface.
Fair – Probe depth 5 to 8”. Some evidence of underlain resistant material; however, overlain sediment
relatively loose and likely to be easily transported with a small increase in water velocity.
Poor – Probe depth > 8”. Sediment relatively unconsolidated; indicates that this is an actively mobile bed
during high flows.
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m. Bottom size distribution and Percent stable materials/Percent stable materials (horizontal) – This
metric characterizes the likelihood for the available substrate sizes to be moved annual high flow
(1.5-yr RI) conditions. In order to asses this metric, the assessor must imagine the stream power that
is likely generated during high flow conditions and what percentage of the bed substrates are likely
to be mobilized during this time period. Stream power is also dependent largely on stream size
(correlated to drainage area) and gradient. Large boulders are not likely to be moved except in large
streams during extreme floods; cobble is more likely mobilized in mid-to high gradient streams than a
low-gradient stream. Certain conditions can alter the stream power available to move sediment. For
example, local knickpoints may increase the gradient downstream, thereby increasing unit stream
power and the stream’s ability to move sediment. An incised stream will provide a larger crosssectional area to contain flows that would otherwise overtop banks and allow the energy to dissipate
over the attendant floodplain, hence an incised stream may temporarily increase its ability to move
larger sediment sizes due to a new hydraulic geometry.
OHG
m. Bottom size
distribution and
Percent stable
materials

No change in
sizes evident.
Stable materials
80-100%

4

Distribution shift
slight. Stable
materials 50-80%.

8

Moderate
change in sizes.
Stable materials
20-50%

12

Marked
distribution
change. Stable
materials 0-20%

16

MLG
m. Percent stable
High density
Loose
HDC <80%, but >
Wide-ranging
materials
cohesive (HDC)
3
7
10
uniform
50%
mixture
(horizontal)
>80%
sand >80%
Excellent – Substrate size, composition, and stream power are in balance such that substrate mobility is
minimal and within normal expectations.

13

Good – Substrate size and composition is such that there is some movement of substrates during high flow (50
to 80%) and is slightly above normal expectation for this stream size and gradient.
Fair – The size and composition of substrates coupled with the estimated annual flow conditions suggest that
up to 50% of the stream bottom is mobilized during high flow conditions.
Poor –The size, composition, and appearance of substrates suggests that the annual flow conditions that are
likely to occur are able to mobilize > 80% of the stream bed.

n. Channel slope/gradient (MLG only): The flatness of the terrain and/or the influence of wetlands or
lakes may result in very stable channels compared to other streams without these influences. For
example, an upstream lake or wetland may function as a storage area within the watershed thereby
interrupting the longitudinal flow path and reducing the amount of water being transported
downstream. This results in reduced stream power that dampens the ability of the stream to
mobilize and transport sediment during annual high flow conditions. However, during extreme flow
events, the available lake or wetland storage may fill-up to the point where flows now overtop and
water is now able to move relatively unimpeded downstream through the stream channel thereby
increasing flow velocities and sediment transport capacity momentarily.
This metric assesses the degree to which unit stream power has been dampened and is not able to develop
normal velocity conditions during high flows due to landscape conditions and/or the likelihood of wetland or
lake storage influences.
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MLG Only
Extremely low;
Very low;
Moderately low; velocity
Low; velocity
water velocity (01 velocity 0.1-0.2 3
6 >0.4 ft/s in some parts of
0.2-0.4 ft/s
0.1 ft/s)
ft/s
reach
Excellent – The channel slope gradient is extremely low; consequently, base-flow is negligible or barely
perceptible (0 – 0.1 ft/s). Conditions in water depth and vegetation may be such that wetland or lake
vegetation is visible. Flow velocity unlikely to increase substantially during high flows due to low landform
slope or upstream or downstream wetland and/or lake influences that dampen stream power and the ability
of the stream to transport sediment. This system is a wetland flowage.

