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Executive Summary 

The Upper Sheyenne River Joint Water Resource Board engaged Barr Engineering Co. (Barr) to conduct an 

erosion and sedimentation risk assessment of the Upper Sheyenne River riparian corridor, from the 

headwaters in Sheridan County to Lake Ashtabula.  The intent of the assessment was to identify potential 

erosion, sedimentation, and floodplain connectivity issues; identify changes that have occurred in the last 

two decades; and identify and prioritize reaches of the river for further evaluation, riparian management, 

or future restoration work. 

To accomplish these goals:  

1. Barr conducted a review of the available background data to subdivide the Upper Sheyenne River 

into reaches with similar characteristics and identify key areas for further evaluation.  

2. The Upper Sheyenne River Joint Water Resource Board held public meetings in the cities of 

Cooperstown, Sheyenne, McClusky, and Harvey to present preliminary observations to the 

community and receive feedback on candidate locations for collection of field data (i.e., channel 

dimensions and bank stability).  

3. Barr collected field data at 15 locations along the Upper Sheyenne River to characterize typical 

channel dimensions and bank stability, comparing this information to past surveys.  

4. Barr analyzed the background and field data and conducted a risk assessment of erosion and 

sedimentation potential along the Upper Sheyenne River.  

These activities yielded the following information:  

 River and flow characteristics: The Upper Sheyenne River flows through a broad valley carved 

by glacial meltwater, with relatively consistent soils and land use along the length of the river.  

Based on an evaluation of historic gage data, the distribution of peak flows in the river is 

consistent between recent years and historic data stretching back to the 1940s.  However, in 

recent years, there has been a significant increase in the duration of moderate flow in the 

downstream two-thirds of the study area (i.e., flows that previously lasted a month or two now 

extend for approximately 50 percent of the year).  

 Erosion and sedimentation identification: Cross-section surveys and field-stability assessments 

at 15 locations (both stable and unstable) revealed that some locations had bank shifts of 10 feet 

or more since a previous study in 2001.  It was also found that there was no significant trend 

towards increase or decrease in river bed elevation.  In addition, many of the survey locations in 

the downstream two-thirds of the study area had poor stability rankings, indicating ongoing 

channel instability and high potential for bank erosion. 

 Risk assessment and prioritization: Barr’s risk assessment examined the potential for future 

erosion and sedimentation due to a number of different processes that can cause channel 
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instability.  In addition, to assess the relative frequency of channel migration in river reaches, Barr 

compared the river banks digitized from 2017 photography to aerial photography taken between 

1995 and 1998.  Based on these assessments, 18 out of the 30 river reaches are recommended for 

further study to address the causes of channel instability and/or migration (see Figure B).  

Frequent instances of channel migration have been observed in most of these reaches; many are 

in the downstream two-thirds of the study area and affected by changes in the flow regime. 

Further analysis will be needed to identify appropriate measures for addressing observed channel 

instability at specific locations (see Section 6 of this report).  Potential applicable measures to improve 

channel stability include changes to riparian vegetation, changes to grazing practices, replacement of 

road crossing culverts, and targeted bank stabilization measures.  Examples of conceptual stabilization 

measures are provided in Appendix E. 

 

Figure B Reaches Recommended for Detailed Evaluation 
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1 Introduction 

1.1 Upper Sheyenne River overview 

The Sheyenne River is a riverine system in North Dakota which supports significant biodiversity, 

agriculture, and recreation within the region.  The Sheyenne River has its headwaters in Sheridan County, 

southwest of the City of Harvey, and flows approximately 303 river miles (or 183 valley miles) to Baldhill 

Dam and the outlet from Lake Ashtabula in Barnes County, upstream of Valley City (Large Figure 1).  

Downstream of Baldhill Dam, the river flows south to Lisbon in Ransom County before turning east and 

north to join the Red River of the North in Cass County near Fargo.  The portion of the river upstream of 

Baldhill Dam is known as the Upper Sheyenne River.  Nine counties within the Sheyenne River basin—

Sheridan, Pierce, Benson, Griggs, Nelson, Steele, Eddy, Barnes, and Stutsman—form the Upper Sheyenne 

River Joint Water Resource Board (Joint Board). 

The watershed area of the Upper Sheyenne River at Baldhill Dam is 3,900 square miles; however, a 

significant portion of the watershed consists of landlocked prairie potholes and does not contribute flow 

to the river under most conditions.  The neighboring Devils Lake basin, which is naturally landlocked, has 

an area of 3,840 square miles.  The U.S. Geological Survey (USGS) estimates that the total contributing 

drainage area of the Upper Sheyenne River above Baldhill Dam (gage location 05058000) is 1,910 square 

miles (U.S. Geological Survey, 2018). 

1.2 Study objectives and process 

The Joint Board engaged Barr Engineering Co. (Barr) to conduct an erosion and sedimentation risk 

assessment of the Upper Sheyenne River riparian corridor, from the headwaters to the inflow into Lake 

Ashtabula.  The intent of the assessment was to identify potential erosion, sedimentation, and floodplain 

connectivity issues; identify changes that have occurred in the last two decades; and identify and prioritize 

reaches of the river for future restoration work. 

The study included the following components: 

 First, Barr conducted a review of the available background data to subdivide the Upper Sheyenne 

River into reaches with similar characteristics and identify key areas for further evaluation. 

 Second, the Joint Board and Barr held a series of public meetings in four locations throughout the 

watershed to present preliminary observations to the community and receive feedback on 

potential locations for collection of field data (i.e., channel dimensions and bank stability).  The 

meetings were held in Cooperstown and Sheyenne on March 20, 2018, and in McClusky and 

Harvey on April 19, 2018. 

 Third, Barr collected field data at 15 locations along the Upper Sheyenne River to characterize the 

typical channel dimensions and bank stability for various portions of the river.  Due to high-flow 

conditions during spring and summer 2018, field data were collected in two campaigns in July–

August (channel dimensions) and November (bank stability) 2018. 
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 Finally, the background and field data were analyzed and the risk assessment was conducted. 

1.3 Report organization 

This erosion and sedimentation risk assessment report includes: 

 Section 2:  A summary of the Upper Sheyenne River riparian corridor and its geologic setting, 

characteristics, and the river reaches that were defined based on consistent geomorphic and 

riparian corridor attributes 

 Section 3:  Analysis of the historic flow record from four of the primary USGS gages along the 

Upper Sheyenne River to determine how changes in the flow regime may impact channel stability 

 Section 4:  Characterization of the typical channel cross section and planform geometry based on 

field data collection and comparison to historic survey data, which provides the geometric 

parameters for the risk assessment (data provided in Appendix A and Appendix B) 

 Section 5:  The erosion and sedimentation risk assessment, including field data to characterize 

bank stability and a summary of observed instances of channel migration (data provided in 

Appendix C, supporting materials in Appendix D) 

 Section 6:  A summary of the findings of this risk assessment and the reaches recommended for 

further study and potential restoration (example assessment and stabilization concepts provided 

in Appendix E) 

1.4 Acknowledgements 

This study has been performed under the authority of the Joint Board.  From concept development to 

project execution, the Joint Board provided clear leadership and direction every step of the way.  Barr 

would like to thank Jon Kelsch and Tim Dodd of the North Dakota State Water Commission for their 

assistance with providing relevant information associated with the operation of Devils Lake Basin Outlets, 

which was valuable in planning field work.  Lastly, we would like thank Mike Ell and Greg Sandness of 

North Dakota Department of Health (NDDoH) for their support of the study.  The study was made 

possible largely by the funding assistance provided by the NDDoH under U.S. Environmental Protection 

Agency Section 319 Non-Point Source and Section 604 (b) Grants.    
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2 Riparian Corridor 

The focus of this study is on the Upper Sheyenne River and its riparian corridor, which is defined for the 

purposes of this study as a 1-mile-wide corridor centered on the river channel.  In general, the bottom of 

the Sheyenne River Valley is less than 1 mile wide and, therefore, entirely within the riparian corridor as 

defined here.  This section describes the underlying geology of the Sheyenne River Valley and the present 

characteristics of the riparian corridor that have led to the definition of 30 distinct reaches of the river for 

detailed study. 

2.1 Geologic setting 

The Upper Sheyenne River drains much of the physiographic region known as the “glaciated plains” in 

central North Dakota (Bluemle, et al., 2007).  The glaciated plains region consists of rolling topography 

with a variety of glacial landforms resulting from the depositional and erosional effects of multiple periods 

of glaciation (Figure 2-1).  Separating the glaciated plains from the Devils Lake Basin to the north are a 

series of recessional moraines (Wiche, et al., 1994), piles of sediment deposited as the final glaciers 

retreated that created the landlocked Devils Lake Basin. 

 

(Bluemle, 2018) 

Figure 2-1 Physiographic Regions of North Dakota 

The Sheyenne River valley was carved through this landscape by a catastrophic outburst of glacial 

meltwater from lakes in southern Saskatchewan and northern North Dakota, most significantly from 

glacial Souris Lake shown in Figure 2-1 (Bluemle, et al., 2007).  Meltwater from Souris Lake carved the 

Sheyenne 

River Valley 
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Sheyenne River Valley (as well as the neighboring James River Valley) relatively quickly, resulting in a fairly 

wide valley that does not confine the present-day Upper Sheyenne River. 

Following the excavation of the Sheyenne River Valley at the end of the last period of glaciation, the river 

itself has continued to modify the floor of the valley through the deposition and erosion of sediment.  The 

valley bottom is characterized by multiple terraces at varying heights above the active river floodplain; 

each terrace represents a historic floodplain that the river actively accessed in the distant past.  In a 

pattern typical of many rivers in the central and western United States (Leopold, 1994) the Sheyenne River 

has alternately deposited sediment to build the floodplain and eroded downward to establish the river 

channel at a lower base level.  Depositional periods are typically longer in duration than erosional periods; 

erosional periods in the geologic record are believed to occur during climatic cycles with a higher 

percentage of intense (high-flow) events.  In many areas in the western United States, there was a 

significant erosional period from about 1880–1920 that corresponded with settlement and land-use 

changes as well as climatic changes (Leopold, 1994).  It is this erosional period that likely formed the 

Upper Sheyenne River channel near its present elevation. 

