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Culvert Calculator Report
Culvert 01A Pre

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:41 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 2

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 530.70 ft Headwater Depth/Height 5.90
Computed Headwater Elevation 536.18 ft Discharge 43.90 cfs
Inlet Control HW Elev. 536.18 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 535.11 ft Control Type Inlet Control

Grades

Upstream Invert 524.37 ft Downstream Invert 520.38 ft
Length 57.90 ft Constructed Slope 0.068912 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.97 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.97 ft
Velocity Downstream 14.02 ft/s Critical Slope 0.115851 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 535.11 ft Upstream Velocity Head 3.03 ft
Ke 0.75 Entrance Loss 2.28 ft

Inlet Control Properties

Inlet Control HW Elev. 536.18 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Culvert Calculator Report
Culvert 01A Pre Capacity

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:41 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 3

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 530.07 ft Headwater Depth/Height 2.85
Computed Headwater Elevation 530.07 ft Discharge 28.93 cfs
Inlet Control HW Elev. 530.07 ft Tailwater Elevation 494.30 ft
Outlet Control HW Elev. 528.70 ft Control Type Inlet Control

Grades

Upstream Invert 524.37 ft Downstream Invert 520.38 ft
Length 57.90 ft Constructed Slope 0.068912 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 1.48 ft
Slope Type Steep Normal Depth 1.48 ft
Flow Regime Supercritical Critical Depth 1.84 ft
Velocity Downstream 11.59 ft/s Critical Slope 0.048334 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 528.70 ft Upstream Velocity Head 1.42 ft
Ke 0.75 Entrance Loss 1.06 ft

Inlet Control Properties

Inlet Control HW Elev. 530.07 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Culvert Calculator Report
Culvert 01B Pre

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:41 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 5

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 530.70 ft Headwater Depth/Height 1.03
Computed Headwater Elevation 526.44 ft Discharge 11.10 cfs
Inlet Control HW Elev. 526.26 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 526.44 ft Control Type Entrance Control

Grades

Upstream Invert 524.37 ft Downstream Invert 520.38 ft
Length 57.90 ft Constructed Slope 0.068912 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 0.81 ft
Slope Type Steep Normal Depth 0.81 ft
Flow Regime Supercritical Critical Depth 1.19 ft
Velocity Downstream 9.30 ft/s Critical Slope 0.018422 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 526.44 ft Upstream Velocity Head 0.50 ft
Ke 0.75 Entrance Loss 0.37 ft

Inlet Control Properties

Inlet Control HW Elev. 526.26 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Culvert Calculator Report
Culvert 01B Pre Capacity

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:41 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 6

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 530.07 ft Headwater Depth/Height 2.85
Computed Headwater Elevation 530.07 ft Discharge 28.93 cfs
Inlet Control HW Elev. 530.07 ft Tailwater Elevation 494.30 ft
Outlet Control HW Elev. 528.70 ft Control Type Inlet Control

Grades

Upstream Invert 524.37 ft Downstream Invert 520.38 ft
Length 57.90 ft Constructed Slope 0.068912 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 1.48 ft
Slope Type Steep Normal Depth 1.48 ft
Flow Regime Supercritical Critical Depth 1.84 ft
Velocity Downstream 11.59 ft/s Critical Slope 0.048334 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 528.70 ft Upstream Velocity Head 1.42 ft
Ke 0.75 Entrance Loss 1.06 ft

Inlet Control Properties

Inlet Control HW Elev. 530.07 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Culvert Calculator Report
Culvert 02 Pre

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:41 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 8

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 510.60 ft Headwater Depth/Height 11.23
Computed Headwater Elevation 517.31 ft Discharge 53.70 cfs
Inlet Control HW Elev. 512.04 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 517.31 ft Control Type Outlet Control

Grades

Upstream Invert 494.85 ft Downstream Invert 490.39 ft
Length 88.40 ft Constructed Slope 0.050452 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.99 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.99 ft
Velocity Downstream 17.11 ft/s Critical Slope 0.178722 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 517.31 ft Upstream Velocity Head 4.54 ft
Ke 0.75 Entrance Loss 3.41 ft

Inlet Control Properties

Inlet Control HW Elev. 512.04 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Culvert Calculator Report
Culvert 02 Pre Capacity

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:41 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 9

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 510.60 ft Headwater Depth/Height 7.87
Computed Headwater Elevation 510.60 ft Discharge 45.91 cfs
Inlet Control HW Elev. 507.69 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 510.60 ft Control Type Outlet Control

Grades

Upstream Invert 494.85 ft Downstream Invert 490.39 ft
Length 88.40 ft Constructed Slope 0.050452 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.97 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.97 ft
Velocity Downstream 14.66 ft/s Critical Slope 0.127649 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 510.60 ft Upstream Velocity Head 3.32 ft
Ke 0.75 Entrance Loss 2.49 ft

Inlet Control Properties

Inlet Control HW Elev. 507.69 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Culvert Calculator Report
Culvert 04 Pre

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:42 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 11

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 503.30 ft Headwater Depth/Height 121.31
Computed Headwater Elevation 735.14 ft Discharge 172.02 cfs
Inlet Control HW Elev. 659.37 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 735.14 ft Control Type Outlet Control

Grades

Upstream Invert 492.52 ft Downstream Invert 489.99 ft
Length 82.00 ft Constructed Slope 0.030854 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 2.00 ft
Slope Type N/A Normal Depth N/A ft
Flow Regime N/A Critical Depth 2.00 ft
Velocity Downstream 54.76 ft/s Critical Slope 1.970896 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 735.14 ft Upstream Velocity Head 46.59 ft
Ke 0.75 Entrance Loss 34.94 ft

Inlet Control Properties

Inlet Control HW Elev. 659.37 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000

342



Culvert Calculator Report
Culvert 04 Pre Capacity

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:42 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 12

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 503.30 ft Headwater Depth/Height 5.39
Computed Headwater Elevation 503.30 ft Discharge 37.14 cfs
Inlet Control HW Elev. 501.30 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 503.30 ft Control Type Outlet Control

Grades

Upstream Invert 492.52 ft Downstream Invert 489.99 ft
Length 82.00 ft Constructed Slope 0.030854 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.94 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.94 ft
Velocity Downstream 11.94 ft/s Critical Slope 0.080684 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 503.30 ft Upstream Velocity Head 2.17 ft
Ke 0.75 Entrance Loss 1.63 ft

Inlet Control Properties

Inlet Control HW Elev. 501.30 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Culvert Calculator Report
Culvert 05 Pre

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:42 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 13

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 505.54 ft Headwater Depth/Height 8.22
Computed Headwater Elevation 510.57 ft Discharge 48.40 cfs
Inlet Control HW Elev. 508.29 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 510.57 ft Control Type Outlet Control

Grades

Upstream Invert 494.13 ft Downstream Invert 490.64 ft
Length 73.60 ft Constructed Slope 0.047418 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.98 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.98 ft
Velocity Downstream 15.44 ft/s Critical Slope 0.143036 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 510.57 ft Upstream Velocity Head 3.69 ft
Ke 0.75 Entrance Loss 2.77 ft

Inlet Control Properties

Inlet Control HW Elev. 508.29 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000

344



Culvert Calculator Report
Culvert 05 Pre Capacity

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:42 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 14

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 505.54 ft Headwater Depth/Height 5.70
Computed Headwater Elevation 505.54 ft Discharge 41.07 cfs
Inlet Control HW Elev. 504.61 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 505.54 ft Control Type Outlet Control

Grades

Upstream Invert 494.13 ft Downstream Invert 490.64 ft
Length 73.60 ft Constructed Slope 0.047418 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.96 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.96 ft
Velocity Downstream 13.14 ft/s Critical Slope 0.100279 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 505.54 ft Upstream Velocity Head 2.66 ft
Ke 0.75 Entrance Loss 1.99 ft

Inlet Control Properties

Inlet Control HW Elev. 504.61 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Culvert Calculator Report
Culvert 06 Pre

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:42 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 16

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 507.78 ft Headwater Depth/Height 151.89
Computed Headwater Elevation 797.60 ft Discharge 194.90 cfs
Inlet Control HW Elev. 707.72 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 797.60 ft Control Type Outlet Control

Grades

Upstream Invert 493.83 ft Downstream Invert 491.31 ft
Length 78.90 ft Constructed Slope 0.031939 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 2.00 ft
Slope Type N/A Normal Depth N/A ft
Flow Regime N/A Critical Depth 2.00 ft
Velocity Downstream 62.04 ft/s Critical Slope 2.530052 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 797.60 ft Upstream Velocity Head 59.81 ft
Ke 0.75 Entrance Loss 44.86 ft

Inlet Control Properties

Inlet Control HW Elev. 707.72 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Culvert Calculator Report
Culvert 06 Pre Capacity

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:42 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 17

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 507.78 ft Headwater Depth/Height 6.97
Computed Headwater Elevation 507.78 ft Discharge 42.52 cfs
Inlet Control HW Elev. 505.01 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 507.78 ft Control Type Outlet Control

Grades

Upstream Invert 493.83 ft Downstream Invert 491.31 ft
Length 78.90 ft Constructed Slope 0.031939 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.96 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.96 ft
Velocity Downstream 13.59 ft/s Critical Slope 0.108112 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 507.78 ft Upstream Velocity Head 2.85 ft
Ke 0.75 Entrance Loss 2.14 ft

Inlet Control Properties

Inlet Control HW Elev. 505.01 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Culvert Calculator Report
Culvert 07 Pre

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:43 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 19

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 516.55 ft Headwater Depth/Height 86.50
Computed Headwater Elevation 759.56 ft Discharge 568.60 cfs
Inlet Control HW Elev. 759.56 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 711.83 ft Control Type Inlet Control

Grades

Upstream Invert 500.07 ft Downstream Invert 497.01 ft
Length 83.90 ft Constructed Slope 0.036472 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 3.00 ft
Slope Type N/A Normal Depth N/A ft
Flow Regime N/A Critical Depth 3.00 ft
Velocity Downstream 80.44 ft/s Critical Slope 0.726826 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 3.00 ft
Section Size 36 inch Rise 3.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 711.83 ft Upstream Velocity Head 100.56 ft
Ke 0.50 Entrance Loss 50.28 ft

Inlet Control Properties

Inlet Control HW Elev. 759.56 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 7.1 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
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Culvert Calculator Report
Culvert 07 Pre Capacity

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:43 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 20

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 516.55 ft Headwater Depth/Height 5.49
Computed Headwater Elevation 516.55 ft Discharge 135.03 cfs
Inlet Control HW Elev. 516.55 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 512.37 ft Control Type Inlet Control

Grades

Upstream Invert 500.07 ft Downstream Invert 497.01 ft
Length 83.90 ft Constructed Slope 0.036472 ft/ft

