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INTRODUCTION  

Montezuma Castle National Monument (MCNM) is a National Monument under National Park Service 

jurisdiction. The site is known for the cliff dwellings and is also known for the large amount of rooms 

within the dwelling. The site is used for educational and destination visits from local residents and 

tourists. The site is located 5 miles north from the City of Camp Verde and is located along Beaver Creek. 

The access to the site is on a single two lane road that comes from the east and south into the current 

parking lot. National Park Services is proposing a new parking lot to the south of the current drive and 

parking lot. Site improvements for this project will include a new parking lot, picnic area, sidewalks and 

water mitigation.  

This site currently drains to the south and west and is channeled into Beaver Creek. The hydrology 

basins are smaller than 200 acres and the existing structures show no sign of lack of efficiency. The 

proposed drainage will follow the existing drainage patterns.  

This project site is located within Zone X of FEMA FIRM Map #04025C2180H effective October 16, 2015. 

Zone X is described as areas determined to be outside the 0.2% annual chance floodplain. The FEMA 

map is provided in Appendix A.  

OBJECTIVE  

The objective of this drainage report is to determine the impact the proposed parking lot will have on 

the runoff characteristics of the site. Mitigation measures will be provided for adverse impacts to the 

runoff conditions per the Federal Highway Administration Urban Design Manual (FHAUDM).  

PROCEDURE 

The Rational Method was used to determine peak discharge rates for the pre and post-development 

conditions. Topographic and boundary information was provided by Yavapai County Geographic 

Information Systems, dated in 2014, were used for analysis. Rainfall data was taken from National 

Oceanic and Atmospheric Administration (NOAA) Atlas 14. Soil information was taken from the NRCS 

Web Soil Survey website and is provided in Appendix B. The site plan was prepared by Multicultural 

Technical Engineers (MTE) and was used to determine the additional impervious areas proposed with 

the development. Appendix C includes a drainage exhibit which illustrates the drainage patterns and 

proposed site improvements.  

Pre-Development Conditions 

The existing runoff is concentrated through two concentration points. Drainage Basin A (DB-A) is located 

north of the access road and is approximately 5 acres. Concentration Point A (CP-A) is concentrated 

through a 15 inch CSP culvert (N/S) that crosses the access road (E/W) and flows in an unimproved 

channel Beaver Creek to the southwest. This has provided a natural stream to form and deposit water in 

a low sloped ground where the channel disappears and allows the water to seep into the ground prior to 

reaching Beaver Creek. Drainage Basin B  (DB-B) is located south of the access road and is approximately 
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8 acres and at (CP-B) sheet flows and natural channels to Beaver Creek to the southwest. There is no 

defined channel to Beaver Creek but the existing topography shows that the water flows to it. Both of 

these basins and points were used to determine the pre-development peak flow rates.  

There is no evidence that runoff from the most upper part of the basin reaches Beaver Creek. This was 

determined by extensive topography review and a site walk. There was also no evidence that the 

existing infrastructure was underperforming or required maintenance.  

Post-Development Conditions 

The drainage will not change within the existing parking lot with the proposed picnic area because the 

addition of sidewalk is minimal considered the overall size of the drainage basin and will be mitigated 

through the addition of landscape and proper grading. 

The proposed site grading in the post-development condition will not change the size of either drainage 

basins. DB-A will be unchanged in size and in surface types. DB-B will be unchanged in size but will have 

an increase in impervious area due to the addition of a parking lot with associated sidewalks.  The 

overall post-development peak runoff will be increased due to the addition of impervious area with no 

change in the overall drainage base size.  

DB-A is routed under the access road via CSP and will be routed through DB-B with an open channel to 

Beaver Creek. The open channel will include the runoff from DB-A and DB-B.  

The FHWA Urban Design Manual does not specify when a detention basin is required.  If Yavapai County 

Drainage requirements were to be followed, a detention basin would be required.  At a minimum MTE 

recommends providing a Low Impact Detention Basin to treat the first flush in order to remove 

pollutants prior to the runoff entering Beaver Creek.  A conceptual detention basin has been designed 

and is detailed on the construction plans.  The detention basin analysis is included in the Appendix D. 

