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Introduction 
The feasibility of siting two bridges across Arroyo San Jose Creek along the Buck Gulch Falls Trail was 
investigated. This memo provides the results of the hydrologic and hydraulic evaluation of two bridge 
locations: Bridge 1 at the bottom of the trail near the existing wet crossing and Bridge 2 at a location 
approximately 2,000 feet upstream of Bridge 1. The following document details the hydrology and 
hydraulics used to determine the minimum soffit elevations for the potential bridges. The Marin County 
municipal code requires two feet of clearance between the bridge soffit and the 100-year storm elevation. 

Hydrology 
Two methods were completed to determine the peak flow of the 100-yr return interval storm: the Marin 
County Rational Method and the USGS Streamstats. 
 
Marin County Rational Method  
Initially, peak flow hydrology was determined using the Rational Method as defined in the County of Marin 
Department of Public Works Hydrology Manual Simplified Instructions (County of Marin Department of 
Public Works Hydrology Manual Simplified Instructions, 2000). The Rational Method uses the equation: 
 

Q = CIA   where:  Q = Peak Flow Rate (cubic feet/second) 
C = Runoff Coefficient (unitless) 

     I = Rainfall Intensity (inches/hour) 
     A = Drainage Area (acres) 

Area, A 
Watershed areas for the bridges were calculated by delineating the watersheds using LiDAR data and 
aerial imagery.  
 
Runoff Coefficient, C 
The runoff coefficient is a function of several factors including vegetation type, land use, and slope. The 
watershed is primarily undeveloped oak woodland. A runoff coefficient of 0.70 was used based on the 
recommendation of the Marin County Rational Method manual.  
 
Rainfall Intensity, I 
Rainfall intensity values vary based on the time delay for rainfall to reach a point of interest (time of 
concentration). This was calculated by locating the project site on Map I from the Marin County Rational 
Method manual and finding i60. From there, Map V was used to find the Intensity Duration Zone. Buck 
Gulch Falls trail is in Intensity Duration Zone B1. Then, Chart K was used to determine Design Rainfall 
Intensities to be plugged into Q=CIA. 
 
Time of Concentration, Tc 
Time of concentration was found using the following equation from the Marin County Manual: 

𝑇𝑐 =
1.8(1.1−𝐶)(𝐿)0.5

[𝑆(100)]0.333
+ 5𝑚𝑖𝑛  where:  Tc = Time of concentration (minutes) 

      C = Runoff Coefficient (unitless) 
      S = Average ground slope (ft/ft) 
      L = Distance from distal point to point of measurement 
      5 min = time after rainfall starts until runoff begins 
 



PCI Ecological  3 

The average ground slope and distance from distal point to point of measurement were determined using 
GIS. All values are shown in Table 1, below.  
 
Because the rational method is designed for smaller watersheds, it produced very conservative results 
(Table 1). Generally, the upper end of the watershed area limit is 160 to 200 acres. Both bridge locations 
have watershed areas larger than 200 acres, potentially overestimating the peak flows. 

 
Table 1. Marin County rational method inputs and the peak flow results for the 100-yr storm for Bridges 1 and 2. 

 
 
USGS Streamstats 
Based on professional judgment and past experience in similar local streams that the results from the 
Rational Method were too high for this stream, PCI conducted a second hydrologic method using USGS 
Streamstats to obtain more appropriate and site-specific peak flow values. Streamstats is a USGS web 
application that provides basin characteristics and statistics including peak flow estimates using regional 
regression equations for six regions in California (USGS, 2018). The equations relate flood magnitudes of 
selected frequency to basin characteristics such as drainage area, precipitation, and altitude. They were 
developed for streams that have natural flow, or flow not substantially affected by storage (USGS, 2018).  
 
Figure 1 and Figure 2 show the watershed areas for each bridge as delineated in USGS Streamstats. 
 

 
Figure 1. Bridge 1 watershed area delineated in Streamstats. 

 

Parameter Bridge 1 Bridge 2

Tc (min) 23.57 19.60

C (unitless) 0.70 0.70

S (ft/ft) 0.34 0.42

L (ft) 7020 4944

I (in/hr) 2.2 2.5

A (acres) 567 205

Q (ft3/s) 873 359
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Figure 2. Bridge 2 watershed area delineated in Streamstats. 

Table 2 shows the peak flows for the bridges from Streamstats, which are more in line with similar local 
stream hydrology. These values were used in the hydraulics analysis below. 
 

Table 2. Streamstats peak flow hydrology for the 100-yr storm for Bridges 1 and 2. 

 

Hydraulics 
 

Hydraulic Toolbox Channel Analysis 
Open channel hydraulics were assessed using Hydraulic Toolbox, a single section hydraulic analyzer 
(FHWA, 2014).  The model utilizes Manning’s equation with a user input channel cross-section, roughness, 
slope, and flow rate to determine normal depth. The Marin County municipal code requires two feet of 
clearance between the elevations of the bridge soffit and the peak flow of the 100-yr storm. Both bridges 
have been set at elevations to achieve this requirement. 

Normal depth at the 100-yr storm elevation through the Bridge 1 cross-section was calculated using 
hydrology from USGS Streamstats (Figure 3). Minor grading would be required to make the existing trail 
conform to the minimum required soffit level for a potential bridge and its abutments at this location. 

 

Location Flow (ft3/s)

Bridge 1 365

Bridge 2 146

Streamstats Hydrology (Q100)
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Figure 3. Water surface elevation at 100-yr storm and required Bridge 1 elevation. 

Normal depth at the 100-yr storm elevation through the Bridge 2 cross-section was also calculated using 
hydrology from USGS Streamstats (Figure 4). A bridge at the Bridge 2 location would need to be higher 
than the required minimum soffit elevation in order to better connect with potential trail access 
improvements, allowing more freeboard than what is required.   

 

Figure 4. Water surface elevation at 100-yr storm and required soffit of potential Bridge 2 elevation. 
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