Hydraulic Profile

Profile MCType22 Depth, Downstream 2.67 ft
Slope Type Mild Normal Depth 2.67 ft
Flow Regime Subcritical Critical Depth 2.97 ft
Velocity Downstream 20.33 ft/s Critical Slope 0.037650 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 3.00 ft
Section Size 36 inch Rise 3.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 512.37 ft Upstream Velocity Head 6.42 ft
Ke 0.50 Entrance Loss 3.21 ft

Inlet Control Properties

Inlet Control HW Elev. 516.55 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 7.1 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
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Culvert Calculator Report
Culvert 08 Pre

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:43 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 21

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 516.03 ft Headwater Depth/Height 184.01
Computed Headwater Elevation 697.38 ft Discharge 34.40 cfs
Inlet Control HW Elev. 620.00 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 697.38 ft Control Type Outlet Control

Grades

Upstream Invert 513.37 ft Downstream Invert 513.29 ft
Length 41.20 ft Constructed Slope 0.001942 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 1.00 ft
Slope Type N/A Normal Depth N/A ft
Flow Regime N/A Critical Depth 1.00 ft
Velocity Downstream 43.80 ft/s Critical Slope 3.177723 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.00 ft
Section Size 12 inch Rise 1.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 697.38 ft Upstream Velocity Head 29.81 ft
Ke 0.75 Entrance Loss 22.36 ft

Inlet Control Properties

Inlet Control HW Elev. 620.00 ft Flow Control N/A
Inlet Type Projecting Area Full 0.8 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000

350



Culvert Calculator Report
Culvert 08 Pre Capacity

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:43 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 22

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 516.03 ft Headwater Depth/Height 2.66
Computed Headwater Elevation 516.03 ft Discharge 3.45 cfs
Inlet Control HW Elev. 514.98 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 516.03 ft Control Type Outlet Control

Grades

Upstream Invert 513.37 ft Downstream Invert 513.29 ft
Length 41.20 ft Constructed Slope 0.001942 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 0.79 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 0.79 ft
Velocity Downstream 5.16 ft/s Critical Slope 0.033950 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.00 ft
Section Size 12 inch Rise 1.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 516.03 ft Upstream Velocity Head 0.30 ft
Ke 0.75 Entrance Loss 0.22 ft

Inlet Control Properties

Inlet Control HW Elev. 514.98 ft Flow Control N/A
Inlet Type Projecting Area Full 0.8 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Culvert Calculator Report
Culvert 09 Pre

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:43 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 24

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 507.06 ft Headwater Depth/Height 32.43
Computed Headwater Elevation 560.90 ft Discharge 121.90 cfs
Inlet Control HW Elev. 557.28 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 560.90 ft Control Type Outlet Control

Grades

Upstream Invert 496.05 ft Downstream Invert 493.39 ft
Length 84.60 ft Constructed Slope 0.031442 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 2.00 ft
Slope Type N/A Normal Depth N/A ft
Flow Regime N/A Critical Depth 2.00 ft
Velocity Downstream 38.80 ft/s Critical Slope 0.285413 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 560.90 ft Upstream Velocity Head 23.40 ft
Ke 0.75 Entrance Loss 17.55 ft

Inlet Control Properties

Inlet Control HW Elev. 557.28 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 3.1 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000

352



Culvert Calculator Report
Culvert 09 Pre Capacity

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:43 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 25

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 507.06 ft Headwater Depth/Height 5.51
Computed Headwater Elevation 507.06 ft Discharge 49.05 cfs
Inlet Control HW Elev. 507.06 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 505.99 ft Control Type Inlet Control

Grades

Upstream Invert 496.05 ft Downstream Invert 493.39 ft
Length 84.60 ft Constructed Slope 0.031442 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.98 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.98 ft
Velocity Downstream 15.64 ft/s Critical Slope 0.043187 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 505.99 ft Upstream Velocity Head 3.79 ft
Ke 0.75 Entrance Loss 2.84 ft

Inlet Control Properties

Inlet Control HW Elev. 507.06 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 3.1 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 528.49 ft Headwater Depth/Height 2.54
Computed Headwater Elevation 528.08 ft Discharge 18.80 cfs
Inlet Control HW Elev. 527.94 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 528.08 ft Control Type Outlet Control

Grades

Upstream Invert 523.64 ft Downstream Invert 522.40 ft
Length 49.00 ft Constructed Slope 0.025306 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.57 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.57 ft
Velocity Downstream 8.27 ft/s Critical Slope 0.042406 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.75 ft
Section Size 21 inch Rise 1.75 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 528.08 ft Upstream Velocity Head 0.95 ft
Ke 0.75 Entrance Loss 0.71 ft

Inlet Control Properties

Inlet Control HW Elev. 527.94 ft Flow Control N/A
Inlet Type Projecting Area Full 2.4 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Solve For: Discharge

Culvert Summary

Allowable HW Elevation 528.49 ft Headwater Depth/Height 2.77
Computed Headwater Elevation 528.49 ft Discharge 19.71 cfs
Inlet Control HW Elev. 528.28 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 528.49 ft Control Type Outlet Control

Grades

Upstream Invert 523.64 ft Downstream Invert 522.40 ft
Length 49.00 ft Constructed Slope 0.025306 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.59 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.59 ft
Velocity Downstream 8.58 ft/s Critical Slope 0.046083 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.75 ft
Section Size 21 inch Rise 1.75 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 528.49 ft Upstream Velocity Head 1.04 ft
Ke 0.75 Entrance Loss 0.78 ft

Inlet Control Properties

Inlet Control HW Elev. 528.28 ft Flow Control N/A
Inlet Type Projecting Area Full 2.4 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 516.49 ft Headwater Depth/Height 1.89
Computed Headwater Elevation 515.62 ft Discharge 10.90 cfs
Inlet Control HW Elev. 515.62 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 515.32 ft Control Type Inlet Control

Grades

Upstream Invert 512.78 ft Downstream Invert 508.39 ft
Length 45.50 ft Constructed Slope 0.096484 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 0.85 ft
Slope Type Steep Normal Depth 0.85 ft
Flow Regime Supercritical Critical Depth 1.27 ft
Velocity Downstream 10.52 ft/s Critical Slope 0.034966 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 515.32 ft Upstream Velocity Head 0.73 ft
Ke 0.75 Entrance Loss 0.55 ft

Inlet Control Properties

Inlet Control HW Elev. 515.62 ft Flow Control N/A
Inlet Type Projecting Area Full 1.8 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000

356



Culvert Calculator Report
Culvert 11 Pre Capacity

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:43 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 29

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 516.49 ft Headwater Depth/Height 2.47
Computed Headwater Elevation 516.49 ft Discharge 12.96 cfs
Inlet Control HW Elev. 516.49 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 515.76 ft Control Type Inlet Control

Grades

Upstream Invert 512.78 ft Downstream Invert 508.39 ft
Length 45.50 ft Constructed Slope 0.096484 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 0.95 ft
Slope Type Steep Normal Depth 0.95 ft
Flow Regime Supercritical Critical Depth 1.35 ft
Velocity Downstream 10.93 ft/s Critical Slope 0.045657 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 515.76 ft Upstream Velocity Head 0.93 ft
Ke 0.75 Entrance Loss 0.70 ft

Inlet Control Properties

Inlet Control HW Elev. 516.49 ft Flow Control N/A
Inlet Type Projecting Area Full 1.8 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000

357



Culvert Calculator Report
Culvert 12 Pre

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:44 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 31

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 513.98 ft Headwater Depth/Height 6.21
Computed Headwater Elevation 519.26 ft Discharge 22.08 cfs
Inlet Control HW Elev. 519.26 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 515.70 ft Control Type Inlet Control

Grades

Upstream Invert 509.95 ft Downstream Invert 499.28 ft
Length 59.20 ft Constructed Slope 0.180236 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 1.13 ft
Slope Type Steep Normal Depth 1.13 ft
Flow Regime Supercritical Critical Depth 1.48 ft
Velocity Downstream 15.50 ft/s Critical Slope 0.136653 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 515.70 ft Upstream Velocity Head 2.44 ft
Ke 0.75 Entrance Loss 1.83 ft

Inlet Control Properties

Inlet Control HW Elev. 519.26 ft Flow Control N/A
Inlet Type Projecting Area Full 1.8 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000

358



Culvert Calculator Report
Culvert 12 Pre Capacity

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:44 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 32

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 513.98 ft Headwater Depth/Height 2.69
Computed Headwater Elevation 513.98 ft Discharge 13.76 cfs
Inlet Control HW Elev. 513.98 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 513.11 ft Control Type Inlet Control

Grades

Upstream Invert 509.95 ft Downstream Invert 499.28 ft
Length 59.20 ft Constructed Slope 0.180236 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 0.81 ft
Slope Type Steep Normal Depth 0.81 ft
Flow Regime Supercritical Critical Depth 1.37 ft
Velocity Downstream 14.11 ft/s Critical Slope 0.050900 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 513.11 ft Upstream Velocity Head 1.02 ft
Ke 0.75 Entrance Loss 0.77 ft

Inlet Control Properties

Inlet Control HW Elev. 513.98 ft Flow Control N/A
Inlet Type Projecting Area Full 1.8 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 509.12 ft Headwater Depth/Height 2.52
Computed Headwater Elevation 508.23 ft Discharge 14.86 cfs
Inlet Control HW Elev. 508.23 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 507.61 ft Control Type Inlet Control

Grades

Upstream Invert 504.46 ft Downstream Invert 501.73 ft
Length 43.90 ft Constructed Slope 0.062187 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 0.89 ft
Slope Type Steep Normal Depth 0.81 ft
Flow Regime Supercritical Critical Depth 1.40 ft
Velocity Downstream 13.66 ft/s Critical Slope 0.017299 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 507.61 ft Upstream Velocity Head 1.16 ft
Ke 0.50 Entrance Loss 0.58 ft

Inlet Control Properties

Inlet Control HW Elev. 508.23 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 1.8 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000

360



Culvert Calculator Report
Culvert 13 Pre Capacity

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:44 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 34

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 509.12 ft Headwater Depth/Height 3.11
Computed Headwater Elevation 509.12 ft Discharge 17.04 cfs
Inlet Control HW Elev. 509.12 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 508.13 ft Control Type Inlet Control

Grades

Upstream Invert 504.46 ft Downstream Invert 501.73 ft
Length 43.90 ft Constructed Slope 0.062187 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 0.97 ft
Slope Type Steep Normal Depth 0.88 ft
Flow Regime Supercritical Critical Depth 1.44 ft
Velocity Downstream 14.12 ft/s Critical Slope 0.022934 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 508.13 ft Upstream Velocity Head 1.48 ft
Ke 0.50 Entrance Loss 0.74 ft