n. Water
gradient

9

Good – Channel slope gradient is very low; flows are barely perceptible (0.1 – 0.2 ft/sec). Conditions in water
depth and vegetation are such that upstream or downstream influences like large dams, wetlands or lakes
dampen the ability of the stream to transport sediment; however, extreme high flow conditions may increase
velocity slightly as wetland and lake storage is overtopped, thereby increasing stream power momentarily.
Fair – Channel slope gradient is low; water movement is apparent but slow at base-flow (0.2-0.4 ft/s). Lake
and wetland influences minimal or unlikely. Small dams may impede flow slightly during base-flow, but are
easily topped or broken during high flows. Conditions are such that stream power is dampened only slightly
during high flows; therefore some bed sediment mobility is possible although remains slight.
Poor – Channel slope gradient is moderately low; however, there is clear evidence of flow velocity. Water
movement is apparent during base-flow (0.4 ft/s) but velocity remains slow to moderate and is characteristic
of unimpeded low-gradient stream conditions. During high flow conditions, channel stream power is not be
dampened by lakes, wetlands or dams; consequently, some substrate mobility likely during high flow
conditions.

o. Scouring and deposition/Evidence of bed movement via scouring and deposition: The processes of
scouring and deposition are considered as two interrelated processes (Pfankuch 1975) as conditions
of incision and channel instability (scour and bank collapse) upstream may translate into excess
deposition downstream. However, it is likely that these two related processes may not be observed
together within the reach length being assessed (150 to 500 m). For example, while conditions of
scouring related to an incising stream channel are observed within the reach, the water velocity may
be sufficient to carry the sediment downstream and outside the reach. Likewise, it is possible that
conditions of deposition observed within the reach are the result of channel instability (scour and
bank collapse) upstream of the reach or is the result of land use practices that contribute upland
erosion to the channel. While excess deposition is a condition that reduces habitat quality for biota,
the conditions of deposition being scored here are intended to relate to unstable channel conditions
and not upland sources. If scouring and bank collapse have not been observed within or upstream of
the sampling reach, and the stream appears to be stable, score this metric only in terms of the
amount of scour observed and note deposition observed in comments.
OHG
o. Scouring
and
deposition

Less than 5%
of the bottom
affected by
scouring and
deposition

6

5-30% affected.
Scour at
constrictions and
where grades
steepen. Some
deposition in pools

12
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30-50% affected.
Deposits and scour
at obstructions,
constrictions, and
bends. Some infilling
of pools

18

More than 50%
of the bottom
is in a state of
flux or change.
Pools filled
with sediment

24

MLG
5-30% affected.
30-50% affected.
More than
Scour at
Deposits and
50% of the
6 constrictions and 10
scour at
14 bottom is in a 18
or
where grades
or
obstructions,
or
state of flux
or
7
steepen. Some
12
constrictions,
17
or change.
22
deposition in
and bends. Some
Pools filled
pools
infilling of pools
with sediment
Excellent –Stream seems in balance with its normal sediment regime (sediment production of watershed =
sediment transport capacity) as evident by neither signs of excess scouring nor deposition. However, up to 5%
of the bottom may indicate that some degree of scouring or deposition is occurring in isolated areas (e.g.,
zones of constriction, sediment buildup around boulders and woody debris).

o. Evidence of bed
movement via
scouring and
deposition (If p. NA,
then increase score
as indicated)

Less than
5% of the
bottom
affected by
scouring and
deposition

Good – Stream seems slightly out of balance with its normal sediment regime; some scouring and deposition
evident (5 to 30% of the bottom affected). Scour may occur just downstream of knickpoints or at channel
constrictions. Some new deposition may be evident in pools and backwater areas. Sediment in pools still
scoured out during high flow events; however, pools quickly collect loose sands and sediment when velocity
diminishes.
Fair – 30 to 50% of the bottom is in a state of flux. Lateral riffles may be observed as scour mobilizes riffle
substrates during high flows. Pools noticeably filled with sands and loose sediment, except where woody
debris causes scour pools to form.
Poor – Sediment bars forming at the center of the stream channel and bisecting flow. Horizontal riffles
containing cobble or gravel are largely non existent due to scouring flows; however some larger rock riffles
may still be observed. Pools and runs greatly filled in with sediment to the point where depth variability is
noticeably reduced; stream is mostly shallow throughout.