As stated above a detention basin will be recommended for implementation. Computer software was 

used to analyze the pre- and post-condition runoff. A modified rational method was used with a user 

defined IDF Table provided by NOAA. The software takes the pre-development site and compares it the 

post-development site once asphalt was added and determines the total volume is needed to be stored. 

RESULTS  

Multicultural Technical Engineers used the Rational Method provided from the design manual to 

calculate total runoff in DB-A and DB-B. The Rational Method was used because each Drainage Basin 

meets the requirements provided by the FHAUDM.  

Pre-Development Conditions 

DB-A has a net area of 5.51 acres. The Weighted C was calculated by taking the area (4.89 acres) of 

natural landscape (C = 0.3) and the area (0.62 acres) of impervious area (C = 0.95) and giving a weighted 

average of 0.373 because there is significantly more natural landscape than impervious area. The flow 



5 | P a g e  
 

from DB-A for the 100-year storm is 7.80 CFS. When analyzing CP-A the use of CulvertMaster was used. 

With a flow of 7.80 CFS through a 15 inch corrugated steel pipe (CSP) provides an exit velocity of 13.3 

FPS. The velocity exiting the CSP is significant and is considered to be an extreme scour velocity that has 

the potential of destroying landscaping and property. 

DB-B has a net area of 12.98 acres. The Weighted C was calculated by taking the area (12.73 acres) of 

natural landscape (C = 0.3) and the area (0.25 acres) of impervious area (C = 0.95) and giving a weighted 

average of 0.31 because there is significantly more natural landscape than impervious area. The flow 

from DB-B for the 100-year storm is 5.30 CFS. 

Post-Development Conditions 

DB-A did not change in size or in surface types. The amount of flow through CP-A is 7.80 CFS with a 

velocity of 13.3 FPS.  

DB-B did not change in size but there was an increase of impervious area by 1.45 acres. Using the 

Rational Method again the net flow with additional impervious area is increased to 7.00 CFS.  

DB-A and DB-B will be drained into a single open channel and discharged through CP-B at Beaver Creek. 

FlowMaster was used to determine the normal depth and velocity of the channel. In Appendix C 

includes the generated reports for each section of the channel including the culvert. The amount of 

freeboard through the channel is 1 to 3 feet. The depth is between 0.28 and .9 feet. The velocities are 

between 10.66 to 3.0 FPS. The channel flow was increased from 7.8 CFS to 10.8 CFS as the channel 

moves southeast to Beaver Creek to accommodate the additional drainage area DB-B provides. 

The proposed parking lot will be graded to drain to the open channel. There are locations where water 

will be graded to drain within proposed green spaces to help alleviate the amount of runoff to the 

channel but the channel will be designed to accommodate the entire design flow. The green spaces will 

include existing vegetation or vegetation the client believes will survive. Refer to the landscape plan, 

prepared by others, for plant specifications/ locations and types for the area of the green spaces.  

A detention basin was determine to have a total storage of 0.184 acre-ft (~8000 ft^3). This storage is 

approximately 3 large swimming pools. The detention basin will take place to the south of the parking 

lot and be routed to the proposed channel.  

CONCLUSION 

The peak discharge for the 100-year storm event were determined for the proposed parking lot site for 

both the pre- and post-development conditions. The proposed lot has been designed to discharge runoff 

into the proposed channel, into the proposed detention basin, and then into Beaver Creek. The design 

concepts in this report will ensure that the drainage integrity of the site is sustained with proper 

maintenance activity. The proposed drainage plan provides a low maintenance system but may require 

clearing large debris and any grass/ shrubs inside the channel and parking lot basins. Refer to the 

construction plans by MTE for grades, locations, and notes of design. 
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REFERENCES 

https://msc.fema.gov/portal/search?AddressQuery=montezuma%20castle%20national%20monument#

searchresultsanchor 

Soil Map: 

https://www.nps.gov/im/sodn/images/soilmapMOCA_1.png?maxwidth=650&autorotate=false 

Geology info: 

https://www.nps.gov/im/sodn/moca.htm 
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FEMA Floodplain Map  
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Soil Map—Beaver Creek Area, Arizona
(Montezuma Castle National Monument)
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

Gu Guest clay 5.7 90.1%

Re Retriever loam 0.6 9.9%

Totals for Area of Interest 6.3 100.0%

Soil Map—Beaver Creek Area, Arizona Montezuma Castle National 
Monument

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

2/28/2018
Page 3 of 3
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FlowMaster Channel Analysis 

