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EXECUTIVE SUMMARY

The County Road 200 bridge over a Branch of Salt Creek in Glenn County, California is proposed for
replacement by Glenn County Public Works Agency. The proposed bridge will be located in the same
location as the existing bridge. It will be a single span cast in place pre-stressed concrete box girder. It will
accommodate 2 travel lanes with two 2-foot shoulders, as shown in the General Plan (Appendix A).

The Branch of Salt Creek flows south easterly through the north of Glenn County (County). It drains an
approximate 20.6 square miles at the project site. The discharges used for the bridge hydraulic analysis are

shown in Table 1.

Table 1. Estimated discharges and water surface elevations for bridge design

Design Base Flood of Record
Frequency (years) 50 100 >50
Discharge (cubic feet per second) 5,420 6,400 4,450
Water Surface (elevation in feet at 620.1 620.9 619.2

upstream face of Bridge)

This report follows the California Department of Transportation (Caltrans) Final Hydraulic Report
Format and has been prepared in accordance with the Caltrans Local Assistance Program Guidelines
(Caltrans 2019) and Memos to Designers 16-11.

I Caltrans Memo to Designers 16-1 December 2017 (http://www.dot.ca.gov/hq/esc/techpubs/manual/bridgemanuals/bridge-
memo-to-designer/page/Section%201/16-1m.pdf).
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GENERAL

This design hydraulic study has been prepared for the sole purpose of meeting the requirements of the
Caltrans “Local Assistance Program Guidelines.” 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
replacement of the existing County Road 200 Bridge over a Branch Salt Creek in Glenn County. The location
of this project is approximately 2,000 feet from Newville, CA and 18 miles west of Orland, CA as shown in
Figure 1 and Figure 2. The following scope of work has been completed to develop this report:

Obtain backup information and field review.
Obtain discharge information.

Estimate scour, channel bed degradation and bank protection parameters.

Prepare draft report for comment.

ook e

Prepare final report.

The existing bridge is located along County Road 200 over a Branch Salt Creek as shown in Figure 1. The
existing bridge was constructed in 1925; it is a three-span reinforced concrete T-beam bridge. It has a
sufficiency rating of 48.9 as of 2012 and is structurally deficient (Glenn County, 2012).
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Figure 1. Bridge location map.

Figure 2. Zoomed in map of project location
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The datum elevation used for this study is NAVD-882 The proposed bridge will be located in the same
location as the existing bridge. It will be a single span cast in place pre-stressed concrete box girder. It will
accommodate 2 travel lanes with two 2-foot shoulders, as shown in Figure 3 and in the attached General Plan
(Appendix A). The superstructure will be supported by reinforced concrete abutments on concrete piles.

Figure 3. Proposed bridge profile view

2 As shown in the Survey Control: Vertical Datum statement on the project topographic survey provided by Richard Uhlmann,
Willdan, via electronic mail to Cathy Avila, Avila and Associates on October 1, 2018.
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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 are shown in

Table 2 below.

Table 2. Bridge information from adjacent bridges on the reach
Road 200 at Salt Creek Bridge

Bridge Number 11C0132
Bridge Length (ft) 62
Span Lengths (ft) 3@ 20
Bridge Type 3-span continuous reinforced concrete T-Beam (4) on reinforced
concrete abutments on unknown foundation
Debris Challenges 19873, 19964
Cross Sections Available for none available
NBIS Item 113 (scour) code U
ELI Flag 361 Condition State 2
Pier Type Reinforced concrete solid wall piers on spread footings
Year Built 1925
Year Widened N/A
Scour Challenges 19785, 1983¢, 19917, 19938, 20029, 200410, 2006!!, 200912, 201213

3 A large log is wedged against Pier 3.

4 Debris has accumulated at the nose of Piers 2 and 3.

5> The ends of all pier footings are slightly undermined with upstream side of pier 2 undermined about 4 ft for the full width of the
footing.

¢ The stream channel under the structure has been paved with concrete. It appears that erosion may be occurring under the concrete
at Pier 2.

7'The downstream end is scoured about 2 feet to sound rock.

