
 

15 March 2021  
 
 
 
City of Scottsdale Development Services 
7447 East Indian School Road 
Scottsdale, Arizona  85251 
 
 
RE: Drainage Memo – Lot 4 – One Scottsdale 

 
Cypress Civil has reviewed the Final Drainage Report for One Scottsdale prepared by Civil & 
Environmental Consultants, Inc, dated January 21st, 2021.  This research has been completed in 
support of the development of Lot 4, a pad site within the One Scottsdale Development (‘Master 
Development’). 
 
Per the Final Drainage Report, all necessary drainage infrastructure will be installed for the fully 
developed Master Development during the initial phase of construction. 
 
The Preliminary Improvement Plans for Natural Result Surgery Center & Medical Spa demonstrate 
recognition of, and compliance with, the proposed drainage scheme within the Final Drainage Report 
and acknowledges the infrastructure will be existing prior to final construction.  No new drainage 
facilities or stormdrain are to be constructed with this Project. 
 
The Final Drainage Report has been included as the following attachment to assist with quick reviewer 
reference.   
 
If you have any questions, please do not hesitate to contact the undersigned. 
 
Sincerely, 
Cypress Civil Development 

 
Jeff Hunt, PE 
Principal 
 
Attachment 1 – Location Map 
Attachment 2 – Final Drainage Report for One Scottsdale – CEC Consultants, Inc 
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1.0 INTRODUCTION 

 

The One Scottsdale project is a proposed 21.73 net acre commercial/retail project located southeast of 

the intersection of Hayden Road and Thompson Peak Parkway in Scottsdale, Arizona.  The site is 

further described as a portion of the NW1/4 of Section 26, Township 4 North, Range 4 East of the Gila 

and Salt River Base and Meridian, Maricopa County, Arizona.  Refer to the Vicinity Map on the 

following page. 

 

The site will consist of Class A office buildings, underground and above ground parking structures, a 

hotel, and retail pads.  Phase I of the project will incorporate the storm drain, drives and rough pad 

preparation for Pad A, Shops A, Pad B & Shops B.  This Final Drainage Report will document onsite 

and offsite drainage requirements to meet City of Scottsdale drainage guidelines and ordinance criteria 

for the entire project and will describe Phase I improvements that will be interim until final build out is 

accomplished. 

 

This report is also based on prior calculations and assumptions as determined in the “One Scottsdale 

Master Drainage Plan”, prepared by Wood/Patel revised June 20, 2013, the “Drainage Report for TDI 

at One Scottsdale, Phase I dated May 17, 2012, prepared by Wood/Patel, and the “Final Drainage 

Report for One Scottsdale PU III Infrastructure Improvements” (PUIII), prepared by Bowman 

Consulting, dated July 23, 2012.  The TDI Phase I and II projects are located directly east of the 

project site on the east side of 73rd Street (a private drive with public access).  Only drainage from the 

TDI project and offsite flows from Thompson Peak Parkway and Scottsdale Road will affect the site.  

TDI drainage is directed to the east and south. 

 

Offsite flows that will impact the project site have been calculated and quantified by HELM. These 

results are included in Appendix H. These impacts will be discussed in more detail later in this report. 

 

It should be mentioned that this property does not have to provide onsite retention or detention.  A 

stormwater storage waiver and subsequent construction of downstream improvements along with 

payment of in-lieu fees have satisfied this requirement.  First flush retention or treatment is required 
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for the runoff from the first ½” of precipitation as stated in City Code Chapter 37 Article III.  

Treatment has been selected and will be accomplished through the use of vortex hydrodynamic 

separator structures. In addition, the 100-year HELM report flows are greater than the Master Drainage 

Plan HEC-1 models so in comparison are in compliance with the approval of it.  Copies of 

correspondence and the Stormwater Storage Waiver are located in Appendix A. 

 

This site is currently located within a Zone “AO“ designation as identified on Flood Insurance Rate 

Map (FIRM) panel number 1320L (Maricopa County) dated October 16, 2013 from the Federal 

Emergency Management Agency (FEMA) and labeled “Zone AO, Depth 1’, Velocity 3 FPS”.  Zone 

AO is described as, “Flood depths of 1 to 3 feet (usually sheet flow on sloping terrain); average depths 

determined.  For areas of alluvial fan flooding, velocities also determined.”  Refer to the FIRM in 

Appendix E. 