 

  



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 46.5000 %

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Bottom Width 2.00 ft

Discharge 7.80 ft³/s

Results

Normal Depth 0.28 ft

Flow Area 0.73 ft²

Wetted Perimeter 3.27 ft

Hydraulic Radius 0.22 ft

Top Width 3.14 ft

Critical Depth 0.63 ft

Critical Slope 0.02530 ft/ft

Velocity 10.66 ft/s

Velocity Head 1.77 ft

Specific Energy 2.05 ft

Froude Number 3.89

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 0.28 ft

Critical Depth 0.63 ft

Channel Slope 46.5000 %

Worksheet for 00+00.00 to 00+10.00

3/26/2018 4:59:41 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



Worksheet for 00+00.00 to 00+10.00
GVF Output Data

Critical Slope 0.02530 ft/ft

3/26/2018 4:59:41 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



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 13.2600 %

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Bottom Width 2.00 ft

Discharge 7.80 ft³/s

Results

Normal Depth 0.40 ft

Flow Area 1.13 ft²

Wetted Perimeter 3.80 ft

Hydraulic Radius 0.30 ft

Top Width 3.61 ft

Critical Depth 0.63 ft

Critical Slope 0.02530 ft/ft

Velocity 6.89 ft/s

Velocity Head 0.74 ft

Specific Energy 1.14 ft

Froude Number 2.17

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 0.40 ft

Critical Depth 0.63 ft

Channel Slope 13.2600 %

Worksheet for 00+10.00 to 00+51.85

3/26/2018 5:00:59 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



Worksheet for 00+10.00 to 00+51.85
GVF Output Data

Critical Slope 0.02530 ft/ft

3/26/2018 5:00:59 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



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 6.1900 %

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Bottom Width 2.00 ft

Discharge 10.80 ft³/s

Results

Normal Depth 0.59 ft

Flow Area 1.87 ft²

Wetted Perimeter 4.63 ft

Hydraulic Radius 0.40 ft

Top Width 4.36 ft

Critical Depth 0.75 ft

Critical Slope 0.02424 ft/ft

Velocity 5.77 ft/s

Velocity Head 0.52 ft

Specific Energy 1.11 ft

Froude Number 1.55

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 0.59 ft

Critical Depth 0.75 ft

Channel Slope 6.1900 %

Worksheet for 00+51.85 to 02+46.70

3/26/2018 5:01:30 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



Worksheet for 00+51.85 to 02+46.70
GVF Output Data

Critical Slope 0.02424 ft/ft

3/26/2018 5:01:30 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



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 2.7100 %

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Bottom Width 2.00 ft

Discharge 10.80 ft³/s

Results

Normal Depth 0.73 ft

Flow Area 2.52 ft²

Wetted Perimeter 5.26 ft

Hydraulic Radius 0.48 ft

Top Width 4.92 ft

Critical Depth 0.75 ft

Critical Slope 0.02424 ft/ft

Velocity 4.28 ft/s

Velocity Head 0.28 ft

Specific Energy 1.01 ft

Froude Number 1.05

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 0.73 ft

Critical Depth 0.75 ft

Channel Slope 2.7100 %

Worksheet for 02+46.70 to 05+19.98

3/26/2018 5:01:47 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



Worksheet for 02+46.70 to 05+19.98
GVF Output Data

Critical Slope 0.02424 ft/ft

3/26/2018 5:01:47 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



Culvert Designer/Analyzer Report
Under Maintenance Road

Title: Montezuma Castle National Monument
i:\...\h & h\culvertmaster\mcnm.cvm
03/26/18  05:19:41 PM

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

Project Engineer: Jacob Robinsin
CulvertMaster Academic v3.3 [03.03.00.04]

Page 1 of 2

Analysis Component

Storm Event Design Discharge 10.80 cfs

Peak Discharge Method: User-Specified

Design Discharge 10.80 cfs Check Discharge 7.80 cfs

Tailwater properties: Trapezoidal Channel

Tailwater conditions for Design Storm.

