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1.0	 INTRODUCTION	
 
The Chelsea Wetland Restoration Project proposes to restore tidal marsh habitat on a vacant 
nine-acre parcel adjacent to Pinole Creek in the City of Hercules, Contra Costa County, California 
(see project location on Sheet 1, Appendix A). The tidal marsh restoration will be accomplished 
by connecting the project area to Pinole Creek utilizing a new arch culvert. The project will 
increase Pinole Creek’s floodplain through excavation of fill previously deposited on the site. 
Conceptual Plans for the project are included in Appendix A.  
 

1960’s	Corps	Project	
The U.S. Army Corps of Engineers (Corps) implemented a flood protection project on lower 
Pinole Creek in the mid 1960’s. The Contra Costa County Flood Control and Water Conservation 
District (FC District) is the local sponsor that owns and maintains these flood protection 
improvements. The Chelsea Wetland Restoration Project will modify the Corps and FC District 
facility, and therefore must be analyzed to determine its flood control performance on a risk and 
uncertainty (RU) basis. The goal of a RU analysis is to determine the minimum levee/floodwall 
elevation required for the proposed project that will provide the same protection as the 1960’s 
project. 
 

2010	Demonstration	Project	
In 2010, the Lower Pinole Creek Demonstration Project was completed along the downstream 
3000 feet of Pinole Creek, including the reach adjacent to the Chelsea Wetland. The project 
included the following components: 

 Channel excavation to create low floodplain terraces 
 Construction of approximately 2,400 linear feet of floodwalls 
 Construction of a new pedestrian bridge 
 Construction of 1200 linear feet of trail 
 Restoration of 2.55 acres of marsh plain and adjacent upland habitat 
 Vegetation and landscape management 
 Pathway lighting 
 Interpretive signs and benches 

 
In 2009 as a requirement for the Demonstration Project, the FC District prepared the Lower Pinole 
Creek Demonstration Project Risk and Uncertainty Analysis (2009 RU Report). The 2009 RU 
Report compared the original 1965 As-Built channel geometry and hydraulic performance to the 
channel geometry and hydraulic performance of the proposed Demonstration Project to determine 
the minimum levee/floodwall heights required for the Demonstration Project. The results of the 
2009 RU Report prescribed an elevation of 14 feet (NAVD88) for the top of the levees/floodwalls 
for the channel reach adjacent to the Chelsea Wetland. 
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However, floodwall construction during the Demonstration Project ended at the upstream extent of 
Chelsea Wetland (as shown in Photo 1), leaving the adjacent communities on the north side of 
Pinole Creek susceptible to flooding during a 100-year storm event. 
 

 
 
Photo 1.  Floodwall along the northern bank of Pinole Creek ending at Chelsea Wetland; 
photo taken from new pedestrian bridge looking upstream to the east. 
 

Proposed	Chelsea	Wetland	Restoration	Project	
The proposed Chelsea Wetland Restoration Project will implement the final phase of flood control 
for this reach of Pinole Creek – as prescribed in the 2009 RU Report – by constructing a 
connecting floodwall with a top height of 14 feet around the Chelsea Wetland as shown on the 
Conceptual Plans in Appendix A. In addition, a new culvert will be installed through the Pinole 
Creek channel bank that will improve connectivity to the Chelsea Wetland.  
 
The project is not proposing significant changes to the Pinole Creek channel geometry or hydraulic 
function. The proposed culvert installation and fill removal within the Chelsea Wetland will create 
additional floodplain storage for Pinole Creek. The culvert will be located at Station 19+50, with 
the specific design details shown on the Conceptual Plans. As Pinole Creek water surface 

End of Floodwall Chelsea Wetland 

New Culvert Location 

Pinole Creek 
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elevations rise during large storm events, flood water will flow through the new culvert into the 
proposed wetlands. Currently, large magnitude flows in excess of the 25-year event overtop the 
Pinole Creek’s northern bank and become directly connected with the Chelsea Wetland. The 
installation of the new culvert will allow Pinole Creek access to that floodplain during all storm 
events. Velocities are low in the project area and the site is considered to be non-effective flow and 
floodplain storage.  
 
The effects of this proposed project will not produce any significant changes to water surface 
elevations during storm events. Considering that no significant modifications to channel geometry 
are proposed and that the project will result in a reduction of water surface elevations, the 2009 RU 
Report, included as Appendix B, provides much of the information necessary to assess the risk 
and uncertainty of the proposed Chelsea Wetland Restoration Project. The following analysis 
summarizes the 2009 RU Report and its relevance to the proposed project as well as providing a 
discussion of new Pinole Creek cross section survey data.  

2.0	 HYDROLOGIC	ANALYSIS	
 
The Pinole Creek watershed covers approximately fifteen square miles draining into the San Pablo 
Bay north of Point Pinole. The flood discharge rates used in the 2009 RU Report for eight design 
storms are listed in Table 1. These flows are based on the hydrology of the original project from 
the 1962 Report1. No additional hydrologic analysis was needed based on the definition of an RU 
analysis. 
 
Table 1. Pinole Creek Flows for the Risk and Uncertainty Analysis 
 

Annual Exceedance 
Probability 

Flow Rate 
(cubic feet per 

second) 

Return Frequency 
(yrs) 

50% 570 2 
20% 1,300 5 
10% 1,650 10 
4% 2,200 25 
2% 2,600 50 
1% 3,000 100 

0.5% 3,400 200 
0.2% 4,100 500 

   

3.0	 HYDRAULIC	ANALYSIS	 	
 
The 2009 RU Report completed hydraulic analyses for both the 1965 As-Built channel and the 

                                                 
1 “Detailed Project Report, Local Flood Protection Project, Point Pinole Creek,” Contra Costa County, California; 
U.S. Army Corps of Engineers District, San Francisco, CA; November 1962 (1962 Report). 
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proposed Demonstration Project. The vertical datum from the 1960’s As-Built channel was 
adjusted up by 2.66 feet to match the current NAVD88 datum. 
 
In order to determine the “uncertainty” portion of the RU analysis, three different scenarios were 
analyzed with HEC-RAS for the 1965 and 2009 conditions respectively.   

 Design condition geometries  
 Best conditions geometries 
 Worst conditions geometries 

 
The differences between these three scenarios were assumed to be:  

 Downstream boundary conditions 
 Manning’s n-value or channel roughness 
 Sediment accumulation 

 
The specific channel geometries for each scenario are discussed in the following sections of this 
analysis. 
 

Downstream	Boundary	Condition	‐	Tidal	Water	Surface	Elevation	
Based on discussions between Corps staff and the FC District in 2008, it was determined that the 
beginning water surface used in 1962, without a predicted sea level rise, should be used for the RU 
analysis2. However, to account for the uncertainty in the tidal elevation, a differential of 0.3 feet 
between the design conditions and best- and worst-conditions models were used. The beginning 
tidal elevations used as the downstream boundary condition for the HEC-RAS models are 
summarized in Table 2. 
 
 
Table 2.  Tidal Elevations 
 

Design Value NAVD88 
Mean Higher High Water 
 
Beginning water surface elevation : best condition 
(design condition -0.3 ft) 

5.46 feet 

Mean Higher High Water 
 
Beginning water surface elevation : design conditions 

5.76 feet 

Mean Higher High Water 
 
Beginning water surface elevation : worst condition 
(design condition +0.3 ft) 

6.06 feet 

 

                                                 
2 See 2009 RU Report in Appendix B, pages 7 and 8. 
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Upstream	Boundary	Condition	and	Flow	Regime	
The HEC-RAS models were run with the mixed flow regime and the upstream boundary 
conditions were set as normal depth with a slope of 0.003 ft/ft, matching the 1965 As-Built plans 
around Station 39+00. 