 

The proposed lowest habitable finished floors will be set a minimum of 2 feet above the highest 

existing natural adjacent grade elevation on the upstream side of each building or structure.  Earthen 

fill will be incorporated to provide the correct elevation for finished floor protection.  Underground 

parking structures will also be flood proofed to 2 feet above the highest adjacent existing ground 

elevation along with any entry points into the parking structure.  Refer to the FEMA Structure Exhibit 

in Appendix E and the Highest Adjacent Grade Exhibit (HAG) at the back of this report.  This exhibit 

shows the anticipated finished floor elevations for each proposed building envelope for this 

development.  The topographic base map was compiled in the pre-development existing condition and 

the datum is on current City of Scottsdale and Maricopa County standards and is reflected on the 

exhibit.  All buildings will be structurally independent and will be flood-proofed to 2 feet above 

highest adjacent natural grade within the regulatory floodplain Zone AO – Depth=1 foot. 

 

Drainage flow paths and storm drain pipe will be provided around the exterior of the buildings that will 

allow storm water to flow around the buildings and through the parking lots.  Drainage/Pedestrian 

easements will be dedicated over the exterior drainage swales/culverts/pedestrian paths and on a 

proposed storm drain that conveys flows from the TDI Phase I project across the site to the west 
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culverts along the east side of Scottsdale Road.  Refer to the final plat for locations and approximate 

widths. 

 

The low lot outfall on the site is 1635.17 at the southwest corner of the site on Scottsdale Road.  

Lowest finished floors for the overall site range from 1665.80 on the north to 1644.90 on the 

southwest.  Currently, the site is unimproved with desert vegetation.  The site generally slopes form the 

northeast to the southwest at approximately 1.5%. 
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2.0 OFFSITE DRAINAGE AND EXISTING IMPROVEMENTS 

 

 

Offsite Drainage 

 

The offsite drainage analysis was prepared by Wood, Patel & Associates, Inc., in the “One Scottsdale 

Master Drainage Plan”, revised June 20, 2013.  Pre- and Post-development 100-year, 6-hour 

discharges were computed in a HEC-1 models prepared with that report.  Future build-out of the 

development was taken into account within that model.  Two additional reports, “Final Drainage 

Report for One Scottsdale PU III Infrastructure Improvements”(PUIII), prepared by Bowman 

Consulting, dated July 23, 2012; and “Drainage Report for TDI at One Scottsdale, Phase I”(TDII), 

prepared by Wood/Patel, dated May 17, 2012.  Flo-2D data was also used to analyze offsite drainage 

by HELM. It was calculated that there is 135 cfs coming into the site at the Southwest corner of the 

intersection of Thompson Peak and 73rd Street. This current analysis is included in Appendix H. 

These reports addressed offsite flows that will impact the One Scottsdale Commercial site.  The 

following table identifies the major 100-year, 6-hour and 24-hour post-development flows and 

locations where they enter or exit the site. 

 

Existing Offsite Flows from Master Drainage HEC-1 Model/Flo 2D 

 

Location Structure HEC-1 ID 

(WP Master 

Report) 

100-yr, 6-hr Q, cfs 

(WP Master-Post 

Developed) 

100-yr, 24hr Q, cfs 

Flo 2D, 5’ Grid  

(Post Developed) 

Thompson Peak 

Parkway (just east of 

Scottsdale Road) 

3-36” RGRCP CPOFF3 138 (enter) 101 (enter) 

73rd Street (just south 

of Thompson Peak 

Parkway) 

3-36” RGRCP 33A.1 11 (enter) 135 (enter) 

73rd Street (660’ south 

of Thompson Peak 

Parkway 

36” RGRCP 33A.2 34 (enter) (not modeled)  

Scottsdale Road(north 

of Legacy Drive- 

Convey Flows 

Southwest) 

8’x4’RCBC 33A3 226 (exit) 229 (exit box) 

38 (exit surface) 
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Existing Offsite Flows from TDI and PU III 

 

Location Structure Report 

 

100-yr, 24&6-hr Q,cfs 

(Post Developed) 

100-yr, 24hr Q, cfs 

(Post Developed) 

Flo 2D, 5’ Grid 

73rd Street (just south of 

Thompson Peak 

Parkway) 

3-36” 

RGRCP 

PU III 106.6 135 

73rd Street (660’ south 

of Thompson Peak 

Parkway 

36” RGRCP TDI Phase I 45.4  (not modeled) 

 

Excerpts from the “One Scottsdale Master Drainage Plan”, “Drainage Report for TDI at One 

Scottsdale-Phase I”, and Final Drainage Report for One Scottsdale PU III Infrastructure improvements 

are included in Appendix G for reference of the above flows. 