The major features of the Upper Sheyenne River study area are shown in Large Figure 1. 

2.2 Riparian corridor characteristics 

2.2.1 Topography and soils 

The width of a river’s valley determines how flood flows distribute and how far the river may meander 

before cutting into the valley walls.  The valley of the Upper Sheyenne River is of relatively consistent 

width through most of the study area, with the valley narrowing significantly only upstream of the 

confluence with the North Fork of the Sheyenne River in western Benson County (Large Figure 2).  The 

North Fork of the Sheyenne River and the upstream Buffalo Coulee occupy the path followed by 

meltwater from glacial Souris Lake.  The width of the Upper Sheyenne River valley bottom downstream of 

the confluence with the North Fork ranges from 1,100 to 3,500 feet based on the available light detection 

and ranging (LiDAR) topographic data (U.S. Geological Survey, 2011).  Upstream of the confluence, where 

the river channel is much smaller, the valley width ranges from 400 to 1,000 feet.  The valley bottom is 

wide enough in virtually all locations that the river is able to meander freely without being confined by the 

valley walls (Bisson, et al., 2006). 

The overall slope of the valley bottom (in the direction of the river flow) is one of the key factors that 

influences the shape of a river channel because the river moves water and sediment in response to the 

force of gravity.  The slope of the Upper Sheyenne River valley bottom ranges from 0.5 to 6.3 feet per 

mile, with most of the steeper segments concentrated upstream of the confluence with the North Fork.  

Downstream of the confluence the valley slope is relatively consistent with an average slope of 1.7 feet 

per mile.  The valley walls are gently sloped at approximately 10% towards the river and in places the river 

runs along the toe of the valley walls.   

The soils present within a river valley and its walls greatly influence the shape and behavior of a river 

channel.  Soils with higher sand content, in particular fine sands, are generally more erodible than other 
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soil types and provide a greater supply of sediment to the river.  As expected, based on the geologic 

setting (Section 2.1), the Upper Sheyenne River valley flows through glacial till, with variable soil 

conditions along its length (Natural Resources Conservation Service, 2018).  In general, soils adjacent to 

the upstream half of the river valley have a higher sand content that peaks in Eddy County near the center 

of the study area. This is where the river valley cuts through the terminal moraines that confine the Devils 

Lake basin (Large Figure 3).  Sand contents in the river valley walls and uplands decrease as the river 

approaches Lake Ashtabula.   

Although the valley walls and uplands show variable soil conditions in Large Figure 3, it should be noted 

that the valley bottom itself is much less variable due to the action of the river over thousands of years.  

An example surface geology map is shown for the Cooperstown area in Large Figure 4 (Bluemle, 2008).  

The entire valley bottom is classified as alluvium: “River and stream sediment.  Dark obscurely bedded clay 

and silt (mainly overbank sediment); generally overlying cross-bedded sand (channel sediment); on plains 

of modern streams” (Bluemle, 2008).  Therefore, the soils that form the banks of the Upper Sheyenne River 

are typically clay and silt, with some areas of sand due to relic river channels.  Cobbles and boulders are 

occasionally present within the river or on the river banks (especially where the river approaches the valley 

walls), but they are not common; nor is there an extensive supply of gravel within the river valley bottom. 

Based on these characteristics, the entire length of the Upper Sheyenne River valley can be characterized 

as an unconfined valley, with valley-bottom materials of alluvial origin, containing indicators of fluvial 

deposition, terraces, and a floodplain (valley type U-AL-FD (Rosgen, 2014)).  Such valleys are common in 

non-mountainous regions and often result in the formation of a stable meandering river with a well-

defined floodplain. 

2.2.2 Land use/land cover 

According to the available land use/land cover data from the 2011 National Land Cover Database (Homer, 

et al., 2015), the majority of the riparian corridor is agricultural land.  Hay and pasture fields dominate in 

the middle third of the river valley and cultivated crops dominate in the upstream and downstream 

sections (Large Figure 5).  There are some forested areas along the river banks throughout the valley, with 

the presence of forest and wetlands increasing in the downstream portions of the valley.  Land cover 

along the river banks has a significant effect on the ability of the banks to resist erosion, and specific land 

uses at the river’s edge, such as grazing, can cause dramatic increases in erosion. 

2.3 River reaches for detailed study 

Barr has defined 30 distinct reaches of the Upper Sheyenne River between the headwaters and Baldhill 

Dam (Large Figure 6).  Reach boundaries were defined based on the assessments of individual data sets 

described above in Section 2.2, and generally were determined at locations that include: 

 Reach breaks from previous studies (see Section 4.1). 

 Presence of major in-stream structures or impoundments (e.g., Harvey Dam, Ueland Dam, Lake 

Ashtabula). 
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 Confluence with significant tributaries (e.g., North Fork Sheyenne River, Peterson Coulee, Tolna 

Coulee). 

 Observed changes in riparian corridor land use or soils. 

 Observed changes in channel width or sinuosity (see Section 4.4). 

The study reaches shown in Large Figure 6 average 9.8 miles in length along the Upper Sheyenne River 

upstream of Lake Ashtabula.  Typical channel geometry for each of these reaches is discussed in Section 4, 

and erosion and sedimentation risk rankings are developed for each study reach in Section 5. 
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3 Historic River Flow Analysis 

Historic records of river flow can be used to characterize changes in the hydrologic regime over both time 

and distance within a watershed.  The analysis presented here uses continuous flow records collected by 

the USGS to evaluate the peak (flood) flows as well as the duration of low and moderate flows at several 

locations along the Upper Sheyenne River. 

3.1 Gages evaluated 

This study utilizes four active USGS gaging stations along the Upper Sheyenne River between Harvey and 

Lake Ashtabula that are summarized in Table 3-1 and shown in Large Figure 6.  An additional active gage 

upstream of Harvey (05054500, Sheyenne River above Harvey, North Dakota) is not included in this 

analysis because it is located upstream of the Harvey Dam and, therefore, does not necessarily represent 

the flow in the river downstream of the dam, which is the focus of the study. 

The two gages located in the downstream half of the study area (05056000 near Warwick and 05057000 

near Cooperstown) have continuous records for daily river flow that extend back to the 1940s, prior to the 

construction of Baldhill Dam and the formation of Lake Ashtabula.  The more upstream gages (05055300 

near Flora and 05055400 near Bremen) were installed in 2004–2005, prior to the beginning of the two 

Devils Lake discharges to the Sheyenne River by the North Dakota State Water Commission in 2006.  As 

shown in Large Figure 6, gage 05055300 is upstream of both discharge locations, gages 05055400 and 

05056000 are between the two discharge locations, and gage 05057000 is downstream of both discharge 

locations. 

Table 3-1 Upper Sheyenne River Gages Evaluated 

USGS Gage Gage Name 

Drainage 

Area 

(mi2) 

Contrib.  

Drainage 

Area (mi2) 

Period of 

Record 
Reference 

05055300 
Sheyenne River above Devils Lake 

State Outlet near Flora, ND 
1,661 591 2004–2018 

(U.S. Geological 

Survey, 2018) 

05055400 
Sheyenne River below Devils Lake 

State Outlet near Bremen, ND 
1,716 622 2005–2018 

(U.S. Geological 

Survey, 2018) 

05056000 Sheyenne River near Warwick, ND 2,070 760 1949–2018 
(U.S. Geological 

Survey, 2018) 

05057000 
Sheyenne River near 

Cooperstown, ND 
2,630(1) 1,270 1944–2018 

(U.S. Geological 

Survey, 2018) 

Note(s): 

(1) Excludes the Devils Lake basin area of 3,840 mi2 from the USGS-reported drainage area of 6,470 mi2.  The drainage area at 

the gage location calculated by StreamStats (https://streamstats.usgs.gov/ss/) is 2,810 mi2. 

3.2 Annual peak flow analysis 

The annual peak flow for each USGS gage location is the highest recorded instantaneous flow for a given 

water year (October–September).  This record is used to determine the probability of a specified flood 

https://streamstats.usgs.gov/ss/
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occurring in any year, which is often expressed in terms of the recurrence interval or return period 

(computed as 1/probability of exceedance).  For instance, the flow with 50% probability of occurrence has 

an estimated return period of two years; the flow with 10% probability of occurrence has an estimated 

return period of 10 years. 

The peak flow distributions are shown for the gages with the longest records (Warwick and Cooperstown) 

in Figure 3-1.  The length of the flow records at these locations result in a very detailed distribution of 

peak flows, especially at return periods of 1 to 10 years.  The distributions are similar in shape, which is 

expected for these gages that are relatively closely spaced along the river.  The similarity indicates that 

hydrologic conditions do not change significantly as the contributing watershed area increases by a factor 

of 1.7. 

 

Figure 3-1 Peak Flow Distribution for Gages 05057000 and 05056000 

The distributions in Figure 3-1 assume that all data points are drawn from the same population, 

statistically speaking, and that there is not a significant shift in the annual peak flow distribution over time.  

To evaluate this assumption, the time-series of peak flow data at the downstream Cooperstown gage is 

shown in Figure 3-2.  The data symbols show records before and after the initiation of discharge from 

Devils Lake into the Sheyenne River in 2006. 

