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Subject: Example Assessment and Stabilization Concepts for Unstable Study Locations 

Date: January 25, 2019 

Project: 34321001 

This memorandum provides brief examples of the conditions at two of the survey locations included in 

the Upper Sheyenne River Corridor Erosion and Sedimentation Assessment (Barr Engineering Co., 2019), to 

which this memorandum is an appendix.  These example locations are indicative of behavior observed at 

other locations in unstable reaches of the Upper Sheyenne River.  The locations presented here were both 

surveyed for the 2001 geomorphology study (WEST Consultants, Inc., 2001) and show varying degrees of 

channel migration.  Detailed information for the referenced locations is provided in the appendices of the 

main report: maps (Appendix A), cross section plots and photos (Appendix B), and field data sheets for 

channel stability assessments (Appendix C). 

This memorandum includes embedded figures as well as Large Figures that are provided at the end of the 

document. 

1.0 Field survey location 07 – Eddy County 

1.1 Location Summary 

Location 07 is within reach N in Eddy County, just upstream of the County Road 1 (29th St. NE) Bridge 

crossing of the Sheyenne River.  The reach includes a long meander bend with a large radius of curvature 

as well as a straight section near a farmstead.  A comparison of 1997 and 2017 aerial photos at this 

location (Large Figure E-1) shows that the bend has migrated at least 10 feet to the south in the last 20 

years.  The existing ground cover on the south bank of the river is a hay field; based on aerial photos from 

the mid-1990s it appears that a narrow bank of trees along the river bank has been eliminated by the 

meandering river.  The survey data collected for the 2001 study is shown along with the survey data 

collected near the apex of the bend (XS 07A) in Figure 1-1. 

Like many other locations along the Upper Sheyenne River, the large bend at this location has a Bank 

Erosion Hazard Index (BEHI) rating of high and a Near-Bank Stress (NBS) rating of very low.  The BEHI 

rating is driven by the high, nearly vertical bank that is more than five feet above the bankfull stage on the 

opposite point bar and has low rooting depth or vegetative surface protection, as seen in the example 

photo (Figure 1-2).  The NBS rating is based on the large radius of curvature, which indicates that erosive 

forces are not extremely concentrated against this bank. 
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Figure 1-1 Cross Section XS 07A Showing Outward Bank Migration 

Figure 1-2 Bank Erosion at Location 07 (ID 7-1), Looking Upstream 
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Despite the observed instability and meander migration at the upstream portion of this location, the 

downstream portion of the study location has remained relatively stable over the past 20 years.  The riffle 

cross section (XS 07B) is shown in Figure 1-3.  This portion of the reach has a gradually-sloping left bank 

that includes cobbles at the toe of the bank (Figure 1-4); it is not clear whether this rock is natural or was 

placed to protect the adjacent farm structures.  The right bank is wooded and steep, even undercut in 

places, but has a BEHI rating of only moderate due to the good rooting depth, density, and surface 

protection from roots and other vegetation (Figure 1-5).  Neither bank shows a distinctive floodplain flat 

at the bankfull stage; the bankfull stage for this location was determined based on the point bar in XS 

07A. 

 

Figure 1-3  Cross Section XS 07B Showing Stability Over Time 
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Figure 1-4  Stable Left Bank at Location 07 (XS 07B) with Cobbles at Toe, Looking Upstream 

 

Figure 1-5  Undercut but Stable Right Bank at Location 07 (ID 7-2) 



To: Upper Sheyenne River Joint Water Resource Board 

From: Barr Engineering Co. 

Subject: Example Assessment and Stabilization Concepts for Unstable Study Locations  

Date: January 25, 2019 

Page: 5 

P:\Bismarck\34 ND\32\34321001 SheyenneRiverCorridorMgtStudy\WorkFiles\Memos and reports\Risk assessment report\Appendices\Appendix E Location Examples and 

Concepts.docx 

According to the Rapid Resource Inventory for Sediment and Stability Consequences (RRISSC) assessment 

(Barr Engineering Co., 2019), reach N is rated high for streamflow change, degradation, and has observed 

high channel migration.  Because the riffle cross section (XS 07B, Figure 1-3) has remained stable for 20 

years it is clear that this reach is not degrading (downcutting).  The observed channel migration is likely a 

natural process that has been accelerated by the change to the flow-duration curve and exacerbated by 

the loss of the narrow band of trees along the southern river bank.  Continued channel migration at this 

rate, and possibly increased with the loss of the trees, would threaten the county road within the next 

several decades. 

