
Storm Wave Propagation Along C-111 Canal During 
Hurricane Irma

Wasantha Lal (wlal33463@yahoo.com), Jaime Graulau-Santiago (Jaime.A.Graulau-Santiago@usace.army.mil), 

Abstract

Hurricane Irma struck Florida on September 10, 2017, causing storm surges that traveled unusually 
long distances along Florida canals, including the C111 canal. The speed and height of the surge 
observed during this event are crucial for flood risk assessments. The notably large seepage 
component in Florida significantly impacted both the speed and amplitude of these storm surges, 
highlighting the need to re-evaluate standard analysis practices.

 To evaluate the wave propagation, we employ analytical methods based on full St. Venant 
equations for canal flow,  fully coupled with governing equations for groundwater flow. Spectral 
solutions to this problem reveal three dimensionless parameters: 

(1) the ratio of inertial and gravitational forces, known as the Froude number; 
(2) the ratio of frictional to gravitational forces; and 
(3) the ratio of aquifer to canal storage. 

We aim to track the propagation of normal tides along the C111 canal and compare it with the 
propagation observed during Hurricane Irma, specifically noting when the water moved inland.

 By using the dimensionless numbers and analytical solutions, we will identify which forces 
dominate the flow behavior during hurricanes, and how variations in hurricane conditions or ground 
conditions influence this behavior.

 Our goal is also to demonstrate the benefits of using analytical models when benchmarking 
numerical models.

Why is it important to know about waves
1. Tidal and hurricane surge waves travel long distances along coastal canals
2. Some large waves can cause serious flooding
2. Waves characteristics depend on canal and aquifer parameters and the wave period
3. The two key wave characteristics are (a) wave speeds and (b) wave attenuation  

◼ Wave speeds and decay rates can be utilized to estimate the parameters of physical systems.

◼  The parameters of physical systems can, in turn, be used to estimate wave speeds and decay.

◼  This analysis is useful for identifying the dominant physical processes within the system.

◼ It is essential to ensure that the numerical models meet these benchmarks
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Wave Propagation Depend On

Four physical factors or three dimensionless 
variables

Friction forces

Inertial forces

Bank storage ratio  χ

Froude number F

χ < 0.05 canal-aquifer fully connected

χ > 27.5 canal-aquifer disconnected

F > 1 hydraulic jump present

Bank storage effects
Gravity friction ratio Pd

Analytical solutions for wave speed and decay

Pd < 1/30  inertia term is negligible
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Conclusions and Recommendations

◼Wave speed and attenuation depend on four physical parameters or three dimensionless 
parameters χ, Pd, and F.

◼Tidal waves and Hurricane Irma surge along the C-111 canal are decided primarily by inertia, 
gravity, and bank storage and less by canal bed friction.

◼The analytical solutions for wave speed and decay can be used when testing numerical models for 
surge propagation.

◼The analytical solutions can be used when determining aquifer and canal parameters of calibrating 
numerical models.

◼Shallow water wave speed of √(gh)= 6.7 m/s slows down to 3.7 m/s due to bank storage effects

◼Water level amplitude at S18C decays to 65% at S177 primarily due to bank storage effects
◼Bank storage ratio χ=0.67 < 27.5 showing significance of bank storage

◼Pd
  =  21.9 is much larger than 1/30 showing the dominance of inertia

◼Shallow water wave speed of √(gh)= 6.8 m/s slows down to 1.0 m/s due to bank storage effect

◼Water level amplitude at S18C decays to 74% at S177 primarily due to bank storage effects
◼Bank storage ratio χ=0.24  showing significant storage effects

◼Pd
  =  3.2 is larger than 1/30 showing the dominance of inertia
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