From the data shown in Figure 3-2 there does not appear to be a significant change in the peak flow 

distribution over time, especially not on the upper end. The most recent floods of record (8,460 cfs in 

spring 2011, 6,280 in spring 2009) are consistent with floods observed in spring 1948 and 1950, although 

there was a long period from 1950–1996 with no floods observed above 5,050 cfs.  It is notable from 

Figure 3-2 that in recent years (approximately 1992–2017) there have been no years with very low peak 

flows (lowest value is 392 cfs in 2008).  This observation is likely unrelated to the discharge from Devils 
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Lake, which typically does not begin each year until the spring snowmelt flood (which typically represents 

the peak flow for the water year) has ended.  Due to the timing of the discharge from Devils Lake after 

snowmelt, the peak flow distribution does not appear to be affected by the discharge operations. 

 

Figure 3-2 Peak Flow Record for 05057000 (Sheyenne River near Cooperstown, ND) 

The peak flow distributions are shown for the gages with the shorter records (Flora and Bremen) along 

with the data for the coincident period of record at Warwick and Cooperstown in Figure 3-3.  The length 

of the flow records (13 years) results in a much more jagged distribution, which is heavily affected by 

years with significant floods (2009–2011 and 2013).  Therefore, the interpretation of the peak flow records 

at the upstream locations is less certain, especially for lower floods with return periods of 1 to 3 years.  It 

is interesting to note that the flood of 2010, with a return period of 3.5 years on Figure 3-3, has a peak 

flow that is nearly identical at all four gages; the peak flow appears to have originated upstream of Flora 

and passed down the river with little change. 
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Figure 3-3 Peak Flow Distributions for 2005 through 2017, All Gages 

During the field portion of this study, Barr visited each of these four gage locations to observe flow 

conditions and to estimate the bankfull stage based on field indicators in the vicinity of each gage.  

Further discussion of bankfull stage is provided in Section 4.3.  The estimated bankfull stage and the 

associated flow and channel dimensions for each gage are shown in Table 3-2.  These characteristics at 

the gage locations were used to guide the identification of bankfull channel dimensions at other locations 

from survey data in Section 4.3.1.  Note that the information in Table 3-2 is estimated based on field 

conditions and available USGS gage data; Barr did not perform cross-section surveys at the gage 

locations. 

Table 3-2 Estimated Bankfull Channel Characteristics at Gage Locations 

USGS Gage 

Bankfull 

 Stage (1) 

(ft) 

Bankfull 

Flow (2) 

(cfs) 

Return Period 

(yr) 

Cross-Sectional 

Area (3) 

(ft2) 

Bankfull Width 
(3) 

(ft) 

Bankfull Mean 

Depth (3) 

(ft) 

05055300 14.5 320 1.4 170 43 4.0 

05055400 21.6 460 1.6 (4) 380 59 6.4 

05056000 4.9 570 1.4 610 81 7.5 

05057000 12.6 1,050 1.6 610 82 7.5 

Note(s): 

(1) Determined based on field indicators of bankfull stage; value is with reference to the gage rating curve stage. 

(2) From gage rating curve at bankfull stage. 

(3) Average values from 3–5 recent field measurements near bankfull stage without ice or debris influences. 

(4) Estimated from peak flow analysis; limited peak flow data for flows near the estimated bankfull flow value. 
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For all of the USGS gage locations evaluated, the estimated bankfull stage corresponds to a flow with 

return period of 1.4 to 1.6 years.  This is consistent with typical river morphologic behavior; it has been 

observed in many rivers of varying size and channel shape around the world that the bankfull flow often 

has a return period of around 1.5 years (Leopold, 1994).  

Although larger flood events change the channel shape by eroding banks and causing shifts in the river’s 

course, it is typically the more-frequent but less-extreme flood events that do most of the work in shaping 

the channel geometry and building the floodplain.  In this regard, the “effective flow” is another measure 

of the channel-forming flow, which corresponds to the flow that transports the greatest quantity of 

sediment over long periods of time, and is often (but notably not always) similar to the bankfull flow 

(Doyle, et al., 2007).  In a previous geomorphic study of the Sheyenne River discussed in more detail in 

Section 4.1 (WEST Consultants, Inc., 2001), the effective flow estimated from sediment transport modeling 

of the Sheyenne River was typically slightly larger than the flow associated with the bankfull stage.  

An additional concept related to the long-term evolution of a river’s geometry is that of competent flows, 

or flows that are large enough to mobilize the largest of the commonly-available sediment particles.  For 

the fine-grained sand bed material of the Upper Sheyenne River (see Section 4.5), competent flows are 

much lower than the bankfull flow (on the order of 100-200 cfs based on the survey data presented in 

Section 4.3.1).  Changes to the duration of competent flows will affect the total sediment transport by the 

river, and may have an impact on the evolution and stability of the river cross section and pattern. 

At each gage location, Barr also evaluated the stage associated with significant spreading of the river flow 

across the valley bottom.  Because the Upper Sheyenne River is somewhat incised below a terrace in many 

locations, the elevation of widespread flooding is often 2 to 4 feet above the current bankfull stage (see 

definition in Section 4.3).  For the gages with the longest peak flow record (at Warwick and Cooperstown), 

the terrace elevation corresponds to flow with a return period of 4 to 6 years.  This finding indicates that 

although the Sheyenne River is moderately incised in many locations (i.e., bankfull stage is below the top 

of the river bank), the river is not overly entrenched and flood flows are able to spread across the 

floodplain to dissipate energy during large events.  Whether the observed incision is a remnant of the 

river’s geologic history or caused by more recent events is evaluated by comparing repeated cross section 

measurements in Section 4.2.2. 

3.3 Flow-duration analysis 

A flow-duration distribution shows the percent of time that a given flow is equaled or exceeded at a 

location on the river.  This analysis uses the complete record of average daily flows at each location, not 

just the annual peak flow.  The shape of the flow-duration curve reflects the degree to which the 

watershed stores precipitation in groundwater (for slow, sustained release to the river) and how rapidly 

the river responds to storm events (Leopold, 1994).  The flow-duration distribution for the downstream-

most USGS gage at Cooperstown is shown in Figure 3-4; the shape of the curve at Warwick is very similar, 

though with values reduced due to the smaller watershed area. 

The green line in Figure 3-4 represents conditions before the discharge from Devils Lake was initiated; the 

blue line represents more recent conditions.  Historically, flows in the Upper Sheyenne River at 
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Cooperstown were very low for extended periods of the year: flows exceeded 200 cfs only about 15% of 

the time.  These higher flows were concentrated in the spring following snowmelt and after storm events 

in the summer, but flows were typically low or very low during much of the late summer through winter.  

Due to the recent discharge from Devils Lake, the flow-duration curve for 2006 through the present has 

shifted to the right significantly.  In recent years, flows exceed 200 cfs 50% of the time.  Similar to what 

was observed for annual peak flows (Figure 3-2), the upper end of the flow-duration distribution does not 

appear to have shifted considerably in recent years.  Flows exceeded the estimated bankfull flow of 1,050 

cfs 2.5% of the time prior to 2006 and 6.2% of the time in recent years; similar exceedance statistics were 

estimated at Warwick for flow near the estimated bankfull flow of 570 cfs at that location. 

 

Figure 3-4 Flow-Duration Distributions for 05057000 (Sheyenne River near Cooperstown, ND) 

The impact of the discharge from Devils Lake on the flow-duration curve for the Upper Sheyenne River is 

shown in Figure 3-5 for the two gages with shorter periods of record (Flora and Bremen).  These gages are 

fairly close to one another on the river (the change in contributing watershed area between the two gages 

is only 31 mi2 or 5%), but the inflow from the west Devils Lake outlet enters the river between the gages.  

In recent years the discharge from Devils Lake at this location has been approximately 230 cfs, half of the 

estimated bankfull flow at the downstream Bremen gage. 
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Figure 3-5 Flow-Duration Distribution for Gages 05055400 and 05055300 

From Figure 3-5 it is clear that for these two gages with a nearly identical period of record, the discharge 

from Devils Lake has little influence on the peak flows but has shifted the bulk of the flow-duration curve 

significantly.  Upstream of the Devils Lake discharge, flows exceeded 200 cfs only about 10% of the time; 

downstream, flows exceeded 200 cfs nearly 50% of the time.  This shift corresponds to the typical 

discharge period of approximately 6 months per year. 

3.4 River flow analysis summary 

This evaluation of the available gage data along the Upper Sheyenne River has shown that annual peak 

flows are broadly consistent between recent years and the period of record, although the number of years 

with lower peak flows has decreased in the past few decades.  The peak flow distribution and estimated 

bankfull stage at all of the gage locations are consistent with typical river behavior, with the bankfull stage 

corresponding to a return period of approximately 1.5 years.  The broad floodplain of the valley floor is 

typically at an elevation somewhat above the bankfull stage, but is accessible by floods with return 

periods above about 5 years.  The flow-duration distribution at the downstream locations shows a distinct 

shift in recent years, with longer periods of moderate flows (200 cfs and above) and shorter periods of low 

flows as a result of the discharge from Devils Lake. 

Although both the magnitude and duration of flow in excess of the estimated bankfull flow does not 

appear to have changed considerably in recent years, the increase in the duration of moderate flows may 

have implications for channel stability.  The increased flow due to discharge from Devils Lake ranges from 

230 cfs (50% of the estimated bankfull flow at Bremen) to nearly 400 cfs (40% of the estimated bankfull 

flow at Cooperstown).  Much longer durations of total river flow at nearly half the bankfull flow may have 

resulted in a change in the effective flow even without changes in the peak flow distribution.  In other 

words, the river may now be performing the bulk of the sediment transport and work of shaping the 



 

 

 

 16  

 

channel at lower flows than previously.  This finding is consistent with the 2001 geomorphology study 

(WEST Consultants, Inc., 2001), which evaluated various scenarios for discharge from Devils Lake and 

found that the effective flow was predicted to decrease to below the field-estimated bankfull flow under 

all discharge scenarios.  Flows that now persist for half of each year (approximately 200 cfs and above) are 

likely competent to mobilize the fine-grained sediment that forms the bed and banks of the Upper 

Sheyenne River, which may lead to more total sediment being transported throughout the year and 

therefore increases the potential for erosion and channel enlargement.   
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4 Channel Geometry 

The Sheyenne River, like all natural channels, displays a variety of channel forms at different locations 

along its course as a result of local conditions along short reaches or even individual meander bends.  

