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1.0 INTRODUCTION 

1.1 SCOPE  

1.2 SITE DESCRIPTION 

1.3 REGULATORY JURISDICTION  
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2.0 HYDROLOGIC SETTING 

3.0 FEMA FLOODPLAIN CLASSIFICATION 

4.0 OFF-SITE DRAINAGE 

4.1 OFF-SITE HYDROLOGY  

4.2 OFF-SITE RUNOFF BETWEEN 56TH STREET AND THE SITE 
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4.3 HEC-RAS ANALYSIS AT THE SITE 
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5.0 SUMMARY AND CONCLUSIONS 
 

1. Off-site peak flows from Cherokee Wash are conveyed through the site.  

2. No modifications or improvements are needed as the existing channel has over one foot of 

freeboard to the finished floor of the house. 

3. A proposed condition HEC-RAS model demonstrates the channel can be narrowed while 

maintaining a foot of freeboard relative to the finished floor elevation. 

4. According to the FIRM panel number 04013C1755L, Map Revised: October 16, 2013, the site is 

located within a Zone “X”. 

5. Analysis of Cherokee Wash through the site is based on generally accepted engineering 

practices and is in accordance with local jurisdictional requirements. 

6.0 REFERENCES  
[1] Town of Paradise Valley, "Storm Drain Design Manual," June, 2018. 

[2] Flood Control District of Maricopa County, "Drainage Design Manual for Maricopa County, Arizona, 
Volume I, Hydrology," December 14, 2018. 

[3] Flood Control District of Maricopa County, Arizona, "Draft Drainage Design Manual for Maricopa 
County, Volume II, Hydraulics," December 14, 2018. 

[4] Flood Control District of Maricopa County, "Drainage Policies and Standards," August 22, 2018. 

[5] Federal Emergency Management Agency (FEMA), "National Flood Insurance Program, Flood 
Insurance Rate Map, Maricopa County, Arizona and Incorporated Areas, Panel 
Numbers 04013C1755L," Revised October 16, 2013. 
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Culvert Designer/Analyzer Report
A1

Title: culvert in cherokee wash
n:\...\hydro\parcel\culvert master\project1.cvm
09/26/19  06:08:03 PM

Coe & Van Loo Consultants IncP
© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: BrandonB
CulvertMaster v3.3 [03.03.00.04]

Page 1 of 4

Analysis Component

Storm Event Design Discharge 1,813.00 cfs

Peak Discharge Method: User-Specified

Design Discharge 1,813.00 cfs Check Discharge 1,813.00 cfs

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

 Name  Description  Discharge  HW Elev.  Velocity 

Culvert-1 3-10 x 3 ft Box 870.81 cfs 6.51 ft 9.77 ft/s
Culvert-2 1-60 inch Circular 149.81 cfs 6.51 ft 10.18 ft/s
Weir Roadway 792.69 cfs 6.51 ft N/A 
Total ---------------- 1,813.32 cfs 6.51 ft N/A 
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Component:Culvert-1

Culvert Summary

Computed Headwater Eleva 6.51 ft Discharge 870.81 cfs
Inlet Control HW Elev. 6.29 ft Tailwater Elevation N/A ft
Outlet Control HW Elev. 6.51 ft Control Type Outlet Control
Headwater Depth/Height 1.84

Grades

Upstream Invert 1.00 ft Downstream Invert 0.83 ft
Length 85.00 ft Constructed Slope 0.002000 ft/ft

Hydraulic Profile

Profile CompositeM2PressureProfile Depth, Downstream 2.97 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 2.97 ft
Velocity Downstream 9.77 ft/s Critical Slope 0.003190 ft/ft

Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 10.00 ft
Section Size 10 x 3 ft Rise 3.00 ft
Number Sections 3

Outlet Control Properties

Outlet Control HW Elev. 6.51 ft Upstream Velocity Head 1.45 ft
Ke 0.50 Entrance Loss 0.73 ft

Inlet Control Properties

Inlet Control HW Elev. 6.29 ft Flow Control Submerged
Inlet Type 45° wingwall flare, d=0.0430 Area Full 90.0 ft²
K 0.51000 HDS 5 Chart 9
M 0.66700 HDS 5 Scale 1
C 0.03090 Equation Form 2
Y 0.80000
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Component:Culvert-2

