APPENDIX P

Hydrology, Hydraulics, and Water Quality
Technical Study



























































































































































































9/13/22, 4:20 PM BAM Print Page

Floodplain Information

Latitude: 33.73892, Longitude: -115.47796

County: Riverside (33.73892, -115.47796)

Floodplain Layer 100-YR 200-YR  500-YR
Y: The location is within the floodplain

https://gis.bam.water.ca.gov/bam/print 1/2



9/13/22, 4:20 PM
FEMA Effective NV

DWR Awareness YV
Regional/Special Studies = N/

USACE Comp. Study NV

N/A

N/A

N/A

N

BAM Print Page

N N: The location is not within the floodplain
N/A N/A: Data not available
v/ = Active Layer(s)
N
N

Floodplains are displayed using semi transparent colors. When viewing overlapping floodplains, the
combination of multiple semi transparent colors will not match the legend colors. For accurate color

™

https://gis.bam.water.ca.gov/bam/print

™

representation, view floodplains individually.
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10/7/22, 3:44 PM Standard Report

S graph ombined S Graph
Lag Method Speci ed
Lag

Peak ischarge FS
Time of Peak ischarge Jan
Volume IN
Precipitation Volume A FT
Loss Volume A  FT
cess Volume A FT
irect Runo Volume A FT

ase ow Volume A FT

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin1/3hr100yr.html 2/4



10/7/22, 3:44 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:44 PM Standard Report

Direct Runoff
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10/7/22, 3:45 PM Standard Report

Project: Sapphire_Solar

Simulation Run: 06h 10yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 1 January 2000, 18:00

HMS Version: 4.9
Executed: 04 October 2022, 22:57

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 1 81.9

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 1 Combined S - Graph Specified 1.95
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin -1 81.9 5890.54 01Jan2000, 06:30 0.35

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin1/6hr10yr.html
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10/7/22, 3:45 PM

Subbasin: Basin-I

Area (MI?): 81.9

S - graph
Lag Method
Lag

Peak Discharge (CFS)

Time of Peak Discharge
Volume (IN)

Precipitation Volume (AC - FT)
Loss Volume (AC - FT)

Excess Volume (AC - FT)

Direct Runoff Volume (AC - FT)
Baseflow Volume (AC - FT)

Standard Report

Transform: User - Specified S - Graph
Combined S - Graph
Specified
L.95

Results: Basin-1
5890.54
01Jan2000, 06:30
0.35
1559.38
o
1559.38
1537.61
o
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10/7/22, 3:45 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:45 PM Standard Report

Direct Runoff
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10/7/22, 3:45 PM Standard Report

Project: Sapphire_Solar

Simulation Run: 06h 100yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 1 January 2000, 18:00

HMS Version: 4.9
Executed: 04 October 2022, 22:57

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 1 81.9

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 1 Combined S - Graph Specified 1.95
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin -1 81.9 16842.59 01Jan2000, 06:30 1.08

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin1/6hr100yr.html
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10/7/22, 3:45 PM

Subbasin: Basin-I

Area (MI?): 81.9

S - graph
Lag Method
Lag

Peak Discharge (CFS)

Time of Peak Discharge
Volume (IN)

Precipitation Volume (AC - FT)
Loss Volume (AC - FT)

Excess Volume (AC - FT)

Direct Runoff Volume (AC - FT)
Baseflow Volume (AC - FT)

Standard Report

Transform: User - Specified S - Graph
Combined S - Graph
Specified
L.95

Results: Basin-1
16842.59
01Jan2000, 06:30
1.08
4787.33
o
4787.33
4723.58
o
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10/7/22, 3:45 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:45 PM Standard Report

Direct Runoff
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10/7/22, 3:45 PM Standard Report

Project: Sapphire_Solar

Simulation Run: 24h 10yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 2 January 2000, 06:00

HMS Version: 4.9
Executed: 04 October 2022, 22:57

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 1 81.9

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 1 Combined S - Graph Specified 1.95
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin -1 81.9 1700.12 01J]an2000, 14:30 0.25

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin1/24hr10yr.html
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10/7/22, 3:45 PM

Subbasin: Basin-I

Area (MI?): 81.9

S - graph
Lag Method
Lag

Peak Discharge (CFS)

Time of Peak Discharge
Volume (IN)

