
Caltrans 
Fish Passage Design for Road Crossings 

Appendix I - Design Example - Hydraulic Design Option 
May 2007 

 
APPENDIX I 

DESIGN EXAMPLE - HYDRAULIC DESIGN OPTION 

 
 

































Culvert Inlet 

 
 
Culvert Outlet 

 



Looking Downstream of Culvert Outlet 
 

 
Looking Upstream from Culvert Inlet 

 











































Form 5 - Guidance on Methodology for Hydraulic Analysis 
 
Form 5 summarizes the acceptable methods available for hydraulic analysis.  The 
modeling methods include FHWA Design Charts, HY8 - Culvert Analysis, HEC-2/HEC-
RAS, and Fish Xing (only for pre/post-design assessment). 
 
For this particular example, HEC-RAS was used to model existing and proposed 
conditions.  HEC-RAS easily allowed a quick comparison between existing and proposed 
water surface elevations and velocities.  Fish Xing software was also used to assess the 
post-design condition.     
 
The HEC-RAS model consists of two plans: existing geometry and proposed geometry 
conditions.  Both plans use the same peak discharges estimated by regional regression 
analysis and the flow hydrograph and stream duration curve.    
 
The existing culvert geometry was modeled using the Culvert Data Editor.  The existing 
culvert parameters that had been measured and captured in Form 2 - Site Visit Summary, 
were entered into the Culvert Data Editor within HEC-RAS.   
 
The Culvert Data Editor and Bridge Culvert Data windows are captured below. 
 

 
 
 



The proposed culvert geometry was also modeled using the Culvert Data Editor in HEC-
RAS.  Since the culvert embedment is a constant depth throughout the culvert, the culvert 
embedment was modeled by blocking the appropriate depth out of the bottom of the 
culvert using the “depth blocked” function. 
 
The Culvert Data Editor and Bridge Culvert Data windows are captured below. 
 

 
 

































































































Summary Statement 
 
The initial goals of this replacement culvert design project included widening the 
roadway, designing a structurally sound culvert, passing the 100-Year storm event, 
creating a friendly fish passage design for adult anadromous salmonids, preventing 
hydraulic design threats downstream, meeting permissible scour velocities in the channel, 
and meeting species-specific depth and velocity criteria.   
 
Specifically for fish passage, all criteria for the Hydraulic Design Option were 
successfully met by following the process laid out within the forms.  An overview of the 
steps include researching existing data and available information, collecting all required 
parameters at the site, selecting the best fish passage design option for the project site, 
completing the hydrology and efficiently brainstorming and completing the hydraulic 
modeling, and finally meeting all requirements of the Hydraulic Design Option.    
 
As found in the problem statement, the goal was providing cross drainage for Rose Creek 
that met hydraulic standards in the Caltrans Hydraulic Design Manual, as well as fish 
standards in the California Department of Fish and Game Culvert Criteria and the NOAA 
Fisheries Guidelines for Salmonid Passage at Stream Crossings. 
 
Three different hydraulic analysis software programs were used to compute culvert 
velocities.  Those software programs include HEC-RAS and Fish Xing.  Results from the 
three separate analyses are shown below in Summary Data Table 1 and 2.    
 
Summary Data Table1: Culvert Velocities  

 Maximum Average 
Water Velocity at 
High Fish Design 

Flow for Adult 
Anadromous 

Salmonids (ft/s) 

High Fish Design 
Downstream Velocity 

in Culvert (ft/s) 

High Fish Design 
Upstream Velocity in 

Culvert (ft/s) 

High Fish Design 
Average Water 

Velocity in Culvert 
(ft/s) 

Existing 
Conditions 
(HEC-RAS) 

5.00 8.47 5.97 7.22 

Proposed 
Conditions 
(HEC-RAS) 

5.00 5.88 5.25 5.57 

Proposed 
Conditions 
(Fish Xing) 

5.00 3.49 2.34 2.92 

 
 
 
 
 
 



Summary Data Table 2: Culvert Depths  
 Minimum Flow Depth at 

Low Fish Design Flow 
(ft) 

Water Depth inside 
Culvert at Inlet (ft) 

Water Depth inside 
Culvert at Outlet (ft) 

Existing Conditions 
(HEC-RAS) 1.00 1.51 1.50 

Proposed Conditions 
(HEC-RAS) 1.00 1.02 1.22 

Proposed Conditions 
(Fish Xing) 1.00 3.75 3.75 

 
 
Although the proposed conditions velocities slightly exceed the maximum average water 
velocity, the County’s engineering team felt that the proposed velocities were acceptable 
due to the high-pressure gas main constraining the channel geometry.  It is recommended 
that a limiting value for acceptable outlet velocity be defined as it relates to site-specific 
conditions, such as the natural stream velocity occurring during a specific flood event.  
Had there been the possibility for severe bank erosion, this proposed condition would 
have not been acceptable.   
 
Slight variation of velocities and depths were calculated using the Fish Xing software and 
HEC-RAS.   
 
The Fish Xing software provided the lowest velocity and highest depth results.  For High 
Fish Passage Design flows, no barriers were found within the culvert.  Only a prolonged 
swim mode through the entire culvert was required.  Fish Xing only considers the 
tailwater channel cross-section, while the other programs consider at least two cross-
sections for calculations.  Channel velocities and depths using Fish Xing may not be 
accurately represented due to the limited channel information required for Fish Xing 
calculations.   
 
HEC-RAS results were considered the most accurate and were used to determine the 
acceptability of the proposed culvert design.  HEC-RAS calculates results reflecting the 
upstream and downstream channel geometry in addition to the culvert.   






