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EXECUTIVE SUMMARY   

The Briceland Road Bridge (bridge) at Mattole River in Mendocino County (County), California is 
proposed for replacement by the County.  The proposed bridge will be a single-span girder bridge and will 
replace an existing single span double wide railroad car frame bridge.  The bridge will be 81 feet long and will 
accommodate two 10-foot-wide travel lanes with 2-feet 3.75-inch-wide shoulders as shown on the attached 
General Plan (Appendix A). 

Mattole River flows northwesterly through the project area through the northern part of Mendocino 
County. It  drains an approximate 5.7 square miles at the bridge site. Table 1 shows the discharges used for the 
hydraulic analysis and the resulting water surface elevations at the bridge. 

Table 1: Discharges and water surface elevations for bridge design 

 Design Base Flood of Record 

Frequency (years) 50 100 <100 

Discharge (cubic feet per second) 2,755 3,530 3,269 

Water Surface (elevation in feet at upstream 

face of Bridge) 
1062.8 1064.1 1063.7 

 

This study used hydraulic modeling based on a HEC-RAS1 version 6.1 model to estimate the water surface 
elevation (WSE) for the existing and proposed bridge.  Results indicate that after construction of the new 
bridge, the WSE elevation will be lower upstream from the bridge and mostly unchanged downstream. With a 
proposed minimum soffit elevation of 1065.9, there will be a minimum of 3.1 feet of freeboard over the 50-yr 
WSE and 1.8 feet of freeboard over the 100-yr WSE. 

This report follows the Caltrans Final Hydraulic Report Format and has been prepared in accordance with 
the Caltrans Local Assistance Program Guidelines (Caltrans, 2020) and Memos to Designers 16-1 (Caltrans, 
2017). 

 
1 US Army Corps of Engineers Hydraulic Engineering Center River Analysis System which backwater hydraulic model designed to 
perform one-dimensional hydraulic calculations for a full network of natural and constructed channels. 
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GENERAL  

This design hydraulic study has been prepared for the sole purpose of meeting the requirements of the 
Caltrans òLocal Assistance Program Guidelines.ó  Although potentially useful for other purposes, this analysis 
has not been prepared for any other purpose.  Reuse of information contained in this report for purposes other 
than for which Avila and Associates Consulting Engineers, Inc. (Avila and Associates) intended and without 
their written authorization is not endorsed or encouraged and is at the sole risk of the entity reusing the 
information. 

Avila and Associates was retained to complete the bridge hydrology, hydraulics, and scour analysis for the 
bridge.  The following scope of work has been completed to develop this report. 

1. Obtain backup information and field review 

2. Estimate hydrology 

3. Develop a HEC-RAS model using surveyed cross sections of Mattole River. 

4. Estimate scour 

5. Prepare Draft Report for comment 

6. Prepare Final Report 

The existing bridge is located in a remote part of Mendocino County approximately 0.75 miles from the 
northern county line. It is approximately 7 miles northwest from the unincorporated community of Piercy as 
shown in Figure 1. The existing bridge was constructed in 1967.  It is a single span double wide railroad car 
frame bridge supported by reinforced concrete abutments on spread footings.  It has a sufficiency rating as of 
2010 of 66.4 and is functionally obsolete.  The Mendocino County Department of Transportation proposes to 
replace the existing bridge with a new bridge crossing Mattole River using Highway Bridge Program (HBP) 
funds. 

The datum elevation used for this study is NAVD-882.  The proposed bridge will be a single-span girder 
bridge and will replace an existing single span double wide railroad car frame bridge.  The bridge will be 81 feet 
long and will accommodate two 10-foot-wide travel lanes with 2-feet 3.75-inch-wide shoulders as shown on 
the attached General Plan (Appendix A). 