p. Clinging aquatic vegetation (algae, submergent and emergent): When the stream bottom is
experiencing a time of incision, flow velocities may be magnified as higher flows are now contained
within the deeper cross-section. These higher velocity flows may scour and dislodge rocks and rooted
vegetation. After the channel adjusts morphologically, some measure of substrate stabilization
returns and the channel bottom now remains stable enough for some vegetation to establish on
rocks and root in between rocks or in fine sediment on the bottom of the channel.
This metric assesses the stability of the stream channel based on presence and amount of clinging aquatic
vegetation (moss and algae) and has been modified to include submergent plants found in warm-water
streams.
Clinging moss and algae. Moss and algae (filamentous) do not have roots but rather cling to rocks and woody
debris. Algae has a seasonal time period for growth (spring to early summer) after which it senesces;
however, rocks that had algae growing on them during the early part of summer tend to be remain slick. Slick
rocks that are dark can therefore be used to indicate clinging algae. Moss that is growing extensively on the
top of rocks indicates non-scouring, mobilizing flow; where rocks have been mobilized and rolled over,
exposed surfaces may indicate a recent scouring event.
Submergent plants. Submergent aquatic plants that anchor into soil are visible within the channel reach.
Some plant species likely encountered in warm and coolwater streams include: Elodea sp., water cress
(coldwater), curly leaf pondweed (Potamogeten crispus). Occasionally, other rooted wetland and littoral lake
plants observed may include water celery (Valisneria Americana) and Arrowhead (Sagitaria sp). Coontail
(Cerataphyllum demersum) does not have roots and therefore is not used as an indicator for degree of
scouring; however, Coontail can be used to infer extremely low flow or conditions related to downstream
dams or wetland and lake influences.
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For MLG, if no plants observed and scouring conditions unlikely, (e.g., too turbid for plant growth or water
not clear to see plants) omit metric and increase score as indicated for “o. Evidence of bed movement via
scouring and deposition” above.
OHG
p. Clinging
aquatic
vegetation

Abundant.
Growth mosslike, dark green,
perennial in
slow and swift
water

Common. Algal
forms in low velocity
1
and pool areas.
Moss here too and
swifter waters

2

Present but
spotty, mostly in
backwater areas.
Seasonal blooms
make rocks slick

3

Perennial types
scarce or
absent. Yellowgreen, shortterm bloom may
be present

4

MLG
Abundant.
Common. Algal
Present but
Perennial types
Algae clinging
forms in low
spotty, or
scarce or absent.
to material.
velocity and pool
1
2
mostly in
3
Yellow-green,
Rooted plants
areas. Some
backwater
short-term bloom
visible in
rooted plants
areas
may be present
swifter waters
swifter waters
Excellent - Clinging plants are abundant throughout the reach. A continuous matt is not required, but moss,
algae, and/or other submergent plants can be seen in all directions across the stream channel.

p. Clinging aquatic
vegetation (If NA,
then increase
score for o. as
indicated)

4

Good – Plants are thin or absent in swifter waters, but are quite common in the slower portions of the reach.
Fair – Plants are visible, but their occurrence is spotty. Moss and algae is almost totally absent from rocks in
swifter portions of the reach and may also be absent in some of the slow and still water areas. If no plants are
found, the scouring and deposition metric indicates that the bottom is still marginally stable enough to
support plants (fair to good).
Poor – Clinging moss or algae is rarely found anywhere in the reach. Submergent plants are also absent. If
water is too turbid for observation of plants or likely to impede plant growth, add The scouring and deposition
metric was also scored as poor due to constantly shifting sands or substrate with evidence of high mobilization
during a recent high flow event.