8 Same as 1991.

9 The streambed below the structure is ovetlaid with concrete as indicated during the 2/83 investigation. The concrete lining is
breaking apart with large potholes under spans 2 and 3. There is undermining (0.5m deep) below the concrete lining approximately 1
m downstream from the structure. The footings of Piers 2 and 3 are exposed but there is no indication of undermining at this time.

10 Same as 2002.

11 Same as 2004.

12 Same as 20006.

13 Same as 2009.
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DISCHARGE

Salt Creek at the Road 200 bridge drains an approximate 20.6 square miles as shown in Figure 4. The mean
annual precipitation of the project watershed is approximately 30.5 inches/year!4.

Project

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

Just downstream from the project, Salt Creek joins North Fork (NF) Stony Creek. NF Stony Creek drains an
approximate 15.1 square miles at the confluence as shown in Figure 5. NF Stony Creek is included in this
analysis because the combined discharges may impact the water surface elevation downstream from the

project due to the proximity of the confluence. The mean annual precipitation of the NF Stony Creek
watershed is approximately 25.1 inches/year.

14 www.streamstatsags.cr.usgs.gov (US.G.S))
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NF Stony Creek
15.1 sq. mi.

Salt Creek
20.6 sq. mi.

Project

Figure 5. Basin contributing to overall hydrology (USGS streamstats).
Discharge at the bridge reach was calculated using three methods:
» A regression analysis 15
» A basin transfer of results of a statistical analysis of gage data 16
» A HEC-HMS analysis
The results of the three methods ate shown in Table 3.
15 Methods for Determining Magnitude and Frequency of Floods in California, Based on Data through Water Year 2006 (USGS SIR 2012-5113)

16 US. Department of the Interior, Geological Survey. Guidelines for Determining Flood Flow Frequency, Bulletin #17B of the Hydrology
Subcommittee, Revised September 1981.
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Table 3. Regression, HEC-HM.S, and statistical analysis results
Discharge (cfs)

Project Combined
Method 50-yr 100-yr 50-yr 100-yr
Regression 3,778 4,455 5,820 6,866
Basin Transfer NI Stony Creek Gage (11387800) 5,420 6,372 8,746 10,258
HEC-HMS 3,135 3,830 4915 6,007

The results from the Basin Transfer analysis are conservative when compared to the regression and gage
analyses and were used for the hydraulic analysis as shown in Table 4.

Table 4. Discharges used for analysis (cfs)

Project Combined
Design Base Design Base
Frequency (years) 50 100 50 100
Discharge (cubic feet per second) 5,420 6,400 8,770 10,300

See Appendix B for a complete summary of the three methods of analysis.
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HEC-RAS ANALYSIS

Existing Condition

€ .

The Manning “n” values of 0.035 for the channel bottom and 0.05 for the banks and overbanks were
used in the model and are consistent with the field review by Avila and Associates as shown in Figure 6.

Figure 6. Looking upstream from the bridge. The channel bottom is sparsely vegetated and the banks and overbanks are heavily
vegetated.

The existing bridge was input into the model as a 3-span span bridge with a minimum soffit elevation of
622.5 feet as illustrated in Figure 7.
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Road 200 at Salt Creek Plan: 1) exist 300ct2017 10/19/2018
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Figure 7. HEC-RAS upstream cross section of the existing bridge.

Starting Water Surface Elevation

Various downstream starting water surface elevation boundary conditions were analyzed as follows: 1)
critical depth and 2) normal depth. As can be seen in Figure 8, all of the WSE profiles converged
approximately 700 feet downstream from the existing bridge. Normal depth was used as the downstream
boundary condition for establishing the starting WSE.

10
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Road 200 at Salt Creek Plan: 1) starting WSE  9/26/2017
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Figure 8. WSE profile comparison using various downstream boundary conditions

Proposed Condition Model

The HEC-RAS model was re-run for the proposed condition by replacing the existing bridge with the
proposed bridge. The proposed bridge along the same alignment as the existing bridge and was modeled as a
single-span bridge with minimum soffit elevation of 623 feet as shown in Figure 9.

11
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Road 200 at Salt Creek Plan: proposed 190ct2018 10/19/2018
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Figure 9. HEC-RAS upstream cross section of the proposed bridge.