Inlet Control Properties

Inlet Control HW Elev. 509.12 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 1.8 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 504.77 ft Headwater Depth/Height 4.18
Computed Headwater Elevation 505.11 ft Discharge 20.40 cfs
Inlet Control HW Elev. 505.11 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 503.45 ft Control Type Inlet Control

Grades

Upstream Invert 498.84 ft Downstream Invert 496.48 ft
Length 50.00 ft Constructed Slope 0.047200 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 1.18 ft
Slope Type Steep Normal Depth 1.11 ft
Flow Regime Supercritical Critical Depth 1.47 ft
Velocity Downstream 13.68 ft/s Critical Slope 0.033784 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 503.45 ft Upstream Velocity Head 2.09 ft
Ke 0.50 Entrance Loss 1.05 ft

Inlet Control Properties

Inlet Control HW Elev. 505.11 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 1.8 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
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Solve For: Discharge

Culvert Summary

Allowable HW Elevation 504.77 ft Headwater Depth/Height 3.95
Computed Headwater Elevation 504.77 ft Discharge 19.73 cfs
Inlet Control HW Elev. 504.77 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 503.24 ft Control Type Inlet Control

Grades

Upstream Invert 498.84 ft Downstream Invert 496.48 ft
Length 50.00 ft Constructed Slope 0.047200 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 1.15 ft
Slope Type Steep Normal Depth 1.08 ft
Flow Regime Supercritical Critical Depth 1.47 ft
Velocity Downstream 13.56 ft/s Critical Slope 0.031421 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 503.24 ft Upstream Velocity Head 1.96 ft
Ke 0.50 Entrance Loss 0.98 ft

Inlet Control Properties

Inlet Control HW Elev. 504.77 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 1.8 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 504.43 ft Headwater Depth/Height 901.27
Computed Headwater Elevation 1,839.37 ft Discharge 296.50 cfs
Inlet Control HW Elev. 1,608.89 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 1,839.37 ft Control Type Outlet Control

Grades

Upstream Invert 487.47 ft Downstream Invert 484.40 ft
Length 86.90 ft Constructed Slope 0.035328 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 6.30 ft
Slope Type N/A Normal Depth N/A ft
Flow Regime N/A Critical Depth 1.50 ft
Velocity Downstream 167.78 ft/s Critical Slope 7.968184 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 1,839.37 ft Upstream Velocity Head 437.49 ft
Ke 0.50 Entrance Loss 218.75 ft

Inlet Control Properties

Inlet Control HW Elev. 1,608.89 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 1.8 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
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Solve For: Discharge

Culvert Summary

Allowable HW Elevation 504.43 ft Headwater Depth/Height 11.31
Computed Headwater Elevation 504.43 ft Discharge 25.70 cfs
Inlet Control HW Elev. 496.86 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 504.43 ft Control Type Outlet Control

Grades

Upstream Invert 487.47 ft Downstream Invert 484.40 ft
Length 86.90 ft Constructed Slope 0.035328 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 9.90 ft
Slope Type N/A Normal Depth N/A ft
Flow Regime N/A Critical Depth 1.49 ft
Velocity Downstream 14.54 ft/s Critical Slope 0.055557 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 504.43 ft Upstream Velocity Head 3.29 ft
Ke 0.50 Entrance Loss 1.64 ft

Inlet Control Properties

Inlet Control HW Elev. 496.86 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 1.8 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 505.04 ft Headwater Depth/Height 42.05
Computed Headwater Elevation 573.63 ft Discharge 97.80 cfs
Inlet Control HW Elev. 544.15 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 573.63 ft Control Type Outlet Control

Grades

Upstream Invert 489.53 ft Downstream Invert 485.25 ft
Length 88.80 ft Constructed Slope 0.048198 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 5.45 ft
Slope Type N/A Normal Depth N/A ft
Flow Regime N/A Critical Depth 2.00 ft
Velocity Downstream 31.13 ft/s Critical Slope 0.623063 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 573.63 ft Upstream Velocity Head 15.06 ft
Ke 0.75 Entrance Loss 11.30 ft

Inlet Control Properties

Inlet Control HW Elev. 544.15 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Solve For: Discharge

Culvert Summary

Allowable HW Elevation 505.04 ft Headwater Depth/Height 7.75
Computed Headwater Elevation 505.04 ft Discharge 35.20 cfs
Inlet Control HW Elev. 497.50 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 505.04 ft Control Type Outlet Control

Grades

Upstream Invert 489.53 ft Downstream Invert 485.25 ft
Length 88.80 ft Constructed Slope 0.048198 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 9.05 ft
Slope Type N/A Normal Depth N/A ft
Flow Regime N/A Critical Depth 1.92 ft
Velocity Downstream 11.20 ft/s Critical Slope 0.071938 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 505.04 ft Upstream Velocity Head 1.95 ft
Ke 0.75 Entrance Loss 1.46 ft

Inlet Control Properties

Inlet Control HW Elev. 497.50 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 506.26 ft Headwater Depth/Height 2.86
Computed Headwater Elevation 505.63 ft Discharge 14.18 cfs
Inlet Control HW Elev. 505.63 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 504.61 ft Control Type Inlet Control

Grades

Upstream Invert 501.34 ft Downstream Invert 495.20 ft
Length 57.50 ft Constructed Slope 0.106783 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 0.98 ft
Slope Type Steep Normal Depth 0.98 ft
Flow Regime Supercritical Critical Depth 1.39 ft
Velocity Downstream 11.58 ft/s Critical Slope 0.053824 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 504.61 ft Upstream Velocity Head 1.07 ft
Ke 0.75 Entrance Loss 0.81 ft

Inlet Control Properties

Inlet Control HW Elev. 505.63 ft Flow Control N/A
Inlet Type Projecting Area Full 1.8 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Solve For: Discharge

Culvert Summary

Allowable HW Elevation 506.26 ft Headwater Depth/Height 3.28
Computed Headwater Elevation 506.26 ft Discharge 15.38 cfs
Inlet Control HW Elev. 506.26 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 504.91 ft Control Type Inlet Control

Grades

Upstream Invert 501.34 ft Downstream Invert 495.20 ft
Length 57.50 ft Constructed Slope 0.106783 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 1.04 ft
Slope Type Steep Normal Depth 1.04 ft
Flow Regime Supercritical Critical Depth 1.41 ft
Velocity Downstream 11.76 ft/s Critical Slope 0.063185 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 504.91 ft Upstream Velocity Head 1.23 ft
Ke 0.75 Entrance Loss 0.93 ft

Inlet Control Properties

Inlet Control HW Elev. 506.26 ft Flow Control N/A
Inlet Type Projecting Area Full 1.8 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 506.30 ft Headwater Depth/Height 3.32
Computed Headwater Elevation 501.47 ft Discharge 30.63 cfs
Inlet Control HW Elev. 499.75 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 501.47 ft Control Type Entrance Control

Grades

Upstream Invert 494.84 ft Downstream Invert 489.13 ft
Length 79.30 ft Constructed Slope 0.072005 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 5.17 ft
Slope Type Steep Normal Depth 1.53 ft
Flow Regime Supercritical Critical Depth 1.87 ft
Velocity Downstream 9.75 ft/s Critical Slope 0.054006 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 501.47 ft Upstream Velocity Head 1.48 ft
Ke 0.50 Entrance Loss 0.74 ft

Inlet Control Properties

Inlet Control HW Elev. 499.75 ft Flow Control N/A
Inlet Type Headwall Area Full 3.1 ft²
K 0.00780 HDS 5 Chart 2
M 2.00000 HDS 5 Scale 1
C 0.03790 Equation Form 1
Y 0.69000
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Solve For: Discharge

Culvert Summary

Allowable HW Elevation 506.30 ft Headwater Depth/Height 5.73
Computed Headwater Elevation 506.30 ft Discharge 44.57 cfs
Inlet Control HW Elev. 503.78 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 506.30 ft Control Type Outlet Control

Grades

Upstream Invert 494.84 ft Downstream Invert 489.13 ft
Length 79.30 ft Constructed Slope 0.072005 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.97 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.97 ft
Velocity Downstream 14.23 ft/s Critical Slope 0.119694 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 506.30 ft Upstream Velocity Head 3.13 ft
Ke 0.50 Entrance Loss 1.56 ft

Inlet Control Properties

Inlet Control HW Elev. 503.78 ft Flow Control N/A
Inlet Type Headwall Area Full 3.1 ft²
K 0.00780 HDS 5 Chart 2
M 2.00000 HDS 5 Scale 1
C 0.03790 Equation Form 1
Y 0.69000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 504.78 ft Headwater Depth/Height 3.21
Computed Headwater Elevation 505.21 ft Discharge 11.00 cfs
Inlet Control HW Elev. 505.21 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 504.32 ft Control Type Inlet Control

Grades

Upstream Invert 501.20 ft Downstream Invert 498.85 ft
Length 53.90 ft Constructed Slope 0.043599 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 0.83 ft
Slope Type Steep Normal Depth 0.76 ft
Flow Regime Supercritical Critical Depth 1.20 ft
Velocity Downstream 12.76 ft/s Critical Slope 0.018131 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.011
Section MaterialCorrugated HDPE (Smooth Interior) Span 1.25 ft
Section Size 15 inch Rise 1.25 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 504.32 ft Upstream Velocity Head 1.28 ft
Ke 0.50 Entrance Loss 0.64 ft

Inlet Control Properties

Inlet Control HW Elev. 505.21 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 1.2 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
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Solve For: Discharge

Culvert Summary

Allowable HW Elevation 504.78 ft Headwater Depth/Height 2.86
Computed Headwater Elevation 504.78 ft Discharge 10.24 cfs
Inlet Control HW Elev. 504.78 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 504.07 ft Control Type Inlet Control

Grades

Upstream Invert 501.20 ft Downstream Invert 498.85 ft
Length 53.90 ft Constructed Slope 0.043599 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 0.79 ft
Slope Type Steep Normal Depth 0.73 ft
Flow Regime Supercritical Critical Depth 1.19 ft
Velocity Downstream 12.55 ft/s Critical Slope 0.015585 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.011
Section MaterialCorrugated HDPE (Smooth Interior) Span 1.25 ft
Section Size 15 inch Rise 1.25 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 504.07 ft Upstream Velocity Head 1.12 ft
Ke 0.50 Entrance Loss 0.56 ft

Inlet Control Properties

Inlet Control HW Elev. 504.78 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 1.2 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000

373



Culvert Calculator Report
Culvert 18 Pre

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:45 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 51