Total Score: The total score range is 38 – 152 where lower scores reflect stable conditions and high scores
reflect unstable channel conditions. Channel condition is categorized as follows:
Excellent: 38 – 45. Good: 46-75. Fair: 76 – 105. Poor: 106 – 152.
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Original Pfankuch Assessment for Mid to High Gradient Streams (OHG)
Field Number:____________ Stream:___________________________ Date: ________________ Total Score: ______
Staff: _____________________________________ CEM stages observed: ___________/ ____________/ ___________
(modified Jul 2008)

1. Upper
banks

2. Lower
banks

3.
Bottom

a. Landform
slope

Excellent (38-45)
Bank slope gradient
<30%

b. Mass
wasting or
failure

No evidence of past
events of mass wasting
into channel

3

c. Riparian
debris
contribution

Essentially absent from
immediate channel area

d. Vegetative
bank
protection

Good (46-76)
Bank slope gradient 3040%

Fair (77-113)

Poor (114-152)

4

Bank slope gradient 40-60%

6

Bank slope gradient 60%+

8

Infrequent and/or very
small. Mostly healed over

6

Moderate frequency and size,
with some raw spots eroded
by water during high flows

9

Frequent or large,
causing sediment nearly
yearlong, bluffs present

12

2

Present but mostly small
twigs and limbs

4

Present, volume and size are
both increasing

6

90%+ plant density.
Trees, shrubs, or thick
grasses dominate; deep
roots cover most of
upper banks. Roots >10”
deep, generally

3

70-90% density. Fewer
trees, shrubs, and deep
rooted grasses. Roots 510” deep, generally

6

50-70% density; bare ground
visible but spotty. Roots
shallow (1.5 – 5”) or
discontinuous

9

e. Bank-full
channel
capacity

W/D ratio < 5-9, 1.5-yr RI
peak flows contained or
valley flooded

1

W/D ratio 7-17, little
evidence of bank
sediment deposition

2

W/D ratio 15-25, evidence of
over-bank deposition, roots
of vegetation buried, some
mid-channel bars

3

f. Bank rock
content

65%+ large, angular
boulders 12”+. Or,
cohesive sediment,
resistant to erosion

4

20-40%, with most in the 3-6"
diameter class. Or, friable
mixture, erodes during high
flow

6

<20% rock fragments of
gravel sizes, 1-3" or less.
Or, crumbles easily;
highly erodable

8

g.
Obstructions/
Flow
deflectors/
Sediment
traps

Rocks and old logs firmly
embedded. Flow pattern
without cutting or
deposition. Pools and
riffles stable

4

Moderately frequent,
moderately unstable
obstructions and deflectors
move with high water causing
bank cutting and filling of
pools

6

Frequent obstructions
and deflectors cause
bank erosion yearlong.
Sediment traps full

8

h. Cutting

Little or none evident.
Infrequent raw banks
less than 6" high
generally

4

8

Significant. Cuts 12-24" high.
Root mat overhangs and
sloughing evident

12

i. Deposition

Little or no enlargement
of channel or point bars

4

Some new increase in bar
formation, mostly from
coarse gravels

8

Moderate deposition of new
gravel and coarse sand on old
and some new bars

12

Sharp edges and corners,
plane surfaces
roughened.

1

Rounded corners and
edges, surfaces smooth
and flat

2

Corners and edges well
rounded in two dimensions

3

j. Rock
angularity
(If NA, then
omit and 2x
score k.)
k. Brightness
(2x score if
omit k. above)
l.
Consolidation
or Particle
packing
m. Bottom size
distribution
and Percent
stable
materials

Surfaces dull, darkened,
or stained, generally not
"bright"

2

2

2

1
2

40-65%, mostly small
boulders to cobbles 612". Or, cohesive but may
erode slightly during high
flows
Some present, causing
erosive cross currents and
minor pool filling.
Obstructions and
deflectors newer and less
firm
Some, intermittently at
outcurves and
constrictions. Raw banks
may be up to 12"

Mostly dull, but may have
up to 35% bright surfaces

2
4

Mixture, 50/50 dull and
bright, +/- 15% (35-65%)

3
6

Moderate to heavy
amounts, predominantly
larger sizes
<50% density, bare
ground between plants
common. Plants or
grasses with very shallow
roots (<1.5”), easily
pulled
W/D ratio >25, channel
blow-outs, vegetated,
many or large midchannel bars