 
2 Vertical Datum shown on Topographic Map titled, Briceland Road Bridge Replacement at Mattole River prepared by Cinquini & Passarino 

Inc. Land Surveying, dated October 12, 2012 provided by Willdan Engineering. 
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Figure 1. Location Map (Google Maps) 

 

Project 
(See Figure 2 for 
detailed location) 
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Figure 2. Detail of project location 

 

Project 

Mendocino County Line 
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Figure 3. Proposed bridge profile view 
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BRIDGE HISTORY  

Avila and Associates reviewed the pertinent bridge maintenance records for the existing bridge to review 
the typical impacts to bridges along this reach.  Details of the bridge and a summary of the maintenance records 
are shown in Table 2.  

Table 2:  Existing bridge information and summary of maintenance records 

  Briceland Road 

Bridge Number 10C0181 

Bridge Length (ft) 50.5 

Span Lengths (ft) 1@49.0 

Bridge Type 2 railroad car frames (side by side) with RC closed end cantilever 
abutments on spread footings 

Debris Challenges None noted 

Cross Sections Available for 2002, 2010 

NBIS Item 113 (scour) code 2 

ELI Flag 361 Condition State 2 

Pier Type n/ a 

Year Built 1967 

Year Widened n/ a 

Scour Challenges 19873, 19914, 20025, 20066, 20087, 20108 

 
3 Footing at north abutment exposed.  No undermining. 
4 Same as 1987. 
5 At Abutment 2 (previously reported as Abutment 1), the bottom left (previously reported as right) corner has a spall measuring 
approximately 457mm x228mm. The corner spall has around 28mm of exposed reinforcement steel and has remained stable since the 
previous inspection. 
  The Abutment 1 footing is exposed for about three quarters of its length from the right corner. Undermining persists but has not 
grown substantially since the previous inspection. The void currently measures approximately 2m x 0.6m x 0.2m. 
6 At Abutment 2, the bottom left corner has a spall with exposed rebar measuring approximately 450mm x 230mm. This condition has 
been reported during past inspections and remains stable at this time. 
The Abutment 2 footing is exposed for about three quarters of its length from the left corner. Undermining persists and has increased 
since the previous inspection. The void currently measures approximately 3m long by 0.6m tall by 0.2m deep. 
7 At Abutment 2, the bottom left corner has a spall with exposed rebar measuring approximately 450mm x 230mm. This condition has 
been reported during past inspections and remains unchanged. 
The Abutment 2 footing is exposed for about three quarters of its length from the left corner. The channel bottom is 0.3m below the 
top of the footing and no undermining was observed. 
8 The Abutment 2 footing is exposed for about three quarters of its length from the left corner. The channel bottom is 0.3m below the 
top of the footing and no undermining was observed. 
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BASIN  AND DISCHARGE  

The watershed draining to the bridge is approximately 5.7 square miles as shown in Figure 4. The average 
annual rainfall for the watershed is approximately 71.6 inches per year9. Mattole River carries flow northwesterly 
to the bridge site. 

 
Figure 4. Basin contributing to the bridge (USGS streamstats) 

 
The design discharges in Mattole River at the bridge were calculated using the following two methods: 
 

ü A regression analysis10 

ü A basin transfer of results of a statistical analysis of gage data11 
 

The results of the two methods are shown in Table 3. 
 
 

 
9 www.streamstatsags.cr.usgs.gov  (U.S.G.S.) 
10 Methods for Determining Magnitude and Frequency of Floods in California, Based on Data through Water Year 2006 (USGS SIR 2012-5113) 
11 US. Department of the Interior, Geological Survey. Guidelines for Determining Flood Flow Frequency, Bulletin #17B of the Hydrology 
Subcommittee, Revised September 1981. 

http://www.streamstatsags.cr.usgs.gov/
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Table 3: Peak discharges from two methods of analysis 

 Discharge (cfs) 

Method 50-yr 100-yr 

Regression 2,040 2,350 

Statistical Analysis 2,755 3,530 

 
 The results from the statistical analysis of gage data are conservative when compared to the regression 
analysis and were used for the hydraulic analysis as shown in Table 4. 

 

Table 4. Discharges used for the analysis (cfs) 

 Design Base 

Frequency (years) 50 100 

Discharge (cubic feet per second) 2,755 3,530 

 

See Appendix B for a complete summary of the two methods of analysis. 