Precipitation Volume (AC - FT)
Loss Volume (AC - FT)

Excess Volume (AC - FT)

Direct Runoff Volume (AC - FT)
Baseflow Volume (AC - FT)

Standard Report

Transform: User - Specified S - Graph
Combined S - Graph
Specified
L.95

Results: Basin-1
1700.12
01Jan2000, 14:30
0.25
1092
o
1092
1086.18

o
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10/7/22, 3:45 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:45 PM Standard Report

Direct Runoff

1500

1000

500

FLOW-DIRECT (CFS)

0

00:00 06:00 12:00 18:00 00:00 06:00
Jan 1, 2000 Jan 2, 2000

Time

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin1/24hr10yr.html 4/4



10/7/22, 3:44 PM Standard Report

Project: Sapphire_Solar

Simulation Run: 24hr 100yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 2 January 2000, 06:00

HMS Version: 4.9
Executed: 04 October 2022, 22:57

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 1 81.9

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 1 Combined S - Graph Specified 1.95
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin -1 81.9 9241.09 01Jan2000, 16:00 1.18

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin1/24hr100yr.html
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10/7/22, 3:44 PM

Subbasin: Basin-I

Area (MI?): 81.9

S - graph
Lag Method
Lag

Peak Discharge (CFS)

Time of Peak Discharge
Volume (IN)

Precipitation Volume (AC - FT)
Loss Volume (AC - FT)

Excess Volume (AC - FT)

Direct Runoff Volume (AC - FT)
Baseflow Volume (AC - FT)

Standard Report

Transform: User - Specified S - Graph
Combined S - Graph
Specified
L.95

Results: Basin-1
9241.09
01Jan2000, 16:00
I.I8
5189.18
o
5189.18
5168.57
o
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10/7/22, 3:44 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:40 PM Standard Report

Project: Basin2

Simulation Run: 03h 10yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 1 January 2000, 18:00

HMS Version: 4.9
Executed: 04 October 2022, 23:05

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 2 29.6

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 2 Combined S - Graph Specified 1.37
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin - 2 29.6 2328.3 01Jan2000, 03:30 0.3

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin2/03hr10yr.html
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10/7/22, 3:40 PM

Subbasin: Basin-2

Area (MI?): 29.6

S - graph
Lag Method
Lag

Peak Discharge (CFS)

Time of Peak Discharge
Volume (IN)

Precipitation Volume (AC - FT)
Loss Volume (AC - FT)

Excess Volume (AC - FT)

Direct Runoff Volume (AC - FT)
Baseflow Volume (AC - FT)

Standard Report

Transform: User - Specified S - Graph
Combined S - Graph
Specified
1.37

Results: Basin-2
2328.3
01Jan2000, 0%:30
0.3
470.44
o
470.44

470.44
(@]
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10/7/22, 3:40 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:40 PM Standard Report

Cumulative Precipitation
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10/7/22, 3:40 PM Standard Report

Project: Basin2

Simulation Run: o03h 100yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 1 January 2000, 18:00

HMS Version: 4.9
Executed: 04 October 2022, 23:05

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 2 29.6

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 2 Combined S - Graph Specified 1.37
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin - 2 29.6 7655.47 01Jan2000, 03:30 1.09

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin2/03hr100yr.html
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10/7/22, 3:40 PM

Subbasin: Basin-2

Area (MI?): 29.6

S - graph
Lag Method
Lag

Peak Discharge (CFS)

Time of Peak Discharge
Volume (IN)

Precipitation Volume (AC - FT)
Loss Volume (AC - FT)

Excess Volume (AC - FT)

Direct Runoff Volume (AC - FT)
Baseflow Volume (AC - FT)

Standard Report

Transform: User - Specified S - Graph
Combined S - Graph
Specified
1.37

Results: Basin-2
7655.47
01Jan2000, 0%:30
1.09
1727.06
o
1727.06
1727.06

o
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10/7/22, 3:40 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:40 PM Standard Report

Cumulative Precipitation
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10/7/22, 3:40 PM Standard Report

Project: Basin2

Simulation Run: 06h 10yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 1 January 2000, 18:00

HMS Version: 4.9
Executed: 04 October 2022, 23:05

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 2 29.6

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 2 Combined S - Graph Specified 1.37
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin - 2 29.6 1983.13 01Jan2000, 06:30 0.29