1965	As‐Built	Channel	Conditions	
A description of the HEC-RAS modeling of the As-Build plans based on the 1960’s project is 
included on page 10 of the 2009 RU Report in Appendix B. A summary of the Pinole Creek 
channel conditions adjacent to the Chelsea Wetland Project for the three scenarios is shown on 
Table 3. 
 
 
Table 3.  As-Built Channel Roughness 
 

Design Value 
Channel Bottom 

“n-value” 
Right Bank 
“n-value” 

Left Bank 
“n-value” 

Best Condition 
(lowest 
roughness) 

0.025 0.03 0.03 

Design 
Condition 

0.03 0.03 0.03 

Worst 
Condition* 
(highest 
roughness) 

0.05 0.05 0.05 

 
*Worst conditions also included 1 foot layer of sediment deposition on the bottom of the channel  
 

Proposed	Demonstration	Project	
A description of the HEC-RAS modeling for the Demonstration Project is included on page 12 of 
the 2009 RU Report in Appendix B. A summary of the Pinole Creek channel conditions adjacent 
to the Chelsea Wetland Project for the three scenarios is shown on Table 4. 
 
 
Table 4.  Demonstration Project Channel Roughness 
 

Design Value 
Low Flow 
Channel 

“n-value” 

Low Terrace 
“n-value” 

Channel 
bank 

“n-value” 

Top of right 
bank 

“n-value” 

Top of left 
bank 

“n-value” 
Best Condition (lowest 
roughness) 

0.025 0.03 0.03 0.03 0.035 

Design Condition 0.03 0.035 0.04 0.03 0.035 
Worst Condition (highest 
roughness) 

0.035 0.05 0.05 0.03 0.035 
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Existing	Pinole	Creek	Cross	Sections	
To insure relevance of the 2009 RU Report for the Chelsea Wetland Project, channel cross sections 
taken from a 2012 field survey were compared to the cross sections used for the 2009 
Demonstration Project and re-modeled in applicable HEC-RAS models. The five cross sections 
located at Stations 1876.5, 1926.5, 1976.5, 2026.5, and 2076.5 as shown on Figure 1, were 
updated based on existing topography from the 2012 survey. Comparisons between 2012 cross 
sections and those modeled for the 2009 Proposed Demonstration Project and 1965 As-Built 
channel are shown on Figures 2 to 6. 
 
Figure 1.  Plan View of HEC-RAS Cross Section Location 
 

 
 
 
 

Chelsea Wetland  
Project Site 
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Figure 2.  Channel Cross Section Comparison Station 1876.5 
 

 
 
 
Figure 3.  Channel Cross Section Comparison Station 1926.5 
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Figure 4.  Channel Cross Section Comparison Station 1976.5 
 

 
 
 
Figure 5.  Channel Cross Section Comparison Station 2026.5 
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Figure 6.  Channel Cross Section Comparison Station 2076.5 
 

 
 
Overall, the 2009 Proposed Demonstration Project cross sections and 2012 Existing channel cross 
sections have very similar geometries. In addition, HEC-RAS outputs from a new model that 
incorporates the five updated channel cross sections resulted in 100-year water surface elevations 
that were within 0.07 feet of the water surface elevations predicted during the 2009. The results 
from this comparison are summarized in Table 5. In the 2012 model, the two upstream cross 
sections have a slight increase in water surface elevation and the two downstream cross sections 
have a slight decrease in water surface elevations as compared to the 2009 model. No additional 
upstream effects greater than 0.01 feet are predicted by the 2012 model. Considering these minor 
difference between the 2009 and 2012 HEC-RAS model results, the HEC-FDA analysis presented 
in the 2009 RU Report is relevant and adequate for determining the floodwall heights for the 
proposed Chelsea Wetland Project. 
 
Table 5.  HEC-RAS Output Comparisons of 2009 and 2012 Water Surface Elevations  
 

Cross 
Section 
Station 

100‐yr Water Surface 
Elevation based on 2009 

Design (ft NAVD88) 

100‐yr Water Surface 
Elevation based on 2012 

Survey (ft NAVD88) 

Change in 100‐yr 
Water Surface 

Elevation from 2009 
to 2012 (ft)

1876.5  13.78  13.85 ‐0.07 

1926.5  13.82  13.85 ‐0.03 

1976.5  13.85  13.85 0 

2026.5  13.87  13.84 0.03 

2076.5  13.88  13.86 0.02 
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4.0	 HEC‐FDA	ANALYSIS	
 
The Corps Hydraulic Engineering Center (HEC) in Davis, California developed a program named 
“Flood Damage Analysis (HEC-FDA). HEC-FDA was used by the FC District to perform the RU 
analysis on the 1965 As-Built project to determine the target conditional non-exceedance 
probability (CNP). The FC District also used HEC-FDA to perform the RU analysis on the channel 
modifications proposed by the Demonstration Project to establish the levee/floodwall heights 
required to meet or exceed the 1965 As-Built performance. 
 
A description of the HEC-FDA modeling is included on page 14 of the 2009 RU Report in 
Appendix B. As defined in the 2009 RU Report, the proposed Chelsea Wetland Restoration 
Project is located within the following Damage Reach: 

 Damage Reach Station: 19+00 
 Beginning Station (downstream): 17+42 
 Ending Station (upstream): 21+26.5 
 Actual Modeled Damage Reach Station: 18+76.5 
 Range Represented: RR Bridge to Upstream of Chelsea Marsh 

 
For Damage Reach 19+00, the HEC-FDA final outputs are shown in Tables 5 and 6, using a 1965 
As-Built levee elevation of 9.35 feet and a 2009 Proposed floodwall top height of 13.78 feet. 
 
 
Table 6.  HEC-FDA Results – Target Stage Annual Exceedance Probability and Long 
Term Risk 
 

Plan and 
Stream Name Damage 

Reach 

Target Stage Annual 
Exceedance Probability 

Long-Term Risk (years) 

Median Expected 10 25 50 
Pinole Creek 
1965 As-Built 

19+00 0.0090 0.0180 0.1685 0.3696 0.6026 

Pinole Creek 
with Proposed 
Demonstration 
Project 

19+00 0.0100 0.0170 0.1581 0.3496 0.5770 

 
 
Table 7.  HEC-FDA Results – Conditional Non-Exceedance Probability 
 

Plan and 
Stream Name 

Damage 
Reach 

Conditional Non-Exceedance Probability by Events 
10% 4% 2% 1% 0.4% 0.2% 

Pinole Creek 
1965 As-Built 

19+00 0.9947 0.8839 0.6733 0.4320 0.1943 0.0942 

Pinole Creek 
with Proposed 
Demonstration 
Project 

19+00 0.9970 0.9017 0.6966 0.4499 0.2006 0.0958 
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5.0	 CONCLUSION	
 
The results from the 2009 RU Report for Damage Reach 19+00 can be used for the Chelsea 
Wetland Restoration Project considering that no significant changes to the Pinole Creek channel 
cross section geometries are proposed under this project and that recent field survey data and 
HEC-RAS modeling results are closely aligned with the 2009 analysis.  
 