Figure 10, Figure 11, 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. The RSP will have only a very small change to
the Manning’s “n” value which will not have a discernable effect on the water surface elevation. As can be
seen, the WSE is significantly lowered upstream of the bridge, slightly higher just downstream of the bridge,

and unchanged farther downstream with the proposed bridge.

12
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Road 200 at Salt Creek Plan: 1) prop 190ct2018 10/23/2018  2) exist 30oct2017 10/19/2018
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Figure 10. Water surface elevation profile comparison of existing to proposed for the 50 and 100-year discharges.

Road 200 at Salt Creek Plan: 1) prop 190ct2018 10/23/2018  2) exist 300ct2017 10/19/2018
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Figure 11. Zoomed in view of Figure 10.
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Table 5. Water Surface Elevation (WSE) comparison of existing to proposed condition for the 50-yr and 100-yr discharges.

River
Station
6160
5842
5625
5449
5312
5170
5128
5073
5039
5025.5
5012
Bridge
4966
4937
4884
4755
4593
4313
4074
3916
3728

existing

627.9
627.52
627.02
626.27
626.06
626.01
625.98
626.02
625.94
625.84

625.8

617.2
616.52
616.56
615.87
615.73
614.86
613.56
613.71
613.29

50-yr

proposed
627.04
626.45
625.5
623.89
622.52
621.66
620.29
620.24
619.94
619.94
620.08

618.03
616.83
616.64
615.87
615.73
614.86
613.56
613.71
613.29

difference
-0.86
-1.07
-1.52
-2.38
-3.54
-4.35
-5.69
-5.78
-6.00
-5.90
-5.72

0.83
0.31
0.08
0.00
0.00
0.00
0.00
0.00
0.00

existing

628.81
628.43
627.94
627.04
626.83
626.79
626.76

626.8
626.72
626.65
626.59

617.58
616.91
617.12
616.62
616.46
615.43
614.34
614.43
614.02

HYDRAULIC CRITERIA

100-yr
proposed

627.94
627.37
626.48
624.65
623.21
622.43
621
621.04
620.69
620.7
620.87

618.68
617.44
617.22
616.62
616.46
615.43
614.34
614.43
614.02

difference
-0.87
-1.06
-1.46
-2.39
-3.62
-4.36
-5.76
-5.76
-6.03
-5.95
-5.72

1.10
0.53
0.10
0.00
0.00
0.00
0.00
0.00
0.00

Chapter 800 of the Caltrans Highway Design Manual (HDM) delineates the hydraulic design criteria for
bridges (Caltrans, 2001). The basic HDM rule for hydraulic design is that bridges should be designed to pass
the Qso with sufficient freeboard and convey the Q1o without freeboard. Exceptions may be granted if the
bridge designer can provide sufficient evidence that less freeboard is needed. The HDM notes that 2 feet of
freeboard is often assumed to be appropriate for preliminary bridge designs, but leaves the recommendation
for freeboard to the judgment of the hydraulic engineer based primarily upon the debris anticipated at the

bridge.

14
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Since the minimum soffit elevation under proposed conditions is 623 feet, 2.9 feet of freeboard will be
provided above the 50-year WSE (620.1 feet) and 2.1 feet of freeboard will be provided above the 100-year
water surface elevation (620.9), which meets the HDM criteria.

DRIFT

Avila and Associates researched the available Bridge Maintenance Reports for the existing bridge to
determine if floating debris catches on the bridge. There were two noted instances of debris caught on the
pier of the existing bridge and obstructing flow. At the time of the field inspection, there were large quantities
of drift and debris on the piers as shown in Figure 12.

Figure 12. Drift and debris on both piers of the existing bridge

The proposed bridge will improve the hydraulics due to the removal of the two piers. This will reduce
obstructions to flow lowering the upstream water surface elevation, and the ability of the structure to capture

debris.
STREAMBED /BANK PROTECTION

Riprap size was calculated using the FHWA Hydraulic Engineering Circular No. 23 (HEC 23) guidelines
for RSP (FHWA, 2009). The riprap revetment design guidelines outlined in HEC 23 are based on flume

15
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studies performed by Stephen Maynord in 1989 and 1990 and were published in the U.S. Army Corp of
Engineers (USACE) Engineering Manual (EM) 1601 in 1991.

