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Introduction
Study Background
The Minnesota River, Mankato watershed (hereafter referred to as the Middle Minnesota River
watershed) comprises 1347 mi2 in south-central Minnesota (Figure 1). In 2013, the Minnesota
Pollution Control Agency (MPCA) began evaluating the Middle Minnesota River watershed as a
part of their Intensive Watershed Monitoring (IWM) schedule. The IWM process includes
biological and water quality assessments, verification of old impairments, identification of new
impairments, stressor identification (SID), and modeling to understand the watershed as a whole
and what potential stressors cause impairments. Combining all of these data together, finding
potential restoration and protection areas, and engaging citizens are part of the Watershed
Restoration and Protection Strategies (WRAPS) process.
The analysis of a healthy watershed evaluates a five component framework: hydrology,
geomorphology, connectivity, water quality, and biology (Figure 2). The MPCA is in charge of
collecting and analyzing water quality and biology data in the study watershed while the
Minnesota Department of Natural Resources (MNDNR) provides watershed characterization,
analyzes historical and current hydrological data, assesses the geomorphology and stability of
rivers within the watershed, and assesses stream connectivity. The purpose of this report is to:
characterize features within the Middle Minnesota River watershed; provide insight on
hydrology, geomorphology, and connectivity; and discuss proper management practices that will
restore watershed health.

Watershed Characteristics
Location
The Middle Minnesota River watershed is located in south-central Minnesota and includes all of
the tributaries smaller than Hydrologic Unit Code (HUC) 8 to the main stem Minnesota River
from Redwood Falls to Saint Peter (Figure 1). This study will solely focus on the tributaries and
not the main stem Minnesota River to remain consistent with MPCA assessments.
Geology
Bedrock Geology
Bedrock features in the Middle Minnesota River watershed vary in age and type throughout the
watershed. Exposed bedrock in the watershed consists of gneiss, sandstone, dolostone, and
quartzite (Figure 3). In the upper part of the watershed, there are riffles in Birch Coulee Creek
made out of gneiss outcrops (Figure 4). Gneiss bedrock has been dated to be the some of the
oldest exposed rock on the surface of the Earth, roughly 3.6 billion years old (Bickford et al.
2006).
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Figure 1. Location of the Middle Minnesota River watershed in relation to the State of
Minnesota.

Figure 2. Hydrology, connectivity, geomorphology, biology, and water quality make up the
five components of a healthy watershed. All components are interrelated; a disruption of
any of these can have an effect on the rest of the components.
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Figure 3. Geomorphic association of the landscape in the Middle Minnesota River
watershed (from Minnesota Geological Survey). Light gray areas depict areas of exposed
bedrock in the watershed.
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Figure 4. Example of a gneiss bedrock outcrop on Birch Coulee Creek in the northwest
part of the Middle Minnesota River watershed.
Once the Minnesota River reaches Judson, the younger Jordan Sandstone bedrock is found.
When glacial River Warren was creating a channel, it could not erode deeply into the Jordan
Sandstone near Judson and instead, created a unique broader reach of the Minnesota River valley
to accommodate the flow (Jennings 2010; Figure 5). The upper layers of Jordan Sandstone are
more resistant to erosion which results in the creation of a waterfall where local streams intersect
these layers. Streams that intersect the resistant Jordan Sandstone layers profoundly impact
upstream fish communities as the waterfalls act as fish migration barriers (Figure 6; see
Connectivity section for more detailed information).
In the upper Little Cottonwood River watershed, an exposure of Sioux Quartzite bedrock in the
stream creates a small area of rapids. Although it is a small portion of the watershed, the Little
Cottonwood where it has intersected with the bedrock formation creates unique habitat for local
biotic communities (Figure 7).
Surficial Geology
In relation to many Midwestern United States landscapes, the Middle Minnesota River watershed
is very young. Approximately 16,000 years ago this watershed was covered by the Des Moines
lobe that flowed from the Laurentide ice sheet. As the glacier retreated, it left behind a relatively
15

Figure 5. As the River Warren intersected the Jordan Sandstone formation near Judson,
MN, water was backed up and created an over-widened valley until it cut through the
formation (Jennings 2010).
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Figure 6. Minneopa falls are an example of Minneopa Creek intersecting the resistant
Jordan Sandstone bedrock formation, thus creating a knick point or waterfall.

Figure 7. Sioux Quartzite bedrock outcrop in the upper reaches of the Little Cottonwood
River. Photo courtesy of MPCA biological monitoring crews.

17

flat surface in south-central Minnesota. As the ice retreated, it temporarily impounded some
meltwater lakes. The largest glacial lake was Lake Agassiz in northwestern Minnesota, eastern
North Dakota, and south-central Canada; larger than all of the modern Great Lakes combined.
Around 13,400 years ago, the southern outlet of Lake Agassiz was created (i.e. glacial River
Warren) which carved the wide Minnesota River valley (Clayton and Moran 1982, Matsch 1983,
Jennings 2010). The deep channel created by glacial River Warren caused all of the tributaries of
the Middle Minnesota River watershed to begin cutting through the landscape and adjusting their
gradients to the much lower Minnesota River valley.
Tributary adjustment proceeds as knick points or waterfalls migrate upstream over time. This
rate varies depending on how hard the material is to erode and how much water is available to do
the work. The sediment that is removed is delivered to the Minnesota River and in some cases,
carried downstream. Sediments delivered to the Minnesota River are generally fine-grained
when they are derived from lacustrine or glacial till sources and sandier when they are derived
from stream sources (i.e., alluvium, terrace, and outwash; Figure 8). The knick zones, where the
stream has its steepest reach, are naturally high sediment contributors (Gran et al. 2013). Areas
outside of these knick zones were vegetated and stable prior to European settlement. They are
now are in disequilibrium as they adapt to land and climate changes. Light Detection and
Ranging (LiDAR) imagery of the watershed shows the vast number of tributaries to the Middle
Minnesota River watershed that deliver a majority of the sediment (Figure 9).
This landscape’s history and sediment texture make it a major sediment contributor to the
Minnesota River. However, recent changes to the landscape and climate since European
settlement have resulted in another period of accelerated erosion. Jennings (2010) developed a
much more detailed description of the surficial geology of the Middle Minnesota River
watershed (except Le Sueur County). The more detailed map with explanations can be found in
Appendix 1 of this report.
Soils
Due to the recent (i.e. last 10,000 years) geologic changes, the landscape of the Middle
Minnesota River watershed has some of the youngest soils in the United States. According to
the Soil Survey Geographic database (SSURGO), soils in the flat sections of each sub-watershed
are high in organic matter (Figure 10) and poorly drained (Figure 11). Prairie and wetland
complexes that established the landscape during post-glacial periods created the high organic
matter soils that are found in the watershed. High organic matter in the soils made the landscape
valuable to European settlers that could grow crops. However, the abundance of wetlands and
wet marshes made agricultural practices difficult, resulting in the development of drainage
ditches that drained local wetlands and dried the soils. More recently, agricultural producers
have enhanced the drainage capacity of local soils by installing perforated tile in the soil profile
to control the water table. Abrupt changes in the landscape along with tillage practices, crop
rotations, and lack of residue has decreased the organic matter of local soils since European
settlement.
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Figure 8. Sedimentary association of the Middle Minnesota River watershed.

Figure 9. LiDAR imagery of the Middle Minnesota River watershed shows the complex
network of tributaries that provide sediment to the Minnesota River. The deep, short
reaches near the Minnesota River have adjusted to the late glacial down-cutting event. The
rest of the watersheds have yet to reach an equilibrium elevation. The knick zones are
located at the upstream end of the deeply incised zone.
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Figure 10. Soil organic matter in the Middle Minnesota River watershed. From the Soil
Survey Geographic Database (SSURGO).

Figure 11. Drainage capacity of soils in the Middle Minnesota River watershed (from
SSURGO).
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Land Use
Land use in the Middle Minnesota River watershed has undergone drastic changes since the late
1800s. Prior to European settlement, the watershed was comprised of prairie and wet prairie
from Mankato to the western and northern areas. East and north of Mankato, the watershed is
mostly comprised of the Big Woods region. The Marschner pre-settlement vegetation map
estimates that natural land use was 79% prairie and wet prairie, 12% Big Woods, 4% river
bottom forest, 2% lakes and open water, 2% oak openings and barrens, and 1% aspen-oak land
(Figure 12).
After European settlement, drastic changes occurred to the landscape to increase economic value
of the land and make it more conducive to agricultural practices. The wet areas were drained and
prairies were plowed in order to produce crops. Over time, drainage practices have improved
and become more efficient, and commodity demands have changed from corn and small grains
to corn and soybeans. In 2014, land use in the Middle Minnesota River watershed comprised
40% corn, 30% soybeans, 4% other agriculture, 7% urban, 12% water storage, and 7% perennial
vegetation (CropScape 2015; Figure 13).
Natural water storage used to be prevalent in the Middle Minnesota River watershed. The
Restorable depressional Wetland Inventory (RWI) designated 39,971 drained wetland basins in
the Middle Minnesota River watershed comprising 134,351 acres (i.e. 15.6% of the watershed).
Existing water storage in the watershed coupled with the RWI shows that the potential surface
water storage is 157,593 acres (i.e. 18.3%; Figure 14).

Figure 12. Marschner pre-settlement vegetation map for the Middle Minnesota River
watershed.
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Figure 13. 2014 land use data for the Middle Minnesota River watershed (from
CropScape).

Figure 14. Existing and potential water storage in the Middle Minnesota River watershed.
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Sediment Sources
Tributaries in the Middle Minnesota River are naturally prone to high sediment loads. As
tributaries adjust to the base level change from the recession of glacial River Warren, knick
zones become active areas of sediment contribution. Along with natural processes, increased
water delivery to stream channels has led to increased sediment supply throughout the watershed.
Areas near-channel and of high slope (Figure 15) are hot spots for sediment contribution. Near
channel sediment contributions will be discussed more in the Geomorphology section of this
report.
On the flat areas of the watershed, wind erosion is a common sediment contributor to drainage
ditches and local streams. Figure 16 shows wind erodibility of soils in the Middle Minnesota
River watershed. Land use practices (e.g., residue management, tillage practices, cover crops)
can affect the erodibility of soils (i.e. having residue on the soil reduces erodibility). Lack of
residue during winter months has led to soil erosion from wind that typically gets transported
into drainage ditches and other water pathways (Figure 17).

Figure 15. Slope-derived erosional areas in the Middle Minnesota River watershed. Areas
highlighted in red represent slopes greater than 6%.
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Figure 16. Wind erosion susceptibility groups from SSURGO. Wind erodibility for class 1
is the highest while class 8 soils are not subject to wind erosion.

Figure 17. Sediment accumulation in a drainage ditch from wind erosion.
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Sub-watersheds
The Middle Minnesota River watershed is unique among HUC 8 watersheds as it is comprised of
21 named tributaries that are independent of each other as well as multiple unnamed tributaries
and ravines that flow directly into the Minnesota River (Figure 18). Named tributaries in the
Middle Minnesota River watershed vary in size; the largest tributary is the Little Cottonwood
River (167 square miles) and the smallest being County Ditch #13 and Three Mile Creek (12
square miles; Table 1).
The Watershed Health Assessment Framework (WHAF) provides a scoring system for
watershed health at the DNR catchment scale (i.e. HUC 12 and smaller). Each catchment is
designated a score from 0 (i.e. poor) to 100 (i.e. excellent). The WHAF designates scores based
on the five components of a healthy watershed: hydrology, connectivity, geomorphology,
biology, and water quality. Perennial cover in the Middle Minnesota River watershed is
considered poor in most areas of the watershed except Nicollet Creek watershed and along the
main stem of the Minnesota River (Figure 19).
Impervious cover (e.g. roads and parking lots) is another factor that has impacts on hydrology.
Scores from 2011 are relatively good in the Middle Minnesota River watershed in regards to
impervious cover except near Redwood Falls, New Ulm, Lake Crystal, Mankato, Nicollet, and
St. Peter (Figure 20).
Channelization of natural streams and creation of drainage ditches increase flow by removing
water storage potential on the landscape, shortening channel length, and removing floodplain
storage. One evaluation of channelization is the straightened-meandering ratio, where a high
ratio would show a highly channelized watershed and a low ratio would show a naturally
meandering stream network. The WHAF scoring system shows a poor straightened-meandering
ratio in catchments in the upper reaches of many of the Middle Minnesota River tributaries,
whereas the lower reaches are often exhibiting better scores (Figure 21).
Another tool for evaluating channelization in watersheds is the MPCA Altered Watercourse
layer. With this tool, all streams in Minnesota were designated into four categories: altered (i.e.
channelized), natural, impounded, and no definable channel. These data were broken down to
define the percent of channelized streams within each catchment in the Middle Minnesota River
watershed (Figure 22).
As a general rule, land use is very similar throughout the Middle Minnesota River watershed,
with cultivated crops dominating the landscape. Out of 21 tributaries, 19 of them have greater
than 81% cultivated crops and six tributaries have greater than 90% cultivated crops (Table 1).
Nicollet Creek and Shanaska Creek watersheds stand out among others as they have 60.74% and
69.76% cultivated crops, respectively, as well as 21.13% and 14.46% water storage, respectively
(Table 1).
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Figure 18. Location of named and unnamed tributaries within the Middle Minnesota
River watershed.
Table 1. Named tributaries in the Middle Minnesota River watershed with corresponding
size, location, and land use (WHAF 2015) within the watershed.
Sub-Watershed
Little Cottonwood River
Minneopa Creek
Little Rock Creek
Nicollet Creek
Fort Ridgely Creek
Birch Coulee Creek
Morgan Creek
Spring Creek
Shanaska Creek
Eight Mile Creek
Seven Mile Creek
Crow Creek
Cherry Creek
Rogers Creek
Wabasha Creek
Fritsche Creek
Heymans Creek
CD#10 (John's Creek)
Huelskamp Creek
CD#13
Three Mile Creek

Drainage Area (mi2)
167
85
84
79
70
68
59
45
43
37
36
34
33
27
22
20
16
13
13
12
12

Relative Location
Southwest
South
Northwest
Central
Northwest
Northwest
South
West
East
Central
Central
West
Northeast
North-Central
West
Central
Central
West
Central
West
Northwest

% Cultivated Crops % Forest % Shrub, Grass, Pasture % Water %Wetland % Developed
85.83
1.27
0.94
0.61
6.61
4.74
84.38
1.4
0.23
3.72
3.15
7.12
88.61
1.98
0.15
1.72
2.09
5.45
60.74
3.6
0.32
21.13
9.97
4.24
90.38
1.93
0.33
0.2
1.36
5.8
91.37
2.1
0.46
0.1
1.55
4.42
89.78
1.75
0.31
0.79
2.22
5.15
90.99
2.02
0.28
0.1
0.84
5.77
69.76
4.56
2.62
14.46
2.75
5.85
90.34
2.69
0.24
0.1
1.82
4.81
84.49
3.44
0.33
1.21
5.85
4.68
86.35
1.46
0.38
0.1
1.1
10.61
81.19
4.24
1.45
4.75
3.72
4.65
87.16
3.07
1.56
0.43
2.78
5
88.68
1.26
0.81
0.1
2.65
6.5
87.7
3.41
0.87
0.32
3.22
4.48
90.44
1.34
1.1
0.3
3.32
3.5
91.3
3.57
0.56
0.1
1.31
3.16
86.23
5.78
0.7
1.17
1.94
4.18
88.96
3.61
0.3
0.51
1.59
5.03
86.21
2.72
0.5
0.36
4.63
5.58
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Figure 19. Perennial vegetation scores derived from the WHAF tool. Red indicates
minimal perennial vegetation while green indicates abundant perennial vegetation.

Figure 20. Impervious cover scores derived from the WHAF tool. Red indicates high
impervious cover (i.e. poor scores) while green shows little or no impervious cover.
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Figure 21. Straightened-meandering channel ratio derived from the WHAF tool. Red
indicates catchments with high percentages of channelization, while green shows natural
meandering streams.

Figure 22. Percent channelization by catchment derived from the MPCA Altered
Watercourse layer.
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High Value Resources
The Middle Minnesota River watershed lies within the prairie parkland ecological province and
the Minnesota River Prairie sub-section (MNDNR 2005). This sub-section is in the heart of the
Midwest Corn Belt. This sub-section consists of a gently rolling ground moraine about 60 miles
wide (MNDNR 2015). The Minnesota River occupies a broad valley that splits the sub-section
in half. The Middle MN retains a variety of rare and unique features that primarily occur along
or adjacent to the Minnesota River itself. The health of these natural resources can be impacted
by watershed activities, land-use changes, and hydrologic changes. The following features occur
within the Middle Minnesota River watershed boundary (Figure 23):






Twenty-three mapped native plant communities
One designated calcareous fen
Sixty-eight rare plant and animal species that are listed as threatened, endangered, or
special concern; includes state and federal listed species
Swan Lake and wetland complex in Nicollet County
Lake Washington, Lake Crystal, as well as other important small lakes

The Middle Minnesota River watershed was historically dominated by tallgrass prairie, with
many islands of wet prairie (MNDNR 2015). Forests of silver maple Acer saccharinum, elm
Ulmus spp., cottonwood Populus spp., and willow Salix spp. grew on floodplains along the
Minnesota River and other streams (MNDNR 2005). Only a small percentage of these native
systems remain. These types of natural system features hold direct and indirect social and
economic values for society. Valuation and documentation of ecosystem changes helps
determine whether policy changes that alter these systems result in a net cost or benefit to
society.
Rare Natural Features Mapped in the Middle Minnesota River Watershed
Rare features (Figure 23) contribute to the health of the habitat and environment that surrounds
us. Some even contribute directly to local economies in the form of recreation—including
hunting/fishing, wildlife viewing, and camping. The DNR has a statutory responsibility to
conserve rare features; see Minnesota Stat. 84.0895. Rare features can include species of unique
plants and animals as well as native plant communities (i.e. habitats). Rare features are often key
indicators of the health of our environment. When they decline, it is usually an indication that a
natural process or element is not functioning well.
There are 30 endangered and threatened species known to exist in the Middle Minnesota River
watershed (NHIS 2015). There are an additional 53 species that are in suspected decline and are
listed as special concern or watch list species (NHIS 2015, Appendix 2). These species are often
tied to native plant communities that may also be in decline. In the Middle Minnesota River
watershed in addition to the number of rare species, there is also a high density of these species
occurring along the main tributary of the Minnesota River and the Swan Lake and wetland
complex in Nicollet County.
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Figure 23. Rare features, native plant communities, and protected lands in the Middle
Minnesota River watershed. Map created by Megan Benage, MNDNR Regional Ecologist.
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Six of the endangered and threatened species in the Middle Minnesota River watershed are
associated with calcareous fen habitats. There are seven designated calcareous fens in the
Middle Minnesota River watershed. Calcareous fens are rare and distinctive wetlands
characterized by a substrate of non-acidic peat land dependent on a constant supply of cold,
oxygen-poor groundwater rich in calcium and magnesium bicarbonates (MNDNR 2008). This
calcium-rich environment supports a plant community dominated by calcium-loving species.
Because these types of wetlands are one of the rarest natural communities in the United States,
they are a specially protected resource in Minnesota (Minnesota Wetlands Conservation Act,
Minnesota Statutes, section 103G.222 - .2373 and Minnesota Rules, chapter 8420).
Native Plant Communities
By definition: a native plant community (NPC) is a group of native plants that interact with each
other and with their environment in ways not greatly
Native Plant Communities
altered by modern human activity or by introduced
organisms (MNDNR 2015a). These groups of native
Native plant communities in
Minnesota have been assigned
plant species form recognizable units, such as prairies,
conservation status ranks (S-ranks)
maple forests, or marshes. In the Middle Minnesota, the
that reflect their risk of elimination
watershed is dominated by grassland, rock outcrop, and
from the state. There are five ranks
woodland communities (Table 2). Wetland complexes
that are determined using
such as marshes, seepage meadows, and fens are also
methodology developed by the
interspersed across the landscape. Almost half of the
conservation organization
plant communities in the Middle Minnesota are
NatureServe and its member natural
considered imperiled or critically imperiled. None of the
heritage programs in North
twenty-three types are considered abundant or secure.
America. Ranks in Minnesota are
based on information compiled by
MNDNR ecologists.

The Middle Minnesota is a unique watershed in southcentral Minnesota because it has an abundance of high
value ecological features. The watershed includes a
priority habitat network along the Minnesota River corridor for both the Minnesota Prairie
Conservation Plan and the State Wildlife Action Plan (2015-2025). The Middle Minnesota River
watershed is also a hot spot in terms of conservation potential. Figure 23 shows multiple
opportunities to create a connected corridor of native and restored plant communities along the
tributaries of the Minnesota River. These communities, which include priority fish and wildlife
habitat areas, wetland/upland complexes, and natural areas not only provide quality habitat, but
sequester carbon, provide a home for rare species, contribute to clean water, and offer many
recreational opportunities.
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Table 2. Native plant communities in the Middle Minnesota River watershed (MNDNR
2015b).
Native Plant
Native Plant Community Name
Community Code

Conservation Status Rank

MRp93a
MRp93b
OPp93c
MHs39a
MHs39c
ROs12a1
ROs12a2
UPs13b
UPs13d
UPs23a
WPs54b
UPs13
FDs37b
FFs68a
MHs38b
MHs38c
MHs49a
WMp73a
WMs83a
MHs39
ROs12
ROs12c
WMs83a1
PWL_CX
ROP_CX

S1=Critically Imperiled
S1
S1
S2=Imperiled
S2
S2
S2
S2
S2
S2
S2
S2S3
S3=vulnerable to extirpation
S3
S3
S3
S3
S3
S3
SNR=State Not Ranked
SNR
SNR
SNR
CMX=Complex Community
CMX