Discharge 10.80 cfs Bottom Elevation 0.00 ft

Depth 0.66 ft Velocity 3.09 ft/s

 Name  Description  Discharge  HW Elev.  Velocity 

Culvert-1 2-18 inch Circular 10.80 cfs 1.34 ft 3.06 ft/s

Weir Not Considered N/A N/A N/A 

jjr286
Text Box
05+19.98 to 05+49.98



Culvert Designer/Analyzer Report
Under Maintenance Road

Title: Montezuma Castle National Monument
i:\...\h & h\culvertmaster\mcnm.cvm
03/26/18  05:19:41 PM

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

Project Engineer: Jacob Robinsin
CulvertMaster Academic v3.3 [03.03.00.04]

Page 2 of 2

Component:Culvert-1

Culvert Summary

Computed Headwater Eleva 1.34 ft Discharge 10.80 cfs

Inlet Control HW Elev. 1.27 ft Tailwater Elevation 0.66 ft

Outlet Control HW Elev. 1.34 ft Control Type Entrance Control

Headwater Depth/Height 0.90

Grades

Upstream Invert 0.00 ft Downstream Invert -1.50 ft

Length 30.00 ft Constructed Slope 5.0000 %

Hydraulic Profile

Profile CompositePressureProfileS1S2 Depth, Downstream 2.16 ft

Slope Type N/A Normal Depth 0.47 ft

Flow Regime N/A Critical Depth 0.90 ft

Velocity Downstream 3.06 ft/s Critical Slope 0.5064 %

Section

Section Shape Circular Mannings Coefficient 0.012

Section MaterialCorrugated HDPE (Smooth Interior) Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 1.34 ft Upstream Velocity Head 0.37 ft

Ke 0.20 Entrance Loss 0.07 ft

Inlet Control Properties

Inlet Control HW Elev. 1.27 ft Flow Control N/A

Inlet Type Groove end projecting Area Full 3.5 ft²

K 0.00450 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 3

C 0.03170 Equation Form 1

Y 0.69000

jjr286
Text Box
05+19.98 to 05+49.98



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.035

Channel Slope 3.3800 %

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Bottom Width 2.00 ft

Discharge 10.80 ft³/s

Results

Normal Depth 0.69 ft

Flow Area 2.33 ft²

Wetted Perimeter 5.08 ft

Hydraulic Radius 0.46 ft

Top Width 4.76 ft

Critical Depth 0.75 ft

Critical Slope 0.02424 ft/ft

Velocity 4.64 ft/s

Velocity Head 0.33 ft

Specific Energy 1.02 ft

Froude Number 1.17

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 0.69 ft

Critical Depth 0.75 ft

Channel Slope 3.3800 %

Worksheet for 05+49.98 to 07+05.00

3/26/2018 5:02:01 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



Worksheet for 05+49.98 to 07+05.00
GVF Output Data

Critical Slope 0.02424 ft/ft

3/26/2018 5:02:01 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
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Bentley PondPack – Detention Basin Analysis 

  



Licensed for Academic Use Only
Scenario Calculation Summary

Scenario Summary

1ID
Pre-Development 100 YearLabel

Notes
Pre-Development Active TopologyActive Topology
Pre-Development HydrologyHydrology
100 YearRainfall Runoff
Pre-Development PhysicalPhysical
Pre-Development Initial ConditionInitial Condition
Pre-Development Boundary ConditionBoundary Condition
Pre-Development Infiltration and InflowInfiltration and Inflow
Pre-Development OutputOutput
Pre-Development User Data ExtensionsUser Data Extensions
Base Calculation OptionsPondPack Engine Calculation Options

Output Summary

hours0.050Output Increment hours24.000Duration

Rainfall Summary

100Return Event Tag I-D-F StormRainfall Type
in(N/A)Total Depth User Defined 

IDF Table - 1 
- 100 Year

Storm Event

Modified Rational Method Grand Summary

Volume 
(Storage)

(ac-ft)

Volume 
(inflow)
(ac-ft)

Flow 
(Allowable)

(ft³/s)

Flow (Peak)
(ft³/s)

Intensity
(in/h)

Duration
(hours)

Adjusted C 
Coefficient

Area
(acres)

Frequency
(years)

0.1040.2375.279.055.1590.3170.8702.000100

Executive Summary (Nodes)

Maximum 
Pond 

Storage
(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to 
Peak

(hours)