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 505.84 ft Headwater Depth/Height 9.56
Computed Headwater Elevation 537.88 ft Discharge 896.50 cfs
Inlet Control HW Elev. 524.39 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 537.88 ft Control Type Outlet Control

Grades

Upstream Invert 485.28 ft Downstream Invert 483.73 ft
Length 84.90 ft Constructed Slope 0.018257 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 6.97 ft
Slope Type N/A Normal Depth N/A ft
Flow Regime N/A Critical Depth 5.49 ft
Velocity Downstream 37.73 ft/s Critical Slope 0.233058 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 5.50 ft
Section Size 66 inch Rise 5.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 537.88 ft Upstream Velocity Head 22.13 ft
Ke 0.20 Entrance Loss 4.43 ft

Inlet Control Properties

Inlet Control HW Elev. 524.39 ft Flow Control N/A
Inlet Type Beveled ring, 33.7° (1.5:1) bevels Area Full 23.8 ft²
K 0.00180 HDS 5 Chart 3
M 2.50000 HDS 5 Scale B
C 0.02430 Equation Form 1
Y 0.83000
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Solve For: Discharge

Culvert Summary

Allowable HW Elevation 505.84 ft Headwater Depth/Height 3.74
Computed Headwater Elevation 505.84 ft Discharge 443.38 cfs
Inlet Control HW Elev. 498.26 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 505.84 ft Control Type Outlet Control

Grades

Upstream Invert 485.28 ft Downstream Invert 483.73 ft
Length 84.90 ft Constructed Slope 0.018257 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 10.57 ft
Slope Type N/A Normal Depth N/A ft
Flow Regime N/A Critical Depth 5.29 ft
Velocity Downstream 18.66 ft/s Critical Slope 0.051841 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 5.50 ft
Section Size 66 inch Rise 5.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 505.84 ft Upstream Velocity Head 5.41 ft
Ke 0.20 Entrance Loss 1.08 ft

Inlet Control Properties

Inlet Control HW Elev. 498.26 ft Flow Control N/A
Inlet Type Beveled ring, 33.7° (1.5:1) bevels Area Full 23.8 ft²
K 0.00180 HDS 5 Chart 3
M 2.50000 HDS 5 Scale B
C 0.02430 Equation Form 1
Y 0.83000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 504.99 ft Headwater Depth/Height 3.59
Computed Headwater Elevation 507.07 ft Discharge 16.50 cfs
Inlet Control HW Elev. 506.15 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 507.07 ft Control Type Outlet Control

Grades

Upstream Invert 501.69 ft Downstream Invert 500.70 ft
Length 49.10 ft Constructed Slope 0.020163 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.43 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.43 ft
Velocity Downstream 9.49 ft/s Critical Slope 0.050710 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.020
Section MaterialCorrugated HDPE 18-24 inch (Corrugated Interior) Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 507.07 ft Upstream Velocity Head 1.35 ft
Ke 0.50 Entrance Loss 0.68 ft

Inlet Control Properties

Inlet Control HW Elev. 506.15 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 1.8 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
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Solve For: Discharge

Culvert Summary

Allowable HW Elevation 504.99 ft Headwater Depth/Height 2.20
Computed Headwater Elevation 504.99 ft Discharge 12.63 cfs
Inlet Control HW Elev. 504.71 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 504.99 ft Control Type Outlet Control

Grades

Upstream Invert 501.69 ft Downstream Invert 500.70 ft
Length 49.10 ft Constructed Slope 0.020163 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.34 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.34 ft
Velocity Downstream 7.59 ft/s Critical Slope 0.030356 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.020
Section MaterialCorrugated HDPE 18-24 inch (Corrugated Interior) Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 504.99 ft Upstream Velocity Head 0.79 ft
Ke 0.50 Entrance Loss 0.40 ft

Inlet Control Properties

Inlet Control HW Elev. 504.71 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 1.8 ft²
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 518.05 ft Headwater Depth/Height 22.13
Computed Headwater Elevation 551.39 ft Discharge 85.40 cfs
Inlet Control HW Elev. 549.03 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 551.39 ft Control Type Outlet Control

Grades

Upstream Invert 507.13 ft Downstream Invert 505.01 ft
Length 50.00 ft Constructed Slope 0.042400 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 2.00 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 2.00 ft
Velocity Downstream 27.19 ft/s Critical Slope 0.471810 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 551.39 ft Upstream Velocity Head 11.48 ft
Ke 0.75 Entrance Loss 8.61 ft

Inlet Control Properties

Inlet Control HW Elev. 549.03 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Solve For: Discharge

Culvert Summary

Allowable HW Elevation 518.05 ft Headwater Depth/Height 5.46
Computed Headwater Elevation 518.05 ft Discharge 42.00 cfs
Inlet Control HW Elev. 518.05 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 517.73 ft Control Type Inlet Control

Grades

Upstream Invert 507.13 ft Downstream Invert 505.01 ft
Length 50.00 ft Constructed Slope 0.042400 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.96 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.96 ft
Velocity Downstream 13.43 ft/s Critical Slope 0.105248 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 517.73 ft Upstream Velocity Head 2.78 ft
Ke 0.75 Entrance Loss 2.08 ft

Inlet Control Properties

Inlet Control HW Elev. 518.05 ft Flow Control N/A
Inlet Type Projecting Area Full 3.1 ft²
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 518.17 ft Headwater Depth/Height 0.50
Computed Headwater Elevation 512.15 ft Discharge 86.94 cfs
Inlet Control HW Elev. 511.90 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 512.15 ft Control Type Entrance Control

Grades

Upstream Invert 509.65 ft Downstream Invert 507.77 ft
Length 43.10 ft Constructed Slope 0.043619 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 0.94 ft
Slope Type Steep Normal Depth 0.93 ft
Flow Regime Supercritical Critical Depth 1.43 ft
Velocity Downstream 10.33 ft/s Critical Slope 0.011679 ft/ft

Section

Section Shape Box Mannings Coefficient 0.025
Section Material Concrete Span 9.00 ft
Section Size 9 x 5 ft Rise 5.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 512.15 ft Upstream Velocity Head 0.71 ft
Ke 0.50 Entrance Loss 0.36 ft

Inlet Control Properties

Inlet Control HW Elev. 511.90 ft Flow Control N/A
Inlet Type 90° headwall w 45° bevels Area Full 45.0 ft²
K 0.49500 HDS 5 Chart 10
M 0.66700 HDS 5 Scale 2
C 0.03140 Equation Form 2
Y 0.82000
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Solve For: Discharge

Culvert Summary

Allowable HW Elevation 518.17 ft Headwater Depth/Height 1.70
Computed Headwater Elevation 518.17 ft Discharge 540.44 cfs
Inlet Control HW Elev. 518.17 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 518.09 ft Control Type Inlet Control

Grades

Upstream Invert 509.65 ft Downstream Invert 507.77 ft
Length 43.10 ft Constructed Slope 0.043619 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 3.55 ft
Slope Type Steep Normal Depth 3.19 ft
Flow Regime Supercritical Critical Depth 4.82 ft
Velocity Downstream 16.89 ft/s Critical Slope 0.014235 ft/ft

Section

Section Shape Box Mannings Coefficient 0.025
Section Material Concrete Span 9.00 ft
Section Size 9 x 5 ft Rise 5.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 518.09 ft Upstream Velocity Head 2.41 ft
Ke 0.50 Entrance Loss 1.21 ft

Inlet Control Properties

Inlet Control HW Elev. 518.17 ft Flow Control N/A
Inlet Type 90° headwall w 45° bevels Area Full 45.0 ft²
K 0.49500 HDS 5 Chart 10
M 0.66700 HDS 5 Scale 2
C 0.03140 Equation Form 2
Y 0.82000
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 530.07 ft Headwater Depth/Height 1.48
Computed Headwater Elevation 521.71 ft Discharge 46.90 cfs
Inlet Control HW Elev. 521.71 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 521.55 ft Control Type Inlet Control

Grades

Upstream Invert 518.00 ft Downstream Invert 517.00 ft
Length 100.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 1.94 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 2.26 ft
Velocity Downstream 11.48 ft/s Critical Slope 0.011485 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 2.50 ft
Section Size 30 inch Rise 2.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 521.55 ft Upstream Velocity Head 1.20 ft
Ke 0.20 Entrance Loss 0.24 ft

Inlet Control Properties

Inlet Control HW Elev. 521.71 ft Flow Control N/A
Inlet Type Beveled ring, 45° bevels Area Full 4.9 ft²
K 0.00180 HDS 5 Chart 3
M 2.50000 HDS 5 Scale A
C 0.03000 Equation Form 1
Y 0.74000
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.20 %

Diameter 30.00 in

Discharge 46.85 ft³/s

Results

Normal Depth 2.16 ft

Flow Area 4.51 ft²

Wetted Perimeter 5.97 ft

Top Width 1.71 ft

Critical Depth 2.26 ft

Percent Full 86.4 %

Critical Slope 0.01146 ft/ft

Velocity 10.39 ft/s

Velocity Head 1.68 ft

Specific Energy 3.84 ft

Froude Number 1.13

Maximum Discharge 48.33 ft³/s

Discharge Full 44.93 ft³/s

Slope Full 0.01305 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 86.44 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Culvert #1A - 30" RCP

12/21/2010 2:58:14 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page
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GVF Output Data

Normal Depth 2.16 ft

Critical Depth 2.26 ft

Channel Slope 1.20 %

Critical Slope 0.01146 ft/ft

Worksheet for Culvert #1A - 30" RCP

12/21/2010 2:58:14 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 530.07 ft Headwater Depth/Height 1.06
Computed Headwater Elevation 520.11 ft Discharge 14.50 cfs
Inlet Control HW Elev. 520.05 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 520.11 ft Control Type Entrance Control

Grades

Upstream Invert 518.00 ft Downstream Invert 516.80 ft
Length 100.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 1.16 ft
Slope Type Steep Normal Depth 1.16 ft
Flow Regime Supercritical Critical Depth 1.37 ft
Velocity Downstream 7.64 ft/s Critical Slope 0.006181 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 520.11 ft Upstream Velocity Head 0.62 ft
Ke 0.20 Entrance Loss 0.12 ft

Inlet Control Properties

Inlet Control HW Elev. 520.05 ft Flow Control N/A
Inlet Type Beveled ring, 45° bevels Area Full 3.1 ft²
K 0.00180 HDS 5 Chart 3
M 2.50000 HDS 5 Scale A
C 0.03000 Equation Form 1
Y 0.74000
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.20 %