Calculations were performed using the recommended minimum safety factor of 1.1 and the parameters

provided in Table 6.

Table 6. Rock riprap calenlation parameters and results throngh the proposed bridge reach.

Cross-Section 5039 5012 5011 BRU 5011 BRD 4966
Width (ft) 84.3 93.6 92.0 92.0 84.7
Average Velocity (ft/s) 11.3 9.7 9.7 8.9 13.4
Hydraulic Depth (ft) 6.7 7.2 7.2 7.8 5.6
Calculated D50 (in) 27.1 19.0 18.9 20.6 60.7
Calculated Weight (Ibs) 1627.0 560.8 552.2 708.1 18196.6
Class (based on size) VIII VI VI VI >X1
D50 (in) 30 21 21 21 >46
Weight (Ibs) 2000 750 750 750 >8000
Thickness (in) 48 42 42 42 >67

The RSP is quite large and consideration could be given to designing to a lower recurrence interval. RSP
should extend up to the 100-year WSE of 620.9 ft and be underlain with Type 8 filter fabric. The RSP should
be keyed down to the scour depth, or a mounded toe approach should be used as shown in Figure 13.

16
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Figure 13. Bank RSP termination options: A) key down to the scour depth and B) Mounded Toe (Lagasse et al. 2009)

See Appendix E for bank protection calculations.

17
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SCOUR

The County Road 200 Bridge was determined to have significant scour problems by Caltrans with scour
issues first noted in the report dated 1978 resulting in significant undermining of the concrete lining of the
channel under the structure as shown in Figure 14.

Figure 14. Looking toward the bridge, the concrete lining of the channel is undermined.

Degradation

There were no available cross sections for this bridge, so channel degradation could not be assessed from
historical cross sections. However, Figure 14 clearly shows undermining of the concrete lining indicating the
channel is degrading. Furthermore, as shown in the thalweg profile in Figure 15, there are two potential head
cuts downstream of the bridge, indicating potential channel lowering ranging from 4 to 9 feet.

18



DRAFT

Figure 15. Channel thalweg profile and head cuts indicate potential degradation.

As shown in Figure 14, the channel lining below the existing bridge acts as a check dam which may have
prevented the channel from headcutting upstream the initial 4 feet shown in Figure 15. Once the bridge and
channel lining are removed, it is likely the channel profile will drop to create an equilibrium between the
upstream and downstream ground elevation. Therefore, the channel thalweg without the concrete lining
should be considered to be at elevation 608 ft, instead of the current thalweg of 612ft, to account for the
removal of the concrete. The anticipated additional degradation after headcutting is 5 feet to elevation 603 ft.

Contraction Scour

The proposed bridge does not significantly constrict the channel and there is no calculated contraction
scouf.

Abutment Scour

Abutment scour was calculated using two methods outlined in the NCHRP 24-20 report: Scour
Condition A and Scour Condition C. Scour condition A assumed the channel can migrate laterally to the
abutments, and the equations are inclusive of contraction scour. The resulting abutment scour from
Condition A is 2 feet (elevation 600).

Scour Condition C assumes the bridge will be designed to stand if the abutment fills are washed out,

leaving the abutment as piers in the channel, during the 100-year event. The abutment scour is calculated as
the local pier scour. For abutment piles of 2 feet, the resulting pier scour under Condition C is 5 feet. Unless

19
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it is determined the channel cannot migrate laterally, thalweg migration to the abutment could occur.
Therefore, the abutment scour elevation should be determined from the channel thalweg of 608 ft to
elevation 603.

Total Scour

The theoretical Scour Summary Table is provided in Table 7. All scour depths are estimated based on the
assumption of alluvial material. The Log of Test Borings for the project (Figure 16) show a layer of
sedimentary rock at each abutment near elevation 612 ft (Willdan, 2018). If this formation is confirmed to be
erosion resistant by the geotechnical engineer, this would limit the theoretical scour.

