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Hydrology and Runoff Modelling  



Step 1a: Delineate 
Watershed to 
Location of Interest 



Step 1b: Evaluate the Historical Development 
of the Watershed 



Step 2: Identify, Characterize, and Map All 
Nearby Rain Gages 



Step 3: Calculate Precipitation for Durations 
of Interest and find the Return Frequency  



Step 4: Identify Nearby 
Radar Stations 



Step 5: Qualitatively Analyze Radar Data 
Note that, in this case, the radar measured precipitation is more intense over the 
watershed than at any of the rain gages.  



Step 6: Ground-truth the Radar Data 



Step 7: Quantitatively Assess Radar Data and 
Determine the Return Frequency 



Step 8: Build a Rational 
Method Model 



Step 9: Using the Results of the 
Rational Method, Build and 
Calibrate a Unit Hydrograph 
Model. The Output of the Unit 
Hydrograph Model is a Flow 
Hydrograph of Volume Flow 
Rate over Time. This is the 
Input to the CFD Analysis 
Described in the Next 
Presentation 



Baseline Results 

Animation: Water interface colored by Velocity 



Baseline Results 

Animation: Water interface colored by Velocity 



Baseline with Vehicle 

Animation: Water interface 



Impoundment Breach and Flooding: 
Physical and Computational Modelling  



Impoundment Breach and Flooding: Overview 



Breach and Flooding: 
Physical Mock-Up  



Breach and Flooding: Physical 
Mock-Up Videos 



Breach and Flooding: 
Computational Fluid Dynamics 
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Breach and Flooding: 
Computational Fluid Dynamics 



Case Example: Missouri River 



Missouri River Flooding 







Case Study: Small Scale Flow 
Modelling of Grate Inlet 
Goal: Determine if the inlet grate capacity was the limiting factor in a storm drainage system, 
and thus the cause of flooding downstream onto plaintiff’s property. CFD was used to measure 
Grate Capacity (cfs) as a function of water height 



Geometry construction 
 The CAD geometry was constructed based on: 

  Schematic drawing (grate Type) 

 Actual grate pictures from the site 

~
2
”
 



Results: Water interface colored by water level  

0,0,0 reference point @ 

top surface of grate 

 

Water flow rate through the  

Grate plot 

 



Results: Cut plane colored by water velocity  

0,0,0 reference point @ 

top surface of grate 

 

Water flow rate through the  

Grate plot 

 

Water depth changes from : 

weir flow, through mixing flow 

to orifice flow  

 



Case Study: La Conchita Landslide 





 January 10, 2005 

 Prior 15-days had low intensity rainfall 

 ~250-year return frequency at closest gage 

 Previous slides at site examined 

 Developed Rainfall Threshold 

 



January 10, 2005 @ ~12:30 pm (click to play video) 



Additional Case Examples: Dam and 
Levee Failures 



Ka Loko Dam Failure 



Levee Failure in Nevada 



Mid-Valley Sanitary Landfill: 
Contaminant Transport in Groundwater 



Groundwater Contamination 

• At Issue:  
• How to determine the timing 

of a groundwater 
contamination event based on 
chemical readings at spatially 
separated wells 

• Convincing a jury that peak 
concentrations, even when 
shifted in time, represent the 
same underlying data 





PEPCON Explosion 
Henderson, NV 



Henderson, NV: PEPCON Explosion 

• May 4, 1988 

• Conflagration and several explosions occurred at the Pacific 
Engineering and Production Company of Nevada (PEPCON) 

• Two (2) fatalities and 372 injuries, over $100 million in damages 

• Damage radius of 10 miles 



Henderson, NV: PEPCON Explosion 



West, Texas Fertilizer Plant Explosion 
City of West, Texas 



City of West, Texas: Fertilizer Plant Explosion 

• April 17, 2013 

• Ammonium Nitrate explosion occurred at the West Fertilizer 
Company storage and distribution facility 

• 15 fatalities, 160+ injuries, 150 buildings damaged or destroyed 



West, Texas Fertilizer Plant Explosion 



Case Study: Other Events 



Amtrak Train Derailment (1997)– Kingman, AZ 



Cedar Rapids Bridge Collapse and Flooding (2008) 



Gillespie Dam Failure (1993) 