Diameter 30.00 in

Discharge 14.50 ft³/s

Results

Normal Depth 0.98 ft

Flow Area 1.78 ft²

Wetted Perimeter 3.38 ft

Top Width 2.44 ft

Critical Depth 1.28 ft

Percent Full 39.1 %

Critical Slope 0.00458 ft/ft

Velocity 8.16 ft/s

Velocity Head 1.04 ft

Specific Energy 2.01 ft

Froude Number 1.69

Maximum Discharge 48.33 ft³/s

Discharge Full 44.93 ft³/s

Slope Full 0.00125 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 39.07 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Culvert #1B - 24" RCP

12/22/2010 9:39:22 AM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.00 %

Diameter 36.00 in

Discharge 47.97 ft³/s

Results

Normal Depth 1.88 ft

Flow Area 4.67 ft²

Wetted Perimeter 5.49 ft

Hydraulic Radius 0.85 ft

Top Width 2.90 ft

Critical Depth 2.26 ft

Percent Full 62.8 %

Critical Slope 0.00618 ft/ft

Velocity 10.27 ft/s

Velocity Head 1.64 ft

Specific Energy 3.52 ft

Froude Number 1.43

Maximum Discharge 71.74 ft³/s

Discharge Full 66.69 ft³/s

Slope Full 0.00517 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 62.78 %

Downstream Velocity Infinity ft/s

Worksheet for Culvert #2 - 36" RCP

9/24/2014 10:04:28 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 1.88 ft

Critical Depth 2.26 ft

Channel Slope 1.00 %

Critical Slope 0.00618 ft/ft

Worksheet for Culvert #2 - 36" RCP

9/24/2014 10:04:28 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page







Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.00 %

Diameter 36.00 in

Discharge 48.22 ft³/s

Results

Normal Depth 1.89 ft

Flow Area 4.69 ft²

Wetted Perimeter 5.50 ft

Hydraulic Radius 0.85 ft

Top Width 2.90 ft

Critical Depth 2.26 ft

Percent Full 63.0 %

Critical Slope 0.00621 ft/ft

Velocity 10.28 ft/s

Velocity Head 1.64 ft

Specific Energy 3.53 ft

Froude Number 1.42

Maximum Discharge 71.74 ft³/s

Discharge Full 66.69 ft³/s

Slope Full 0.00523 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 63.01 %

Downstream Velocity Infinity ft/s

Worksheet for Culvert #4 - 36" RCP

9/24/2014 10:05:56 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 1.89 ft

Critical Depth 2.26 ft

Channel Slope 1.00 %

Critical Slope 0.00621 ft/ft

Worksheet for Culvert #4 - 36" RCP

9/24/2014 10:05:56 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.00 %

Diameter 72.00 in

Discharge 436.30 ft³/s

Results

Normal Depth 5.10 ft

Flow Area 25.61 ft²

Wetted Perimeter 14.07 ft

Hydraulic Radius 1.82 ft

Top Width 4.29 ft

Critical Depth 5.48 ft

Percent Full 85.0 %

Critical Slope 0.00924 ft/ft

Velocity 17.04 ft/s

Velocity Head 4.51 ft

Specific Energy 9.61 ft

Froude Number 1.23

Maximum Discharge 455.55 ft³/s

Discharge Full 423.49 ft³/s

Slope Full 0.01061 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 84.98 %

Downstream Velocity Infinity ft/s

Worksheet for Culvert #6 - 72" RCP

7/15/2014 9:50:35 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page
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GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 5.10 ft

Critical Depth 5.48 ft

Channel Slope 1.00 %

Critical Slope 0.00924 ft/ft

Worksheet for Culvert #6 - 72" RCP

7/15/2014 9:50:35 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page

400



Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc.Tuesday, Jul 15 2014

401



Culvert Calculator Report
Culvert 07

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:42 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 18

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 515.00 ft Headwater Depth/Height 1.45
Computed Headwater Elevation 512.08 ft Discharge 937.90 cfs
Inlet Control HW Elev. 512.08 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 511.89 ft Control Type Inlet Control

Grades

Upstream Invert 500.50 ft Downstream Invert 500.00 ft
Length 50.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 6.17 ft
Slope Type Steep Normal Depth 4.59 ft
Flow Regime Supercritical Critical Depth 6.49 ft
Velocity Downstream 15.20 ft/s Critical Slope 0.004004 ft/ft

Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 10.00 ft
Section Size 10 x 8 ft Rise 8.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 511.89 ft Upstream Velocity Head 3.56 ft
Ke 0.20 Entrance Loss 0.71 ft

Inlet Control Properties

Inlet Control HW Elev. 512.08 ft Flow Control N/A
Inlet Type 33.7° wingwall flares - offset Area Full 80.0 ft²
K 0.49500 HDS 5 Chart 13
M 0.66700 HDS 5 Scale 2
C 0.02520 Equation Form 2
Y 0.88100
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.00 %

Height 8.00 ft

Bottom Width 10.00 ft

Discharge 937.90 ft³/s

Results

Normal Depth 4.59 ft

Flow Area 45.87 ft²

Wetted Perimeter 19.17 ft

Top Width 10.00 ft

Critical Depth 6.49 ft

Percent Full 57.3 %

Critical Slope 0.00400 ft/ft

Velocity 20.45 ft/s

Velocity Head 6.50 ft

Specific Energy 11.08 ft

Froude Number 1.68

Discharge Full 1557.16 ft³/s

Slope Full 0.02756 ft/ft

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 57.34 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Culvert #7 - 8'x10' Box

12/21/2010 2:59:20 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page
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GVF Output Data

Normal Depth 4.59 ft

Critical Depth 6.49 ft

Channel Slope 1.00 %

Critical Slope 0.00400 ft/ft

Worksheet for Culvert #7 - 8'x10' Box

12/21/2010 2:59:20 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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Culvert Calculator Report
Culvert 09

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:43 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 23

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 510.00 ft Headwater Depth/Height 1.68
Computed Headwater Elevation 503.06 ft Discharge 200.00 cfs
Inlet Control HW Elev. 503.06 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 502.83 ft Control Type Inlet Control

Grades

Upstream Invert 495.50 ft Downstream Invert 495.00 ft
Length 50.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 3.85 ft
Slope Type Steep Normal Depth 3.76 ft
Flow Regime Supercritical Critical Depth 4.04 ft
Velocity Downstream 13.80 ft/s Critical Slope 0.009133 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 4.50 ft
Section Size 54 inch Rise 4.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 502.83 ft Upstream Velocity Head 2.75 ft
Ke 0.20 Entrance Loss 0.55 ft

Inlet Control Properties

Inlet Control HW Elev. 503.06 ft Flow Control N/A
Inlet Type Beveled ring, 33.7° bevels Area Full 15.9 ft²
K 0.00180 HDS 5 Chart 3
M 2.50000 HDS 5 Scale B
C 0.02430 Equation Form 1
Y 0.83000
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.00 %

Diameter 54.00 in

Discharge 200.00 ft³/s

Results

Normal Depth 3.76 ft

Flow Area 14.20 ft²

Wetted Perimeter 10.38 ft

Top Width 3.33 ft

Critical Depth 4.04 ft

Percent Full 83.6 %

Critical Slope 0.00913 ft/ft

Velocity 14.08 ft/s

Velocity Head 3.08 ft

Specific Energy 6.84 ft

Froude Number 1.20

Maximum Discharge 211.53 ft³/s

Discharge Full 196.64 ft³/s

Slope Full 0.01034 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 83.60 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Culvert #9 - 54" RCP

12/21/2010 2:58:43 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page
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GVF Output Data

Normal Depth 3.76 ft

Critical Depth 4.04 ft

Channel Slope 1.00 %

Critical Slope 0.00913 ft/ft

Worksheet for Culvert #9 - 54" RCP

12/21/2010 2:58:43 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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Culvert Calculator Report
Culvert 12

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:44 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 30

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 510.50 ft Headwater Depth/Height 1.36
Computed Headwater Elevation 503.22 ft Discharge 20.30 cfs
Inlet Control HW Elev. 503.22 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 503.15 ft Control Type Inlet Control

Grades

Upstream Invert 500.50 ft Downstream Invert 500.00 ft
Length 50.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 1.49 ft
Slope Type Steep Normal Depth 1.48 ft
Flow Regime Supercritical Critical Depth 1.62 ft
Velocity Downstream 8.10 ft/s Critical Slope 0.008257 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 503.15 ft Upstream Velocity Head 0.86 ft
Ke 0.20 Entrance Loss 0.17 ft

Inlet Control Properties

Inlet Control HW Elev. 503.22 ft Flow Control N/A
Inlet Type Beveled ring, 45° bevels Area Full 3.1 ft²
K 0.00180 HDS 5 Chart 3
M 2.50000 HDS 5 Scale A
C 0.03000 Equation Form 1
Y 0.74000

410



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.00 %

Diameter 24.00 in

Discharge 20.35 ft³/s

Results

Normal Depth 1.48 ft

Flow Area 2.50 ft²

Wetted Perimeter 4.15 ft

Top Width 1.75 ft

Critical Depth 1.62 ft

Percent Full 74.1 %

Critical Slope 0.00828 ft/ft

Velocity 8.15 ft/s

Velocity Head 1.03 ft

Specific Energy 2.51 ft

Froude Number 1.20

Maximum Discharge 24.33 ft³/s

Discharge Full 22.62 ft³/s

Slope Full 0.00809 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 74.14 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Culvert #12 - 24" RCP

12/21/2010 2:58:46 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page
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GVF Output Data

Normal Depth 1.48 ft

Critical Depth 1.62 ft

Channel Slope 1.00 %

Critical Slope 0.00828 ft/ft

Worksheet for Culvert #12 - 24" RCP

12/21/2010 2:58:46 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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Culvert Calculator Report
Culvert 14

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:44 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 35

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 501.50 ft Headwater Depth/Height 1.19
Computed Headwater Elevation 498.47 ft Discharge 30.20 cfs
Inlet Control HW Elev. 498.46 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 498.47 ft Control Type Entrance Control

Grades

Upstream Invert 495.50 ft Downstream Invert 495.00 ft
Length 50.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 1.64 ft
Slope Type Steep Normal Depth 1.59 ft
Flow Regime Supercritical Critical Depth 1.87 ft
Velocity Downstream 8.87 ft/s Critical Slope 0.006531 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 2.50 ft
Section Size 30 inch Rise 2.50 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 498.47 ft Upstream Velocity Head 0.91 ft
Ke 0.20 Entrance Loss 0.18 ft

Inlet Control Properties

Inlet Control HW Elev. 498.46 ft Flow Control N/A
Inlet Type Beveled ring, 45° bevels Area Full 4.9 ft²
K 0.00180 HDS 5 Chart 3
M 2.50000 HDS 5 Scale A
C 0.03000 Equation Form 1
Y 0.74000
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.00 %

