
Understanding Near-Channel 

Sediment Source Mechanisms 

and a Practical Method for 

Determining Stream Bank 

Source Contributions 



River Stability 

The ability of a stream, to transport 
the sediment and flows produced by 
its watershed, while maintaining a 
consistent dimension, pattern, and 
profile without aggrading or 
degrading (Dave Rosgen, 1996). 



Understanding Sediment Transport and Capacity  
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Stable channel at bankfull flow 

Unstable (entrenched) channel at bankfull flow 



Stable channel at flood flow 

Unstable (entrenched) channel at flood flow 

            

where:  

    is the specific weight of the 

fluid,  

D is the mean depth, and  

S is the water surface slope.  

Sheer stress 
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In Minnesota, peak flows  and annual run-off have been 
increasing for as long as gaging has existed (back to 
1926).  Increases in the MN River basin and Red River 
basins have shown the greatest increases. 
 

Novotny and Stefan 2007 

Annual Stream Runoff and Climate 
in Minnesota’s River Basins 
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y = 1.4849x - 2820 
R² = 0.7836 

y = 0.0175x - 9.4935 
R² = 0.2221 
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Laing 2011 



Hay 2011 



Scherer 2011 

48 hours 



2 Months 

Scherer 2011 





 
•Climate Change – negligible effect 
•Increased row-cropping (ET changes) – 5 - 10% 
•Increased drainage (new ditching, tiling, wetland 
drainage)  - 60 – 95% 

Ulrich 2011 

Evaluation of Factors contributing to 
changes in runoff ratio in 21 tributaries to 
Lake Pepin 

Farm drainage choking Lake Pepin, Gulf of Mexico 
Article by: JOSEPHINE MARCOTTY , Star Tribune  
Updated: October 19, 2011 - 11:04 PM 

A study has identified the primary source of runoff in Mississippi River. 

http://www.startribune.com/bios/10645336.html


Where’s the high ground? 

What’s happening to our  

public streams? 



A G F B E C D DA 

Stream type classes are defined  by class boundaries of ratios 



Dimension, Pattern, Profile, & Floodprone Width 
Yield 4 ratios used for stream reach classification 

2.  W/D ratio = Widthbkf 

  Depthmean 

3.  Sinuosity = Channel Length 

    Valley Length 

4.  Slope = Elevation difference 

         Channel length 

1.  Entrenchment Ratio = Flood-Prone Width 

        Bankfull Width 

All of these ratios 

define how a stream 

and its valley handle 

the energy of flowing 

water, sediment, and 

debris 





www.epa.gov - Rosgen 

http://www.epa.gov/


www.epa.gov - Rosgen 

http://www.epa.gov/


www.epa.gov - Rosgen 

http://www.epa.gov/


Various stream type 

evolution scenarios 

(from Rosgen 2000)  



Variable C → G G → F F → C

Instream Cover ↓ ↓ ↑

Overhead Cover ↓ ↓ ↑

Substrate Composition ↓ ↓ ↑

Pool Quality ↓ ↓ ↑

Holding Cover Velocity ↓ ↓ ↑

Temperature → ↑ ↓

Dissolved Oxygen → ↓ ↑

Macro Invertebrates ↓ ↓ ↑

Spawning Habitat ↓ ↓ ↑

Diversity ↓ ↓ ↑

Rearing Habitat ↓ ↑ ↑

IBI Score ↓ ↓ ↑

Sediment Supply ↑ ↑ ↓

Bank Erosion ↑ ↑ ↓

Aquatic Habitat Response

Stream Type Succession



Streambank Inventory  

Bank Assessment for Non-Pojnt source Consequences of Sediment (BANCS) 
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fine sands, silts & clays 

solutes 

sands, gravel, cobble & boulder 

Total Sediment Load 



Streambank Protection 

using Toe Wood 

 Enhance fish habitat 

 

 Stabilize stream banks 

 

 Maintain a low width/depth ratio 



Toe-Wood Sod Mats with Woody 

Debris: Cross-Section View of 

Existing Channel vs. Proposed 



 

Plan View Prior to Installing Toe 

Wood-Sod Mats with Woody Debris 



 

Plan View of Toe Wood and Woody Debris Prior to 

Installing Sod Mats. Logs are Submerged. 



 

Plan View of Toe Wood-Sod Mats w/ Woody Debris & 

Vegetation Cover. Wood is submerged and counter-weighted 

so that 80% of wood is covered & integrated with bank. 



Toe Wood Sites on the  

Le Sueur River 



Township Road 

Springs and  

Surface Runoff 



 

2011 bluff  edge 







J-Hook Vane:  Plan View 

Gaps 1/4 to 1/3 Rock dia. 

Cut-off Sill 

  No Gaps in Vane Arm 

CopyRight  2005    Wildland Hydrology, Inc. 
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Future Angle of Repose? 

Gabion Basket Wall 



Bankfull Elevation 

Pre and post construction  

cross section  



Questions? 



48 hours 









Study Bank Pins 



Bankfull Elevation 

Flood Prone Elevation 



•This is a natural process, but studies have 
shown erosion rates in the Le Sueur River to be 4 
to 5 times higher than holocene-average loading 
rates. 
 

 

Gran et al.  2011 

Landscape evolution in south-central 
Minnesota and the role of geomorphic 
history on modern erosional processes 



•Lake Pepin post-settlement loading rates 
have increased 10 fold. 
•The majority of this sediment is not from 
field erosion, but stream banks, bluffs and 
ravines. 
 

Schottler et al 2010 

Fingerprinting Sources of Sediment in 
Large Agricultural River Systems 