 

The 3-36” culverts that cross 73rd Street were sized based on the PU III project.  The City of Scottsdale 

directed Bowman Consultants to account for 119.4 cfs, the channel capacity, within a 30’ drainage 

swale and the culverts were sized accordingly to convey flow to the west. Since then, HELM studied 

this area using Flo 2D data. It was determined that there is 71 cfs in these pipes. They have been 

analyzed using HY8 and the results are shown in Appendix F. 

 

The TDI Phase I report shows flows were collected from within the north portion of the apartment 

complex and conveyed to a 36” outlet storm drain that crosses 73rd Street onto the One Scottsdale site. 

 

There are a number of curb openings located along 73rd Street that take the street section flows into the 

project site and are conveyed southwesterly across the site to the existing wash along the east side of 

Scottsdale Road.  Curb openings on Scottsdale Road drain the half street section of Scottsdale Road 

itself directly into the adjacent wash.  These flows are then conveyed south to the existing 8’ x 4’ box 
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culvert that crosses Scottsdale Road to the southwest. 

 

A scupper is located on Thompson Peak Parkway (just west of 73rd Street) and directs flow into an 

existing swale on the south side of the road.  Catch basins are located on the north and south side of 

Thompson Peak Parkway, just east of Scottsdale Road, and tie into the existing pipe crossing of 

Thompson Peak Parkway.  3-36” Existing RGRCP’s collect flows from the north of Thompson Peak 

Parkway and convey them to the wash located on the site just east of Scottsdale Road. 

 

Catch basins are also located on Legacy Boulevard just east of Scottsdale Road and tie directly to the 

existing 8’ x 4’ box culvert.  The 8’ x 4’ box culvert collects flows and directs them southwest across 

Scottsdale Road to an existing wash.  Refer to the Drainage Exhibit in the envelope at the back of this 

report for locations of existing drainage structures. 

 

 

3.0 PROPOSED DRAINAGE AND INFRASTRUCTURE IMPROVEMENTS 

 

Build-Out Condition Noted 

A number of drainage improvements are anticipated with this project and consist of the following:  

 

 A combination of wash and 4-36” HDPE pipe culverts with a drop inlet structure along the east 

side of Scottsdale Road (Phase 1). 

 New catch basins at two locations along Scottsdale Road connecting to the adjacent culvert and 

two new scuppers South of Thompson Peak and North of Legacy, connecting to existing curb 

openings.  Existing catch basin on the North side of Legacy Boulevard will remain (Phase 1). 

 New catch basin on Thompson Peak Parkway west of 73rd Street connecting to proposed 3-36” 

storm drains onsite.  This will replace the existing scupper at that location (Future Phase). 

 Detention basins and swale along 73rd Street (Phase 1 North & Future Phase South). 

 3-36” HDPE Storm drain pipes and channel along the south side of Thompson Peak Parkway to 

convey 135 cfs to the West (Phase 1-channel, Future Phase-Pipes & swale). 

 24” HDPE Storm drain pipe and swale along the north side of Legacy Boulevard to convey 
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flows to the west (Future Phase). 

 Catch basins and 15”-42” HDPE pipe within the Northern portion of the Phase 1 development 

to drain parking lot, buildings, northern portion of 73rd Street, and offsite flow from TDI Phase-

I (Phase 1). 

 Catch basins and 15”-36” HDPE pipe within the Southern portion of the Phase 1 development 

(Phase 1). 

 Existing Curb cuts to remain with adding native riprap spillways to drain the roadway drainage 

areas along 73rd Street (Future Phase). 

 Loose or grouted native indigenous stone to protect the slope face, spillways, and culvert or 

storm drain inflow and outflow points (Phase 1 & Future Phase). 