Almost continuous cuts,
come over 24" high.
Failure of overhangs
frequent
Extensive deposits of
predominantly fine
particles. Accelerated bar
development
Well rounded in all
dimensions, surfaces
smooth
Predominantly bright,
65%+, exposed or
scoured surfaces

8

12

4

16

16

4

4
8

Assorted sizes tightly
packed and/or
overlapping

2

Moderately packed with
some overlapping

4

Mostly a loose assortment
with no apparent overlap

6

No packing evident.
Loose assortment, easily
moved

8

No change in sizes
evident. Stable materials
80-100%

4

Distribution shift slight.
Stable materials 50-80%

8

Moderate change in sizes.
Stable materials 20-50%

12

Marked distribution
change. Stable materials
0-20%

16

o. Scouring
and deposition

Less than 5% of the
bottom affected by
scouring and deposition

6

5-30% affected. Scour at
constrictions and where
grades steepen. Some
deposition in pools

12

30-50% affected. Scour and
deposits at obstructions,
constrictions, and bends.
Some infilling of pools

18

More than 50% of the
bottom is in a state of
flux or change. Pools
filled with sediment

24

p. Clinging
aquatic
vegetation

Abundant. Growth mosslike, dark green,
perennial in slow and
swift water

1

Common. Algal forms in
low velocity and pool
areas. Moss here too and
swifter waters

2

Present but spotty, mostly in
backwater areas. Seasonal
blooms make rocks slick

3

Perennial types scarce or
absent. Yellow-green,
short-term bloom may be
present

4

Column totals:
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OHG worksheet, page 2 of 2

CEM Stages I-V
I. Pre-adjustment

II. Degradation

III. Degradation and Widening

IV. Aggradation and Widening

V. New Dynamic Equilibrium

B. Site diagram: include N↑, cross-sectrion, CEM, direction of
flow

Figure 1. Channel regions for Pfankuch
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Figure 2. Percent slope (use for 1a. landform slope)

C. Cross-section:

E. Substrate composition (%): Bedrock ______ Boulder ______
Cobble _____ Gravel _____ Sand _____ Silt _____ Clay _____
F. Cross-section: BfW ______ BfD_______ BfW/D ________
CSA _________
Validated with RHGC? Yes ____ No ____ Version _________________
G. Comments:
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Modified Pfankuch Assessment for Low Gradient Streams (MLG)
Field Number:____________ Stream:___________________________ Date: ________________ Total Score: ______
Staff: _____________________________________ CEM stages observed: ___________/ ____________/ ___________
(modified Jul 2008)

1. Upper
banks

a. Landform
slope

3.
Bottom

2

Good (45-76)
Bank slope gradient 3040%

Fair (77-113)
4

Bank slope gradient 40-60%

6

b. Mass wasting
or failure

No evidence of past
events of mass
wasting into channel

3

Infrequent and/or very
small. Mostly healed
over

6

Moderate frequency and
size, with some raw spots
eroded by water during
high flows

9

c. Riparian
debris
contribution

Essentially absent
from immediate
channel area

2

Present but mostly
small twigs and limbs

4

Present, volume and size
are both increasing

6

3

70-90% density. Fewer
trees and deep rooted
grasses. Roots 5-10”
deep, generally

6

50-70% density; bare
ground visible but spotty.
Roots shallow (1.5 – 5”) or
discontinuous

9

1

W/D ratio 7-17, little
evidence of bank
sediment deposition

2

W/D ratio 15-25, evidence
of over-bank deposition,
roots of vegetation buried,
some mid-channel bars

3

4

20-40%, with most in the 36" diameter class. Or,
friable mixture, erodes
during high flow

4

Moderately frequent,
moderately unstable
obstructions and deflectors
move with high water
causing bank cutting and
filling of pools

8

Significant. Cuts 12-24"
high. Root mat overhangs
and sloughing evident or
GW driven failure

8

d. Vegetative
bank protection

2. Lower
banks

Excellent (38-45)
Bank slope gradient
<30%

e. Bank-full
channel capacity

90%+ plant density.
Trees or thick grasses
dominate; deep roots
cover most of upper
banks. Roots >10”
deep, generally
W/D ratio < 5-9, 1.5-yr
RI Peak Flows
contained or valley
flooded

