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Technical Memorandum 

Date:  February 11, 2015 

To:  Ducks Unlimited 

From:  Questa Engineering Corporation 

Subject:  Chelsea Wetland Restoration Project – Entrance Culvert Scour Analysis 

The project proposes the removal of fill and the re-establishment of the tidal influence within the 

Chelsea project area.  In order to establish tidal connection, a prefabricated, concrete arch culvert with a 

concrete bottom will be installed in the north levee of Pinole Creek some 1,900 feet upstream of the San 

Francisco Bay.  This culvert will span 12 feet and rise 6.9 feet and have approximate cross sectional area 

of 80 square feet. On a daily basis, tidal action enters the Pinole Creek channel and will flow through the 

proposed culvert into the new wetland.  During high storm water flows in Pinole Creek, flow may enter 

the new tidal areas through the culvert.  Eventually, during events larger than the 25-yr, Pinole Creek 

flows over the top of the trail and enters the new wetland.  As flows drop in Pinole Creek, water stored 

in the Chelsea area drains through the culvert back into the Pinole Creek channel. The culvert will be 

located at Station 19+50, with the specific design details shown on the Conceptual Plans.   This analysis 

is primarily concerned with the flow dynamics and scour potential of the culvert during runoff and tidal 

events.    

 

Photo 1.  The northern bank of Pinole Creek ending at Chelsea Wetland; photo taken from new pedestrian bridge looking 

upstream to the east. 
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Scour conditions in the proposed culvert depend on the flow dynamics between Pinole Creek and 

Chelsea.  These dynamics are driven by the stage in Pinole Creek as well the stage in the new wetlands.  

If the water surface on one side of the culvert is higher than the other, then a positive hydraulic head 

exists, accelerating velocity and hence scour conditions in around the culvert.  The first question that 

needs to be answered is does the culvert have capacity so that water surface elevations in Pinole Creek 

match or closely match those in Chelsea wetlands.  

A simple HEC-RAS model was developed for the channel and culvert connecting Chelsea Wetland and 

Pinole Creek.  This model was used to analyze the capacity of the culvert under various Pinole Creek 

backwater conditions (i.e. flood stage).  Culvert capacity is more than enough to fill or drain the lower 

wetland area below 6.5 NGVD or the soffit of the culvert.  Under submerged conditions on either side of 

the culvert, flow through the culvert varies between 200 and 300 cfs.  This assumes that is only minor 

head differential between either side of culvert.  Under these conditions the culvert has very low head 

differential and may or may not be under outlet control flow condition.  Under greater head conditions 

flow through the culvert is increased.  Therefore, an average flow of 250 cfs between 7 and 11 feet 

NGVD, represents conservative flow conditions.  Under these flow conditions velocities through the 

culvert vary between 6-8 ft/sec. 

 Using 250 cfs as a benchmark flow rate, outflow of the Chelsea Wetland will  rise or fall a foot of stage 

in between 17-24 minutes, depending on the elevation and volume of the wetland.  In order for 

significant head differential to occur, the Pinole Creek would have to increase or lose a foot of flood 

stage quicker than 17-24 minutes.  This study does not examine specific hydrograph trends in Pinole 

Creek but the watershed is 15 square miles with over 33 miles of blue line creeks and is not likely to 

decrease or increase 1 foot of stage, much faster than 15 to 20 minutes.  Following this logic, it can be 

assumed that water levels in Chelsea Wetland will closely mimic water levels in Pinole Creek as stage 

rises and falls during a runoff event or tidal cycle. 
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Figure 1.  Chelsea Wetland cumulative and per stage volumes. 

SCOUR ANALYSIS  
 

In order to complete scour calculation it is valuable to assume a worst case scenario.  In a worst case 

scenario, the wetlands would be completely filled but Pinole Creek would drop so quickly as to make a 

significant head differential between the two sides of culvert.    Maximum head differential was 

assumed 3.5 feet that would assume that water surface elevations in Chelsea would be full or at 11 feet 

NGVD and Pinole Creek would at 7.5 feet which would equate to a high tide plus high winter base flow.  

This condition would force water into the culvert at much greater velocities with greater scour potential.  

HEC-RAS modeling indicates that between 700 and 900 cfs could be forced through the culvert.  At this 

rate of flow, a foot drop in stage in Chelsea would take approximately 7 minutes.   
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Figure 2.  Profile view of Maximum stage differential between Chelsea and Pinole Creek. 

Under this condition some 900 cfs is flowing through the culvert at 13 ft/sec. Based on these conditions 

scour could be a possibility. 

Potential Culvert Scour 

Two potential scour sources were considered; contraction scour and general bed scour. Because of fine 

grained nature of the soils and the potential for localized high velocities at the entrance and exit of the 

culvert, the potential scour depths were calculated to be in excess of 10 feet.   We believe this is 

conservative because we have shown that these conditions my only be present for less than 30 minutes, 

it does indicate the potential scour sensitivity of the structure and site. The new culvert structure will 

require scour protection from the culvert to the end of the wing walls to ensure its long-term stability. 

Though the depth and specific rock size is not specified on the plans, this analysis should be used to 

finalize the anti-scour protection for the culvert.    

Anti –scour sizing and design section 

Utilizing a maximum velocity of 13 ft/sec, determined from HEC- RAS runs (see attached output), the 

Federal Highway Administration Hydraulic Engineering Circular No. 23 was used to size the median size 

of the rock rip rap.  The calculations are attached to this Memorandum.  The D50 of the rip rap size 

calculates out to 18 to 20 inch diameter stone or ¼ ton rock.  This is the median size of rock that should 

be used for scour protection.  However, it recommended that a variety of size material be used with at 

least 10 percent of Caltrans number 1 or 2 of backing class rock and at least 90 percent of the rock 

should be excess of 18 inches in diameter.  A filter fabric, such as a Mirafi® HP570 or Mirafi® FW500 

should be placed on the native soil prior to rock placement.  A general design section of the scour 

protection is attached. 

Using this rock size and section should eliminate any potential scour issues that could occur in and 

around the wetlands entrance culvert. 
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