 

These drainage infrastructure items are incorporated to provide an overall drainage design that will 

help to protect the One Scottsdale project during the 100-year storm event.  Finished floors will be 

elevated a minimum of 2 feet above the highest adjacent existing natural grade for each building and 

proposed adjacent grades outside buildings will be at a maximum of 1 foot below that to protect the 

buildings within the FEMA Zone AO floodplain.  Underground parking structures will be flood 

proofed to the same finished floor standards and will withstand hydrostatic pressures and buoyancy 

effects.  Structural calculations will be submitted with the final improvement plans (future phase) to 

justify the design. 

 

First Flush 

 

First flush treatment will be handled using vortex stormwater quality structures. The ultimate build out 

condition will have a total of two vortex structures. These structures have been sized according to the 

FCDMC first flush treatment discharge equation with using the time of concentration from the 2-YR 

storm I-D-F curve data for 0.5”/hr intensity as directed by the City of Scottsdale. 
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Hydrology 

 

Onsite 100-year peak flows were calculated for each sub basin area.  Hydrology calculations were 

performed utilizing the Rational Method with a weighted runoff coefficient.  These onsite hydrology 

calculations are located in Appendix C. 

 

Culvert peak flows were determined from the HELM Analysis Flo-2D mapping with the addition of 

pre-versus post runoff of the site at that same time of concentration.  This provides an increased peak 

flow calculation which is based on increased times of concentration for the larger overall contributing 

watershed to those specific points.  These flows are greater than but conform closely to the Master 

Report HEC-1 analysis peak flows for sizing the downstream infrastructure. 

 

Hydraulics 

 

Catch basins will consist of MAG Std. Det. 537 type G with single, double, and triple grates.  At a 

depth of 0.5’, these catch basins can intercept 6.1 cfs, 8.61 cfs, and 12.13 cfs respectively with a 50% 

clogging factor applied.  Subbasin drainage areas will be smaller than the capacities of these catch 

basins and may have break over depths less than 0.5’.   A typical calculation for onsite catch basin 

capacity is located in Appendix D. 

 

Curb opening catch basins in Scottsdale Road are generally the size of the existing curb opening at 

each location. The northern two catch basins/scupper in Scottsdale Road receive 82 cfs of offsite flow, 

consistent with the Flo-2D model, and capture 25.44 cfs combined. The remaining 56.56 cfs of flow 

continues south.  The southern two catch basins in Scottsdale Road receive local half street flow. A 

25% clogging factor was applied to each inlet. See Appendix D for Hydraulic Toolbox 4.1 Curb and 

Gutter Analysis of the inlets. 

 

The culvert capacities along Scottsdale Road were calculated using the Federal Highway 

Administration HY-8 computer program.  Drop inlet headwalls are utilized to help keep the wash slope 
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flatter and erosive velocities within reasonable parameters and to provide cover under the driveways. A 

small sediment basin is incorporated ahead of the drop structure to help settle out sand and small rocks 

that typically occur within these types of washes.  Refer to the channel calculations in Appendix D. 

 

Loose riprap will also be utilized at inflow and out flow locations to help prevent erosion in those 

areas.  Riprap sizing and lengths are shown in Appendix D.  A multi-use trail will meander near the 

bottom of the wash and will incorporate stabilized decomposed granite along with a turndown edge 

and riprap along the flow line side in some spots as needed to help prevent erosion against the trail 

edge. 

 

Onsite storm drain sizing utilizes peak flows and were calculated using AutoCAD Storm Analysis.  

Storm drain pipes were sized based on the addition of contributing subbasin areas downstream.  Final 

hydraulic grade line calculations and profiles have been be performed and are included in Appendix D. 

 

Refer to the Drainage Exhibit at the back of this report for locations of the drainage infrastructure and 

to Appendix D for calculations.  Roof leaders will connect to the onsite storm drain and will be sized 

during each pad final design.  Drops may be incorporated at manhole or catch basin locations due to 

the natural steep nature of the site.  This will help to reduce slopes and velocities within the system. 