The 2009 RU Report was completed using the 1965 As-Built plans and design flows to determine 
target conditional non-exceedance probabilities which were then used to determine appropriate 
levee/floodwall heights along Pinole Creek for the Demonstration Project. The Chelsea Wetland 
Restoration Project incorporates new floodwalls with top elevations of 14 feet (NAVD88) that will 
tie into an existing floodwall along the north bank of Pinole Creek. This is higher than the 
elevation of 13.78 feet as recommended in the 2009 RU Report for Damage Reach 19+00 and 
therefore will have a conditional non-exceedance probability equal to or greater than the original 
1960’s Corps project.
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Appendix C 
 



HEC-RAS  Plan: 2012 Existing   River: Pinole   Reach: 1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

1 2376.5* 0.5% Q - 200yr 3400.00 1.71 14.48 8.49 14.68 0.000427 3.62 990.67 143.33 0.22

1 2376.5* 0.2% Q - 500yr 4100.00 1.71 15.33 8.99 15.56 0.000441 3.91 1113.08 143.33 0.22

1 2326.5* 50.0% Q - 2yr 570.00 1.66 7.60 4.93 7.69 0.000681 2.31 247.21 84.52 0.24

1 2326.5* 20.0% Q - 5yr 1300.00 1.66 9.50 6.56 9.65 0.000738 3.13 414.71 92.00 0.26

1 2326.5* 10.0% Q - 10yr 1650.00 1.66 10.36 6.92 10.53 0.000705 3.33 495.36 95.65 0.26

1 2326.5* 4.0% Q - 25yr 2200.00 1.66 12.29 7.43 12.45 0.000475 3.19 697.34 137.84 0.22

1 2326.5* 2.0% Q - 50yr 2600.00 1.66 13.34 7.77 13.49 0.000395 3.20 845.15 143.17 0.20

1 2326.5* 1.0% Q - 100yr 3000.00 1.66 13.92 8.09 14.10 0.000402 3.40 929.11 143.17 0.21

1 2326.5* 0.5% Q - 200yr 3400.00 1.66 14.46 8.40 14.65 0.000409 3.57 1006.11 143.17 0.21

1 2326.5* 0.2% Q - 500yr 4100.00 1.66 15.31 8.90 15.54 0.000424 3.87 1128.31 143.17 0.22

1 2276.5  50.0% Q - 2yr 570.00 1.62 7.57 4.91 7.65 0.000648 2.27 251.51 85.05 0.23

1 2276.5  20.0% Q - 5yr 1300.00 1.62 9.47 6.49 9.62 0.000713 3.10 419.68 92.40 0.26

1 2276.5  10.0% Q - 10yr 1650.00 1.62 10.33 6.85 10.50 0.000683 3.29 500.83 96.10 0.25

1 2276.5  4.0% Q - 25yr 2200.00 1.62 12.27 7.35 12.42 0.000455 3.15 711.58 140.93 0.21

1 2276.5  2.0% Q - 50yr 2600.00 1.62 13.32 7.70 13.47 0.000377 3.16 860.20 143.00 0.20

1 2276.5  1.0% Q - 100yr 3000.00 1.62 13.91 8.02 14.08 0.000385 3.35 944.05 143.00 0.20

1 2276.5  0.5% Q - 200yr 3400.00 1.62 14.44 8.32 14.63 0.000393 3.53 1020.92 143.00 0.21

1 2276.5  0.2% Q - 500yr 4100.00 1.62 15.30 8.82 15.51 0.000408 3.82 1142.90 143.00 0.22

1 2226.5* 50.0% Q - 2yr 570.00 1.60 7.54 4.85 7.62 0.000621 2.21 258.12 88.07 0.23

1 2226.5* 20.0% Q - 5yr 1300.00 1.60 9.44 6.45 9.58 0.000676 3.01 432.39 95.86 0.25

1 2226.5* 10.0% Q - 10yr 1650.00 1.60 10.30 6.79 10.46 0.000645 3.19 516.90 99.83 0.25

1 2226.5* 4.0% Q - 25yr 2200.00 1.60 12.25 7.28 12.40 0.000413 3.03 747.48 149.95 0.20

1 2226.5* 2.0% Q - 50yr 2600.00 1.60 13.31 7.62 13.45 0.000340 3.03 906.47 152.00 0.19

1 2226.5* 1.0% Q - 100yr 3000.00 1.60 13.90 7.93 14.05 0.000345 3.20 995.77 152.00 0.19

1 2226.5* 0.5% Q - 200yr 3400.00 1.60 14.44 8.23 14.61 0.000352 3.37 1077.65 152.00 0.20

1 2226.5* 0.2% Q - 500yr 4100.00 1.60 15.29 8.72 15.49 0.000364 3.64 1207.59 152.00 0.20

1 2176.5* 50.0% Q - 2yr 570.00 1.58 7.51 4.81 7.59 0.000597 2.15 264.50 91.07 0.22

1 2176.5* 20.0% Q - 5yr 1300.00 1.58 9.41 6.41 9.54 0.000643 2.92 444.78 99.30 0.24

1 2176.5* 10.0% Q - 10yr 1650.00 1.58 10.28 6.75 10.43 0.000612 3.10 532.65 103.55 0.24

1 2176.5* 4.0% Q - 25yr 2200.00 1.58 12.24 7.23 12.37 0.000374 2.90 788.12 158.97 0.20

1 2176.5* 2.0% Q - 50yr 2600.00 1.58 13.31 7.55 13.43 0.000305 2.89 957.48 161.00 0.18

1 2176.5* 1.0% Q - 100yr 3000.00 1.58 13.89 7.86 14.03 0.000309 3.05 1052.25 161.00 0.18

1 2176.5* 0.5% Q - 200yr 3400.00 1.58 14.43 8.15 14.58 0.000314 3.21 1139.13 161.00 0.19

1 2176.5* 0.2% Q - 500yr 4100.00 1.58 15.29 8.63 15.46 0.000325 3.46 1277.03 161.00 0.19

1 2126.5* 50.0% Q - 2yr 570.00 1.57 7.49 4.75 7.56 0.000575 2.10 270.85 94.06 0.22

1 2126.5* 20.0% Q - 5yr 1300.00 1.57 9.38 6.37 9.51 0.000614 2.84 457.06 102.75 0.24

1 2126.5* 10.0% Q - 10yr 1650.00 1.57 10.25 6.70 10.39 0.000581 3.01 548.35 107.32 0.23



HEC-RAS  Plan: 2012 Existing   River: Pinole   Reach: 1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

1 2126.5* 4.0% Q - 25yr 2200.00 1.57 12.23 7.16 12.35 0.000336 2.77 833.86 167.98 0.19

1 2126.5* 2.0% Q - 50yr 2600.00 1.57 13.30 7.48 13.41 0.000272 2.75 1013.53 170.00 0.17

1 2126.5* 1.0% Q - 100yr 3000.00 1.57 13.89 7.78 14.01 0.000275 2.90 1113.75 170.00 0.17

1 2126.5* 0.5% Q - 200yr 3400.00 1.57 14.43 8.07 14.56 0.000280 3.04 1205.67 170.00 0.18

1 2126.5* 0.2% Q - 500yr 4100.00 1.57 15.29 8.54 15.44 0.000288 3.28 1351.51 170.00 0.18

1 2076.5* 50.0% Q - 2yr 570.00 1.01 7.45 4.28 7.53 0.000621 2.15 265.45 92.53 0.22

1 2076.5* 20.0% Q - 5yr 1300.00 1.01 9.35 6.35 9.48 0.000659 2.90 448.94 101.41 0.24

1 2076.5* 10.0% Q - 10yr 1650.00 1.01 10.22 6.69 10.36 0.000613 3.06 539.47 108.89 0.24

1 2076.5* 4.0% Q - 25yr 2200.00 1.01 12.21 7.17 12.33 0.000360 2.86 798.37 152.34 0.19

