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Understanding Ravine
Growth Using Physical
Experiments

T

|




Land Cover Categories
Com

[T Al Other Crops

| Grass/Pasture/Range/Non-Ag

Shrubland/Fallow/Barren

[ | Woodland

[_] Wetlands

B Water

[ urban/Developed

— State Boundary
County Boundary

T

G 4

|

e e

s‘ ESRI-map book : Cour'resy of U: S

Department of Agriculture, National
Agricultural Statistics Sérvice,
A= —

http:/ /www.esri.com /mapmuseum /mapbook_gallery /volume24 /i agriculture2_lg.ipg




The Big Question

How have changes to the hydrograph,
including increased flow rates and flow
volumes, impacted erosion?




Approach

oU'

(@
with re
sediment tra

equations.




“‘W‘ " “

D50 =18 prr;

Basinsize = 1T mx 1 m




I
L)
£
2
[ ]
-
[}
o
3
2
"5

Range of Flows

v
o o

50 gallon runs in mud substrate

Flow rate (cm3/s)
3.62

Time (min)

872 e 286.77
—311.40

(@)
—

N
w
o

N
o
o

Flow rate (cm3/s)

(%)
o

Time (min)

50 gallon runs in sand substrate

Flow Rate (cm3/s)
- == 55.83

- - 12493

155.78

e 233.67

—262.88

Flow Rate (cm3/s)

wv
o

100 gallon runs in mud substrate

40 60
Time (min)

Average Flow
rate (cm3/s)

68.95
—097.06
—115.76

100 gallon runs in sand substrate

Flow Rate (cm3/s)

%
o
1

Average Flow
Rate (cm?3/s)

—70.89
—88.24
112.66

T T

40 60
Time (min)




Ravine Growth in Mud Substrate
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Experiment Results
in Mud Substrate
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Ravine Growth in Sand Substrate
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Experiment Results
in Sand Substrate
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Ravine Width in response to discharge
W= aQP’
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Sediment and discharge relationships
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Relating Results to from Mud Substrate to

Stream Power Incision Model

dz dz
dt

From Howard and Kirby, 1983

U = kQ™as, "™
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dz/dt = vertical erosion rate
Q = discharge
S, = knickpoint slope=tan 0
k, my, n; = coefficients

(my = 4/9 and ny, = 2/3)
U = knickpoint retreat rate
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Relating Results to from Sand Substrate to
Transport Limited Erosion Model

g, = volumetric sediment flux

= kQmes™
s ¢ Q = discharge
Modified Engelund and Hansen (1967) S = Bed slope
From Pelletier, 2011 k, m,, n, = coefficients

(m,=5/3 and n, = 5/3)
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Summery of Results

Flow rate does not determine total eroded ravine
volume in either cohesive or non-cohesive sediment.

Flow volume does determine total eroded ravine
volume in both cohesive and non-cohesive sediment.

Results can be explained with traditional sediment
transport equations.

Ravine width might be determined by flow rate




Effects of Anthropogemc Alterqhon

* Tile drains and storm sewers
reduce overland flow volume — -
this likely reduces ravine growth./ ice

* Fields are bare in the late fall,
winter and early spring
potentially resulting in overland
flow— this likely makes ravine
growth seasonal.

* Impervious surfaces lead to Wi D T
increased overland flow volumes == . o el
— this likely increases ravine P A S
growth T s A R b
b et




More Research is needed

This work focused on ravine
growth, but might provided
some insight on what happens in
pre-existing streams. Generally
wider streams formed in runs
with higher flow rates. This may
suggest that higher flow rates

do result in increased bank
erosion.

Carrie Jennings




Questions?




