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Introduction
Sedimentation and harmful algal blooms are significant 
issues for reservoirs across the midwestern US. Despite 
connections between reservoir management, streambank 
erosion, and nutrient loading, little research has investigated 
these relationships. Currently, there are many models that 
can simulate surface and subsurface hydrologic conditions, 
surface water operations, and the depositional and erosional 
conditions of streams. However, despite the influence of 
surface water operations on hydrologic conditions, and the 
subsequent influence of these hydrologic conditions on 
streambank stability, few studies have investigated the impact 
of water management decisions on streambank stability and 
the resulting water quality.

The factor of safety (FS) approach was selected to estimate 
streambank stability due to its low computational demand. 
The FS indicates streambank stability by calculating the 
balance between driving and resisting forces for a given 
streambank reach (Bankhead et al., 2013). 
• FS < 1:  Streambank instability may occur;
• FS > 1:  Streambanks are stable;
• FS = 1:  Streambanks will fail soon without intervention 
There are several methods available to calculate the FS, 
including the Horizontal Layer Method (Simon et al., 2000), 
Vertical Slides Method (Langendoen et al., 2000), and Osman 
and Thorne's (1998) approach. In this research, the Vertical 
Slides Method was selected.

Model Development

Study Site
The Lower Republican River Basin (LRRB) is located 
in south-central Nebraska and north-central Kansas 
(Figure 2). The entire Republican River basin covers 
approximately 64,000 km2, with major rivers originating 
in northeastern Colorado (U.S. Department of the 
Interior, 2016). The LRRB is mainly located in Kansas 
encompassing an area of 10,300 km2 (Brookfield and 
Gnau, 2016). Although aquifers underlie most of the 
LRRB, the basin is over-allocated, and water resources 
are limited. As such, water management planning in the 
region is directly linked to economic health. Brookfield et 
al. (2015) coupled HGS and OASIS to simulate future 
water resources in the LRRB (Brookfield and Gnau, 
2016), and Brookfield and Layzell (2019) expanded this 
model to include fluvial erosion to consider some 
components of sediment transport in the basin.

Results and Discussion
The ranges in c’ and Φ’ values measured in the field highlights 
the main limitation with the developed bank stability 
module, namely, the use of individual input parameters to 
characterize the streambank. From the model results, the 
stability of the streambanks is not the same under different 
hydrologic conditions, where water management strategies are 
significantly different. In general, under dry conditions, the 
overall stability of streambanks is higher than in wet scenarios 
(Figure 9), likely due to decreased soil loading due to low soil 
moisture, which is reflected in a higher average factor of 
safety. 
Soil nutrient concentrations varied with depth, with the highest 
total phosphorus and nitrate concentrations often found in the 
top 10 cm of the streambank (Figure 6&7; (3/31/21 to 
7/20/22) at (A) site 7, (B) site 9, and (C) site 20.); results of 
one-way ANOVA tests indicate that mean total phosphorus 
(TP), nitrate (NO3-), and ammonium (NH4+) concentrations 
did not differ with site or depth. 
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In this approach, streambanks are simplified and separated into 
several vertical layers, with some layers partly or completely 
below the water table (Figure 3). The FS module was developed 
using the Python programming language and the package 
Tkinter. A user interface also was developed  (Figure 4). All the 
parameters shown in the GUI need to be input into the model, 
and parameters like gravitational acceleration constant, void 
ratio, and specific gravity are given a default value that can be 
changed as needed. Parameters related to the hydrologic 
conditions, such as pore pressure and hydrostatic pressure, can 
be obtained from HydroGeoSphere output files. 

Conclusion
• The Factor of Safety model was successfully built, verified 
and applied.

• Streambank stability is affected by many factors, especially 
human activities (large reservoirs and river routing projects).

• Several hydrological conditions tied to water management 
decisions may negatively affect streambank stability.

• Streambanks were not a major source of sediment during 
the project period.

• Nutrient concentrations were not statistically different 
between field sites nor with depth.

• Streambanks are more stable during dry conditions.

Objective
The objective of this research is to investigate how 
streambank stability and subsequent nutrient loading may 
change due to different hydrologic conditions caused by water 
management decisions, creating a framework to support 
decisions related to both water shortages and erosion. This 
objective is met through the development of a streambank 
stability module for an existing hydrologic model, and through 
field investigations to parameterize geomorphic conditions 
and nutrient loading in the study area.

Figure 1: Streambanks in Kansas; Credit: Dr. Anthony L. Layzell

Figure 3: Simplified streambank cross-section split into 5 slicess

Figure 4: The user interface of the Streambank Stability Model

Figure 2: Lower Republican River Basin (Brookfield, 2016) 

Figure 9: Application Results in wet and dry scenario
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The BST measures these variables in-situ thereby reducing 
costs associated with sample collection and laboratory testing 
as well as reducing the effects of sample disturbance. From 
recorded data, a failure envelope is constructed and the 
variables c’ and Φ’ determined (Figure 5b). At each field site, 
BST tests were performed at different depths, depending on 
the alluvial stratigraphy and sedimentology. Three tests were 
repeated to test for variability.

Figure 5: (A) Borehole shear test (BST) device. Images from 
handygeotech.com/borehole/; (B) Plot showing data measured by BST. 

Field Work
In order to provide field constraints for the bank stability 
module, c’ and Φ’ were measured at five locations in the 
LRRB using a Borehole Shear Test (BST) device (Figure 5; 
Lutenegger and Hallberg, 1981). 

In addition to obtaining field-derived constraints for the 
model, the volume of sediment eroded from the streambanks 
was quantified at select field locations by conducting 
Unmanned Aircraft Systems (UAS) flight surveys (see 
Layzell et al., 2022). UAS technology provides a cost and 
time effective means to collect very high-resolution imagery 
(cm-scale or higher). Streambank erosion was evaluated 
from images taken with a DJI Phantom 4 Pro quadcopter, 
flown 6-20 channel widths upstream and downstream of 
each field site. DEMs of streambanks were generated using 
Photoscan Pro photogrammetry software and volumes eroded 
were calculated by creating DEMs of Difference (DoDs) in 
ArcGIS. 
In order to determine nutrient loading from streambanks, 
sediment cores were taken at each of the field locations within 
the LRRB. Sample cores were collected horizontally from 
the streambank at given depths below the ground surface, 
coinciding with the depths of the BST tests. Sample cores 
were analyzed at the Kansas Geological Survey for total 
phosphorus and water-soluble phosphorus content, which 
provide estimates of the pool of P stored in streambanks that 
may contribute to in-stream loads if eroded. 

Figure 6: Streambank erosion determined from UAS flight surveys

Figure 7: Streambank erosion determined from UAS flight surveys
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