40-65%, mostly small
boulders to cobbles 612". Or, cohesive but
may erode slightly
during high flows
Some present, causing
erosive cross currents
and minor pool filling.
Obstructions and
deflectors newer and
less firm
Some, intermittently at
outcurves and
constrictions. Raw banks
may be up to 12" or
some toe slope erosion

f. Bank rock
content

65%+ large, angular
boulders 12”+. Or,
cohesive sediment,
resistant to erosion

g.
Obstructions/Fl
ow
deflectors/Sedi
ment traps

Rocks and old logs
firmly embedded.
Flow pattern without
cutting or deposition.
Pools and riffles stable

h. Hydraulic or
geotechnical
failure, cutting

Infrequent raw banks
less than 6" high w/
Little or no evidence of
undercutting or
seepage

i. Percent of
relatively new
deposition

If point bars present,
no sediment
accumulation. No midchannel bar growth.

4

Some new increase in
bar formation. Some
evidence of mid-channel
deposits. 1-25%

Bed firmly packed.
Probe depth 0-1” (02.5 cm)

4

Bed moderately packed.
Probe depth 1-5” (2.513 cm)

High density cohesive
(HDC) >80%

3

HDC <80%, but > 50%

Extremely low; no
apparent water flow at
base-flow (0-0.1 ft/s)

1

Very low; water
movement slow at baseflow (0.1-0.2 ft/s)

l. Consolidation
or Particle
packing
(vertical)
m. Percent
stable materials
(horizontal)
n. Water
gradient
o. Evidence of
bed movement
via scouring and
deposition. (If p.
NA, then
increase score
for o. as
indicated)
p. Clinging
aquatic
vegetation (If
NA, then
increase score
for o. as
indicated)

Less than 5% of the
bottom affected by
scouring and
deposition

Abundant. Algae
clinging to material.
Rooted plants visible
in swifter waters

2

2

4

6
7

1

5-30% affected. Scour at
constrictions and where
grades steepen. Some
deposition in pools

Common. Algal forms in
low velocity and pool
areas. Some rooted
plants swifter waters

Column totals:
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Poor (114-152)
Bank slope gradient
60%+
Frequent or large,
causing sediment
nearly yearlong, bluffs
present
Moderate to heavy
amounts,
predominantly larger
sizes
<50% density, bare
ground between plants
common. Plants or
grasses with very
shallow roots (<1.5”),
easily pulled
W/D ratio >25, channel
blow-outs, vegetated,
many or large midchannel bars

8

12

8

12

4

6

<20% rock fragments of
gravel sizes, 1-3" or
less. Or, crumbles
easily; highly erodable

8

6

Frequent obstructions
and deflectors cause
bank erosion yearlong.
Sediment traps full

8

12

Almost continuous raw
bank over 24" high to
bank top. Clear toe
slope erosion

16

Moderate deposition of
new sand on old and some
new bars. Deposition may
be on inside and outside
bends. 25-75%

12

Extensive,
predominantly finegrain particles.
Accelerated active bar
development. >75%

16

Loose bed sediment. Probe
depth 5-8” (13-20 cm)

12

Unconsolidated actively
mobile bed. Probe
depth >8” (>20cm)

16

7

Wide-ranging mixture

10

Loose uniform sand
>80%

13

3

Low; water movement
slow, but apparent at baseflow (0.2-0.4 ft/s)

6

Moderately low; water
movement apparent
(>0.4 ft/s)

9

8

10
12

2

30-50% affected. Deposits
and scour at obstructions,
constrictions, and bends.
Some infilling of pools

Present but spotty, or
mostly in backwater areas

14
17

3

More than 50% of the
bottom is in a state of
flux or change. Pools
filled with sediment

Perennial types scarce
or absent. Yellowgreen, short-term
bloom may be present

18
22
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OHG worksheet, page 2 of 2