1 2076.5* 2.0% Q - 50yr 2600.00 1.01 13.27 7.49 13.40 0.000298 2.86 960.87 152.34 0.18

1 2076.5* 1.0% Q - 100yr 3000.00 1.01 13.86 7.80 14.00 0.000305 3.04 1050.14 152.34 0.18

1 2076.5* 0.5% Q - 200yr 3400.00 1.01 14.40 8.08 14.55 0.000314 3.21 1131.97 152.34 0.19

1 2076.5* 0.2% Q - 500yr 4100.00 1.01 15.25 8.57 15.43 0.000328 3.48 1261.71 152.34 0.19

1 2026.5  50.0% Q - 2yr 570.00 1.06 7.42 4.32 7.50 0.000635 2.15 265.63 94.41 0.23

1 2026.5  20.0% Q - 5yr 1300.00 1.06 9.32 6.35 9.44 0.000653 2.87 452.49 103.09 0.24

1 2026.5  10.0% Q - 10yr 1650.00 1.06 10.19 6.69 10.33 0.000604 3.03 544.73 112.31 0.24

1 2026.5  4.0% Q - 25yr 2200.00 1.06 12.19 7.17 12.31 0.000355 2.84 796.18 140.75 0.19

1 2026.5  2.0% Q - 50yr 2600.00 1.06 13.26 7.48 13.38 0.000298 2.86 946.42 140.75 0.18

1 2026.5  1.0% Q - 100yr 3000.00 1.06 13.84 7.78 13.98 0.000308 3.05 1028.57 140.75 0.18

1 2026.5  0.5% Q - 200yr 3400.00 1.06 14.38 8.06 14.53 0.000319 3.23 1103.84 140.75 0.19

1 2026.5  0.2% Q - 500yr 4100.00 1.06 15.22 8.53 15.41 0.000338 3.53 1223.04 140.75 0.20

1 1976.5* 50.0% Q - 2yr 570.00 1.01 7.42 4.35 7.47 0.000319 1.68 338.53 102.32 0.16

1 1976.5* 20.0% Q - 5yr 1300.00 1.01 9.32 5.63 9.41 0.000402 2.40 540.75 110.94 0.19

1 1976.5* 10.0% Q - 10yr 1650.00 1.01 10.19 6.03 10.30 0.000390 2.58 641.88 126.88 0.19

1 1976.5* 4.0% Q - 25yr 2200.00 1.01 12.20 6.49 12.29 0.000244 2.46 926.01 157.75 0.16

1 1976.5* 2.0% Q - 50yr 2600.00 1.01 13.27 6.79 13.36 0.000209 2.49 1094.69 157.75 0.15

1 1976.5* 1.0% Q - 100yr 3000.00 1.01 13.85 7.08 13.96 0.000218 2.66 1187.10 157.75 0.16

1 1976.5* 0.5% Q - 200yr 3400.00 1.01 14.39 7.36 14.51 0.000227 2.82 1271.79 157.75 0.16

1 1976.5* 0.2% Q - 500yr 4100.00 1.01 15.24 7.81 15.38 0.000243 3.09 1406.00 157.75 0.17

1 1926.5* 50.0% Q - 2yr 570.00 0.96 7.39 3.72 7.44 0.000480 1.81 314.97 117.50 0.19

1 1926.5* 20.0% Q - 5yr 1300.00 0.96 9.30 6.14 9.38 0.000464 2.37 547.64 128.92 0.20

1 1926.5* 10.0% Q - 10yr 1650.00 0.96 10.18 6.46 10.27 0.000436 2.48 666.84 145.08 0.20

1 1926.5* 4.0% Q - 25yr 2200.00 0.96 12.19 6.90 12.27 0.000233 2.27 999.65 170.40 0.15

1 1926.5* 2.0% Q - 50yr 2600.00 0.96 13.27 7.18 13.35 0.000193 2.28 1182.26 170.40 0.14

1 1926.5* 1.0% Q - 100yr 3000.00 0.96 13.85 7.44 13.94 0.000199 2.43 1282.25 170.40 0.15

1 1926.5* 0.5% Q - 200yr 3400.00 0.96 14.39 7.68 14.49 0.000206 2.58 1373.91 170.40 0.15

1 1926.5* 0.2% Q - 500yr 4100.00 0.96 15.24 8.09 15.36 0.000218 2.81 1519.17 170.40 0.16



HEC-RAS  Plan: 2012 Existing   River: Pinole   Reach: 1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

1 1876.5  50.0% Q - 2yr 570.00 0.96 7.36 3.85 7.42 0.000534 1.88 303.63 117.68 0.21

1 1876.5  20.0% Q - 5yr 1300.00 0.96 9.27 6.16 9.36 0.000478 2.42 537.12 127.39 0.21

1 1876.5  10.0% Q - 10yr 1650.00 0.96 10.15 6.51 10.25 0.000456 2.52 657.64 160.42 0.20

1 1876.5  4.0% Q - 25yr 2200.00 0.96 12.18 6.97 12.26 0.000241 2.25 1015.34 184.61 0.16

1 1876.5  2.0% Q - 50yr 2600.00 0.96 13.26 7.26 13.33 0.000195 2.24 1213.81 184.61 0.14

1 1876.5  1.0% Q - 100yr 3000.00 0.96 13.85 7.51 13.93 0.000198 2.38 1322.26 184.61 0.15

1 1876.5  0.5% Q - 200yr 3400.00 0.96 14.39 7.76 14.48 0.000203 2.51 1421.68 184.61 0.15

1 1876.5  0.2% Q - 500yr 4100.00 0.96 15.24 8.16 15.35 0.000212 2.73 1579.26 184.61 0.16

1 1826.5  50.0% Q - 2yr 570.00 0.90 7.30 4.53 7.39 0.000409 2.65 262.11 91.57 0.22

1 1826.5  20.0% Q - 5yr 1300.00 0.90 9.17 6.36 9.33 0.000484 3.65 440.16 99.15 0.26

1 1826.5  10.0% Q - 10yr 1650.00 0.90 10.04 6.77 10.22 0.000457 3.86 528.35 102.70 0.25

1 1826.5  4.0% Q - 25yr 2200.00 0.90 12.09 7.32 12.24 0.000290 3.64 764.56 146.91 0.21

1 1826.5  2.0% Q - 50yr 2600.00 0.90 13.17 7.65 13.32 0.000251 3.64 923.64 147.53 0.20

1 1826.5  1.0% Q - 100yr 3000.00 0.90 13.75 7.98 13.91 0.000263 3.87 1008.91 147.53 0.21

1 1826.5  0.5% Q - 200yr 3400.00 0.90 14.28 8.28 14.46 0.000275 4.08 1087.01 147.53 0.21

1 1826.5  0.2% Q - 500yr 4100.00 0.90 15.11 8.78 15.33 0.000295 4.43 1210.60 147.53 0.22

1 1820    Bridge

1 1814.5  50.0% Q - 2yr 570.00 0.79 7.05 4.13 7.15 0.000424 2.74 252.55 90.56 0.23

1 1814.5  20.0% Q - 5yr 1300.00 0.79 8.96 6.11 9.13 0.000494 3.72 432.69 98.45 0.26

1 1814.5  10.0% Q - 10yr 1650.00 0.79 10.04 6.58 10.21 0.000416 3.79 541.78 102.93 0.24

1 1814.5  4.0% Q - 25yr 2200.00 0.79 11.96 7.16 12.11 0.000289 3.67 756.57 142.41 0.21