Bulrush Marsh (Prairie)
Spikerush - Bur Reed Marsh (Prairie)
Calcareous Fen (Southeastern)
Sugar Maple - Basswood - (Bitternut Hickory) Forest
Sugar Maple Forest (Big Woods)
Crystalline Bedrock Outcrop (Prairie), Minnesota River Subtype
Crystalline Bedrock Outcrop (Prairie), Sioux Quartzite Subtype
Dry Sand - Gravel Prairie (Southern)
Dry Hill Prairie (Southern)
Mesic Prairie (Southern)
Wet Prairie (Southern)
Southern Dry Prairie Class
Pin Oak - Bur Oak Woodland
Silver Maple - (Virginia Creeper) Floodplain Forest
Basswood - Bur Oak - (Green Ash) Forest
Red Oak - Sugar Maple - Basswood - (Bitternut Hickory) Forest
Elm - Basswood - Black Ash - (Hackberry) Forest
Prairie Meadow/Carr
Seepage Meadow/Carr
Southern Mesic Maple-Basswood Forest
Southern Bedrock Outcrop Class
Sedimentary Bedrock Outcrop (Southeast) Type
Seepage Meadow/Carr; Tussock Sedge Subtype
Prairie Wetland Complex
Rock Outcrop -Prairie Complex
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Aquatic Invasive Species
One indicator of watershed health is the presence and abundance of aquatic invasive species
(AIS). Degraded systems are more prone to having abundant numbers and densities of aquatic
invasive species, while systems with higher ecological health may have some invasive species
due to introduction but often they do not dominate those systems. Aadland (2015) found
disconnected watersheds from dams and other barriers typically have multiple tolerant fish
species, including invasive common carp Cyprinus carpio, while native and intolerant species
are usually extirpated. Minnesota DNR specialists document AIS distribution while preventing
and managing the spread of AIS through education. Lakes with known presence of AIS are also
subject to spot checks to prevent spreading these species.
There are not many AIS present in the Middle Minnesota River watershed. Figure 24 shows the
extent of AIS near and within the watershed. The highest concern is a limited number of lakes
with known Eurasian watermilfoil Myriophyllum spicatum infestations at the eastern edge of the
watershed. Eurasian watermilfoil is primarily spread via plant fragments (i.e. two inches or
larger) moved by humans.
Many of the lakes within the Middle Minnesota River watershed have documented curly-leaf
pondweed Potamogeton crispus. Curly-leaf pondweed has been present in the region for ~50
years, far prior to any invasive species control and prevention efforts.
Purple loosestrife (i.e., Lythrum salicaria, Lythrum virgatum, and hybrid species) has been
observed throughout the Middle Minnesota River watershed in isolated locations. Observations
from the purple loosestrife database are generally 15 years old, so populations may not exist
there anymore. While it is possible that the purple loosestrife locations have decreased or
disappeared, it is more likely that the extent of the infestation has expanded.
Common reed (i.e., Phragmites Phragmites australis subsp. australis) is an invasive species in
other states, and is classified as a restricted noxious weed by the Minnesota Department of
Agriculture. It is illegal to import, transport, or sell that subspecies of Phragmites in the state.
Phragmites can invade lake shores, wetlands, rivers, and roadsides and displace native grasses. It
currently is confined to areas in the watershed in Nicollet County. There is a native subspecies
of Phragmites Phragmites australis subsp. americanus that is difficult to distinguish from the
nonnative. Subspecies type should be determined prior to attempting any control efforts. For
more information go to: http://dnr.state.mn.us/invasives/aquaticplants/phragmites/index.html.
Lastly, there is one documented instance of goldfish Carassius auratus caught in the Minnesota
River, likely because of an aquarium release upstream. Goldfish are a restricted invasive species
in Minnesota, meaning that it is legal to possess them in homes or human-made ponds, but it is
illegal to release them into waters of the state. Goldfish are a type of carp, and can become quite
invasive when accidentally or deliberately released into the wild. For more information on
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Figure 24. Documented aquatic invasive species in the Middle Minnesota River watershed.
Phragmites occurrences were removed due to lack of confidence in positive identification.
Map created by Allison Gamble, MNDNR Aquatic Invasive Species Specialist.
invasive species, or to report a new suspected infestation you can contact your regional aquatic
invasive species specialist: http://www.dnr.state.mn.us/invasives/ais/contacts.html.
Due to the expense of treatment for AIS, prevention is normally the best and most cost-effective
management strategy. Prevention strategies include: education, cleaning off plants and
invertebrates, and draining water from boats and trailers coming from infested water bodies.
Aquatic invasive plants like Eurasian watermilfoil and curly-leaf pondweed can collect and be
transported on boats and boat trailers, so it is important to check and clean them prior to leaving
any water body. Juvenile zebra mussels are clear and microscopic, and can accidentally be
transferred to other water bodies if water is not drained. Management often involves small-scale
treatment or removal of small or very dense populations. For example, small scale purple
loosestrife can be controlled via hand-removal, and larger populations can be controlled by
beetle release or herbicides.
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Hydrology
Introduction
Hydrologic conditions (e.g., precipitation, runoff, storage, and annual water yield) and the
disturbance of natural pathways (e.g., tiling, ditching, land use changes, and loss of water
storage) has become the driver of many impairments in Minnesota watersheds (MPCA 2012).
These disturbances coupled with an increase in precipitation (i.e., total, frequency, and
magnitude) have resulted in issues with: increased bank erosion, excess sediment, habitat
degradation, and disturbance of natural flow regime. Moderating the effect of accelerated runoff
from urban and agricultural landscapes is fundamental to addressing sediment and nutrient
impairments in lakes, streams, and wetlands in Minnesota.
Hydrologic modification is the alteration or addition of water pathways and associated changes
in volume by human activity. Hydrologic modifications can dramatically alter stream discharge
due to changes in volume, timing, connectivity, or flow rates, particularly if the area was not a
flow pathway in the past. 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 (i.e., 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. Reduced
surface storage, increased conveyance, increased effective drainage area, and altered crop
rotations have all changed the dynamics of local watersheds while also increasing the frequency
of flood-flow events (Schottler et al. 2013).
In extensively drained landscapes, such as the agricultural Midwestern United States, the
connection of isolated basins has inflated total surface water discharge and increased the density
of linear drainage networks (TerHaar & Herricks 1989, Haitjema 1995, Magner et al. 2004).
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 (Lenhart et al.
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 (Lenhart et al. 2007, Lenhart 2008)
and continue today through repairs, cleanouts, upgrades, and increased amount of impervious
surfaces and 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 (Leach and Magner 1992, Kuehner 2004, Lenhart 2008). The effects of
these suites of changes are cumulative, interrelated, and tend to compound across different
spatial and temporal scales (Spaling & Smit 1995, Aadland et al. 2005, Blann et al. 2009). The
contribution of subsurface drainage to aquatic ecosystem affects may be difficult to isolate
relative to other agricultural impacts (Blann et al. 2009). Cumulatively, these changes in
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hydrology, geomorphology, nutrient cycling, and sediment dynamics have had profound
implications for aquatic ecosystems and biodiversity (Blann et al. 2009).
In terms of total precipitation, the Middle Minnesota River watershed falls in the middle-range
for Minnesota. The State Climatology Office (2012) reported that normal annual precipitation
from 1981-2010 in the Middle Minnesota River watershed ranged from 28-31”. The state of
Minnesota ranges anywhere from 21-36” depending on location, with the southeast corner
receiving the most, and the northwest corner receiving the least. Increased precipitation trends
over the past few decades have resulted in increased water yields in Minnesota rivers (Mark
Seeley, Minnesota State Climatologist, personal communication). Precipitation changes alone
could warrant changes in the other four components of a healthy watershed if nothing else had
changed.
The hydrologic analysis found in this report focuses on surface-water components of the
hydrologic cycle, rainfall-runoff relationships, open-channel flow, flood hydrology, and
statistical and probabilistic methods in hydrology.
Methods
In order to understand and evaluate the hydrologic processes within a watershed, several types of
analyses are used to examine the relationships between flow (i.e. discharge) and precipitation.
Groundwater levels and usage over time are also reviewed to detect trends and compare to
surface water flow. The analysis methods explained below can evaluate and measure changes
within a system by reviewing statistical variations and trends over time.
Crop Changes
Schottler et al. (2013) discussed how changes in cropping rotations from small grains to
soybeans has shown relationships with changes in runoff relationships. In order to evaluate
cropping changes in the Middle Minnesota River watershed, data were collected from the
National Agricultural Statistics Service (NASS), compiled, and assessed. Using NASS, longterm data are compiled by regions instead of watersheds. Data for the Middle Minnesota River
watershed were compiled from the south-central district of Minnesota’s agricultural statistics
districts (i.e. Blue Earth, Brown, Faribault, Freeborn, Le Sueur, Martin, Nicollet, Rice, Steele,
Waseca, and Watonwan Counties). While this area includes most of the Middle Minnesota River
watershed, it also includes areas south and east of the watershed.
Precipitation
Precipitation data analyses are based from long-term data collection locations within and nearby
watersheds that have long-term stream gage data available. All precipitation data are acquired
through the “High Density Radius Retrieval” website maintained by the Minnesota State
Climatology Office. If multiple records are available nearby the watershed of interest,
watershed-wide averages are used for analyses. Precipitation data are used to examine long-term
trends within a watershed, and the relationship and response of discharge, runoff, and baseflow
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conditions relative to recorded precipitation totals. Long-term precipitation data were collected
by the Minnesota Climatology Working Group. All precipitation data used in this report were
downloaded from the gridded database, and are a composite of the interpolated data collected
within the Little Cottonwood River watershed.
Discharge Analysis
Flow data sets are collected by the United States Geological Survey (USGS) and
MPCA/MNDNR stream gage network for nearly all of the HUC 8 watersheds in Minnesota.
Most long-term (i.e. >30 years) gage sites are at or near the pour point of the watershed, either
into a larger river, or another state. Site-specific stream flow data are calculated using
continuous stream stage measurements and periodic field-verified stream flow measurements.
These data are plotted to allow for statistical analysis and are used to create hydrographs, flow
duration curves, and other visual representations of the period of record.
Watershed discharge data can be used to review daily, monthly, seasonal, annual and long-term
trends within a watershed and examine changes in the discharge characteristics such as periods
of low or zero flow, flood frequency, base flow volume, and seasonal variability. Discharge data
used for this report are primarily from a long-term gage site at the mouth of the Little
Cottonwood River. Seven Mile Creek has recent gage data, but due to backwater influence from
the Minnesota River data were not used for this report. Continuous Little Cottonwood River
discharge data were collected near Courtland (USGS site #05317200) from 1973-2010.
Discharge data are also used to create a flow duration curve. Duration curves are used to
examine discharge and determine when a specific flow volume was exceeded or equaled in a
given period, such as how often the flow volume exceeds high (i.e. 10th percentile) and low (i.e.
90th percentile) flow conditions for the watershed. Data can also be used to calculate relative
frequency if the data set is large enough.
Double Mass Curve
A double mass curve is an analysis based on a cumulative comparison of an independent and
dependent variable. Double mass curves are useful in hydrological data as they allow
examination of the relationship between two variables. This technique was used to compare
precipitation and stream discharge relationships (i.e. annual and seasonal) and well elevation
fluctuations relative to precipitation. When plotted, a straight line indicates consistency in the
relationship while a break in the slope would mean a change in the relationship.
When used with long-term discharge data sets, the curve can demonstrate when the change in the
relationship began to occur. All double mass curves presented are runoff (i.e.
discharge/watershed area) and monthly precipitation in inches. All discharge values are
converted to inches by dividing total volume by the watershed area (i.e. the annual discharge
converted to acre–ft. and then to inches of runoff over the watershed). Additional information on
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double mass curve development and interpretation can be found on the following website:
http://pubs.usgs.gov/wsp/1541b/report.pdf
Web-based Hydrograph Analysis Tool
The Web-based Hydrograph Analysis Tool (WHAT) was developed by Purdue University and
designed to separate baseflow and direct runoff using digital filtering algorithms from user
specified flow data. Data can be automatically uploaded from the USGS database or manually
entered by the user. The analysis can be run over the entire period of record or for dates specified
by the user. Subsets of the data can be used to look for a change in the relationship as indicated
by the double mass curve or precipitation records. This tool is beneficial to examine the baseflow
discharge relationship over time, and can be used to look at long term and seasonal variations.
The supplied dataset is analyzed using a recursive digital filter, based on a groundwater system
with “Perennial Streams with Porous Aquifers”. The tool and additional information can be found
on the following website: https://engineering.purdue.edu/~what/
Ground Water Usage
Permitted groundwater usage was reviewed to examine changes in type of usage and volume
over time. Data were collected through the State Water Use Data System (SWUDS) from 19882011. The data were used to review total volume appropriated, volume appropriated by county
and aquifer type, and well level fluctuations relative to precipitation.

Results
Crop Changes
The south-central district for Minnesota’s agricultural statistics comprises 4,041,693.06 acres
(i.e. 6315.15 square miles; NASS 2015). In 1921, roughly 50.49% of the land in the southcentral district was used for crop production, and has increased to 71.86% as of 2014 (Figure
25). Of the total land use in 1921, 20% was corn, 15.1% oats, 13.85% alfalfa, 1.54% barley, and
0% in soybeans or flaxseed (Figure 26). By 2014, crop production percentages changed to:
40.9% corn, 29.8% soybeans, 1.04% alfalfa, 0.12% oats, and 0% flaxseed and barley (Figure
26). According to these data, soybeans were not planted in the area until 1941, from 1941-1973
soybeans exponentially increased, and since 1973 have fluctuated based on commodity prices
and other factors (Figure 27).
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Figure 25. Percent of land area in south-central Minnesota used for crop production from
1921-2014 (NASS 2015).

Figure 26. Change in cropping history in south-central Minnesota from 1921-2014 (NASS
2015).
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Figure 27. Percent of total land area used for soybean production in south-central
Minnesota from 1921-2014 (NASS 2015).
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Precipitation
Data collected within the Little Cottonwood River watershed indicate that the area has
experienced variability in precipitation over time, but has largely stayed within the 25-75th
percentile (Figure 28). Interestingly, rainfall during the wide spread drought conditions of the
1930s were near-average in the Little Cottonwood River watershed. Similarly, from 1900-1950,
the seven year average eclipsed the 75th percentile multiple times; an uncommon trend for most
southern Minnesota watersheds. Yearly precipitation totals were lower than average after the
1950s through the 1980s (Figure 28). While precipitation amounts haven’t notably changed over
the period of record, annual variability has been most noticeable since the 1950s. Even with the
variability of the annual total values, the seven year average is largely within the 25th-75th
percentile values, indicating fairly stable precipitation in the region.

Figure 28. Precipitation trend data using annual precipitation data collected within the
watershed.
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Discharge Analysis
Stream data collection near Courtland, MN began in 1973 by the USGS, but was discontinued in
2010. Data collection began again in 2014, but those data were not included in this report.
Long-term data (i.e. >30 years) allow for better analysis within a watershed and can help show
trends or pinpoint when relationships began to change. While it would be beneficial to have
discharge data from before 1973, the existing data set is greater than 30 years and provides a
strong data set for analysis. Additional data including daily, monthly, annual, and peak flow
statistics have been computed and complied by the USGS for the site.
All discharge data were plotted out using monthly and annual average flow values for the period
of record to create a hydrograph. A hydrograph is a chart showing the rate of flow (i.e.
discharge) over time at a sample location. Once plotted, the data can be examined for changes
over time. Since 1973, average discharge volumes at the mouth of the Little Cottonwood River
have increased (Figure 29). To further examine this increase in discharge volumes, precipitation
trends were examined in relationship to monthly discharge volumes over the total watershed
(Figure 30). This also shows that while runoff volumes are increasing, precipitation is staying
steady over the period of record.
Discharge data were also used to create a duration curve (Figure 31). Duration curves are used
to examine the discharges and determine when a specific flow volume was exceeded or equaled
in a given period, such as how often the flow volume exceeds high (i.e. 10th percentile) and low
(i.e. 90th percentile) flow conditions for the watershed. A curve with a steep slope throughout
indicates a highly variable stream whose discharge is derived from direct runoff. A flat slope
indicates the potential presence of surface or ground-water storage, which can help meter out the
flow at a slower rate.
The curve for the Little Cottonwood is steeper, indicating variability within the system. This is
likely related to the “flashiness” or rapid response to rain events and limited storage potential
within the watershed. Similarly, it should be noted that the low flow conditions (i.e. < Q90) also
have a high slope. This indicates that while a negligible amount of perennial vegetation
influence and water storage exist within the watershed, there is likely some level of ground water
interaction with the river system at low flows, since few zero flow days have been recorded.
Using the duration data, trends can be analyzed for various flow conditions. The high flow (i.e.
Q10) and low flow (i.e. Q90) periods were plotted to examine if the number of days at the flow
conditions have changed over time. The number of days at or below low flow (i.e. Q90)
conditions have gone down over time (Figure 32), while the number of days at high flows (i.e.
Q10) have remained steady (Figure 33). The variability of the high flow conditions also lends
credence to the argument that the watershed has limited storage potential.
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Figure 29. Average monthly discharge in the Little Cottonwood watershed.

Figure 30. Monthly precipitation and discharge in the Little Cottonwood watershed.
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Figure 31. Flow duration curve of Little Cottonwood monthly discharge values.

Figure 32. Number of days where flows are at or below low flow volumes (Q90).
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Figure 33. Number of days where flows are at or above high flow volumes (Q10) compared
to annual precipitation within the Little Cottonwood watershed.

Double Mass Curve
Double mass curves were developed for the Little Cottonwood River gage site. Precipitation and
discharge data were used to develop the double mass curve to examine relationships over time
(Figure 34). Precipitation data were collected from gridded precipitation data. When plotted, a
straight line indicates consistency in the relationship, a break in the slope would mean a change
in the relationship.
By plotting out the data, a break in slope can be seen around 1983; similar to other southern
Minnesota watersheds (Figure 34). Before the shift in slope at 1983, there is a fairly strong
relationship between runoff and precipitation during the 1972 to 1982 period and again from
1983 to 2010. Ideally, more than 10 years would be available prior to 1983. The limited 10 year
data set does allow us to investigate the relationship, but additional data would provide the
ability to further investigate the trend and provide a better opportunity evaluate the statistical
significance of the departure.
This change in the relationship’s slope from 1983 to 2012 indicates runoff from the watershed is
increasing relative to the amount of rain. Within the entire data set, both low and high annual
precipitation volumes were recorded suggesting that a period of wet or dry conditions does not
affect this relationship. The two periods of record can also be plotted out as average annual
discharge. While this does condense the data, it is useful to examine the change between the
average values. Figure 35 shows that the average discharge has changed in both volume and
timing.
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Figure 34. Double Mass curve of runoff and precipitation demonstrates an increase in the
amount of runoff per inch of precipitation due to a change in the relationship around 1983.

Figure 35. Comparison of average monthly discharge from 1946-1983 and 1983-2012 to
demonstrate the degree of change.
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Web-based Hydrograph Analysis Tool
The discharge data sets were then analyzed for changes in runoff and baseflow conditions by
uploading the data into the Web-based Hydrograph Analysis Tool. This tool is beneficial to
examine the baseflow discharge relationship over time, and can be used to look at long-term and
seasonal variations.
It is difficult to determine the amount of change over the entire data set due to the amount of
daily variability, so a monthly average between the two time periods was used (Figure 36).
Figure 36 shows two sizeable changes in the May and October averages. The May value shows
that the 1983-2010 average has decreased the amount of base flow contribution relative to the
1973-1982 value by approximately five percent. The October base flow percentage has
increased by ten percent during the 1983-2010 period relative to the 1973-1982 record.

Figure 36. Calculated baseflow and runoff volumes from the WHAT.

47

Ground Water Usage
Lastly, groundwater usage for the watershed was reviewed by compiling all reported permitted
usage. All permit data were collected through SWUDS and the Minnesota Permitting and
Reporting System (MPARS). Appropriation resource type has fluctuated since 1988 (Figure 37),
but most recently is dominated by groundwater (i.e. 67%) while streams and rivers (13%) and
ditches (9%) make up the top three resource types (Figure 38).
The largest appropriation and usage category in the Little Cottonwood River watershed by
volume is Major Crop Irrigation, followed by Quarry Dewatering (Figure 39). Major crop
irrigation reported levels were highest in 1988 at over 470 million gallons/year. While that was
the highest reported use, the total volume has been trending upwards since 1990 (Figure 40).
Total water across all usage categories have been increasing over time.
Municipal water supply is typically a large use category, but is less than 10% of the total usage
due to the lack of a large community within the watershed. Municipal water supply total usage
has also been trending downward (Figure 41). This may be due to improvements in
infrastructure and increased water conservation measures.

Figure 37. Total volume of use by resource type.
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Figure 38. Percentage of total groundwater use by resource type from 1988-2014.

Figure 39. Total water use over time by use type.
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Figure 40. Major crop irrigation water use over time.

Figure 41. Municipal water use over time.
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The type of aquifer used is also an important consideration when discussing discharge from the
Little Cottonwood River and groundwater/surface water interaction. The percentage of water
appropriated from quaternary water table aquifers (QWTA) to quaternary buried artesian
aquifers (QBAA) has remained fairly steady over time (Figure 42). Excessive pumping of the
ground water table aquifers may impact the hydraulic connectivity to Little Cottonwood River,
especially smaller tributaries or branches at periods of low flow, when ground water may be the
majority of the base flow conditions. To avoid this impact, appropriation permits are typically
suspended when flows in the system fall below the Q90 threshold.

Figure 42. Annual usage by aquifer type.
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Hydrology Summary
Alterations in flow regimes in southern Minnesota are well documented. After analyzing data
from the Little Cottonwood River, it appears that the trend is similar. Increased runoff ratios,
higher peak flows, and higher frequency of floods have implications on water quality,
geomorphology, and biological components of watershed health. The analysis found in this
report would benefit from a data set with a longer period of record. Starting in 1973, all flow
data from the 1973-1982 time period coincides with a drier precipitation period, when the
average was around the 25th percentile.
Crop changes in south-central Minnesota have potentially had an impact on runoff ratios and
flow regimes in local watersheds. Small grains and alfalfa that used to provide cover and
evapotranspiration in spring months have been replaced with soybeans and more corn that leave
fields barren in the spring and do not meet potential evapotranspiration rates until summer
months. Relating flow data to crop changes is difficult because many of the cropping changes
occurred pre-1973 and gage data started in 1973.
Precipitation trends in the Little Cottonwood River watershed do not appear to be increasing;
however, precipitation averages have varied since the 1950s. Unlike many southern Minnesota
watersheds, it appears that only one year has had >75th percentile precipitation since 2000 while
three years have been below the 25th percentile. These data suggest that changes in runoff ratios
documented in the period of record are not necessarily attributed to the amount of annual
precipitation in the watershed.
Discharge analyses showed an increasing trend in the amount of water flowing through the Little
Cottonwood River from 1973-2010. The double mass curve showed a break in relationship
between precipitation and runoff around 1983; similar to other watersheds in southern
Minnesota. Additionally, the Little Cottonwood River has had higher monthly flow averages for
every month except November and December when comparing 1973-1982 and 1983-2010.
Baseflow analysis using the WHAT showed little changes in monthly base flow averages
between the two study time periods (i.e. 1973-1982 and 1983-2010). Two months have
documented changes in base flow percentages: the month of May shows base flow is 5% less of
total flow and in October base flow is 10% more of the total flow.
Groundwater appropriation has shown a steady increase since 1990. Due to the drought of the
late 1980s, 1988 had the highest appropriation for crop irrigation and other uses, while quarry
dewatering has been common since 1998. Increasing appropriation of groundwater, along with
land use practices that promote increased runoff and less infiltration continue to heighten
awareness for groundwater supply monitoring.
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Connectivity
Introduction
Connectivity is defined as the maintenance of lateral, longitudinal, and vertical pathways for
biological, hydrological, and physical processes within a river system (Annear 2004). Four
primary dimensions of connectivity exist within a river system: longitudinal (i.e. upstream and
downstream); lateral (i.e. channel to floodplain); vertical (i.e. hyporheic to groundwater zones);
and temporal (i.e. continuity of flow over time; Annear 2004). Maintenance of watershed
connections is critical for watershed health (Moore 2015). Due to the objectives of this study,
and constraints of available data, vertical connectivity is briefly discussed while temporal
connectivity was not directly assessed.
Longitudinal connectivity is especially important for fish species as they make seasonal
migrations to spawning, nursery, feeding, or overwintering habitats. During periods of stress
(e.g. floods and drought), many fish migrate away from their local habitats and it is essential that
they are capable of returning in following years. Mussel species are also adversely affected by
the inability for host fish species to migrate to potential habitats upstream.
Disruptions of longitudinal connectivity include: dams, waterfalls, perched culverts, or any
structure that impedes seasonal migration of aquatic biota resulting in a negative impact on
aquatic species; reflected in low Index of Biotic Integrity (IBI) scores. Fragmentation of river
systems through dam construction has altered patterns of connectivity that help maintain river
stability (Yeakel et al. 2014; Moore 2015). Dams on riverine systems have been documented to
not only reduce species richness, but also increase relative abundance of undesirable species
(Winston et al. 1991; Santucci et al. 2005; Slawski et al. 2008; Lore 2011, Aadland 2015).
Though there are a few dams in the Middle Minnesota River watershed, waterfalls are prevalent;
especially in the Mankato area when the rivers intersect the Jordan Sandstone formation (Figure
43). As the base level of River Warren dropped, local tributaries continued to incise to “catch
up” with the current base level. When these tributaries met up with bedrock like Jordan
Sandstone, a “knick point,” more commonly known as a waterfall, developed (Douglas 2011).
Impassable waterfalls, though natural, also deter migration of fish species and can range from
10’ to >50’ tall in the Middle Minnesota River watershed.
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Mankato

Figure 43. Paleozoic bedrock geology of the Middle Minnesota watershed. All of the
identified waterfalls (labeled with a green cross inside of a black circle) in the watershed
fall within the Cambrian and Ordivician sandstone areas. Data courtesy of the Minnesota
Geological Survey.
In watersheds that have waterfalls and other impassable structures, the only source for fish
community replenishment after an extreme stress period (e.g. drought) is local lakes upstream of
the barrier. It can be expected that the only fishes surveyed in sites upstream of a barrier will be
species that thrive in lakes (e.g. fathead minnow Pimephales promelas), typically representative
of less desirable species when calculating stream IBIs.
Another component of longitudinal connectivity is riparian connectivity. Riparian connectivity
consists of bridges and culverts that do not allow for free migration of riparian and aquatic biota,
as well as having proper riparian vegetative communities to sustain stream stability. Improper
sizing of bridges and culverts not only removes access for the stream to reach its floodplain at
the current location, but also impedes longitudinal movement of riparian animals which can
result in incidental death from vehicle collisions while crossing roads. Zytkovicz and Murtada
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(2013) reported that improper sizing of bridges and culverts can also result in infrastructural
damage due to loss of the river’s access to its floodplain.
Riparian vegetation communities have a profound impact on stream stability and sediment
supply in most stream types (Rosgen 1994). In order to achieve stream stability, native riparian
communities are essential to provide root structure that maintains the shape of the bank and
protects the bank from erosional forces.
Lateral connectivity represents the connection between a river and its floodplain. Floodplains
not only play a vital role in spawning habitat and refuge for aquatic biota, but also for nutrient
removal and energy dissipation for river stability (Junk et al. 1989; Tockner et al. 2000). When a
river degrades to a point where it can no longer dissipate its energy through floodplain access, it
builds excess amounts of shear stress along both banks resulting in channel widening. This
process deems the channel unstable and usually results in loss of habitat and biotic integrity until
the stream can eventually reach a state of equilibrium once again.
Vertical connectivity relates to groundwater-surface water interactions that can provide cold,
perennial flows to channels. In most watersheds, data gaps provide a challenge to assess vertical
connectivity. In this report, vertical connectivity will be assessed based off of natural springs
and perennial designated trout streams that occur throughout the watershed.
Methods
Longitudinal Connectivity
Longitudinal connectivity was assessed in the Middle Minnesota River watershed using desktop
reconnaissance tools such as: ArcMap, WHAF, LiDAR, and Geographic Names Information
System (GNIS). Douglas (2011) was used as a starting document to find waterfalls in the
Mankato area, while LiDAR analyses found others that were not listed. Although culvert
inventories do not suggest if the culvert is perched or not, there are three perched culverts
discussed in this document that were found through field observation.
In watersheds that had barriers, the MNDNR Hydrography shapefile was used to assess existing
lakes and wetlands upstream of the barriers that could potentially replenish fish communities in
the stream. Fish community analyses were performed in watersheds with barriers based off of
MPCA samples taken historically and in 2013. Fish assemblages were broken down within each
watershed by species sampled above and below the barrier.
Riparian connectivity analyses were done using ArcMap, WHAF, and Minnesota Department of
Transportation’s (MNDOT) bridges and culverts inventory. To identify crossings not listed in
MNDOT layer, the intersect tool was used to find road and stream crossings to get a more
reasonable idea of the number of total crossings in the watershed.
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Riparian vegetation and habitat were qualitatively assessed at each field survey site. Type of
vegetation, root depth, root density, and weighted root density (i.e., [root depth/study bank
height] * root density) are all measured to help assess the quality of vegetation for that particular
stream reach. Lack of quality in vegetation typically relates to poor stream stability and high
sediment supply through bank erosion.
Lateral Connectivity
Flood-prone area (i.e., active floodplain) is defined as the area adjacent to the stream channel that
is under water in flow events that are 2X maximum bankfull depth at the riffle cross section
(Rosgen 1996, Rosgen 2009). Bankfull, as related to in this report, refers to the normal high
water flow; usually relating to about the 1.5 year return interval flow. A field survey is needed to
calibrate bankfull at the riffle within a reach and to find the flood prone elevation. Thus, only
sites that had geomorphology surveys were subject to floodplain connectivity analyses. If there
was a wide flood prone area, width measurements were taken using LiDAR digital elevation
models (DEMs) based off the flood prone elevations measured through field survey. Another
tool used was the “Soil Survey Geographic (SSURGO) Flooding Frequency Class” layer found
in DNR Quick Layers to show areas that are likely to get regular flooding based on their soil
types.
Vertical Connectivity
Groundwater-surface water connectivity was assessed in the Middle Minnesota River watershed
by utilizing the designated trout streams layer. Field surveys and observations were also used to
analyze vertical connectivity within designated trout streams that had public easements and had
recent trout stocking records.
Results
Longitudinal Connectivity (Fish Barriers)
Desktop reconnaissance and field surveys discovered fourteen sub-watersheds in the Middle
Minnesota River watershed that have a barrier that likely blocks fish migration, including: lowhead dams, lake outlet structures, perched culverts, beaver dams, and waterfalls (Table 3).
Currently, there are four dams, eight lake outlet structures, eleven waterfalls, five culverts, and
two beaver dams that are known to block fish passage at certain water levels. Some of these
structures may be passible at high water levels (Figure 44). Two rapids locations are designated
on Figure 44, but field verification concluded they are likely not fish barriers. The following
sections will further discuss the sub-watersheds that were sampled by MPCA and have known
barriers to fish migration. Each section will discuss the major connectivity barrier (i.e.
downstream waterfall) even though another barrier may exist upstream of the barrier (i.e. lake
outlet structure).

