
                                                                     LYON ENGINEERING 
                                                                                                       Civil Engineers ● Land Surveyors 
 

 
1650 Willow Creek Road • Prescott, Arizona 86301 • Phone 928-776-1750 • Fax 928-776-0605 

 

February 7, 2018 
 
John Matta, P.E. 
Waterworks Engineers 
7500 N. Dobson Road, Suite 200 
Scottsdale, AZ 85256 
 
Re: East Sedona Water Storage Tank Floodplain Analysis 
 
Mr. Matta: 
 
Lyon Engineering has completed a floodplain analysis on the East Sedona Water Storage Tank project, which is 
located on the west side of Highway 179, near the intersection of Mallard Drive in East Sedona.  Two scenarios 
(existing and proposed conditions) were analyzed and mapped.  It was determined that the proposed grading does 
not encroach nor affect the 100-year or 50-year floodplains through the Unnamed Wash.  The existing and proposed 
floodplain limits are identical, as no channel geometry or other conditions are proposed to change within the 100-
year or 50-year floodplain limits.  Attached is the floodplain exhibit for the project. 
 
The project is located in Zone X on the effective Flood Insurance Rate Map (FIRM), Map 04005C7659G, dated 
September 3, 2010.  Zone X is defined by FEMA as an area outside the 500-year floodplain, indicating that the project 
is not in a major floodplain.  Attached is the effective FIRM indicating the project location. 
 
The floodplain analysis was completed in HEC-RAS floodplain modeling software.  Topography for the project (1’ 
contours) was provided by Waterworks Engineers in January 2018.  Cross-sections were placed relatively close 
together (60-80 feet apart) to determine the most accurate floodplain limits.  Both the 100-year (240 cfs) and the 
50-year (190 cfs) flows were obtained from the Highway 179 ADOT plans at the upstream box culvert. 
 
There were no ineffective flow areas, no obstructions, and no culverts/bridges necessary to input throughout the 
reach.  All topography and calculations are completed on vertical datum NAVD 1988.  Manning’s roughness values 
for the modeling ranged from 0.040 in the main channel to 0.050 in locations with more vegetation.  The models 
were run in a subcritical flow regime, resulting in the highest and most conservative water surface elevations (WSEs).  
The required downstream boundary conditions were input as known WSEs, obtained from the attached 
CulvertMaster and FlowMaster calculation worksheets for the existing driveway crossing at the downstream 
boundary.  It is also verified in CulvertMaster that the upstream (Highway 179) box culvert outlet depths are similar 
to the calculated flow depths at the most upstream cross-section. 
 
Attached are the existing and proposed HEC-RAS profile and cross-section results.  As stated above, it was 
determined that the proposed grading does not encroach nor affect the 100-year OR 50-year floodplains through 
the Unnamed Wash.  See the attached comparison tables on the following page. 
 
Respectfully Submitted, 
 
Brian A. Bucholtz, P.E., CFM 
Floodplain Manager 
Project Engineer 
brianbucholtz@lyonengineering.com 
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100-Year Floodplain Results 
Cross-Section Existing WSE Proposed WSE Difference (ft) 

1000.00 4167.72 4167.72 0.00 
1081.47 4167.72 4167.72 0.00 
1155.75 4169.03 4169.03 0.00 
1229.31 4170.81 4170.81 0.00 
1308.24 4173.86 4173.86 0.00 
1366.36 4176.75 4176.75 0.00 
1440.65 4180.75 4180.75 0.00 

 
50-Year Floodplain Results 

Cross-Section Existing WSE Proposed WSE Difference (ft) 
1000.00 4167.17 4167.17 0.00 
1081.47 4167.17 4167.17 0.00 
1155.75 4168.83 4168.83 0.00 
1229.31 4170.62 4170.62 0.00 
1308.24 4173.66 4173.66 0.00 
1366.36 4176.56 4176.56 0.00 
1440.65 4180.56 4180.56 0.00 

 



 

 

 

 

 

 

 

Effective FIRM 

  



CFM
Oval



 
 
 
 
 
 
 

CulvertMaster and FlowMaster 
Calculation Worksheets 

  



Culvert Calculator Report

Driveway Culverts - 100-Year

Title: East Sedona Tank

g:\...\drainage\culvertmaster\east sedona tank.cvm

02/07/18  12:39:48 PM

Lyon Engineering

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Brian A. Bucholtz, P.E., CFM

CulvertMaster v3.3 [03.03.00.04]