Despite this localized variability, larger-scale relationships can be developed to describe the gradual 

changes along the river’s length and the differences between study reaches.  This section describes the 

data sources and methods that were used to develop typical metrics for the channel cross-sectional 

dimensions, river planform or pattern, and slope of each study reach.  The various terms used to describe 

river geometry are defined at the beginning of this report and shown in Figure A. 

4.1 Previous studies 

Some of the data for this analysis were collected during previous efforts that studied the hydraulics and 

geomorphology of the Upper Sheyenne River.  More than 250 individual cross sections of the Sheyenne 

River and its valley were used by the U.S. Army Corps of Engineers (USACE) to develop a hydraulic model 

of the Upper Sheyenne River from Baldhill Dam to Peterson Coulee in Benson County (U.S. Army Corps of 

Engineers, 2003).  The exact dates of survey are not known; but, in general, the survey was completed in 

the 1940s (WEST Consultants, Inc., 2001).  The cross-section data obtained from the model are shown in 

Large Figure 7, encompassing study reaches J through DD. 

Subsequently, a geomorphic study of the entire Sheyenne River was performed for the USACE to support 

the environmental review of alternatives for management of water in the Devils Lake basin (WEST 

Consultants, Inc., 2001).  The main goals of the study by WEST were to establish a geomorphology 

baseline condition of the Sheyenne River and to determine the potential effects of a Devils Lake outlet on 

the river geomorphology.  The WEST study included an assessment of the typical channel geometry along 

the entire Sheyenne River to the confluence with the Red River of the North in Fargo, as well as observed 

channel adjustments and predicted future channel adjustments for a range of climatic and discharge 

scenarios. 

Data and analysis from the WEST study that are pertinent to the current analysis include: 

 Detailed data collection at eight study sites along the Upper Sheyenne River from upstream of 

Lake Ashtabula to just upstream of Peterson Coulee in Benson County (Large Figure 7); each site 

included a survey of multiple cross sections.  Note that although the WEST study was published in 

2001, the majority of the field data was collected in 1998. 

 Comparison of detailed cross-section dimensions to those from the 1940s study at one cross 

section referred to by WEST as a “precision cross section” at each study site. 

 Estimates of bankfull flow and effective flow based on different methods. 
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4.2 Cross-section surveys 

4.2.1 Survey location selection and methods 

Barr performed cross-section surveys at multiple locations along the Upper Sheyenne River to characterize 

typical channel dimensions and compare against past surveys. 

Survey locations were selected following the initial review of background data (Barr Engineering Co., 2018) 

based on the following considerations: 

 Study locations from the 2001 geomorphology study were targeted for re-survey, with six of the 

eight locations on the Upper Sheyenne River selected for survey in 2018 to document changes in 

the channel shape over time. 

 Locations were distributed throughout the study area, above and below major tributaries, to 

characterize changes in the river characteristics along its length. 

 Based on feedback from the public during the public meetings and additional input from Joint 

Board members, locations were selected in reaches with reported high rates of channel migration 

or bank erosion. 

 Locations were selected to be near roads, driveways, or field access, while being sufficiently 

distant from bridges or in-channel structures, to avoid channel conditions that are non-

representative (i.e., affected by man-made structures). 

At each survey location, two cross sections were identified for survey.  In general, a riffle (straight 

segment) and pool (meander bend) were surveyed at each study location.  Where survey data from the 

2001 study were available, both cross sections were placed at the approximate positions of 2001 cross 

sections (WEST Consultants, Inc., 2001), one of which was WEST’s “precision cross section.”  In most other 

locations, one of the cross sections was placed at the approximate location of a cross section surveyed in 

the 1940s (U.S. Army Corps of Engineers, 2003).  At the three most upstream locations, which were 

beyond the extents of the 1940s data, cross sections were placed without reference to prior surveys.   

An overview of the locations selected for field data collection is shown in Large Figure 8.  Detailed maps 

for each of the locations are provided in Appendix A. 

Cross-section surveys were performed from July 28 to August 1, 2018, during a period of above-average 

flow in the Sheyenne River.  Each cross section was marked for future surveys with steel rebar installed 

flush with the ground surface with a plastic cap and survey stake.  Rebar locations were documented with 

centimeter-grade GPS, and the cross-section survey was performed with a laser level and survey tape.  At 

some locations, additional GPS points were collected beyond the rebar to characterize the valley walls or 

terraces.  At the downstream-most location (#15), only a single cross section could be surveyed due to the 

relatively deep channel and lack of a firm channel bank at the second selected cross section, which was 

surrounded by cattail wetlands. 
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4.2.2 Comparison to historic survey data 

Cross-section plots for all locations are provided in Appendix B.  All plots are shown looking downstream.  

Where previous survey information is available (from the 1940s and/or 2001 study), the previous channel 

cross section is also shown in the plot.  Horizontal stationing for the previous channel data was adjusted 

so that the plotted locations are comparable, though it should be noted that the 2018 survey locations do 

not precisely align with prior surveys and, therefore, some uncertainty exists regarding the comparison 

between surveys. 

Although some variation in channel bed elevation is observed between surveys (typically 1 to 2 feet of 

change between the 1940s and 2018), the cross-section data do not show any consistent pattern of 

channel downcutting (degradation) or sedimentation (aggradation) along the length of the Upper 

Sheyenne River.  The channel bed elevation appears to have remained approximately stable since the 

1940s.   

At many cross sections, the general shape of the channel and position of the channel banks is little 

changed from previous surveys.  Slight shifts in overbank elevations and slopes are often within the range 

of uncertainty regarding the exact survey locations, especially with respect to the 1940s data.  An example 

of this behavior is XS 14B, shown in Figure 4-1.  The left bank may have steepened somewhat between the 

2001 and 2018 surveys, but other changes between surveys are likely the result of data collection at 

slightly different locations along the river channel.  This cross section is interpreted as being stable for the 

period 2001–2018, although the thalweg elevation has increased approximately 3 feet since the 1940s. 

 

Figure 4-1 Example Stable Cross Section, XS 14B 

Several cross sections show marked channel adjustment or migration that appears to be consistent with 

changes in the channel position shown in aerial photos.  An example of this behavior is XS 07A, shown in 
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Figure 4-2.  At this location, which is near the apex of a meander bend, the right bank has steepened to 

nearly vertical and appears to have shifted more than 10 feet outward since the previous survey data was 

collected.  The channel at this location has deepened approximately 2 feet and narrowed.  A small bankfull 

flat and point bar have developed on the left bank, which is consistent with meander migration behavior, 

and the point bar slope appears to be steeper. 

 

Figure 4-2 Example Unstable Cross Section, XS 07A 

A summary of the cross sections surveyed in 2018, the corresponding historic cross sections, and the 

observed changes are presented in Large Table 1.  Comparisons of historical aerial photographs along the 

entire length of the Upper Sheyenne River are used in the erosion risk assessment in Section 5.4.  Survey 

locations with notable changes in geometry include: 

 XS 05A (Benson County): cross section widening, development of mid-channel bar 

 XS 07B (Eddy County): bend migration of approximately 10 feet 

 XS 08B (Eddy County): cross section widening, migration of approximately 5 feet 

 XS 09A (Nelson County): cross section narrowing and deepening 

 XS 11A (Nelson County): bend migration of approximately 15 feet 

 XS 13B (Steele County): cross section widening 

 XS 14A (Griggs County): bench development at toe of high bank due to slumping 

 XS 15A (Griggs County): cross section widening 
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4.3 Bankfull channel dimensions 

River channels are typically characterized with respect to the bankfull stage, which is the point where a 

river just begins to overflow onto a floodplain (Rosgen, 1996). This is “the flat area adjacent to the river 

channel, constructed by the present river in the present climate and frequently subject to overflow” 

(Leopold, 1994).  For many river systems the active floodplain experiences overflow every 1 to 2 years, and 

it is these relatively frequent but moderate floods that do much of the work of shaping the river channel 

and building the floodplain. 

It is important to note that this definition of the bankfull stage does not necessarily equal the top of the 

channel bank along an entire river reach.  A river can be more frequently connected to the floodplain in 

some areas, while in others the river may be somewhat incised and flows may be contained within the 

channel banks even at bankfull stage.  The process of channel incision, which is the abandonment of an 

active floodplain and channel downcutting, can complicate the identification of bankfull stage from field 

indicators. 

4.3.1 Channel geometry from cross section surveys 

Bankfull channel geometry has been estimated for each of the 15 survey locations included in this study, 

as shown in Large Table 2.  These estimates are based on field indicators of the bankfull stage (e.g., top of 

point bars, topographic grade breaks, changes in vegetation) in the vicinity of each of the survey 

locations, not necessarily immediately at each cross section surveyed.  The estimated bankfull flow at each 

survey location was computed using a constant Manning’s roughness of 0.035 and an energy grade slope 

estimated from the gage-reported flow at the time of survey.  For the USGS gage locations, the bankfull 

stage was estimated from field indicators at each gage location and the corresponding bankfull flow was 

determined from the gage rating curve; channel geometry was taken from the available measurement 

data at the estimated bankfull flow.   

In general, the 2018 survey data show the Upper Sheyenne River to have characteristics consistent with a 

weakly entrenched, slightly incised, meandering, riffle/pool channel: 

 The width/depth ratio describes the efficiency with which the river moves water and sediment, 

with lower values indicating a relatively narrow and deep channel that moves water and sediment 

efficiently.  The width/depth ratio at most survey locations is low-to-moderate (10.4 to 16.9), with 

the exception of locations 01 and 06, which were both characterized by slow water and cattail 

marshes.  Changes in width/depth ratio along a river can indicate changes in stream type, 

sediment supply, or channel stability; the observed values are within the typical range for low-

gradient meandering rivers. 

