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Abstract 
 

Sediment has been recognized as an important water contaminant and there has been substantial 

research into the sources and sinks of sediment on the landscape. However, ravines are an 

understudied erosive landform. The flashy, intermittent flows in ravines make them difficult 

environments to study and manage. The goals of this study were to collect data on the hydrology, 

sediment, and vegetation in ravines and to use that data to model sediment loads in a steep ravine 

in the Seven Mile Creek watershed in south-central Minnesota. There are many ravines 

throughout the Seven Mile Creek watershed and the Minnesota River Basin (MRB), of which it 

is a small part. The MRB carries the largest sediment loads entering the Mississippi River in the 

state of Minnesota and these sediments are creating problems downstream including rapid 

infilling of Lake Pepin. In the present study the Bank Stability and Toe Erosion Model (BSTEM) 

was used along with substantial field data on hydrology, sediment, and vegetation to model 

sediment loads generated in ravines in the Seven Mile Creek watershed. The results of the study 

show that substantial sediment loads can be generated in ravines. Sediment loads varied from a 

few metric tons/reach/year to tens of thousands of metric tons/reach/year with the strongest 

control exerted by hydrology followed by sediment, slope, and added cohesion from vegetation. 

The depth to water table and depth and duration of flow exerted strong control on sediment 

loads. Changing the water table and depth and duration of water flow caused a relative change in 

sediment load of at least 193% for the whole ravine results. It is hoped that the field data and 

modeling results from this study can aid researchers in understanding the magnitudes of 

sediment loads that can be expected in ravines and that it can guide managers in placing best 

management practices on the landscape in order to decrease erosion and sediment delivery from 

ravines to larger streams and rivers. 
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1.0 Introduction 
 

 In recent years fine sediment has increasingly been recognized as an important water 

contaminant. The Minnesota River carries the largest load of sediment to the Mississippi River in 

Minnesota (MPCA 2009). The large and increasing sediment loads in the Minnesota River have 

increased the infilling rate of Lake Pepin threatening the navigability of the lake and its survival 

as a recreational resource (Kelley and Nater, 2000). The sediment load entering the lake annually 

has increased from 71,667 metric tons/year pre-European settlement to 794,693 metric tons/year 

in the 1990s, 90% of this sediment can be traced to the Minnesota River basin (Engstrom et al. 

2009). In response to this the US Army Corps of Engineers (USACE) has initiated the Minnesota 

River Basin Integrated Watershed Study. The purpose of the study is to increase understanding 

of the sediment sources within the Minnesota River basin and to provide practical management 

steps to decrease the amount of sediment entering the river (USACE 2015). As part of this study 

two smaller watersheds were chosen for in depth study, Seven Mile Creek was one of them and 

provides the background for this study (Fig. 1).  

 A.         B. 

 

 Seven Mile Creek is a 93.94 km2 watershed in south-central Minnesota between St. Peter 

& Mankato, MN (Fig. 1). Historically the Seven Mile Creek watershed was approximately 

Figure 1 The location of 7 Mile Creek and the Minnesota River Basin (A) and the Seven Mile Creek watershed (B). 
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46.7% wetlands. Based on surveys from 2003, wetlands now make up just 6.6% of the watershed 

area. This change was affected through the growth of agriculture in the watershed and the 

associated installation of tile drainage and ditches to drain wetlands and even lakes. The addition 

of tile and ditch drainage has nearly tripled the effective drainage area of Seven Mile Creek 

changing it from a hydrologically disconnected landscape to a hydrologically connected one, 

dramatically altering the hydrology of both the creek and ravines that feed Seven Mile Creek 

(Kuehner 2001, 2004). The tile pipes empty either into ditches which flow into ravines or 

directly into ravines which link the upland agricultural portion of the watershed with the lowland 

portion of the watershed. Today the watershed is 86% agricultural, with the vast majority of that 

occurring in the upland areas, and the altered hydrology has lead to flashier hydrographs 

(Kuehner 2001, 2004). The ravines draining into the lake are quite steep due to the glacial history 

of the area. About 11,500 radio carbon years before present Glacial River Warren carved what is 

now the Minnesota River Valley (Fisher 2004, Gran 2009). River Warren was so powerful that it 

carved a valley that is about 65 m lower than the surrounding uplands at the location of Seven 

Mile Creek.  As a result of this large elevation change, over distances as short as 250 m, the 

ravines are steep and have flashy hydrographs flowing intermittently and sometimes not at all 

over the course of a year (Fig. 2) (Nieber et al. 2010). Ravine is used here to describe deeply 

incised, intermittently flowing waterways with a defined channel. In the literature similar 

features are sometimes described as gullies. 

 

Figure 2 Discharge at the culvert near the bottom of a ravine in Seven Mile Creek Co. Park. As can be seen there are 

lengthy periods of zero flow between events. See also Appendix A. 
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2.0 Objectives 
 This study is part of the USACE Minnesota River Basin Integrated Watershed Study 

(The USACE study). The USACE study is focused on gaining a better understanding of the 

sources of sediment in the Minnesota River basin and the applicability of watershed management 

as a method for reducing sediment loads. Within this larger study, the purpose of this study in the 

Seven Mile Creek watershed was twofold:  

1) to collect information on the hydrogeomorphic and hydrologic properties of ravines in the 

Seven Mile Creek watershed to better understand how they affect erosion rates and 

2) to model the amount of sediment eroded under several representative scenarios using the 

Bank Stability and Toe Erosion Model (BSTEM) in order to increase understanding of the 

role ravines play as a sediment source.  

 In order to meet the first objective stage, flow, and electrical conductivity were monitored 

during the 2015 field seasons and, to a more limited extent, during the 2014 field season. The 

stage and flow data help us understand the hydrology of the ravines. The electrical conductivity 

data could be used to help understand hydrologic flow paths and residence times. Additionally, 

erosivity was measuring using the jet tester method and a variety of other soil and vegetation 

parameters were collected (Hansen and Cook 2004). The second objective involved using 

idealized parameters based on the data collected for objective one as inputs to BSTEM in order 

to model how much sediment was eroded during flow events. The results from the model were 

than used to look at possible total sediment delivery over a year. Although the baseline 

geomorphic and hydrologic parameters from ravines in Seven Mile Creek were used as the basis 

for modeling it is believed that these results can be extrapolated to other ravines throughout the 

Minnesota River basin due to hydrogeomorphic similarities throughout the region.  

3.0 Methods 
   3.1 Study Site 

 The field work for this study was carried out in the Seven Mile Creek watershed in south-

central Minnesota just south of St. Peter, MN (Fig. 1, 3). This site was chosen for several 

reasons. Firstly, the Seven Mile Creek watershed is relatively well-studied and therefore there 

was a pre-existing body of knowledge on which to build (Kuehner 2001, Kuehner 2004, Bock 

2010, Jennings 2010, Nieber et al. 2010). Secondly, the size and number of ravines in Seven 
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Mile Creek County Park provided a wide variety of potential study sites and, being a public park, 

made accessing those sites substantially easier. Thirdly, it was believed that the ravines here 

provided a representative picture of a landscape that was suspected to be contributing sediment 

to the Minnesota River but is not well-studied. Although, ravines were the subject of some of the 

previous studies there is still a need for more long-term study of these complex systems (Nieber 

et al. 2010). Many studies had been carried out looking at sediment contributions from 

agricultural sources, streambanks, and bluffs but few have looked directly at ravines (Beach 

1994, Sekely et al. 2002, Azmera et al. 2008, Gran et al. 2009, Nieber et al. 2010). Lastly, 

ravines are prevalent throughout the Minnesota River Basin (MRB) and it was believed that data 

and modeling for these ravines could be applicable to many ravines in the MRB. The study site is 

primarily within Seven Mile Creek County Park, although a tile drain outlet in a ditch outside the 

park was also monitored for electrical conductivity. The watershed is 86% agricultural, 6% 

deciduous forest with the rest being wetlands, grassland, and farmsteads. The agriculture is 

primarily row crops (corn and soybeans) in the upland portion of the watershed while the 

deciduous forest in present in the ravines and lowlands within the county park and in small 

copses around houses in the uplands. The upland areas are quite flat with slopes of 0-2%, 

however the ravines and Seven Mile creek drop 64 m (40-60% slopes near the channel) between 

the uplands and the mouth of the creek where it enters the Minnesota River (Kuehner 2001) (Fig. 

3). 

 Monitoring activities were focused on two ravines. One ravine flowed into 7 Mile Park 

from the south (Ravine I) and the other entered from the north (Ravine B). The contributing area 

of Ravine I is 0.28 km2 while that of Ravine B is 4.57 km2 (Fig. 3). As might be expected from 

their watershed areas, Ravine I flowed more intermittently than Ravine B and has a generally 

steeper flow path. In their path to the stream the ravines flow through several distinct soil and 

sediment layers. The soils in the ravines are typically well-drained loams and sandy loams with 

water tables greater than 203 cm deep. In the ravines and on the hillslopes the dominant soils are 

the Lester-Storden-Estherville complex with 18-70% slopes. The Seven Mile Creek valley 

bottom is primarily composed of two complexes: the Minneiska-Kalmarville complex, which is 

subject to frequent inundation, and the Copaston-Rock outcrop complex with 2-60% slopes. 

(Seven Mile Creek soil report). Below the soils the ravines have eroded into a variety of tills, 

alluvium, and colluvium, as well as intersecting the bedrock. The primary geologic materials are 
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several glacial till units and the Jordan Sandstone which outcrops within the park (Bock 2010, 

Jennings 2010).  



 

 
Figure 3 The watersheds of Seven Mile Creek, Ravine I, and Ravine B. The areas of the watersheds and the longest 

flow paths are also shown. 

  3.2 Equipment & Sampling 

 In order to carry out the study, hydrology, soil, and plant data were collected. The 

hydrology data were collected using Solinst leveloggers and an ISCO AV probe. Reconnaissance 

monitoring was conducted during the 2014 field season using leveloggers which were able to 

capture a large rain event in June 2014. The bulk of the hydrologic data used were collected 

during the 2015 season. In 2015 leveloggers were deployed in PVC wells (2) inserted in the 

stream bed of Ravine I or in culverts with one each in Ravine I and Ravine B. The ISCO AV 

probe was attached to a culvert ring in a 3 ft. culvert just upstream of where Ravine I entered 

Seven Mile Creek (Fig. 4). In addition to the 2014-2015 monitoring, hydrologic data from a 

2008-2009 study by Brad Hansen were also used (Table 1) (Nieber et al., 2010).  

 Soil and plant data were collected during the 2014 and 2015 field seasons. These 

included vegetation surveys, bulk density tests, soil samples for jet tester analysis, CaCO3 data, 



 

and soil for analysis for texture and organic matter content. Additionally, ravines were assessed 

using the BEHI method. Plant information collected included root density and floristic quality 

(Gordon 2016). 

   

Figure 4 The ISCO AV probe is in the culvert seen here. The outlet of Ravine I to Seven Mile Creek is about 20 m 

downstream from this culvert. 

  3.3 Hydrologic Data Collection 

 Hydrologic data for this study were collected in Ravines I and B and in a drainage ditch 

outlet near the top of Ravine B. The equipment used to collect hydrologic data were Solinst 

leveloggers and electrical conductivity probes and an ISCO AV probe. The leveloggers recorded 

temperature and stage while the ISCO probe recorded stage and velocity which it then uses to 

automatically calculate discharge in channels with known dimensions such as culverts and weirs. 

In this case the AV probe was placed in a 3 ft. culvert for which a discharge formula is pre-

programmed into the AV probe. The electrical conductivity probe recorded electrical 

conductivity and also stage data. Electrical conductivity data was passed on to the USACE for 

their analysis, it is not analyzed as part of this paper (Table 1).  

 The hydrologic data with the lowest error was the AV probe data from the 3 ft. culvert 

and the data from the upper site both in Ravine I. This was determined by the fact that the AV 



 

probe was deployed in a culvert ring so the bed (culvert) did not shift and the probe did not move 

during the deployment period, unlike the other data recorders that were deployed. However, 

some of the flow data is missing from the AV probe because the culvert in which it was deployed 

became blocked with debris during some storm events routing water away from the probe. It is 

likely that the number of flow days at the upper site is incorrect since the levelogger’s position 

relative to the stream bed changed as the bed degraded and possibly aggraded throughout the 

field season. The difference between the numbers of events observed in the upper ravine versus 

the lower ravine is likely due to infiltration of water between the two monitoring sites as well as 

the previously mentioned changes in the bed around the upper ravine levelogger. 