Hydrograph 
Volume
(ac-ft)

TruncationReturn 
Event

(years)

ScenarioLabel

(N/A)(N/A)9.050.1000.232None100Pre-
Developme
nt 100 Year

DB-B

(N/A)(N/A)9.050.1000.232None100Pre-
Developme
nt 100 Year

O-1

Executive Summary (Links)

Node Flow 
Direction

End PointPeak Flow
(ft³/s)

Peak Time
(hours)

Hydrograph 
Volume
(ac-ft)

LocationTypeLabel

Licensed for Academic Use Only

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-16664/13/2018

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution 
CenterMCNM-1.ppc
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Modified Rational Method 

  



Flow Segment
Length 

(ft)

Beginning 

Elevation (ft)

End 

Elevation (ft)
Slope (ft/ft)

Manning's 

Coefficient 

(n)

Sheet Flow 145 3320.43 3300.00 0.14089655 0.2

Shallow 

Channel 876 3300.00 3228.50 0.081621

Channel Analysis

Units/ 

Location 

Found

V 13.501 Ft/s

K_u 1.49 Known

n 0.02 Table 3-4

R 0.45 ---> 1.5 in Feet

S 0.0952 From Topo

T_t3 0.6 Minute(s)

L 450 From Topo

Shallow Flow Analysis

V 0.2258 ft/s

K_u 3.28 Given

k 0.46 Table 3-3

S_p 15% %, Topo

T_t2 6.6425 Minutes

L 90

3.2.2.3 FHA Code Book

Sheet Flow Equ 3-3

Tsf 11.119 Minutes

K_u 0.933 Given

I 2.03 in/hr (NOAA) 50Y1HR

n 0.2 Table 3-2

L 215 ft,Topo

S 0.186 ft/ft, Topo

Total, Tc 18.3 Minutes

None - Straight into Roadside Channel

4

jjr286
Text Box
North Watershed into Proposed Lot



Weighted C 0.373 /

I_10Y30M 2.21

I_25Y30M 2.78

I_50Y30M 3.26

I_100Y30M 3.78

Area 5.51 acres

K_u 1
Unit 

adjustment

Q_10Y30M 4.5438 CFS

Q_25Y30M 5.7157 CFS

Q_50Y30M 6.7026 CFS

Q_100Y30M 7.7717 CFS

in/hr

jjr286
Text Box
North Watershed into Proposed Lot



Channel Analysis

Units/ 

Location 

Found

V 13.501 Ft/s

K_u 1.49 Known

n 0.02 Table 3-4

R 0.45 ---> 1.5 in Feet

S 0.0952 From Topo

T_t3 0.0 Minute(s)

L 0 From Topo

Shallow Flow Analysis

V 0.0813 ft/s

K_u 3.28 Given

k 0.46 Table 3-3

S_p 5.4% %, Topo

T_t2 95.349 Minutes

L 465

3.2.2.3 FHA Code Book

Sheet Flow Equ 3-3

Tsf 20.756 Minutes

K_u 0.933 Given

I 2.03 in/hr (NOAA) 50Y1HR

n 0.2 Table 3-2

L 475 ft,Topo

S 0.1134 ft/ft, Topo

Total, Tc 116.1 Minutes

4

Reason to believe there is no dedicated or 

topographic channel displayed for water to run 

through. 

jjr286
Text Box
South Watershed Pre-Development



Weighted C 0.31 /

I_10Y120M 0.777

I_25Y120M 0.972

I_50Y120M 1.13

I_100Y120M 1.31

Area 12.98 acres

K_u 1
Unit 

adjustment

Q_10Y120M 3.157 CFS

Q_25Y120M 3.949 CFS

Q_50Y120M 4.591 CFS

Q_100Y120M 5.322 CFS

in/hr

jjr286
Text Box
South Watershed Pre-Development



Channel Analysis

Units/ 

Location 

Found

V 13.501 Ft/s

K_u 1.49 Known

n 0.02 Table 3-4

R 0.45 ---> 1.5 in Feet

S 0.0952 From Topo

T_t3 0.0 Minute(s)