CEM Stages
I. Pre-adjustment

II. Degradation

III. Degradation and
Widening

IV. Aggradation and Widening

V. New Dynamic Equilibrium

B. Site diagram: include N↑, cross-section, CEM,
direction of flow

Figure1. Channel regions for Pfankuch
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Figure 2. Percent slope (use for 1a. landform slope)

C. Cross-section:

D. Substrate composition (%): Bedrock ______ Boulder ______
Cobble _____ Gravel _____ Sand _____ Silt _____ Clay _____
E. Cross-section: BfW ______ BfD_______ BfW/D ________
CSA _________
Validated with RHGC? Yes ____ No ____ Version _________________
F. Comments:
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Appendix 5
Future Growth - New and Expanding Discharges
The MPCA used the Load Duration Curve (LDC) method to determine the loads required to attain water quality
standards. The LDC method uses river flows to determine the allowable loads of TSS. A comparison between the
in-stream TSS targets and technology-driven TSS effluent limits contained in MPCA NPDES permits shows that
the effluent limits are below the in-stream targets. Thus, as demonstrated by Tetratech (Cleland, 2011),
discharges from these facilities provide assimilative capacity beyond that which is required to offset their
respective TSS loads. Although facilities are discharging below the in-stream targets, they are still discharging the
pollutant of concern (TSS), and therefore individual wasteload allocations are required
The NPDES wasteload allocations in this TMDL are based upon current discharges. For a new or expanding (nonstormwater) NPDES-permitted facility in the watershed, permit limits will maintain discharge effluent at a
concentration below the respective in-stream TSS concentration target. A new or expanding facility will increase
both load and flow. This effect will be most pronounced in lower flows, when conventional point sources have
the greatest impact. The increased flow will effectively increase the overall assimilative capacity of the river, as
the flow increase will be larger proportionally than the load increase.
The analysis by Tetratech (Cleland, 2011) summarized above demonstrates that current discharges can be
expanded and new NPDES discharges can be added while maintaining water quality standards, provided the
permitted NPDES effluent concentrations remain below the in-stream targets. Given this circumstance, a
streamlined process for updating TMDL wasteload allocations to incorporate new or expanding discharges will
be employed. This process will apply to the non-stormwater facilities identified in Appendix A of the TMDL.
1. A new or expanding discharger will file with the MPCA permit program a permit modification request or
an application for a permit reissuance. The permit application information will include documentation of
the current and proposed future flow volumes and TSS loads.
2. The MPCA permit program will notify the MPCA TMDL program upon receipt of the request/application,
and provide the appropriate information, including the proposed discharge volumes and the TSS loads.
3. TMDL Program staff will provide the permit writer with information on the TMDL wasteload allocation
to be published with the permit's public notice.
4.

The supporting documentation (fact sheet, statement of basis, effluent limits summary sheet) for the
proposed permit will include information about the TSS discharge requirements, noting that for TSS, the
effluent limit is below the in-stream TSS target and the increased discharge will maintain the turbidity
water quality standard. The public will have the opportunity to provide comments on the new proposed
permit, including the TSS discharge and its relationship to the TMDL.

5.

The MPCA TMDL program will notify the EPA TMDL program of the proposed action at the start of the
public comment period. The MPCA permit program will provide the permit language with attached fact
sheet (or other appropriate supporting documentation) and new TSS information to the MPCA TMDL
program and the US EPA TMDL program.

6. EPA will transmit any comments to the MPCA Permits and TMDL programs during the public comment
period, typically via e-mail. MPCA will consider any comments provided by EPA and by the public on the
proposed permit action and wasteload allocation and respond accordingly; conferring with EPA if
necessary.
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7.

If, following the review of comments, MPCA determines that the new or expanded TSS discharge, with a
concentration below the in-stream target, is consistent with applicable water quality standards and the
above analysis, MPCA will issue the permit with these conditions and send a copy of the final TSS
information to the USEPA TMDL program. MPCA's final permit action, which has been through a public
notice period, will constitute an update of the WLA only.

8.

EPA will document the update to the WLA in the administrative record for the TMDL. Through this
process EPA will maintain an up-to-date record of the applicable wasteload allocation for permitted
facilities in the watershed.
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