Diameter 30.00 in

Discharge 30.19 ft³/s

Results

Normal Depth 1.59 ft

Flow Area 3.30 ft²

Wetted Perimeter 4.63 ft

Top Width 2.40 ft

Critical Depth 1.87 ft

Percent Full 63.8 %

Critical Slope 0.00653 ft/ft

Velocity 9.14 ft/s

Velocity Head 1.30 ft

Specific Energy 2.89 ft

Froude Number 1.37

Maximum Discharge 44.12 ft³/s

Discharge Full 41.01 ft³/s

Slope Full 0.00542 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 63.78 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Culvert #14 - 24" RCP

12/21/2010 2:58:49 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page
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GVF Output Data

Normal Depth 1.59 ft

Critical Depth 1.87 ft

Channel Slope 1.00 %

Critical Slope 0.00653 ft/ft

Worksheet for Culvert #14 - 24" RCP

12/21/2010 2:58:49 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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Culvert Calculator Report
Culvert 15

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:44 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 38

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 506.00 ft Headwater Depth/Height 0.89
Computed Headwater Elevation 490.74 ft Discharge 256.00 cfs
Inlet Control HW Elev. 490.70 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 490.74 ft Control Type Outlet Control

Grades

Upstream Invert 479.00 ft Downstream Invert 478.00 ft
Length 100.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile M1 Depth, Downstream 12.70 ft
Slope Type Mild Normal Depth 2.54 ft
Flow Regime Subcritical Critical Depth 2.30 ft
Velocity Downstream 1.21 ft/s Critical Slope 0.015082 ft/ft

Section

Section Shape Arch Mannings Coefficient 0.034
Section Material Steel structural plate 31 In CR Span 20.58 ft
Section Size 247 x 158.6 inch Rise 13.22 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 490.74 ft Upstream Velocity Head 0.02 ft
Ke 0.20 Entrance Loss 0.00 ft

Inlet Control Properties

Inlet Control HW Elev. 490.70 ft Flow Control N/A
Inlet Type31 inch CR structural plate, 33.7° bevels Area Full 213.8 ft²
K 0.00300 HDS 5 Chart 36
M 2.00000 HDS 5 Scale 3
C 0.02690 Equation Form 1
Y 0.77000
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 1.00 %

Discharge 256.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00 0.00

0+01 3.00

0+04 6.00

0+08 7.25

0+10 7.50

0+12 7.25

0+16 6.00

0+19 3.00

0+20 0.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 0.00) (0+20, 0.00) 0.035

Results

Normal Depth 8.34 ft

Elevation Range 0.00 to 7.50 ft

Flow Area 53.08 ft²

Wetted Perimeter 43.85 ft

Top Width 19.83 ft

Normal Depth 8.34 ft

Critical Depth 7.23 ft

Critical Slope 0.04499 ft/ft

Velocity 4.82 ft/s

Worksheet for Culvert #15 - Contech 23A6

12/21/2010 2:59:10 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page
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Results

Velocity Head 0.36 ft

Specific Energy 8.70 ft

Froude Number 0.52

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 8.34 ft

Critical Depth 7.23 ft

Channel Slope 0.01000 ft/ft

Critical Slope 0.04499 ft/ft

Worksheet for Culvert #15 - Contech 23A6

12/21/2010 2:59:10 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.00 %

Diameter 60.00 in

Discharge 223.30 ft³/s

Results

Normal Depth 3.57 ft

Flow Area 14.98 ft²

Wetted Perimeter 10.05 ft

Hydraulic Radius 1.49 ft

Top Width 4.52 ft

Critical Depth 4.24 ft

Percent Full 71.3 %

Critical Slope 0.00696 ft/ft

Velocity 14.91 ft/s

Velocity Head 3.45 ft

Specific Energy 7.02 ft

Froude Number 1.44

Maximum Discharge 280.14 ft³/s

Discharge Full 260.43 ft³/s

Slope Full 0.00735 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 71.31 %

Downstream Velocity Infinity ft/s

Worksheet for Culvert #16 - 60" RCP

7/15/2014 9:51:36 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page
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GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 3.57 ft

Critical Depth 4.24 ft

Channel Slope 1.00 %

Critical Slope 0.00696 ft/ft

Worksheet for Culvert #16 - 60" RCP

7/15/2014 9:51:36 AM
Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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Culvert Calculator Report
Culvert 18

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:45 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 50

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 504.00 ft Headwater Depth/Height 0.72
Computed Headwater Elevation 495.00 ft Discharge 1,198.50 cfs
Inlet Control HW Elev. 493.97 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 495.00 ft Control Type Outlet Control

Grades

Upstream Invert 485.50 ft Downstream Invert 485.00 ft
Length 100.00 ft Constructed Slope 0.005000 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 5.70 ft
Slope Type Mild Normal Depth 7.81 ft
Flow Regime Subcritical Critical Depth 5.34 ft
Velocity Downstream 11.58 ft/s Critical Slope 0.014978 ft/ft

Section

Section Shape Arch Mannings Coefficient 0.034
Section Material Steel structural plate 31 In CR Span 20.58 ft
Section Size 247 x 158.6 inch Rise 13.22 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 495.00 ft Upstream Velocity Head 1.46 ft
Ke 0.90 Entrance Loss 1.32 ft

Inlet Control Properties

Inlet Control HW Elev. 493.97 ft Flow Control N/A
Inlet Type 31 inch CR structural plate, projecting Area Full 213.8 ft²
K 0.03000 HDS 5 Chart 36
M 1.50000 HDS 5 Scale 1
C 0.04960 Equation Form 1
Y 0.57000
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 1.00 %

Discharge 1198.50 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00 0.00

0+01 4.00

0+04 9.00

0+09 11.50

0+11 12.00

0+13 11.50

0+18 9.00

0+21 4.00

0+22 0.00

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 0.00) (0+22, 0.00) 0.013

Results

Normal Depth 12.57 ft

Elevation Range 0.00 to 12.00 ft

Flow Area 84.07 ft²

Wetted Perimeter 60.35 ft

Top Width 22.00 ft

Normal Depth 12.57 ft

Critical Depth 13.27 ft

Critical Slope 0.00590 ft/ft

Velocity 14.26 ft/s

Worksheet for Culvert #18 - Contech 23A6 -6

12/21/2010 2:59:13 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page
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Results

Velocity Head 3.16 ft

Specific Energy 15.73 ft

Froude Number 1.29

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 12.57 ft

Critical Depth 13.27 ft

Channel Slope 0.01000 ft/ft

Critical Slope 0.00590 ft/ft

Worksheet for Culvert #18 - Contech 23A6 -6

12/21/2010 2:59:13 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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Culvert Calculator Report
Culvert 19

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:46 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 55

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 522.00 ft Headwater Depth/Height 0.93
Computed Headwater Elevation 507.35 ft Discharge 11.70 cfs
Inlet Control HW Elev. 507.28 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 507.35 ft Control Type Entrance Control

Grades

Upstream Invert 505.50 ft Downstream Invert 505.00 ft
Length 50.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 1.04 ft
Slope Type Steep Normal Depth 1.02 ft
Flow Regime Supercritical Critical Depth 1.23 ft
Velocity Downstream 7.13 ft/s Critical Slope 0.005525 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 507.35 ft Upstream Velocity Head 0.52 ft
Ke 0.20 Entrance Loss 0.10 ft

Inlet Control Properties

Inlet Control HW Elev. 507.28 ft Flow Control N/A
Inlet Type Beveled ring, 45° bevels Area Full 3.1 ft²
K 0.00180 HDS 5 Chart 3
M 2.50000 HDS 5 Scale A
C 0.03000 Equation Form 1
Y 0.74000
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.00 %

Diameter 24.00 in

Discharge 12.30 ft³/s

Results

Normal Depth 1.05 ft

Flow Area 1.67 ft²

Wetted Perimeter 3.24 ft

Top Width 2.00 ft

Critical Depth 1.26 ft

Percent Full 52.6 %

Critical Slope 0.00565 ft/ft

Velocity 7.35 ft/s

Velocity Head 0.84 ft

Specific Energy 1.89 ft

Froude Number 1.42

Maximum Discharge 24.33 ft³/s

Discharge Full 22.62 ft³/s

Slope Full 0.00296 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 52.56 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Culvert #19 - 18" RCP

12/21/2010 2:58:58 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page
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GVF Output Data

Normal Depth 1.05 ft

Critical Depth 1.26 ft

Channel Slope 1.00 %

Critical Slope 0.00565 ft/ft

Worksheet for Culvert #19 - 18" RCP

12/21/2010 2:58:58 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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Culvert Calculator Report
Culvert 20

Title: Otay V 13
h:\...\pr_culverts-otay ranch resort village.cvm
12/21/10  03:00:46 PM

Hunsaker & Associates Inc
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: DE
CulvertMaster v3.0 [3.0003]

Page 58

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 522.00 ft Headwater Depth/Height 1.14
Computed Headwater Elevation 513.92 ft Discharge 44.80 cfs
Inlet Control HW Elev. 513.86 ft Tailwater Elevation 490.70 ft
Outlet Control HW Elev. 513.92 ft Control Type Entrance Control

Grades

Upstream Invert 510.50 ft Downstream Invert 510.00 ft
Length 50.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 1.88 ft
Slope Type Steep Normal Depth 1.80 ft
Flow Regime Supercritical Critical Depth 2.18 ft
Velocity Downstream 9.63 ft/s Critical Slope 0.005848 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 3.00 ft
Section Size 36 inch Rise 3.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 513.92 ft Upstream Velocity Head 1.03 ft
Ke 0.20 Entrance Loss 0.21 ft

Inlet Control Properties

Inlet Control HW Elev. 513.86 ft Flow Control N/A
Inlet Type Beveled ring, 45° bevels Area Full 7.1 ft²
K 0.00180 HDS 5 Chart 3
M 2.50000 HDS 5 Scale A
C 0.03000 Equation Form 1
Y 0.74000
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 1.00 %

Diameter 36.00 in

Discharge 44.80 ft³/s

Results

Normal Depth 1.80 ft

Flow Area 4.43 ft²

Wetted Perimeter 5.32 ft

Top Width 2.94 ft

Critical Depth 2.18 ft

Percent Full 60.0 %

Critical Slope 0.00585 ft/ft

Velocity 10.12 ft/s

Velocity Head 1.59 ft

Specific Energy 3.39 ft

Froude Number 1.45

Maximum Discharge 71.74 ft³/s

Discharge Full 66.69 ft³/s

Slope Full 0.00451 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 60.00 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Worksheet for Culvert #20 - 36" RCP

12/21/2010 2:59:02 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page
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GVF Output Data

Normal Depth 1.80 ft

Critical Depth 2.18 ft

Channel Slope 1.00 %

Critical Slope 0.00585 ft/ft

Worksheet for Culvert #20 - 36" RCP

12/21/2010 2:59:02 PM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.066.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page
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CHAPTER 7