Table 7. Sconr Summary Table
Long Term & Short-Term Scour Depths

Support Degradation Scour Depth (ft) Contraction Scour Depth (ft) Short Term (Local)
No. Scour Depth (ft)
Al 5 0 2

A2 5 0 2

20
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Figure 16. Log of Test Borings with elevation of sedimentary rock in green.

21
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SUMMARY TABLES

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

Drainage Area: 20.6 Square miles

Design Base Flood of Record
Frequency (Years) 50 100 >50
Discharge (Cubic feet per second) 5,420 6,400 4,450
Water Sutface (Elevation at u/s face of Bridge) 620.1 620.9 619.2

The following Scour Data Table is provided for placement on the Foundation Plan assuming a thalweg
elevation of 612 ft:

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

Al 603* 2

A2 603* 2

*Assuming migration of the thalweg (elevation 608ft) to the abutments

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 Floodplain Evaluation Report as outlined in 23 CFR 650 Subpart A, Section 650.111(b)(c)(d) is
included in Appendices G and H.

22
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APPENDIX B — REGRESSION, STATISTICAL ANALYSIS, AND HEC-HMS DISCHARGES

Salt Creek at the Road 200 bridge drains an approximate 20.6 square miles as shown on the Project Hydrology Map.
The mean annual precipitation of the project watershed is approximately 30.5 inches/year (streamstats).

Project

Project Hydrology Map (Google Maps Terrain)
Just downstream from the project, Salt Creek joins North Fork (NF) Stony Creek. NI Stony Creek drains an
approximate 15.1 square miles at the confluence as shown on the Overall Hydrology Map. NF Stony Creek is
included in this analysis because the combined discharges may impact the water surface elevation downstream from

the project due to the proximity of the confluence. The mean annual precipitation of the NF Stony Creek watershed is
approximately 25.1 inches/year (streamstats).
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NF Stony Creek
15.1 sq. mi.

Salt Creek
20.6 sq. mi.

Project

Opverall Hydrology Map (Google Maps Terrain)
Three methods of analysis were performed to estimate the design discharges for the hydraulic analysis:
1. Regional Regression
2. Statistical Analysis of gage data.
3. HEC-HMS analysis.

METHOD 1: Regional Regression

U.S. Geological Survey website application Streamstats (watetr.usgs.gov/osw/streamstats/) was used to obtain the
basin characteristics and flow statistics for the project watershed. Flow characteristics are based on Mezhods for
Determining Magnitude and Frequency of Floods in California, Based on Data through Water Year 2006 (USGS SIR 2012-5113).

Project (Salt Creek)
North Coast Region 1
Area = 20.6 sq. mi.
MAP = 30.5 in/ytr

C DRNAREA y DRNAREA”y PRECIP z PRECIP?z  Q (cfs) Recurrence
1.82 20.6 0.904 28.0419 30.5 0.983 28.7784 807 2
8.11 20.6 0.887 118.6919 30.5 0.772 13.9920 1661 5
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14.8 20.6 0.88 212.0630 30.5 0.696 10.7913 2288 10
26 20.6 0.874 365.8418 30.5 0.628 8.5534 3129 25
36.3 20.6 0.87 504.6277 30.5 0.589 7.4860 3778 50
48.5 20.6 0.866 666.1174 30.5 0.556 6.6876 4455 100
61 20.6 0.863 830.2278 30.5 0.531 6.1399 5098 200
79.3 20.6 0.86 1069.5448 30.5 0.503 5.5796 5968 500

Combined (Salt Creek and NF Stony Creek)
North Coast Region 1
Area = 35.7 sq. mi.
MAP = 28.2 in/yr (weighted average)

C DRNAREA y DRNAREA”y PRECIP z PRECIP”z Q (cfs) Recurrence

1.82 35.7 0.904 46.0981 28.2 0.983 26.6437 1228 2
8.11 35.7 0.887 193.3025 28.2 0.772 13.1702 2546 5
14.8 35.7 0.88 344.0406 28.2 0.696 10.2182 3515 10
26 35.7 0.874 591.5689 28.2 0.628 8.1425 4817 25
36.3 35.7 0.87 814.1941 28.2 0.589 7.1482 5820 50
48.5 35.7 0.866 1072.3892 28.2 0.556 6.4023 6866 100
61 35.7 0.863 1334.3892 28.2 0.531 5.8896 7859 200
79.3 35.7 0.86 1716.1998 28.2 0.503 5.3638 9205 500