2.0 Field survey location 14 – Griggs County 

2.1 Location Summary 

Study location 14 is located in reach Z in Griggs County, where the Sheyenne River meanders around an 

abandoned farmstead.  The reach includes a long meander bend with a large radius of curvature; at the 

apex of the bend the river flows against the toe of the valley wall.  Gravel and cobbles were observed in 

the exposed valley wall and entering the river at the toe. 

 

Figure 2-1  XS 14A Showing Valley Wall on Right Bank (Left of Photo), Looking Upstream 

A comparison of 1997 and 2017 aerial photos at this location (Large Figure E-2) shows that the bend has 

remained relatively stable at the apex.  The survey data collected for the 2001 study is shown along with 
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the survey data collected near the apex of the bend (XS 14A) in Figure 2-2.  Just downstream, however, 

where the river flows away from the high valley wall, there are several long cut banks that appear to have 

migrated 20-25 feet in the last 20 years.   

Similar to the banks at survey location 07, many of the banks at this location have a BEHI rating of high 

and a NBS rating of low and for similar reasons.  At this location the banks adjacent to the abandoned 

farmstead and grassy vegetation (Figure 2-3) have migrated more significantly than the large bend to the 

east, which also has a high BEHI rating but has more tree cover on the banks (Figure 2-4). 

Figure 2-2 Cross Section XS 14A Showing Stability Over Time 
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Figure 2-3  Bank Erosion at Location 14 (ID 14-3), Looking Upstream along Right Bank 

 

Figure 2-4  Near XS 14B, Looking Upstream at Wooded Bank with Erosion (ID 14-6) 
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The riffle cross section just downstream of the long wooded bank (XS 14B) is shown in the foreground of 

Figure 2-4 and has remained stable over the past 20 years (Figure 2-5).  The bankfull stage at this location 

is evident at the slope break on the right bank, just below the overbank terrace elevation.  The computed 

bankfull flow based on this cross section is very similar to that at the Cooperstown USGS gage (05057000), 

which is just 6.5 river miles downstream. 

Figure 2-5 Cross Section XS 14B Showing Stability Over Time 

According to the erosion and sedimentation risk assessment, reach Z is rated high for streamflow change 

and channel enlargement, very high for direct channel impacts and degradation, and has observed 

moderate channel migration.  The direct channel impacts observed within reach Z were a significant 

amount (22% of the reach length) of vegetation conversion from woody species to grass and other less 

deeply-rooted ground cover.  Because the riffle cross section (Figure 2-5) has remained stable for 20 years 

it is clear that this reach is not degrading (downcutting) or becoming larger.  The observed channel 

migration at select meander bends has likely been accelerated by the change to the flow-duration curve 

and exacerbated in many places by the loss of stabilization from trees along river bank. 

3.0 Conceptual Stabilization Measures 

3.1 Bank Stabilization Concepts 

Stabilization of the river banks at locations 07 and 14 should focus on the key risks of erosion and 

sedimentation identified in the RRISSC assessment, especially streamflow change and direct channel 

impacts.  Streamflow change in the Upper Sheyenne River has significantly increased the duration of 

moderate flows, likely mobilizing more sediment at lower flows than the typical peak “bankfull” flow 
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events.  The most-effective response to streamflow change at many locations is to increase the resistance 

of stream banks to erosion and channel migration; stabilization measures that increase resistance to 

erosion will also likely respond to direct channel impacts to riparian vegetation.  The goal of increasing 

resistance to erosion can be accomplished by addressing the elements of the BEHI that cause individual 

locations to have a high ranking: in the case of locations 07 and 14, the high outer banks with low rooting 

depth or little vegetative surface protection. 