HEC -RAS ANALYSIS 

Hydraulic parameters (water surface elevations and velocity) were obtained from the U.S. Army Corps of 
Engineers (USACOE) HEC-RAS (Hydraulic Engineering Center River Analysis System) version 6.1 model 
based on: 1) survey information supplied by Willdan Engineering, and 2) a field investigation by Avila and 
Associates on May 8, 2014. 

The bridge reach and cross sections for the HEC-RAS model are shown in Figure 5. 
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Figure 5. Plan view of HEC-RAS cross section  
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Existing Conditions 

The Manning ònó values of 0.035 for the channel bottom and 0.070 for the banks and overbank areas were 
used in the model.  These are consistent with the field review by Avila and Associates as shown in Figure 6. 

 
Figure 6. Looking downstream from the bridge.  The channel bottom is relatively smooth and the banks and overbank areas are 

heavily vegetated leading to higher Manningõs ònó 

 The existing bridge was input into the model as a single span bridge as shown in Figure 7. 
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Figure 7. HEC-RAS cross section for the upstream existing condition 

 

Starting Water Surface Elevation 

 Various starting water surface elevation conditions were analyzed as follows: 1) critical depth, 2) normal 
depth, 3) elevation 1058.0, 4) elevation 1058.5, and 5) elevation 1059.0. All profiles converged approximately 
300 feet downstream from the bridge as shown in Figure 8. For this analysis, critical depth was used as the 
starting water surface boundary condition. 
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Figure 8. WSE profile comparison using various downstream boundary conditions 

 

Proposed Bridge Model 

The HEC-RAS model was re-run for the proposed condition by replacing the existing bridge with the 
proposed bridge and changing some of the cross sections to reflect the proposed grading. The proposed bridge 
was modeled as a single-span bridge with a minimum soffit elevation of 1065.9 at the downstream face of the 
bridge and a minimum soffit elevation of 1067 at the upstream face of the proposed bridge as shown in Figure 
9. 
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Figure 9. HEC-RAS cross section of proposed bridge 

 

The proposed bridge will be approximately 10 feet wider than the existing bridge and located approximately 
in the same location with a different alignment as the existing bridge as shown in Figure 10. The proposed 
bridge will also be approximately 34 feet longer and the minimum soffit elevation approximately 2.3 feet higher 
than existing. 
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Figure 10. Existing and proposed bridge shown in plan view 

 

Figure 11, Figure 12, and Table 5 show a comparison of the existing to the proposed water surface elevation 
(WSE) profiles for the 50-yr and 100-yr discharges. As can be seen, the WSE is lowered up to 0.69-ft upstream 
as a result of the proposed bridge. There is an increase in the WSE up to 0.46-ft just downstream from the 
proposed bridge due to the change in the drawdown as a result of removing the constriction caused by the 
existing bridge. The WSE returns to the existing condition approximately 100 feet downstream from the 
existing bridge. As shown in Figure 13, the increase in the 100-year water surface elevation is limited to 
downstream and is primarily within the proposed right-of-way and will have no impact to any insurable 
structures. 
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Figure 11. Water surface elevation profile comparison of existing to proposed for the 50-yr and 100-yr discharges 

 
Figure 12. Close up view of Figure 11 
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Table 5. Water surface elevation comparison of existing to proposed for the 50-yr and 100-yr discharges 

River Station 
50-yr 100-yr 

Existing Proposed Difference Existing Proposed Difference 

11021 1069.12 1069.12 0 1070.65 1070.63 -0.02 

10961 1068.12 1068.11 -0.01 1069.44 1069.41 -0.03 

Upstream Bridge       

10944 1067.94 1067.93 -0.01 1069.22 1069.19 -0.03 

10617 1065.5 1065.44 -0.06 1066.89 1066.66 -0.23 

10312 1063.74 1063.54 -0.2 1065.36 1064.84 -0.52 

10095 1063.1 1062.83 -0.27 1064.86 1064.18 -0.68 

10051 1063.09 1062.81 -0.28 1064.87 1064.18 -0.69 

10002 (exist) and 
10010 (prop) 