 The bank-height ratio indicates how incised the river is below its active floodplain; a bank-height 

ratio of 1.0 indicates that the bankfull stage is also the height of the lowest river bank.  Higher 

values show that the river is somewhat incised and cannot immediately access the floodplain at 

bankfull stage.  Bank-height ratio at the survey locations ranges from 1.0 (not incised) to 1.5 

(moderately incised, location 03), with more than half of the survey locations showing some 
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degree of incision.  This characteristic shows that in many locations, the Sheyenne River has 

established a bankfull elevation somewhat below the historic floodplain. 

 The entrenchment ratio is a measure of how readily the river can access the floodplain and spread 

water laterally during large flood events.  Despite the terraces observed at many survey locations, 

during floods the flow is able to spread across large portions of the river valley (high 

entrenchment ratio) at all locations except location 02. 

4.3.2 Channel geometry from previous studies 

The channel geometry data from the 2018 survey locations are limited to 15 locations along 303 miles of 

the Upper Sheyenne River.  To make use of a larger data set, the channel geometry for each of the more 

than 250 cross sections surveyed in the 1940s (U.S. Army Corps of Engineers, 2003) was developed for the 

key bankfull channel parameters of cross-sectional area, width, and mean depth.  Many of the cross 

sections from the 1940s show a distinct smaller river channel incised within the larger channel; the larger 

or smaller channel was selected for this analysis depending on which provided a more-consistent cross-

sectional area for estimates of the bankfull channel at neighboring locations. 

The estimated bankfull channel dimensions from the 1940s survey data were compared with the 2018 

survey data (Figure 4-3 through Figure 4-6).  Note that these figures cover the range of the 1940s data, 

from study reach J through DD, but do not extend to the headwaters of the Upper Sheyenne River.  Given 

the uncertainties in interpreting the data collected in the 1940s, the comparison between the two datasets 

is good and the 2018 data points fall within the range of the historic data. 

The estimated bankfull cross-sectional area of the Sheyenne River is remarkably consistent (within the 

scatter of individual cross sections) between 2018 survey locations 05 and 14 (Figure 4-3).  The increase in 

watershed area over this distance leads to doubling of the estimated bankfull flow (Large Table 2), which 

the river appears to accommodate through increased slope and decreased width/depth ratio (Figure 4-4).  

Channel width decreases slightly going downstream (Figure 4-5) while mean depth increases (Figure 4-6), 

leading to a cross section that is more efficient and can convey a larger flow at a similar cross-sectional 

area.   

Based on the available data, there may be a trend towards narrowing and reduction in cross-sectional 

area from the 1940s to 2018 from approximately river station 1030 to 985 (study reaches M-S, roughly the 

middle third of the study area).  Although the mean channel depth is consistent between surveys (Figure 

4-6), the bankfull width appears to be lower in the 2018 data (Figure 4-5), leading to a significant 

reduction in the width/depth ratio (Figure 4-4).  There does not appear to be a change in base elevation 

(incision) in these areas based on the survey data collected for this study (see locations 06 through 10 in 

Appendix B). 
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Figure 4-3 Estimated Bankfull Cross-Sectional Area from 1940s and 2018 Data 

 

Figure 4-4 Estimated Width/Depth Ratio from 1940s and 2018 Data 
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Figure 4-5 Estimated Bankfull Width from 1940s and 2018 Data 

 

Figure 4-6 Estimated Bankfull Mean Depth from 1940s and 2018 Data 

4.4 River pattern 

The pattern, or planform, of a river channel describes how a river appears when viewed from above.  The 

Upper Sheyenne River is a meandering channel that has varying characteristics along its length.  The key 

planform geometry parameters include sinuosity (the ratio of river length to valley length), belt width (the 
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lateral distance across the valley occupied by the river), and radius of curvature (the degree of curvature of 

individual meander bends).  These parameters are defined in more detail at the beginning of this report 

and in Figure A. 

The centerline of the entire Upper Sheyenne River channel was determined by digitizing the edge of the 

water from aerial imagery taken in 2017 (U.S. Department of Agriculture, 2017) and processing in ArcGIS 

to determine the midpoint between the two water edge lines.  The approximate valley centerline was 

determined visually.  The points defining these two lines were processed in Matlab to compute the radius 

of curvature and other planform geometry parameters at 25-foot increments along the entire river 

channel and filtered to return results only for distinct bends.  The resulting radius of curvature and belt 

width along the entire Upper Sheyenne River are shown in Figure 4-7 and Figure 4-8, respectively. 

 

Figure 4-7 Centerline Radius of Curvature based on 2017 Alignment 
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Figure 4-8 Centerline Belt Width based on 2017 Alignment 

The river pattern results show that while the characteristics of individual meander bends can vary 

significantly from bend to bend, the Sheyenne River as a whole has relatively consistent meandering 

behavior.  The radius of curvature of typical bends is smaller (often below 100 feet) in the upstream 

portions of the river, where the river channel is significantly narrower.  Downstream of the confluence with 

the North Branch of the Sheyenne River, at approximately river mile 53, the radius of curvature increases 

slightly and remains consistent for the remainder of the river’s length, with many bends having a 

centerline radius of 100 to 300 feet. 

Similar to the radius of curvature results, the belt width results show a distinct change downstream of the 

confluence with the North Branch of the Sheyenne River at river mile 53.  Upstream of the confluence, the 

belt width is often 100 to 200 feet.  Downstream of the confluence, the valley gradually widens until about 

river mile 100, near the West Outlet of Devils Lake.  The remainder of the valley is consistently wide, which 

allows for variable belt widths that average approximately 450 feet in the lower 200 miles. 

Most of the study reaches along the Upper Sheyenne River are highly meandering, with sinuosity values 

for individual reaches typically between 1.5 and 2.6.  The overall average sinuosity (including the reaches 

mentioned below) is 1.7, which reflects the highly meandering but not overly tortuous nature of the river 

pattern.  Several distinct segments of the river have lower sinuosity values, typically as a result of human 

influences on the river: reaches C-E (Harvey Dam and several channelized segments downstream); reaches 

K-M (channelized segments and several dam impoundments); reach Q (Warwick Dam impoundment); and 

reaches BB-DD (Lake Ashtabula and backwater reaches).  Except for the Harvey Dam and Lake Ashtabula 

reaches, which have negligible sinuosity, these other reaches with impoundments or straightened 

segments have sinuosity that averages 1.3.  Apart from these distinct segments, there does not appear to 

be a trend toward lower or higher sinuosity along the river. 
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4.5 Channel bed and bank materials 

Very little sediment data is available for the Upper Sheyenne River channel itself.  A single bed-sediment 

sample collected in 1992 is available at the USGS gage at Warwick (U.S. Geological Survey, 2018).  This 

sample has a median particle diameter (D50) of 0.27 mm (medium sand). 

Additional river bed and point bar samples are available in the 2001 geomorphology study (WEST 

Consultants, Inc., 2001) at many of the “precision cross-section” locations, with D50 for the majority of the 

locations ranging from 0.087 to 0.188 mm (very fine/fine sand).  At two locations, riffles were sampled 

with D50 of 2.2 to 3.7 mm (very fine gravel). 

Observations from Barr site visits in 2018 confirm that the channel bed is primarily loose, fine material 

(sand/silt), with occasional gravel or cobble riffles and point bars.  Isolated cobble and boulder riffles are 

present in the upstream-most reaches of the river.  The river banks are typically silt and clay except where 

the river flows against the valley walls.  According to the 2001 study, “the river can be characterized as a 

fine sand-bed channel with cohesive bank materials” (WEST Consultants, Inc., 2001). 

The limited available data support the classification of the Upper Sheyenne River as a sand or sand/silt 

channel. 

4.6 Morphologic classification 

Taken together, the parameters developed in the previous sections for the Upper Sheyenne River 

dimensions (Section 4.3), pattern (Section 4.4), and materials (Section 4.5) provide a description of the 

typical characteristics of the river for each of the study reaches defined in Large Figure 6.  In addition to 

these parameters, the average channel slope was estimated by using the LiDAR topographic data to 

determine the total change in elevation for each study reach. 

The channel data and morphologic classification for each study reach is shown in Large Table 3.  Due to 

the limited data on channel bed and bank sediment, all reaches are classified as sand/silt channel, 

although it is acknowledged that in some reaches boulders or cobbles were observed with some 

frequency.  Note that reaches where the river is impounded behind dams (Harvey Dam pond and Lake 

Ashtabula) are not given a stream classification. 

According to the Rosgen stream classification system (Rosgen, 1996), most reaches of the river are 

classified as C5/6c- channels.  The C5/6c- classification describes the channel shape (the C-type stream is 

a slightly entrenched, meandering, riffle/pool channel with a well-developed floodplain), materials (5/6 

indicates sand/silt), and slope (c- indicates very low slopes, less than 0.001 ft/ft).  This classification is 

generally consistent with that developed previously (WEST Consultants, Inc., 2001), except that the 2001 

study identified some locations as having differing classifications due to localized features that are not 

representative of an entire river reach.  The pattern of the Upper Sheyenne River is typical for C5/6c- 

channels (Rosgen, 1996) with relatively high sinuosity and moderate bend radius of curvature. 
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Additional references for this morphologic classification and how river channels of this type differ from 

other types are provided in Appendix D.  C-type channels typically have width/depth ratios that are 12 or 

greater, although in areas with cohesive banks the width/depth ratio can be as low as 10 (Rosgen, 1996). 

Two reaches on the downstream end of the study area are classified as E5/6 channels, which are 

functionally very similar to C-type channels with cohesive bank materials.  The primary distinction for 

these reaches is that the available cross-section data suggests that the majority of the river in this area has 

a width/depth ratio below 10 (Figure 4-4). 