Multiple stabilization techniques are available to address the bank stability issues at location 07, including 

both hard armoring and bioengineering techniques.  Hard armoring techniques include the use of 

engineered materials such as stone (riprap or boulders), gabions, and concrete to stabilize slopes and 

prevent erosion.  Bioengineering techniques employ biological and ecological concepts to control erosion, 

using vegetation or a combination of vegetation and construction materials, including logs and boulders.  

Techniques that do not use vegetative material but are intended to achieve stabilization of natural flow 

patterns and create in-stream habitat, such as boulder or log vanes, are generally included under the 

umbrella of bioengineering. 

Hard armoring and bioengineering techniques present different challenges, costs, and benefits for stream 

stabilization design.  Hard armoring methods are viewed as standard and time-tested and typically have a 

longer life span due to the permanence of the materials used.  Hard armoring is usually effective in 

preventing erosion where it is installed; however, placement must consider downstream impacts, 

understanding that the armoring may push the erosive stresses downstream.  Hard armoring typically 

requires little maintenance; however, if the armoring fails, maintenance or replacement can be expensive, 

particularly if the armoring materials need to be removed from the site.  If hard armoring is added below 

the Ordinary High Water (OHW) elevation in the river, regulatory agencies may require mitigation to 

offset the impacts to the channel. 

Bioengineering techniques maintain more of a stream’s natural function and provide better habitat and a 

more natural appearance than hard armoring.  The natural materials used for bioengineering techniques, 

such as root wads, logs, and live stakes, are often available at or near project sites at much lower cost than 

imported rock.  If vegetation is well-established this approach can also be self-maintaining.  Due to 

biodegradation of construction materials and variable vegetation establishment success, it is typically 

assumed that bioengineering installations have a shorter life span and may need more frequent (if less 

expensive) maintenance, particularly as the vegetation is becoming established.  Compared to hard 

armoring, the success of bioengineering techniques is more dependent on the skill of the designer and 

installer—sometimes making bioengineering construction labor more expensive.  Bioengineering work 

typically does not require mitigation for work below the OHW. 
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The following stabilization techniques may be appropriate for locations along the Upper Sheyenne River 

where bank stabilization or in-stream structures are recommended.  Photos of several of the techniques 

are included from previous projects. 

Potential bioengineering techniques 

 Re-meander—stream channels that are redirected into a historical or newly constructed 

meandering pattern to add stream length, establish a sustainable meander pattern, add aquatic 

habitat, and reconnect flood flows to the floodplain 

 Meander cutoff—stream channels that are redirected into a shortened pattern by removing 

meander bends, decreasing problematic bank erosion and accelerating natural processes of 

channel migration 

 Active floodplain/vegetated bench—modifications made to the stream cross section to increase 

floodplain connectivity and decrease erosive stress during flood flows; can involve construction of 

a soil bench, lowering an existing bench, and/or raising the channel bed 

 Boulder or log vane—boulders or large logs embedded in the stream bank and extending 

partially (“vanes”) or entirely across the stream (“cross vanes”) to achieve one or more of the 

following goals: re-direct flows away from banks, encourage sediment deposition in selected 

areas, control stream bed elevations, and create scour pool habitat features; log vanes are 

designed to be anchored in the river bed and bank and not mobile during high flows 

 

Figure 3-1  Submerged Log Vane Example, Looking Downstream 

 Constructed riffle—gravel or cobble material installed in the stream bed to create natural flow 

patterns/varied habitat features and, frequently, to control stream bed elevations 
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Figure 3-2 Rock Riffle Example, Looking Downstream 

 Vegetated buffer—native vegetation established along a stream bank or overbank area to

stabilize bare soils and increase resistance to fluvial erosion

 Vegetated reinforced slope stabilization (VRSS)—soil lifts created with long-lasting, biodegradable

fabric and vegetated to stabilize steep slopes and encourage establishment of root systems for

further stabilization

 Toe wood—tree trunks with the root ball attached, installed in conjunction with additional large

pieces of woody and VRSS toe wood to achieve one or more of the following goals: increase bank

roughness and resistance to erosion, create undercut/overhanging bank habitat features, re-direct

flows away from banks, and provide a bench for establishment of riparian vegetation; wood

elements are designed to be anchored within the river bank and are not mobile during high flows
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Figure 3-3 Toe Wood Example during Construction and following Vegetation Establishment 