56

Table 3. Summary of each watershed in the Middle Minnesota River watershed that has a
barrier to fish migration.

Watershed

Barrier Type

Cherry Creek
Low Head Dam
Eight Mile Creek Perched Culvert
Fort Ridgely Creek Low Head Dam
Kasota Prairie
Waterfall
Little Rock Creek Lake Outlet Structure
Minneopa Creek Waterfall
Minnewaukon
Waterfall
Nicollet Creek Waterfall
Rogers Creek
Waterfall
Seven Mile Creek Low Head Dam
Shanaska Creek Low Head Dam
Spring Creek
Perched Culvert
Unnamed Tributary Beaver Dam
Wabasha Creek Perched Culvert

# of Fish # of Unique
# of MPCA IWM
# of Fish
Potential
# of MPCA IWM
Species at Fish Species at
Sites Within
Species at
Replenishment
Sites Affected by
Sites Not
Sites Not
Watershed Not Sites Impacted
Upstream?
Barrier
Impacted by Affected by
Affected by Barrier by Barrier
(# of Lakes/Wetlands)
Barrier
Barrier
4
1
8
2
5
8
1
5
1
2
2
1
1
2

0
1
3
2
4
0
0
0
1
1
0
1
0
3

3
3
15
1
7
13
0
6
3
2
9
5
2
6

N/A
11
16
15
22
N/A
N/A
N/A
11
22
N/A
20
N/A
10

N/A
8
2
15
15
N/A
N/A
N/A
9
20
N/A
15
N/A
4

8
No
No
1
2
7
No
9
1
1
20
No
2
2
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Figure 44. Location of potential and verified fish barriers in the Middle Minnesota River
watershed.
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Cherry Creek
Cherry Creek watershed drains approximately 33 mi2 of the northeastern corner of the Middle
Minnesota River watershed (Figure 45). Approximately 0.6 miles upstream of the confluence of
Cherry Creek and the Minnesota River there is a dam that is owned by MNDNR. The purpose of
this dam is unknown, but likely to block common carp Cyprinus carpio movement into the upper
watershed lakes. The dam creates about a six foot drop according to LiDAR, and has cement
wing walls that narrow the channel before going over the dam (Figure 46).
There are four MPCA fish sampling sites in the Cherry Creek watershed; all upstream of the
dam. Of the four sites, only three fish species were sampled; all lake species (Table 3). It is
likely that the combination of the 2012 drought and the impassible nature of the dam had an
impact on fish species richness at the IWM sites in the Cherry Creek watershed.
Upstream of the dam on Cherry Creek, there are eight existing lakes and wetlands that could
provide fish replenishment to the stream: North Goldsmith, South Goldsmith, Savidge, Scotch,
Huoy, Goose, Sleepy Eye, and an unnamed lake (Figure 47). Many of these lakes are shallow
basins that are likely inhabited by fish species tolerant of low dissolved oxygen, such as black
bullhead Ameiurus melas which would explain why bullheads were sampled in sample sites.

Figure 45. Location of Cherry Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and dam locations.
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Figure 46. Spatial location and information about the low head dam on Cherry Creek.

Figure 47. Aerial photo of the Cherry Creek watershed with lake locations in relation to
the dam and IWM sites.
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Eight Mile Creek
Eight Mile Creek watershed drains approximately 37 mi2 of the northwestern part of the Middle
Minnesota River watershed (Figure 48). Approximately 3.4 miles upstream of the confluence of
Eight Mile Creek and the Minnesota River there is a man-made perched culvert. When the
county installed the culvert they channelized Eight Mile Creek. To prevent a head cut upstream,
the county perched the upstream side of the culvert. The culvert appears to have a six foot drop
according to LiDAR (Figure 49).
There are two MPCA fish sampling sites in the Eight Mile Creek watershed; one immediately
upstream of the culvert, and one immediately downstream. Upstream of the culvert, only three
species were sampled while eleven species were sampled downstream (Table 3). Given the
design of the culvert, this structure is a barrier to fish migration at all water levels.
Upstream of the culvert on Eight Mile Creek, there are zero existing lakes and wetlands that
could provide fish replenishment to the stream (Figure 50). While the three fish species sampled
upstream are very tolerant species, if the stream were to go dry in periods of extreme drought,
there would be no lakes to take refuge and fish species would likely be extirpated.

Figure 48. Location of Eight Mile Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and culvert locations.
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Figure 49. Spatial location and information about the culvert on Eight Mile Creek.

Figure 50. Aerial photo of the Eight Mile Creek watershed with lake locations in relation
to the dam and IWM sites.
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Fort Ridgely Creek
Fort Ridgely Creek watershed drains approximately 70 mi2 of the northwestern part of the
Middle Minnesota River watershed (Figure 51). Approximately five miles upstream of the
confluence of Fort Ridgely Creek and the Minnesota River there is a dam located by the
Mayflower Golf Course. The purpose of this dam is unknown and has roughly a six foot drop
(Figure 52).
There are eleven MPCA fish sampling sites in the Fort Ridgely Creek watershed and eight of the
sites are upstream of the dam. Of the eight sites above the dam, fifteen fish species were
sampled. Out of the three sites not affected by the dam, sixteen fish species were sampled,
including two species that were not sampled upstream of the dam (Table 3). It appears that
although the dam may be a permanent barrier at most water levels, it does not seem to affect the
species richness of sites upstream.
Upstream of the dam on Fort Ridgely Creek, there are zero existing lakes and wetlands that
could provide fish replenishment to the stream (Figure 53). If an extreme event were to extirpate
the current fish assemblages at sites upstream of the dam, it is possible there would be no
replenishment of species.

Figure 51. Location of Fort Ridgely Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and dam locations.
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Figure 52. Spatial location and information about the dam on Fort Ridgely Creek.

Figure 53. Aerial photo of the Fort Ridgely Creek watershed with lake locations in relation
to the dam and IWM sites.
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Unnamed Creek (Kasota Prairie Falls)
Unnamed Creek watershed drains approximately 18 mi2 of the eastern part of the Middle
Minnesota River watershed (Figure 54). Approximately 1.7 miles upstream of the confluence of
Unnamed Creek and the Minnesota River there is a natural waterfall with underlying sandstone.
The waterfall has about a sixteen foot drop according to LiDAR and is a barrier to fish migration
at all water levels (Figure 55).
There are four MPCA fish sampling sites in the Unnamed Creek watershed; two of them
upstream of the waterfall. Of the two sites upstream of the waterfall, only one species was
sampled; an ornamental goldfish. Out of the two sites not affected by the falls, fifteen fish
species were sampled (Table 3).
Upstream of the waterfall on Unnamed Creek, there is one existing wetland that likely does not
replenish fish to the stream (Figure 56). Given that only one ornamental goldfish was sampled
upstream of the waterfall, it is likely that fish have been extirpated within the watershed
upstream of the waterfall.

Figure 54. Location of Unnamed Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and waterfall locations.
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Figure 55. Spatial location and information about the waterfall on Unnamed Creek.

Figure 56. Aerial photo of the Unnamed Creek watershed with lake locations in relation to
the waterfall and IWM sites.
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Little Rock Creek
Little Rock Creek watershed drains approximately 84 mi2 of the northwestern part of the Middle
Minnesota River watershed (Figure 57). About 1/3 of the way up the watershed, Little Rock
Creek flows through Mud Lake. On the south side of Mud Lake there is a lake outlet structure
about five feet tall that has been shown to be a barrier to fish movement (Figure 58).
There are nine MPCA fish sampling sites in the Little Rock Creek watershed; five of them
upstream of the Mud Lake outlet structure. Of the five sites upstream of the outlet structure,
only seven species were sampled. Out of the four sites not affected by the falls, 22 fish species
were sampled (Table 3).
Upstream of the outlet structure on Little Rock Creek, there are two existing lakes and wetlands
that could provide fish replenishment to the stream (Figure 59). The seven species sampled
upstream of Mud Lake are very tolerant, so it is likely they can take refuge in Mud Lake in times
of extreme drought and replenish upstream reaches during normal years.

Figure 57. Location of Little Rock Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and Mud Lake outlet locations.
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Figure 58. Spatial location and information about the Mud Lake outlet structure.

Figure 59. Aerial photo of the Little Rock Creek watershed with lake locations in relation
to the Mud Lake outlet structure and IWM sites.
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Minneopa Creek
Minneopa Creek watershed drains approximately 85 mi2 of the south-central part of the Middle
Minnesota River watershed (Figure 60). Approximately 1.4 miles upstream of the confluence of
Minneopa Creek and the Minnesota River there is a natural waterfall with underlying sandstone.
The waterfall has about a 52 foot drop according to LiDAR and is a barrier to fish migration at
all water levels (Figure 61).
There are eight MPCA fish sampling sites in the Unnamed Creek watershed; all of which are
upstream of the waterfall. Of the eight sites upstream of the waterfall, thirteen fish species were
sampled; all of which thrive in lake conditions found upstream of the falls (Table 3).
Upstream of the waterfalls on Minneopa Creek, there are seven existing lakes and wetlands that
could provide fish replenishment to the stream (Figure 62). These seven lakes provide refuge for
fish communities during times of drought.

Figure 60. Location of Minneopa Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and the waterfalls locations.
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Figure 61. Spatial location and information about the waterfalls on Minneopa Creek.

Figure 62. Aerial photo of the Minneopa Creek watershed with lake locations in relation to
the waterfalls and IWM sites.
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Unnamed Creek (Minnewaukon Falls)
Unnamed Creek watershed drains approximately 10 mi2 of the central part of the Middle
Minnesota River watershed (Figure 63). Approximately 0.7 miles upstream of the confluence of
Unnamed Creek and the Minnesota River there is a natural waterfall with underlying sandstone.
The waterfall has about a 17 foot drop according to LiDAR and is a barrier to fish migration at
all water levels (Figure 64).
There is one MPCA fish sampling site in the Unnamed Creek watershed and is located upstream
of the waterfall. Zero fish species were sampled in Unnamed Creek (Table 3).
Upstream of the waterfall on Unnamed Creek, there are zero existing lakes and wetlands that
come up on the MNDNR Hydrography dataset; however, the golf course near the MPCA biology
site has a few ponds that could provide habitat for some fish species (Figure 65). Although many
other stressors may apply in this sub-watershed, fish communities will likely not be a good
indicator of ecosystem health due to the barrier and lack of lakes and wetlands upstream of the
waterfall.

Figure 63. Location of Unnamed Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and the waterfall locations.
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Figure 64. Spatial location and information about the waterfall on Unnamed Creek.

Figure 65. Aerial photo of the Unnamed Creek watershed with lake locations in relation to
the waterfall and IWM sites.
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Nicollet Creek
The Nicollet Creek watershed drains approximately 79 mi2 of the central part of the Middle
Minnesota River watershed (Figure 66). Approximately 0.3 miles upstream of the confluence of
Nicollet Creek and the Minnesota River there is a natural waterfall with underlying sandstone.
The waterfall has about an eleven foot drop according to LiDAR and is considered a barrier to
fish migration at all water levels (Joe Stangel, MNDNR Wildlife, personal communication;
Figure 67).
There are five MPCA fish sampling sites in the Nicollet Creek watershed; all of which are
upstream of the waterfall. Out of five sampling sites upstream, only six fish species were
sampled (Table 3).
Upstream of the waterfall on Nicollet Creek, there are nine existing lakes and wetlands that could
provide fish replenishment to the stream; however, Swan Lake is a major wetland complex that
is managed in a manner that prevents fish from affecting water quality. Swan Lake is primarily
managed for wildlife and migratory bird species, so most fish species cannot survive local
conditions (Figure 68). Other basins in this watershed likely are too shallow to support most fish
species, so only tolerant species of water quality and low dissolved oxygen are likely to be found
upstream of the waterfall.

Figure 66. Location of Nicollet Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and the waterfall locations.
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Figure 67. Spatial location and information about the waterfall on Nicollet Creek.

Figure 68. Aerial photo of the Nicollet Creek watershed with lake locations in relation to
the waterfall and IWM sites.
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Rogers Creek
Rogers Creek watershed drains approximately 27 mi2 of the northeastern part of the Middle
Minnesota River watershed (Figure 69). Approximately 1.1 miles upstream of the confluence of
Rogers Creek and the Minnesota River there is a natural waterfall with underlying bedrock. The
waterfall has about a six foot drop according to LiDAR and is a barrier to fish migration at all
water levels (Figure 70).
There are two MPCA fish sampling sites in the Rogers Creek watershed; one upstream and one
downstream of the waterfall. Upstream of the waterfall, only three species were sampled in four
separate sampling events while one sampling event downstream of the waterfall produced eleven
fish species (Table 3).
Upstream of the waterfall on Rogers Creek, there is one existing basin that appears to hold water
that could provide fish replenishment to the stream (Figure 71). Given the lack of fish species
sampled upstream of the falls, it is unlikely that this basin provides much refuge to species that
are intolerant to water quality and dissolved oxygen issues.

Figure 69. Location of Rogers Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and the waterfall locations.
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Figure 70. Spatial location and information about the waterfall on Rogers Creek.

Figure 71. Aerial photo of the Rogers Creek watershed with lake locations in relation to
the waterfall and IWM sites.
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Seven Mile Creek
Seven Mile Creek watershed drains approximately 36 mi2 and reaches its confluence with the
Minnesota River about five miles north of Mankato (Figure 72). Approximately 4.6 miles
upstream of the confluence of Seven Mile Creek and the Minnesota River there is a low-head
dam that was installed by MNDNR to block upstream migration of common carp in an effort to
protect Swan Lake. The dam stands about five feet tall and has a cement pad at the base to
prevent fish jumping over the structure (Figure 73).
There are three MPCA fish sampling sites in the Seven Mile Creek watershed; two upstream of
the dam, and one downstream. Of the two sites upstream of the dam, only two fish species were
sampled, while 22 species have been sampled at the site downstream of the dam since 2009
(within Seven Mile Park; Table 3). It is likely that the combination of the 2012 drought and the
impassible nature of the dam had an impact on fish species richness at the two sites upstream of
the dam.
Upstream of the dam on Seven Mile Creek, there are many historical depressional wetlands that
have since been drained. The only perennial lake found with the MNDNR Hydrography dataset
was Oak Leaf Lake, located in the northeast corner of the watershed (Figure 74). Although there
are two intact wetlands on the southwestern edge of the watershed, it appears there is little
standing water for fish to survive.

Figure 72. Location of Seven Mile Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and low-head dam locations.
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Figure 73. Spatial location and information about the low head dam on Seven Mile Creek.

Figure 74. Aerial photo of the Seven Mile Creek watershed with lake locations in relation
to the low head dam and IWM sites.
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Shanaska Creek
Shanaska Creek watershed drains approximately 43 mi2 of the eastern part of the Middle
Minnesota River watershed (Figure 75). Approximately 0.8 miles upstream of the confluence of
Shanaska Creek and the Minnesota River there is an artificial structure that was likely placed to
provide grade control and block fish migration to upstream lakes. The structure has about a five
foot drop according to LiDAR and is a barrier to fish migration at all water levels (Figure 76).
There are two MPCA fish sampling sites in the Shanaska Creek watershed; all of which are
upstream of the artificial structure. Nine fish species have been sampled at the two sites (Table
3). All of the species sampled are lake-dwelling species and likely come from Lake Washington.
Upstream of the structure on Shanaska Creek, there are twenty-two existing lakes and wetlands
that could provide fish replenishment to the stream (Figure 77). With this many lakes, especially
popular fishing destinations like Lake Washington, Shanaska Creek will never be devoid of fish.
However, IBI scores will not be ideal as all of the species will be lake-dwelling and tolerant
species.

Figure 75. Location of Shanaska Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and the dam locations.
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Figure 76. Spatial location and information about the dam on Shanaska Creek.

Figure 77. Aerial photo of the Shanaska Creek watershed with lake locations in relation to
the dam and IWM sites.
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Spring Creek
Spring Creek watershed drains approximately 45 mi2 of the western part of the Middle
Minnesota River watershed (Figure 78). Roughly four miles upstream of the confluence of
Spring Creek and the Minnesota River there is a perched culvert on the first township road west
of Highway 4. The culvert has about a three foot drop in low flows according to LiDAR and is a
barrier to fish migration at most water levels (Figure 79). A project will be implemented in 2015
to create a 20:1 sloped rock rapids down from the culvert to allow fish passage. A few miles
upstream is a large beaver dam that has been blown out and repaired in multiple locations.
There are three MPCA fish sampling sites in the Spring Creek watershed; one of them upstream
of the culvert and beaver dam. Upstream of the culvert and beaver dam, only five species were
sampled. Out of the two sites not affected by the barriers, twenty fish species were sampled
(Table 3).
Upstream of the barriers on Spring Creek, there are zero existing lakes and wetlands that could
provide fish replenishment to the stream (Figure 80). Fortunately, the 2015 stream habitat
project will allow fish passage through the culvert and hopefully restore some of the fish
communities upstream.

Figure 78. Location of Spring Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and the perched culvert locations.
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Figure 79. Spatial location and information about the perched culvert on Spring Creek.

Figure 80. Aerial photo of the Spring Creek watershed with lake locations in relation to
the perched culvert and IWM sites.

82

Unnamed Creek
Unnamed Creek watershed drains approximately 13 mi2 of the central part of the Middle
Minnesota River watershed (Figure 81). Approximately 1.3 miles upstream of the confluence of
Unnamed Creek and the Minnesota River there is large beaver dam that shows up on LiDAR
(Figure 82), and 2.4 miles upstream from the confluence there is a perched culvert where
Highway 68 crosses the creek (Figure 83).
There is one MPCA fish sampling site in the Unnamed Creek watershed; upstream of both the
beaver dam and perched culvert. Only two fish species were sampled at this MPCA site (Table
3).
Upstream of the barriers on Unnamed Creek, there are zero existing lakes and wetlands that
could provide fish replenishment to the stream (Figure 84). If an extreme event were to extirpate
the current fish assemblages at sites upstream of the dam, it is likely there would be no
replenishment of species.

Figure 81. Location of Unnamed Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and the beaver dam and perched
culvert locations.
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Figure 82. Spatial location and information about the beaver dam on Unnamed Creek.

Figure 83. Photo of the perched culvert on Unnamed Creek at Highway 68; just
downstream of MPCA site 09MN094.
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Figure 84. Aerial photo of the Unnamed Creek watershed with lake locations in relation to
the beaver dam, perched culvert and IWM sites.
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Wabasha Creek
Wabasha Creek watershed drains approximately 72 mi2 of the western part of the Middle
Minnesota River watershed (Figure 85). Immediately downstream of Dacotah Ridge Golf Club
there is a perched culvert where County Road 2 crosses the channel. The culvert has about a
three foot drop according to LiDAR and is a definite barrier to fish migration at low water levels,
but may be passable in certain flows (Figure 86).
There are five MPCA fish sampling sites in the Unnamed Creek watershed; two of them
upstream of the culvert. Of the two sites upstream of the culvert, six fish species were sampled;
however, only ten species were sampled in sites not affected by the culvert so it is likely there
are other issues leading to poor fish communities (Table 3).
Upstream of the culvert on Wabasha Creek, there are two existing lakes and wetlands that show
up on the MNDNR Hydrography shapefile; however, there are other basins at the golf course
that do not register (Figure 87). It is possible that these basins provide some refuge for fishes
upstream of the culvert in times of extreme drought or flooding.

Figure 85. Location of Wabasha Creek watershed within the Middle Minnesota River
watershed and a close up showing MPCA survey sites and the perched culvert locations.
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Figure 86. Spatial location and information about the perched culvert on Wabasha Creek.

Figure 87. Aerial photo of the Wabasha Creek watershed with lake locations in relation to
the perched culvert and IWM sites.
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Longitudinal Connectivity (Riparian)
According to MNDOT’s bridges and culverts layer in ArcMap, there are 190 bridges (0.141/mi2)
and 182 culverts (0.135/mi2) in the Middle Minnesota River watershed, 372 stream crossings in
total (0.276/mi2; Figure 88). It is apparent from Figure 88 that there are open gaps in the data,
likely underestimating the number of stream crossings. Further analysis was done by
intersecting the MNDOT roads shapefile with a MNDNR streams layer and found there are
1,263 (0.938/mi2) stream crossings in the Middle Minnesota River watershed, although it is
unclear how many are culvert crossings and how many are bridges (Figure 89). Given the
density of crossings in this watershed, proper sizing is important for streams to maintain stability.
Improper sizing can lead to issues with moving sediment through culverts, and has adverse
effects upstream and downstream (Zytkovicz and Murtada 2013).
Riparian vegetation was analyzed at each of the geomorphology survey sites using the Bank
Erosion Hazard Index (BEHI) model; especially bank height, root depth, root density, and
weighted root density. Sites that were surveyed in the Middle Minnesota River watershed
generally had minimal disturbance in the riparian area. The two exceptions would be the Little
Cottonwood two-staged ditch site that had row-crop agriculture outside of the old ditch banks
and Fort Ridgely Creek that had a golf course along its riparian corridor. Banks at survey sites
ranged from moderate/high to extreme BEHI ratings based off of weighted root density values
(Table 4). Other riparian connectivity analyses included the WHAF riparian connectivity
(Figure 90). Perennial vegetation scores were discussed previously in this report (Figure 19).

Figure 88. Bridge and culvert locations from MNDOT shapefile in the Middle Minnesota
River watershed.
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Figure 89. Location of all 1,263 road/stream intersections in the Middle Minnesota River
watershed.

Table 4. Bank vegetation characteristics based from the BEHI model with rating
attributed to weighted root density values.

Site

Vegetation
Type

Bank
Height
(ft)

Root
Depth
(ft)

Upper Spring Creek
Lower Spring Creek
Little Cottonwood - MPCA
L. Cottonwood - WMA
L. Cottonwood - 2 stage ditch
L. Cottonwood - Gage
Fort Ridgely Creek
Seven Mile - Reach 1
Seven Mile - Reach 2
Seven Mile - Reach 3
Seven Mile - Reach 4

Grasses/Shrubs
Grasses/Shrubs
Grasses
Grasses
Grasses
Grasses/Alfalfa
Grasses/Shrubs
Trees/Shrubs
Trees/Shrubs
Trees/Shrubs
Trees/Shrubs

7
6
6
7
6
7
20
6.5
9
9.3
11

2
5
2.5
3
4
1
8
1.5
3
3
3

Root
Weighted
Density
Root
(%)
Density (%)
35
5
35
35
30
20
20
10
50
10
5

10.00
29.17
14.58
15.00
23.33
5.00
14.00
8.08
11.67
11.29
9.55

BEHI Rating
Very High
Moderate-High
High
High
High
Extreme
High
Very High
Very High
Very High
Very High
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Figure 90. Riparian connectivity scores derived from the WHAF tool. Red indicates poor
riparian connectivity while green indicates good riparian connectivity.
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Lateral Connectivity
Floodplain connectivity was assessed at geomorphology survey locations based off of the
classification riffle cross section. Out of thirteen stream reaches surveyed, seven sites had good
floodplain connectivity (i.e. not entrenched), five sites had minimal floodplain connectivity (i.e.
slightly entrenched), and one site had no floodplain connectivity (i.e. entrenched; Figure 91).
Figure 91 also shows the SSURGO flooding frequency class soils.
Floodplain connectivity is a large component of stream stability; however, some streams can
remain stable with small floodplains. For instance, many of the tributaries of the Middle
Minnesota watershed are “B” stream types naturally due to the fact that their valleys are not wide
enough to have a wide floodplain. Many times, their floodplain is only the same size as the
channel itself, or slightly smaller. These streams have relatively high slopes compared to other
areas in the Middle Minnesota River watershed and dissipate their energy in pools that are
closely spaced compared to other stream types in areas of low slope.