METHOD 2: Statistical Analysis of Gage Data

There is an existing stream gage on NF Stony Creek approximately 3.1 miles downstream from the confluence (USGS
gage #11387800). The area of the watershed at the gage is approximately 67.9 square miles and has 16 peak stream
flow records taken between 1963 and 1978. During this period, the highest peak flow recorded was 12,500 cfs in
January 1965. Other significant flows recorded are 6,050 cfs in January 1970 and 5,860 cfs in January 1978.

The location of the gage, the project, and their corresponding watersheds are shown on the Gage Location Map.
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11387800

Project

Gage Location Map

Results of the Gage 11387800 statistical analysis were obtained from USGS Scientific Investigations Report (SIR)
2012-5113, Methods for determining magnitude and frequency of floods in California based on data through water year 2006. Results
of the statistical analysis from SIR 2012-5113 and a basin transfer to the project and to the confluence are shown in
table below.
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Discharge (cfs)

Basin Transfer

Recurrence interval (yr)  Statistical analysis (SIR 2012-5113) to Project to Confluence

2 3,060 1,041 1,711
5 6,490 2,253 3,669

10 9,120 3,193 5,180

25 12,600 4,443 7,184

50 15,300 5,420 8,746

100 17,900 6,372 10,258

500 23,800 8,533 13,692
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METHOD 3: HEC-HMS analysis
The following methods and parameters were used for the HEC-HMS analysis:

*  SCS Curve Number loss method
o Initial Abstraction = 0.2
*  SCS Unit Hydrograph transform method
o Type 1A storm distribution
o Lagtime = 0.6 x time of concentration

The project watershed was divided into four sub-basins and NF Stony Creek was analyzed as a single watershed as
shown below.

STONY
15.1 sq mi
TRIB 1
3.0 sq mi
SC1
8.6 sq mi
SC2
1.8 sq mi
TRIB 2 Project
7.2 sq mi
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HEC-HMS Sub-basins

The project watershed is composed of soils from four hydrologic soils groups as shown on the Project Watershed

Soils Map.

Magenta = Class A, Blue = Class B, Aqua = Class C, Salmon = Class D, Tan = Not rated or N/A

Project Watershed Soils Map (USDA NRCS Web Soil Survey)

A breakdown of the soils types for the project watershed is shown in the table below along with the composite CN

value.
Soil Class Area (acre) CN (see note)
A 71.7 30
B 711.5 55
C 3419.7 70
D 8975.3 77
Total 13178.2
Project Composite

Note: Cover type is primarily woods with hydrologic condition good.
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2151.0
39132.5
239379.0
691098.1

971760.6
74
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The NF Stony Creek watershed is composed of soils from four hydrologic soils groups as shown on the Overall
Watershed Soils Map.

Magenta = Class A, Blue = Class B, Aqua = Class C, Salmon = Class D, Tan = Not rated or N/A
Overall Watershed Soils Map (USDA NRCS Web Soil Survey)

A breakdown of the soils types for the NI Stony Creek watershed is shown in the table below along with the
composite CN value. The areas of each soils class were determined by subtracting the project areas from the overall
areas.
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Soil Class Area (acre) CN (see note)

A 12 30

B 77.6 48

C 1404.1 05

D 8172.1 73
Water 40.8 99
Total 9706.6

NF Stony Creek Composite

Note: Cover type is primarily brush with hydrologic condition good.

Area x CN

360.0

3724.8

91266.5

596563.3

4039.2

695953.8

72

Precipitation data was obtained from the NOAA’s National Weather Service Hydrometerological Design Studies
Center Precipitation Frequency Data Server by manually entering the latitude and longitude of the centroid of the
project watershed area. http:/ /hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=ca (NOAA Atlas

14)

For this analysis, the 12-hour storm was analyzed and the precipitation depth for the 50-yr and 100-yr storm for the
project watershed is 3.72 and 4.18 inches respectively.
Times of concentration for all sub-basins were determined by adding the travel times for overland, shallow, and

channel flows within each sub-basin. The times of concentration were used to calculate the lag times. Lag times for
reaches were determined by calculating the travel time in the channel between points of concentration. The time of

concentration and lag time calculations are shown in the table below.