1062.75 1062.76 0.01 1064.46 1064.12 -0.34 

Proposed Bridge       

9968 (exist) and 9971 
(prop) 

1062.32 1062.67 0.35 1063.55 1064.01 0.46 

9947 1062.34 1062.63 0.29 1063.61 1064 0.39 

9918 1062.26 1062.26 0 1063.53 1063.53 0 

9881 1062.15 1062.15 0 1063.47 1063.47 0 

9782 1061.55 1061.55 0 1062.79 1062.79 0 

9681 1061.21 1061.21 0 1062.46 1062.46 0 

9372 1059.78 1059.78 0 1060.89 1060.89 0 

8957 1056.79 1056.79 0 1057.88 1057.88 0 

8455 1046.16 1046.16 0 1047.41 1047.41 0 
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Figure 13. Increased water surface elevation location and proposed right of way.  

See Appendix C for detailed HEC-RAS output. See Appendix D for overtopping analysis. 

HYDRAULIC CRITERIA/DRIFT  

Chapter 820 of the Caltrans Highway Design Manual (HDM) delineates the hydraulic design criteria for 
bridges (Caltrans, 2020).  The basic HDM rule for hydraulic design is that bridges should be designed to pass 
the Q50 with sufficient freeboard and convey the Q100 without freeboard.  Although the HDM notes that 2 feet 
of freeboard is often assumed for preliminary bridge designs, the freeboard recommendation at each individual 
bridge is left to the judgment of the hydraulic engineer. The actual amount of freeboard needed can be 
recommended on a case-by-case basis and is primarily dependent upon the anticipated debris that will need to 
pass under the bridge. With a minimum soffit elevation of 1065.9, the proposed bridge will provide 
approximately 3.1 feet of freeboard above the 50-yr WSE of 1062.8 and approximately 1.8 feet of freeboard 
above the 100-yr WSE of 1064.1 which meets the criteria. 

Avila and Associates researched the maintenance records for the existing bridge which includes reports 
from 1980 through 2015.  Based upon a review of the available records, there is no mention of debris capture 
noted in the Caltrans Bridge Maintenance reports for the existing bridge during biennial inspections. The 
proposed bridge will be single span, 34 feet longer and 2.3 feet higher than existing, so the potential for debris 
capture will not be increased by the project. 
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SCOUR 

Limited cross sections dating back to 2002 are plotted in Figure 14 but there is no indication of degradation.  
Future degradation at the proposed bridge is assumed to be negligible. 

 
Figure 14. Channel Sections over time 

 

Contraction Scour 

The proposed bridge constricts the main channel width from approximately 80.2 feet upstream to 
approximately 67.5 feet through the bridge reach (abutment to abutment accounting for the 26.6-degree 
hydraulic skew). Due the small grain sizes in the channel (less than 0.2 mm D50), the scour condition is Live 
Bed.  

The contraction scour calculations for live bed scour increase the upstream average flow depth (y1) by a 
factor determined from the relationship of the main channel discharge and width in the approach section (Q1 
and W1) and the bridge section (Q2 and W2) to determine the average depth in the bridge section (y2) as shown 
below. In this case, the ratio of the discharges in the approach and bridge section is approximately 1. The ratio 
of the widths is 1.19 and the k1 factor is 0.69. 

 

To determine the theoretical contraction scour (ys), the calculated average depth (y2) is subtracted from 
the average depth in the bridge section determined from the hydraulic modeling (y0). In this case, the water 
depth in the bridge section (y0) is 10.8 ft, the depth in the approach section (y1) is 9.6 ft, and the theoretical 
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average depth in the contracted section (y2) is 10.9 ft. Therefore, the resulting theoretical contraction scour 
depth (ys) at this bridge is negligible using the equation below. 