Table 1 Metadata describing the hydrologic monitoring history of Ravine I and Ravine B. 

 In the 2015 field season there were 11 discharge events in Ravine I during a 7 month 

period, based on data from the AV probe. When combined with the data from the Ravine I lower 

Site Years, months 

recorded 

Type of monitoring 

equipment 

notes 

Ravine I – 

Upper Site 

5/14 to 10/14 

3/15 to 8/15 

Levelogger placed in 1” 

PVC pipe in streambed 

*well containing logger was blown 

out in June 19 storm and replaced 

in July 2014 

Ravine I – 

Lower Site 

Years 2007-

2008 (Hansen) 

May-June, 

July-October 

2014 

3/15 to 11/15 

Levelogger placed in 3 

ft. metal culvert (CMP); 

later a levelogger was 

placed in 1” PVC pipe 

in streambed 

The levelogger was scoured out of 

the culvert in the June 19 storm.  It 

was replaced in an upright well 

below the culvert from July-

October but no flow events 

occurred in that time. 

Ravine I – 

Lower Site 

3/11 to 11/15 Levelogger was placed 

in 1” PVC pipe in 

streambed 

frequently, even during flow 

events there was no water at the 

surface in this part of the channel 

Ravine I – 

Lower Site 

4/15 to 11/15 ISCO AV probe placed 

on culvert ring in 3 ft. 

metal culvert, along 

with Levelogger as 

above 

AV probe and levelogger operated 

without error throughout summer 

Ravine B – 

Upper Site 

5/14 to 10/14 

3/15 to 8/15 

Levelogger (2014) and 

conductivity meter 

(2015) placed in an 

approximately 4” 

diameter plastic drain 

tile outlet  

Datalogger was in place for most 

of 2014 season;  the logger flipped 

over so that the level readings 

would have changed afterwards. 

This data was not analyzed for this 

report. 

Ravine B – 

Lower Site 

7/14 to 10/14 

3/15 to 11/15 

Levelogger placed in a 

large arched concrete 

culvert 

Logger placed within plates of 

culvert after water level dropped in 

the summer 



 

site from 2007 and 2008 (Nieber et al. 2010) and from 2014 this works out to flow occurring 

during approximately 2% of days. As can be seen, however, frequency of flow events is highly 

variable. In 2007-2008 flow occurred during 0% of days while in 2015 flows occurred during 

approximately 23% of recorded days when the AV probe was deployed. However, the data were 

incomplete as, during several events, the culvert above the AV probed became blocked by 

sediment causing water to flow over the foot path that was over the culvert, bypassing the culvert 

and the AV probe. 

  3.4 Sediment data 

 Event-based total suspended sediment data were collected during the summer of 2015 by 

students at Gustavus Adolphus College. Samples were collected in June and July during 7 storm 

events. The samples were collected in the main stem of Seven Mile Creek and in Ravine I near 

the culvert (Table 2). Mean, standard deviation, median, and range were calculated for Ravine I 

and can be seen in table 2. These data and the cumulative flow from the AV probe were used to 

calculate the total suspended sediment delivery from Ravine I during the course of the year. 

Table 2 Total suspended sediment data collected at Ravine I in 2015. Drain pipe clogged refers to those times when 

the culvert was blocked at the upstream end by sediment. This skewed the results for both hydrology and TSS. 

Ravine I 

 

RUSLE and BANCS were also used to calculate erosion/sediment loads on the ravine side slopes 

(RUSLE) and in the ravine channel (BANCS). RUSLE calculates erosion using the following 

equation: 

Equation 2: RUSLE is: A=  R*K*LS*C*P, where, A = estimated average soil loss in 

tons/acre/year, R = rainfall-runoff erosivity factor, K = soil erodibility factor, L = slope 

length factor, S = slope steepness factor, C = cover-management factor, P = support 

practice factor. 

http://www.iwr.msu.edu/rusle/rfactor.htm
http://www.iwr.msu.edu/rusle/rfactor.htm
http://www.iwr.msu.edu/rusle/kfactor.htm
http://www.iwr.msu.edu/rusle/kfactor.htm
http://www.iwr.msu.edu/rusle/lsfactor.htm
http://www.iwr.msu.edu/rusle/lsfactor.htm
http://www.iwr.msu.edu/rusle/lsfactor.htm
http://www.iwr.msu.edu/rusle/lsfactor.htm
http://www.iwr.msu.edu/rusle/lsfactor.htm
http://www.iwr.msu.edu/rusle/cfactor.htm
http://www.iwr.msu.edu/rusle/cfactor.htm
http://www.iwr.msu.edu/rusle/pfactor.htm
http://www.iwr.msu.edu/rusle/pfactor.htm
http://www.iwr.msu.edu/rusle/pfactor.htm


 

Values were determined largely from pre-existing data that provide regional input numbers for 

RUSLE, however, a scaling factor was used to convert the jet test k values to RUSLE k values. 

RUSLE predicted erosion rates substantially higher than those for typical farmland but not as 

high as in highly erosive channels. BANCS uses the bank erosion hazard index and near bank 

shear stress as inputs for empirical equations that predict annual bank erosion rates (Rosgen 

2001). 

  3.5 Jet Tester 
 

 

Figure 5 The components of the jet tester device used to test soil erosivity. 

 The jet tester is a device developed by the Agricultural Research Service to quantify soil 

or sediment erosivity (Fig. 5). The jet tester used was a lab model in which soil samples are 

collected in the field and than brought to the lab for testing. There is also a jet tester that can be 

used in situ in the field. The cores for the jet tester were taken using a specialized piece of 

equipment that screws a 15.24 cm (6 in) diameter by 15.24 cm deep metal tube into the soil to 

collect an undisturbed sample of soil. Before collecting the sample the organic layer is scraped 

away. To test for erosivity the soil sample is placed, still in the sample tube, in a small tank 



 

where it is then submerged in water (Fig. 5). Once the soil sample has been submerged and the 

water level in the tank has stabilized, a jet of water is directed at the soil for timed intervals and 

after each interval the quantity of sediment removed is measured. The water jet has a known 

pressure head set by setting the height of the head tank (Fig. 5). Measurements are taken first at 

very short intervals (30 s) and than at increasing intervals up to about 1 hr. until the erosion rate 

levels out. The jet tester spreadsheet, into which the data is entered, is a pre-fabricated 

spreadsheet developed by Rob Wells of USDA-ARS that uses the time, pressure head, and depth 

of erosion measurements to calculate an erosivity (k) parameter with units of cm3/N∙s. For a 

more thorough description of how the jet tester is used and how the results are calculated see 

Hanson and Cook (2004). The iterative k value and iterative shear stress (τc) values calculated 

are those used in the ‘bank material’ section of BSTEM for more on the calculation of these 

parameters see Simon et al. (2000) and Daly et al. (2013).  

  3.6 Bank Stability and Toe Erosion Model 

 The Bank Stability and Toe Erosion Model (BSTEM) was developed by Eddy 

Langendoen of the Agricultural Research Service to serve as a physically-based model that uses 

a variety of hydrogeomorphic and vegetative data to model bank stability/failure and toe erosion 

(Simon et al., 2011). The model is composed of several sections: input geometry, bank material, 

bank vegetation and protection, bank model output, and toe model output (BSTEM static version 

5.4). The input geometry, bank material, and bank vegetation and protection tabs allow for input 

of field data and/or estimated data based on the literature. The input geometry includes a cross-

section, slope, reach length, flow elevation, and flow duration. BSTEM is a static model that 

considers flow elevation and duration, not an entire hydrograph. 

 A number of scenarios were run through BSTEM. These scenarios included three 

different cross-sections and slopes representing the geometry of the ravine near the mouth of the 

ravine (lower ravine), in the middle of the ravine (middle ravine), and near the top of the ravine 

(upper ravine) (Fig. 6, 7, Table 3).  These sites were selected to reflect the variety of conditions 

found in Ravine I specifically and, to the extent that findings are generalizable, in ravines more 

throughout Seven Mile Creek and the larger Minnesota River Basin. Ravines typically vary in 

both longitudinal slope and cross-sectional profile along their length and the different sections of 

the ravine modeled were chosen to account for the variability in cross-section and longitudinal 

slope found throughout Ravine I (Fig. 6, 7).  



 

 It is important to note that although the data were taken from the lower, middle, and 

upper portion of the ravine the model did not take any portion of the ravine into account except 

for that directly input. The model does not transport sediment from one portion of the stream to 

another instead all sediment eroded disappears from the system. Obviously this is not how 

sediment movement actually occurs and is one of the flaws in how BSTEM calculates sediment 

loading. 

 

Figure 6 The scenarios run through BSTEM. Each colored line represents the paths that can be taken between 

boxes. The naming scheme used throughout the paper, for example Upper AB, refers to the Upper Cross-section, the 

A sediment package, and B vegetation regime 



 

 

Figure 7 Longitudinal profile of Ravine I. Note that the y-axis shows the elevation above mean sea level. 

Table 3 All the scenarios run through BSTEM organized by cross-section/slope, sediment package, and vegetation 

regime. 

Lower Cross-section:  

slope 0.1021 

Middle Cross-section:  

slope 0.2383 

Upper Cross-section:  

slope 0.9497 

Sediment Package A:  

Soil: k= 29.388, τc = 1.628, 

Alluvium: k=1.021, τc = 

6.471, Till:  k=0.283, τc = 

24.871 

Sediment Package A:  

Soil: k= 29.388, τc = 1.628, 

Alluvium: k=1.021, τc = 

6.471, Till:  k=0.283, τc = 

24.871 

Sediment Package A:  

Soil: k= 29.388, τc = 1.628, 

Alluvium: k=1.021, τc = 

6.471, Till:  k=0.283, τc = 

24.871 

Vegetation Package A: root 

depth 1 m; dry meadow: 

30% cover, reed canary: 

50% cover, perennial rye 

grass: 20% cover 

Vegetation Package A: root 

depth 1 m; dry meadow: 

30% cover, reed canary: 

50% cover, perennial rye 

grass: 20% cover 

Vegetation Package A: root 

depth 1 m; dry meadow: 

30% cover, reed canary: 

50% cover, perennial rye 

grass: 20% cover 

Lower Cross-section:  

slope 0.1021 

Middle Cross-section:  

slope 0.2383 

Upper Cross-section:  

slope 0.9497 

Sediment Package B: 

Colluvium: k=56.398, τc = 

1.206, Alluvium: k=2.91, τc 

= 7.803 

Sediment Package B: 

Colluvium: k=56.398, τc = 

1.206, Alluvium: k=2.91, τc 

= 7.803 

Sediment Package B: 

Colluvium: k=56.398, τc = 

1.206, Alluvium: k=2.91, τc 

= 7.803 

Vegetation Package A: root 

depth 1 m; dry meadow: 

30% cover, reed canary: 

50% cover, perennial rye 

grass: 20% cover 

Vegetation Package A: root 

depth 1 m; dry meadow: 

30% cover, reed canary: 

50% cover, perennial rye 

grass: 20% cover 

Vegetation Package A: root 

depth 1 m; dry meadow: 

30% cover, reed canary: 

50% cover, perennial rye 

grass: 20% cover 

Lower Cross-section:  

slope 0.1021 

Middle Cross-section:  

slope 0.2383 

Upper Cross-section: 

slope 0.9497 

Sediment Package C:  

Soil: k= 29.388, τc = 1.628, 

Till:  k=0.283, τc = 24.871 

Sediment Package C:  

Soil: k= 29.388, τc = 1.628, 

Till:  k=0.283, τc = 24.871 

Sediment Package C:  

Soil: k= 29.388, τc = 1.628, 

Till:  k=0.283, τc = 24.871 
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Vegetation Regime A: root 

depth 1 m; dry meadow: 

30% cover, reed canary: 