1 1814.5  2.0% Q - 50yr 2600.00 0.79 13.03 7.52 13.18 0.000251 3.67 915.21 148.65 0.20

1 1814.5  1.0% Q - 100yr 3000.00 0.79 13.62 7.85 13.79 0.000263 3.90 1002.52 148.65 0.21

1 1814.5  0.5% Q - 200yr 3400.00 0.79 14.16 8.16 14.34 0.000274 4.10 1082.84 148.65 0.21

1 1814.5  0.2% Q - 500yr 4100.00 0.79 15.01 8.66 15.23 0.000292 4.44 1209.46 148.65 0.22

1 1759.5  50.0% Q - 2yr 570.00 0.77 6.95 4.50 7.11 0.001083 3.26 174.81 54.04 0.32

1 1759.5  20.0% Q - 5yr 1300.00 0.77 8.73 6.27 9.07 0.001552 4.65 279.58 64.05 0.39

1 1759.5  10.0% Q - 10yr 1650.00 0.77 9.82 6.77 10.16 0.001488 4.65 354.86 75.19 0.38

1 1759.5  4.0% Q - 25yr 2200.00 0.77 11.79 7.47 12.08 0.000885 4.29 519.87 96.31 0.30

1 1759.5  2.0% Q - 50yr 2600.00 0.77 12.87 7.96 13.15 0.000718 4.29 623.48 96.31 0.28

1 1759.5  1.0% Q - 100yr 3000.00 0.77 13.43 8.41 13.75 0.000741 4.58 677.73 96.31 0.29

1 1759.5  0.5% Q - 200yr 3400.00 0.77 13.94 8.82 14.30 0.000765 4.85 727.38 96.31 0.29

1 1759.5  0.2% Q - 500yr 4100.00 0.77 14.75 9.56 15.18 0.000812 5.31 805.08 96.31 0.31

1 1746.5  Bridge

1 1733.5  50.0% Q - 2yr 570.00 1.09 6.74 4.29 6.90 0.000956 3.21 177.51 53.41 0.31

1 1733.5  20.0% Q - 5yr 1300.00 1.09 8.44 5.97 8.77 0.001490 4.63 280.99 65.57 0.39



HEC-RAS  Plan: Prop. Design   River: Pinole   Reach: 1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

1 2376.5* 0.5% Q - 200yr 3400.00 1.71 14.47 8.49 14.66 0.000429 3.63 989.13 143.33 0.22

1 2376.5* 0.2% Q - 500yr 4100.00 1.71 15.32 8.99 15.55 0.000444 3.92 1110.88 143.33 0.22

1 2326.5* 50.0% Q - 2yr 570.00 1.66 7.62 4.93 7.70 0.000671 2.30 248.32 84.57 0.24

1 2326.5* 20.0% Q - 5yr 1300.00 1.66 9.51 6.56 9.66 0.000732 3.13 415.79 92.05 0.26

1 2326.5* 10.0% Q - 10yr 1650.00 1.66 10.37 6.92 10.54 0.000703 3.33 495.86 95.67 0.26

1 2326.5* 4.0% Q - 25yr 2200.00 1.66 12.28 7.43 12.44 0.000476 3.19 696.87 137.78 0.22

1 2326.5* 2.0% Q - 50yr 2600.00 1.66 13.33 7.77 13.49 0.000396 3.21 844.34 143.17 0.20

1 2326.5* 1.0% Q - 100yr 3000.00 1.66 13.91 8.09 14.09 0.000403 3.40 927.88 143.17 0.21

1 2326.5* 0.5% Q - 200yr 3400.00 1.66 14.45 8.40 14.64 0.000411 3.58 1004.56 143.17 0.21

1 2326.5* 0.2% Q - 500yr 4100.00 1.66 15.30 8.90 15.52 0.000426 3.87 1126.10 143.17 0.22

1 2276.5  50.0% Q - 2yr 570.00 1.62 7.59 4.91 7.66 0.000639 2.26 252.68 85.10 0.23

1 2276.5  20.0% Q - 5yr 1300.00 1.62 9.48 6.49 9.63 0.000707 3.09 420.79 92.45 0.26

1 2276.5  10.0% Q - 10yr 1650.00 1.62 10.33 6.85 10.50 0.000681 3.29 501.34 96.12 0.25

1 2276.5  4.0% Q - 25yr 2200.00 1.62 12.26 7.35 12.42 0.000456 3.15 711.10 140.93 0.21

1 2276.5  2.0% Q - 50yr 2600.00 1.62 13.31 7.70 13.47 0.000378 3.16 859.39 143.00 0.20

1 2276.5  1.0% Q - 100yr 3000.00 1.62 13.90 8.02 14.07 0.000386 3.35 942.81 143.00 0.20

1 2276.5  0.5% Q - 200yr 3400.00 1.62 14.43 8.32 14.62 0.000395 3.53 1019.36 143.00 0.21

1 2276.5  0.2% Q - 500yr 4100.00 1.62 15.28 8.82 15.50 0.000411 3.83 1140.68 143.00 0.22

1 2226.5* 50.0% Q - 2yr 570.00 1.60 7.56 4.85 7.63 0.000612 2.20 259.36 88.12 0.23

1 2226.5* 20.0% Q - 5yr 1300.00 1.60 9.45 6.45 9.59 0.000671 3.00 433.57 95.91 0.25

1 2226.5* 10.0% Q - 10yr 1650.00 1.60 10.31 6.79 10.47 0.000643 3.19 517.44 99.85 0.25

1 2226.5* 4.0% Q - 25yr 2200.00 1.60 12.25 7.28 12.39 0.000413 3.03 746.96 149.95 0.20

1 2226.5* 2.0% Q - 50yr 2600.00 1.60 13.31 7.62 13.44 0.000340 3.03 905.59 152.00 0.19

1 2226.5* 1.0% Q - 100yr 3000.00 1.60 13.89 7.93 14.04 0.000347 3.21 994.44 152.00 0.19

1 2226.5* 0.5% Q - 200yr 3400.00 1.60 14.43 8.23 14.60 0.000354 3.37 1075.99 152.00 0.20

1 2226.5* 0.2% Q - 500yr 4100.00 1.60 15.28 8.72 15.47 0.000367 3.65 1205.22 152.00 0.21

1 2176.5* 50.0% Q - 2yr 570.00 1.58 7.53 4.81 7.60 0.000588 2.14 265.83 91.13 0.22

1 2176.5* 20.0% Q - 5yr 1300.00 1.58 9.42 6.41 9.56 0.000638 2.91 446.02 99.35 0.24

1 2176.5* 10.0% Q - 10yr 1650.00 1.58 10.28 6.75 10.43 0.000610 3.09 533.22 103.58 0.24

1 2176.5* 4.0% Q - 25yr 2200.00 1.58 12.24 7.23 12.37 0.000374 2.91 787.56 158.97 0.20

1 2176.5* 2.0% Q - 50yr 2600.00 1.58 13.30 7.55 13.42 0.000306 2.89 956.55 161.00 0.18

1 2176.5* 1.0% Q - 100yr 3000.00 1.58 13.89 7.86 14.02 0.000310 3.05 1050.84 161.00 0.18

1 2176.5* 0.5% Q - 200yr 3400.00 1.58 14.42 8.15 14.57 0.000316 3.21 1137.37 161.00 0.19

1 2176.5* 0.2% Q - 500yr 4100.00 1.58 15.27 8.63 15.45 0.000327 3.47 1274.52 161.00 0.19

1 2126.5* 50.0% Q - 2yr 570.00 1.57 7.50 4.75 7.57 0.000566 2.09 272.27 94.12 0.22