Overland Flow Shallow Flow

Sub- L s T T L s

basin (fy  (ft/fy n (hr) (min) (fy (ft/fyy v (ft/s)
SC1 300 0.3 04 031 18.6 6073 029 8.5
TRIB 1 300 0.53 0.4  0.246 14.8 4313 0.16 6.5
TRIB 2 300 0.02 04  0.86 51.6 3639 0.29 8.5
SC2 300 0.52 0.13  0.101 6.1 835 0.24 8
STONY 300 0.13 0.13  0.129 7.7 1105 0.14 6
Reach 1
Reach 2

A schematic of the HEC-HMS model is shown below.
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(min)

11.9

7.1

1.7
3.1

Channel Flow TOC
v T
L (fy (ft/s)  (min) (min)
30205 13.7 36.7 67.2
14661 6.7 36.5 62.3
32431 14.4 37.5 96.3
20936 7.3 86.6 94.3
35737 7.5 79.9 90.7
1529 7.4 3.4
21740 7.3 49.4

Lag
Time

(min)

40
37
58
57
54
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HEC-HMS Model Schematic
50-yr and 100-yr peak discharges from the HEC-HMS analysis are shown below.
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A summary of the results of the three methods of analysis are shown in the table below.

Summary of Results from three methods of analysis.
Discharge (cfs)

Project Combined
Method 50-yr 100-yr 50-yr 100-yr
Regression 3,778 4,455 5,820 6,866
Basin Transfer NF Stony Creek Gage (11387800) 5,420 6,372 8,746 10,258
HEC-HMS 3,135 3,830 4915 6,007

The results from the gage analysis are conservative when compared to the regression and HEC-HMS analyses and will
be used for the hydraulic analysis as shown in the table below.

Estimated discharges used for design.

Project Combined
Design Base Design Base
Frequency (years) 50 100 50 100
Discharge (cubic feet per second) 5,420 6,400 8,770 10,300
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APPENDIX C- HEC-RAS RESULTS
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APPENDIX D- OVERTOPPING AND FLOOD OF RECORD

Water first overtops the roadway of Road 200 when the combined discharge in Salt Creek is 17,510 cfs. This
corresponds to a discharge of 10,880 cfs at the bridge and is greater than the 200-year event. This results in a WSE of
627.3 ft at the upstream face of the proposed bridge.

Road 200 at Salt Creek Plan: overtopping 19april2019  4/19/2019
River = Salt Creek Reach = main RS =5011 BR

.05 .035 .05
635 Legend
W S 30900
630 W 'S 20600
WS 17510
WS 14420
g 625 WS 100yr
c
2 Ground
g Ineff
o ne
w620
Bank Sta
615
610
-200 -150 -100 -50 0 50 100 150 200
Station (ft)

The Flood of Record recorded at the Stony Creek stream gage (USGS gage No. 11387800) occurred on January 5,
1965. This discharge was 12,500 cfs. A basin transfer was completed for the project site which resulted in a discharge
of 4,450 cfs at the project site and 7,163 cfs at the confluence with Stony Creek. The HEC-RAS model was re-run
with this discharge which resulted in a WSE of 619.2 feet at the project bridge.
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Plan: overtopping 19april2019  11/25/2019
River = Salt Creek Reach = main
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APPENDIX E- ROCK RIPRAP SIZING
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Note: FALSE indicates the value is greater than the largest HEC-23 Class
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APPENDIX F- SCOUR ESTIMATES

For a D50 of 0.2 mm the fall velocity is 0.06 fps.
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The critical velocity is less than the channel velocity therefor the scour condition is Live Bed.
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The contraction scour is 3- feet.
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Abutment Scour Condition A:

The abutment scour amplification factor is 1.3.
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The abutment scour is 2 feet.
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