Page 1 of 1

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 4,167.72 ft Headwater Depth/Height 2.44

Computed Headwater Elevation4,167.72 ft Discharge 118.15 cfs

Inlet Control HW Elev. 4,167.72 ft Tailwater Elevation 0.00 ft

Outlet Control HW Elev. 4,166.38 ft Control Type Inlet Control

Grades

Upstream Invert 4,161.00 ft Downstream Invert 4,160.00 ft

Length 25.00 ft Constructed Slope 4.00 %

Hydraulic Profile

Profile S2 Depth, Downstream 2.35 ft

Slope Type Steep Normal Depth 2.34 ft

Flow Regime Supercritical Critical Depth 2.48 ft

Velocity Downstream 10.93 ft/s Critical Slope 3.74 %

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.75 ft

Section Size 33 inch Rise 2.75 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 4,166.38 ft Upstream Velocity Head 1.71 ft

Ke 0.70 Entrance Loss 1.20 ft

Inlet Control Properties

Inlet Control HW Elev. 4,167.72 ft Flow Control Submerged

Inlet Type Mitered to slope Area Full 11.9 ft²

K 0.02100 HDS 5 Chart 2

M 1.33000 HDS 5 Scale 2

C 0.04630 Equation Form 1

Y 0.75000



Project Description

Solve For Discharge

Input Data

Headwater Elevation 4167.72 ft

Crest Elevation 4165.50 ft

Tailwater Elevation 4164.00 ft

Crest Surface Type Paved

Crest Breadth 1.50 ft

Crest Length 12.00 ft

Results

Discharge 122.53 ft³/s

Headwater Height Above Crest 2.22 ft

Tailwater Height Above Crest -1.50 ft

Weir Coefficient 3.09 US

Submergence Factor 1.00

Adjusted Weir Coefficient 3.09 US

Flow Area 26.64 ft²

Velocity 4.60 ft/s

Wetted Perimeter 16.44 ft

Top Width 12.00 ft

Worksheet for Driveway Weir - 100-Year

2/7/2018 12:42:16 PM

Bentley Systems, Inc. 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



Culvert Calculator Report

Driveway Culverts - 50-Year

Title: East Sedona Tank

g:\...\drainage\culvertmaster\east sedona tank.cvm

02/07/18  12:40:27 PM

Lyon Engineering

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Brian A. Bucholtz, P.E., CFM

CulvertMaster v3.3 [03.03.00.04]

Page 1 of 1

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 4,167.17 ft Headwater Depth/Height 2.24

Computed Headwater Elevation4,167.17 ft Discharge 110.83 cfs

Inlet Control HW Elev. 4,167.17 ft Tailwater Elevation 0.00 ft

Outlet Control HW Elev. 4,166.07 ft Control Type Inlet Control

Grades

Upstream Invert 4,161.00 ft Downstream Invert 4,160.00 ft

Length 25.00 ft Constructed Slope 4.00 %

Hydraulic Profile

Profile S2 Depth, Downstream 2.20 ft

Slope Type Steep Normal Depth 2.18 ft

Flow Regime Supercritical Critical Depth 2.42 ft

Velocity Downstream 10.87 ft/s Critical Slope 3.36 %

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 2.75 ft

Section Size 33 inch Rise 2.75 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 4,166.07 ft Upstream Velocity Head 1.55 ft

Ke 0.70 Entrance Loss 1.09 ft

Inlet Control Properties

Inlet Control HW Elev. 4,167.17 ft Flow Control Submerged

Inlet Type Mitered to slope Area Full 11.9 ft²

K 0.02100 HDS 5 Chart 2

M 1.33000 HDS 5 Scale 2

C 0.04630 Equation Form 1

Y 0.75000



Project Description

Solve For Discharge

Input Data

Headwater Elevation 4167.17 ft

Crest Elevation 4165.50 ft

Tailwater Elevation 4164.00 ft

Crest Surface Type Paved

Crest Breadth 1.50 ft

Crest Length 12.00 ft

Results

Discharge 79.95 ft³/s

Headwater Height Above Crest 1.67 ft

Tailwater Height Above Crest -1.50 ft

Weir Coefficient 3.09 US

Submergence Factor 1.00

Adjusted Weir Coefficient 3.09 US

Flow Area 20.04 ft²

Velocity 3.99 ft/s

Wetted Perimeter 15.34 ft

Top Width 12.00 ft

Worksheet for Driveway Weir - 50-Year

2/7/2018 12:42:47 PM

Bentley Systems, Inc. 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



Culvert Calculator Report

Highway 179 Box - 100-Year

Title: East Sedona Tank

g:\...\drainage\culvertmaster\east sedona tank.cvm

02/07/18  12:40:59 PM

Lyon Engineering

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Brian A. Bucholtz, P.E., CFM