50% cover, perennial rye 

grass: 20% cover 

Vegetation Regime A: root 

depth 1 m; dry meadow: 

30% cover, reed canary: 

50% cover, perennial rye 

grass: 20% cover 

Vegetation Regime A: root 

depth 1 m; dry meadow: 

30% cover, reed canary: 

50% cover, perennial rye 

grass: 20% cover 

 

Lower Cross-section: slope 

0.1021 

Middle Cross-section: slope 

0.2383 

Upper Cross-section: slope 

0.9497 

Sediment Package A: Soil: 

k= 29.388, τc = 1.628, 

Alluvium: k=1.021, τc = 

6.471, Till:  k=0.283, τc = 

24.871 

Sediment Package A: Soil: 

k= 29.388, τc = 1.628, 

Alluvium: k=1.021, τc = 

6.471, Till:  k=0.283, τc = 

24.871 

Sediment Package A: Soil: 

k= 29.388, τc = 1.628, 

Alluvium: k=1.021, τc = 

6.471, Till:  k=0.283, τc = 

24.871 

Vegetation Package B:  root 

depth 1m, age 2 yrs. black 

willow: 20%, alder: 20%,                         

reed canary grass: 35%,                                 

bare ground:15% 

Vegetation Package B:  root 

depth 1m, age 2 yrs. black 

willow: 20%, alder: 20%,                         

reed canary grass: 35%,                                 

bare ground:15% 

Vegetation Package B:  root 

depth 1m, age 2 yrs. black 

willow: 20%, alder: 20%,                         

reed canary grass: 35%,                                 

bare ground:15% 

Lower Cross-section:  

slope 0.1021 

Middle Cross-section: 

slope 0.2383 

Upper Cross-section:  

slope 0.9497 

Sediment Package B: 

Colluvium: k=56.398, τc = 

1.206, Alluvium: k=2.91, τc 

= 7.803 

Sediment Package B: 

Colluvium: k=56.398, τc = 

1.206, Alluvium: k=2.91, τc 

= 7.803 

Sediment Package B: 

Colluvium: k=56.398, τc = 

1.206, Alluvium: k=2.91, τc 

= 7.803 

Vegetation Package B:  root 

depth 1m, age 2 yrs. black 

willow: 20%, alder: 20%,                         

reed canary grass: 35%,bare 

ground:15% 

Vegetation Package B:  root 

depth 1m, age 2 yrs. black 

willow: 20%, alder: 20%,                         

reed canary grass: 35%,                                 

bare ground:15% 

Vegetation Package B:   

root depth 1m, age 2 yrs. 

black willow: 20%, alder: 

20%, reed canary grass: 

35%, bare ground:15% 

Lower Cross-section: slope 

0.1021 

Middle Cross-section: slope 

0.2383 

Upper Cross-section: slope 

0.9497 

Sediment Package C: Soil: 

k= 29.388, τc = 1.628, Till:  

k=0.283, τc = 24.871 

Sediment Package C: Soil: 

k= 29.388, τc = 1.628, Till:  

k=0.283, τc = 24.871 

Sediment Package C: Soil: 

k= 29.388, τc = 1.628, Till:  

k=0.283, τc = 24.871 

Vegetation Regime B:  root 

depth 1m, age 2 yrs. black 

willow: 20%, alder: 20%,                         

reed canary grass: 35%, bare 

ground:15% 

Vegetation Regime B:  root 

depth 1m, age 2 yrs. black 

willow: 20%, alder: 20%,                         

reed canary grass: 35%, bare 

ground:15% 

Vegetation Regime B:  root 

depth 1m, age 2 yrs. black 

willow: 20%, alder: 20%,                         

reed canary grass: 35%, bare 

ground:15% 

  

Lower Cross-section: slope 

0.1021 

Middle Cross-section: slope 

0.2383 

Lower Cross-section: slope 

0.1021 

Sediment Package A:  

Soil: k= 29.388, τc = 1.628, 

Alluvium: k=1.021, τc = 

6.471, Till:  k=0.283, τc = 

24.871 

Sediment Package A:  

Soil: k= 29.388, τc = 1.628, 

Alluvium: k=1.021, τc = 

6.471, Till:  k=0.283, τc = 

24.871 

Sediment Package A:  

Soil: k= 29.388, τc = 1.628, 

Alluvium: k=1.021, τc = 

6.471, Till:  k=0.283, τc = 

24.871 



 

Vegetation Package C: 

Cottonwood: 25% cover, 

river birch: 20% cover, black 

willow: 20% cover, alder: 

5% cover, reed canary: 10% 

cover, bare ground: 20% 

cover 

Vegetation Package C: 

Cottonwood: 25% cover, 

river birch: 20% cover, black 

willow: 20% cover, alder: 

5% cover, reed canary: 10% 

cover, bare ground: 20% 

cover 

Vegetation Package C: 

Cottonwood: 25% cover, 

river birch: 20% cover, black 

willow: 20% cover, alder: 

5% cover, reed canary: 10% 

cover, bare ground: 20% 

cover 

Lower Cross-section: slope 

0.1021 

Middle Cross-section: slope 

0.2383 

Lower Cross-section: slope 

0.1021 

Sediment Package B: 

Colluvium: k=56.398, τc = 

1.206, Alluvium: k=2.91, τc 

= 7.803 

Sediment Package B: 

Colluvium: k=56.398, τc = 

1.206, Alluvium: k=2.91, τc 

= 7.803 

Sediment Package B: 

Colluvium: k=56.398, τc = 

1.206, Alluvium: k=2.91, τc 

= 7.803 

Vegetation Package C: 

Cottonwood: 25% cover, 

river birch: 20% cover, black 

willow: 20% cover, alder: 

5% cover, reed canary: 10% 

cover, bare ground: 20% 

cover 

Vegetation Package C: 

Cottonwood: 25% cover, 

river birch: 20% cover, black 

willow: 20% cover, alder: 

5% cover, reed canary: 10% 

cover, bare ground: 20% 

cover 

Vegetation Package C: 

Cottonwood: 25% cover, 

river birch: 20% cover, black 

willow: 20% cover, alder: 

5% cover, reed canary: 10% 

cover, bare ground: 20% 

cover 

Lower Cross-section: slope 

0.1021 

Middle Cross-section: slope 

0.2383 

Lower Cross-section: slope 

0.1021 

Sediment Package C:  

Soil: k= 29.388, τc = 1.628, 

Till:  k=0.283, τc = 24.871 

Sediment Package C:  

Soil: k= 29.388, τc = 1.628, 

Till:  k=0.283, τc = 24.871 

Sediment Package C:  

Soil: k= 29.388, τc = 1.628, 

Till:  k=0.283, τc = 24.871 

Vegetation Regime C: 

Cottonwood: 25% cover, 

river birch: 20% cover, black 

willow: 20% cover, alder: 

5% cover, reed canary: 10% 

cover, bare ground: 20% 

cover 

Vegetation Regime C: 

Cottonwood: 25% cover, 

river birch: 20% cover, black 

willow: 20% cover, alder: 

5% cover, reed canary: 10% 

cover, bare ground: 20% 

cover 

Vegetation Regime C: 

Cottonwood: 25% cover, 

river birch: 20% cover, black 

willow: 20% cover, alder: 

5% cover, reed canary: 10% 

cover, bare ground: 20% 

cover 

 

 The stream profile information in figures 6 and 7 was taken from the Minnesota 

Department of Natural Resources MnTopo website (http://arcgis.dnr.state.mn.us/maps/mntopo/, 

4/18/16). The flow elevation and flow duration were based on the flow data from the AV probe. 

The bank material data include shear stress and erodibility as calculated using the data collected 

from the jet tester (Fig. 6, 8). The rest of the bank material parameters were estimated based on 

the default parameters provided in the model. The bank vegetation and protection consisted of 

three representative vegetation assemblages composed of vegetation available in the Rip-Root 

model used by BSTEM to calculate cohesion (Fig. 6, Table 3). As a result the vegetation chosen 

is not necessarily indicative of what appears on the site but is composed of species that are good 

analogues to those species on site.  

http://arcgis.dnr.state.mn.us/maps/mntopo/


 

 

Figure 8 The inputs in the Bank Material page of BSTEM for Sediment Package A: till overlain by alluvium and 

soil. See also Figure 7, Appendix C. 

 As previously mentioned, MnTopo was used to create the cross-sections and longitudinal 

profile from which the slope and half profiles used by BSTEM were entered into the Bank 

Geometry section of the model. The longitudinal profile was used to calculate the slopes in the 

upper, middle, and lower portion of the ravine. The profile was then used to qualitatively assess 

the reach length over which slopes were uniform. The determination was that slopes were 

generally consistent over 50 m and, therefore, 50 m was used as the reach length for each 

modeling scenario (Fig. 6, 7, Table 3). These three ravine profiles were then modeled with three 

different types of bank material and three different types of bank vegetation which will be 

described in the following paragraphs.  

 Three bank material packages were chosen based on the variety of sediment and soil 

conditions mapped by Jennings (2010) and Bock (2010) and based on direct field observations 

and sediment samples taken during the 2014 field season. Ravine I is geomorphically complex 

intersecting layers of soil, colluvium, till, bedrock, and alluvium throughout its length. The three 

sediment packages chosen were as follows: a dense till overlain by alluvium and thin soil; 

alluvium overlain by colluvium; and a thin, hard till with thick soil (Fig. 6, Table 3). These were 

chosen to represent the variety of conditions present on the ground. No bedrock layer was 

modeled because bedrock is only present at the surface in a very short portion of the ravine and 

is therefore unlikely to exert substantial control on erosion and sediment delivery throughout the 

ravine. Erodibility coefficients and shear stresses for these various sediments were acquired from 

the jet tester data where these parameters, bulk density, and percent sand, silt, clay were used to 



 

separate the sediments in the ravines into till and alluvial/colluvial material (Fig. 6, Table 3). For 

the modeling the alluvial/colluvial materials were further subdivided with the assumption that 

colluvium would be somewhat more erosive than alluvium and that soil would be even more 

erosive. Due to the height of the bank all flows directly interacted only with the bottom most 

layer, however bank failures removed sediment from all layers.  

 The bank vegetation was varied to reflect different vegetation communities that could 

occur in a ravine setting and that were relatively similar to the variety of vegetation communities 

seen in various portions of Ravine I. The 3 vegetation packages were a high cover grass 

community of dry meadow, reed canary grass, and perennial rye grass; a shrub and grass 

community of black willow, alder, reed canary, and bare ground; and a tree and understory 

species community of cottonwood, river birch, black willow, alder, reed canary, and bare ground 

(Fig. 6, Table 3). Varying the vegetation regime changes the effective cohesion of the bank 

which directly impacts the probability of bank failure. The cohesion varied from 0.0178 kPa 

under the high cover grass regime to 0.069 kPa under the tree and understory species regime.  

 

Figure 9 The standardized hydrograph used in BSTEM. The duration refers to the number of hours over which that 

stage occurs. 

 For the bank geometry, bank materials, and vegetation communities defined, the model 

was then run using two different hydrographs. The second hydrograph was run with a high and a 

low depth to water table (Fig. 9). The hydrograph shown in figure 9 is based on the hydrograph 

data from the AV probe and represents the average duration and maximum stage for an event. 

The other hydrograph was a simple 6 day, 0.31 m stage event which was used to represent the 

extreme condition or worst case scenario flood. The stage for this extreme event is the highest 

stage that was recorded by the AV probe. These two different hydrologic scenarios were 



 

modeled to show the difference in erosion between an average event and a more catastrophic 

event. In addition to varying the hydrograph the water table was also varied. For the baseline 

runs of the average and extreme hydrograph the model was run assuming that the water table was 

below the stream bed (deep water table). This assumption was made due to the potential for a 

perched water table and the lack of data available about the actual depth to water table. In 

addition the extreme hydrograph was then run with a shallow water table due to the likelihood 

that under extreme conditions the water table would rise and change interactions between the 

water flow and the sediment (Simon et al. 2000). This extreme scenario with a shallow water 

table was run three times for each scenario. In order to compare sediment loads over the course 

of many events all results are given for 6 events, this being the average number of flow events in 

the course of a year.  