 

Abutment Scour 

Abutment scour was calculated using the equations from NCHRP 24-20 Condition A where the abutments 
are located near the main channel. The abutment scour calculations are based on a modified version of the 
contraction scour equation shown below, where unit discharge is used such that qs is Q2/W 2 and q1 is Q1/W 1.  

 

However, before the scour depth is determined from the average depth in the contracted section (y2 in the 
contraction scour equations and yc in the abutment scour equations), the value is amplified to account for the 
turbulent effects caused by the abutment protruding into the channel. The amplification factor is determined 
from the ratio of the unit discharges. If the ratio is large, it indicates the abutment scour is resulting primarily 
from the contraction scour. If it is lower (between 1 and 1.5), it indicates the abutment scour is primarily the 
result of the turbulence caused by the abutment. 

 

 

The ratio of the unit discharge for this bridge is 1.19 which results in the maximum amplification factor of 
1.57 as shown in Figure 15. The theoretical abutment scour resulting from these calculations is 7 ft. 
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Figure 15. Amplification factor for the proposed bridge abutments. 

Lateral Migration 

Lateral channel migration could result in the channel thalweg elevation reaching the support structures. 
Therefore, all scour elevations should be calculated from the thalweg elevation of 1051 ft.  

Total Scour 

Total theoretical scour estimates are provided in Table 6. According to the Preliminary Foundation Report, 
theoretical scour calculations will be limited by scour resistant rock to elevation 1041 (Blackburn, 2022). This is 
6 feet below the thalweg and will limit scour at each support. 

Table 6. Scour Summary Table.  

Long Term & Short-Term Scour Depths 

Support No. Degradation Scour Depth (ft) Contraction Scour Depth (ft) 
Short Term (Local) Scour 

Depth (ft) 

A1 0 n/a* 7 (elev. 1041)** 

A2 0 n/a* 7 (elev. 1041)** 

*Abutment scour calculations are inclusive of contraction scour. 
** Abutment scour will be limited by scour resistant material to elevation 1041. 
 
See Appendix E for detailed scour calculations.  
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ROCK SLOPE PROTECTION  

Using the Caltrans Highway Design Manual (HDM, 2016) based upon Hydraulic Engineering Circular No. 
23 guidelines for rock slope protection (RSP) was used to size the rock riprap bank protection.  For the 1.5:1 
slopes, Class II (60 pound) rock riprap is needed.  The RSP should extend up to 100-year water surface elevation 
of 1064 and extend approximately 20-ft upstream and downstream from the upstream and downstream faces 
of the bridges.  See Appendix F for rock slope protection calculations. 

SUMMARY TABLES  

The following Hydrologic Summary Table is provided for your use for placement on the Foundation Plan: 

 

 Drainage Area: _5.7_ Square miles  
 

 Design Base 
Flood of 
Record 

Frequency (Years) 50 100 <100 

Discharge (Cubic feet per second) 2,755 3,530 3,269 

Water Surface (Elevation at u/s face of Bridge) 1062.8 1064.1 1063.7 

 
Flood plain data are based upon information available when the plans were prepared and are shown to meet 
Federal requirements.  The accuracy of said information is not warranted by the County and interested or affected 
parties should make their own investigation. 

 
The following Scour Data Table is provided for your use for placement on the Foundation Plan assuming 

a channel thalweg of 1051 ft: 

Support No. Long Term (Degradation and Contraction) Scour 
Elevation (ft) 

Short Term (Local) Scour 
Depth (ft) 

Abut 1 n/a 7 (elev. 1041)* 

Abut 4 n/a 7 (elev. 1041)* 

*Abutment scour will be limited by scour resistant material to elevation 1041 ft (10 feet below the channel 
thalweg). 
 

The Location Hydraulic Study and Summary Floodplain Encroachment Report as outlined in 23 CFR 650 
Subpart A, Section 650.111(b)(c)(d) are included in Appendix G and Appendix H. 
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APPENDICES  



DRAFT  

A-1 

APPENDIX A ð GENERAL PLAN  
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APPENDIX B ð HYDROLOGY  

Mattole River at the Briceland Road bridge drains an approximate 5.7 square miles as shown on the Hydrology Map. The 
mean annual precipitation of the watershed is approximately 71.6 inches/year (streamstats). 
 