L 0 From Topo

Shallow Flow Analysis

V 0.0813 ft/s

K_u 3.28 Given

k 0.46 Table 3-3

S_p 5.4% %, Topo

T_t2 95.349 Minutes

L 465

3.2.2.3 FHA Code Book

Sheet Flow Equ 3-3

Tsf 20.756 Minutes

K_u 0.933 Given

I 2.03 in/hr (NOAA) 50Y1HR

n 0.2 Table 3-2

L 475 ft,Topo

S 0.1134 ft/ft, Topo

Total, Tc 116.1 Minutes

4

Reason to believe there is no dedicated or 

topographic channel displayed for water to run 

through. 

jjr286
Text Box
South Watershed Post-Development



Weighted C 0.39 /

I_10Y120M 0.777

I_25Y120M 0.972

I_50Y120M 1.13

I_100Y120M 1.31

Area 12.98 acres

K_u 1
Unit 

adjustment

Q_10Y120M 3.889 CFS

Q_25Y120M 4.865 CFS

Q_50Y120M 5.656 CFS

Q_100Y120M 6.557 CFS

in/hr

jjr286
Text Box
South Watershed Post-Development



Weighted C 0.95 /

I_10Y120M 5.26

I_25Y120M 6.62

I_50Y120M 7.75

I_100Y120M 8.99

Area 1.45 acres

K_u 1
Unit 

adjustment

Q_10Y120M 7.241 CFS

Q_25Y120M 9.113 CFS

Q_50Y120M 10.668 CFS

Q_100Y120M 12.375 CFS

in/hr

jjr286
Text Box
Parking Lot Influence



Upstream Downstream

Station Length (ft) Slope (%) Flows (CFS) Flow (FT/s) Normal Depth (ft)

00+00.00 3216.52

00+10.00 3213.18

00+10.00 3213.18

00+51.85 3207.73

00+51.85 3207.73

02+46.70 3195.84

02+46.70 3195.84

05+19.98 3190

05+19.98 3190

05+49.98 3190

05+49.98 3190

07+05.00 3182

Upstream Downstream

Station Length (ft) Slope (%) Flows (CFS) Flow (FT/s) Normal Depth (ft)  Freeboard (FT)

00+00.00 3216.52

00+10.00 3211.87

00+10.00 3211.87

00+51.85 3206.32

00+51.85 3206.32

02+46.70 3194.25

02+46.70 3194.25

05+19.98 3187.24

05+19.98 3187.24

05+49.98 3185.74

05+49.98 3185.74

07+05.00 3180.5

10.8

0.31

0.41

0.59

0.76

0.9

0.62

7.8

7.8

10.8

10.8

10.8

9.51

6.84

5.74

4.01

1

155.02

30.00

258.64

194.85

41.85

10.00

6

5

4

3

2

Elevation (ft)

5.16

0.00

2.26

6.10

13.02

33.40

3.06

5.40

Su
rf

ac
e 

El
ev

at
io

n
s

Elevation (ft)

C
h

an
n

el
 E

le
va

ti
o

n
s

1 10.00 46.50 7.8 10.66

3 194.85 6.19 10.8 5.77

5

2 41.85 13.26 7.8 6.89

4 258.64 2.71 10.8 4.28

30.00 5.00 10.8 3.06 0.9

6 155.02 3.38 10.8 4.64 0.69

1.03

1.01

1

2.03

3.36

0.81

0.59

0.73

0.28

0.4

jjr286
Text Box
Channel Characteristics
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CulvertMaster Analysis 

 



Culvert Analysis Report
Culvert under Montezuma Castle Road (Into Proposed Parking Lot)

Title: Montezuma Castle National Monument
i:\...\h & h\culvertmaster\mcnm.cvm
03/29/18  10:10:38 AM

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

Project Engineer: Jacob Robinsin
CulvertMaster Academic v3.3 [03.03.00.04]

Page 1

Analysis Component

Storm Event Design Discharge 7.80 cfs

Peak Discharge Method: User-Specified

Design Discharge 7.80 cfs Check Discharge 6.70 cfs

Tailwater Conditions: Constant Tailwater

Tailwater Elevation N/A ft

 Name  Description  Discharge  HW Elev.  Velocity 

Culvert-1 1-15 inch Circular 7.80 cfs 3,223.44 ft 13.31 ft/s

Weir Not Considered N/A N/A N/A 



Culvert Analysis Report
Culvert under Montezuma Castle Road (Into Proposed Parking Lot)