 Overall 54 scenarios were modeled (Table 3). As was previously mentioned, BSTEM is a 

static model and in order to perform the modeling of the standard hydrograph this required each 

scenario to be run sequentially through the model 12 times with any erosion that occurred 

resulting in the export of a new cross-section. The 54 scenarios were then each run once through 

the model with the extreme conditions and the deep water table and three times with the extreme 

hydrograph and the shallow water table. The three iterative runs with the shallow water table 

were performed to show the cumulative effect of multiple large storms on ravine erosion. The 

scenarios were named using a convention that is described in figure 6. For example, a scenario 

that used the middle cross-section and slope, the A sediment package of till, alluvium, and soil, 

and the C vegetation package of trees, shrubs, and understory species would be called Middle 

AC. 

 BSTEM calculates sediment loads in first a bank failure model and, if failure does not 

occur, in a toe erosion model. In order to determine the likelihood of bank failure the model 

calculates a factor of safety for each run of each scenario. The factor of safety is the ratio of 

resisting to driving forces and indicates the stability or likelihood of failure of the bank. A factor 

of safety (Fs) below 1.00 indicates instability (bank failure), an Fs from 1.00 to 1.30 indicates 

conditional stability, and a factor of safety greater than 1.30 indicates stability. Then a sediment 

load is calculated for all Fs below 1.30. If the Fs was below 1.00, this failure was considered real 

and the new, failed cross-section was exported. If the Fs was above 1.00 than failure did not 

occur and the toe erosion model was then used to calculate erosion of the bank, bed, and toe.  



 

 BSTEM results are in the form of sediment loads, in the case of bank failures, or 

maximum lateral retreat and area, in the case of toe erosion. In order to turn the toe erosion data 

into sediment loads the following formula was used: 

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑟𝑒𝑡𝑟𝑒𝑎𝑡 𝑋 𝑎𝑟𝑒𝑎 𝑋 𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 

Once the toe erosion sediment loads were calculated these were combined with the bank failure 

sediment loads (when failure occurred) and were used to create two different types of results for 

each of the 54 scenarios. First the sediment loads from each individual run, in the case of the 47 

hr hydrograph, were summed to create one total sediment load for the whole storm event. These 

whole storm event results, along with the results from the deep and shallow water table extreme 

events, were than tallied for 6 events (the average number of events/year) to come up with reach 

sediment load totals/year in metric tons/reach/year. Second, in order to come up with yearly, 

whole ravine sediment loads the following formula was applied combining the Lower, Middle, 

and Upper results for each of the combinations of sediment package and vegetation regime: 

𝐿𝑜𝑤𝑒𝑟 𝑙𝑜𝑎𝑑 ∗ 2 + 𝑀𝑖𝑑𝑑𝑙𝑒 𝑙𝑜𝑎𝑑 ∗ 2 + 𝑈𝑝𝑝𝑒𝑟 𝑙𝑜𝑎𝑑 

The multipliers in the formula translate the results from the 50 m reach scale to the 250 m whole 

ravine scale. The Upper load is not multiplied because as can be seen in figure 7 the conditions 

modeled in the Upper section do not persist over more than about 50 meter of the total ravine 

length. The multiple scale sediment load estimates were calculated to show the complexity of 

relationships between modeled variables at the reach scale on which BSTEM operates and to aid 

in prioritization of management and then at the ravine scale for comparisons between various 

sediment load estimation tools and to provide context for total possible sediment loads in 

ravines.  

 In order to examine the results systematically they were divided by sediment package and 

then by the ravine slope and vegetation. Results were also graphed separated by vegetation 

regime. Additionally, percent relative change was calculated for hydrology, sediment, added 

cohesion due to roots, and slope. This was done to provide a clearer picture of what variables had 

the greatest control on sediment loads. The equation used was: 

𝑙𝑎𝑟𝑔𝑒𝑠𝑡 𝑙𝑜𝑎𝑑 − 𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑙𝑜𝑎𝑑

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑜𝑎𝑑
𝑋 100% 

for the parameter of concern. Percent relative change was calculated at both the reach and whole 

ravine scale, although at the whole ravine scale percent change could not be calculated for the 



 

slope as slope naturally varies across the whole ravine. For sediment, root cohesion, and slope, 

percent relative change was calculated only for the 47 hr. hydrograph. 

4.0 Results 

  4.1 Hydrology Data 

 The AV probe was deployed for 215 days from April 15, 2015 through November 15, 

2015. Within this time period it recorded 12 events with a maximum discharge of 0.075 m3/s 

(Fig. 10). The Solinst levelogger in the upper site recorded many more events of much lower 

magnitude (Fig. 11). However, these data were difficult to interpret due to the fact that the PVC 

pipe in which the logger was deployed became clogged with fine sediment, the bed degraded 

(and may have aggraded) during the season, and the PVC pipe was knocked over during a storm 

event in August. Overall, this logger was recording from March 11, 2015 until August 7, 2015, a 

total of 150 days during which a small amount of flow occurred on most days. Although 

discharge could not be calculated at the upper site, daily average stage for the upper site and 

daily average discharge at the lower site along Ravine I were calculated to allow for side by side 

comparison of flow frequency (Fig. 11, Appendixes A, B). Based on a generous interpretation of 

the upper site data there was some flow on 80% of days while there was only flow on 33% of 

days in the lower portion of the ravine. It was observed during field visits that there were often 

small amounts of flow in the mid or upper portion of the ravine when no flow was occurring at 

the culvert (lower portion).  

 

Figure 10 Discharge data from the AV probe in the culvert in Ravine I. 
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Figure 11 Comparison between the stage in the upper portion of Ravine I and from the Av probe in the culvert at the 

end of Ravine I. 

 

  4.2 Sediment Yields Estimates from Other Tools 

 Sediment yields were calculated based on total suspended sediment (TSS) sampling, 

BANCS, RUSLE, and Lidar. The average TSS concentration, 1654 mg/L, and the data from the 

AV probe were used to estimate the TSS delivery during the 2015 field season. Additionally, the 

annual TSS delivery was estimated using a higher TSS concentration of 5678 mg/L, which was 

amongst the highest TSS readings recorded (Table 4). As previously mentioned the average 

concentration in the ravine water was 1654 mg/L, however, the range was much larger from 0 

(no flow) to 6313 mg/L. The estimated total suspended sediment load calculated using the 

average concentration and cumulative flow was 14.57 metric tons during the 2015 field season. 

The estimated field season delivery, based on a more nuanced calculation that divided the 

discharges and TSS into high, medium, and low ranges, resulted in TSS ranges from 47.67 

metric tons to 54.19 metric tons, depending on how conservative the flow estimates were (Table 

4). The extreme disparity between the delivery estimates from these two methods can be 

accounted for by the fact that the calculation using the high, medium, and low TSS ranges 

captured more of the detail and variability than the courser method using just the average 

concentration. Both of these estimates are included to provide an idea of the variability and 

complexity inherent in estimating sediment delivery in this environment (Lenhart et al., in 

preparation). 
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Table 4 Sediment yield estimates from a BANCS, RUSLE, and TSS analysis (Lenhart et al., in preparation). 

Site 
Area 

(km2) 

Estimated 

sediment 

load BANCS 

(metric 

tons/yr) 

Estimated 

net 

erosion 

(metric 

tons/yr) 

Estimated 

sediment load 

from avg. TSS 

(metric 

tons/yr) 

Estimated 

sediment load 

from TSS using 

high, medium, 

& low values 

(metric tons/yr) 

Estimated 

sediment 

load from 

RUSLE 

(metric 

tons/yr) 

Seven Mile 

Creek 

watershed 93.94 n/a n/a n/a n/a 

 

 

11.53 

Sub-ravines            

B 4.56 2757-4281 1080-2150 n/a n/a see above 

I 0.28 842-11309 470-970 14.57 47.67-54.19 see above 

 

 The Bank Assessment for Non-point Source Consequences of Sediment (BANCS) 

method was used to assess sediment loads in ravines I and B, as well as many other ravines in 

Seven Mile Creek County Park. The sediment load estimate for ravine I was 2757 to 4281 metric 

tons/yr (Table 4) (Lenhart et al. in preparation). This estimate is two orders of magnitude greater 

than the estimate provided by the TSS calculations. RUSLE was also used to assess erosion 

rates, in this case on the side slopes of the ravines. RUSLE predicted average rates of sheet and 

rill erosion on the order of 50.9 metric tons/ha/yr (Lenhart et al., in preparation). This is similar 

to the estimates made using the low, medium, high TSS approach. Lidar was also used to assess 

total erosion between 2007 and 2010, though the data will not be presented in this paper. This 

data will be available in an upcoming PhD dissertation (Pelletier, in preparation). 

   4.3 Jet Tester 

 The jet tester provided the essential data on erodibility that was used for the bank stability 

and toe erosion model. The jet tester along with bulk density data allowed for the separation of 

the material into glacial till and non-glacial materials (colluvium & alluvium) (Table 5, 6). The 

jet tester results showed that erosivity was highly variable within the ravines ranging from 5.46 

cm3/N-s to 137.87 cm3/N-s (Table 5). The jet tester also allowed for the calculation of the shear 

stresses used in the modeling. The shear stresses, like the erodibility, were highly variable 

ranging from 2.66 to 24.88 Pa in the ravines (Table 5, 6). 



 

 

 

Table 5 Average values for soil and geologic materials identifying them as till or alluvium/colluvium. From Lenhart 

et al., in preparation. 

sample type units 
clay or clay 

loam 
sandy loams 

significance 

testing 

Sig at 

α 

=0.05 

Sig. at α = 

0.10 

parent material 

Geologic origin 

characterization 

glacial till, 

n=21 

alluvial &  

colluvial, n=15 sig. level 

N/a n/a 

Mean particle size % sand/silt/clay 25/35/40 55.7/15.9/27.3 < 6.4E -15 yes yes 

Mean bulk density g/cm3 1.26 1.55 0.051 no yes 

Blaisdell Tc Pa 6.19 1.63 0.082 no yes 

Blaisdell (Kd) cm3/N-s 1.01 7.01 0.039 yes yes 

iterative Tc Pa 10.10 4.88 0.011 yes yes 

iterative (Kd) cm3/N-s 3.61 23.61 0.038 yes yes 

Parent material was determined by physical properties and landscape setting; bulk density and particle 

size measured in lab.  The Kd and Tc were determined with a jet tester. 

 

 

Table 6 Summary table of jet tester results and soil properties. The iterative τc and iterative k were useful in defining 

bank material properties for BSTEM. Percent Sand, silt, clay was determined by the hydrometer method at the UMN 

Research Analytical Laboratory. 

Site and Transect 

Location 

Iterative τc 

(Pa) 

Iterative k 

(cm3/N-s) 

Bulk 

Density 

% Moisture 

Wt. 

% 

Sand 

% 

Silt 

% 

Clay 

7-Mile Creek Site #2 

@0M 8.123 5.462 1.40 18.77 53.8 16.3 30.0 

7-Mile Creek Site #2 

@15M 2.717 137.870 1.31 22.63 62.5 10.7 26.9 

7-Mile Creek Site #2 

@0M opp. Bank 2.657 74.922           

7-Mile Creek Site #2 

@8M; (stream bed) 5.453 6.779 1.18 30.68 53.8 16.3 30.0 

7-Mile Creek Site #9 

@10M **(opt1)** 4.877 28.280 1.55 20.67 46.3 23.7 30.0 

7-Mile Creek Site #9 

@20M 24.871 0.721 1.71 18.6 36.3 30.0 33.8 

7-Mile Creek Site #22 

@spot 1 8.904 6.593 1.78 4.58 61.3 12.5 26.3 

7-Mile Creek Site #22 

@spot 2 5.496 11.825     47.5 23.7 28.7 

7-Mile Creek Site #22 

@spot 3 **(opt1)** 3.348 28.888 1.69 10.84 58.8 15.0 26.3 

7-Mile Creek Site #23 

@SteepSlope1 9.763 37.596 1.55 26.51 53.8 17.5 28.7 

7-Mile Creek Site #23 

@~10M 3.382 27.136 1.78 16.67 21.2 40.0 38.8 

        

   4.4 Bank Stability and Toe Erosion Modeling results 

 The BSTEM results combined with bulk density data from field work allowed for 

estimation of the total erosion that would occur during each event modeled. Erosion rates will be 



 

reported first as metric tons/reach/year and then as whole ravine rates of metric tons/year for a 

year with the average number of flow events (6) for the deep water table. It is not possible to 

report yearly sediment loads for the shallow water table scenarios due to the low probability of 

these events occurring on a yearly basis. However, a 6 event sediment load will still be reported 

for the shallow water table scenarios to provide a broad picture of the sorts of sediment loads that 

might be generated during years with extreme flooding and/or over longer time scales of perhaps 

a decade.  