Culvert Summary

Computed Headwater Eleva 6.51 ft Discharge 149.81 cfs
Inlet Control HW Elev. 6.31 ft Tailwater Elevation N/A ft
Outlet Control HW Elev. 6.51 ft Control Type Outlet Control
Headwater Depth/Height 1.10

Grades

Upstream Invert 1.00 ft Downstream Invert 0.85 ft
Length 85.00 ft Constructed Slope 0.001800 ft/ft

Hydraulic Profile

Profile M2 Depth, Downstream 3.51 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 3.51 ft
Velocity Downstream 10.18 ft/s Critical Slope 0.004689 ft/ft

Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 5.00 ft
Section Size 60 inch Rise 5.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 6.51 ft Upstream Velocity Head 1.17 ft
Ke 0.20 Entrance Loss 0.23 ft

Inlet Control Properties

Inlet Control HW Elev. 6.31 ft Flow Control Unsubmerged
Inlet Type Beveled ring, 33.7° bevels Area Full 19.6 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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Component:Weir

Hydraulic Component(s): Roadway

Discharge 792.69 cfs Allowable HW Elevation 6.51 ft
Roadway Width 38.00 ft Overtopping Coefficient 3.02 US
Low Point 2.37 ft Headwater Elevation 6.51 ft
Discharge Coefficient (Cr) 3.02 Submergence Factor (Kt) 1.00
Tailwater Elevation -9,999.00 ft

Sta (ft) Elev. (ft)

0.00 5.00
10.50 2.37
21.00 5.00
22.00 5.00
22.10 4.50
23.52 4.58
41.10 4.93
56.68 4.58
60.10 4.50
60.20 5.00
66.20 5.00
72.20 4.00
78.00 2.75
80.00 5.00



Typical Minor Arterial Section @Cherokee Wash and 56th Street
for Roadway Overtopping Analysis (see Culvert A1)

Typical Section
Sta Elev Notes
0 5.00 At wall

10.5 2.37 2:1 ditch
21 5.00
22 5.00 TOC
22.1 4.50 6" C/G
23.52 4.58 Gutter Pan
41.1 4.93 Centerline
58.68 4.58 Gutter Pan
60.1 4.50 6" C/G
60.2 5.00 TOC
66.2 5.00
72.2 4.00
78 3.00
78.1 5.00

Note:
Typical Section Sta/Elev modified
per site visit and aerial mapping.

Typical Minor Arterial per 2012 General Plan
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Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.00260 ft/ft

Normal Depth 1.10 ft

Section Definitions

Station (ft) Elevation (ft)

0+00 5.80

0+08 4.80

0+10 4.30

0+28 4.66

0+46 4.30

0+48 4.80

0+63 5.40

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 5.80) (0+63, 5.40) 0.016

Options
Current Roughness Weighted 
Method Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Discharge 159.71 ft³/s

Elevation Range 4.30 to 5.80 ft

Flow Area 42.46 ft²

Wetted Perimeter 59.98 ft

Hydraulic Radius 0.71 ft

Top Width 59.80 ft

 E Caballo Drive(A2)

9/26/2019 12:02:01 PM
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



Results

Normal Depth 1.10 ft

Critical Depth 0.98 ft

Critical Slope 0.00436 ft/ft

Velocity 3.76 ft/s

Velocity Head 0.22 ft

Specific Energy 1.32 ft

Froude Number 0.79

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 1.10 ft

Critical Depth 0.98 ft

Channel Slope 0.00260 ft/ft

Critical Slope 0.00436 ft/ft

 E Caballo Drive(A2)

9/26/2019 12:02:01 PM
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



A2 (East Caballo Drive)
Sta Elev
0 5.8
8 4.8 Edge of S/W
10 4.3
28 4.66 Centerline
46 4.3
48 4.8 Edge of S/W
63 5.4

Notes:
Section based on measurement in Google Earth
and PV typical roadway section.
Section taken at narrowest point between walls.



Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.00500 ft/ft

Normal Depth 1.69 ft

Section Definitions

Station (ft) Elevation (ft)

0+00 1341.33

0+06 1341.14

0+11 1340.93

0+14 1339.30

0+15 1338.97

0+16 1338.96

0+29 1338.86

0+35 1338.81

0+44 1339.56

0+63 1340.67

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 1341.33) (0+63, 1340.67) 0.030

Options
Current Roughness Weighted 
Method Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Discharge 205.28 ft³/s

Elevation Range 1338.81 to 1341.33 ft

Flow Area 54.30 ft²

A3

9/26/2019 12:01:43 PM
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



Results

Wetted Perimeter 48.41 ft

Hydraulic Radius 1.12 ft

Top Width 47.93 ft

Normal Depth 1.69 ft

Critical Depth 1.32 ft

Critical Slope 0.01365 ft/ft

Velocity 3.78 ft/s

Velocity Head 0.22 ft

Specific Energy 1.91 ft

Froude Number 0.63

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 1.69 ft

Critical Depth 1.32 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.01365 ft/ft

A3

9/26/2019 12:01:43 PM
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



A3
Station (ft) Elevation (ft)

0+00 1341.33
0+06 1341.14
0+11 1340.93
0+14 1339.3
0+15 1338.97
0+16 1338.96
0+29 1338.86
0+35 1338.81
0+44 1339.56
0+63 1340.67

Note:
Elevation data obtained from FCDMC
for Indian Bend Wash Mapping
on 11/2/2007



Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.00240 ft/ft

Normal Depth 0.70 ft

Section Definitions

Station (ft) Elevation (ft)

0+93 1333.66

0+94 1333.50

0+97 1333.35

1+01 1333.08

1+04 1332.96

1+12 1334.34

1+13 1334.67

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+93, 1333.66) (1+13, 1334.67) 0.030

Options
Current Roughness Weighted 
Method Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Discharge 6.87 ft³/s

Elevation Range 1332.96 to 1334.67 ft

Flow Area 5.51 ft²

Wetted Perimeter 14.96 ft

Hydraulic Radius 0.37 ft

Top Width 14.88 ft

A4

9/26/2019 12:01:28 PM
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Results

Normal Depth 0.70 ft

Critical Depth 0.47 ft

Critical Slope 0.02142 ft/ft

Velocity 1.25 ft/s

Velocity Head 0.02 ft

Specific Energy 0.72 ft

Froude Number 0.36

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 0.70 ft

Critical Depth 0.47 ft

Channel Slope 0.00240 ft/ft

Critical Slope 0.02142 ft/ft

A4

9/26/2019 12:01:28 PM
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A4
Station (ft) Elevation (ft)

0+93 1333.66
0+94 1333.5
0+97 1333.35
1+01 1333.08
1+04 1332.96
1+12 1334.34
1+13 1334.67

Note:
Elevation data obtained from FCDMC
for Indian Bend Wash Mapping
on 11/2/2007



Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.01500 ft/ft

Normal Depth 0.89 ft

Section Definitions

Station (ft) Elevation (ft)

0+00 1335.78

0+13 1335.74

0+24 1335.68

0+26 1335.66

0+37 1335.60

0+47 1335.53

0+53 1335.18

0+61 1335.13

0+74 1335.04

0+80 1334.40

0+80 1334.40

0+80 1334.40

0+87 1334.85

0+92 1335.34

0+98 1335.31

1+02 1335.29

1+09 1335.29

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+00, 1335.78) (1+09, 1335.29) 0.030

Options
Current Roughness Weighted 
Method Pavlovskii's Method

A5
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Options

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Discharge 37.76 ft³/s

Elevation Range 1334.40 to 1335.78 ft

Flow Area 13.19 ft²

Wetted Perimeter 40.66 ft

Hydraulic Radius 0.32 ft

Top Width 40.58 ft

Normal Depth 0.89 ft

Critical Depth 0.86 ft

Critical Slope 0.01957 ft/ft

Velocity 2.86 ft/s

Velocity Head 0.13 ft

Specific Energy 1.02 ft

Froude Number 0.89

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 0.89 ft

Critical Depth 0.86 ft

Channel Slope 0.01500 ft/ft

Critical Slope 0.01957 ft/ft

A5
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A5
Station (ft) Elevation (ft)

0+00 1335.78
0+13 1335.74
0+24 1335.68
0+26 1335.66
0+37 1335.6
0+47 1335.53
0+53 1335.18
0+61 1335.13
0+74 1335.04
0+80 1334.4
0+80 1334.4
0+80 1334.4
0+87 1334.85
0+92 1335.34
0+98 1335.31
1+02 1335.29
1+09 1335.29

Note:
Elevation data obtained from FCDMC
for Indian Bend Wash Mapping
on 11/2/2007



Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.00350 ft/ft

Normal Depth 1.02 ft

Section Definitions

Station (ft) Elevation (ft)