Figure 91. Floodplain connectivity in the Middle Minnesota River watershed based on
geomorphology site assessment and SSURGO flooding frequency class soils.
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Vertical Connectivity
Groundwater to surface water connections are rarely well known in MNDNR Region 4 (i.e.
south-central and southwestern Minnesota); however, the Middle Minnesota River watershed
exhibits unique streams that have year-long connections with groundwater. The Middle
Minnesota River watershed has eight designated trout streams: Spring Creek, John’s Creek,
Seven Mile Creek, Paul’s Creek, and four unnamed streams (Figure 92). Spring Creek, John’s
Creek, and Seven Mile Creek all have documented trout communities from supplemental
stocking; however, John’s Creek is no longer stocked due to a lack of public easement.
Spring creek gets its name from multiple natural springs of groundwater that provide perennial
flow to the stream. One spring is especially noticeable as it breaks the surface of the stream by
up to a foot depending on stream flow (Figure 93).

Figure 92. Location of designated trout streams and protected tributaries to designated
trout streams in the Middle Minnesota River watershed.
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Figure 93. Photo of the large spring that bubbles above the surface of Spring Creek.
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Connectivity Summary
Fish Barriers
Longitudinal connectivity barriers to fish are prevalent in the Middle Minnesota River
watershed. Whether natural (i.e. waterfalls and beaver dams) or man-made (i.e. dams and
culverts), these barriers all have an impact of longitudinal migration of fish species. Out of 96
MPCA fish community sampling sites, 43 of the sites (i.e. 45%) were impacted by a fish barrier
of some sort. Sites that were impacted by a fish barrier averaged 3.8 fish species per sampling
event, while sites in the same sub-watersheds that did not have barrier influence averaged 9.5
fish species per sampling event (Figure 94). In situations where the barrier is a naturally
occurring waterfall, upstream lakes and wetlands should be preserved to protect fish populations
that exist. When the barrier is man-made, dam removals and culvert modifications are ideal to
re-establish fish communities in upstream sites that they are likely absent from. Lack of fish
species due to longitudinal migration barriers could result in deeming a stream impaired for fish
communities and may be good reaches to restore natural connectivity in order to delist the
reaches from the impaired waters list.

Figure 94. Boxplot of the number of fish species sampled per sampling event in sites
upstream and downstream of migration barriers in the Middle Minnesota River watershed.
Data were collected by MPCA biological monitoring crews.
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Riparian Connectivity
Complex road networks in southern Minnesota often result in an overabundance of stream
crossings that are not properly sized. Improperly sized bridges and culverts that do not allow
flood flows to pass without restriction increase velocities and shear-stress in the channel;
resulting in increased bank erosion near the stream crossing and potential successional changes
upstream and downstream. In order to be stable, rivers need to have connected channels and
connected floodplains. In the cases where culverts become perched, the channel and floodplain
both lose their natural connection, resulting in even more issues. Perched culverts are prevalent
in the Middle Minnesota River watershed because of the natural tendency of tributaries to incise
to reach the base level of the Minnesota River and the amount of stress they cause on the river.
Culverts act as grade control and become perched as the stream continues to incise downstream.
Riparian vegetation in the Middle Minnesota River watershed varies based on location. In the
intensively farmed areas of the watershed outside of the Minnesota River valley, perennial
vegetation is sparse; however, historical programs like Conservation Reserve Enhancement
Program (CREP) restored perennial vegetation in the Minnesota River floodplain.
Geomorphology sites surveyed in the Middle Minnesota River watershed exhibited undisturbed
buffer strips, but some had crop fields or other disturbances nearby. Though undisturbed,
riparian vegetation consisted of grasses, trees, and shrubs and did not exhibit weighted root
densities that hold the banks together as well as some native prairie grasses would have
historically.
Lateral Connectivity
All of the geomorphology sites in the Middle Minnesota River watershed had some form of
floodplain connectivity except for two reaches in Seven Mile Creek. It is likely that this trend
follows through a majority of reaches throughout the watershed. Exceptions to this would
include, but not limited to: ephemeral ravines, drainage ditches, and channelized stretches of
natural streams and rivers. Loss of floodplain connectivity is a major driver to channel
succession and increased sediment inputs from stream banks, and should be considered when
implementing stream bank restoration projects.
Vertical Connectivity
The Middle Minnesota River watershed is unique in south-central Minnesota as some tributaries
have enough groundwater connectivity to support trout for at least a majority of the year, if not
year-round. These resources should be considered high value, and monitored for changes over
time. Hydrological changes on the landscape could be detrimental for these streams by
increasing surface runoff that increases water temperatures to lethal thresholds for trout species.
Increasing hydrology could also result in channel response (i.e. widening and shallowing) which
would reduce habitat for trout species and increase water temperatures.
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Geomorphology
Introduction
Fluvial geomorphology, as addressed in this report, pertains to the way the land has formed and
continues to be formed by flowing water (Leopold et al. 1964). The principle methods used in
this study to describe the geomorphology follow the Rosgen (1994) classification system, where
the dimension, pattern, and profile of the stream are all documented to classify the stream
(Figure 95). The boundary conditions of the channel (i.e. valley type; Table 5) can determine the
likelihood of a stream to be able to take on watershed changes and remain stable or become
unstable. Other measurements (e.g., bank height ratio, erosion rates, and sediment competence)
can help assess if the channel is stable or if it is in a transitional state (i.e. evolving to or from a
disturbed channel type).
By definition, a stable stream is one that can transport the flows and sediment of its watershed
over time in a manner that the stream maintains its dimension, pattern, and profile without
aggrading or degrading (Rosgen 1996, Rosgen 2009). When other components of the healthy
watershed are disturbed, especially hydrology and connectivity, it is likely to see a successional
change in local rivers to adjust to the current conditions. Typically, a stream that is disturbed
will lose habitat quality from an imbalance of sediment supply and sediment delivery resulting in
biota and turbidity impairments in the stream.
Many headwater streams in agricultural-dominated landscapes in southern Minnesota are
channelized for better drainage of previously wetland-dominated landscapes. Channel
modification by channelization or ditching has multiple impacts on stream stability and
hydrology. Impacts include (but not limited to): loss of habitat heterogeneity, loss of floodplain
connectivity, and increased hydrology downstream. Most ditches are over-widened which leads
to stream bed aggradation of fine sediments and habitat loss.
Methods
Field Methods
Geomorphology sites were established based on multiple criteria in the Middle Minnesota River
watershed. In an effort to describe multiple conditions in the watershed, sites were established in
the Little Cottonwood River watershed because it was the largest tributary, Spring Creek because
of its trout designation and future habitat restoration projects, Fort Ridgely Creek as part of a
potential bank stabilization project, Seven Mile Creek for more detailed assessment in Rosgen
Level III (i.e. River Assessment and Monitoring, taught by Dave Rosgen) training, and an
unnamed tributary as it was a stable ravine located in a watershed with many ravine stability
issues. Overall, thirteen reaches in the Middle Minnesota River watershed were surveyed for
geomorphic classification and stability analyses (Figure 96).
At each site, elevation data were collected to describe the dimension, pattern, and profile of the
reach. At sites with minimal canopy, a Trimble R6 receiver was used to calculate elevations
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Figure 95. Explanation of the measurements used to classify a representative stream reach.
Once there are established measurements of entrenchment, bankfull width to depth ratio,
sinuosity, and slope at a riffle cross section in the representative reach, one can conclude
what type of stream it is. Other measurements taken help determine if the stream is stable
in its current state or if it is in a successional state to adapt to its current climate,
hydrology, and land use (from Rosgen 1997).
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Table 5. Valley type descriptions with stable and unstable stream types exhibited (from
Rosgen 2014).
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Figure 96. Location of the thirteen geomorphology survey reaches in the Middle
Minnesota River watershed. Five of the thirteen reaches were within Seven Mile Creek
County Park as part of Rosgen Level III (i.e. River Assessment and Monitoring) training.
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based on its distance and angle from a number of satellites, which is corrected through a signal
from a local base station. Sites with more tree cover were surveyed with a Trimble S3DR
robotic total station after getting two initial benchmarks with the R6. Reaches in Seven Mile
Creek surveyed for Rosgen Level III training were all surveyed with a rod and laser level to
accommodate requirements of the training class.
In order to describe the dimension, pattern, and profile of the reach, a longitudinal profile at least
20X the bankfull width was surveyed at each site The longitudinal profile consists of thalweg
(i.e. deepest part of channel), water surface, bankfull, and low bank height (i.e. actual
“floodplain”, if located above bankfull) elevations throughout the reach in order to incorporate
water slope, bankfull slope, channel bed features (i.e., pool, riffle, glide, run), and rate of incision
(i.e. low bank height/bankfull height; if greater than 1). These data are necessary to help classify
the stream using Rosgen (1994)’s stream classification system.
After completing the longitudinal profile, a riffle cross section was surveyed to analyze the
width-to-depth ratio (i.e. bankfull width/average bankfull depth), entrenchment ratio (i.e. floodprone width/bankfull width), flood-prone width, bankfull cross-sectional area, and calibrate
bankfull elevations for the reach. Starting from river left bank, elevations were taken
incorporating all changes in slope throughout the cross section. The entire flood-prone (i.e. 2X
bankfull) area was surveyed along the cross section, or the cross section was ended at a point
where flood-prone width and entrenchment ratio could be calculated later in the office.
At many sites, a cross section was monumented within the study reach to be annually monitored
for changes over time. Methods were similar to the riffle cross section, except benchmarks were
placed at the start and end of the cross section as a guide for annual resurveys. Typically this
cross section also has a study bank where a toe pin is placed at the base of the study bank in the
channel bed and 2-3 bank pins are placed horizontally into the study bank so bank erosion can be
assessed annually. At each of the study banks, the toe pin serves as a starting point for the study
bank evaluation while the base of the edge pin on top of the bank serves as an ending point. The
bank pins not only visually show the bank erosion, but help to validate our actual measurements
versus the model estimates of change each year. At the four study reaches in Seven Mile Creek
used in Rosgen Level III training, scour chains were driven into the glide and riffle cross sections
in each reach to assess aggradation/degradation.
To estimate bank erosion within the sites, the BEHI coupled with Near-Bank Shear stress (NBS)
developed by Dave Rosgen (Rosgen 2001a) was used at each study bank along with other
representative banks within the reach. The study bank at each reach is used to validate bank
erosion model estimates. Previously established bank erosion models are from Colorado,
Yellowstone, and North Carolina; however, these models don’t consistently match actual erosion
rates in southern Minnesota so the Colorado estimate was used in all cases to remain consistent.
Since the model used was developed in Colorado, measured bank erosion at each site will help
develop a regional model for sites in southern Minnesota.
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At each site, 100 active stream bed particles were measured (pebble counts) throughout the reach
(for classification; Wolman 1954, Rosgen 2012) and 100 particles were measured through the
riffle cross section (for hydraulic analysis; Rosgen 2012). The D50 particle (i.e., 50% of particles
are smaller than D50 particle) in the representative pebble count helps classify the reach. For
example, a C4 stream is a C channel type with a reach D50 particle representing gravel substrate.
The D84 particle in the riffle cross section is used to calculate roughness coefficients and bankfull
discharge estimation.
After visually and physically surveying the study reach, a modified Pfankuch stability rating was
calculated for each site. The Pfankuch stability rating is a qualitative assessment that estimates
stability of the representative channel based on upper bank, lower bank, and channel
characteristics (Pfankuch 1975; Rosgen 1996; Rosgen 2001b). After scoring each metric, a final
score is calculated and an adjective rating is given (i.e., poor, fair, and good) based off of the
potential stream type for the study reach.
Office Methods
Once the survey elevation data are collected out in the field, they are exported to an excel file
using Trimble Business Center. The data are then copied from excel and imported into
RIVERMorph Professional, version 5.1; developed by Stantec. Once all of the raw data
collected in the field are entered into RIVERMorph, cross sections, longitudinal profiles,
dimensional and dimensionless ratios, and other graphs can be generated in order to classify a
representative stream channel.
In order to validate field bankfull calls, the USGS StreamStats tool is used to give drainage area,
land use, and predicted flows with confidence estimates (Lorenz et al. 2009). Using
RIVERMorph, one can estimate what the predicted bankfull (i.e. ~1.5 year return interval)
discharge is using measured water slopes and roughness coefficients, and if that falls near the
StreamStats estimate, bankfull calls are validated.
Regional curves help with bankfull validation and are continually being developed in southern
Minnesota as sites are surveyed. Regional curves correlate a variety of variables, but the most
commonly used variables are cross sectional area and drainage area. Other factors (e.g. slope
and channel type) can affect how close a site is to the predicted cross sectional area, but most
often this is a useful tool to get a good estimate of what the cross sectional area of the riffle cross
section should be based off of drainage area. It is important to base these data by region because
many factors can affect the dimension of the channel (e.g., precipitation, runoff potential, local
geology).
ArcMap is another office tool used to assess geomorphological changes in stream reaches. Most
often, the 1991 aerial photos are used to draw historical streamlines, and then overlaid on the
most recent aerial photo. Aerial photo analysis can distinguish lateral stability (i.e. how much
the channel has laterally migrated since 1991) and also if the channel appears to be changing its
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dimension or pattern. Sinuosity can also be calculated with aerial photos to determine if there is
a sufficient amount for the given slope, stream type, and valley type. Very low gradient streams
(e.g. streams in lacustrine valley types) naturally have a very high sinuosity (>2) to help with
bedload transport and pool creation.
Another use of ArcMap is the use of LiDAR data to create valley cross sections at the study
reaches to help distinguish the type of valley the stream is in. Valley type defines the boundary
conditions of the channel and helps predict lateral confinement. Other uses of LiDAR can relate
to local slope conditions, stream power, terrain analysis, and historical depressional areas.
Results
Out of 13 geomorphology survey sites in the Middle Minnesota River watershed, five sites were
classified as B channels, four E channels, three C channels, and one F channel (Figure 97).
Stream characteristics in the Middle Minnesota River watershed were heavily dependent on their
location on the landscape and valley conditions. The following sub-sections will discuss each
site further.

Figure 97. Location of the geomorphology survey sites in the Middle Minnesota River
watershed with corresponding stream types.
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Spring Creek
Spring Creek (Upper Site)
The upper Spring Creek site is located about 6.5 miles northwest of Sleepy Eye (Figure 98). At
this site, Spring Creek flows through an unconfined alluvial valley with an undisturbed buffer
consisting of grasses, shrubs, and some large trees (Table 6). At this location, Spring Creek
drains 28.2 square miles of 90.49% cultivated land, 5.99% developed, 1.88% forest, 1.09%
wetland, and negligible amounts of open water and pasture land (WHAF 2015). This site is the
first reach in the Spring Creek watershed that is allowed to naturally meander, while upstream
consists of all drainage ditches. According to the MPCA Altered Watercourse layer, 75.86% of
the stream length in the Spring Creek watershed is channelized.
The upper Spring Creek site had a riffle width/depth (W/D) ratio of 5.92, gravel-dominated
stream bed, relatively high sinuosity (i.e. 1.52), and an entrenchment ratio of 2.86; resulting in an
E4 classification (Figure 99). E4 channel types are very sensitive channels that can have
moderate sediment supply from stream bank erosion, and are very dependent on riparian
vegetation control to maintain stability (Appendix 3). Although Spring Creek is an E4 at this
location, the bank-height ratio (i.e. height of low bank divided by bankfull height) is 1.36 (i.e.
moderately incised) which means that it takes flows well above bankfull for the channel to
access its floodplain; resulting in high shear stress in the channel. After one year of monitoring
the riffle cross section, the channel is already showing signs of changes, and it is likely this cross
section is still incising (Figure 99).

Figure 98. Location of the upper Spring Creek geomorphology survey site with a site
photo.
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Table 6. Baseline information about the upper Spring Creek geomorphology site.
Stream Name
AUID
County
Legal Description
Drainage Area
Stream Type
Valley Type

Stream Information
Spring Creek
W/D Ratio
07020007-574
Entrenchment Ratio
Brown
Bank-Height Ratio
24, T111N, R33W Water Slope
28.2 mi2
Sinuosity
E4
Erosion Estimates
U-AL-FD
Pfankuch Stability Rating

5.92
2.86
1.36 (mod. incised)
0.002 ft/ft
1.52
0.042 tons/ft/year
112 (Poor)

Figure 99. Upper Spring Creek riffle cross section overlay from 2013 (solid red line), 2014
(dashed green line), and 2015 (dotted pink line). Notice how the riffle is starting to develop
an inner berm on the right side of the channel; likely turning into a pool.
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Discharge analysis estimated bankfull discharge at the riffle cross section to be 139.9 cubic feet
per second (cfs; U/U* estimation method). StreamStats analysis estimated the 1.5 year discharge
to be 92.3 cfs with a 90% confidence interval of 32.2-201 cfs (Table 7). Bankfull cross sectional
area at the riffle was 39.37 square feet, which matched up well with the southern Minnesota
regional curve and the Middle Minnesota watershed regional curve (Appendix 4).
The Bank Assessment for Non-point source Consequences of Sediment (BANCS) model (i.e.
BEHI matched with NBS) estimated that this reach is contributing 0.042 tons of sediment (84
pounds) per linear foot of stream bank annually using the Colorado erosion rate curve (Rosgen
2001a). These erosion predictions assume that this 530’ reach of stream delivers 22.21 tons of
sediment (~2.22 dump truck loads) annually. At the riffle study bank, the Colorado model
estimated 0.25’ of annual bank erosion, while the 2014 resurvey showed 0.638’ of erosion had
occurred (Figure 100). Due to flooding in 2014, the 2015 cross section could not be used for
erosion estimates. These results provide further evidence towards the need of a regional bank
erosion model to be developed in southern Minnesota, which continues to be developed with
monitoring at study banks throughout the region.
Upper Spring Creek Summary
This geomorphology site on Spring Creek exhibits some desirable conditions, while still has a
long way to go to be considered stable. Even though the channel can still access its floodplain, it
is moderately incised and likely moving towards a deeply incised channel. It is likely that
sediment supply will continue to be high at this site, and will likely increase with hydrologic
changes in the watershed and stream successional processes that are taking place. Riparian
vegetation is undisturbed; however, roots do not protect much of the bank at the study bank,
resulting in excess bank erosion. Beaver influence is noticeable throughout this reach as there
was a large beaver dam upstream of the reach that was blown out in 2014 and an even larger
beaver dam downstream of the reach that remains in place, according to the landowner.
Continued monitoring of the study bank cross section will help understand how all of these
impacts are continuing to affect the channel.
Table 7. Riffle discharge estimates at each of the geomorphology survey sites with
StreamStats estimates.
Site
Upper Spring Creek
Lower Spring Creek
Upper Little Cottonwood
Altermatt Creek
Little Cottonwood HWY 258
Little Cottonwood Gage
Minnewaukon
7 Mile Reach 1
7 Mile Reach 2
7 Mile Reach 3
7 Mile Reach 4
7 Mile Gage
Fort Ridgely Creek

Estimated Bankfull Discharge Range (cfs)
U/U* (Low)
Manning's "n" (High)
139.9
148.779
186.16
199.472
70.72
74.315
202.66
209.563
432.43
437.616
639.93
666.034
56.3
62.943
280.54
272.071
262.8
291.174
268.85
289.168
368.89
401.573
252.04
265.906
235.41
254.679

StreamStats Estimate (cfs) StreamStats 90% C.I.
92.3
139
107
144
336
641
148
246
246
249
251
288
236

32.2-201
49.3-297
38.6-226
51.8-304
120-716
229-1360
53-316
88-520
88-520
89-527
89-531
103-613
84.2-501
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Predicted Erosion: 0.25’/year
Measured Erosion: 0.638’

Figure 100. Study bank overlay from 2013-2014 at the upper Spring Creek geomorphology
site. The Colorado bank erosion model predicted 0.25' of erosion while the bank exhibited
0.638' of erosion after one year.
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Spring Creek (Lower)
The lower Spring Creek site is located just East of where Spring Creek intersects with Minnesota
Highway 4 (Figure 101), and is located within the MNDNR public trout easement on Spring
Creek. At this site, Spring Creek flows through an unconfined alluvial valley with an
undisturbed buffer consisting of grasses and shrubs in the floodplain, and trees on nearby
terraces and the valley wall (Table 8). At this location, Spring Creek has a 34.2 square mile
drainage area. The WHAF tool provides the same land use values for both Spring Creek sites
because they are within the same HUC 12 catchment. Spring Creek is one of two streams in the
Middle Minnesota River watershed managed for trout, and is unique to south-central Minnesota
because of the perennial springs discussed in the vertical connectivity section of this report.
The lower Spring Creek site had a riffle W/D ratio of 15.99, gravel-dominated stream bed,
natural sinuosity of 1.62, and an entrenchment ratio of 3.89; resulting in a C4 classification
(Figure 102). C4 channel types are very sensitive channels that can have high sediment supply
from stream bank erosion, and are very dependent on riparian vegetation control to maintain
stability (Appendix 3). The bank-height ratio is 1.26 (i.e. slightly incised) indicating there is
some instability in the channel.
Discharge analysis estimated bankfull discharge at the riffle cross section to be 186.16 cfs (U/U*
estimation method). StreamStats analysis estimated the 1.5 year discharge to be 139 cfs with a
90% confidence interval of 49.3-297 cfs (Table 7). Bankfull cross sectional area at the riffle was
54.8 square feet, which matched up well with the southern Minnesota regional curve and the
Middle Minnesota watershed regional curve (Appendix 4).
The BANCS model was used to estimate bank erosion throughout the trout easement as part of a
habitat enhancement project, with a study bank cross section within the survey reach to help
validate other estimates. The model estimated banks within the trout easement are contributing
0.0332 tons of sediment (66.4 pounds) per linear foot of stream bank annually using the
Colorado erosion rate curve (Rosgen 2001a). These erosion predictions assume that this 16,810’
reach of stream delivers 558 tons of sediment (~55.8 dump truck loads) annually. At the pool
study bank, the Colorado model estimated 0.25’ of annual bank erosion, while the 2014 resurvey
showed 0.0003’ of erosion had occurred (Figure 103). Flooding in 2014 considerably changed
the pool cross section, making it resemble more of a glide feature (Figure 104).
Lower Spring Creek Summary
This site was chosen for a variety of reasons to be surveyed, but most notably it was surveyed
because of a habitat enhancement project that will be implemented in fall 2015. The data
collected at this site helped with bankfull elevations throughout the reach and also some design
considerations for the project. While there are instability issues within this reach, it is possibly
one of the most stable C channels in the Middle Minnesota River watershed. Riparian
vegetation, woody debris in the channel, and floodplain accessibility attribute to the stability of
the channel at this location.
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Figure 101. Location of the lower Spring Creek geomorphology survey site with a site
photo.

Table 8. Baseline information about the lower Spring Creek geomorphology site.
Stream Name
AUID
County
Legal Description
Drainage Area
Stream Type
Valley Type

Stream Information
Spring Creek
W/D Ratio
07020007-574
Entrenchment Ratio
Brown
Bank-Height Ratio

15.99
3.89
1.26 (slightly
incised)
19, T111N, R32W Water Slope
0.004 ft/ft
2
34.2 mi
1.62
Sinuosity
C4
0.0332 tons/ft/year
Erosion Estimates
U-AL-FD
Pfankuch Stability Rating 104 (Fair)
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Figure 102. Riffle cross section at the lower Spring Creek survey site.

Predicted Erosion: 0.25’/year
Measured Erosion: 0.0003’

Figure 103. Lower Spring Creek study bank overlay from 2013-2014. The Colorado bank
erosion model predicted 0.25’ of annual erosion while 0.0003’ was measured.

109

Figure 104. Pool cross section overlay from 2013 (bold red line), 2014 (dashed green line),
and 2015 (dotted pink line).
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Spring Creek Restoration and Protection Strategies
Spring Creek is a unique stream system of the Middle Minnesota River watershed. Perennial
springs, undisturbed riparian corridors, and supplemental trout populations characterize the lower
reaches of Spring Creek; however, the upper reaches of Spring Creek mirror the upper reaches of
all of the Middle Minnesota tributaries. Drained wetland basins, channelized drainage ditches,
and subsurface tile all affect the natural hydrology of Spring Creek; resulting in channel changes
that even an undisturbed buffer strip cannot prevent.
Addressing hydrological issues in Spring Creek starts in the headwater reaches. The WHAF data
showed that there is roughly 0.3% open water storage left in the watershed. According to the
RWI and including the one basin still intact in the watershed, Spring Creek watershed
historically had 20.3% water storage (Figure 105). This likely does not include wet marshes and
other features that held water temporarily. Restoring some of these basins, especially the larger
ones, will help restore a natural flow regime to Spring Creek.
Other restoration opportunities existing in the Spring Creek watershed relate to restoring natural
channels. According to the MPCA Altered Watercourse layer, 75.86% of the stream courses in
the Spring Creek watershed are altered (i.e. channelized; Figure 106). Although there are not a
lot of opportunities to restore drainage ditches to natural channels with floodplains, there are
ways to improve the way they function. Typically, drainage ditches are designed with too large
of a channel for the drainage area. The over-widened design of drainage ditches reduces shear
stress in the channel and allows sediment to aggrade in the channel bottom. Over time, the
channel naturally develops a floodplain and a meandering pattern, depending on the width of the
original ditch, in an effort to stabilize itself with the given conditions. The problem with this
process is it is usually interrupted by drainage repair, maintenance, and improvement (e.g. ditch
cleanouts) projects that reverse the process, forcing the channel to start the process over. If the
drainage capacity can still be met with the natural two-staged channel, it is important that
landowners are educated and encouraged to not clean out the ditch, which would begin the
process all over again.
Spring Creek is scheduled to have a habitat enhancement project implemented in fall 2015. This
project consists of bank stabilization using natural materials and constructed grade control.
While this project will potentially reduce sediment supply and create habitat for fishes in the
stream, it is addressing symptoms of a higher cause (i.e. altered hydrology) and should not be
considered a “fix” to the problems.
Spring Creek is one of very few streams in south-central Minnesota that have perennial springs
allowing suitable conditions for trout and other cold water biological communities. The springs
in Spring Creek are unlike other designated trout streams (e.g. Seven Mile Creek) as they are
noticeably bubbling above the water surface. Protection of this area is critical as it is unknown
what kind of impacts could happen if excessive irrigation or other practices that have a direct
impact on groundwater supply occur.
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Figure 105. Current and historical water storage in the Spring Creek watershed (from
RWI).