Title: Montezuma Castle National Monument
i:\...\h & h\culvertmaster\mcnm.cvm
03/29/18  10:10:38 AM

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

Project Engineer: Jacob Robinsin
CulvertMaster Academic v3.3 [03.03.00.04]

Page 2

Component:Culvert-1

Culvert Summary

Computed Headwater Elevation 3,223.44 ft Discharge 7.80 cfs

Inlet Control HW Elev. 3,223.44 ft Tailwater Elevation N/A ft

Outlet Control HW Elev. 3,223.37 ft Control Type Inlet Control

Headwater Depth/Height 1.80

Grades

Upstream Invert 3,221.19 ft Downstream Invert 3,208.61 ft

Length 56.00 ft Constructed Slope 22.4643 %

Hydraulic Profile

Profile S2 Depth, Downstream 0.60 ft

Slope Type Steep Normal Depth 0.60 ft

Flow Regime Supercritical Critical Depth 1.11 ft

Velocity Downstream 13.31 ft/s Critical Slope 4.4482 %

Section

Section Shape Circular Mannings Coefficient 0.024

Section Material CMP Span 1.25 ft

Section Size 15 inch Rise 1.25 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 3,223.37 ft Upstream Velocity Head 0.72 ft

Ke 0.50 Entrance Loss 0.36 ft

Inlet Control Properties

Inlet Control HW Elev. 3,223.44 ft Flow Control N/A

Inlet Type Headwall Area Full 1.2 ft²

K 0.00780 HDS 5 Chart 2

M 2.00000 HDS 5 Scale 1

C 0.03790 Equation Form 1

Y 0.69000



Culvert Analysis Report
Under Maintenance Road

Title: Montezuma Castle National Monument
i:\...\h & h\culvertmaster\mcnm.cvm
03/29/18  10:10:39 AM

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

Project Engineer: Jacob Robinsin
CulvertMaster Academic v3.3 [03.03.00.04]

Page 3

Analysis Component

Storm Event Design Discharge 10.80 cfs

Peak Discharge Method: User-Specified

Design Discharge 10.80 cfs Check Discharge 7.80 cfs

Tailwater properties: Trapezoidal Channel

Tailwater conditions for Design Storm.

Discharge 10.80 cfs Bottom Elevation 0.00 ft

Depth 0.66 ft Velocity 3.09 ft/s

 Name  Description  Discharge  HW Elev.  Velocity 

Culvert-1 2-18 inch Circular 10.80 cfs 1.34 ft 3.06 ft/s

Weir Not Considered N/A N/A N/A 



Culvert Analysis Report
Under Maintenance Road

Title: Montezuma Castle National Monument
i:\...\h & h\culvertmaster\mcnm.cvm
03/29/18  10:10:39 AM

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

Project Engineer: Jacob Robinsin
CulvertMaster Academic v3.3 [03.03.00.04]

Page 4

Component:Culvert-1

Culvert Summary

Computed Headwater Elevation 1.34 ft Discharge 10.80 cfs

Inlet Control HW Elev. 1.27 ft Tailwater Elevation 0.66 ft

Outlet Control HW Elev. 1.34 ft Control Type Entrance Control

Headwater Depth/Height 0.90

Grades

Upstream Invert 0.00 ft Downstream Invert -1.50 ft

Length 30.00 ft Constructed Slope 5.0000 %

Hydraulic Profile

Profile CompositePressureProfileS1S2 Depth, Downstream 2.16 ft

Slope Type N/A Normal Depth 0.47 ft

Flow Regime N/A Critical Depth 0.90 ft

Velocity Downstream 3.06 ft/s Critical Slope 0.5064 %

Section

Section Shape Circular Mannings Coefficient 0.012

Section MaterialCorrugated HDPE (Smooth Interior) Span 1.50 ft

Section Size 18 inch Rise 1.50 ft

Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 1.34 ft Upstream Velocity Head 0.37 ft

Ke 0.20 Entrance Loss 0.07 ft

Inlet Control Properties

Inlet Control HW Elev. 1.27 ft Flow Control N/A

Inlet Type Groove end projecting Area Full 3.5 ft²

K 0.00450 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 3

C 0.03170 Equation Form 1

Y 0.69000