7.3   Freeboard of Proposed Culverts and
 Dam Considerations
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FREEBOARD TABLE FOR PROPOSED CULVERTS AND WATER DEPTHS (1)

Culvert
Headwater
Elevation

Allowable
Elevation Freeboard

Upstream
Flowline

Upstream depth
of Water

Downstream
Flowline

Total
depth(2)

1A 521.71 530.07 8.36 518.00 3.71 517.00 4.71
1B 520.11 530.07 9.96 518.00 2.11 516.80 3.31
2 492.20 510.14 17.94 481.00 11.20 480.00 12.20
4 493.80 511.00 17.20 482.00 11.80 479.00 14.80
6 494.47 515.00 20.53 481.00 13.47 480.00 14.47
7 512.08 515.00 2.92 500.50 11.58 500.00 12.08
9 503.06 510.00 6.94 495.50 7.56 495.00 8.06

12 503.22 510.50 7.28 500.50 2.72 500.00 3.22
14 498.47 501.50 3.03 495.50 2.97 495.00 3.47
15 490.74 506.00 15.26 479.00 11.74 478.00 12.74
16 493.97 501.50 7.53 485.50 8.47 485.00 8.97
18 495.00 504.00 9.00 485.50 9.50 485.00 10.00
19 507.35 522.00 14.65 505.50 1.85 505.00 2.35
20 513.92 522.00 8.08 510.50 3.42 510.00 3.92

(1) : All values are in ft

(2) : Total depth refers to the difference in  elevation from downstream toe of filling to water max-elev upstream during a 100 yr storm event

DAM CONSIDERATIONS
Per the Statutes and Regulations pertaining to Supervition of Dams and Reservoirs, Department
of Water Resources, Division of Safety of Dams (DSOS), Chapter 1 : Definitions, section 6004 a),
shown in the next page after this explanation, " … no railroad fill or structure, and no road or highway
fill or structure, …  shall be considered a dam" . Therefore, culverts where ponding is in excess
of 25' measured from upstream maximum elevation to downstream toe, shall not be considered
as dams. Additionally, in this project the total depth does not exceed 25' in any culvert.

R:\0982\Hyd\CALCS\EXCEL\freeboard.xls
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CHAPTER 7

7.4   Lower Otay Reservoir Tailwater
Calculations
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CHAPTER 7

7.5   Open Channel Inundation Calculations
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Label Roughness
Coefficient

Channel Slope
(%)

Normal Depth
(ft)

Left Side Slope
(ft/ft (H:V))

Right Side Slope
(ft/ft (H:V))

Bottom Width
(ft)

Discharge
(ft³/s)

Velocity
(ft/s)

CHANNEL AT NODE 1211 0.045 8.30 1.89 2.80 2.80 2.00 134.67 9.77

CHANNEL AT NODE 1311 0.045 2.70 2.08 2.50 2.50 3.00 104.14 6.12

CHANNEL AT NODE 1364 0.045 2.70 3.55 1.50 1.50 3.60 266.90 8.42

CHANNEL AT NODE 1408 0.045 4.50 1.37 4.80 4.80 13.00 189.39 7.07

CHANNEL AT NODE 1416 0.045 2.70 2.44 4.80 4.80 4.00 256.25 6.70

CHANNEL AT NODE 1504 0.045 12.00 0.83 4.00 4.00 5.00 55.48 8.00

CHANNEL AT NODE 1633 0.045 10.00 4.14 2.00 2.00 2.00 723.05 16.99

CHANNEL AT NODE 1635 0.045 3.00 3.37 4.60 4.60 20.00 1198.50 10.01

CHANNEL AT NODE 1642 0.045 16.00 1.55 4.80 4.80 2.00 174.65 11.88

CHANNEL AT NODE 1708 0.045 15.00 0.83 2.60 2.60 4.00 45.64 8.99

CHANNEL AT NODE 1712 0.045 15.00 0.75 2.80 2.80 4.00 38.52 8.47

CHANNEL AT NODE 2403 0.045 6.90 0.65 5.00 5.00 7.00 35.72 5.38

CHANNEL AT NODE 2503 0.045 9.30 0.66 3.60 3.60 7.00 40.17 6.49

CHANNEL INUNDATION  Report

7/17/2014 11:26:35 AM

Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page

Hunsaker and Associates
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APPENDIXES
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CHAPTER 8

8.1. City of San Diego Letter Regarding
Opposition to Reduction of Runoff, Review of

SWMP, and Review of all Maps
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CHAPTER 8

8.2. Final Hydromodification Management Plan
– Exemptions for Otay River and Lower Otay

Reservoir.
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H Y D R O M O D I F I C A T I O N  M A N A G E M E N T  P L A N  

6 .  R E Q U I R E M E N T S  A N D  S T A N D A R D S  F O R  P R O J E C T S  

Priority Development Projects are required to implement hydrologic control measures so that post-project 
runoff flow rates and durations do not exceed pre-project flow rates and durations where they would result in 
an increased potential for erosion or significant impacts to beneficial uses or violate the channel standard 
(Permit Section D.1.g(1)(c)).  The purpose of this chapter is to detail HMP applicability requirements, present 
hydromodification mitigation criteria and implementation options, and provide a framework for in-stream 
rehabilitation options. 

6.1 HMP Applicability Requirements 
To determine if a proposed project must implement hydromodification controls, refer to the HMP Decision 
Matrix in Figure 6-1 on the following page.   

The HMP Decision Matrix can be used for all projects.  For redevelopment projects, flow controls would 
only be required if the redevelopment project increases impervious area or peak flow rates as compared to 
pre-project conditions. 

It should be noted that all Priority Development Projects will be subject to the Permit’s LID and water 
quality treatment requirements even if hydromodification flow controls are not required. 

As noted in Figure 6-1, projects may be exempt from HMP criteria under the following conditions. 
 If the project is not a Priority Development Project 
 If the proposed project does not increase the impervious area or peak flows to any discharge location. 
 If the proposed project discharges runoff directly to an exempt receiving water such as the Pacific Ocean, 

San Diego Bay, an exempt river reach, an exempt reservoir, or a tidally-influenced area. 
 If the proposed project discharges to a stabilized conveyance system that extends to the Pacific Ocean, 

San Diego Bay, a tidally-influenced area, an exempt river reach or reservoir. 
 If the contributing watershed area to which the project discharges has an impervious area percentage 

greater than 70 percent 
 If an urban infill project discharges to an existing hardened or rehabilitated conveyance system that 

extends beyond the “domain of analysis,” the potential for cumulative impacts in the watershed are low, 
and the ultimate receiving channel has a Low susceptibility to erosion as defined in the SCCWRP channel 
assessment tool. 

If the proposed project decreases the pre-project impervious area and peak flows to each discharge location, 
then a flow-duration analysis is implicitly not required.  If continuous simulation flow-frequency and flow 
duration curves were developed for such a scenario, the unmitigated post-project flows and durations would 
be less as compared to pre-project curves.  

Proposed exemptions for projects discharging runoff directly to the Pacific Ocean, San Diego Bay or to 
hardened conveyance systems which transport runoff directly to the Pacific Ocean or San Diego Bay are 
referred to the 2007 Municipal Permit.  Per the Permit, hardened conveyance systems can include existing 
concrete channels, storm drain systems, etc. 
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Figure 6-1.  HMP Applicability Determination 
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The Municipal Permit also contains language to support exemptions for projects located in highly urbanized 
areas where the impervious percentage exceeds 70 percent (as calculated for the sub-watershed between the 
project outfall downstream to the exempt receiving water). 
 Figure 6-1, Node 1 – Hydromodification mitigation measures are only required if the proposed project is a 

Priority Development Project. 
 Figure 6-1, Node 2 – Properly designed energy dissipation systems are required for all project outfalls to 

unlined channels.  Such systems should be designed in accordance with the County of San Diego’s 
Drainage Design Manual to ensure downstream channel protection from concentrated outfalls. 

 Figure 6-1, Nodes 3 and 4 – Projects may be exempt from hydromodification criteria if the proposed 
project reduces the pre-project impervious area and if unmitigated post-project outflows (outflows 
without detention routing) to each outlet location are less as compared to the pre-project condition.  The 
pre and post-project hydrologic analysis should be conducted for the 2 and 10-year design storms and 
follow single-event methodology set forth in the San Diego Hydrology Manual.  This scenario may apply 
to redevelopment projects in particular. 

 Figure 6-1, Node 5 – Potential exemptions may be granted for projects discharging runoff directly to an 
exempt receiving water, such as the Pacific Ocean, San Diego Bay, an exempt river system (detailed in 
Table 6-1), or an exempt reservoir system (detailed in Table 6-2).  

 Figure 6-1, Node 6 – For projects discharging runoff directly to a tidally-influenced lagoon, potential 
exemptions may also be granted.  Exemptions related to runoff discharging directly to tidally-influenced 
areas were drafted based upon precedent set in the Santa Clara HMP.  Regarding the potential exemption, 
additional analysis would be required to assess the effects of the freshwater / saltwater balance and the 
resultant effects on lagoon-system biology.  This assessment, which would be required by other permitting 
processes such as the Army Corps of Engineers, California Department of Fish and Game, etc., must be 
provided by a certified biologist or other specialist as approved by the governing municipality.  Such 
discharges would include an energy dissipation system (riprap, etc.) designed to mitigate 100-year outlet 
velocities based upon a free outfall condition.  Such a design would be protective of the channel bed and 
bank from an erosion standpoint.  

 Figure 6-1, Nodes 7 and 8 – For projects discharging runoff directly to a hardened conveyance or 
rehabilitated stream system that extends to exempt receiving waters detailed in Node 5, potential 
exemptions from hydromodification criteria may be granted.  Such hardened or rehabilitated systems 
could include existing storm drain systems, existing concrete channels, or stable engineered unlined 
channels.  To qualify for this exemption, the existing hardened or rehabilitated conveyance system must 
continue uninterrupted to the exempt system.  In other words, the hardened or rehabilitated conveyance 
system cannot discharge to an unlined, non-engineered channel segment prior to discharge to the exempt 
system.  Additionally, the project proponent must demonstrate that the hardened or rehabilitated 
conveyance system has capacity to convey the 10-year ultimate condition flow through the conveyance 
system.  The 10-year flow should be calculated based upon single-event hydrologic criteria as detailed in 
the San Diego County Hydrology Manual. 