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin2/06hr10yr.html
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10/7/22, 3:40 PM

Subbasin: Basin-2

Area (MI?): 29.6

S - graph
Lag Method
Lag

Peak Discharge (CFS)

Time of Peak Discharge
Volume (IN)

Precipitation Volume (AC - FT)
Loss Volume (AC - FT)

Excess Volume (AC - FT)

Direct Runoff Volume (AC - FT)
Baseflow Volume (AC - FT)

Standard Report

Transform: User - Specified S - Graph
Combined S - Graph
Specified
1.37

Results: Basin-2
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01Jan2000, 06:30
0.29
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o
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(@]
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10/7/22, 3:40 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:40 PM Standard Report

Cumulative Precipitation

0.3

0.25

0.2

0.15

0.1

PRECIP-CUM (IN)

0.05

0

00:00 03:00 06:00 09:00 12:00 15:00 18:00
Jan 1, 2000

Time

Direct Runoff

2000

1500

1000

FLOW-DIRECT (CFS)

Ul
o
o

0

00:00 03:00 06:00 09:00 12:00 15:00 18:00
Jan 1, 2000

Time

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin2/06hr10yr.html 4/4



10/7/22, 3:41 PM Standard Report

Project: Basin2

Simulation Run: 06h 100yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 1 January 2000, 18:00

HMS Version: 4.9
Executed: 04 October 2022, 23:05

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 2 29.6

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 2 Combined S - Graph Specified 1.37
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin - 2 29.6 6716.57 01Jan2000, 06:00 0.98

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin2/06hr100yr.html
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10/7/22, 3:41 PM

Subbasin: Basin-2

Area (MI?): 29.6

S - graph
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Lag
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Standard Report

Transform: User - Specified S - Graph
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10/7/22, 3:41 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:41 PM Standard Report
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10/7/22, 3:40 PM Standard Report

Project: Basin2

Simulation Run: 24h 10yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 2 January 2000, 06:00

HMS Version: 4.9
Executed: 04 October 2022, 23:05

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 2 29.6

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 2 Combined S - Graph Specified 1.37
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin - 2 29.6 409.86 01J]an2000, 14:30 0.21
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10/7/22, 3:40 PM

Subbasin: Basin-2
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S - graph
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Specified
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Results: Basin-2
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10/7/22, 3:40 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:40 PM Standard Report
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10/7/22, 3:39 PM Standard Report

Project: Basin2

Simulation Run: 24hr 100yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 2 January 2000, 06:00

HMS Version: 4.9
Executed: 04 October 2022, 23:05

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 2 29.6

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 2 Combined S - Graph Specified 1.37
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin - 2 29.6 2841.95 01J]an2000, 14:30 0.89
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10/7/22, 3:39 PM

Subbasin: Basin-2

Area (MI?): 29.6

S - graph
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Standard Report
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Specified
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Results: Basin-2
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10/7/22, 3:39 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:39 PM Standard Report

Cumulative Precipitation
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10/7/22, 3:25 PM Standard Report

Project: Basin3

Simulation Run: 03h 10yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 1 January 2000, 24:00

HMS Version: 4.9
Executed: 04 October 2022, 23:17

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 3 162.6

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 3 Combined S - Graph Specified 2.65
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin - 3 162.6 7193.13 01Jan2000, 04:30 0.26
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10/7/22, 3:25 PM
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Transform: User - Specified S - Graph
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Specified
2.65

Results: Basin-3
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10/7/22, 3:25 PM
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10/7/22, 3:25 PM Standard Report

Cumulative Precipitation
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10/7/22, 3:27 PM Standard Report

Project: Basin3

Simulation Run: o03h 100yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 1 January 2000, 24:00

HMS Version: 4.9
Executed: 04 October 2022, 23:17

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 3 162.6

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 3 Combined S - Graph Specified 2.65
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin - 3 162.6 24443.57 01Jan2000, 04:00 0.96
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10/7/22, 3:27 PM

Subbasin: Basin-3

Area (MI?):162.6
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Specified
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Results: Basin-3
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10/7/22, 3:27 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:27 PM Standard Report
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10/7/22, 3:29 PM Standard Report

Project: Basin3

Simulation Run: 06h 10yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 2 January 2000, 08:00