 

Figure 12 Sediment loads for all BSTEM runs divided by hydrologic properties (color) and sediment package (dark 

vertical lines). This shows the impact that greater water depth and, especially, shallow water table can have on 

sediment loads; often resulting in loads 3 orders of magnitude greater than for deeper water tables. Note the 

logarithmic y-axis. See also figures 15 and 16, which cumulatively show all results but this time separated by 

hydrology and plant cohesion. Note the logarithmic y-axis 
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Figure 13 The deep water table runs are presented here separated by plant cohesion. The size of the dots is varied so 

that they are visible even where they overlap. Compare to figure 16 below where the extreme, deep water table and 

extreme, shallow water table results are shown organized by plant cohesion. Note the logarithmic y-axis 

 
Figure 14 Comparison between sediment loads generated based on plant cohesion and extreme hydrology with 

either the deep or shallow water table. Note the logarithmic y-axis 
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 The amount of sediment eroded varied greatly, as can be seen in figures 12-14 and 16-18 

and in table 10. The lowest sediment loads were less than 1 metric ton/reach/year assuming 6 

events per year. The highest were close to 30,000 metric tons/reach/year (Fig. 12). In general the 

highest erosion rates occurred with the B sediment package of alluvium and colluvium (Fig. 12). 

In figures 13-14 you can see how sediment and plant cohesion affect overall sediment loads. 

There is more overlap between sediment loads for different runs with plant cohesion than 

sediment, especially for the 47 hr. hydrograph (Fig. 13). For the extreme runs the trend is 

different. Here plant cohesion clearly separates the results for both the deep and shallow water 

table (Fig. 14). 

 In addition to outputs of erosion loads BSTEM also calculates a factor of safety for each 

run. A factor of safety (Fs) below 1.00 indicates instability (bank failure), an Fs from 1.00 to 

1.30 indicates conditional stability, and a factor of safety greater than 1.30 indicates stability. 

Factors of safety for the scenarios modeled ranged from 0.66 to 2.53 or higher. For the most 

stable runs, such as Lower AC with the shallow or deep water table the bank was so stable that 

BSTEM returned ###### stable, which indicates a higher Fs than BSTEM can report (Fig. 15, 

Table 7-9, Appendix C). 

 
Figure 15 Lower AB bank model results. This illustrates what occurs when the bank stability is outside of the range 

of factors of safety that BSTEM reports. 

 In the runs with the A sediment package of till, alluvium, and soil the greatest erosion 

occurred where slopes were highest and vegetation cover consisted of the low cohesion grasses. 

Bank failure occurred just once during all the A runs with the deep water table, during Upper 

AA, run 11 of the 47 hr. hydrograph (for an explanation of the naming scheme see figure 6). It 



 

should be remembered that to model the 47 hr. hydrograph BSTEM was run sequentially with a 

new cross-section exported every time erosion occurred. 

 The factors of safety for the A sediment package runs ranged from 0.88 to 2.38 or higher 

(######), for the 47 hr. hydrograph, and from 1.43 to 2.38 or higher for the extreme hydrograph 

with the deep water table (Appendix C). In the Upper AA section the total erosion for the 

average year came to 28,695 metric tons/reach/year with the 47 hr. hydrograph. This was the 

result of the only bank failure that occurred for the 47 hr. hydrograph models. Although the 

trends for the A sediment package were typical at the high end, the lowest erosion occurred in 

the Middle AA run rather than the Lower A runs as might be expected. Middle AA had just 0.08 

metric tons/reach/year for the average hydrograph (Fig. 16, Appendix C). 

 

Figure 16 Results for BSTEM runs with the A sediment package. The orange squares are bigger to show where the 

purple and orange runs are close to the same. Note logarithmic y-axis. 

 With the shallow water table and the A sediment package erosion rates were substantially 

higher owing largely to the fact that, unlike with the deep water table, bank failure was 

substantially more likely (Table 7). The shallow water table resulted in factors of safety ranging 

from 0.72 to 1.17, except for the Lower bank geometry runs where the Fs was even higher 

(######). These factors of safety indicate that for the Middle and Upper bank geometry the bank 

is either unstable or conditionally stable during extreme events with a shallow water table. In the 

Middle runs the bank failed on one out of three runs. In the Upper runs the bank failed on two  
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out of three runs. Bank failures produce much larger volumes 

of sediment than toe erosion. The Upper AC run with the 

shallower water table produced two failures with volumes of 

3186 and 6788 metric tons. By contrast a single extreme run 

of Upper AC with the deeper water table resulted in at most 

0.34 metric tons of erosion because there was only toe 

erosion and no bank failure (Fig. 16). 

     The B sediment package of alluvium and colluvium 

resulted in highly variable erosion rates. The factors of safety 

for the deep water table B runs ranged from 1.26 to 2.53 and 

were above the 1.30 stable cutoff on all but one run. On the 

Middle BA 8th run the Fs dropped to 1.26 indicating 

conditional stability (Appendix C). However, once the toe 

erosion model was run and the new cross-section was 

exported the stability of the bank went back up and any risk 

of bank failure again disappeared. On the other hand, for the 

shallow water table runs the factors of safety ranged from 

0.76 to 1.27 showing that under these conditions the bank was 

never more than conditionally stable (Table 8). For the Lower 

bank geometry runs the bank remained conditionally stable 

for all three runs. For the Middle bank geometry there were 

always two failures. Over the course of 3 runs the factor of 

safety for the Middle BB and Middle BC scenarios went from 

unstable to stable and back to unstable. In other words the 

bank failed on every other run. For the Middle BA run the bank failed on the first two runs and 

was then conditionally stable on the third run. For all 3 of the Upper bank geometry scenarios the 

bank was unstable for the first two runs and than conditionally stable on the third run (Table 8, 

Appendix C).  

 With the range in factors of safety came a range in sediment loads. The modeling results 

for the deep water table scenarios spanned 3 orders of magnitude. When the shallow water table 

results are included this expands to 5 orders of magnitude (Fig. 17). Within this sediment 

Table 7 Factors of safety for the A 

sediment runs with the shallow water 

table. The pink color indicates those 

runs where bank failure occurred. 

Lower AA 99999 99999 99999 

Lower AB 99999 99999 99999 

Lower AC 99999 99999 99999 

Middle AA 0.87 1.06 0.92 

Middle AB 0.85 1.13 1.01 

Middle AC 0.82 1.12 1.00 

Upper AA 0.72 0.92 1.08 

Upper AB 0.89 0.93 1.12 

Upper AC 0.74 0.97 1.17 

Table 8 Factors of safety for the  

B sediments runs with the shallow 

water table. The pink color indicates 

runs during which bank failure 

occurred. 

Run 1 2 3 

Lower BA 1.27 1.15 1.17 

Lower BB 1.27 1.15 1.17 

Lower BC 1.27 1.09 1.11 

Middle BA 0.76 0.99 1.27 

Middle BB 0.76 1.01 0.87 

Middle BC 0.80 1.03 0.88 

Upper BA 0.84 0.98 1.12 

Upper BB 0.79 0.93 1.05 

Upper BC 0.83 0.99 1.13 



 

package the lowest erosion rates occurred in the Lower BA run with the 47 hr. hydrograph and 

the deep water table. In this case the total erosion was just 0.63 metric tons/reach/year. 

Surprisingly, the next lowest erosion occurred in the upper ravine at 1.51 metric tons/reach/year, 

additionally the erosion rate was the same in the upper ravine regardless of the vegetation 

regime.  

 

Figure 17 Sediment yields for the B sediment package with the deep water tables. Note the logarithmic y-axis. 

 The modeling runs with the C sediment package yielded results that were broadly similar 

to the A sediments runs as compared to B sediment runs dues to the similarities between the A 

and C sediment packages. The factors of safety associate with the deep water table and 47 hr. 

hydrograph covered a very narrow range of 1.26 to 1.7 for the Middle and Upper bank 

geometries with the Lower bank geometries all falling in the stable field with no Fs reported. The 

lowest and highest Fs occurred for the Middle runs while the Upper runs had Fs of 1.5 or 1.51 

under all circumstances. The Middle CA runs were all in the conditionally stable range, however 

the Lower and Upper C scenarios were all well within the stable range. There were no slope 

failures for the 47 hour hydrograph. For the extreme scenario and deep water table the range of 

factors of safety was even narrower from 1.50 to 1.63 with the Lower scenarios once again 

having stable Fs beyond BSTEMs reporting range (Appendix C). Conversely, the factors of 

safety for the shallow water table were much lower and fell entirely within either the unstable or 
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conditionally stable range. The lowest Fs of 0.66 occurred in 

the first run of the Upper CB scenario while the highest of 

1.19 occurred for runs 2 and 3 of both the Lower CA and 

Lower CC runs. With a shallow water table the Middle and 

Upper scenarios experienced two failures while the Lower 

scenario experienced no failures within the course of the 

three modeled runs (Table 9).  

 The sediment loads for the deep water table C sediment 

package runs were most notable for their consistency. For the 

Lower, Middle, and Upper runs sediment loads were the 

same regardless of vegetation regime. The Lower runs 

yielded sediment loads of 2.91 metric tons/reach/year for the 

47 hr. hydrograph and 3.14 metric tons/reach/year for the 

extreme event. The Middle runs resulted in sediment loads of 

0.18 metric tons/reach/year for the 47 hr. hydrograph and 4.93 metric tons/reach/year for the 

extreme event. The sediment loads for the upper run were, with the 47 hr. hydrograph, 0.40 

metric tons/reach/year and for the extreme event 2.02 metric tons/reach/year (Fig. 18). 

 

Figure 18 Results for all runs with the C sediment package separated by hydrology. There are several orders of 

magnitude between the deep and shallow water table results for most runs. Note the logarithmic y-axis. 
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Table 9 Factors of safety for runs 

with the shallow water table. The 

highlighted cells indicate runs during 

which bank failure occurred. The 

pink color indicates runs during 

which bank failure occurred. 

Run 1 2 3 

Lower CA 1.28 1.19 1.19 

Lower CB 1.28 1.13 1.13 

Lower CC 1.28 1.19 1.19 

Middle CA 0.81 1.05 0.94 

Middle CB 0.82 1.06 0.94 

Middle CC 0.77 1.06 0.94 

Upper CA 0.80 1.04 0.96 

Upper CB 0.66 0.83 1.01 

Upper CC 0.84 0.93 1.10 



 

 The C sediment package results for the shallow water table runs were more varied than 

those for the deep water table but the sediment loads were still quite similar regardless of 

vegetation package. The Lower CA sediment load was 3.89 metric tons/reach/6 events, the 

Lower CB sediment load was 2.85 metric tons/reach/6 events, and the Lower CC sediment load 

was 2.67 metric tons/reach/6 events. The declining trend in the results from A vegetation to C 

vegetation is to be expected owing to the increasing cohesion added from vegetation regime A to 

vegetation regime C. A declining trend is also seen for the Middle bank geometry runs. The load 

for the Middle CA scenario is 14,231 metric tons/reach/6 events, the Middle CB load is 14,112 

metric tons/reach/6 events, and the Middle CC load is 13,733 metric tons/reach/6 events. The 

trend is broken in the Upper section where the Upper CB scenario resulted in a sediment load of 

9,706 metric tons/reach/6 events while the Upper CA and Upper CC scenarios resulted in 15,090 

and 14,573 metric tons/reach/6 events, respectively (Fig. 18).  

Table 10 Whole ravine, shallow water table erosion rates for 6 events for all modeled scenarios. 