1 2126.5* 20.0% Q - 5yr 1300.00 1.57 9.40 6.37 9.52 0.000609 2.84 458.38 102.81 0.24

1 2126.5* 10.0% Q - 10yr 1650.00 1.57 10.26 6.70 10.40 0.000580 3.01 548.96 107.35 0.23
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HEC-RAS  Plan: Prop. Design   River: Pinole   Reach: 1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

1 2126.5* 4.0% Q - 25yr 2200.00 1.57 12.23 7.16 12.35 0.000337 2.78 833.27 167.98 0.19

1 2126.5* 2.0% Q - 50yr 2600.00 1.57 13.29 7.48 13.41 0.000273 2.75 1012.55 170.00 0.17

1 2126.5* 1.0% Q - 100yr 3000.00 1.57 13.88 7.78 14.00 0.000277 2.90 1112.26 170.00 0.18

1 2126.5* 0.5% Q - 200yr 3400.00 1.57 14.42 8.07 14.55 0.000281 3.05 1203.77 170.00 0.18

1 2126.5* 0.2% Q - 500yr 4100.00 1.57 15.27 8.54 15.43 0.000290 3.29 1348.85 170.00 0.18

1 2076.5* 50.0% Q - 2yr 570.00 1.55 7.48 4.71 7.54 0.000545 2.05 278.67 97.08 0.21

1 2076.5* 20.0% Q - 5yr 1300.00 1.55 9.37 6.33 9.49 0.000582 2.76 470.57 106.22 0.23

1 2076.5* 10.0% Q - 10yr 1650.00 1.55 10.24 6.65 10.37 0.000547 2.92 570.10 146.41 0.23

1 2076.5* 4.0% Q - 25yr 2200.00 1.55 12.22 7.11 12.33 0.000301 2.64 884.08 176.99 0.18

1 2076.5* 2.0% Q - 50yr 2600.00 1.55 13.29 7.42 13.39 0.000243 2.61 1073.63 179.00 0.16

1 2076.5* 1.0% Q - 100yr 3000.00 1.55 13.88 7.71 13.99 0.000245 2.75 1178.75 179.00 0.17

1 2076.5* 0.5% Q - 200yr 3400.00 1.55 14.42 7.99 14.54 0.000249 2.89 1275.23 179.00 0.17

1 2076.5* 0.2% Q - 500yr 4100.00 1.55 15.27 8.45 15.41 0.000257 3.11 1428.20 179.00 0.17

1 2026.5  50.0% Q - 2yr 570.00 1.53 7.45 4.66 7.51 0.000526 2.00 284.97 100.03 0.21

1 2026.5  20.0% Q - 5yr 1300.00 1.53 9.35 6.30 9.46 0.000558 2.69 482.54 109.65 0.23

1 2026.5  10.0% Q - 10yr 1650.00 1.53 10.22 6.61 10.34 0.000506 2.81 603.66 155.66 0.22

1 2026.5  4.0% Q - 25yr 2200.00 1.53 12.22 7.06 12.31 0.000267 2.50 939.70 186.00 0.17

1 2026.5  2.0% Q - 50yr 2600.00 1.53 13.29 7.35 13.37 0.000215 2.46 1139.46 188.00 0.15

1 2026.5  1.0% Q - 100yr 3000.00 1.53 13.87 7.64 13.97 0.000217 2.60 1249.99 188.00 0.16

1 2026.5  0.5% Q - 200yr 3400.00 1.53 14.41 7.91 14.52 0.000220 2.73 1351.43 188.00 0.16

1 2026.5  0.2% Q - 500yr 4100.00 1.53 15.27 8.37 15.39 0.000227 2.94 1512.28 188.00 0.16

1 1976.5* 50.0% Q - 2yr 570.00 1.50 7.42 4.71 7.49 0.000582 2.09 272.53 96.50 0.22

1 1976.5* 20.0% Q - 5yr 1300.00 1.50 9.31 6.33 9.43 0.000609 2.81 462.97 105.64 0.24

1 1976.5* 10.0% Q - 10yr 1650.00 1.50 10.18 6.65 10.31 0.000549 2.94 575.65 142.93 0.23

1 1976.5* 4.0% Q - 25yr 2200.00 1.50 12.19 7.11 12.29 0.000295 2.63 886.88 172.49 0.18

1 1976.5* 2.0% Q - 50yr 2600.00 1.50 13.26 7.42 13.36 0.000239 2.61 1072.74 174.33 0.16

1 1976.5* 1.0% Q - 100yr 3000.00 1.50 13.85 7.71 13.96 0.000243 2.75 1174.91 174.33 0.17

1 1976.5* 0.5% Q - 200yr 3400.00 1.50 14.39 7.99 14.51 0.000247 2.89 1268.64 174.33 0.17

1 1976.5* 0.2% Q - 500yr 4100.00 1.50 15.24 8.46 15.38 0.000256 3.13 1417.20 174.33 0.17

1 1926.5* 50.0% Q - 2yr 570.00 1.48 7.38 7.46 0.000648 2.19 260.02 92.97 0.23

1 1926.5* 20.0% Q - 5yr 1300.00 1.48 9.26 9.40 0.000668 2.93 442.93 101.42 0.25

1 1926.5* 10.0% Q - 10yr 1650.00 1.48 10.14 10.28 0.000601 3.08 547.04 130.21 0.24

1 1926.5* 4.0% Q - 25yr 2200.00 1.48 12.16 12.28 0.000328 2.78 833.38 157.79 0.19

1 1926.5* 2.0% Q - 50yr 2600.00 1.48 13.24 13.35 0.000268 2.77 1004.98 160.66 0.17

1 1926.5* 1.0% Q - 100yr 3000.00 1.48 13.82 13.94 0.000274 2.93 1098.75 160.66 0.18

1 1926.5* 0.5% Q - 200yr 3400.00 1.48 14.35 14.49 0.000281 3.09 1184.68 160.66 0.18

1 1926.5* 0.2% Q - 500yr 4100.00 1.48 15.20 15.36 0.000293 3.35 1320.87 160.66 0.19
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HEC-RAS  Plan: Prop. Design   River: Pinole   Reach: 1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

1 1876.5  50.0% Q - 2yr 570.00 1.45 7.34 4.79 7.42 0.000726 2.30 247.44 89.47 0.24

1 1876.5  20.0% Q - 5yr 1300.00 1.45 9.21 6.40 9.36 0.000739 3.08 422.45 97.09 0.26

1 1876.5  10.0% Q - 10yr 1650.00 1.45 10.09 6.74 10.25 0.000664 3.23 518.08 117.51 0.25

1 1876.5  4.0% Q - 25yr 2200.00 1.45 12.13 7.22 12.26 0.000369 2.95 779.39 143.88 0.20

1 1876.5  2.0% Q - 50yr 2600.00 1.45 13.20 7.55 13.33 0.000304 2.95 936.51 147.00 0.18

1 1876.5  1.0% Q - 100yr 3000.00 1.45 13.78 7.86 13.93 0.000313 3.13 1021.83 147.00 0.19

1 1876.5  0.5% Q - 200yr 3400.00 1.45 14.31 8.15 14.48 0.000322 3.31 1099.99 147.00 0.19

1 1876.5  0.2% Q - 500yr 4100.00 1.45 15.16 8.64 15.34 0.000339 3.60 1223.69 147.00 0.20

1 1826.5  50.0% Q - 2yr 570.00 0.90 7.30 4.53 7.39 0.000409 2.65 262.11 91.57 0.22