CulvertMaster v3.3 [03.03.00.04]

Page 1 of 1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 4,193.00 ft Headwater Depth/Height 0.41

Computed Headwater Elevation4,184.45 ft Discharge 240.00 cfs

Inlet Control HW Elev. 4,184.06 ft Tailwater Elevation 0.00 ft

Outlet Control HW Elev. 4,184.45 ft Control Type Entrance Control

Grades

Upstream Invert 4,180.40 ft Downstream Invert 4,178.40 ft

Length 85.00 ft Constructed Slope 2.35 %

Hydraulic Profile

Profile S2 Depth, Downstream 1.37 ft

Slope Type Steep Normal Depth 1.16 ft

Flow Regime Supercritical Critical Depth 2.32 ft

Velocity Downstream 14.56 ft/s Critical Slope 0.29 %

Section

Section Shape Box Mannings Coefficient 0.013

Section Material Concrete Span 12.00 ft

Section Size 12 x 10 ft Rise 10.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 4,184.45 ft Upstream Velocity Head 1.16 ft

Ke 0.50 Entrance Loss 0.58 ft

Inlet Control Properties

Inlet Control HW Elev. 4,184.06 ft Flow Control N/A

Inlet Type45° non-offset wingwall flares Area Full 120.0 ft²

K 0.49700 HDS 5 Chart 12

M 0.66700 HDS 5 Scale 1

C 0.03390 Equation Form 2

Y 0.80300



Culvert Calculator Report

Highway 179 Box - 50-Year

Title: East Sedona Tank

g:\...\drainage\culvertmaster\east sedona tank.cvm

02/07/18  12:41:23 PM

Lyon Engineering

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Brian A. Bucholtz, P.E., CFM

CulvertMaster v3.3 [03.03.00.04]

Page 1 of 1

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 4,193.00 ft Headwater Depth/Height 0.35

Computed Headwater Elevation4,183.87 ft Discharge 190.00 cfs

Inlet Control HW Elev. 4,183.53 ft Tailwater Elevation 0.00 ft

Outlet Control HW Elev. 4,183.87 ft Control Type Entrance Control

Grades

Upstream Invert 4,180.40 ft Downstream Invert 4,178.40 ft

Length 85.00 ft Constructed Slope 2.35 %

Hydraulic Profile

Profile S2 Depth, Downstream 1.15 ft

Slope Type Steep Normal Depth 1.00 ft

Flow Regime Supercritical Critical Depth 1.98 ft

Velocity Downstream 13.77 ft/s Critical Slope 0.29 %

Section

Section Shape Box Mannings Coefficient 0.013

Section Material Concrete Span 12.00 ft

Section Size 12 x 10 ft Rise 10.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 4,183.87 ft Upstream Velocity Head 0.99 ft

Ke 0.50 Entrance Loss 0.50 ft

Inlet Control Properties

Inlet Control HW Elev. 4,183.53 ft Flow Control N/A

Inlet Type45° non-offset wingwall flares Area Full 120.0 ft²

K 0.49700 HDS 5 Chart 12

M 0.66700 HDS 5 Scale 1

C 0.03390 Equation Form 2

Y 0.80300



 

 

 

 

 

 

 

Existing HEC-RAS 

Profile and Cross-Section Results 

  



  

HEC-RAS  Plan: Default Scenario   River: Unnamed   Reach: Unnamed

Reach River Sta 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)  

Unnamed 1000.00 240.00 4162.00 4167.72 4163.90 4167.74 0.000122 1.24 271.89 87.27 0.10

Unnamed 1000.00 190.00 4162.00 4167.17 4163.69 4167.19 0.000121 1.15 226.32 78.35 0.09

Unnamed 1081.47 240.00 4165.00 4167.43 4167.27 4167.91 0.010906 6.12 50.64 42.99 0.76

Unnamed 1081.47 190.00 4165.00 4167.05 4167.05 4167.62 0.016042 6.44 35.77 35.26 0.89

Unnamed 1155.75 240.00 4167.00 4169.03 4169.03 4169.64 0.016994 6.56 42.56 39.45 0.92

