
Hydraulic Vulnerability and Flood Resiliency  
 
 
Hydraulic Vulnerability describes how well a particular road stream crossing is able to pass all of the instream water 
flow, based on the volume of runoff for that culvert, during a specific storm event. The volume of runoff entering a 
culvert will be based on 1) the area of drainage for that particular culvert and 2) the 24 hour volume of 
precipitation measured, statistically speaking, by a “return interval” storm event. The storm return interval 
categories used for this project are the 2, 10, 25, 50, and 100 year return intervals.  
 
The hydraulic capacity component of this review involves analyzing how a selected culvert performs in passing the 
calculated, or modeled, volume of instream water flow. The volume of water entering the upstream side of the 
culvert, also known as the Headwater Depth, is compared to the available capacity determined by that particular 
culvert’s opening. The method used to classify “culvert vulnerability” is simply calculating the volume of water  
 

 
entering a culvert, during a particular return interval, and determining how much of this volume of water is able 
to pass through the culvert inlet.  In short, the culvert inlet hydraulically acts as an orifice and the culvert’s 
condition of vulnerability is simply applied to the volume of water attempting to pass through the pipe relative to 
the culverts ability to pass, or not pass it.  
 
A culvert is considered to be passable for a given stream flow, during a particular return interval, if the ratio of 
headwater depth to culvert orifice is under 0.85 or less than 85 percent of the pipes capacity. On the other end, 
the culvert is considered failing if the ratio is greater than 1.15 or 115 percent over the culverts capacity. Lastly, a 
culvert crossing is considered transitional if the ratio is between 0.85 and 1.15 or between 85 and 115 % of the 
opening of the culvert. 
 

 
Outline of a culvert’s vulnerability category based on stream flows and capacity. 



 