The geometric data and morphologic classification developed in this section are used in Section 5 to 

guide the application of erosion and sedimentation risk rankings for each study reach. 
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5 Erosion and Sedimentation Risk Assessment 

The objective of this study was to identify potential erosion, sedimentation, and floodplain connectivity 

issues; identify changes that have occurred in the last two decades; and identify and prioritize reaches of 

the river for future restoration work.  Based on the data collection and analysis described in the preceding 

sections, this section presents an assessment of erosion and sedimentation risk using methods developed 

by Rosgen (2009) as a means to define the issues that exist along the Upper Sheyenne River.  This 

assessment is intended to provide a broad characterization of the stream characteristics and processes 

that are indicators of channel instability but also to screen out stable areas that have limited risk.  Reaches 

of the river identified as higher risk may be recommended for further evaluation and mitigation measures.  

5.1 RRISSC assessment process overview 

The purpose of any risk assessment is to evaluate what can go wrong, the likelihood of the events, and 

the potential consequences (Rausand, 2011).  The risk assessment methods used for this study were 

developed by Dave Rosgen as part of his Watershed Assessment of River Stability and Sediment Supply and 

are referred to as RRISSC: the Rapid Resource Inventory for Sediment and Stability Consequences 

(Rosgen, 2009). 

The RRISSC methods were developed to evaluate a wide range of processes that may result in increased 

chances of significant erosion or sedimentation within a river or significantly increased sediment delivery 

to a river, beyond the typical conditions for the river and its watershed.  The full RRISSC assessment 

includes the watershed, hillslope processes, and conditions within the river channel.  For each process, 

qualitative descriptions of existing conditions or quantitative metrics were used along with empirically 

derived ratings to assign a risk ranking to each subwatershed or river reach.  The methods are intended to 

screen out low-risk areas and to provide guidance on the specific river reaches and processes that warrant 

more detailed study prior to design of any mitigation measures. 

Because the scope of this study is limited to the Upper Sheyenne River and its immediate riparian 

corridor, this analysis focuses on the river channel processes that lead to stream instability.  The 

watershed-focused portions of RRISSC, which evaluate sediment delivery to the river from overland areas, 

were not evaluated as part of this study.  The available evidence for the Upper Sheyenne River suggests 

that bedload and suspended sediment transport in the river is generally low (see Section 4.5), and 

sediment input to the river from areas outside of the channel is not a significant concern with respect to 

channel stability. 

The data required to develop the RRISSC assessment is summarized in Sections 2 through 4.  Additional 

field data was collected as described in Section 5.2 to develop a comprehensive characterization of the 

Upper Sheyenne River channel at multiple locations along its 303-mile length. 

5.2 Field data collection methods 

Channel stability field data were collected by Barr at the same 15 locations identified for cross-section 

surveys in Section 4.2.1 (Large Figure 8).  Due to the moderately high water levels at the time of survey in 
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July 2018, a second field mobilization was made from November 5–8, 2018, to perform the channel 

stability assessments.  This time period coincided with the cessation of discharge from the Devils Lake 

outlets on October 31, 2018, resulting in low-flow conditions and highly visible river banks along the 

entire Upper Sheyenne River.   

At each location, Barr staff walked the entire river reach between upstream and downstream cross-section 

locations to observe the condition of the river banks during low flow.  Channel assessments included a 

modified Pfankuch channel stability rating (Rosgen, 1996), which summarizes the stability of the upper 

and lower channel banks and channel bottom along the entire reach to develop an overall channel 

stability rating.  Areas with “good” or “fair” stability are interpreted as having less risk of erosion and 

deposition problems than those with “poor” stability.  Pfankuch data sheets are provided for each study 

location in Appendix C and summarized in Table 5-1. 

Table 5-1 Channel Stability Field Data Summary 

Study Location 
Corresponding 

River Reach 

Pfankuch Stability 

Ranking (1) 

Typical BEHI 

Ranking (2) 

Typical NBS 

Ranking (2) 

01 A Good Very low Very low 

02 E Good Low Moderate 

03 H Fair High Low 

04 I Fair High Moderate 

05 J Fair High Moderate 

06 L Good Moderate Low 

07 N Poor High Low 

08 O Poor Very high Moderate 

09 S Good High Low 

10 T Poor High Low 

11 V Poor Very high Moderate 

12 X Good Moderate Low 

13 Y Poor Very high Low 

14 Z Poor High Low 

15 CC Good Very low (3) Very low (3) 

Notes: 

(1) Pfankuch stability rankings of “good” or “fair” indicate lower potential for erosion and excessive sediment supply 

from the river bed and banks, while a ranking of “poor” indicates ongoing instability and higher sediment supply 

to the river. 

(2) Higher BEHI rankings indicate more-unstable banks potentially susceptible to erosion. Higher NBS rankings 

indicate larger driving forces from fluvial processes that drive erosion. 

(3) BEHI and NBS data sheets were not completed for location 15 due to the high water from Lake Ashtabula; but, 

erosion hazard and near-bank stress is inferred to be very low based on the stable bank vegetation. 
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Barr also performed the Bank Erosion Hazard Index (BEHI) and Near-Bank Stress (NBS) assessments 

(Rosgen, 2009) at all eroding banks at each location.  These methods evaluate the bank stability (BEHI) 

and river flow distribution (NBS) specific to each bank segment to develop rankings that, together, 

describe the potential for bank erosion and excessive sediment delivery to the river channel.  BEHI and 

NBS rankings for each bank evaluated are shown in the field survey location maps in Appendix A, and 

detailed data sheets for each bank are provided in Appendix C.  Typical BEHI and NBS rankings for each 

study location are shown in Table 5-1. 

Note that the BEHI and NBS rankings are independent of one another, and it is very common for locations 

on the Upper Sheyenne River to have a “high” BEHI ranking with a “low” NBS ranking.  The BEHI ranking is 

affected by the height of the river bank; the rooting depth and density of riparian vegetation; surface 

protection by roots, vegetation, or rocks; the shape of the banks; and bank materials.  Generally tall, steep 

banks with low root density are ranked “high” or “very high” because of their high risk for future erosion.  

The NBS ranking is affected by the processes that cause stress on the channel banks, often the channel 

radius of curvature or the depth of the channel near the bank.  In many areas along the Upper Sheyenne 

River the radius of curvature is large enough to lead to a “low” NBS ranking, meaning that the stress on 

the outer bank during high flows is likely mild.  The combination of a “high” BEHI ranking and “low” NBS 

ranking can be interpreted to mean that the bank is highly susceptible to erosion but that the rate of bank 

movement is likely lower than in similar areas with tighter meander bends or local flow conditions causing 

increased near-bank stress.  An example of such a location from study area 11 is shown in Figure 5-1. 

 

Figure 5-1 Example River Bank with High BEHI, Low NBS Rankings (Location 11) 
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In summary, the field data for channel stability and bank erosion show that the study locations can be 

grouped as follows: 

 Upstream of the confluence with the North Fork of the Sheyenne River: Locations 01 (Sheridan 

County) and 02 (Wells County) have overall good channel stability, with low hazard for bank 

erosion and low to moderate near-bank stress.  These sites typically have relatively low channel 

banks and good bank vegetation of perennial grasses and forbs. 

 Upstream portion of Benson County: Locations 03 through 05 have fair channel stability, with 

well-vegetated areas interspersed with more tall and bare banks, especially where grazing 

pressures are evident.  BEHI ratings are often high at the tall banks, which typically show low 

rooting depths and have no woody vegetation; near-bank stress is often moderate. 

 Eddy County through Cooperstown: Locations 06 through 14 (Eddy, Nelson, Griggs, and Steele 

Counties) have many examples of poor channel stability, although a few locations with vigorous 

riparian vegetation had good overall stability (locations 06, 09, and 12).  Locations 06 through 14 

have moderate to very high BEHI ratings, primarily due to moderate channel incision that leads to 

higher channel banks coupled with low rooting depths from typical riparian vegetation.  Near-

bank stress at these locations remains low to moderate as a result of the large sweeping river 

bends.  At some study locations (location 07 in Eddy County, location 13 at the Griggs/Steele 

County boundary) the poor stability and migration of key study banks is approaching local 

infrastructure (roads and bridges). 

 Lake Ashtabula backwater: Location 15 (southern Griggs County) is affected by backwater from 

Lake Ashtabula, which increases depth and reduces flow velocity.  This location is stable, with low 

bank erosion hazard and near-bank stress. 

5.3 Risk ratings for individual processes 

The following sections describe the risk ratings developed for each of the 30 study reaches of the Upper 

Sheyenne River using the RRISSC methods.  Many of these ratings rely on empirical relationships that 

compare observed river characteristics to erosion or sedimentation risk.  The methods and relationships 

used to develop the risk ratings are provided in Appendix D. 

5.3.1 Streamflow change 

In the RRISSC framework, reservoir releases are assumed to impact the bankfull flow, while land cover 

changes on the watershed are assumed to impact both bankfull and lower, more typical flows.  Land cover 

change in rural watersheds is expressed as a percent of the watershed with disturbed or altered 

vegetation; low values are indicative of a stable flow regime while elevated values indicate potential 

changes to stream flow that may impact channel stability.  Evaluating the entire watershed is outside of 

the scope of this assessment; the land use and vegetation cover adjacent to the river appear to be little 

changed from historic land-use patterns.  Nevertheless, the historic flow analysis presented in Section 3 

shows that the annual flow-duration curve for portions of the Upper Sheyenne River has shifted 

significantly in recent years.   
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In order to account for the potential impact of the change in the flow-duration curve in recent years, Barr 

modified the RRISSC methods for this risk ranking.  The ratio between the 50% exceedance or median 

flow (exceeded approximately 6 months per year) and the bankfull flow was used as an indicator of the 

change in river flows.  In the historic record (see Section 3.3), this ratio is very low for the Sheyenne River, 

with the median flow typically 3-6% of bankfull flow.  This value is similar to the level of vegetation 

disturbance assumed to cause low risk for stream instability in the RRISSC framework (see Figure 4-14 in 

Appendix D).  Locations with a higher median flow/bankfull flow ratio corresponded well to those portions 

of the Upper Sheyenne River with a greater tendency for poor stability (Table 5-1).  Based on this 

empirical evidence the ratio of median to bankfull flow was used in place of the percent change in 

watershed vegetative cover in the RRISSC watershed-based ratings.  Furthermore, following the RRISSC 

guidance, ratings for river reaches with “poor” Pfankuch stability (Table 5-1) were increased one risk 

category to reflect the increased risk of erosion on already-unstable river reaches. 