Figure 106. Watercourse classification in the Spring Creek watershed (from MPCA
Altered Watercourse layer).
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Fort Ridgely Creek
Mayflower Golf Course
The only geomorphology site in the Fort Ridgely Creek watershed is located at the Mayflower
Golf Course, about three miles southwest of Fairfax (Figure 107). At this site, Fort Ridgely
Creek flows through an unconfined alluvial valley with an undisturbed buffer in the active
floodplain consisting of grasses and shrubs and trees, while atop the high terraces lies the
Mayflower Golf Course (Table 9). The purpose of surveying through this reach was to help
provide input for a potential bank stabilization project (Figure 108). This site has a 61.3 square
mile drainage area with 90.4% cultivated crops, 5.8% developed, 1.93% forest, 1.36% wetland,
and negligible amounts of pasture and open water (WHAF 2015).
The Fort Ridgely Creek site had a riffle W/D ratio of 18.03, gravel-dominated stream bed,
natural sinuosity of 1.70, and an entrenchment ratio of 2.04; resulting in a B4c (i.e. low gradient,
gravel-bed, B channel) classification (Figure 109). Normally, B4 channels have a moderate
sensitivity to disturbance, moderate sediment supply from bank erosion, and are not as dependent
on vegetation as other channel types (Appendix 3); however, it is likely that this channel is
supposed to be a C channel as it has low gradient and high sinuosity for a B. It is likely that the
channel is in a successional state right now trying to re-establish a stable stream type. The Fort
Ridgely site has a bank-height ratio of 1.33 (i.e. moderately incised), further indicating instability
in the channel.
Discharge analysis estimated bankfull discharge at the riffle cross section to be 235.41 cfs (U/U*
estimation method). StreamStats analysis estimated the 1.5 year discharge to be 236 cfs with a
90% confidence interval of 84.2-501 cfs (Table 7). Bankfull cross sectional area at the riffle was
93.8 square feet, which matched up well with the southern Minnesota regional curve and the
Middle Minnesota watershed regional curve (Appendix 4).
The BANCS model estimated stream banks through and upstream/downstream the study reach
are contributing 0.1339 tons of sediment (i.e. 267.8 pounds) per linear foot of stream bank
annually using the Colorado erosion rate curve (Rosgen 2001a). These erosion predictions
assume that this 2500’ reach of stream delivers 334.75 tons of sediment (i.e. ~33.5 dump truck
loads) annually. No study banks were monumented at this site for validation of bank erosion
estimates.
Mayflower Golf Course Summary
This site was chosen for survey because of a potential bank stabilization project. Banks
throughout this reach range from 20-50’ tall and would be very difficult to stabilize. High banks
like the ones at Mayflower Golf Course often are highly erodible when the stream abuts them,
and eventually establish an angle of repose that stabilizes the bank as the river migrates away.
While there are practices that can help stabilize these banks, future erosion will continue until a
stable bank angle is achieved.
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Figure 107. Location of the Fort Ridgely Creek geomorphology survey site with a site
photo.

Table 9. Baseline information about the Fort Ridgely Creek geomorphology site.
Stream Name
AUID
County
Legal Description
Drainage Area
Stream Type
Valley Type

Stream Information
Fort Ridgely
W/D Ratio
Creek
07020007-524
Entrenchment Ratio
Renville
Bank-Height Ratio
30, T112N, R32W Water Slope
61.3 mi2
Sinuosity
B4c
Erosion Estimates
U-AL-FD
Pfankuch Stability Rating

18.03
2.04
1.33
0.0024 ft/ft
1.7
0.1339 tons/ft/year
112 (Poor)
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Figure 108. One of the many actively eroding high banks in Fort Ridgely Creek.

Figure 109. Riffle cross section at Fort Ridgely Creek.
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Fort Ridgely Creek Restoration and Protection Strategies
Based off of one field survey site and desktop reconnaissance, it is clear that Fort Ridgely Creek
is an unstable stream that contributes excessive amounts of sediment from its stream banks.
Channel succession from a stable C channel to a B channel and increased bank erosion are both
signs of a systemic change in land use, climate, and hydrology. An already young channel
susceptible to disturbance, Fort Ridgely Creek is showing signs of an acceleration of a natural
process from increased water yields and loss of water storage in the watershed.
Much like the other sub-watersheds that constitute the Middle Minnesota River watershed, the
uplands of Fort Ridgely Creek were converted from wetlands, wet marshes, and perennial
vegetation to row-crops, drained wetland basins, and drainage ditches. According to the WHAF,
Fort Ridgely Creek watershed has 0.2% water storage left. Using the RWI and existing lake
layers, approximately 33% of the land area in the Fort Ridgely Creek watershed is made up of
depressional areas that were historically wetlands and wet marshes (Figure 110). According to
the MPCA Altered Watercourse layer, 80.4% of the stream length in Fort Ridgely Creek
watershed is considered altered (Figure 111). These changes in the landscape, water storage, and
natural flow regime all have detrimental impacts on stream stability.
In order to restore natural flow regime, water storage restoration is key. Climate changes are
showing increased precipitation, and land use practices are developed to displace water into ditch
and river channels at an unprecedented pace. These two components of hydrology have a
detrimental impact on stream stability and need to be reversed. Since climate is uncontrollable,
water storage is key. Restoration of depressional basins, grassed waterways, buffer strips, twostaged ditches, controlled drainage, and many other practices can be implemented to slow the
rate of which water makes it into river channels and reduce nutrient loading.
While the reasoning for the geomorphology survey at Mayflower Golf Course was to provide
assistance for bank protection, this practice is not encouraged in streams that are exhibiting
excessive erosion from systemic issues. Streams like Fort Ridgely Creek have erosive banks at
nearly every outside bend, and reducing erosion at a small handful of banks is not effective, and
could potentially counteract the stream’s natural progression of attaining stability. For instance,
many times a bank is eroding excessively because the channel is trying to establish a meander
pattern that would provide stability.
At this time, few areas in the Fort Ridgely Creek watershed are naturally intact and eligible for
protection; however, it is important that practices that are detrimental to watershed health are not
implemented. According to the “Reinvest in Minnesota (RIM) and Other State Funded
Conservation Easements” layer, there are 485 acres (i.e. 1.2% of the watershed) set aside in
permanent easements. Most of these acres are along the stream corridor for permanent buffer
strips. The few lakes and ponds left in the watershed serve for water retention during
precipitation events so it is important that these resources are protected and potentially expanded
on.
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Figure 110. Current and historical water storage in the Fort Ridgely Creek watershed
(from RWI).

Figure 111. Watercourse classification in the Fort Ridgely Creek watershed (from MPCA
Altered Watercourse layer).
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Unnamed Creek
Downstream of Minnewaukon Falls
The only geomorphology site on Unnamed Creek is located upstream of its intersection with
Judson Bottom Road, about two miles west of North Mankato (Figure 112). At this site,
Unnamed Creek flows through a confined, colluvial U-shaped, moderately steep valley with an
undisturbed buffer of trees and shrubs, with some bedrock control (Table 10). The valley at this
site is unique; as the channel is cutting through a high terrace from glacial River Warren and is
narrow enough where boundary conditions are more colluvial in nature than alluvial (Figure
113). This site was located while field-verifying Minnewaukon Falls for connectivity analysis.
The site was noticeably stable while passing through and data were collected to use this channel
as reference conditions for other ravine-like channels with similar valleys in south-central
Minnesota. At this location, Unnamed Creek has a 10.3 square mile drainage area consisting of
86.7% cultivated crops, 7.05% developed, 4.11% forest, 1.62% wetland, and negligible amounts
of pasture and open water (WHAF 2015).
The Unnamed Creek site had a riffle W/D ratio of 29.37, gravel-dominated stream bed, natural
sinuosity of 1.08, and an entrenchment ratio of 1.64; resulting in a B4c (i.e. low gradient B
channel) classification (Figure 114). Normally, B4 channels have a moderate sensitivity to
disturbance, moderate sediment supply from bank erosion, and are not as dependent on
vegetation as other channel types (Appendix 3). The Unnamed Creek site has a bank-height ratio
of 1.63 (i.e. deeply incised), indicating channel instability even though the stream appears stable.
Discharge analysis estimated bankfull discharge at the riffle cross section to be 56.3 cfs (U/U*
estimation method). StreamStats analysis estimated the 1.5 year discharge to be 148 cfs with a
90% confidence interval of 53-316 cfs (Table 7). Bankfull cross sectional area at the riffle was
19.3 square feet, which matched up well with the southern Minnesota regional curve and the
Middle Minnesota watershed regional curve (Appendix 4).
At this time, BANCS information has not been collected for this study reach. At the time of
survey, banks were fully vegetated and appeared to have few signs of recent erosion. Upstream
of the reach has some eroding bluffs where the channel intersects with the valley wall, but none
were assessed.
Unnamed Creek Summary
This site was chosen for survey to characterize a potentially stable ravine system in the
watershed, as many ravines are in much worse condition in the Middle Minnesota River
watershed. Dense riparian vegetation, large particles in the stream, bedrock influence, and a
natural step-pool configuration of the channel all help with stream stability in this ravine.
Watershed practices upstream are similar to other survey sites; however, the dimension, pattern,
and profile of this reach remain relatively stable compared to other sites.
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Figure 112. Location of the Unnamed Creek geomorphology survey site with a site photo.

Table 10. Baseline information about the Unnamed Creek geomorphology site.
Stream Name
AUID
County
Legal Description
Drainage Area
Stream Type
Valley Type

Stream Information
Unnamed Creek
W/D Ratio
07020007-660
Entrenchment Ratio
Nicollet
Bank-Height Ratio
8, T108N, R27W Water Slope
10.3 mi2
Sinuosity
B4c
Erosion Estimates
C-CO-US
Pfankuch Stability Rating

29.37
1.64
1.63
0.018 ft/ft
1.08
n/a
64 (Good)
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Figure 113. LiDAR-hillshade view of the Unnamed Creek geomorphology survey site with
valley cross section information.

Figure 114. Riffle cross section at Unnamed Creek.
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Unnamed Creek Restoration and Protection Strategies
Unlike many of the sites surveyed in the Middle Minnesota River watershed, Unnamed Creek
showed signs of stability even with high amounts of artificial drainage and other unnatural land
use practices. Sites like the one surveyed on Unnamed Creek are critical to learn from, because
the channel characteristics can be translated to other channels in order to restore stability. Even
though the stream appears stable at this location, other reaches with different valley types may
exhibit less stable conditions.
Given the small size of Unnamed Creek watershed, it provides opportunity to change land uses
upstream and measure improvements downstream. Re-meandering of channelized headwater
streams, allowing drainage ditches to create a two-stage channel (i.e. natural conversion from a
G channel to an E channel), restoration of depressional wetlands, re-sizing of bridges and
culverts, buffer strips and other Best Management Practices (BMPs) are all good practices that
can help restore watershed health.
Since this geomorphology site has remained stable with the current climate and land use
conditions, it is imperative that future practices in the watershed are not implemented that will
provide more stress to the channel. The channel is currently stable, but future increases in
hydrology could lead to channel succession.
Little Cottonwood River
The Little Cottonwood River is the largest tributary in the Middle Minnesota River watershed.
The 167 square mile watershed comprises 84.1% cultivated crops, 10.6% perennial vegetation,
0.4% water storage, and 4.9% other land uses (WHAF 2015). The Little Cottonwood River
begins as an open ditch one mile west of Jeffers and meets with the Minnesota River one mile
southeast of Courtland. Four geomorphology survey sites were placed throughout the Little
Cottonwood River watershed to encompass varying valley types, locations in the watershed, a
naturally forming two-staged channel, and gage analysis.
Highway 71 Site
The “headwaters” of the Little Cottonwood River are ever-changing with recent drainage
improvements. Since the 1991 aerial photo was taken, roughly 6.5 miles of open ditch have been
created (Figure 115). While the open ditch was being created in 1997-1998, MPCA staff
surveyed at the Highway 71 site downstream of the improvement to monitor effects of increased
drainage. The MPCA surveyed their monumented cross sections four times between October
1997 and October 1999. This site was brought to the attention of MNDNR when
geomorphology analyses commenced in the Middle Minnesota River watershed and was added
as a survey site for long-term changes and stability analyses.
The furthest upstream site in the Little Cottonwood River watershed is located upstream of its
intersection with Highway 71, about 3.5 miles east of Jeffers (Figure 116). At this site, the Little
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Figure 115. Expansion of open ditch at the headwaters of the Little Cottonwood River
since 1991.

Figure 116. Location of the Highway 71 Little Cottonwood geomorphology survey site with
a site photo.
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Cottonwood River flows through an unconfined, alluvial valley with perennial vegetation
throughout the floodplain (Table 11). At this location, Little Cottonwood River has a 13.6
square mile drainage area consisting of 88.4% cultivated crops, 5.8% developed, 3% wetland,
2.01% shrub, grass, and pasture, and negligible amounts of forest and open water (WHAF 2015).

Table 11. Baseline information about the Highway 71 Little Cottonwood River
geomorphology site.
Stream Name
AUID
County
Legal Description
Drainage Area
Stream Type
Valley Type

Stream Information
Little Cottonwood R. W/D Ratio
07020007-515
Entrenchment Ratio
Cottonwood
Bank-Height Ratio
23, T107N, R36W
Water Slope
13.6 mi2
Sinuosity
E4
Erosion Estimates
U-AL-FD
Pfankuch Stability Rating

4.98
3.2
1.97
0.00123 ft/ft
2.07
0.0691 tons/ft/year
111 (Poor)

As part of their study, the MPCA monumented a riffle and a pool cross section. These
monuments were still in place in 2013 when MNDNR resurveyed the study site. During the
MPCA study, the riffle and pool cross sections did not show significant changes (Figure 117 and
118, respectively); however, recent surveys show the riffle cross section is no longer a riffle and
has changed considerably (Figure 119) while the pool cross section has had little change (Figure
120). A longitudinal profile of the survey site shows that the old riffle cross section has
converted to a pool feature (Figure 121) so classification measures were taken from a riffle cross
section upstream.
The Little Cottonwood River at the Highway 71 site had a W/D ratio of 4.98, gravel-dominated
stream bed, natural sinuosity of 2.07, and an entrenchment ratio of 3.2; resulting in an E4
classification (Figure 122). Normally, E4 channels have a very high sensitivity to disturbance,
high sediment supply from bank erosion, and are very dependent on vegetation control
(Appendix 3). The channel at this site is continuing to change its dimensions in order to
establish a floodplain within the old channel that will help reduce energy, but this is a lengthy
process with current hydrological conditions. The bank-height ratio at the Highway 71 site is
1.97 (i.e. deeply incised), indicating instability in the channel.
Discharge analysis estimated bankfull discharge at the riffle cross section to be 70.72 cfs (U/U*
estimation method). StreamStats analysis estimated the 1.5 year discharge to be 107 cfs with a
90% confidence interval of 38.6-226 cfs (Table 7). Bankfull cross sectional area at the riffle was
24.8 square feet, which matched up well with the southern Minnesota regional curve and the
Middle Minnesota watershed regional curve (Appendix 4).
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Figure 117. MPCA riffle cross section overlay from 1997 (red, solid line) - 1999 (green,
dashed line).

Figure 118. MPCA pool cross section overlay from 1998 (red, solid line)-1999 (green,
dashed line).
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Figure 119. MPCA riffle cross section overlay from 1997 (red, solid line) – 2015 (green,
dashed line).

Figure 120. MPCA pool cross section overlay from 1998 (red, solid line) – 2015 (green,
dashed line).
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Figure 121. Longitudinal profile of the Highway 71 site with cross section locations. The
end of the profile flattens out because of the Highway 71 culvert.
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Figure 122. Classification riffle cross section surveyed in 2013.

The BANCS model estimated stream banks through the study reach are contributing 0.0691 tons
of sediment (i.e. 138.2 pounds) per linear foot of stream bank annually using the Colorado
erosion rate curve (Rosgen 2001a). These erosion predictions assume that this 730’ reach of
stream delivers 50.44 tons of sediment (i.e. ~5.4 dump truck loads) annually. No study banks
were monumented at this site for validation of bank erosion estimates.
Highway 71 Site Summary
This site was chosen because of historical surveying done by MPCA, and the ability to resurvey
cross sections that have been in place for 17 years. The MPCA riffle cross section has narrowed
and deepened since 1997 and changed from a riffle to a pool. Incision at this location happened
prior to 1997 and has led to near-detachment of the floodplain. The excess energy that stays in
the channel makes the channel continue to adjust to attain stability. Width-to-depth ratio at this
site went from 8.5 in 1997 to 4.98 in 2013. This progression of channel evolution is showing
that the channel continues to try to build a small floodplain within the old channel. The Highway
71 culvert acts as grade control and disables the channel from building up to access its old
floodplain. Perennial vegetation throughout the site has helped the channel maintain a low
width/depth ratio and minimize bank erosion.
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Little Cottonwood River at Highway 258
The next downstream geomorphology survey site on the Little Cottonwood River is located at
the intersection with Highway 258 at Terri Wildlife Management Area (WMA; Figure 123). This
site was chosen due to its location within a WMA, and also because it flows through an
unconfined glacial outwash valley (Table 12). This reach of the Little Cottonwood flows
through a glacial outwash channel that flowed through sections of the Cottonwood and
Watonwan River watersheds also (Figure 124). At this location, the Little Cottonwood River has
a 47.7 square mile drainage area consisting of 85.8% cultivated crops, 5.36% developed, 6.65%
wetland, 1.41% shrub, grass, and pasture, and negligible amounts of forest and open water
(WHAF 2015).
The Little Cottonwood River at this site had a riffle W/D ratio of 8.17, sand-dominated stream
bed, natural sinuosity of 1.63, and an entrenchment ratio of 76.31; resulting in an E5
classification (Figure 125). Normally, E5 channels have a very high sensitivity to disturbance,
moderate to high sediment supply from bank erosion, and are very dependent on vegetation
(Appendix 3). This site has a bank-height ratio of 1.0 (i.e. stable), indicating that flows above
bankfull have access to the floodplain.
Discharge analysis estimated bankfull discharge at the riffle cross section to be 432.43 cfs (U/U*
estimation method). StreamStats analysis estimated the 1.5 year discharge to be 336 cfs with a
90% confidence interval of 120-716 cfs (Table 7). Bankfull cross sectional area at the riffle was
84.06 square feet, which matched up well with the southern Minnesota regional curve and the
Middle Minnesota watershed regional curve (Appendix 4).
The BANCS model estimated stream banks through the study reach are contributing 0.025 tons
of sediment (i.e. 50 pounds) per linear foot of stream bank annually using the Colorado erosion
rate curve (Rosgen 2001a). These erosion predictions assume that this 518’ reach of stream
delivers 12.9 tons of sediment (i.e. ~1.3 dump truck loads) annually. One study bank installed at
the site predicted 0.38’ of bank erosion and from 2013-2014 exhibited 0.52’ of erosion; relatively
close to the model’s predictions (Figure 126).
Highway 258 Site Summary
This site was chosen for survey to characterize a stream within a unique glacial outwash valley
type in the Middle Minnesota watershed that had natural sinuosity and vegetative control. Much
of the Little Cottonwood River within the outwash trough has been historically channelized,
making this site an anomaly. Considering upstream conditions, this site exhibits little bank
erosion, an expansive floodplain, and stable dimensions; however, the channel is not necessarily
stable. Pool depths were minimal at the time of survey and fine substrates make the stream bed
very mucky and difficult to walk in. It is possible that habitat conditions are better just upstream
of the survey site where sinuosity is more tortuous, thus giving the stream more capacity for
scouring pools and creating more habitat features.
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Figure 123. Location of the Highway 258 Little Cottonwood geomorphology survey site
with a site photo.

Table 12. Baseline information about the Highway 258 Little Cottonwood River
geomorphology site.
Stream Name
AUID
County
Legal Description
Drainage Area
Stream Type
Valley Type

Stream Information
Little Cottonwood R. W/D Ratio
07020007-515
Entrenchment Ratio
Brown
Bank-Height Ratio
15, T108N, R34W
Water Slope
47.7 mi2
Sinuosity
E5
Erosion Estimates
U-GL-GO
Pfankuch Stability Rating

8.17
76.31
1.0
0.00067 ft/ft
1.63
0.025 tons/ft/year
114 (Poor)

129

Figure 124. Location of the Highway 258 site within the Little Cottonwood River
watershed and a hill shade showing the glacial outwash channel the site lies within.
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Figure 125. Riffle cross section at Highway 258 study site.

Predicted Erosion: 0.38’/year
Measured Erosion: 0.52’

Figure 126. Highway 258 study bank overlay from 2013-2014.
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Altermatt Creek (Two-Staged Ditch)
About 3.1 miles east of the Highway 258, a survey was done on Altermatt Creek (Figure 127).
The MPCA had a biological site (13MN045) in this reach and discussed that the channel
appeared to be more natural than channelized, so MNDNR performed a geomorphology survey
in 2014 to document the naturally occurring two-staged ditch. Although this site appears to be
located within the old glacial outwash channel, the boundary conditions of this channel were
more recent alluvial deposition in nature; although the old ditch channel confines the meanders
of the new channel (Table 13). At this location, Altermatt Creek has a 19.7 square mile drainage
area consisting of 90.23% cultivated crops, 5.49% developed, 3.04% wetland, 0.73% shrub,
grass, and pasture, and negligible amounts of forest and open water (WHAF 2015).
Altermatt Creek at this site had a riffle W/D ratio of 6.22, sand-dominated stream bed, sinuosity
of 1.16, and an entrenchment ratio of 3.86; resulting in an E5 classification (Figure 128).
Normally, E5 channels have a very high sensitivity to disturbance, moderate to high sediment
supply from bank erosion, and are very dependent on vegetation (Appendix 3). This site has a
bank-height ratio of 1.23 (i.e. slightly incised), indicating that there is some instability in the
channel.
Discharge analysis estimated bankfull discharge at the riffle cross section to be 202.66 cfs (U/U*
estimation method). StreamStats analysis estimated the 1.5 year discharge to be 144 cfs with a
90% confidence interval of 51.8-304 cfs (Table 7). Bankfull cross sectional area at the riffle was
39.6 square feet, which matched up well with the southern Minnesota regional curve and the
Middle Minnesota watershed regional curve (Appendix 4).
The BANCS model estimated stream banks through the study reach are contributing 0.0143 tons
of sediment (i.e. 28.6 pounds) per linear foot of stream bank annually using the Colorado erosion
rate curve (Rosgen 2001a). These erosion predictions assume that this 507’ reach of stream
delivers 7.25 tons of sediment (i.e. ~0.73 dump truck loads) annually. There were no study
banks established in the reach.
Altermatt Creek Site Summary
This site was chosen as part of an effort to characterize naturally-forming two-staged ditches in
southern Minnesota and also matched up with an MPCA biology site. When ditches are dug too
wide to transport their sediments, a natural process begins where the channel builds up sediment
and creates a floodplain; thus, a two-staged channel (Figure 129). At this site, Altermatt Creek
was dug wide enough where the channel has created some sinuosity. Having sinuosity in lowgradient channels is essential because it allows the channel to create a riffle-pool sequence that is
needed in order to have a functional aquatic ecosystem with diverse fish and macroinvertebrate
assemblages. Two-staged ditches are also naturally created as a way for the river to dissipate
energy in high flows, deposit sediment and nutrients onto the floodplain, and store more flood
water than most ditches, thus reducing flood stages downstream.
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Figure 127. Location of the Altermatt Creek geomorphology survey site with a site photo.

Table 13. Baseline information about the Altermatt Creek geomorphology site.
Stream Name
AUID
County
Legal Description
Drainage Area
Stream Type
Valley Type

Stream Information
Altermatt Creek
W/D Ratio
07020007-518
Entrenchment Ratio
Brown
Bank-Height Ratio
19, T108N, R33W
Water Slope
19.7 mi2
Sinuosity
E5
Erosion Estimates
C-AL-FD
Pfankuch Stability Rating

6.22
3.86
1.23
0.002 ft/ft
1.16
0.0143 tons/ft/year
103 (Poor)
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Figure 128. Riffle cross section at Altermatt Creek site.