 Annual sediment loads at the ravine scale were calculated for each ravine combining the 

Lower, Middle, and Upper results for each of the sediment and vegetation packages as described 

  

Total Erosion 

(metric 

tons/yr.)   

Total Erosion 

(metric 

tons/yr.)   

Total Erosion 

(metric 

tons/yr.) 

Whole Ravine 

AA 28,696.16 

Whole Ravine 

BA 240.13 

Whole Ravine 

CA 6.59 

Whole Ravine 

AA  extreme 19.16 

Whole Ravine 

BA extreme 292.72 

Whole Ravine 

CA extreme 18.16 

Whole Ravine 

AA extreme, 

Shallow 51,845.17 

Whole Ravine 

BA extreme, 

shallow 50,536.67 

Whole Ravine 

CA extreme, 

shallow 43,559.35 

Whole Ravine 

AB  5.83 

Whole Ravine 

BB 60.13 

Whole Ravine 

CB 6.59 

Whole Ravine 

AB extreme 18.10 

Whole Ravine 

BB extreme 292.72 

Whole Ravine 

CB extreme 18.16 

Whole Ravine 

AB extreme, 

shallow 37,994.87 

Whole Ravine 

BB extreme, 

shallow 53,706.64 

Whole Ravine 

CB extreme, 

shallow 37,935.20 

Whole Ravine 

AC 8.71 

Whole Ravine 

BC 40.81 

Whole Ravine 

CC 6.59 

Whole Ravine 

AC extreme 759.84 

Whole Ravine 

BC extreme 142.78 

Whole Ravine 

CC extreme 18.16 

Whole Ravine 

AC extreme, 

shallow 35,702.23 

Whole Ravine 

BC extreme, 

shallow 57,775.50 

Whole Ravine 

CC extreme, 

shallow 42,043.73 



 

in the methods section. By far the largest sediment load for the whole ravines with the deep 

water table occurred with the 47 hr hydrograph, AA ravine scenario due to a bank failure that 

occurred during one of the Upper AA ravine runs (Table 10). The deep water table produced 

sediment loads between 6.59 metric tons/year (Whole Ravine AB) and 759.84 metric tons/year 

(Whole Ravine AC extreme), except for Whole Ravine AA which produced a sediment load of 

28,696 metric tons/year as a result of a single bank failure. Results were broadly similar for A 

and C sediments with the B sediments producing generally about an order of magnitude more 

sediment.  

Table 11 Percent relative change for sediment, cohesion due to roots, slope, and hydrology. The table is organized 

from smallest to largest with the total difference reported at the bottom of each column. 

 For the shallow water table scenarios whole ravine sediment loads for 6 events were also 

calculated. As discussed above these are unlikely to occur on an annual basis but might occur 

over the course of several years or, perhaps, during a year with extreme flooding. The results for 

  

Sediment              

% relative change   

Root cohesion                    

% relative change   

Slope                  

% relative change 

Lower -C 108 Lower C- 0 BA 2 

Upper -B 144 Middle C- 0 BC 137 

Middle -C 144 Upper B- 0 BB 150 

Lower -A 166 Upper C- 0 AB 227 

Lower -B 193 Middle A- 69 CA 235 

Middle -C 286 Lower A- 141 CB 235 

Middle -B 287 Lower B- 188 CC 235 

Middle -A 299 Middle B- 227 AC 250 

Upper -A 300 Upper A- 300 AA 300 

Difference 192 Difference 300 Difference 198 

  

Hydrology           

% relative change   

Hydrology           

% relative change   

Hydrology           

% relative change 

Lower CC  8 Lower AC 290 Middle AA 300 

Lower CB 10 Middle BA 297 Upper BB 300 

Lower AB  20 Middle BB 300 Upper CB 300 

Lower CA 29 Middle BC 300 Upper BA 300 

Lower BA 74 Middle AC 300 Upper BC 300 

Lower BC  96 Middle AB 300 Upper CC 300 

Lower BB 161 Middle CC 300 Upper CA 300 

Lower AA 162 Middle CB 300 Upper AC 300 

Upper AA 192 Middle CA 300 Upper AB 300 

    Difference 292 



 

the shallow water table analyses ranged from 35,702 metric tons/6 events for the Whole Ravine 

AC to 57,776 metric tons/6 events for the Whole Ravine BC (Table 10). 

 Relative changes were calculated for both the whole ravine results and the individual 

reach results. The range of the relative change was quite large for each parameter at the reach 

scale. The range for sediment was 192%, for slope it was 298%, for added cohesion due to roots 

(vegetation) it was 300%, and for hydrology it was 280%. Similarly, the range of relative 

changes at the whole ravine scale was also quite large. In this case for sediment it was 280%, for 

added cohesion due to roots it was 300%, and for hydrology it was 107% (Table 11, 12). 

Table 12 Percent relative change for the whole ravines calculated for sediment, root cohesion, and hydrology. The 

results are presented from smallest to largest and the difference is presented at the end of each column. 

  

Relative 
Difference 
from 
Sediment   

Relative 
Difference 
from Plant 
Cohesion   

Relative 
Difference 
from 
Hydrology 

Whole Ravine -A 297 Whole Ravine A- 300 Whole Ravine AA 193 

Whole Ravine -B 225 Whole Ravine B- 175 Whole Ravine AB 300 

Whole Ravine -C 183 Whole Ravine C- 0 Whole Ravine AC 287 

Whole Ravine -A, 
extreme 250 

Whole Ravine A- 
extreme 279 

Whole Ravine BA 
295 

Whole Ravine -B, 
extreme 250 

Whole Ravine B-, 
extreme 62 

Whole Ravine BB 
298 

Whole Ravine -C, 
extreme 242 

Whole Ravine C-, 
extreme 0 

Whole Ravine BC 

299 

Whole Ravine -A, 
extreme, shallow 17 

Whole Ravine A-, 
extreme, shallow 39 

Whole Ravine CA 
300 

Whole Ravine -B, 
extreme, shallow 36 

Whole Ravine B-, 
extreme, shallow 13 

Whole Ravine CB 
300 

Whole Ravine -C, 
extreme, shallow 49 

Whole Ravine C-, 
extreme, shallow 14 

Whole Ravine CC 
300 

Difference 280 Difference 300 Difference 107 

5.0 Discussion 

 In pursuit of the first objective a wide variety of field data were collected during the 2014 

and 2015 field seasons. This included ravine hydrographs, sediment sampling, and vegetation 

sampling. The sediment samples were analyzed for texture, bulk density, and calcium carbonate 

content (Kramer 2015, Lenhart 2016 in preparation). The sediment samples were also used for 

jet tester analysis to calculate shear strength and erosivity of the sediments in ravines, the Seven 

Mile Creek main stem, and ditches in the uplands around Seven Mile Creek. These data were 

used by several students at the University of Minnesota, including myself, and were also 



 

provided to the USACE to improve their understanding of ravines and provide data validation for 

their modeling.  

 The hydrology data collected adds to the knowledge base on ravine flow rates and 

frequencies that was established by Nieber et al. (2010) for the Seven Mile Creek watershed. The 

combination of hydrograph data from Nieber et al. (2010) and this study illustrated that flow 

frequencies vary greatly in the ravines of Seven Mile Creek. During the 2007-2008 monitoring 

no flow events occurred but in 2014 and 2015 there were many events each year (at least 11 in 

2015).  It is likely that ravines throughout the Minnesota River basin will experience similarly 

variable flow frequencies due to their similarly small watershed size, geomorphic settings, and 

geologic history (Belmont et al. 2011, Gran et al. 2011).  

 Much of the data collected to meet objective 1 of this study was directly or indirectly 

applicable to meeting objective 2 of the study. BSTEM is a data-driven model and the sediment 

and hydrology data were both applied to make the modeling as accurate as possible. 

Unfortunately, RipRoot, the model within BSTEM that calculates plant cohesion, only contains 

certain plant species and therefore the vegetation data were not used directly in modeling. 

BSTEM proved highly useful for gaining a better understanding of the variability in sediment 

loading within ravines. There is a growing body of literature indicating the importance of ravines 

in increasing connectivity within a landscape and in supplying and moving sediment within the 

landscape (Gábris et al. 2003, Poesen et al. 2003, Valentin et al. 2005). 

 Sediment yield estimates for ravines in 7 Mile Creek were made in a variety of ways. The 

results ranged from 15-54 metric tons/year from the TSS method to 51 metric tons/year with 

RUSLE to 4281 metric tons/year for the BANCS method. Meanwhile, the BSTEM results 

ranged from less than 1 to about 28,000 metric tons/year. The range in results shows the 

complexity and variability inherent in trying to measure (TSS) or calculate/model (RUSLE, 

BANCS, BSTEM) erosion rates in the ravine environment. The relative similarity between the 

RUSLE and TSS results could be coincidental or result from sheet and rill erosion being a major 

contributor to TSS. BANCS, on the other hand, provides a much larger estimate perhaps due to 

the fact that it accounts for both the non-suspended sediment and the suspended sediment, while 

the total suspended sediment only accounts for suspended sediment, as the name suggests. 

Similarly, BSTEM accounts for both suspended and non-suspended sediment loads. The 



 

variability of the BSTEM results is a reflection of the importance of bank failures which lead to 

the high sediment loads. 

 

Figure 19 Sediment deposits and overhanging soil on an unvegetated bank which will likely fail during subsequent high water 

events. This photo also shows how roots help hold the overhanging soil at first but will probably fail to hold it overtime as soil 

creep and further bank erosion occur. 

 BSTEM and field observations made it clear that toe erosion and bank failure were both 

extremely powerful mechanisms for sediment loading (Fig. 19, Appendix C). The differences 

between the BSTEM results with the shallow and deep water tables illustrated the complex 

interplay between water depth and water table as mechanisms for bank failure. One of the most 

noteworthy results of this study is how rare bank failure is in these systems, while being a 

massive force for sediment loading when it does occur. Based on the results from BSTEM, bank 

failures can be expected on 1 to 2 out of 3 of the largest events that occur in these flashy and 

intermittently flowing ravines. These failures are unlikely to occur annually but it is difficult to 

know how often they would occur. The results of bank failures were observed after one large 

storm in June 2014 but would not have occurred at all in 2007-2008 when no flow was observed 

(Lenhart, personal communication, April 3, 2015; Nieber et al., 2010). Frequency of bank failure 



 

is an area that will require future study. Bank failure may occur about once every 3-5 years, but 

the smaller flows that the 47 hr. event represented prime the system for perhaps even more 

catastrophic failures when the big events occur. Additionally, the small events may occur several 

times a year, as they did in 2014 and 2015, and themselves deliver tens to hundreds of metric 

tons of sediment to the channel even when bank failure does not occur (Appendix C).  

 In order to consider the effects of different variables on sediment loads two methods were 

used. First graphs were created separating results by hydrology and by plant cohesion. Second 

percent relative change was calculated for slope, sediment package, root cohesion (vegetation 

package), and hydrology. The graphical results illustrate that hydrology has a huge impact on 

sediment load size. Simply by varying hydrology sediment loads can shift by as much as 4 orders 

of magnitude. The plant cohesion graphs also show that huge variations in sediment loads can 

occur as a result of changes in plant cohesion but they also show that for many of the runs 

varying plant cohesion did not change sediment loads at all.  

 By examining percent relative change it is clear that slope, sediment package, root 

cohesion, and hydrology all have an impact on the sediment loads generated in BSTEM. As 

shown in tables 11 and 12, above, the extent of this impact varies widely. At the reach scale the 

factor that had the greatest overall impact was sediment. With all else held constant, changing 

the sediment at a minimum caused a 108% increase in sediment loads. Following sediment in 

impact are slope, hydrology, and root cohesion, in that order. Although the percent relative 

change due to slope varies from 2% to 300%, this does not tell the whole story. The 2% relative 

change only occurs for one change and after that the next lowest change is 137%. This shows 

that for most scenarios slope has the greatest impact on sediment loads, possibly even greater 

than sediment.  