 
Hydrology Map (per USGS streamstats) 

 
Two methods of analysis were performed: 
 

ü Regional Regression 

ü Statistical Analysis of Streamflow Gage Data 

 

Regional Regression: 
 
Regional regression calculations obtained from USGS Streamstats ( http://water.usgs.gov/osw/streamstats/ ) which are 
based on Methods for Determining Magnitude and Frequency of Floods in California, Based on Data through Water Year 2006 (USGS SIR 
2012-5113). 
 
 
 

http://water.usgs.gov/osw/streamstats/
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Statistical Analysis of Streamflow Gage Data: 
 
Peak streamflow data from the following USGS gages were analyzed: 
 

ü Gage #11468900 Mattole River near Ettersberg 

ü Gage #11475500 SF Eel River near Branscomb 

ü Gage #11475560 Elder Creek near Branscomb 

ü Gage #11475700 Ten Mile Creek near Laytonville 

ü Gage #11475800 SF Eel River at Leggett 
 
Locations of the gages analyzed along with their respective watersheds are shown on the Gage Location Map as well as the 
project location. 
 
The following table summarizes some of the key characteristics of the gage watershed and information available: 
 

Gage Watershed Area MAP No. of Records Time Span 

  (sq. mi.) (in./yr.)     

11468900 Mattole River near Ettersberg 70.9 75.2 16 2001-2016 

11475500 SF Eel River near Branscomb 44 86.1 30 1947-1977 

11475560 Elder Creek near Branscomb 6.5 99.9 51 1964-2017 

11475700 Ten Mile Creek near Laytonville 50.1 82 22 1955-1977 

11475800 SF Eel River at Leggett 247.9 81.2 49 1964-2017 

          

Project 5.7 71.6     

 
 
 



DRAFT  

B-6 

 
Gage Location Map 

 
 
 
 

A statistical analysis was performed using the data from the five gages (USGS Bulletin 17B) and a basin transfer to the project 
was calculated using the results. 
 

 
 

11468900 
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11475500 

11475560 

Project 
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MATTOLE RIVER NEAR ETTERSBERG (#11468900) 
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The Gumbel distribution matched the data the best as shown below:

 

Basin Transfer: 

 

Area ungaged 5.7     

       

Area gaged 70.9     

      transfer 

yr b  Q gaged Au/Ag  Q 

2 0.904  8837 0.080395  905 

5 0.887  12614 0.080395  1348 

10 0.88  15115 0.080395  1644 

25 0.874  18275 0.080395  2019 

50 0.87  20620 0.080395  2301 

100 0.866  22947 0.080395  2586 

500 0.86  28324 0.080395  3241 
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SF EEL RIVER NEAR BRANSCOMB (#11475500) 
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Results of the statistical analysis of the data for Gage 11475500 were taken from Regional Skew for California, and Flood Frequency 
for Selected Sites in the Sacramento-San Joaquin River Basin, Based on Data through Water Year 2006 (USGS SIR 2010-5260). 
 
 
From Table 1 of SIR 2010-5260, the results of the statistical analysis are: 
 

  USGS Gage 11475500 SF Eel River 

Recurrence Interval (yr) 2 5 10 25 50 100 

        
Discharge (cfs) 6,650 10,800 13,600 17,200 19,700 22,200 

 
 
Basin Transfer: 
 

 

Area ungaged 5.7     

       

Area gaged 44     

      transfer 

yr b  Q gaged Au/Ag  Q 

2 0.904  6650 0.129545  1048 

5 0.887  10800 0.129545  1763 

10 0.88  13600 0.129545  2251 

25 0.874  17200 0.129545  2883 

50 0.87  19700 0.129545  3329 

100 0.866  22200 0.129545  3782 
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ELDER CREEK NEAR BRANSCOMB (#11475560) 
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