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Motivation and Contribution

Levee overtopping can lead to failure and cause catastrophic
damage, as was the case during Hurricane Katrina.

We present a computer simulation of erosion to study the for-
mation of rills and gullies that form along earthen embank-
ments during overtopping.

Laboratory Experiments
In order to validate our sim-
ulation and study small-scale
erosion effects, we ran a se-
ries of laboratory experiments
in which inflowing water ran
over the crest of a model levee.

• 5-sided rectangular metal
box with interior dimen-
sions 0.95 m x 0.67 m x
0.356 m high.

• Model levee measuring
0.089 m high at the crest.

• Contained a plywood core
measuring 0.076 m x 0.61 m.

• Levees built out of sand or
sand-clay mixture.

• Water inflow rate of 11.1
mL/s.

• Surface point cloud data
collected using a 3D LIDAR
scanner. Data processed
into Segmented Height
Field for comparison with
simulation results.

• Overtopping experiments
were captured with a video
camera.

Results of 10 Minute Computer Simulations
To characterize and evaluate the physical accuracy of
our erosion simulation, we provide results for com-
puter simulation trials with different soil parameters
and confirm that the system behavior changes as ex-
pected with regard to rill and gully formation, maxi-
mum erosion depth, total erosion volume, and three
objective and quantitative time to breach metrics.
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To the right, you can see a visualization of the pro-
gression of erosion for each of our computer simu-
lations. White indicates no erosion, Erosion ranges
from shallow (light blue) to deep (red).
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Maximum Total Time to breach (m:ss)
erosion erosion volume crest upslope water

Simulation a τc depth (m) (m3) channel erosion velocity

#1 sand-clay mixture 93 3.00 0.0441 0.0023 8:36 9:06 7:15
#2 93 2.00 0.0459 0.0020 4:14 8:40 7:28
#3 115 2.75 0.0588 0.0055 3:11 4:18 3:30
#4 115 2.75 0.0625 0.0050 3:14 4:21 3:51
#5 137 2.50 0.0586 0.0045 2:44 4:03 3:00
#6 137 2.50 0.0586 0.0049 2:45 4:12 3:12
#7 159 2.25 0.0582 0.0053 2:26 3:45 2:24
#8 159 2.25 0.0571 0.0047 2:44 3:39 2:24
#9 187 3.00 0.0665 0.0093 2:40 1:07 1:02
#10 pure sand 187 2.00 0.0661 0.0088 1:11 1:06 0:51

Maximum Erosion Depth
sand-clay mixture

#1 & #2: a=93,
τc=3.00

#3 & #4: a=115,
τc=2.75

#5 & #6: a=137,
τc=2.50

#7 & #8: a=159,
τc=2.25

pure sand
#9 & #10: a=187,

τc=2.00

We plot the maximum erosion depth along the length of the
levee for the different soil types. The less erodible soils dis-
play a smaller maximum depth of erosion and a smaller total
volume of erosion (not shown). Note that in all cases the ero-
sion begins on the downslope of the levee, progresses across
the crest of the levee, and finally erodes the upslope to breach
the levee.

Novel Time to Breach Metrics

We evaluate three different quantitative metrics to define the
moment of breach of the levee. The leftmost plot displays the
maximum depth of erosion within the zone of the upslope of
the levee. The middle plot shows the average velocity of wa-
ter particles in the zone of the levee crest. The rightmost plot
tracks the number of water particles (volume of water) within
the zone of the crest. Each plot presents the results for the five
different soil models.
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