 

Wash and swale capacities were computed with Hydraulic Toolbox 4.1.  This includes the main wash 

along Scottsdale Road and smaller swales on the east side.  Cross section locations, water surface 

elevations, and limits of inundation are shown on the Drainage Exhibit and calculations are included in 

Appendix D.  Velocities are generally below the 5 fps range for 100-year peak flows to keep with the 

non-erosive velocity regime.  Swales on the north and south side of the Phase I project area are 

typically more of a catchment area design and stormwater will be collected in catch basins or small 

swales and conveyed to the west or south.  These are small subbasins and will not convey any 

significant flow.  Inflow areas to the main west wash will still require riprap to prevent tail water 

cutting into the channel edge that will have higher elevations than the bottom of the wash. 
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404 Discussion 

 

A 404 jurisdictional delineation was previously performed on the entire Scottsdale One project, 

referred to as Stack 40.  A letter was received from the U.S. Army Corps of Engineers dated February 

5th, 2002 and states that no Section 404 permit is required due to flows being cut off by the Grayhawk 

development.  A copy of the Section 404 Certification for this project and the Corps letter is included 

in Appendix B 

 

Water Quality Requirements /NOI /CND Discussion 

 

Per new criteria implemented by ADEQ and the new Waters of the US determination (WOTUS), a No 

Discharge Certificate (NDC) can be acquired for this project since there are not discharges directly to a 

WOTUS designated river or stream.  A Maricopa County Dust Control Permit will need to be obtained 

prior to any construction.  Street sweeping for construction track-out will be addressed in the SWPPP 

Report as well. 

 

4.0 CONCLUSIONS 

 

The One Scottsdale commercial project is designed in accordance with the approved “One Scottsdale 

Master Drainage Plan”, prepared by Wood/Patel dated June 20, 2013, the “Drainage Report for TDI at 

One Scottsdale, Phase I dated May 17, 2012, prepared by Wood/Patel, and the “Final Drainage Report 

for One Scottsdale PU III Infrastructure Improvements” (PUIII), prepared by Bowman Consulting, 

dated July 23, 2012. 

 

The intent of the drainage design for this project is to provide protection for buildings in a Zone “AO” 

floodplain, depth = 1’, velocity = 3 fps.  The lowest habitable finished floor of the buildings are set at a 

minimum of 2 foot above the highest adjacent existing grades.  Entry points for the future phase 
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underground parking will also be elevated/flood proofed to this elevation for each structure that has 

underground parking incorporated within the footprint. 

 

100-year flows will be directed around the exterior of the project in swales, washes, culverts and storm 

drain pipe.  Interior flows will be conveyed away from the edges of the building to parking lots and 

drive lanes that will collect flows in catch basins and storm drain pipe and convey them to the low lot 

outfall elevation of 1635.17 at the southwest corner of the site where an existing 8’ x 4’ box culvert 

conveys flows southwest across Scottsdale Road. 

 

Culverts with a drop inlet structure will be constructed along the west wash at the north driveway 

location.  An 8’ multi-use path and 8’ sidewalk will be implemented within this corridor and stabilized 

with granite and riprap along the side of the path will be incorporated to reduce erosion of this multi-

use trail amenity.  Drainage easements will be required on any wash or storm drain conveying more 

than 50 cfs.  Easements for storm drains will be determined based on size and depth of the storm drain.  

Overlapping drainage and public utility easements may occur in certain instances. 

 

The lowest finished floors for the overall site range from 1665.8 on the north to 1643.9 on the 

southwest.  Curb openings with native stone riprap spillways or catch basins will be provided at 

locations around the perimeter of the project to accept adjacent half street flows. 

 

No detention or retention is required on this site as prior improvements have been constructed and an 

in-lieu fee contribution has been paid to the City of Scottsdale.  First flush will be handled using 

Vortex structures in the ultimate condition. A 404 jurisdictional delineation has previously been 

performed on the overall project and no 404 washes are present.  Water quality and sediment reduction 

is addressed in the final design construction documents. 
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APPENDIX B – 404 CERTIFICATION AND LETTER 







 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX C – HYDROLOGY CALCULATIONS 



One Scottsdale

CEC JOB: 180-168

DATE: January 20, 2021

PREPARED BY: RMH

CHECKED BY: TJP

Q = C*I*A

C = weighted I = intensity, in/hr

A = Area, Acre

DRAINAGE

AREA AREA AREA Tc I10 I100 C10 C100 Q10 Q100

I.D. (sf) (ac) (min.) (in/hr) (in/hr) (cfs) (cfs)