 Following slope, hydrology also has a huge impact in many cases. For the Middle and 

Upper cross-section and slope hydrology causes a 297% to 300% increase in sediment loads, 

while at the Lower cross-section and slope it causes anywhere from an 8% to a 290% increase in 

sediment loads. The huge impact that hydrologic change has, at least in the higher slope areas, 

suggests that management should focus on mitigating high flows and creating check dams or 

other structures that slow water in high slope environments. This also points to an important area 

for future research, hydrologic change includes change in water table depth and not enough is 

known about the depth to water table and how water tables change in the ravine environment.  



 

 At the reach scale root cohesion had an impact in 56% of the scenarios modeled. 

However, the impact in those scenarios ranged from 69% to 300%. Based on the percent relative 

change it is clear that root cohesion is most powerful as a mediator of erosion rates when there 

are more highly erodible materials somewhere in the bank profile and, in general, at lower 

slopes. At high slopes, slope effects seem to drown out root cohesion impacts. This is an 

interesting result as planting is often one of the first solutions proposed for erosion problems. 

Based on the modeling here it seems that vegetation might not be the most effective management 

technique in ravine environments.  

 Percent relative change was also calculated for the whole ravine results. Sediment, root 

cohesion, and hydrology were analyzed and results were broadly similar to those at the reach 

scale, with one exception. Unlike at the reach scale, hydrology is by far the most important 

factor. For the whole ravine change in hydrology resulted in a minimum of a 193% change to 

sediment loads. The change again reaches its maximum at 300%. For sediment and root cohesion 

the percent relative again varies widely. For sediment, the results are greater for the 47 hr. 

hydrograph scenarios than for the extreme scenarios. With the 47 hr. hydrograph changing 

sediment results in sediment load changes of 183 to 297%. At the other end of the spectrum, for 

the extreme hydrology and shallow water table, change in sediment results in a 17% to 49% 

change. These results illustrate the overwhelming important of high flows and, especially, high 

water tables to controlling sediment loads. It cannot be stressed enough how important it is to 

improve understanding of water tables in these environments. 

 For fully a third of the whole ravine results root cohesion had no effect on sediment 

loads. These cases included one of the 47 hr. hydrograph results and two of the extreme 

hydrology, deep water table cases. For the rest of the extreme hydrology cases, whether with 

deep or shallow water tables, the percent relative change was relatively low ranging from 6% to 

62%. Then for the whole ravine with the B or A sediments the change jumps to 175% and 300%, 

respectively. This illustrates that plant cohesion does not have a simple relationship to sediment 

loads in ravine environments. It also shows how hydrologic changes, including water table, can 

easily overwhelm any decreases in sediment loads that result from added root cohesion. 

 The results from the modeling in these ravines are likely applicable to other ravines in the 

Minnesota River basin (MRB). Like Ravine I, ravines throughout the MRB are flowing from flat 

uplands across a short, steep slope to streams or directly into the Minnesota River. Unlike Seven 



 

Mile Creek, which is a perennial, moderately sized stream, with a relatively large drainage area, 

many ravines in the MRB have much smaller drainage basins. As a result it is likely that ravines 

outside the Seven Mile Creek basin will have smaller or fewer flow events than the ravines in 

Seven Mile Creek. This may mean that they would deliver smaller quantities of sediment to the 

MRB than Seven Mile Creek would.  

 The BSTEM results are useful for making management decisions relating to ravines in 

the MRB. The evidence for which factors have the greatest control on erosion and the results 

showing which portions of the ravine are most erosion prone should make these data useful in 

choosing what management activities and best management practices (BMPs) will be most 

effective in decreasing sediment loads. The results suggest that likely the most efficacious 

management will be that which attenuates flood peaks. Flood peaks have the greatest erosive 

power and the results of this are clearly shown in the modeling results (Nieber et al. 2010). The 

highest stages, in the modeling 0.31 m, resulted in the largest loads, as indicated by the extreme 

hydrograph results, suggest that perhaps nothing else will have a greater effect on sediment 

loading in ravines. Modeling the extreme hydrograph with both the shallow and deep water table 

illustrates that peak stages and shallower water tables increase sediment loads. The peak stage is 

enough on its own to increase sediment loads by at least an order of magnitude. When peak stage 

is combined with a shallow water table the increase in sediment load is even more dramatic (Fig. 

13).  

6.0 Conclusions 

 It is clear that a great deal of erosion occurs in ravines, even during the typically short 

duration flow events that occur from zero to 12 times per year, based on monitoring for this 

study and from Nieber et al. (2010). What is less clear is how much of this sediment leaves the 

ravine system and enters the Minnesota River. As can be seen in figures 20 and 21 sediment is 

often deposited on floodplains and terraces of Seven Mile Creek. It is unclear how much of this 

is remobilized and delivered to the channel. Even if only a fraction of the sediment is delivered, 

ravine erosion should still be considered an important part of the erosion and sediment delivery 

picture in the Minnesota River basin due to the large number of ravines throughout the system.  

 Within the Minnesota River basin, the ravines of Seven Mile Creek provide a good case 

study for the complex physical and biological processes interacting to create sediment loads that 

can vary from 100s to 1000s of metric tons/event. While previous work has primarily focused on 



 

sediment loading from streambanks and bluffs, these results help to illustrate the scale of loading 

from ravines, which though not as significant as streambanks and bluffs, are still an important 

erosive feature (Gran et al. 2011, Nieber et al., 2010). Ravines are an important sediment source 

and are also noteworthy due to their impact on the landscape. For example, as they headcut they 

bisect the landscape creating new drainage patterns and increasing surficial hydrologic 

connectivity. In this way ravines expand drainage networks in much the same way that ditches 

do, though over longer time scales. One potential impact of this increased connectivity is 

draining of wetlands as they become connected to ravines. 

 

Figure 20 Sediment deposits and channel down-cutting at the bottom of Ravine I just above the culvert in which the AV probe 

was placed. 



 

 

Figure 21 Sediment deposited from a ravine onto a path on a terrace adjacent to Seven Mile Creek. 

 Future research should focus on better quantifying sediment delivery from the ravines. 

Within Seven Mile Creek watershed many of the ravines terminate on terraces or the Seven Mile 

Creek floodplain and at that point the waters spread out, lose power, and hence the sediment load 

is deposited on the floodplain (Fig. 22). This is common for many ravines in the MRB and is 

among the many things that makes the ravines a complicated landform to understand and further 

makes it difficult to calculate sediment delivery from ravines. Another exciting opportunity for 

further research is applying the data collected to the linked HECRAS-BSTEM which would 

allow for modeling to be run with real, complex hydrographs instead of the simplified one 

allowed by BSTEM 5.4. This could be particularly beneficial if hydrographs from 2015, when 

we have TSS data were run so that comparisons between real and modeled sediment loads could 

be made. There is also a need for further monitoring of ravines. This monitoring should focus on 

collecting TSS samples from more flow events and especially on capturing TSS loads across the 

event, not just at peaks. Additionally, it is important to collect data about water table depth and 

behavior of subterranean water in the ravine environment. Whether the water table is below the 



 

ravine stream bed, above it, or perched could all have major impacts on sediment loading, 

especially as it relates to bank failures. 

 



 

Appendix A. Daily Average Discharge from the AV probe in Ravine I 

Date 
Daily Average 

(m3/s) 

04/15/15 0 

04/16/15 0 

04/17/15 3.415E-07 

04/18/15 1.628E-07 

04/19/15 0 

04/20/15 0 

04/21/15 0 

04/22/15 2.691E-07 

04/23/15 2.89E-07 

04/24/15 0 

04/25/15 0 

04/26/15 3.88E-07 

04/27/15 4.158E-07 

04/28/15 3.551E-09 

04/29/15 3.596E-07 

04/30/15 2.215E-07 

05/01/15 0 

05/02/15 7.296E-08 

05/03/15 1.128E-07 

05/04/15 3.447E-08 

05/05/15 0 

05/06/15 0 

05/07/15 0 

05/08/15 0 

05/09/15 9.981E-09 

05/10/15 0 

05/11/15 0 

05/12/15 0 

05/13/15 7.091E-09 

05/14/15 0 

05/15/15 0 

05/16/15 0 

05/17/15 0 

05/18/15 0 

05/19/15 0 

05/20/15 0 

05/21/15 0 

Date 
Daily Average 

(m3/s) 

05/22/15 0 

05/23/15 0 

05/24/15 0 

05/25/15 0 

05/26/15 0 

05/27/15 0 

05/28/15 0 

05/29/15 0 

05/30/15 0 

05/31/15 0 

06/01/15 0 

06/02/15 0 

06/03/15 1.301E-07 

06/04/15 0 

06/05/15 0 

06/06/15 0 

06/07/15 0 

06/08/15 0 

06/09/15 0 

06/10/15 0 

06/11/15 0 

06/12/15 0 

06/13/15 0 

06/14/15 0 

06/15/15 0 

06/16/15 0 

06/17/15 0 

06/18/15 0 

06/19/15 0 

06/20/15 0 

06/21/15 0 

06/22/15 0.0021653 

06/23/15 1.221E-07 

06/24/15 0 

06/25/15 0 

06/26/15 0.0001989 

06/27/15 0.0001027 

Date 
Daily Average 

(m3/s) 

06/28/15 1.977E-06 

06/29/15 0 

06/30/15 0 

07/01/15 0 

07/02/15 0 

07/03/15 0 

07/04/15 4.314E-06 

07/05/15 5.879E-06 

07/06/15 1.634E-05 

07/07/15 0 

07/08/15 0 

07/09/15 0 

07/10/15 0 

07/11/15 0 

07/12/15 0 

07/13/15 0 

07/14/15 0 

07/15/15 0 

07/16/15 0 

07/17/15 0 

07/18/15 3.615E-05 

07/19/15 0 

07/20/15 0 

07/21/15 0 

07/22/15 0 

07/23/15 0 

07/24/15 0.0013715 

07/25/15 4.49E-07 

07/26/15 4.839E-06 

07/27/15 0 

07/28/15 5.326E-05 

07/29/15 0 

07/30/15 0 

07/31/15 0 

08/01/15 0 

08/02/15 0 

08/03/15 0 



 

Date 
Daily Average 

(m3/s) 

08/04/15 0 

08/05/15 0 

08/06/15 0.0017215 

08/07/15 0.0002027 

08/08/15 0 

08/09/15 0 

08/10/15 0 

08/11/15 0 

08/12/15 0 

08/13/15 1.835E-05 

08/14/15 0 

08/15/15 0 

08/16/15 3.655E-05 

08/17/15 4.385E-05 

08/18/15 0.0046147 

08/19/15 0.0006139 

08/20/15 1.709E-05 

08/21/15 1.232E-05 

08/22/15 0 

08/23/15 0 

08/24/15 0 

08/25/15 0 

08/26/15 0 

08/27/15 0 

08/28/15 0 

08/29/15 0 

08/30/15 0 

08/31/15 8.471E-05 

09/01/15 2.784E-05 

09/02/15 0.0004675 

09/03/15 2.486E-07 

09/04/15 0 

09/05/15 0.0026107 

09/06/15 9.94E-06 

09/07/15 1.775E-06 

Date 
Daily Average 

(m3/s) 

09/08/15 1.482E-06 

9/09/15 0 

09/10/15 0 

09/11/15 0 

09/12/15 0 

09/13/15 0 

09/14/15 4.917E-05 

09/15/15 0.0002638 

09/16/15 0 

09/17/15 0.001119 

09/18/15 0.0001457 

09/19/15 1.847E-06 

09/20/15 0 

09/21/15 0 

09/22/15 0 

09/23/15 2.746E-06 

09/24/15 1.404E-06 

09/25/15 0 

09/26/15 0 

09/27/15 0 

09/28/15 0 

09/29/15 0 

09/30/15 0 

10/01/15 0 

10/02/15 0 

10/03/15 0 

10/04/15 0 

10/05/15 0 

10/06/15 0 

10/07/15 0 

10/08/15 0 

10/09/15 0 

10/10/15 0 

10/11/15 0 

10/12/15 0 

Date 
Daily Average 

(m3/s) 