The resulting risk rating for streamflow change is shown in Figure 5-2. Reaches J-O, which have median 

flows ranging from 17% to 33% of the bankfull flow, are rated high, as are a number of reaches between T 

and Z.   

 

Figure 5-2 Streamflow Change Risk Rating 

5.3.2 Streambank erosion 

Streambank erosion is clearly a process causing concern within the Upper Sheyenne River, as expressed 

during the public meetings conducted for this assessment and documented in the field data on channel 
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stability (Table 5-1).  The RRISSC framework evaluates streambank erosion risk based on three factors: 

vegetation composition, bank-height ratio, and radius of curvature. 

 Vegetation composition: Along much of the Upper Sheyenne River, the immediate riparian 

vegetation consists of perennial grasses, with only a few study reaches having significant tree 

cover along the river banks.  Due to the lower rooting depth of grasses, these areas are more 

susceptible to bank erosion than consistently wooded reaches. 

 Bank-height ratio: As discussed in Section 4.3.1 bank-height ratio is a measure of how incised the 

river is below its active floodplain; a bank-height ratio of 1.0 indicates that the bankfull stage is 

also the height of the lowest river bank.  Higher values show that the river is somewhat incised 

and cannot immediately access the floodplain at bankfull stage.  There are several portions of the 

Upper Sheyenne River with elevated bank-height ratio, notably reaches G-N and T-BB, with bank-

height ratios between 1.1 and 1.5.  While these values are not extreme, they indicate an increased 

risk of bank erosion during moderate floods (2- to 5-year return period) due to the floodwaters 

being confined below the upper banks. 

 Radius of curvature: Very tight meander bends with low radius of curvature tend to increase the 

shear stress on the outer bank and increase the risk of bank erosion.  Using the median bend 

radius of curvature for each study reach (Section 4.4), the ratio between the radius and the 

bankfull width is used as an indicator of bend-induced erosion risk.  Within the study area, this 

ratio ranges from 1.7 to 5.3 (average value 3.0); meander bends with a radius less than 2.5 times 

the bankfull width are considered to have higher erosion risk.  Most of the study reaches do not 

have typical meander bends that are overly tight, although at a smaller scale individual bends may 

have a higher erosion risk. The reaches with elevated risk are scattered along the river with several 

concentrated in the vicinity of reaches P-W. 

The overall risk rating for streambank erosion based on the combined effect of these factors is shown in 

Figure 5-3; despite the documented streambank erosion concerns, none of the study reaches were ranked 

higher than moderate.  This unexpected result is due to the bank-height ratio and radius of curvature 

values typically indicating elevated but not extreme risk of erosion.   Although this risk assessment is valid 

at the reach scale, the risk of significant or undesired bank erosion is possible at specific locations that 

should be evaluated individually. 
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Figure 5-3 Streambank Erosion Risk Ratings 

5.3.3 Direct channel impacts 

Direct channel impacts include a number of activities (both human-caused and natural) that affect the 

river channel and can lead to channel instability.  The RRISSC framework focuses on three factors: 

vegetation change, direct disturbance, and debris blockage. 

 Riparian vegetation change: Significant changes to the riparian vegetation community, such as 

conversion of woodland to grasses, reduce the root density and ability of the river banks to resist 

erosive forces.  Much of the Upper Sheyenne River has consistent vegetation within each reach, 

with only moderate changes of less than 15% of any reach length.  Reaches X-Z, however, have 

significant areas with cleared woody vegetation (over 20% of the reach length). 

 Direct disturbance: Direct disturbance to river channel banks can include engineering works such 

as channel straightening and levees.  By far the largest impact along the Upper Sheyenne River, 

however, is direct disturbance of channel banks due to agricultural grazing and hoof shear.  

Reaches K and M have over 25% of the reach length affected by grazing and other disturbance, 

including significant historic channelization (straightening) in reach M, while most other reaches 

have less than 10% direct disturbance. 

 Debris blockage: Woody debris blockage can impede sediment transport and direct flow vectors 

against river banks.  While there are portions of the Upper Sheyenne River with significant 
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amounts of woody debris due to fallen trees within the river, there are few if any complete 

blockages of the river channel.  All of the study reaches have a very low risk of instability due to 

debris blockage. 

The overall risk rating for direct channel impacts is based on the most significant of these factors for each 

reach and is shown in Figure 5-4.  The reaches mentioned above are rated high or very high for the 

factors discussed, additional reaches have moderate ratings based on riparian vegetation change. 

 

Figure 5-4 Direct Channel Impacts Risk Ratings 

5.3.4 Channel enlargement 

Channel enlargement refers to a river that becomes deeper and/or wider at an accelerated rate due to 

changes in flow, streambank erosion, and direct disturbance.  The risk rating for channel enlargement is a 

combination of the risk ratings previously discussed in Sections 5.3.1-5.3.3, and is shown in Figure 5-5 for 

all study reaches.  Most reaches are rated low or moderate for channel enlargement risk, with the 

exception of reaches K, Y, and Z, rated high based on the combined influence of streamflow changes and 

direct channel impacts. 
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Figure 5-5 Channel Enlargement Risk Ratings 

5.3.5 Aggradation/excess sediment 

Excess sediment deposition, or aggradation, can cause an increase in width/depth ratio or decrease in 

slope that, in turn, can cause a reduction in sediment transport capacity, leading to further aggradation.  

The risk rating is based on the previously discussed ratings for channel enlargement and streambank 

erosion, as well as the degree to which the width/depth ratio of a given reach is larger than a reference 

stable condition.  For this assessment, the reference width/depth ratio was assumed to be 12, which is on 

the lower end for C5/6 channels, resulting in a conservative risk assessment (higher risk ratings for 

locations with moderately high width/depth ratios). 

The risk rating for aggradation is shown in Figure 5-6.  Reaches with moderate risk ratings primarily have 

elevated width/depth ratios and are mostly clustered near the more sandy portions of Eddy County where 

the river valley cuts through the terminal moraines that confine the Devils Lake basin (Large Figure 3).  

Portions of these reaches are also affected impoundments behind low-head dams.  While several reaches 

in this vicinity show mid-channel bars that indicate moderately elevated sediment supply, none of the 

reaches have numerous or lengthy mid-channel or side bars that would indicate excessive sediment 

deposition beyond what can be expected for riverine systems of this type. 
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Figure 5-6 Aggradation/Excess Sediment Risk Ratings 

5.3.6 Channel evolution potential 

Channel evolution refers to the long-term changes in stream type that may be brought on by changes in 

climate, geology, or human influences.  Although there are documented stream-stability concerns along 

the Upper Sheyenne River, the survey data collected between the 1940s and 2018 do not show a trend 

towards changes in channel shape apart from apparent narrowing of the cross section in some locations 

(Section 4.3.2).  Narrowing from a higher width/depth ratio (20-30) towards 12 could represent channel 

evolution from C to E stream type, which according to the RRISSC framework (Rosgen, 2009) would tend 

to improve rather than decrease stability.  Therefore, the observed behavior results in a low risk ranking 

for channel evolution for all study reaches. 

5.3.7 Degradation 

Degradation or incision occurs when the base level of a river channel decreases, leading to a river that is 

disconnected from its floodplain and at greater risk for bank erosion.  As discussed in Section 4.3.1, there 

is evidence of moderate incision along some reaches of the Upper Sheyenne River; the risk rating for 

degradation is intended to evaluate the risk of further incision.  The risk rating is based on the previously 

discussed ratings for streamflow change, direct channel impacts, and channel evolution. 

In addition, this risk rating considers the impact of road crossings (culverts or bridges) on river base level.  

Contraction scour, which occurs on the downstream side of undersized culvert or bridge openings as the 

accelerated flow expands, can lead to degradation that extends far away from the individual culvert. 
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Along most of the Upper Sheyenne River, road crossings are bridges that span the entire channel and do 

not overly restrict flow, resulting in very low or low risk ratings.  Several reaches include low-head dams, 

which function similar to an undersized road crossing in terms of accelerating downstream flows (and also 

trap sediment leading to “sediment-starved” flow downstream), but these reaches rate only moderate 

degradation risk.  However, the upstream-most reaches of the river (reaches A-F, excluding reach C) 

contain many small culverts that show evidence of at least local scour on the downstream side.  These 

reaches are rated moderate to high as shown in Figure 5-7. 

The other reaches rated high or very high for degradation are due to the streamflow change (Section 

5.3.1) or direct channel impacts ratings (Section 5.3.3) previously discussed.  Although changes in 

streamflow and direct channel impacts can lead to degradation, the survey data collected for this study do 

not show any consistent pattern of channel downcutting (degradation) along the length of the Upper 

Sheyenne River (Section 4.2.2). 

 

Figure 5-7 Degradation Risk Ratings 

5.4 Observed channel migration assessment 

In addition to the process-based risk rankings specified by the RRISSC framework, Barr performed an 

assessment of observed channel migration along the entire Upper Sheyenne River.  This assessment is 

based on a comparison of the river channel location in aerial photography taken between 1995 and 1998 

(U.S. Geological Survey, 1998) and the river banks digitized from the 2017 photography (Section 4.4).  The 

objective of this exercise is not to provide a comprehensive mapping or delineation of all areas of channel 
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migration along the river, but to develop comparisons between reaches (similar to the process-based risk 

rankings) that can guide further evaluation. 