1 1826.5  20.0% Q - 5yr 1300.00 0.90 9.17 6.36 9.33 0.000484 3.65 440.16 99.15 0.26

1 1826.5  10.0% Q - 10yr 1650.00 0.90 10.04 6.77 10.22 0.000457 3.86 528.35 102.70 0.25

1 1826.5  4.0% Q - 25yr 2200.00 0.90 12.09 7.32 12.24 0.000290 3.64 764.56 146.91 0.21

1 1826.5  2.0% Q - 50yr 2600.00 0.90 13.17 7.65 13.32 0.000251 3.64 923.64 147.53 0.20

1 1826.5  1.0% Q - 100yr 3000.00 0.90 13.75 7.98 13.91 0.000263 3.87 1008.91 147.53 0.21

1 1826.5  0.5% Q - 200yr 3400.00 0.90 14.28 8.28 14.46 0.000275 4.08 1087.01 147.53 0.21

1 1826.5  0.2% Q - 500yr 4100.00 0.90 15.11 8.78 15.33 0.000295 4.43 1210.60 147.53 0.22

1 1820    Bridge

1 1814.5  50.0% Q - 2yr 570.00 0.79 7.05 4.13 7.15 0.000424 2.74 252.55 90.56 0.23

1 1814.5  20.0% Q - 5yr 1300.00 0.79 8.96 6.11 9.13 0.000494 3.72 432.69 98.45 0.26

1 1814.5  10.0% Q - 10yr 1650.00 0.79 10.04 6.58 10.21 0.000416 3.79 541.78 102.93 0.24

1 1814.5  4.0% Q - 25yr 2200.00 0.79 11.96 7.16 12.11 0.000289 3.67 756.57 142.41 0.21

1 1814.5  2.0% Q - 50yr 2600.00 0.79 13.03 7.52 13.18 0.000251 3.67 915.21 148.65 0.20

1 1814.5  1.0% Q - 100yr 3000.00 0.79 13.62 7.85 13.79 0.000263 3.90 1002.52 148.65 0.21

1 1814.5  0.5% Q - 200yr 3400.00 0.79 14.16 8.16 14.34 0.000274 4.10 1082.84 148.65 0.21

1 1814.5  0.2% Q - 500yr 4100.00 0.79 15.01 8.66 15.23 0.000292 4.44 1209.46 148.65 0.22

1 1759.5  50.0% Q - 2yr 570.00 0.77 6.95 4.50 7.11 0.001083 3.26 174.81 54.04 0.32

1 1759.5  20.0% Q - 5yr 1300.00 0.77 8.73 6.27 9.07 0.001552 4.65 279.58 64.05 0.39

1 1759.5  10.0% Q - 10yr 1650.00 0.77 9.82 6.77 10.16 0.001488 4.65 354.86 75.19 0.38

1 1759.5  4.0% Q - 25yr 2200.00 0.77 11.79 7.47 12.08 0.000885 4.29 519.87 96.31 0.30

1 1759.5  2.0% Q - 50yr 2600.00 0.77 12.87 7.96 13.15 0.000718 4.29 623.48 96.31 0.28

1 1759.5  1.0% Q - 100yr 3000.00 0.77 13.43 8.41 13.75 0.000741 4.58 677.73 96.31 0.29

1 1759.5  0.5% Q - 200yr 3400.00 0.77 13.94 8.82 14.30 0.000765 4.85 727.38 96.31 0.29

1 1759.5  0.2% Q - 500yr 4100.00 0.77 14.75 9.56 15.18 0.000812 5.31 805.08 96.31 0.31

1 1746.5  Bridge

1 1733.5  50.0% Q - 2yr 570.00 1.09 6.74 4.29 6.90 0.000956 3.21 177.51 53.41 0.31

1 1733.5  20.0% Q - 5yr 1300.00 1.09 8.44 5.97 8.77 0.001490 4.63 280.99 65.57 0.39
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HEC-RAS  Plan: AB Design   River: Pinole   Reach: 1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

1 2863    4.0% Q - 25yr 2200.00 3.10 10.39 8.92 11.23 0.003267 7.33 300.27 70.33 0.62

1 2863    2.0% Q - 50yr 2600.00 3.10 10.95 9.40 11.85 0.003262 7.64 340.33 74.75 0.63

1 2863    1.0% Q - 100yr 3000.00 3.10 11.45 9.84 12.43 0.003247 7.91 379.31 78.81 0.64

1 2863    0.5% Q - 200yr 3400.00 3.10 12.42 10.25 13.27 0.002476 7.41 458.68 85.41 0.56

1 2863    0.2% Q - 500yr 4100.00 3.10 13.38 10.90 14.27 0.002142 7.58 540.65 85.41 0.53

1 2676.   50.0% Q - 2yr 570.00 2.50 6.77 5.47 7.10 0.002370 4.59 124.08 46.14 0.49

1 2676.   20.0% Q - 5yr 1300.00 2.50 8.30 7.01 8.93 0.003218 6.37 204.13 58.40 0.60

1 2676.   10.0% Q - 10yr 1650.00 2.50 8.92 7.57 9.64 0.003293 6.83 241.66 63.33 0.62

1 2676.   4.0% Q - 25yr 2200.00 2.50 9.77 8.32 10.61 0.003320 7.37 298.52 70.15 0.63

1 2676.   2.0% Q - 50yr 2600.00 2.50 10.32 8.80 11.24 0.003304 7.68 338.74 74.59 0.63

1 2676.   1.0% Q - 100yr 3000.00 2.50 10.84 9.24 11.82 0.003273 7.93 378.23 78.71 0.64

1 2676.   0.5% Q - 200yr 3400.00 2.50 12.02 9.65 12.81 0.002200 7.13 476.71 85.76 0.53

1 2676.   0.2% Q - 500yr 4100.00 2.50 13.05 10.30 13.87 0.001872 7.26 565.07 85.76 0.50

1 2583    50.0% Q - 2yr 570.00 2.20 6.58 5.17 6.88 0.002126 4.41 129.19 47.03 0.47

1 2583    20.0% Q - 5yr 1300.00 2.20 8.00 6.71 8.63 0.003214 6.37 204.24 58.42 0.60

1 2583    10.0% Q - 10yr 1650.00 2.20 8.60 7.27 9.33 0.003320 6.85 240.94 63.25 0.62

1 2583    4.0% Q - 25yr 2200.00 2.20 9.45 8.02 10.30 0.003355 7.40 297.38 70.02 0.63

1 2583    2.0% Q - 50yr 2600.00 2.20 10.01 8.50 10.93 0.003329 7.70 337.79 74.50 0.64

1 2583    1.0% Q - 100yr 3000.00 2.20 10.53 8.94 11.51 0.003285 7.94 377.72 78.67 0.64

1 2583    0.5% Q - 200yr 3400.00 2.20 11.85 9.35 12.61 0.002050 6.97 487.80 85.94 0.52

1 2583    0.2% Q - 500yr 4100.00 2.20 12.91 10.00 13.69 0.001736 7.08 579.14 85.94 0.48

1 2409.25 50.0% Q - 2yr 570.00 1.63 6.30 4.60 6.54 0.001613 3.98 143.04 49.31 0.41

1 2409.25 20.0% Q - 5yr 1300.00 1.63 7.45 6.14 8.07 0.003168 6.33 205.31 58.55 0.60

1 2409.25 10.0% Q - 10yr 1650.00 1.63 8.01 6.70 8.75 0.003379 6.89 239.32 63.02 0.62

1 2409.25 4.0% Q - 25yr 2200.00 1.63 8.84 7.45 9.71 0.003445 7.47 294.41 69.66 0.64