0+16 1345.08

0+17 1345.08

0+24 1344.90

0+27 1344.46

0+29 1344.18

0+31 1343.96

0+36 1343.44

0+54 1343.42

0+65 1343.42

0+65 1343.77

0+67 1343.79

0+80 1343.51

0+85 1343.12

0+87 1342.92

0+89 1342.92

0+96 1342.95

1+14 1343.67

1+15 1343.69

1+16 1343.70

1+43 1343.94

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient

(0+16, 1345.08) (1+43, 1343.94) 0.030

A6
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Options
Current Roughness Weighted 
Method Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Discharge 84.06 ft³/s

Elevation Range 1342.92 to 1345.08 ft

Flow Area 49.50 ft²

Wetted Perimeter 112.19 ft

Hydraulic Radius 0.44 ft

Top Width 112.00 ft

Normal Depth 1.02 ft

Critical Depth 0.77 ft

Critical Slope 0.01882 ft/ft

Velocity 1.70 ft/s

Velocity Head 0.04 ft

Specific Energy 1.07 ft

Froude Number 0.45

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 1.02 ft

Critical Depth 0.77 ft

Channel Slope 0.00350 ft/ft

Critical Slope 0.01882 ft/ft

A6

9/26/2019 11:59:53 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



A6
Station (ft) Elevation (ft)

0+16 1345.08
0+17 1345.08
0+24 1344.9
0+27 1344.46
0+29 1344.18
0+31 1343.96
0+36 1343.44
0+54 1343.42
0+65 1343.42
0+65 1343.77
0+67 1343.79
0+80 1343.51
0+85 1343.12
0+87 1342.92
0+89 1342.92
0+96 1342.95
1+14 1343.67
1+15 1343.69
1+16 1343.7
1+43 1343.94

Note:
Elevation data obtained from FCDMC
for Indian Bend Wash Mapping
on 11/2/2007
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HEC-RAS  Plan: Proposed   River: Cherokee Wash   Reach: Cherokee Wash    Profile: 100YR
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Cherokee Wash 1378    100YR 378.00 1324.27 1328.29 1328.72 0.001643 5.25 76.52 44.18 0.55
Cherokee Wash 1333    100YR 378.00 1323.83 1328.34 1327.01 1328.58 0.001100 3.96 95.34 41.34 0.45
Cherokee Wash 1283    100YR 378.00 1323.61 1328.31 1328.54 0.001008 3.85 98.20 39.68 0.43
Cherokee Wash 1234    100YR 378.00 1323.55 1328.28 1328.49 0.000837 3.64 103.73 39.52 0.40
Cherokee Wash 1185    100YR 378.00 1323.53 1328.22 1328.44 0.000946 3.79 99.70 39.20 0.42
Cherokee Wash 1137    100YR 378.00 1323.62 1328.17 1328.40 0.001012 3.86 98.00 39.58 0.43
Cherokee Wash 1088    100YR 378.00 1323.39 1328.18 1328.34 0.000591 3.26 124.72 54.64 0.34
Cherokee Wash 1037    100YR 378.00 1323.54 1328.15 1328.31 0.000526 3.24 122.73 43.84 0.33
Cherokee Wash 1000    100YR 378.00 1323.55 1327.85 1327.20 1328.25 0.001901 5.18 80.08 43.53 0.59





Plate 1 - Drainage Map

A1 - Roadway Overtopping
Inflow = 1,813 cfs (see Appendix A)
Overtopping = 792 cfs
Flow in 60" Pipe = 150 cfs
Remaining flow in Cherokee Wash = 871 cfs

A4

A3 - Flowsplit = 205 cfs
A6 - Flowsplit = 84 cfs

A5

A2 (E Caballo Drive) - Flowsplit = 159 cfs

Notes:
Flow patterning shown in blues are from LIBW ADMS 2D North Model used to
assess potential flow split locations.  Peak flows from this model were not used
in the calculations (see Appendix A).

Flow direction is generally from west to east and southwest to northeast.

Cross-section elevation data taken from LIBW ADMS mapping except A1 and
A2 (which were adapted from typical roadway sections for Minor Arterial and
Residential Street for Town of PV (see Appendices B & C).

A4 & A5 - Flowsplit = 7 + 38 = 45 cfs

Total Flow at 6101 East
Caballo Drive = 378 cfs
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