HMS Version: 4.9
Executed: 04 October 2022, 23:17

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 3 162.6

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 3 Combined S - Graph Specified 2.65
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin - 3 162.6 7128.96 01Jan2000, 07:00 0.28
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10/7/22, 3:29 PM

Subbasin: Basin-3
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10/7/22, 3:29 PM Standard Report

Precipitation and Outflow

Precipitation
Excess Precipitation
Outflow

0.05

0.1

PRECIP-INC (IN)

0.15

6000

4000

2000

FLOW (CFS)

06:00 12:00 18:00 00:00 06:00
Jan 1, 2000 Jan 2, 2000

Cumulative Outflow

2500

N
o
o
o

1500

1000

500

FLOW-CUMULATIVE (AC-FT)

06:00 12:00 18:00 00:00 06:00
Jan 1, 2000 Jan 2, 2000

Time

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin3/06hr10yr.html 3/4



10/7/22, 3:29 PM Standard Report
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10/7/22, 3:28 PM Standard Report

Project: Basin3

Simulation Run: 06h 100yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 2 January 2000, 08:00

HMS Version: 4.9
Executed: 04 October 2022, 23:17

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 3 162.6

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 3 Combined S - Graph Specified 2.65
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin - 3 162.6 23402.75 01Jan2000, 07:00 0.92
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10/7/22, 3:28 PM
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10/7/22, 3:28 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:28 PM Standard Report
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10/7/22, 3:29 PM Standard Report

Project: Basin3

Simulation Run: 24h 10yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 2 January 2000, 20:00

HMS Version: 4.9
Executed: 04 October 2022, 23:17

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 3 162.6

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 3 Combined S - Graph Specified 2.65
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin - 3 162.6 2177.57 01J]an2000, 15:30 0.21
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10/7/22, 3:29 PM

Subbasin: Basin-3

Area (MI?):162.6

S - graph
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Specified
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Results: Basin-3
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10/7/22, 3:29 PM Standard Report

Precipitation and Outflow
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10/7/22, 3:29 PM Standard Report

Cumulative Precipitation

0.2

o
[
Ul

PRECIP-CUM (IN)
o

0.05

0

00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00
Jan 1, 2000 Jan 2, 2000

Time

Direct Runoff

2000

1500

1000

FLOW-DIRECT (CFS)

500

0

00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00
Jan 1, 2000 Jan 2, 2000

Time

file:///C:/Users/kvilker/Documents/SapphireSolar_Reports/Basin3/24hr10yr.html 4/4



10/7/22, 3:29 PM Standard Report

Project: Basin3

Simulation Run: 24hr 100yr

Simulation Start: 31 December 1999, 24:00
Simulation End: 2 January 2000, 20:00

HMS Version: 4.9
Executed: 04 October 2022, 23:17

Global Parameter Summary - Subbasin

Area (MI?)
Element Name Area (MI?)

Basin - 3 162.6

Transform: User - Specified S - Graph

Element Name S - graph Lag Method Lag
Basin - 3 Combined S - Graph Specified 2.65
Global Results Summary
Hydrologic Element Drainage Area (MI2) Peak Discharge (CFS) Time of Peak Volume (IN)
Basin - 3 162.6 13790.85 01J]an2000, 15:30 0.95
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10/7/22, 3:29 PM

Subbasin: Basin-3
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S - graph
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10/7/22, 3:29 PM Standard Report
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10/7/22, 3:29 PM Standard Report
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Appendix H

Scour Calculations



Scour Potential Scenarios

Equations from Evaluating Scour at Bridges, Fifth Edition (FHA 2012)

Table H. Scour Potential Scenarios
Scour Depth,

yo(ft) | Vi(ft/s) | Fry | a(ft) | Ki| Ko | Kg
ys (ft)
0.5 0.5 0.12| 0.25 |1.0]{1.0] 1.1 0.3
0.5 2 0.50| 0.25 |1.0]{1.0] 1.1 0.5
2.5 2 0.22| 0.25 |1.0{1.0] 1.1 0.6
2.5 4 0.45| 0.25 |1.0{1.0] 1.1 0.9
5 2 0.16| 0.25 |1.0{1.0]| 1.1 0.7
5 4 0.32| 0.25 |1.0{1.0] 1.1 1.0
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