10/13/15 0 

10/14/15 0 

10/15/15 0 

10/16/15 0 

10/17/15 0 

10/18/15 3.903E-07 

10/19/15 8.695E-06 

10/20/15 2.582E-06 

10/21/15 7.706E-07 

10/22/15 0 

10/23/15 0.0010992 

10/24/15 0.0014062 

10/25/15 0.0005258 

10/26/15 0.0003335 

10/27/15 0.0002414 

10/28/15 0.0002603 

10/29/15 1.284E-05 

10/30/15 6.473E-06 

10/31/15 1.479E-05 

11/01/15 3.194E-05 

11/02/15 3.581E-05 

11/03/15 4.201E-05 

11/04/15 9.531E-05 

11/05/15 9.689E-05 

11/06/15 0 

11/07/15 0 

11/08/15 0 

11/09/15 0 

11/10/15 0 

11/11/15 0.0065932 

11/12/15 0.0241222 

11/13/15 0 

11/14/15 0 

11/15/15 0 

 

 

 

 

 

 

 

 



 

 

 

Appendix B. Daily Average Stage from the Solinst Levelogger in the 

upper portion of Ravine I 
 

date 
Daily 

Average (m) 

3/11/2015 0.033558 

3/12/2015 0.033309 

3/13/2015 0.021502 

3/14/2015 0.008028 

3/15/2015 0.012618 

3/16/2015 0.024926 

3/17/2015 0.004043 

3/18/2015 0.004624 

3/19/2015 0.013731 

3/20/2015 0.022722 

3/21/2015 0.011231 

3/22/2015 0.013022 

3/23/2015 0.006141 

3/24/2015 0.008585 

3/25/2015 0.0035 

3/26/2015   

3/27/2015   

3/28/2015 0.006793 

3/29/2015 0.008987 

3/30/2015 0.023822 

3/31/2015 0.014348 

4/1/2015 0.025561 

4/2/2015 0.010593 

4/3/2015   

4/4/2015 0.023643 

4/5/2015 0.033768 

4/6/2015 0.038298 

4/7/2015 0.028597 

4/8/2015 0.021217 

date 
Daily 

Average (m) 

4/9/2015 0.020472 

4/10/2015 0.0034 

4/11/2015 0.02843 

4/12/2015 0.033619 

4/13/2015 0.008771 

4/14/2015 0.026875 

4/15/2015 0.069328 

4/16/2015 0.161754 

4/17/2015 0.138363 

4/18/2015 0.140772 

4/19/2015 0.165998 

4/20/2015 0.074896 

4/21/2015 0.029418 

4/22/2015 0.022048 

4/23/2015 0.021318 

4/24/2015 0.031151 

4/25/2015 0.033401 

4/26/2015 0.025503 

4/27/2015 0.025089 

4/28/2015 0.028231 

4/29/2015 0.029561 

4/30/2015 0.027372 

5/1/2015 0.030272 

5/2/2015 0.03518 

5/3/2015 0.032244 

5/4/2015 0.015166 

5/5/2015 0.014878 

5/6/2015 0.029338 

5/7/2015 0.034834 

date 
Daily 

Average (m) 

5/8/2015 0.021079 

5/9/2015 0.019916 

5/10/2015 0.02786 

5/11/2015 0.025939 

5/12/2015 0.016458 

5/13/2015 0.021337 

5/14/2015 0.044618 

5/15/2015 0.032656 

5/16/2015 0.037869 

5/17/2015 0.051905 

5/18/2015 0.01558 

5/19/2015 0.013037 

5/20/2015 0.017058 

5/21/2015 0.022838 

5/22/2015 0.021883 

5/23/2015 0.023988 

5/24/2015 0.042534 

5/25/2015 0.041857 

5/26/2015 0.048077 

5/27/2015 0.040434 

5/28/2015 0.038316 

5/29/2015 0.043814 

5/30/2015 0.035169 

5/31/2015 0.046894 

6/1/2015 0.048598 

6/2/2015 0.050216 

6/3/2015 0.065023 

6/4/2015 0.057605 

6/5/2015 0.055018 

date 
Daily 

Average (m) 

6/6/2015 0.054315 

6/7/2015 0.066815 

6/8/2015 0.055203 

6/9/2015 0.052756 

6/10/2015 0.049518 

6/11/2015 0.06409 

6/12/2015 0.052294 

6/13/2015 0.050696 

6/14/2015 0.050754 

6/15/2015 0.059475 

6/16/2015 0.050951 

6/17/2015 0.061672 

6/18/2015 0.055371 



 

6/19/2015 0.052203 

6/20/2015 0.063738 

6/21/2015 0.056096 

6/22/2015 0.056129 

6/23/2015 0.016713 

6/24/2015 0.009705 

6/25/2015 0.008345 

6/26/2015 0.016973 

6/27/2015 0.007884 

date 
Daily 

Average (m) 

6/28/2015 0.004871 

6/29/2015 0.003764 

6/30/2015   

7/1/2015   

7/2/2015   

7/3/2015   

7/4/2015 0.004571 

7/5/2015 0.004569 

7/6/2015 0.069825 

7/7/2015 0.016298 

7/8/2015 0.006429 

7/9/2015 0.007 

7/10/2015 0.007257 

7/11/2015 0.007113 

7/12/2015 0.009506 

7/13/2015 0.0128 

7/14/2015 0.011146 

7/15/2015 0.008855 

7/16/2015 0.008319 

7/17/2015 0.010949 

7/18/2015 0.02443 

7/19/2015 0.014147 

date 

Daily 

Average (m) 

7/20/2015 0.011909 

7/21/2015 0.010708 

7/22/2015 0.010829 

7/23/2015 0.012181 

7/24/2015 0.048124 

7/25/2015 0.03272 

7/26/2015 0.038814 

7/27/2015 0.03517 

7/28/2015 0.041267 

7/29/2015 0.030198 

7/30/2015 0.028795 

7/31/2015 0.029915 

8/1/2015 0.033781 

8/2/2015 0.035726 

8/3/2015 0.027315 

8/4/2015 0.023191 

8/5/2015 0.021751 

8/6/2015 0.034024 

8/7/2015 0.024701 

 

  



 

Appendix C. BSTEM Results 
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Table
Lower
BA

Lower
BB

Lower
BC

Lower
CA

Lower
CB

Lower
CC

Middle
AA

Middle
AB

Middle
AC

Middle
BA

Middle
BB

Middle
BC

Middle
CA

Middle
CB

Middle
CC

 Upper
AA

Upper
AB

Upper
AC

Upper
BA

Upper
BB

Upper
BC

Upper
CA

Upper
CB

Upper
CC

Factors of Safety: Shallow Water Table 

Lower AA 99999 99999 99999 

Lower AB 99999 99999 99999 

Lower AC 99999 99999 99999 

Middle AA 0.87 1.06 0.92 

Middle AB 0.85 1.13 1.01 

Middle AC 0.82 1.12 1.00 

Upper AA 0.72 0.92 1.08 

Upper AB 0.89 0.93 1.12 

Upper AC 0.74 0.97 1.17 

Lower BA 1.27 1.15 1.17 

Lower BB 1.27 1.15 1.17 

Lower BC 1.27 1.09 1.11 

Middle BA 0.76 0.99 1.27 

Middle BB 0.76 1.01 0.87 

Middle BC 0.80 1.03 0.88 

Upper BA 0.84 0.98 1.12 

Upper BB 0.79 0.93 1.05 

Upper BC 0.83 0.99 1.13 

Lower CA 1.28 1.19 1.19 

Lower CB 1.28 1.13 1.13 

Lower CC 1.28 1.19 1.19 

Middle CA 0.81 1.05 0.94 

Middle CB 0.82 1.06 0.94 

Middle CC 0.77 1.06 0.94 

Upper CA 0.80 1.04 0.96 

Upper CB 0.66 0.83 1.01 

Upper CC 0.84 0.93 1.10 



 

 

  
Total Erosion per 
modeling scenario 

Total Erosion - Avg. 
6 events/yr 

Run metric tons/reach metric tons/year 

Lower AA 0.10 0.62 

Lower AA extreme 0.52 3.11 

Lower AA extreme, 
shallow H2O table 2.85 5.70 

Lower AB  0.42 2.54 

Lower AB extreme 0.52 3.11 

Lower AB extreme, 
shallow H2O table 1.42 2.85 

Lower AC 0.66 3.98 

Lower AC extreme 62.33 373.98 

Lower AC extreme, 
shallow H2O table 2.23 4.47 

      

Middle AA 0.01 0.08 

Middle AA extreme 0.91 5.46 

Middle AA extreme, 
shallow H2O table 8914.75 17829.50 

Middle AB 0.03 0.18 

Middle AB extreme 0.82 4.93 

Middle AB extreme, 
shallow H2O table 4022.04 8044.07 

Middle AC 0.03 0.18 

Middle AC extreme 0.82 4.93 

Middle AB extreme, 
shallow H2O table 3924.46 7848.92 

      

Upper AA 4782.46 28694.77 

Upper AA extreme 0.34 2.02 

Upper AA extreme, 
shallow H2O table 8087.39 16174.78 

Upper AB 0.07 0.40 

Upper AB extreme 0.34 2.02 

Upper AB extreme, 
shallow H2O table 10950.52 21901.03 

Upper AC 0.07 0.40 

Upper AC extreme 0.34 2.02 

Upper AC extreme, 
shallow H2O table 9997.73 19995.46 



 

  
Total Erosion 47 hr 
storm event 

Total Erosion - Avg. 
6 events/yr 

Run metric tons/reach metric tons/year 

Lower BA 0.11 0.63 

Lower BA extreme 23.13 138.78 

Lower BA extreme, shallow H2O 
table 23.12 46.25 

Lower BB 2.81 16.88 

Lower BB extreme 23.13 138.78 

Lower BB extreme, shallow H2O 
table 36.10 72.20 

Lower BC  1.41 8.46 

Lower BC extreme 10.64 63.81 

Lower BC extreme, shallow H2O 
table 23.12 46.25 

      

Middle BA 19.78 118.68 

Middle BA extreme 1.06 6.33 

Middle BA extreme, low depth to 
H2O table 7602.01 15204.02 

Middle BB 2.07 12.43 

Middle BB extreme 1.06 6.33 

Middle BB extreme, shallow H2O 
table 8739.96 17479.91 

Middle BC 1.87 11.19 

Middle BC extreme 1.06 6.33 

Middle BC extreme, shallow H2O 
table 9161.97 18323.94 

      

Upper BA 0.25 1.51 

Upper BA extreme 0.42 2.49 

Upper AB extreme, shallow H2O 
table 10018.07 20036.13 

Upper BB 0.25 1.51 

Upper BB extreme 0.42 2.49 

Upper BB extreme, shallow H2O 
table 9301.21 18602.42 

Upper BC 0.25 1.51 

Upper BC extreme 0.42 2.49 

Upper BC extreme, shallow H2O 
table 10517.56 21035.12 

 



 

  
Total Erosion 47 hr 
storm event 

Total Erosion - Avg. 
6 events/yr 

Run metric tons/reach metric tons/year 

Lower CA 0.49 2.91 

Lower CA extreme 0.52 3.14 

Lower CA extreme, shallow 
H2O table 1.94 3.89 

Lower CB 0.49 2.91 

Lower CB extreme 0.52 3.14 

Lower CB extreme, shallow 
H2O table 1.43 2.85 

Lower CC  0.49 2.91 

Lower CC extreme 0.52 3.14 

Lower CC extreme, shallow 
H2O table 1.34 2.67 

      

Middle CA 0.03 0.18 

Middle CA extreme 0.82 4.93 

Middle CA extreme, shallow 
H2O table 7115.42 14230.84 

Middle CB 0.03 0.18 

Middle CB extreme 0.82 4.93 

Middle CB extreme, shallow 
H2O table 7055.86 14111.71 

Middle CC 0.03 0.18 

Middle CC extreme 0.82 4.93 

Middle CB extreme, shallow 
H2O table 6866.34 13732.68 

      

Upper CA 0.07 0.40 

Upper CA extreme 0.34 2.02 

Upper CA extreme, shallow 
H2O table 7544.95 15089.90 

Upper CB 0.07 0.40 

Upper CB extreme 0.34 2.02 

Upper CB extreme, shallow 
H2O table 4853.04 9706.07 

Upper CC 0.07 0.40 

Upper CC extreme 0.34 2.02 

Upper CC extreme, shallow 
H2O table 7286.52 14573.03 
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