1 2409.25 2.0% Q - 50yr 2600.00 1.63 9.41 7.93 10.35 0.003385 7.75 335.66 74.25 0.64

1 2409.25 1.0% Q - 100yr 3000.00 1.63 9.96 8.37 10.94 0.003299 7.96 377.09 78.58 0.64

1 2409.25 0.5% Q - 200yr 3400.00 1.63 11.57 8.78 12.25 0.001758 6.63 512.80 86.29 0.48

1 2409.25 0.2% Q - 500yr 4100.00 1.63 12.69 9.43 13.39 0.001489 6.73 609.02 86.29 0.45

1 2266    50.0% Q - 2yr 570.00 1.17 6.13 4.14 6.33 0.001240 3.61 157.70 51.64 0.36

1 2266    20.0% Q - 5yr 1300.00 1.17 7.00 5.68 7.62 0.003132 6.30 206.19 58.67 0.59

1 2266    10.0% Q - 10yr 1650.00 1.17 7.50 6.24 8.26 0.003511 6.99 235.96 62.60 0.63

1 2266    4.0% Q - 25yr 2200.00 1.17 8.30 6.99 9.20 0.003625 7.62 288.90 69.04 0.66

1 2266    2.0% Q - 50yr 2600.00 1.17 8.90 7.47 9.85 0.003497 7.84 331.63 73.82 0.65

1 2266    1.0% Q - 100yr 3000.00 1.17 9.48 7.91 10.47 0.003330 7.98 375.79 78.46 0.64

1 2266    0.5% Q - 200yr 3400.00 1.17 11.38 8.32 12.00 0.001547 6.33 537.53 88.14 0.45

1 2266    0.2% Q - 500yr 4100.00 1.17 12.53 8.97 13.17 0.001305 6.41 639.24 88.14 0.42
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HEC-RAS  Plan: AB Design   River: Pinole   Reach: 1 (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

1 2200    50.0% Q - 2yr 570.00 0.96 6.13 3.42 6.25 0.000594 2.71 210.54 61.40 0.26

1 2200    20.0% Q - 5yr 1300.00 0.96 7.04 4.87 7.40 0.001575 4.82 269.61 68.66 0.43

1 2200    10.0% Q - 10yr 1650.00 0.96 7.55 5.40 8.00 0.001808 5.40 305.39 72.71 0.46

1 2200    4.0% Q - 25yr 2200.00 0.96 8.37 6.12 8.93 0.001942 5.98 367.90 79.30 0.49

1 2200    2.0% Q - 50yr 2600.00 0.96 8.98 6.56 9.58 0.001927 6.23 417.46 84.15 0.49

1 2200    1.0% Q - 100yr 3000.00 0.96 9.56 6.99 10.20 0.001884 6.41 468.09 88.83 0.49

1 2200    0.5% Q - 200yr 3400.00 0.96 11.43 7.38 11.87 0.000950 5.27 644.79 96.25 0.36

1 2200    0.2% Q - 500yr 4100.00 0.96 12.59 8.03 13.05 0.000837 5.42 756.43 96.25 0.34

1 2061.75 50.0% Q - 2yr 570.00 0.51 6.08 2.97 6.17 0.000438 2.42 235.48 64.57 0.22

1 2061.75 20.0% Q - 5yr 1300.00 0.51 6.88 4.42 7.19 0.001296 4.49 289.62 70.96 0.39

1 2061.75 10.0% Q - 10yr 1650.00 0.51 7.35 4.95 7.76 0.001537 5.09 324.24 74.76 0.43

1 2061.75 4.0% Q - 25yr 2200.00 0.51 8.16 5.67 8.66 0.001695 5.69 386.90 81.19 0.46

1 2061.75 2.0% Q - 50yr 2600.00 0.51 8.77 6.11 9.31 0.001696 5.94 437.76 86.06 0.46

1 2061.75 1.0% Q - 100yr 3000.00 0.51 9.36 6.54 9.94 0.001665 6.12 490.04 90.79 0.46

1 2061.75 0.5% Q - 200yr 3400.00 0.51 11.34 6.93 11.73 0.000805 5.01 678.57 95.70 0.33

1 2061.75 0.2% Q - 500yr 4100.00 0.51 12.51 7.58 12.93 0.000725 5.19 790.62 95.70 0.32

1 1888    50.0% Q - 2yr 570.00 -0.05 6.03 2.41 6.10 0.000303 2.11 269.66 68.68 0.19

1 1888    20.0% Q - 5yr 1300.00 -0.05 6.72 3.86 6.98 0.000999 4.08 318.78 74.18 0.35

1 1888    10.0% Q - 10yr 1650.00 -0.05 7.16 4.39 7.50 0.001230 4.69 352.07 77.69 0.39

1 1888    4.0% Q - 25yr 2200.00 -0.05 7.94 5.11 8.37 0.001403 5.30 414.90 83.92 0.42

1 1888    2.0% Q - 50yr 2600.00 -0.05 8.54 5.55 9.02 0.001422 5.56 467.36 88.78 0.43

1 1888    1.0% Q - 100yr 3000.00 -0.05 9.14 5.98 9.65 0.001407 5.75 521.68 93.55 0.43

1 1888    0.5% Q - 200yr 3400.00 -0.05 11.25 6.37 11.59 0.000658 4.71 722.40 95.24 0.30

1 1888    0.2% Q - 500yr 4100.00 -0.05 12.43 7.02 12.80 0.000610 4.91 834.75 95.24 0.29

1 1800    50.0% Q - 2yr 570.00 -0.34 6.01 2.12 6.07 0.000252 1.98 288.54 70.83 0.17

1 1800    20.0% Q - 5yr 1300.00 -0.34 6.66 3.57 6.89 0.000869 3.87 335.63 75.96 0.32

1 1800    10.0% Q - 10yr 1650.00 -0.34 7.08 4.10 7.39 0.001088 4.48 368.36 79.33 0.37

1 1800    4.0% Q - 25yr 2200.00 -0.34 7.84 4.82 8.24 0.001263 5.10 431.34 85.45 0.40

1 1800    2.0% Q - 50yr 2600.00 -0.34 8.45 5.26 8.89 0.001289 5.37 484.61 90.30 0.41

1 1800    1.0% Q - 100yr 3000.00 -0.34 9.04 5.69 9.52 0.001282 5.56 539.96 95.08 0.41

1 1800    0.5% Q - 200yr 3400.00 -0.34 11.21 6.08 11.53 0.000596 4.53 750.86 97.52 0.29

1 1800    0.2% Q - 500yr 4100.00 -0.34 12.40 6.73 12.74 0.000554 4.73 866.36 97.52 0.28

1 1778.5  50.0% Q - 2yr 570.00 -0.36 6.01 2.10 6.07 0.000249 1.97 289.61 70.95 0.17

1 1778.5  20.0% Q - 5yr 1300.00 -0.36 6.64 3.55 6.87 0.000868 3.87 335.72 75.98 0.32

1 1778.5  10.0% Q - 10yr 1650.00 -0.36 7.05 4.08 7.36 0.001091 4.48 368.00 79.30 0.37

1 1778.5  4.0% Q - 25yr 2200.00 -0.36 7.81 4.80 8.22 0.001270 5.11 430.52 85.38 0.40

1 1778.5  2.0% Q - 50yr 2600.00 -0.36 8.42 5.24 8.87 0.001296 5.38 483.66 90.22 0.41

1 1778.5  1.0% Q - 100yr 3000.00 -0.36 9.01 5.67 9.49 0.001289 5.57 538.98 95.00 0.41
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