Figure 129. Aerial photo showing two-staged channel within the ditch banks at the
Altermatt Creek geomorphology site.
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Little Cottonwood River (Gage Site)
The last geomorphology site surveyed in the Little Cottonwood River watershed was upstream of
the USGS gage site near the confluence with the Minnesota River (Figure 130). This site also
matched up with an MPCA biological sampling site (13MN052), and is the longest running
stream flow gage site in the Middle Minnesota River watershed. At this location, the Little
Cottonwood River flows through an unconfined, alluvial valley with terraces and floodplain
(Table 14). This site is wedged between two road crossings, and has exhibited lateral erosion
rates of 2-3’ per year since 1991 (Figure 131). At this location, the Little Cottonwood River has
a 169 square mile drainage area consisting of 85.9% cultivated crops, 6.6% wetland, 4.74%
developed, 1.26% forest, 0.93% shrub, grass, and pasture, and 0.57% open water (WHAF 2015).
The Little Cottonwood River gage site had a riffle W/D ratio of 15.24, gravel-dominated stream
bed, sinuosity of 2.11, and an entrenchment ratio of 8.89; resulting in a C4 classification (Figure
132). Normally, C4 channels have a very high sensitivity to disturbance, high to very high
sediment supply from bank erosion, and are very dependent on vegetation (Appendix 3). This
site has a bank-height ratio of 1.76 (i.e. deeply incised), indicating that the channel takes on an
excessive amount of runoff before it can access its floodplain.
Discharge analysis estimated bankfull discharge at the riffle cross section to be 639.93 cubic feet
per second (cfs; U/U* estimation method). StreamStats analysis estimated the 1.5 year discharge
to be 641 cfs with a 90% confidence interval of 229-1360 cfs (Table 7). Bankfull cross sectional
area at the riffle was 140.9 square feet, which matched up a little low on the southern Minnesota
regional curve and the Middle Minnesota watershed regional curve; however, was still within
range of the curves (Appendix 4).
The BANCS model estimated stream banks through the study reach are contributing 0.145 tons
of sediment (i.e. 290.93 pounds) per linear foot of stream bank annually using the Colorado
erosion rate curve (Rosgen 2001a). These erosion predictions assume that this 644’ reach of
stream delivers 93.68 tons of sediment (i.e. ~9.37 dump truck loads) annually. A study bank was
established in a pool cross section that predicted 0.575’ of annual erosion; however, when the
cross section was revisited, the toe pin was missing so actual erosion can only be estimated. Out
of three bank pins in the study bank, the average amount of erosion was 2.23’ (Figure 133).
Little Cottonwood Gage Site Summary
Upstream land practices, proximity to two road crossings, highly erodible bank material, and
fragmented vegetative buffer control all have impacts on the Little Cottonwood River gage
survey site. Since 1991, this site has changed its pattern through large amounts of lateral
erosion, resulting in high sediment contributions. Woody debris jams through the reach from
previous erosion events leave areas with high shear stress due to flow deflection from the wood,
further increasing bank erosion. While some of the reach has regenerated with perennial
vegetation and willows, nearby floodplain areas are still used to produce alfalfa and other crops.
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Figure 130. Location of the Little Cottonwood gage geomorphology survey site with a site
photo.

Table 14. Baseline information about the Little Cottonwood gage geomorphology site.
Stream Name
AUID
County
Legal Description
Drainage Area
Stream Type
Valley Type

Stream Information
Little Cottonwood R. W/D Ratio
07020007-515
Entrenchment Ratio
Blue Earth
Bank-Height Ratio
17, T109N, R29W
Water Slope
2
169 mi
Sinuosity
C4
Erosion Estimates
U-AL-FD
Pfankuch Stability Rating

15.24
8.89
1.76
0.00162 ft/ft
2.11
0.145 tons/ft/year
132 (Poor)
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Figure 131. 2013 aerial photo of the Little Cottonwood River gage site with 1991 stream
lines.

Figure 132. Riffle cross section at the Little Cottonwood River gage site.
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Figure 133. Pool study bank overlay from 2013-2014 at the Little Cottonwood River gage
site. On average, each bank pin was exposed 2.23’ after one year.

138

Little Cottonwood River Watershed Restoration and Protection Strategies
The Little Cottonwood River watershed is the largest of the tributaries to the Middle Minnesota
River watershed. The 167 square mile watershed encompasses a variety of boundary conditions
including: quartzite bedrock, outwash, lacustrine, and alluvial materials. When planning sitespecific restoration strategies (e.g. bank stabilization), the geologic background should be taken
into consideration. Aside from its unique geological features, the Little Cottonwood River
watershed has similar traits as many of the other sub-watersheds in the Middle Minnesota River
watershed. Vegetation conversion, drained wetlands, ditching, channelization of natural streams,
tiling, and removal of buffer strips are all apparent in the Little Cottonwood River watershed.
The headwaters reaches of the Little Cottonwood River have gentle slopes and poorly drained
soils, hence the drainage improvement upstream of Highway 71. The next section of the
watershed has relatively high relief, thus making the landscape more erodible. The next reach of
the Little Cottonwood lies within the glacial outwash channel, followed by an area of lacustrine
soils. The lower 1/3 of the watershed flows through an unconfined alluvial valley as the Little
Cottonwood River makes its way to the Minnesota River valley. This area also has numerous
ravines that are contributors of water and sediment to the main channel.
Many of the instability issues in the Little Cottonwood River watershed relate to the channels
reacting to change in the hydrologic regime. Increased rainfall coupled with an increased
capacity to drain a landscape that was historically designed to retain water has led to channel
instability within the watershed. As the channels take on extra water, they change their
dimension, pattern, and profile to adjust; resulting in high sediment loads, loss of habitat, and
water quality impairments. The solution to many issues in the watershed is to retain the water, at
least temporarily, to allow a metered out runoff event instead of releasing all of the water at once
into the channel.
The RWI layer coupled with current water storage shows that the Little Cottonwood River
watershed has the potential to only have 9.74% water storage; significantly lower than other
tributaries in the Middle Minnesota River watershed (Figure 134). According to the WHAF, the
watershed is currently comprised of 0.4% water storage, so any storage will be helpful.
In watersheds like the Little Cottonwood River that have little potential for depressional water
storage, it is critical that other practices are implemented as well. Grassed waterways, remeandering of channelized rivers, two-staged ditches, tillage practices that increase organic
matter in the soil, and cover crops are all ways to store more water on the landscape and increase
infiltration to the groundwater. According to the MPCA Altered Watercourse layer, 36.8% of
stream length is altered (i.e. channelized or ditched), 31.9% natural, and 31.3% “no definable
channel” (Figure 135).
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Figure 134. Restorable depressional wetlands and current water storage in the Little
Cottonwood River watershed.

Figure 135. MPCA Altered Watercourse layer for the Little Cottonwood River watershed.
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Areas with no definable channel are normally susceptible to rill and gully erosion and should be
planted into grassed waterways to reduce water and sediment runoff, as well as treating nutrients
that come from the field. Channelized streams and ditches need to have floodplain accessibility,
and the ability to meander in order to develop stability and create habitat for aquatic biota.
Drainage ditches that are frequently cleaned out do not have any pools or riffles for local biotic
communities to live in, whereas ditches like Altermatt Creek create sinuosity, in-stream habitat,
and a floodplain that provides nutrient and sediment treatment for the channel as well as water
storage for downstream (Figure 136).
As a general rule, bank stabilization in natural channels should be a last resort because bank
erosion is usually a symptom of another cause. Typically in cases with high bank erosion the
channel has lost its buffer strip, it is in a stage of succession due to hydrologic changes, or it is
trying to re-establish a meander pattern that provides stability. In some cases, high-value
infrastructure is about to be affected by the channel, so bank stabilization is needed. In these
cases, it is important to work with the dimensions of the channel and not impact other areas
downstream. Rip-rap (i.e. using rock materials to stabilize the entire bank) usually has
downstream impacts as it does not dissipate energy from the channel. Instead, the channel builds
more energy and disperses it at the next bank that is not protected. Natural materials (e.g., trees,
vegetation, willow cuttings) are more acceptable strategies for bank stabilization, but if rock is
necessary it is important to create a floodplain bench with the rock that allows the channel to
release energy, sediment, and nutrients instead of taking them downstream.
There are many natural features in the Little Cottonwood River watershed that should be
protected. While CREP was available in the 1990s, much of the land adjacent to the Little
Cottonwood River within the glacial outwash trough was put into permanent easement. There
are also many Wildlife Management Areas within this reach. Areas of natural water storage
should be protected and not removed. All of these areas are critical to help re-establish
watershed health in the Little Cottonwood River watershed.
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Figure 136. Longitudinal profile of a normal drainage ditch (above) versus a two-staged
ditch (below). Notice the riffle-pool sequence in the two-staged ditch and lack of habitat in
the normal ditch.
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Seven Mile Creek
Seven Mile Creek watershed encompasses 36 square miles between Mankato and Saint Peter.
The Seven Mile Creek watershed is comprised of 84.49% cultivated crops, 5.85% wetland,
4.68% developed, 3.44% forest, 1.21% open water, and 0.33% shrub, grass, and pasture (WHAF
2015). Seven Mile Creek watershed is intensely studied due to its proximity to Mankato, trout
stream designation, and a large county park in the lower reaches. While ravines have been
identified as high sediment contributors to Seven Mile Creek, near-channel sources of sediment
are not as well known. Four adjacent study reaches of Seven Mile Creek were selected as part of
Level III Rosgen (i.e. River Assessment and Monitoring) training from 2012-2013, along with
one reach at the downstream gage station (Figure 137). Throughout the study reaches, Seven
Mile Creek flows through an unconfined, alluvial valley while the gage site flows through an
inactive alluvial fan. Data collection at the four study reaches was more elaborate than any of
the other Middle Minnesota River watershed sites and will be discussed in the following
sections.
Each reach was approximately 600’ long, starting and ending at the top of a riffle. At each study
reach, a monumented longitudinal profile, monumented cross sections at each facet (i.e., glide,
riffle, run, and pool), two study banks (i.e. monumented cross section with bank pins for bank
erosion prediction and validation), scour chains at the riffle and glide cross sections for
aggradation/degradation prediction and validation, and bar sieve data were collected. Sites were
originally monumented in fall 2011, and have been re-surveyed in 2012, 2013, and 2014.
Seven Mile Creek is unique in the Middle Minnesota River watershed because of its groundwater
connectivity that supports supplemental stocking of brown trout Salmo trutta in the lower
reaches. In the study reaches of Seven Mile Creek there are gaining and losing reaches of
groundwater. Each time the channel has been surveyed, flowing water has been exhibited in
study reach 1; however, reaches 2, 3, and 4 have been dry every fall since 2011 (Figure 138).
Once the stream meets the parking area at the county park, it picks up groundwater flow once
again. In total, the losing reach is approximately 3,800’ long.
Reach 1
The furthest upstream study reach at Seven Mile Creek was the only reach that had flowing
water all four years of surveying. This reach had five cross sections monumented: two glides,
one riffle, one run, and one pool (Figure 139). Three study banks were monitored: one pool, one
riffle, and one glide.
The riffle cross section at reach 1 has gradually changed dimensions from 2011-2014 (Figure
140). The W/D ratio has changed from 21.74 in 2011 to 15.68 in 2014. The immediate change
in W/D ratio was from erosion on the left bank between 2011 and 2012. Another drastic change
happened from 2013-2014 when the riffle incised over a foot in the middle of the channel. Scour
chain data showed that the cross section had aggraded from 2011-2013, likely due to a
downstream log jam; however, in 2014 the log jam was blown out by the channel which resulted
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Figure 137. Location of the Seven Mile Creek geomorphology reaches in relation to the
watershed.

Figure 138. Combined longitudinal profile of reaches 1-4 in 2013. Notice how the water
surface shots stop near the end of reach 1. Only some puddled water was exhibited in
reach 4.
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Figure 139. Location of cross sections within reach 1.

Figure 140. Reach 1 riffle cross section from 2011-2014.
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in the incision exhibited at the riffle. Throughout the study period, this riffle cross section has
always been entrenched, resulting in an F4 stream classification.
The BANCS model estimated stream banks through the study reach are contributing 0.138 tons
of sediment (i.e. 276 pounds) per linear foot of stream bank annually using the Colorado erosion
rate curve (Rosgen 2001a). These erosion predictions assume that this 600’ reach of stream
delivers 82.66 tons of sediment (i.e. ~8.27 dump truck loads) annually. Study banks throughout
the reach matched the bank erosion model well in 2011-2013 (i.e. normal to low-flow years), but
underestimated erosion in 2014 when high flows in June changed many of the cross sections.
Reach 1 Summary
Although reach 1 begins in a section with accessible floodplain, the latter 550’ of the reach flows
through an entrenched channel. Loss of floodplain connectivity in Seven Mile Creek is caused
by natural (i.e. knick point migration) and artificial (i.e. hydrological changes) factors. Due to
sub-bankfull flows in 2011-2013, changes in the channel were not evident; however, the floods
of 2014 resulted in increased erosion, incision at the riffle cross section, and dimensional
changes at the cross sections. At this point, it will take decades of changes for reach 1 to create a
new floodplain within the old channel. The lower part of reach 1 has started building up a minor
floodplain, but it is below bankfull elevation and is comprised of large materials; suggesting that
high flows have too much shear stress to deposit smaller particles.
Reach 2
The second study reach at Seven Mile Creek starts at a riffle that appears to be the beginning of
the losing reach, flows through a reach with some bedrock control, and has multiple steep riffles
towards the middle and lower sections of the reach. There are four monumented cross sections
in reach two; one of each facet (Figure 141). Reach 2 had two study banks; one pool and one
glide.
The riffle cross section is located right at the beginning of reach 2, in an overly-entrenched area
where the channel flows between two high terraces. Width-to-depth ratio was 22.83 in 2011 and
has changed to 15.62 in 2014 (Figure 142). The change in W/D ratio is deceiving at this cross
section because a log jam has developed on the right bank which has narrowed up the channel
dimensions (Figure 142). While this development could be a process of the channel building a
floodplain within the old channel, further observation will tell if the structure is permanent.
Even though this cross section is located within an entrenched section of channel, the scour
chains showed little or no change in the stream bed. Disregarding the new buildup on the right
bank, Seven Mile Creek is classified as an F4 channel in reach 2, though there are other riffles in
the reach that may classify as another stream type.
The BANCS model estimated stream banks through the study reach are contributing 0.1014 tons
of sediment (i.e. 202.8 pounds) per linear foot of stream bank annually using the Colorado
erosion rate curve (Rosgen 2001a). These erosion predictions assume that this 600’ reach of
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Figure 141. Location of cross sections within reach 2.
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Figure 142. Reach 2 riffle cross section from 2011-2014. In 2014, a log jam with brush
piled up on the right bank, changing the channel cross section.
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stream delivers 60.84 tons of sediment (i.e. ~6.08 dump truck loads) annually. Study banks had
minimal changes from 2011-2013. In 2014 the glide cross section had deposition on the study
bank side while the opposite bank exhibited erosion. The pool cross section had about one foot
of erosion at the toe, while the rest of the bank had little change.
Reach 2 Summary
Reach 2 is unique compared to the others as it varies in channel dimensions, boundary
conditions, and slope throughout the reach. While there is a small section within this reach that
has some floodplain accessibility, a majority of the reach is entrenched and over-widened. Much
like reach 1, this detachment from floodplain is a result of natural and anthropogenic stressors on
the channel. Towards the end of the reach, there is a hard section of Jordan sandstone that
provides grade control from further incision; thus, making the rest of the reach steeper
downstream.
Reach 3
The third study reach at Seven Mile Creek starts downstream of the bedrock control in reach 2,
and is relatively steep and entrenched for the upper half and flattens out and has some floodplain
connectivity in the lower half of the reach. There are four monumented cross sections in reach
two; one of each facet (Figure 143). Reach 3 had two study banks; one pool and one glide.
The riffle cross section is located near the end of reach 3, where the channel begins to have
connection to its floodplain. Dimensions at the riffle cross section have not changed much from
2011-2014 (W/D ratio of 17.98 and 18.16, respectively), although there was about two feet of
bank erosion on the left bank in 2014 (Figure 144). Although riffle 3 is deeply incised, floodprone width is wide enough to classify the channel as a C4. Scour chains at the riffle and glide
cross sections remained mainly unchanged.
The BANCS model estimated stream banks through the study reach are contributing 0.0808 tons
of sediment (i.e. 161.6 pounds) per linear foot of stream bank annually using the Colorado
erosion rate curve (Rosgen 2001a). These erosion predictions assume that this 600’ reach of
stream delivers 48.48 tons of sediment (i.e. ~4.85 dump truck loads) annually. Study banks had
minimal changes from during the study period. The pool study bank was downstream of a large
boulder which may have caused backwater that protected the bank. The glide cross section had
very low shear stress as it was on a straight-away and showed deposition on the bank pins, if any
change at all.
Reach 3 Summary
Reach 3 is the first of the reaches to show capability of the stream to reach its floodplain;
however, it is still deeply incised (i.e. bank-height ratio 1.69). While extreme events can access
the floodplain, it is apparent through the riffle cross section that the channel is in the process of
widening in order to make a more accessible floodplain. Dense roots and old trees along the
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Figure 143. Location of cross sections within reach 3.

Figure 144. Reach 3 riffle cross section from 2011-2014.
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banks will make this a lengthy process, considering the channel widened about three feet in four
years; mostly at the toe of the bank (Figure 144).
Reach 4
The final study reach at Seven Mile Creek starts roughly 90’ downstream of the reach 3 riffle
cross section. This reach has a relatively uniform slope throughout. Throughout most of the
study reach, the channel has widened out enough where it is developing a floodplain within the
old channel, but at most areas the depositional feature is below bankfull. There are four
monumented cross sections in reach two; one of each facet (Figure 145). Reach 4 had two study
banks; one pool and one glide. Between the run and glide cross sections there is a walking
bridge that has an opening much narrower than the surrounding channel; thus the channel has
likely widened considerably since installation of the bridge (Figure 146).
The riffle cross section is located near the middle of reach 4 in a section that has an established
floodplain near bankfull elevation. Dimensions at the riffle cross section have not changed much
from 2011-2014 (W/D ratio of 29.94 and 26.12, respectively); however, this high W/D ratio is
exhibited through mid-channel deposition due to decreased shear stress and backwater from the
downstream bridge. The 2014 flood event caused the channel to build up on the left side and
down cut along the right bank, which will continue to direct stress towards that bank (Figure
147). The floodplain bench along the right side of the channel and some flood-prone width
along the left bank is enough to classify the channel as a B4 stream type.
The BANCS model estimated stream banks through the study reach are contributing 0.0433 tons
of sediment (i.e. 86.6 pounds) per linear foot of stream bank annually using the Colorado erosion
rate curve (Rosgen 2001a). These erosion predictions assume that this 600’ reach of stream
delivers 25.98 tons of sediment (i.e. ~2.6 dump truck loads) annually. Study banks had minimal
changes during the study period. While vegetation plays a key role in bank stability, it is likely
that this reach is the lowest contributor of sediment of all the study reaches because of its overwidened nature which is causing more deposition than erosion at this point. Erosion estimates
may increase as the channel heals from the 2014 floods.
Reach 4 Summary
Reach 4 starts off with similar dimensions as reach 3, widens out between the pool and run cross
sections, hence the high W/D ratio at the riffle, and narrows up at the bridge and through the rest
of the reach. It is possible that this widening effect had to do with the bridge backing up water,
but there could be other factors. Floodplain connectivity is minimal through the reach, resulting
in a B classification. Reach 4 was the lowest sediment contributor of all of the study reaches.
Like many of the other reaches, 2014 flooding caused the most channel changes out of study
years. Changes to the riffle and run cross sections could continue to cause issues in the near
future as the channel continues to migrate.
See Appendix 5 for more detailed information on each of the four study reaches.
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Figure 145. Locations of cross sections within reach 4.

Figure 146. Photo of walking bridge installed between the run and glide cross sections.
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Figure 147. Reach 4 riffle cross section from 2011-2014. Notice flooding in 2014 (dashed
red line) raised the stream bed in the center of the channel and is cutting into the right
bank now.
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Gage Site
Within the parking area of Seven Mile Creek County Park, there is a water quality sampling
station and flow gage that was installed due to findings of multiple impairments in the early
2000s. At this location, Seven Mile Creek flows through an inactive alluvial fan valley, and was
channelized when the county park was opened; thus confining the channel and prohibiting it
from acting like a normal stream in an alluvial fan valley type (Figure 148). In the 1964 aerial
photo, the channel appears to be braided; a trait that is normal when the alluvial fan is active as it
allows for sediment deposition to keep sediment from downstream areas (Figure 148).
Currently, this site has relatively low slope and limited habitat from channelization. This site is a
designated trout area where brown trout are stocked to supplement the population; however,
many of the fish have to use constructed habitat due to the lack of natural habitat in the
channelized reaches.
In 2012, a survey was done to calibrate bankfull for the upstream study reaches based on the
downstream gage station. Riffle W/D ratio was 13.63, entrenchment ratio of 1.77 (i.e.
moderately entrenched) and active stream bed was gravel-dominated, so the channel was
classified as a B4c. Based off of the survey, bankfull cross sectional area was 64.65 square feet
and bankfull discharge was 252.04 cfs. StreamStats estimated the 1.5 year return interval flow to
be 288 cfs with a 90% confidence interval range of 103-613 cfs (Table 7). All of these estimates
matched up well with the Middle Minnesota River watershed and southern Minnesota regional
curves (Appendix 3).
The 2014 flood event had significant impacts on the gage site. The riffle and gage cross sections
were not monumented. However, an elevation was taken in the thalweg of the riffle and gage
cross sections which showed that the stream bed had aggraded 1.217’ and 2.92’, respectively.
The aggradation exhibited in the channel was likely the source of backwater influence from the
Minnesota River as it was rising at the same time that Seven Mile Creek was receding. This had
significant impacts on the gage site as it buried the sampling equipment in over two feet of
sediment, and filled in constructed trout habitat upstream of the gage (Figure 149).
Gage Site Summary
Seven Mile Creek at the gage station is a modified channel confined through channelization.
The boundary conditions of the channel were naturally alluvial fan materials prior to
channelization and now are more similar to a confined alluvial channel with a narrow floodplain
(i.e. C-AL-FD; Table 5). While B channels are a stable stream type within this valley type,
channelization and backwater influence from the Minnesota River has shown to reduce the
capability of Seven Mile Creek to be stable within this reach. The bed elevation at this point has
aggraded to a point where is has depleted trout habitat through most of the reach. This could
deter future projects that install trout habitat within the study reach.
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Figure 148. Historical aerial photos of the Seven Mile Creek gage site. The channel used to
be meandering and braided depending on the year, until the stream was channelized when
the county park opened.

Figure 149. One of the constructed pool habitats (left) was inundated with sediment after
the 2014 flood, and the stream gage (right) aggraded 2.92’.
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Seven Mile Creek Watershed Restoration and Protection Strategies
Seven Mile Creek watershed has similar characteristics as the other watersheds in the Middle
Minnesota River watershed. The upper section of Seven Mile Creek watershed is flat and used
to be covered with small wetlands and lakes, while the lower section is high slope with little
water storage capacity. The upper reaches now consist of drained basins, drainage ditches, and
tile that all serve the purpose of draining excess water at a pace conducive to growing row crops.
Throughout the lower reach, there are multiple small tributaries (i.e. ravines) that contribute large
quantities of sediment to the main channel that is transported downstream as washload (i.e.
suspended solids). The main channel has shown to provide sediment to downstream sources as
well, but needs larger flow events to erode the channel and its banks.
Throughout the watershed, water retention is key to reduce flood peaks in the main channel; thus
reducing its erosive powers. In the upper watershed water retention can be achieved through:
direct storage (i.e. wetland restorations); increasing soil organic matter through conservation
tillage practices, cover crops, and third crop rotations; perennial vegetation in and along
waterways; two-staged ditches and re-meandering of channelized reaches; floodplain
reconnection; and drainage water management. According to the RWI and DNR Lakes
shapefile, the potential water storage area in the Seven Mile Creek watershed is approximately
22% (Figure 150), while the WHAF shows the watershed to currently have 1.1% water storage.
According to the MPCA Altered Watercourse layer, 66.03% of stream length is altered, 29.77%
natural, 0% impounded, and 4.2% no definable channel (Figure 151).
Ravine stability is more difficult to achieve because ravines are naturally unstable systems.
Reducing the amount of water that reaches the ravines is key to reducing sediment. In-channel
practices within ravines can be expensive and difficult to get equipment access. Water and soil
control basins (WASCOBs) have been widely used as a way to meter the amount of water that is
delivered to the ravines and to stabilize the head (i.e. beginning) of the ravine (Figure 152).
While this appears to stabilize the head of the ravine, it is unclear of the impacts further down the
ravine.
As shown in the study reaches, the main channel of Seven Mile Creek has sections that are
entrenched or nearly entrenched. In-channel stability practices are not practical in these reaches
because the stream does not have connection with its floodplain. Potentially, grade control (i.e.
constructed riffles and cross vanes) would be ideal near the beginning of reach 1 where the
stream appears to have floodplain connectivity, in order to prevent future incision. Restoring the
channel from the beginning of reach 1 down to the parking area at the park would be very
expensive and potentially ineffective.
Protection areas in the Seven Mile Creek watershed include existing wetlands and lakes, riparian
corridors with perennial vegetation, and stable ravines. These resources need to be identified,
protected, and enhanced in order for Seven Mile Creek watershed to achieve water quality and
biological goals.
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Figure 150. Restorable depressional wetlands and current water storage in the Seven Mile
Creek watershed.