Channel migration points were defined as changes in the river bank alignment between the 1995–1998 

photo and 2017 bank lines visible at a constant scale (1:5,000).  Although delineation of the river bank 

lines from aerial photos is sensitive to the particular water levels in each photo, water levels were low 

enough in most reaches of the river to reduce the error associated with water level changes.  Additional 

evidence of channel migration, such as a reduction in tree cover associated with an eroding bank, was 

used to supplement the bank line information. 

The observed channel migration data is shown in Figure 5-8.  In order to compare river reaches of varying 

length and channel size, the number of channel migration points along each reach is normalized by the 

river length and bankfull width (from Large Table 3) to calculate the average channel widths per migration 

point: 

𝑊𝑖𝑑𝑡ℎ𝑠 𝑝𝑒𝑟 𝑚𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡 =
𝑅𝑖𝑣𝑒𝑟 𝑟𝑒𝑎𝑐ℎ 𝑙𝑒𝑛𝑔𝑡ℎ (𝑓𝑡)

𝑇𝑦𝑝𝑖𝑐𝑎𝑙 𝑏𝑎𝑛𝑘𝑓𝑢𝑙𝑙 𝑤𝑖𝑑𝑡ℎ (𝑓𝑡) × 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡𝑠
 

In many meandering river channels, the meander length (river channel distance between the apex of two 

sequential meanders) is between 10 and 14 times the bankfull width (Leopold, 1994).  Therefore, 

individual meander bends occur about every 5 to 7 times the bankfull width.  Channel migration points 

spaced as close as 5 to 7 channel widths along the length of the river would indicate that every meander 

bend along a river reach was observed to shift appreciably.  While channel migration at each bend is a 

natural process that occurs in stable alluvial rivers (Leopold, 1994), it is not expected to be observable at 

this scale at every meander bend. 

Note that this analysis does not measure the magnitude of migration at individual locations (feet per year 

of bank movement), but counts the number of locations with observable migration.  At the scale used for 

this analysis, migration of at least 10 feet over the approximately 20-year period (roughly 0.5 feet per 

year) was required for the migration to be observable.  Whether or not the observed migration over the 

last 20 years is accelerated relative to the historic baseline has not been determined for this study.  As 

reference, detailed analysis of long-term channel migration using radiocarbon dating has found migration 

rates of 0.1 to 0.2 feet per year in the Red River Valley (Brooks, 2003), where channel migration is known 

to be relatively low. 
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Figure 5-8 Observed Channel Migration Ratings 

As presented in Figure 5-8, there are significant portions of the Upper Sheyenne River that show very 

frequent signs of channel migration.  The red-colored regions in Figure 5-8, with observed migration 

points averaging less than 15 channel widths apart, correspond to observed bank movement occurring on 

one out of every two to three meander bends.  Although the degree of bank migration varies widely, such 

prevalent instability is akin to a very high risk rating.  Additional high-ranking reaches have observed 

migration points averaging 15 to 20 channel widths apart, or one out of every three to four meander 

bends. 

The location of river reaches with significant observed channel migration is consistent with input received 

during the public meetings.  The observed channel migration is also consistent with the other aspects of 

the RRISSC ratings developed in Section 5.3, especially the ratings for streamflow change and 

degradation.  This result suggests that, for many locations, the observed channel migration and instability 

is likely driven by streamflow changes and direct channel impacts rather than inherent instability in the 

Upper Sheyenne River geometry, soils, or vegetation.  The public feedback also suggests that the 

observed rates of meander migration at many locations (feet per year) are elevated above their historic 

norms. 

Some of the reaches that do not have the highest rankings for channel migration nonetheless have 

reported river bank erosion and migration at specific locations that has raised questions about the 

potential impact on local infrastructure.  An example of this behavior is reaches Y and Z along the border 
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of Griggs and Steele counties.  Although the total number of observed migration points along these 

reaches is not as extreme as for reaches R-V, several of the migration points in reaches Y and Z threaten 

roads or bridges.  These types of site-specific concerns should be carried forward for detailed evaluation 

when they are identified by local stakeholders, even if the issues do not apply to the entire river reach. 

5.5 Overall erosion and sedimentation risk summary 

The risk ratings for all study reaches are summarized in Large Table 4.  Those reaches with ratings of high 

or very high in the RRISSC framework or the observed channel migration assessment are recommended 

for detailed evaluation with respect to the following specific processes, and are shown in Figure 5-9: 

 Road crossings:  Road crossings should be evaluated to determine whether design changes are 

required to reduce flow velocity exiting the road crossing and minimize the potential for 

degradation.  Reaches with potential instability due to road crossings are in the upstream portion 

of the study area, where road crossings are primarily culverts (reaches B, E, F). 

 Direct disturbance—grazing:  Grazing practices should be evaluated in more detail and 

management plans should be developed to reduce the disturbance from hoof shear and 

vegetation change due to grazing on the immediate river banks.  The reaches most affected by 

grazing practices are in the center of the study area (reaches K and M). 

 Vegetation change:  The riparian vegetation should be evaluated and management plans should 

be developed with a goal of increasing the density of woody vegetation and deep-rooted species 

to provide additional resistance to bank erosion.  Reaches with potential instability due to 

vegetation changes are in the downstream portion of the study area, where the riparian corridor 

is typically more wooded than in upstream reaches (reaches X-Z). 

 Streamflow change:  Reaches affected by streamflow change are clustered in the downstream 

two-thirds of the study area, and many are affected by other processes.  These reaches should be 

evaluated in more detail to determine where targeted measures such as bank protection or 

vegetation changes can provide additional resistance to channel migration, especially where 

infrastructure is at risk. 

 Observed channel migration:  Detailed study of channel characteristics and bank stability should 

be performed to determine the cause of the high number of migration points and design 

mitigation measures specific to high-impact locations.  Reaches with the highest observed 

frequency of migration points are in two distinct areas in the center of the study area (reaches J-L 

and N, reaches R-W). 

Based on this risk assessment, more than half of the study reaches are recommended for further study.  

Fifteen out of 30 reaches have potential instability that is more widespread than what occurs simply at 

road crossings; these represent 148 river miles of the Upper Sheyenne River.  Depending on the issues 

identified by local stakeholders, additional areas (reaches or individual locations) may also warrant further 

study in order to address the stability of local infrastructure or moderate rankings that indicate the 

potential for corrective action. 
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Figure 5-9 Reaches Recommended for Detailed Evaluation 
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6 Summary and Recommendations 

The intent of this assessment of the Upper Sheyenne River riparian corridor was to identify potential 

erosion, sedimentation, and floodplain connectivity issues; identify changes that have occurred in the last 

two decades; and identify and prioritize reaches of the river for future restoration work.  The information 

presented here has been developed from a review of background data, input from the Joint Board and 

the public, field survey data and channel stability assessments, and application of an erosion and 

sedimentation risk assessment methodology. 

Key findings of this assessment include the following: 

 The distribution of peak flows in the river is consistent between recent years and historic data 

stretching back to the 1940s. 

 In recent years there has been a significant increase in the duration of moderate flow in the 

downstream two-thirds of the study area (i.e., flows that previously lasted a month or two now 

extend for approximately 50 percent of the year). 

 At some of the 15 locations surveyed, comparison to previous surveys documented bank shifts of 

10 feet or more since the previous study in 2001; there was no significant trend towards increase 

or decrease in river bed elevation. 

 Many of the survey locations in the downstream two-thirds of the study area had poor stability 

rankings, indicating ongoing channel instability and high potential for bank erosion.  Bank erosion 

hazard rankings were typically high or very high in these areas as a result of tall, steep banks with 

low rooting depths and low vegetative protection. 

 The risk assessment examined the potential for future erosion and sedimentation due to a 

number of different processes causing channel instability.  The most-important processes driving 

erosion and sedimentation risk along the Upper Sheyenne River include the effects of road 

crossings, direct disturbance (grazing), vegetation changes, and streamflow changes.  The effects 

of these processes are shown in the frequency of observed channel migration along the river. 

 More than half of the study reaches are recommended for further study, and 15 out of 30 reaches 

have potential instability that is more widespread than what occurs simply at road crossings; these 

represent 148 river miles of the Upper Sheyenne River.   

Further analysis will be needed to identify appropriate measures for addressing observed channel 

instability at specific locations or along key reaches.  Specific locations for initial emphasis will likely be 

those where bank erosion or bend migration threatens existing public or private infrastructure.  Additional 

survey data should be collected at these locations to characterize the particular issues affecting channel 

stability and design appropriate stabilization measures.  Key river reaches may also be selected where 

broad land use changes (such as vegetation or grazing practice changes) are indicated rather than 

engineered stabilization measures.  At both the reach-scale and at specific locations, input from 
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landowners and local stakeholders should be used to identify priorities for stabilization and restoration 

and to guide restoration activities.  Once stabilization or land use changes are implemented at initially-

selected sites, designs can be replicated at similar locations along the Upper Sheyenne River. 

The risk assessment results provide a basis for selecting channel stabilization measures that address the 

key processes that have been found to cause a risk of erosion and sedimentation along the Upper 

Sheyenne River.  Potential applicable measures to improve channel stability include changes to riparian 

vegetation, changes to grazing practices, replacement of road crossing culverts, and targeted bank 

stabilization measures.  Multiple stabilization techniques may be appropriate at individual locations based 

on the site conditions, adjacent land use, and proximity to public or private infrastructure.  Depending on 

site conditions, both hard armoring and bioengineering stabilization techniques may be appropriate. 

Examples of conceptual stabilization measures for two of the study locations are provided in Appendix E. 
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