
Empirical Flow Parameters: A 
Tool for Hydraulic Model 
Screening 
  
Theodore G. Cleveland 
Caroline M. Neale 
Cristal C. Tay 
George R. Herrmann  
 



Acknowledgements  
�  Contributions by W.H. Asquith, Hatim Sharif, 

Xiaofeng Liu, and K.B. Strom 

�  Funding and direction provided by the Texas 
Department of  Transportation through research 
contract 0-6654 Empirical Flow Parameters - A Tool 
for Hydraulic Model Validity Assessment 

Disclaimer: The contents of  this presentation reflect the views of  the author(s), 
who is (are) responsible for the facts and the accuracy of  the data presented 
herein. The contents do not necessarily reflect the official view or policies of  the 
Federal Highway Administration (FHWA) or the Texas Department of  
Transportation (TxDOT). This report does not constitute a standard, 
specification, or regulation. This presentation is not intended for construction, 
bidding, or permit purposes. The United States Government and the State of  
Texas do not endorse products or manufacturers. 



Background 
�  Highway crossing in Texas (West of  Guadalupe 

Mountain National Park) 
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Background 
�  Good faith to reporting velocities (needed for 

assessing forces on bridge piers, and assessing 
erosion and scour potential) that are unusually 
large and in some instances absurd.  
�  What is unusually large (or small)? 
�  Are there independent ways to assess computed 

velocities based on prior observational experience? 
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Measurements 

�  Low and high magnitude 

 



Database Description 

�  17,000 records 

�  424 locations 

 



Regression Analysis 
�  Created a Generalized Additive Model for Q 

�  Created a Generalized Additive Model for V 
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Regression Analysis 
�  Created a Generalized Additive Model for Q 



Regression Analysis 
�  “Omega-EM” function 



Regression Analysis 
�  Location adjustment 

function 



Regression Analysis 
�  Precipitation adjustment function 



Idea 
�  Why not just directly access the database? 

�  Use conditioning to restrict the range of  explanatory 
variables (i.e. all values for topwidth between 10 and 
50 feet) 

�  From the conditioned results, the empirical 
distributions should be a decent estimator tool.  



Script to Access the Database 
�  Database access is pretty straightforward – we 

used R, but could use MatLab, SAS, S or even Excel 
(17000 records is kind of  a nuisance in Excel) 



Empirical Distributions 
�  Cumulative distribution – all values 
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Conditional Distributions 
�  Condition to use what we know about a location 



Multiple Conditioning 
�  Condition to use what we know about a location 



Application for Guadelupe 
Arroyo Example 

�  HEC-RAS Model (reconstructed) 



HEC-RAS Model 



HEC-RAS Model 
�  Two excursions into supercritical flow at sections 

14 and 9. 

�  Velocity being in excess of  6 ft/second everywhere 

�  Two velocity spikes of  about 11 feet per second. 



HEC-RAS Model 
�  For drainage areas up to the 40 square mile range, 

with individual low duration curve values greater 
than the 90-th percentile: 

1)  Is 2700 cfs an accessible discharge? 

2)  What is the anticipated water velocity? 

3)  What is a typical topwidth? 
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HEC-RAS Model 
�  1. Is 2700 cfs an accessible discharge?  

�  Yes, the value has been observed for drainage areas about 
the same as the area at the point of  interest, however the 
value is comparatively rare and not anticipated for a 
“median" event. 

�  2. What is the anticipated water velocity? 
�   Somewhere in the 2-8 feet per second range. The HEC-RAS 

values are high, suggesting either too much discharge 
(hydrology) or model boundary conditions are 
inappropriate. 

�  3. What is a typical topwidth?  
�  For the location of  interest, based on contributing drainage 

area, 58 feet is the anticipated value. The HEC-RAS values 
are larger, but not by too much. 



Conclusions 
�  An approach for assessing modeling validity from 

observational experience is presented. 

�  Empirical distributions are an alternative to 
regression-like approach  -- the authors think these 
are simpler to actually use 

�  Prediction limits are analogous to empirical 
distributions presented herein. 



Going Forward 
�  The R script is reasonably simple, but for practical 

use an interface is needed 
�  Perhaps RExcel (an Excel add-in that allows direct 

access to R scripts) 
�  Need to build a compendium of  examples to illustrate 

various uses rather than a single case study in an 
admittedly remote part of  Texas 

�  Attractiveness is that because the conditioning is 
really a database look-up, as new data is available 
can simply add it to the database, whereas the 
Regression Models are unable to incorporate new 
data (without reanalysis) 