Figure 151. MPCA Altered Watercourse layer for the Seven Mile Creek watershed.
157

Figure 152. An example of a WASCOB installed at the head of a ravine in the Seven Mile
Creek watershed.
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Geomorphology Summary
The Middle Minnesota River watershed exhibits a wide variety of fluvial geomorphological
characteristics due to its unique geological history. The upper sections of most sub-watersheds
consist of low gradient, lacustrine valleys that were drained to produce row crops while lower
reaches exhibit higher slopes, entrenched channels, and perennial riparian corridors. The natural
characteristics (i.e. boundary conditions) throughout each of the sub-watersheds have
implications on the stability of the channels that flow through those areas. Anthropogenic
changes (e.g., channelization, drainage ditches, buffer strip removal) have also driven
geomorphic response in some streams while amplifying natural changes in others.
Thirteen study reaches characterized stream conditions in four named tributaries as well as one
unnamed tributary. Out of thirteen sites: four B channels, four E channels, three C channels, and
two F channels were surveyed. Five valley types were characterized; unconfined, alluvial
deposition being the most prevalent type. Sands and gravels exhibited in banks within alluvial
valleys are highly erodible and need dense vegetative communities to protect from excessive
bank erosion and channel succession.
Although lacustrine materials make up a large portion of the watershed, no sites were surveyed
within a lacustrine valley, mainly because many of those areas have been channelized and
ditched resulting in poor habitat and water quality conditions. Nearly all of the geomorphology
survey sites had undisturbed riparian corridors, the exception being the Little Cottonwood gage
site which had alfalfa planted along the stream channel near the study bank and Altermatt Creek
which had row crops outside of the old ditch channel.
Nearly all of the surveyed sites show signs of incision; resulting in limited or no floodplain
connectivity. When rivers do not have direct connection with a floodplain, they hold excess
energy within the channel at flows above bankfull. Excessive amounts of energy held within a
channel cause the channel to adjust to new flow regimes. Channels typically continue to downcut until they no longer can reach their floodplains, resulting in channel widening until a new
floodplain can be created within the old channel. This process results in excessive amounts of
turbidity and suspended solids, reduces pool habitat, and deposits fine particles in riffles. These
processes eventually lead to water quality and biological impairment listings.
While many characteristics were evaluated in the Middle Minnesota River watershed, future
work will evaluate stability of Nicollet and Shanaska Creeks. Natural water storage in these two
watersheds is unlike any other watershed in the southern and southwestern parts of Minnesota.
Nicollet and Shanaska Creek watersheds exhibit relatively high existing water storage (21.13%
and 14.46%, respectively) and relatively low percentage of cultivated crops (60.74% and
69.76%, respectively). Characterizing channel stability within these two watersheds will create a
baseline of information of what can be expected with social and economic demands to produce
row crops in southern Minnesota while trying to restore and enhance natural resources.
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Conclusions
The Middle Minnesota River watershed covers a variety of geology, land use, slope, valleys, and
stream types. It is unique as a HUC 8 watershed as it is made up of 21 named tributaries that are
independent of each other, as well as multiple unnamed tributaries and ravines that drain directly
into the Minnesota River. Agricultural practices dominate the landscape within the Middle
Minnesota River watershed, with most tributaries having more than 80% land use dedicated to
cultivated crops. As a general rule, land use and other watershed characteristics are similar with
all of the tributaries; however, some tributaries distinguish themselves because of geology (i.e.
Little Cottonwood) and existing water storage (i.e. Nicollet and Shanaska Creeks).
Hydrology, connectivity, and geomorphology are three measurable components of watershed
health that were assessed by MNDNR specialists. Deviations from natural or stable conditions
in any of these three components can have a detrimental impact on the other two components, as
well as water quality and biological communities.
Hydrological assessments were limited to the Little Cottonwood River watershed because it had
the only long-term gage station in the Middle Minnesota River watershed. While precipitation
appears unchanged since the early 1900s in the Little Cottonwood River watershed, flows have
increased when comparing 1973-1983 and 1983-2010. Agricultural crop statistics in southcentral Minnesota show a 22% increase in land area used for crops since 1921, and a change
from corn and small grains to mainly corn and soybeans. Crop changes and precipitation
variability have led to an increase in irrigation in the Little Cottonwood River watershed.
Stream connectivity in the Middle Minnesota River watershed is very complex. Longitudinal
connectivity analyses found that natural and anthropogenic barriers affected 45% of MPCA
biological monitoring sites, and sites that were not impacted by a barrier exhibited higher fish
species richness than those upstream of a barrier.
Road crossing analyses showed that there is nearly one road-stream intersection for every square
mile of drainage area within the Middle Minnesota River watershed. It is likely that most of
these crossings are designed improperly for stream stability as they reduce floodplain
connectivity, increase flow velocities, fragment riparian habitats, and cause downstream energy
transport resulting in excessive bank erosion.
Riparian vegetation analyses were done at geomorphology survey sites. Riparian corridors were
mostly undisturbed at geomorphology sites; however, some sites had row crops nearby. Riparian
vegetation at survey sites usually had undesirable plant communities for the particular stream;
however, just having perennial vegetation helps with stream stability indices.
Lateral connectivity is a vitally important component of stream morphology, because once rivers
access their floodplain, energy within the channel is dissipated; resulting in fewer stream stability
issues. Lateral connectivity analyses at geomorphology survey sites showed that nearly all of the
sites had some form of floodplain connection; however, there were no drainage ditches or
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channelized reaches surveyed that artificially disconnect channels from their floodplains. Since
many of the waterways in the Middle Minnesota River watershed are considered altered (i.e.
channelized), it is likely that a large percentage of streams do not have floodplain connectivity.
The Middle Minnesota River watershed has numerous streams with perennial groundwater
connection, resulting in multiple trout designated streams. These areas are an anomaly in
southern Minnesota and should be preserved, protected, and enhanced to ensure groundwater
connections will continue to exist.
Many of the rivers and streams in the Middle Minnesota River watershed suffer from some
degree of instability. Whether it be from a loss of floodplain connectivity, sinuosity, or other
degree of change, rivers naturally go into a state of succession that allows them to restore
stability. Usually the succession process results in increased bank erosion, loss of habitat, poor
water quality, and loss of species diversity before it re-establishes stability. Depending on a
multitude of factors, the channel succession process can range from a few years to hundreds of
years. In areas where instability is due to a system-wide change as it is in the Middle Minnesota
River watershed, the process could continue to go on.
Until conditions in the watershed stabilize (i.e., climate, land use, and hydrology), it is likely that
rivers will continue to be unstable. Since climate is an uncontrollable variable, land use
adaptation must be done in order to stabilize the flow regime of rivers in the Middle Minnesota
River watershed. Water retention on the landscape, perennial vegetation along all types of
waterways, re-establishing floodplain connectivity, and restoring natural patterns of channels are
all practices that help promote hydrologic and stream stability.
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Restoration and Protection Strategies
Connections between wildlife species, native plant communities, lakes and wetlands, and
riverine features are vast and often complex. In order to restore and protect these watersheds, a
tiered approach is recommended—preserving native communities, restoration and enhancement
to create larger habitat networks, and incorporating best management practices such as soil
health into the agricultural landscape. All three tiers can be implemented at the same time and
focusing on these three levels of restoration and protection strategies maximizes conservation
benefits. Remaining clusters of rare or sensitive natural features are indicative of good habitat
quality, whereas scarcity elsewhere in the watershed signals the need for restoration or adaptive
management. Furthermore, maintaining and restoring native biological diversity, abundance, and
resiliency is a component of integrated watershed health.
Restoration
Streams and surrounding land use in the Middle Minnesota River watershed have undergone
significant changes since European settlement. All of the changes in the watershed have
changed the natural flow regime of area streams and rivers. This change in water conveyance
has changed rivers and streams to become unstable; resulting in water quality and biological
impairments.
Land use changes have also disconnected upland habitats; thus isolating populations of
threatened and endangered plant and animals, and native plant communities. Reconnecting these
features will help threatened and endangered species survive and replenish.
When planning restoration practices, it is important to consider all five components of a healthy
watershed. All five components are interrelated so changing one of the components for the
better, may not be best for another component. For instance, many reservoirs have been
constructed to prevent flooding to population centers. While the reservoir may serve its purpose
to reduce flooding, the dam serves as a connectivity barrier for migratory fish communities.
Reservoirs also convert flowing streams into impounded systems which can change biological
communities from stream-dwelling to lake-dwelling assemblages, and reduce sediment transport
downstream; causing the reservoir to fill up and lose water holding capacity.
Upland Restoration Strategies
Since the leading cause of many of the stream instability issues in the Middle Minnesota River
watershed result from a change in land use, hydrologic pathways, and climate; restoration of
watershed health must begin with upland components. Future climate and rainfall trends are
unknown and uncontrollable, so it is essential that land use practices adapt to changing climate.
Water retention projects prepare the landscape for both wet and dry conditions, and can reduce
flood events that are the main drivers of river instability in this watershed. The following list
includes, but is not limited to, projects that help retain water on the landscape and reduce
downstream flood impacts:
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-

-

-

-

-

Increase water storage; temporary and long-term.
o Restore historical depressional wetlands and wet marshes that can provide short
and long-term water retention and metering of flows.
o Target areas that provide multiple benefits (e.g. water storage and waterfowl
habitat).
o Restore floodplain connectivity in drainage ditches (e.g. two-stage ditches).
o Restore sinuosity in channelized natural streams (e.g. Little Cottonwood River in
glacial outwash trough).
o Install drainage management practices (e.g. controlled drainage and WASCOBs).
o Install rain gardens, storm water retention ponds, and other storm water retention
practices to reduce impacts of impervious surfaces in urban areas.
Increase perennial vegetation.
o Establish perennial buffer strips along all waterways. Width of buffer strip and
vegetation type should be dependent on the waterway and its characteristics (i.e. a
drainage ditch may need a 30 foot grass buffer while a river may need 100+ feet
of trees).
o Install grassed waterways in areas where water flows in a storm event, yet there is
no definable channel.
Increase soil organic matter and water holding capacity.
o Utilize tillage practices that minimize carbon dioxide loss in soils (e.g. no-till and
strip-till).
o Plant cover crops (i.e. non-commodity crops) during winter months to reduce
wind erosion, hold nutrients in place, and increase soil organic matter.
Treat and prevent nutrient (i.e. nitrogen and phosphorus) runoff into streams.
o Install appropriately sized bioreactors for tile systems to treat nutrients.
o Increase crop residue to prevent wind and water erosion of sediments from fields.
o Plant cover crops to hold nutrients during winter and early spring.
o Install grassed waterways where necessary.
o Install septic systems where non-compliant.
o Utilize BMPs to reduce sediment inputs from open tile intakes.
o Increase floodplain connectivity in streams as they are natural nutrient sinks.
Connect rare natural corridors to preserve and enhance threatened and endangered
species.

The list provided above gives multiple practices to restore natural flow regime in rivers and treat
and prevent excessive nutrient level inputs within the Middle Minnesota River watershed. While
these practices could be used individually, utilizing multiple practices in a given area will
provide the best chance to restore watershed health. Figure 153 shows how multiple upland
restoration practices can be used on a local scale.
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Figure 153. A conceptual model of multiple restoration practices that could be placed
together in one area to help achieve watershed health. Consult local experts for more
detailed design plans.
In- and Near-Channel Restoration Strategies
Restoration of river and stream channels is nearly an impossible task in the Middle Minnesota
River watershed as nearly all stream miles in the watershed are unstable. In order to restore a
channel, one must restore the degree of incision, floodplain, pattern, and slope to a degree that is
reflective of a stable channel with the same stream type and valley type in a similar geographical
area. In the Middle Minnesota River watershed, there are few reference condition channels.
There are some practices that can be used in-channel to help stabilize channels with local
stressors (e.g., excessive bank erosion, longitudinal barriers, and undersized culverts). In the
Middle Minnesota River watershed, most excessively eroding banks are a symptom of a
hydrologic regime issue; however, there are potential locations where infrastructure could be
jeopardized by bank erosion that needs to be addressed. The following list of in- and nearchannel stabilization practices includes, but is not limited to:
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-

-

-

-

Stabilize banks that endanger infrastructure.
o Recognize geomorphology characteristics at each site (i.e., stream type, valley
type, bank-height ratio, bankfull elevation, width-to-depth ratio, stable
conditions).
o Utilize natural materials when possible (e.g. toe-wood) to protect the toe of the
bank from erosion; tie in to bankfull elevation and create a floodplain.
o Plant riparian vegetation to prevent future erosion, if missing.
o Use grade-control structures (i.e. constructed riffles and cross-vanes) if future
incision is possible. Placement should be where riffles are normally located
before and after bends.
o J-hooks should be used when shear-stress is high because of the curvature of the
channel or other conditions.
o See MNDNR Stream Habitat Program Fact Sheets for more information.
o Avoid using rock or rip-rap up the entire bank due to increased energy transport
downstream to other areas of the channel. If rock is necessary, create a floodplain
bench at bankfull level so flood flows can dissipate energy. Willows and other
vegetation can be planted above bankfull.
Stabilize ravines that have been actively changing.
o Store and meter water through perennial vegetation at the head of the ravine.
o Install water and sediment control basins (WASCOBs) to meter water and
stabilize head of ravine.
Re-size bridges and culverts to allow flood flows on the floodplain, when applicable.
o Size the crossing for the bankfull channel, allow flood flows through culverts
placed at bankfull elevation. For more details see Zytkovicz and Murtada (2013).
o More likely to happen after a bridge or culvert failure from flooding, or when they
are scheduled for replacement.
o Locations with very wide floodplains could have multiple relief culverts along the
floodplain, especially while the road is being improved.
o Recess culverts into stream bed to allow low-flow fish passage.
Reconnect areas with longitudinal barriers to fish passage.
o Remove or retrofit dams to allow fish passage.
o Replace perched culverts, or retrofit to allow fish passage.

While in-channel restoration practices may often be implemented, many of them are short-term
fixes. Installing in-stream structures are not usually recommended unless the bank is an anomaly
to the system, or if infrastructure is in jeopardy. Funding for clean water projects should be used
to address the cause of instability (e.g. altered hydrology) instead of the symptom (e.g. eroding
bank). Figure 154 shows a few channel restoration opportunities suggested in a system that has
relatively low instability.
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Figure 154. In- and near-channel restoration practices that can be used to restore stability
in a relatively stable reach. Consult a local professional for more detailed design plans.
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Protection Strategies
Various definitions of protection are used throughout the state. Depending on local conditions,
protection strategies may be implemented to keep a pristine lake from becoming near-impaired,
or a near-impaired lake from becoming impaired. In the Middle Minnesota River watershed,
nearly all water resources have an impairment listing, or will have an impairment listing;
however, lakes and streams still provide value to the area that should be protected. The
following list includes, but is not limited to areas of protection within the watershed:
-

-

-

-

-

Since water retention is a major driver to hydrologic stability, existing lakes, wetlands,
and wet marshes should be protected.
o Swan Lake in Nicollet County has had multiple efforts of restoration, and at
roughly 10,000 acres is considered one of the largest wetland complexes in North
America by surface area.
o Shanaska Creek watershed has 14.46% of its watershed composed of water
storage. Although many of the lakes are considered impaired, they still provide
water retention and hydrologic stability for Shanaska Creek.
Areas of significant groundwater-surface water interaction.
o Designated trout streams within the watershed depend on groundwater to
supplement their flow and temperature regimes. Excessive pumping of
groundwater or disturbance of natural springs could have impacts on this
interaction.
o Calcareous fens that could be endangered by mining practices.
Areas that are already enrolled in conservation programs or other BMPs.
o Land that was taken out of production and put in short-term conservation
programs should remain in conservation programs. For example, contracts that
expired while commodity prices were at all-time highs and were put back into
row-crop production. Removal of conservation programs results in a step
backwards from watershed health.
Areas that have been shown to remain stable over time.
o If a channel has appeared to stabilize with the existing climate and land use, it is
important that its watershed is protected from practices that could make the
channel become unstable. For instance, naturally-forming two-staged ditches
should not be cleaned out. Ditch clean outs make the river channel start the
process of succession all over again.
o Identify, document, and protect stable stream reaches and ravines.
Rare natural features, and native plant communities.
o These areas that exhibit native and natural communities should be protected and
enhanced. Rebuilding habitat that threatened and endangered species utilize will
help restore their populations while also helping with watershed health and stream
stability. Refer to this section in the report for further details.
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Appendix 1. Surficial Geology of the Middle Minnesota River watershed
(From Jennings 2010)

Surficial sediment in the Middle Minnesota River watershed, primarily
Quaternary in age.
Holocene or recent deposits
Post-glacial to pre-settlement sediment derived from loose, initially unvegetated
glacigenic sediment is portrayed in this map. Profound landscape-altering events
such as the incision of the deep, glacial River Warren channel immediately after ice
withdrawal were followed by slower fluvial and slope processes owing to the warm
and dry conditions of the mid-Holocene (approximately 9,000-5,000 radiocarbon
years before present). From 5,000 radiocarbon years ago until the European
settlement period, climate and therefore geomorphic processes were much like today.
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However, intensive landscape and drainage modifications by humans since European
settlement has altered the land surface in a way that is not reflected in this map.
Ha Predominantly sand but including pebbly sand to mud (silt and clay, organic-rich in places),
deposited in horizontal layers by modern streams in channels and floodplains. Many modern
streams re-occupy glacial channels so unit may be coarser in places owing to reworking of
glacial stream sediment. Also includes areas of decomposing organic material and fine
sediment deposited by slack water in floodplain setting. Holocene alluvium.

Hb Predominantly sand with some gravel in low bars or ridges. Interpreted as deposited in
shallow, moving water along a lake shore or in a river. If in a river, found at a higher elevation
than the general alluvial surface and in a streamlined form. Holocene bar or beach.

Hf Sand and gravel forming a fan-shaped mound at the mouth of a modern stream where it
enters a less-steep area, typically a terrace or floodplain. Holocene alluvial fan.

Ht and Ht xxx Sand and gravel, well sorted, forming a nearly level surface with some areas of
streamlined bars and shallow channels, lying above the modern floodplain; general elevation of
surface given in feet and expressed in slightly different color. Terraces with various elevations
are interpreted as having formed during the incision of glacial River Warren. The river was
created during one or possibly two, catastrophic discharge events from glacial Lake Agassiz.
Terraces in such spillways do not typically represent long-term stability of the system but rather,
reflect the complicated internal dynamics of a rapidly cutting spillway. Terraces on tributaries to
the glacial River Warren channel are not subdivided by elevation (Ht). They began evolving
after the initial glacial River Warren channel incision, 11,500 rcpb (13,400 calendar years) as
knickpoints migrated upstream on the tributaries. Holocene alluvial terrace.

Hl Silt to clay with sand and organics near shore; laminated in places. Deposited in ponded
water in modern or drained lakes. Holocene lake sediment.

Hp Partially to fully decomposed organic matter infilling shallow depressions and water bodies
such as seasonal or ephemeral ponds, lakes (peat mats typically form near shore and grow into
deeper water), along low-gradient modern and glacial streams. The low infiltration capacity of
the fine-grained glacial sediment and irregular topography of ice stagnation landscapes created
many isolated depressions that seasonally held standing water. Holocene organic deposits.
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Hc Varying amounts of sediment and rock fragments deposited on steep slopes by wet and dry
gravitational failure. May resemble glacial sediment or locally exposed rock on steep slopes or
may have been sorted by gravity and water resulting in material with a different texture than the
parent material. Colluvium.

Quaternary or glacial deposits
Sediment associated

with the northwest-source Des Moines lobe ice

Color of glacial sediment is typically olive-brown (Munsell Soil color 2.5y 4/4) where
oxidized and dark gray (Munsell soil color 2.5 Y 4/1) where unoxidized. Sorted
sediment has the color associated with the dominant grain size (2.5 Y 3/1, very dark
gray for clay; 2.5y 6/4, light yellowish brown for silt and variable for sand depending
on the mineral assemblage).

Qt Unsorted sediment with a loam matrix and containing clasts of gravel (diamicton); compact;
forms a low relief surface. Subglacial till.

Qth Unsorted sediment with a loam matrix and containing clasts of gravel (diamicton).
Undulating with isolated depressions and irregular hills. Interpreted as originating in an
unstable, supraglacial sediment layer that differentially insulated stagnant ice resulting in uneven
downwasting, reconfiguration of the surface slope and redeposition of the material. May be
sorted in places as a result of resedimentation by moving or still water. Supraglacial, hummocky
till.

Qtc As above but commonly forming a broad, linear, irregular low indicating that the ice
surface collapsed over an ice cavern ; interpreted as a subglacial drainage way called a tunnel
valley; Collapsed till.

Qliw Silt and clay layers, bedded sand, and loamy, vaguely bedded glacial sediment
(diamicton); interpreted as lake and debris flow deposits confined within growing holes in
stagnant ice surface resulting in flat-topped, circular hills. Associated with unit Qth. Icewalled-lake plain deposits.
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Qtm Ridge of poorly sorted glacial sediment (diamicton); interpreted as demarcating margin of
active ice and formed through a combination of ice-marginal processes including meltout of a
basal debris layer, thrusting, and debris flows. Moraine.

Qtw Unsorted deposit of loamy glacial sediment with gravel (diamicton); surface expression is
subdued and commonly streamlined. Interpreted as having been washed by water (rivers and
lakes). Has the potential to be capped with a coarse lag resulting from the removal of finer
particles by water and a drape of fine sediment deposited by waning flows. Washed till.

Qtr Poorly sorted glacial sediment with low ridges oriented transverse to the inferred ice-flow
direction. Subglacial till with superimposed crevasse-fill deposits.

Qtsz Complex terrain with low to moderate relief. Lows are commonly a loamy, dense
diamicton (unit Qt); irregular uplands are commonly unsorted deposits (unit Qth) with
inclusions of sand (unit Qts); the complex forms a broad, southeaster-trending highland between
two, distinct, subglacial till sheets. Intepreted as a shear zone demarcating differential flow of
neighboring ice streams where the drag and frictional melting between adjacent ice steams
created an ice-surface low that focused supraglacial debris and meltwater. Ice stream shear zone
deposits.

Qs Sand and gravel forming horizontal layers in channels oriented down-gradient from and
around former ice margins. Glacial stream sediment.

Qsb Prominent streamlined forms in unit Qs with decimenter-scale foresets. Bar in a meltwater
stream.

Qcss Poorly sorted gravel and sand intercalated with loamy, poorly sorted glacial sediment
(diamicton); in places fines up to silt; confined to narrow, low ridges. Interpreted to have been
deposited in crevasses or low areas on the ice surface by running water and gravity. Also
includes small areas interpreted as subglacial tunnel deposits (eskers). Collapsed stream
sediment.
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Qcssb As above but shallowly buried, commonly by lacustrine deposits. Close enough to the
surface to lighten color of overlying unit on black and white aerial photo indicating dryer
conditions. Buried, collapsed stream sediment.

Qsd Fan-shaped mound of sand and gravel located at the mouth of collapsed channel interpreted
as a subglacial stream, unit Qtc (tunnel valley) or where a glacial meltwater stream entered a
lake basin. Fan or fan delta (deposited in a lake).

Qfb As above but shallowly buried, most commonly by clayey lacustrine sediment. Close
enough to the surface to lighten color of overlying unit on black and white aerial photo indicating
dryer conditions. Buried fan or fan delta.

Ql Low-lying area of silt and clay, commonly finely laminated. Glacial lake sediment.

Qlc As above with irregular topography lying within a broad, linear, low indicating that the ice
surface collapsed over an ice cavern ; interpreted as a subglacial drainage (tunnel valley) that
collapsed after inundation of the stagnant ice surface by water. Collapsed lake sediment.

Qb Discontinuous, low, linear bench or ridge of sand with gravel, aligned along or near the
margins of unit Ql and associated with unit Qsd. Glacial lake beach.

Qlw Located within unit Ql but with streamlined shapes trending southeast. Interpreted as
scoured lake sediment or a drape of lake sediment over a scoured surface created during a lake
outburst. Washed lake sediment.