 Figure 6-1, Node 9 – As allowed per the Municipal Permit, projects discharging runoff to a highly 
urbanized watershed (defined as an existing, pre-project impervious percentage greater than 70 percent) 
may be eligible for an exemption from hydromodification criteria.   
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Watershed impervious area calculations for this potential exemption will be measured between the project 
site discharge location and the connection to a downstream exempt receiving conveyance system, such as 
the Pacific Ocean, San Diego Bay, or an exempt river system. If a tributary area connects with the main 
line drainage path between the project site and the exempt system, then the entire watershed area 
contributing to the tributary shall be included in the calculation. Initial review of County land use indicates 
that this exemption will likely only apply in a limited number of urbanized coastal areas. 
Percent imperviousness will be calculated based on an area-weighted average of impervious areas 
associated with commercial, industrial, single-family residential, multi-family residential, open space, and 
other miscellaneous areas (schools, churches, etc.) representative for the watershed. Representative 
percent imperviousness values for each land use type may correspond to values recommended in 
Table 3-1 of the County of San Diego’s Hydrology Manual and detailed below or by more specific 
representative percent impervious calculations (using GIS, etc.), which are often required to represent 
impervious area percentages for park, school and church sites. 

 Figure 6-1, Nodes 10 through 13 – For urban infill projects discharging runoff to an existing hardened or 
rehabilitated conveyance system, potential limited exemptions from hydromodification criteria may apply 
where the existing impervious area percentage in the watershed exceeds 40 percent.  For the potential 
exemption application, the domain of analysis must be determined and the existing hardened or 
rehabilitated conveyance system must extend beyond the downstream terminus of the domain of analysis. 
The hardened or rehabilitated conveyance system must discharge to a receiving channel with a Low 
potential for channel susceptibility for this exemption to be granted (channel susceptibility determined 
using SCCWRP tool).  Finally, continuous simulation sensitivity analysis shows that an exemption could 
only be granted if the potential future development impacts in the watershed would increase the 
watershed’s impervious area percentage by less than 3 percent (as compared to the existing condition in 
the year 2010).  If the potential future cumulative impacts in the watershed could increase the impervious 
area percentage by more than 3 percent (as compared to existing condition), then no exemption could be 
granted based on this item.  Watershed impervious area calculations for this potential exemption, in which 
a project discharges to a watershed with an existing impervious areas greater than 40 percent, will be 
measured upstream from the outfall of the urban conveyance system (to a non-concrete, non-riprap-lined 
or non-engineered channel) to the contributing watershed boundary (the entire watershed contributing to 
the discharge outfall).  
Percent imperviousness will be calculated based on an area-weighted average of impervious areas 
associated with commercial, industrial, single-family residential, multi-family residential, open space, and 
other miscellaneous areas (schools, churches, etc.) representative for the watershed. Representative 
percent imperviousness values for each land use type may correspond to values recommended in Table 3-
1 of the County of San Diego’s Hydrology Manual and detailed below or by more specific representative 
percent impervious calculations (using GIS, etc.), which are often required to represent impervious area 
percentages for park, school and church sites. 

Exemptions related to runoff discharging directly to certain river reaches were initially based upon the 
majority TAC opinion that such river reaches were depositional (aggrading) and that the effects of cumulative 
watershed impacts to these reaches is minimal.  Subsequent justifications for the river reach exemptions were 
the result of a flow duration curve analysis for the San Diego River. 
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Potential river reaches that would be exempt from hydromodification criteria include only those reaches for 
which the contributing drainage area exceeds 100 square miles and which have a 100-year design flow in 
excess of 20,000 cfs.  For reference, proposed Caltrans HMP criteria allows for river/creek exemptions for 
drainage areas of only 10 square miles.  

Per recommendations from members of the TAC, San Diego river systems meeting the drainage area and 
peak flow criteria are typically aggrading (depositional) and have very wide floodplain areas when in the 
natural condition.  In all cases, river reaches meeting the drainage area and peak flow criteria are located 
downstream of large reservoir systems which effectively block outflows for most storm events.  In addition, 
the river systems meeting these criteria typically have very low gradients.  The combination of low gradients, 
significant peak flow attenuation, and wide floodplain areas translate to a low potential for channel erosion at 
the upper limit of the proposed geomorphic flow range (10-year flow event).  

The intent of the San Diego River flow duration analysis was to determine the level of cumulative watershed 
impacts that would result in a significant alteration to the San Diego River’s flow duration curve.  Both the 
Fashion Valley and Mast Boulevard USGS stream gauge stations were used to develop long-term flow 
duration curves for the San Diego River.  Data from this analysis will be used to determine exemption criteria 
for similar-sized river systems in San Diego County, since detailed long-term hourly streamflow data is not 
available for most of those rivers.  Since the findings of the sensitivity analysis are planned to be extrapolated 
to other large river systems, implementation of additional gauging stations along other major river systems is 
recommended to analyze the differences in watershed response between the major watershed systems. 

Assumptions related to the San Diego River sensitivity analysis are provided below: 
 The flow duration charts show the San Diego River flow durations, plus simulated river flows durations 

for additional development scenarios.  
 HSPF models were built to simulate converting existing undeveloped areas in the watershed into 

development with no stormwater flow controls.   
 Increasing drainage area increments were modeled.  
 To produce the ‘simulated development’ flow duration curves, the difference between developed and 

undeveloped flow duration curves was calculated for proposed hypothetical development .sites of varying 
sizes Then, the “difference hydrograph” was added to the San Diego River flow duration curve.  This 
approach was used to avoid the potential problem of double-counting areas. 

Tasks Related to Development of Flow Duration Analysis of San Diego River: 
 Acquired 15-minute stream flow data from USGS (available from 1988 to present)  
 Aggregated to 1-hour historical record  
 Computed flow duration statistics for both records and determined if there is any substantial difference 

between the records (this is a QA step that allowed for removal any high flow ‘outliers’ in the record that 
could affect the results).  

 Prepared a simple, characteristic HSPF model for the lower watershed for “existing conditions in an 
undeveloped area” – assumed Group D soils with sparse vegetation.  

 Prepared a simple, parallel HSPF model for “developed conditions”  
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 Ran both models and examined the difference between the resulting hydrographs (the hydromodification).  
A couple of different pre- and post-development models were generated to analyze the differences on a 
per unit area basis.  

 Using the “difference hydrograph” created from the model simulations, progressively added development 
and recomputed the flow duration statistics.  

 Examined the modified flow duration statistics and determined at what level of increased development the 
statistics became noticeably altered.   

Results showed that increasing levels of development, in excess of 1,000 acres assumed to occur at the same 
location as the stream gauge station, would produce a very minor influence on the river’s flow duration curve.  
These results demonstrated that certain portions of the San Diego River could be exempt from 
hydromodification requirements.  Such HMP exemptions would only be granted for projects discharging 
runoff directly to the exempt river reach. Each municipality must define “direct discharge” based on the 
project site conditions. To qualify for the potential exemption, the outlet elevation must be between the river 
bottom elevation and the 100-year floodplain elevation and properly designed energy dissipation must be 
provided  The supporting HSPF continuous modeling analysis results are summarized in a Technical Memo 
in Appendix F. 

All exempt river reaches, which are presented in Table 6-1, have drainage areas in excess of 100 square miles 
and 100-year flow rates in excess of 20,000 cfs.  In addition, all proposed river reaches are subject to 
significant upstream reservoir flow regulation, have wide floodplain or stabilized channel areas, and low 
gradients.  This combination of factors, in association with field observations and years of historical 
perspective from the TAC members, justifies exemptions for direct discharges to the exempt river reaches 
provided that properly sized energy dissipation is provided at the outfall location.  

 
Table 6-1.  Summary of Exempt River Reaches in San Diego County 

River Downstream Limit Upstream Limit 
Otay River Outfall to San Diego Bay Lower Otay Reservoir Dam 

San Diego River Outfall to Pacific Ocean Confluence with San Vicente Creek 
San Dieguito River Outfall to Pacific Ocean Lake Hodges Dam 

San Luis Rey River Outfall to Pacific Ocean 
Upstream river limit of Basin Plan 

subwatershed 903.1 upstream of Bonsall and 
near Interstate 15 

Sweetwater River Outfall to San Diego Bay Sweetwater Reservoir Dam 

 
Table 6-2 provides a summary of exempt reservoirs in San Diego County.  Large reservoirs can be exempt 
systems from a hydromodification standpoint since reservoir storm water inflow velocities are naturally 
mitigated by the significant tailwater condition in the reservoir.  HMP exemptions would only be granted for 
projects discharging runoff directly to the exempt reservoirs. Each municipality must define “direct 
discharge” based on the project site conditions. To qualify for the potential exemption, the outlet elevation of 
the conveyance system must be within (or below) the normal operating water surface elevations of the 
reservoir and properly designed energy dissipation must be provided.   
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Table 6-2.  Summary of Exempt Reservoirs in San Diego County 
Reservoir Watershed 

Barrett Lake Tijuana River 
El Capitain Reservoir San Diego River 

Lake Dixon Escondido Creek 
Lake Heneshaw San Luis Rey River 

Lake Hodges San Dieguito River 
Lake Jennings San Diego River 
Lake Murray San Diego River 
Lake Poway San Dieguito River 

Lake San Marcos San Marcos Creek 
Lake Wohlford Escondido Creek 

Loveland Reservoir Sweetwater River 
Lower Otay Reservoir Otay River 

Miramar Lake Los Penasquitos Creek 
San Vicente Reservoir San Diego River 
Sweetwater Reservoir Sweetwater River 
Upper Otay Reservoir Otay River 

The final exemption category focuses on small urban infill projects where the potential for future cumulative 
watershed impacts is minimal.  Continuous simulation models have been prepared for subwatershed areas 
containing between 40 and 70 percent existing imperviousness (as measured from the project site 
downstream to existing storm drain outfall) with the following assumptions. 

Sensitivity Analysis for Urban Watersheds: 
 Prepared HSPF models for 10-, 100-, and 500-acre watersheds with 40, 50, 60 percent imperviousness.  

Ran simulations and computed flow duration statistics for each of the urban watershed scenarios.  
 Progressively increased the level of imperviousness to simulate infill development for the 10-, 100-, 

500-acre watersheds.  
 Ran infill scenario simulations and computed flow duration statistics  
 Examined the infill flow duration statistics and determined at what level of increased development the 

statistics became noticeably altered.  

Per results of the continuous simulation modeling and analysis of the resultant flow duration curves, urban 
infill projects have a relatively minor effect on the overall watershed’s flow duration curve if the future 
cumulative additional impacts have the potential to increase the existing watershed impervious area by less 
than 3 percent.  Potential urban infill project exemptions are only considered if the existing impervious area 
percentage of the sub-watershed is at least 40 percent.  For sub-watersheds containing less than 40 percent 
existing impervious area, continuous simulation models indicated a more pronounced response to the flow 
duration curve with small urban infill developments.  
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