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APPENDIX J 

DESIGN EXAMPLE - HYDRAULIC DESIGN OPTION (REHABILITATE 
CULVERT WITH BAFFLE)  

 
 



Hydraulic Design Option 
(Baffles) 

 
Problem Statement 
 
At Ripple Creek in Mendocino County crossing Route 555, adult Coho salmon are unable 
to move through the existing 8-foot diameter x 8-foot length culvert.  From past 
monitoring, Coho salmon have been sighted congregated just below this culvert during 
normal migration periods, which has triggered this site as a high priority for CA Fish & 
Game and NOAA Fisheries.  After using Fish Xing software to analyze existing 
conditions and identify barriers to fish movement, low depths and high velocities were 
found inside this culvert. 
 
The existing culvert is in good condition.  The only problem is some localized scour on 
the banks of the creek near the culvert inlet.  Within the project scope, Maintenance 
Design will provide rock slope protection on the creek banks and bed to control future 
scour and protect the culvert facility.  Other than this scour issue, the culvert is free of 
structural damage from abrasion or excessive debris loading.  Also, the existing culvert is 
believed to have more than adequate hydraulic capacity, and again is not subjected to 
heavy or damaging bedloads. 
 
In order to improve fish passage through the Ripple Creek culvert and protect the culvert 
inlet, Caltrans District Maintenance Design will dedicate Minor B funds, and apply to CA 
Fish & Game for a matching grant.  The design and construction management of this 
cooperative project will be performed by Caltrans. 
 
NOTE:  Route 555 and Ripple Creek are fictitious and created for presenting a design 
example for this fish-passage training guidance. 
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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, and HEC-
2/HEC-RAS, and Fish Xing for pre or post design assessment. 
 
For this particular example, Fish Xing and HEC-RAS were used to model existing 
conditions, and HEC-RAS was used to model proposed conditions.  Fish Xing was not 
used to model proposed conditions because it presently cannot analyze baffles in the 
culvert.  HEC-RAS easily allowed a quick comparison between existing and proposed 
water surface elevations and velocities.   
 
Again, Fish Xing software was used to analyze existing conditions for Ripple Creek.  
Biological, existing culvert parameters and the tailwater cross section were entered into 
the Culvert Input sheet shown below.   
 

 
 
 
The HEC-RAS model consisted of three plans: Existing, Proposed Low Flow, and  
Proposed High Flow geometry conditions.  Different geometry models for the low flows 
and high flows were considered as a necessary measure to accurately capture the correct 
water behavior for the different peak discharges.   
 
For the low flows, which include the Low and High Fish Passage Design Flows, 2-Year, 
and the 10-Year Flood Event, the channel geometry was modeled as an open rectangular 
channel (8’x8’) with three inline structures representing the baffles within the culvert.   



 
For the high flows, which include the 50-Year and 100-Year Flood Event, the culvert and 
baffles were modeled by allowing flow only through the notch and the 6’x 8’ area above 
the inline structure through the culvert structure.  At high flows, the baffle structures 
within the culvert are flooded out and do not provide control over the culvert velocities 
and depths.  The Manning’s n values also decrease due to the flooded out conditions.  
The Manning’s n-values were selected by calibrating the Proposed High Flow, 2-Year 
flood event water surface elevations, against the Proposed Low Flow, 2-Year water 
surface elevation upstream and downstream of the culvert until the water surface 
elevation matched. 
 
All HEC-RAS plans use the same peak discharges estimated by regional regression 
analysis and the flow hydrograph and stream duration curve. 
 
The existing conditions 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 conditions for low flows geometry were modeled using the Inline Structure 
Weir Station Elevation Editor in HEC-RAS.  Proposed dimensions of the weir were 
selected and entered into the culvert to determine proposed water surface behaviors for 
low flows.  The Inline Structure Weir Station Elevation Editor and Inline Structure Data 
windows are captured below. 
 



 
 
The proposed conditions for high flows geometry were modeled using the 
Deck/Roadway Data Editor in HEC-RAS.  Culvert geometry for high flows was entered 
into the Deck/Roadway Data Editor to determine proposed water surface behaviors for 
high flows.  The Deck/Roadway Data Editor and Bridge Culvert Data windows are 
captured below.   

 
 
Hand Calculations to determine notch velocity and depth at the three weirs were also 
performed using the broad-crested weir equation located in Hydraulic Engineering 
Circular 22, Urban Drainage Design Manual. 
 
 







































































































































Summary Statement 
 
The initial goals of this retrofit culvert design project included providing fish passage 
through the 60-foot long culvert for the adult Coho salmon while adding some rock slope 
protection at the culvert inlet.  Retrofitting the culvert with three two feet tall baffles 
allowed the velocities to decrease and depths increase.  Resting pools two feet in depth 
were also created for the Coho salmon. 
 
Specifically for fish passage, criteria for the Hydraulic Baffle 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 site, 
completing the hydrology and efficiently brainstorming and completing the hydraulic 
modeling, and finally meeting requirements of the Hydraulic Baffle Design Option.    
 
Culvert velocities and depths calculated from Fish Xing and HEC-RAS are summarized 
in Table 1 and 2 below.  Existing conditions modeled in both software programs 
identified problematic velocities and lack of depth in the culvert.  The results of the 
proposed conditions concluded that installing hydraulic baffles through the culvert 
significantly improved the fish passage conditions.   
 
As found in the problem statement, the goal was providing fish passage for Ripple 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.   
 
 
 
Summary Data Table 1: Culvert Velocities 

 Maximum Average 
Water Velocity at 
High Fish Design 

Flow for Adult 
Anadromous 

Salmonids (ft/s) 

High Fish Design 
Outlet Velocity  

(ft/s) 

High Fish Design 
Inlet Velocity  

(ft/s) 

High Fish Design 
Average Barrel 

Velocity  
(ft/s) 

Existing 
Conditions 
(Fish Xing) 

5.00 11.33 9.47 10.05 

Existing 
Conditions 
(HEC-RAS) 

5.00 10.70 4.37 9.14 

Proposed 
Conditions 
(HEC-RAS) 

5.00 5.60 2.50 2.50 (over baffle) 
6.80 (through notch) 

 
 



Summary Data Table 2: Culvert Depths 
 Minimum Low Fish 

Passage Design Depth  
(ft) 

Low Fish Passage 
Design Outlet Depth  

(ft) 

Low Fish Passage 
Design Inlet Depth  

(ft) 
Existing Conditions 
(Fish Xing) 1.00 0.32 0.32 

Existing Conditions 
(HEC-RAS) 1.00 0.89 1.47 

Proposed Conditions 
(HEC-RAS) 1.00 1.70 3.89 

 
 