Bedrock
Prk Precambrian and Paleozoic bedrock, undifferentiated, at or near the surface.
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Appendix 2. Rare features in the Middle Minnesota River watershed
(From NHIS 2015).
Scientific Name

Common Name

Species Class

Carex sterilis

Sterile Sedge

Terrestrial Plant

Cypripedium candidum

Terrestrial Plant

SPC

Rhynchospora capillacea

Small White Lady'sslipper
Hair-like Beak-rush

Calcareous fens that are mineral
rich
Calcareous seeps, wet prairie

Aquatic Plant

THR

Calcareous fens; spring fens

Scleria verticillata

Whorled Nut-rush

Terrestrial Plant

THR

Calcareous fens

Cladium mariscoides

Twig-rush

Terrestrial Plant

SPC

Eleocharis rostellata

Beaked Spike-rush

Terrestrial Plant

THR

Fens: prairie rich, northern rich,
and calcareous are preferred fen
types
Fens that are maintained by the
surface discharge of calcareous or
circumneutral groundwater

Leucophaeus pipixcan

Franklin's Gull

Bird

SPC; SGCN

Marpissa formosa

A Jumping Spider

Spider

SPC; SGCN

Sterna forsteri

Forster's Tern

Grouping of a
variety of
nesting bird
species
Bird

SPC, SGCN

Marsh complexes

Triglochin palustris

Marsh Arrow-grass

Aquatic Plant

Watch List

Marshes

Elatine triandra

Three Stamened
Waterwort

Aquatic Plant

SPC

Shorelines of lakes, ponds, and
slow moving streams

Cygnus buccinator

Trumpeter Swan

Bird

SPC; SGCN

Small ponds, lakes, or bays

Lasmigona compressa

Creek Heelsplitter

Mussel

SPC; SGCN

Necturus maculosus

Mudpuppy

Amphibian

SPC; SGCN

Simpsonaias ambigua

Salamander Mussel

Mussel

END;
SGCN

Creeks, small rivers, and the
upstream portions of large rivers
with sand, fine gravel, or mud
substrates
Freshwater lakes, rivers, streams,
and ponds
Under flat rocks or rock ledges in
rivers and streams with its host
species, the mudpuppy salamander

Ictiobus niger

Black Buffalo

Fish

THR;
SGCN

Elliptio dilatata

Spike

Mussel

Arcidens confragosus

Rock Pocketbook

Mussel

Actinonaias ligamentina

Mucket

Mussel

THR;
SGCN
END;
SGCN
THR;
SGCN

Alasmidonta marginata

Elktoe

Mussel

Colonial Water bird
Nesting Area

Listing
Status
THR

General Habitat Type

Large prairie marshes (breeding);
Wet pastures, farm fields, and
marshes (summer feeding); Bays
and estuaries (winter)
Near freshwater bodies of water;
cattail marshes
Large, shallow lakes; marsh
complex

THR;
SGCN

Sloughs, impoundments, and both
fast- and slow-flowing portions of
rivers
Small to large rivers; Reservoirs
and lakes
Medium to large rivers
Medium to large rivers with sand
and gravel substrates
Medium to large rivers with sand
and gravel substrates
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Lasmigona costata

Fluted Shell

Mussel

THR;
SGCN

Medium to large rivers dominated
by gravel substrates

Ligumia recta

Black Sandshell

Mussel

SPC; SGCN

Pleurobema sintoxia*

Round Pigtoe

Mussel

SPC; SGCN

Riffles and runs of medium to
large rivers with sand or gravel
substrates
Medium to large rivers with sand,
gravel, or mud substrates

Elodea bifoliata

Two Leaf Waterweed

Aquatic Plant

END

Rivers and reservoirs

Acipenser fulvescens

Lake Sturgeon

Fish

SPC; SGCN

Apalone mutica

Smooth Softshell

Reptile

SPC; SGCN

Moderately clear, large rivers and
lakes
Large, unpolluted rivers with
sandy substrates

Cycleptus elongatus

Blue Sucker

Fish

SPC; SGCN

Deep, swift water in pools and
channels of large rivers with sand,
gravel, or rubble bottoms

Lampsilis teres

Yellow Sandshell

Mussel

Large rivers

Obovaria olivaria

Hickorynut

Mussel

Quadrula fragosa

Winged Mapleleaf

Mussel

Quadrula metanevra

Monkeyface

Mussel

END;
SGCN
Watch List;
SGCN
END; FED
END;
SGCN
THR;
SGCN

Quadrula nodulata

Wartyback

Mussel

THR;
SGCN

Scaphirhynchus
platorynchus

Shovelnose Sturgeon

Fish

Watch List;
SGCN

Tritogonia verrucosa

Pistolgrip

Mussel

END;
SGCN

Aflexia rubranura

Red-tailed Prairie
Leafhopper

Insect

SPC; SGCN

Dry to wet-mesic prairies; Prairie
dropseed is its host plant

Astragalus lotiflorus

Low Milkvetch

Terrestrial Plant

Watch List

Dry shortgrass prairie

Habronattus texanus

A Jumping Spider

Spider

SPC; SGCN

Dry prairie slopes (UPs13)

Hesperia dacotae

Dakota Skipper

Insect

END;
Federally
THR;
SGCN

High quality Dry-mesic to dry
prairie with little bluestem, prairie
dropseed, & side-oats grama as a
main component to the vegetation

Hordeum pusillum

Little Barley

Terrestrial Plant

Watch List

Schinia lucens

Leadplant Flower
Moth

Insect

SPC; SGCN

Dry prairies or areas with a history
of disturbance (railroad rights of
way, old fields, fallow pastures,
etc)
Dry prairies, savannas, or open
woods barrens with the host plant
(Lead plant) present

Arnoglossum
plantagineum
Asclepias sullivantii

Tuberous Indianplantain
Sullivant's Milkweed

Terrestrial Plant

THR

Terrestrial Plant

THR

Native, moist prairies in southern
MN
Mesic tallgrass prairies

Atrytone arogos iowa

Iowa Skipper

Insect

SPC; SGCN

Mesic to dry-mesic prairie

Large rivers with sand and gravel
substrates
Large rivers with sand, gravel, and
rubble substrates. St. Croix River
in MN
Large rivers with sand, gravel, and
rubble substrates. St. Croix River
with some observations in the
Mississippi river in MN
Large rivers with fine and coarse
substrates; Minnesota and
Mississippi rivers in MN
Large, freshwater rivers with deep
channel areas; Minnesota &
Mississippi Rivers in MN
Large rivers with gravel substrates;
Minnesota (likely extirpated),
Mississippi, and St Croix rivers
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Bartramia longicauda

Upland Sandpiper

Bird

Watch List

Native prairie and open grasslands

Eryngium yuccifolium

Rattlesnake Master

Terrestrial Plant

SPC

Prairies (dry to moist soils)

Lespedeza leptostachya

Prairie Bush Clover

Limosa fedoa

Marbled Godwit

Bird

THR; Fed
THR
SPC; SGCN

Phidippus pius

A Jumping Spider

Spider

SPC; SGCN

Mesic to dry-mesic prairie; Bluff
prairies
Native grasslands adjacent to
wetlands
Native, unplowed prairie in southcentral and SW Minnesota

Speyeria idalia

Regal Fritillary

Insect

SPC, SGCN

Upland and wet prairie

Agalinis auriculata

Eared false foxglove

Terrestrial Plant

END

Wet meadows and prairies

Emydoidea blandingii

Blanding's Turtle

Reptile

THR;
SGCN

Wetland complexes and adjacent
sandy uplands

Ammodramus henslowii

Henslow's Sparrow

Bird

END;
SGCN

Grasslands and uncultivated old
fields with stalks for perching

Grus canadensis

Sandhill Crane

Bird

Watch List

Lanius ludovicianus

Loggerhead Shrike

Bird

END;
SGCN

Open prairies, grasslands, and
wetlands
Upland grasslands--both high and
low quality

Reithrodontomys
megalotis
Myosurus minimus

Western Harvest
Mouse
Mousetail

Mammal

SPC; SGCN

Grasslands, meadows, and marshes

Terrestrial Plant

Watch List

Disturbed areas with scant ground
vegetation and bare soil

Monolepis nuttalliana

Nuttall's Povertyweed

Terrestrial Plant

Watch List

Disturbed, open habitats

Alopecurus carolinianus

Carolina Foxtail

Terrestrial Plant

Watch List

Rock outcrop pools; wet meadows
and prairies

Bacopa rotundifolia

Water-hyssop

Aquatic Plant

THR

Small rainwater pools on bedrock
outcrops in western Minnesota

Callitriche heterophylla

Larger Water-starwort

Aquatic Plant

THR

Cyperus acuminatus

Short-pointed
Umbrella-sedge

Terrestrial Plant

THR

Eleocharis wolfii

Wolf's Spike-rush

Terrestrial Plant

END

Shallow rainwater pools
on outcrops of igneous or
metamorphic rocks, primarily
Sioux quartzite.
Edge of shallow rock pools and in
the muddy margins of ponds and
lakes
Margins of bedrock pools and
shallow wetlands

Limosella aquatica

Mudwort

Semi-Aquatic
Plant

SPC

Margins of rainwater pools on
bedrock or lowland prairies

Buchloe dactyloides

Buffalo Grass

Terrestrial Plant

SPC

Southern bedrock outcrops

Buellia nigra

Lichen

Lichen

SPC

Non-calcareous rock in exposed
sunny areas; SW Minnesota

Cerastium brachypodum

Mouse-ear chickweed

Terrestrial Plant

Watch List

Rock outcrops

Opuntia macrorhiza

Plains Prickly Pear

Terrestrial Plant

SPC

Rock outcrops and dry prairies

Schedonnardus
paniculatus
Lampropeltis triangulum

Tumblegrass

Terrestrial Plant

SPC

Southern bedrock outcrops

Milk Snake

Reptile

Open lands with rock outcrops

Falco peregrinus

Peregrine Falcon

Bird

Watch List;
SGCN
SPC; SGCN

Coluber constrictor

North American Racer

Reptile

SPC; SGCN

Forested hillsides, bluff prairies,
grasslands, and open woods

Open, non-forested areas with
steep structures or cliffs for nesting
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Haliaeetus leucocephalus

Bald Eagle

Bird

Forested to wet areas

Bird

Bald Eagle
and Golden
Eagle
Protection
Act
(Federal),
SGCN
SPC; SGCN

Setophaga cerulea

Cerulean Warbler

Empidonax virescens

Acadian Flycatcher

Bird

SPC; SGCN

Parkesia motacilla

Louisiana Waterthrush

Bird

SPC; SGCN

Large tracts of mature, intact
deciduous forests, often near
streams or wetlands
Mature, riparian forests

Panax quinquefolius

American Ginseng

Terrestrial Plant

SPC

Pantherophis ramspotti

Western Fox Snake

Reptile

Watch List

Juglans cinerea

Butternut

Terrestrial Plant

END

Mesic hardwood forests

Trillium nivale

Snow Trillium

Terrestrial Plant

SPC

Gymnocladus dioica

Kentucky Coffee Tree

Terrestrial Plant

SPC

Mesic hardwood forests or
floodplain forests
Rich mesic woodlands, bottomland
woodlands, and riverbanks

Myotis septentrionalis

Northern Myotis

Mammal

SPC; Fed
candidate;
SGCN

Summer: Forested habitats near
wetlands, Winter: Caves and other
structures suitable for roosting

Perimyotis subflavus

Tricolored Bat

Mammal

SPC; SGCN

Summer: sites near open water
with scattered trees for roosting;
Winter: Caves, mines, and tunnels

Myosotis verna

Spring Scorpion Grass

Terrestrial Plant

Watch List

Upland open woodlands, barren
wooded slopes, sandy savannas,
sand prairies, and disturbed areas
(fields, roadside embankments,
railroad rights of way, etc)

Bat Colony

Hibernacula for
bat species

Fossil plant (quaternary)

Igneous composition
(lower proterozoic)

Geologic
Feature
Grouping of a
variety of
mussel species
in one suitable
habitat area
Geologic
Feature

Igneous intrusion (lower
proterozoic)
Igneous unit or sequence
(lower proterozoic)

Geologic
Feature
Geologic
Feature

Metamorphic structure
(archean)
Metamorphic unit or
sequence (archean)

Geologic
Feature
Geologic
Feature

Freshwater Mussel
Concentration Area

Large tracts of mature or oldgrowth deciduous forests

Well-developed forest soil,
typically mesic loamy ; Does not
tolerate habitats with seasonal
flooding
Woodland and woodland edges,
prairies, lowland meadows, and
rocky outcroppings near rivers
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Mixed unit or sequence
(archean, lower
proterozoic)
Proglacial river erosion
(quaternary)
Sedimentary composition
(cretaceous)

Geologic
Feature

Sedimentary composition
(lower proterozoic)

Geologic
Feature

Geologic
Feature
Geologic
Feature

Sedimentary unit or
Geologic
sequence (cretaceous,
Feature
quaternary)
Weathering (jurassic,
Geologic
cretaceous)
Feature
END =State Endangered; THR = State Threatened; SPC = State Special Concern;
Watch List = Species the DNR is tracking because they are in suspected decline; SGCN= Species of Greatest Conservation
Need
*-no live individuals found
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Appendix 3. Management implications for individual stream types
(from Rosgen 1994).
Stream
Type

Sensitivity to
Disturbance a

Recovery
Potential b

Sediment
Supply c

Streambank
Erosion
Potential

Vegetation Influence d

A1

Very Low

Excellent

Very Low

Very Low

Negligible

A2

Very Low

Excellent

Very Low

Very Low

Negligible

A3

Very High

Very Poor

Very High

Very High

Negligible

A4

Extreme

Very Poor

Very High

Very High

Negligible

A5

Extreme

Very Poor

Very High

Very High

Negligible

A6

High

Poor

High

High

Negligible

B1

Very Low

Excellent

Very Low

Very Low

Negligible

B2

Very Low

Excellent

Very Low

Very Low

Negligible

B3

Low

Excellent

Low

Low

Moderate

B4

Moderate

Excellent

Moderate

Low

Moderate

B5

Moderate

Excellent

Moderate

Moderate

Moderate

B6

Moderate

Excellent

Moderate

Low

Moderate

C1

Low

Very Good

Very Low

Low

Moderate

C2

Low

Very Good

Low

Low

Moderate

C3

Moderate

Good

Moderate

Moderate

Very High

C4

Very High

Good

High

Very High

Very High

C5

Very High

Fair

Very High

Very High

Very High

C6

Very High

Good

High

High

Very High

D3

Very High

Poor

Very High

Very High

Moderate

D4

Very High

Poor

Very High

Very High

Moderate

D5

Very High

Poor

Very High

Very High

Moderate

D6

High

Poor

High

High

Moderate

DA4

Moderate

Good

Very Low

Low

Very High

DA5

Moderate

Good

Low

Low

Very High

DA6

Moderate

Good

Very Low

Very Low

Very High

E3

High

Good

Low

Moderate

Very High

E4

Very High

Good

Moderate

High

Very High

E5

Very High

Good

Moderate

High

Very High

E6

Very High

Good

Low

Moderate

Very High

F1

Low

Fair

Low

Moderate

Low

F2

Low

Fair

Moderate

Moderate

Low

F3

Moderate

Poor

Very High

Very High

Moderate

F4

Extreme

Poor

Very High

Very High

Moderate

F5

Very High

Poor

Very High

Very High

Moderate

F6

Very High

Fair

High

Very High

Moderate

G1

Low

Good

Low

Low

Low

G2

Moderate

Fair

Moderate

Moderate

Low

G3

Very High

Poor

Very High

Very High

High

G4

Extreme

Very Poor

Very High

Very High

High

G5

Extreme

Very Poor

Very High

Very High

High

G6

Very High

Poor

High

High

High

Includes increases in streamflow magnitude and timing and/or sediment increases.
Assumes natural recovery once cause of instability is corrected.
c
Includes suspended and bedload from channel derived sources and/or from stream adjacent slopes.
d
Vegetation that influences width/depth ratio-stability.
a

b
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Appendix 4. Regional Curves for Southern Minnesota and the Middle
Minnesota River watershed
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Appendix 5. Stream Stability Information for Seven Mile Creek Reaches
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185

No Increase

Channel Enlargement
Low

Not Incised

Vertical Stability
(Degradation)

Sediment Supply
(Channel Source)

No Deposition

Vertical Stability
(Aggradation)

G
Stable

C

Largest Particle from
Bar Sample (mm):

Sufficient Capacity

Lateral Stability

Successional Stage
Shift

Entrainment/
Competence

Sediment Capacity
(POWERSED)

600

Moderate

Slight Increase

Slightly Incised

Mod. Deposition

Mod. Unstable

F

t=

t*=

Remarks/causes:

Extensive

Degradation

Aggradation

Remarks/causes:

Remarks/causes:

Remarks/causes:

Remarks/causes:

F4

0.0076

Bedrock Influenced

Bedrock Influenced

C

Required
0.0037
Slope:
Potential Stream
State (Type):

Required
Existing
0.94
Depth:
Slope:
Existing Stream
State (Type):

1.51

Curve Used:
Remarks:
Flow only reached 2/3
bankful in 2013
Colorado
Remarks: Aggradation on Glide Scour Chain

Highly Unstable

Existing
Depth:

Very High

Mod. Increase

Mod. Incised

Ex. Deposition

0.04

Excess Capacity

Unstable

High

Bc

0.348

Insufficient Capacity

Annual Streambank Erosion Rate:
(tons/yr) 0.1027 (tons/yr/ft)
61.59

70

Length of Reach
Studied (ft):

Bank Erosion
Summary

Location: Reach 2
Date: 9/14/2013
Stream Type: F 4
Valley Type: V
Mean Bankfull
Bankfull Width
Cross-Sectional
Width/Depth
Entrenchment
Channel Dimension
1.79
40.02
71.7
22.36
1.28
Depth (ft):
(ft):
Ratio:
Ratio:
Area (ft 2):
Mean:
7.87
9.75
1.95
3.47
Channel Pattern
l/W bkf :
Lm /W bkf :
Rc /W bkf :
MWR:
Sinuosity:
1.24
Range:
7.10 - 8.62
9.15 - 10.32
1.37 - 2.52
2.15 - 4.32
Bankfull Mean
Bankfull
Estimation
Drainage
Streamflow
4.061
291.174
Mannings
33.9
Method:
Velocity (ūbkf ) (ft/sec):
Discharge (Qbkf ):
Area (mi2):
Check:
Riffle/Pool
Step/Pool
Plane Bed
Convergence/Divergence
Dunes/Antidunes/Smooth Bed
River Profile & Bed
Riffle
Pool
Riffle
Pool
Slope
Max
Pool-to- Ratio
Depth Ratio
Features
Water
Bankfull
Pool
(max to mean):
2.59
4.65
1.45
1.84
206
Valley:
0.0094
0.00761
Surface:
Depth (ft):
Spacing:
Current Composition/Density:
Potential Composition/Density:
Remarks: Condition, Vigor & Usage of Existing Reach:
Riparian
Vegetation American Elm/Bottomland Hardwood
Natives Bottomland
Forest withHardwood
High Reed
Invasive
Forest
Canary
species
(Elm,
Grass/Stinging
Oak,
present
Maple,
(Buckthorn,
Nettles
Basswood)
proportion
Reed Canary), Evidence of Dutch
Flow
E S 1 Stream Size
Meander
Depositional
Debris/Channel
S5, 4th
M3
B1 B4
D3
Regime: 2 8 9 & Order:
Patterns:
Patterns:
Blockages:
Degree of Incision
Degree of Incision
Modified Pfankuch Stability Rating
Level III Stream
1.57
Deeply Incised
114 - Fair
(Bank-Height Ratio):
Stability Rating:
(Numeric & Adjective Rating):
Stability Indices
Reference W/d
Width/Depth Ratio State
Width/depth
W/d Ratio State
Moderately
22.36
17.6
1.27
Ratio (W/d):
Stability Rating:
Unstable
Ratio (W/dref ):
(W/d) / (W/dref ):
Reference
Degree
of
confinement
Meander Width
MWR / MWRref
3.47
4.1
0.84634146
Stable
Ratio (MWR):
MWRref :
(MWR / MWRref ):
Stability Rating:

Seven Mile Creek 2013

Stream:
Observers:

186

Not Incised
No Increase

Vertical Stability
(Degradation)

Channel Enlargement
Low

No Deposition

G

Vertical Stability
(Aggradation)

C

Largest Particle from
Bar Sample (mm):

Stable

Sediment Supply
(Channel Source)

600

Sufficient Capacity

Lateral Stability

Successional Stage
Shift

Entrainment/
Competence

Sediment Capacity
(POWERSED)

Length of Reach
Studied (ft):

Bank Erosion
Summary

t=

Moderate

Slight Increase

Slightly Incised

Mod. Deposition

Mod. Unstable

F

70

t*=

High

Remarks/causes:

Extensive

Degradation

Aggradation

Remarks/causes:

Remarks/causes:

Remarks/causes:

Remarks/causes:

C3

0.0071

C

Required
0.0042
Slope:
Potential Stream
State (Type):

Required
Existing
0.78
Depth:
Slope:
Existing Stream
State (Type):

1.34

Curve Used:
Remarks:
Colorado
Remarks: Based on FSPS Predictions

Highly Unstable

Existing
Depth:

Very High

Mod. Increase

Mod. Incised

Ex. Deposition

0.02

Excess Capacity

Unstable

0.348

Insufficient Capacity

Annual Streambank Erosion Rate:
(tons/yr) 0.0872 (tons/yr/ft)
52.33

Location: Reach 3-2013
Date: 9/13/2013
Stream Type: C 3
Valley Type: VIIIc
Mean Bankfull
Bankfull Width
Cross-Sectional
Width/Depth
Entrenchment
Channel Dimension
1.94
32.1
62.2
16.55
2.21
Depth (ft):
(ft):
Ratio:
Ratio:
Area (ft 2):
Mean:
9.53
15.2
5.89
3.21
Channel Pattern
l/W bkf :
Lm /W bkf :
Rc /W bkf :
MWR:
Sinuosity:
1.5
Range:
0.00 - 0.00
0.00 - 0.00
3.43 - 8.35
2.24 - 4.17
Bankfull Mean
Bankfull
Estimation
Drainage Area
Streamflow
4.331
241.843
Limerinos
33.9
Method:
Velocity (ūbkf ) (ft/sec):
Discharge (Qbkf ):
(mi2):
Check:
Riffle/Pool
Step/Pool
Plane Bed
Convergence/Divergence
Dunes/Antidunes/Smooth Bed
River Profile & Bed
Riffle
Pool
Riffle
Pool
Slope
Max
Pool-to- Ratio
Depth Ratio
Features
Water
Bankfull
Pool
(max to mean):
2.77
3.33
1.43
1.83
113.9 Valley:
0.0137
0.00712
Surface:
Depth (ft):
Spacing:
Current Composition/Density:
Potential Composition/Density:
Remarks: Condition, Vigor & Usage of Existing Reach:
Riparian
Vegetation Hardwood mix
Possibly native sedge
Flow
I1 I2 Stream Size
Meander
Depositional
Debris/Channel
S-5(3)
M3
B1
D3
Regime:
I8 & Order:
Patterns:
Patterns:
Blockages:
Degree of Incision
Degree of Incision
Moderately Modified Pfankuch Stability Rating
Level III Stream
1.6
93 - Fair
(Bank-Height Ratio):
Stability Rating:
Incised
(Numeric & Adjective Rating):
Stability Indices
Reference W/d
Width/Depth Ratio State
Width/depth
W/d Ratio State
16.55
17.33
0.95
Stable
Ratio (W/d):
Stability Rating:
Ratio (W/dref ):
(W/d) / (W/dref ):
Reference
Degree of confinement
Meander Width
MWR / MWRref
3.21
4.24
0.75707547
Unstable
Ratio (MWR):
MWRref :
(MWR / MWRref ):
Stability Rating:

Seven Mile 2013
Team 3

Stream:
Observers:

187

No Increase

Channel Enlargement
Low

Not Incised

Vertical Stability
(Degradation)

Sediment Supply
(Channel Source)

No Deposition

Vertical Stability
(Aggradation)

G
Stable

C

Largest Particle from
Bar Sample (mm):

Sufficient Capacity

Lateral Stability

Successional Stage
Shift

Entrainment/
Competence

Sediment Capacity
(POWERSED)

600

Length of Reach
Studied (ft):

Bank Erosion
Summary

t=

Moderate

Slight Increase

Slightly Incised

Mod. Deposition

Mod. Unstable

F

140

t*=

High

Remarks/causes:

Extensive

Degradation

Aggradation

B

Required
0.0072
Slope:
Potential Stream
State (Type):

0.0106

Remarks/causes:

chains ~~~~~~2"

Remarks/causes: Riffles degraded, scour

ds.

Remarks/causes: Pools filling up, or moving

Remarks/causes:

F4

Required
Existing
1.36
Depth:
Slope:
Existing Stream
State (Type):

1.98

Curve Used:
Remarks:
Colorado
Remarks:

Highly Unstable

Existing
Depth:

Very High

Mod. Increase

Mod. Incised

Ex. Deposition

0.03

Excess Capacity

Unstable

0.894

Insufficient Capacity

Annual Streambank Erosion Rate:
(tons/yr) 0.0435 (tons/yr/ft)
26.12

Location: Reach 4
Date: 9/13/2013
Stream Type: F4
Valley Type: V
Mean Bankfull
Bankfull Width
Cross-Sectional
Width/Depth
Entrenchment
Channel Dimension
1.98
43.32
85.63
21.88
1.84
Depth (ft):
(ft):
Ratio:
Ratio:
Area (ft 2):
Mean:
9.26
10.85
3.34
10.41
Channel Pattern
l/W bkf :
Lm /W bkf :
Rc /W bkf :
MWR:
Sinuosity:
1.64
Range:
8.77 - 9.74
10.69 - 11.01
2.90 - 3.79
0.00 - 0.00
Bankfull Mean
Bankfull
Estimation
Drainage Area
Streamflow
3.724
318.886
Jarrett's
33.9
Method:
Velocity (ūbkf ) (ft/sec):
Discharge (Qbkf ):
(mi2):
Check:
Riffle/Pool
Step/Pool
Plane Bed
Convergence/Divergence
Dunes/Antidunes/Smooth Bed
River Profile & Bed
Riffle
Pool
Riffle
Pool
Slope
Max
Pool-to- Ratio
Depth Ratio
Features
Water
Bankfull
Pool
(max to mean):
2.84
2.91
1.43
1.65
2.967 Valley:
0.0179
0.01056
Depth (ft):
Spacing:
Surface:
Current Composition/Density:
Potential Composition/Density:
Remarks: Condition, Vigor & Usage of Existing Reach:
Riparian
Vegetation Elm, Ash, Dogwood, Grape, Sumac,
Elm, Ash,
Wood
Dogwood,
Nettle, Grape,
Horsetail,
Sumac,
Site
Reed
at potential.
Wood
Canary
Nettle,
Good
Horsetail,
speciesReed
diversity.
Canary
Flow
I1 I2 Stream Size
Meander
Depositional
Debris/Channel
S5(3)
M3 M4
B1 B2 B4
D3 D10
Regime: I8 I9 & Order:
Patterns:
Patterns:
Blockages:
Degree of Incision
Degree of Incision
Moderately Modified Pfankuch Stability Rating
Level III Stream
1.33
88 - Good
(Bank-Height Ratio):
Stability Rating:
Incised
(Numeric & Adjective Rating):
Stability Indices
Reference W/d
Width/Depth Ratio State
Width/depth
W/d Ratio State
21.88
17.22
1.27
Moderately Unstable
Ratio (W/d):
Stability Rating:
Ratio (W/dref ):
(W/d) / (W/dref ):
Reference
Degree of confinement
Meander Width
MWR / MWRref
10.41
2.19
4.75342466
Unstable
Ratio (MWR):
MWRref :
(MWR / MWRref ):
Stability Rating:

Seven Mile Creek

Stream:
Observers:

188

189