Potential hard armoring techniques 

 Stone toe protection—riprap or other stones along the lower portion of a stream bank to protect

against fluvial erosion; should be used with care due to the tendency for erosion to occur

upstream or downstream of the protected section

 Riprap slope stabilization—riprap along a steep slope to protect against fluvial erosion and

prevent undercutting and slumping

3.2 Concept Design – Location 07 

Conceptual stabilization measures for location 07 are shown in Large Figure E-3.  The stabilization 

measures identified at this site will serve to protect the nearby infrastructure (county highway and bridge 

crossing) and increase resistance to bank erosion at the eroding bends throughout the site.  Along the 

large eroding river bend, which is approaching the county highway at a rate of 1-2 feet per year, toe wood 

is proposed to stabilize the bank and create a bankfull bench to dissipate energy.  The increased 

roughness and flow diversity associated with toe wood structures have been demonstrated to 

dramatically decrease bank erosion rates and provide time for establishment of deep-rooted vegetation 

that will provide long-term bank stability if protected from grazing pressures.  In addition, because toe 

wood structures use little or no rock, they can often be constructed using wood and other materials 

sourced from the surrounding areas at lower cost. 

Other stream banks in the center of the site, which are less critical for the protection of infrastructure, are 

proposed for stabilization with increased vegetation in the form of deep-rooted woody species such as 

willow live stakes.  Maintaining and enhancing buffer zones in these areas, especially by excluding grazing, 

will further increase the resistance to erosion.  Where some bank erosion is threatening existing trees, log 

vanes placed on the river bed will adjust the flow patterns such that high flows are directed away from the 

banks.  Similar to toe wood, the use of log vanes rather than rock structures will likely help to reduce 

materials costs. 
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At the downstream portion of the site where the river approaches the highway bridge, there is an existing 

cobble/boulder riffle that may be of natural origin.  In order to maintain long-term stability of the bridge 

crossing, the flow patterns and materials in this riffle should be evaluated to determine whether any 

improvements are necessary.  Potential improvements could include re-shaping the downstream portion 

of the riffle to maintain flows directed at the center of the bridge crossing and minimize the potential for 

scour at the bridge abutments. 

3.3 Concept Design – Location 14 

Conceptual stabilization measures for location 14 are shown in Large Figure E-4, and make use of many of 

the same design concepts and approaches as those discussed for location 07. 

As an alternative to the toe wood proposed at location 07, bank grading to create a vegetated bench is 

proposed at this location where the river approaches the abandoned farmstead.  Similar to toe wood, a 

vegetated bench will lower the overall bank height and increase rooting density and vegetative protection 

against bank erosion, although with lower overall resistance to erosion due to less use of large wood 

pieces.  Toe wood could also be used at this location if protection of the farmstead was determined to be 

critical. 

Just upstream of the farmstead the river runs along the toe of the valley wall, exposing gravels that are 

not present in the majority of the river bed.  These gravels, along with select larger rocks imported to the 

site if necessary, are proposed to be used to create a rock riffle that is formed to direct flows away from 

the bank near the farmstead and transition flow out of the large bend.  When properly designed and 

installed, rock riffles are an effective way to guide high-velocity flows and maintain the stability of the river 

bed without exacerbating other problems. 

3.4 Bank Stabilization Conclusions 

In order for any river stabilization or restoration measures to be effective over the long term, the design 

must consider the risk factors affecting both the larger river reach and the particular stabilization site as 

well as the details of in-stream conditions, riparian land use, and adjacent infrastructure.  The stabilization 

measures presented here have been developed based on Barr’s current knowledge of the example 

locations and the limited available survey data, and should be considered conceptual in nature.  

Additional site assessment, survey data collection, and input from landowners and local stakeholders is 

needed in order to advance these or any other stabilization designs toward implementation. 
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