Unnamed 1155.75 190.00 4167.00 4168.83 4168.83 4169.38 0.017936 6.15 34.87 35.66 0.92

Unnamed 1229.31 240.00 4169.00 4170.81 4170.81 4171.38 0.018677 6.20 42.36 41.20 0.94

Unnamed 1229.31 190.00 4169.00 4170.62 4170.62 4171.13 0.019963 5.81 34.96 37.91 0.95

Unnamed 1308.24 240.00 4172.00 4173.86 4173.86 4174.44 0.017434 6.29 42.85 41.29 0.92

Unnamed 1308.24 190.00 4172.00 4173.66 4173.66 4174.19 0.019032 5.95 34.81 37.28 0.94

Unnamed 1366.36 240.00 4175.00 4176.75 4176.75 4177.30 0.018353 6.10 43.52 44.72 0.93

Unnamed 1366.36 190.00 4175.00 4176.56 4176.56 4177.06 0.019684 5.72 35.67 40.54 0.94

Unnamed 1440.65 240.00 4179.00 4180.75 4180.75 4181.31 0.018057 6.18 43.18 43.96 0.93

Unnamed 1440.65 190.00 4179.00 4180.56 4180.56 4181.07 0.019384 5.80 35.27 39.53 0.94
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HEC-RAS Model       Plan: Default Scenario
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HEC-RAS Model       Plan: Default Scenario
River = Unnamed   Reach = Unnamed      RS = 1308.24  
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HEC-RAS Model       Plan: Default Scenario
River = Unnamed   Reach = Unnamed      RS = 1229.31  

Station (ft)

E
le

v
a
ti
o
n
 (

ft
)

Legend

WS 100-Year

WS 50-Year

Ground

Bank Sta

.05 .04 .05



 

0 20 40 60 80 100 120 140
4166

4168

4170

4172

4174

4176

HEC-RAS Model       Plan: Default Scenario
River = Unnamed   Reach = Unnamed      RS = 1155.75  
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HEC-RAS Model       Plan: Default Scenario
River = Unnamed   Reach = Unnamed      RS = 1081.47  
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Proposed HEC-RAS 

Profile and Cross-Section Results 



  

HEC-RAS  Plan: Default Scenario   River: Unnamed   Reach: Unnamed

Reach River Sta 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)  

Unnamed 1000.00 240.00 4162.00 4167.72 4163.90 4167.74 0.000122 1.24 271.89 87.27 0.10

Unnamed 1000.00 190.00 4162.00 4167.17 4163.69 4167.19 0.000121 1.15 226.32 78.35 0.09

Unnamed 1081.47 240.00 4165.00 4167.43 4167.27 4167.91 0.010906 6.12 50.64 42.99 0.76

Unnamed 1081.47 190.00 4165.00 4167.05 4167.05 4167.62 0.016042 6.44 35.77 35.26 0.89

Unnamed 1155.75 240.00 4167.00 4169.03 4169.03 4169.64 0.016994 6.56 42.56 39.45 0.92

Unnamed 1155.75 190.00 4167.00 4168.83 4168.83 4169.38 0.017936 6.15 34.87 35.66 0.92

Unnamed 1229.31 240.00 4169.00 4170.81 4170.81 4171.38 0.018677 6.20 42.36 41.20 0.94

Unnamed 1229.31 190.00 4169.00 4170.62 4170.62 4171.13 0.019963 5.81 34.96 37.91 0.95

Unnamed 1308.24 240.00 4172.00 4173.86 4173.86 4174.44 0.017434 6.29 42.85 41.29 0.92

Unnamed 1308.24 190.00 4172.00 4173.66 4173.66 4174.19 0.019032 5.95 34.81 37.28 0.94

Unnamed 1366.36 240.00 4175.00 4176.75 4176.75 4177.30 0.018353 6.10 43.52 44.72 0.93

Unnamed 1366.36 190.00 4175.00 4176.56 4176.56 4177.06 0.019684 5.72 35.67 40.54 0.94

Unnamed 1440.65 240.00 4179.00 4180.75 4180.75 4181.31 0.018057 6.18 43.18 43.96 0.93

Unnamed 1440.65 190.00 4179.00 4180.56 4180.56 4181.07 0.019384 5.80 35.27 39.53 0.94
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HEC-RAS Model       Plan: Default Scenario
River = Unnamed   Reach = Unnamed      RS = 1366.36  
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HEC-RAS Model       Plan: Default Scenario
River = Unnamed   Reach = Unnamed      RS = 1229.31  
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