A1 60,077     1.38 10 3.81 5.98 0.90 0.95 4.73 7.84

A2 7,497       0.17 10 3.81 5.98 0.85 0.90 0.56 0.93

A3 6,491       0.15 10 3.81 5.98 0.85 0.90 0.48 0.80

A4 4,034       0.09 10 3.81 5.98 0.85 0.90 0.30 0.50

A5 11,731     0.27 10 3.81 5.98 0.40 0.45 0.41 0.72

A6 16,992     0.39 10 3.81 5.98 0.90 0.95 1.34 2.22

A7 12,798     0.29 10 3.81 5.98 0.90 0.95 1.01 1.67

A8 30,654     0.70 10 3.81 5.98 0.40 0.45 1.07 1.89

A9 26,014     0.60 10 3.81 5.98 0.90 0.95 2.05 3.39

A10 9,864       0.23 10 3.81 5.98 0.75 0.80 0.65 1.08

A11 7,086       0.16 10 3.81 5.98 0.76 0.81 0.47 0.79

A12 3,904       0.09 10 3.81 5.98 0.68 0.73 0.23 0.39

A13 47,049     1.08 10 3.81 5.98 0.90 0.95 3.70 6.14

A14 82,620     1.90 10 3.81 5.98 0.85 0.90 6.14 10.21

B1 19,088     0.44 10 3.81 5.98 0.80 0.85 1.34 2.23

B2 38,644     0.89 10 3.81 5.98 0.83 0.88 2.79 4.65

B3 62,909     1.44 10 3.81 5.98 0.86 0.91 4.73 7.85

B4 26,891     0.62 10 3.81 5.98 0.80 0.85 1.89 3.14

B5 28,931     0.66 10 3.81 5.98 0.86 0.91 2.17 3.60

B6 36,202     0.83 10 3.81 5.98 0.90 0.95 2.85 4.72

B7 17,439     0.40 10 3.81 5.98 0.85 0.90 1.30 2.15

B8 37,139     0.85 10 3.81 5.98 0.85 0.90 2.76 4.59

B9 6,934       0.16 10 3.81 5.98 0.85 0.90 0.52 0.86

C1 14,410     0.33 10 3.81 5.98 0.90 0.95 1.13 1.88

C2 35,062     0.80 10 3.81 5.98 0.90 0.95 2.76 4.57

C3 27,019     0.62 10 3.81 5.98 0.40 0.45 0.95 1.67

C4 4,053       0.09 10 3.81 5.98 0.85 0.90 0.30 0.50

C5 23,518     0.54 10 3.81 5.98 0.90 0.95 1.85 3.07

C6 7,405       0.17 10 3.81 5.98 0.40 0.45 0.26 0.46

C7 60,077     1.38 10 3.81 5.98 0.90 0.95 4.73 7.84

Page 1



C8 15,780     0.36 10 3.81 5.98 0.46 0.51 0.63 1.10

C9 10,011     0.23 10 3.81 5.98 0.48 0.53 0.42 0.72

D1 5,075       0.12 10 3.81 5.98 0.90 0.95 0.40 0.66

D2 29,592     0.68 10 3.81 5.98 0.90 0.95 2.33 3.86

D3 46,099     1.06 10 3.81 5.98 0.90 0.95 3.63 6.01

D4 61,812     1.42 10 3.81 5.98 0.40 0.45 2.16 3.82

D5 13,617     0.31 10 3.81 5.98 0.85 0.90 1.01 1.68

D6 27,408     0.63 10 3.81 5.98 0.90 0.95 2.16 3.57

D7 60,059     1.38 10 3.81 5.98 0.48 0.53 2.51 4.35

D8 28,249     0.65 10 3.81 5.98 0.90 0.95 2.22 3.68

D9 54,475     1.25 10 3.81 5.98 0.49 0.54 2.33 4.04

D10 6,091       0.14 10 3.81 5.98 0.71 0.76 0.38 0.63

D11 37,663     0.86 10 3.81 5.98 0.90 0.95 2.96 4.91

D12 26,228     0.60 10 3.81 5.98 0.40 0.45 0.92 1.62

A 326,811   7.50 126 0.72 1.13 0.41 0.41 2.21 3.47

B 274,176   6.29 126 0.72 1.13 0.45 0.45 2.03 3.19

 

SYSTEM AREA AREA Tc PFF C100 QFF

I.D. (sf) (ac) (hr.) (in) (cfs)

A 326,811   7.50 1.9 0.50 0.86 1.70

B 274,176   6.29 1.9 0.50 0.90 1.49

C = weighted PFF = 0.5 in

A = Area, Acre Tc = Time of Concentration, hours

QFF = C*PFF*A / TC

Flow Increase for Offsite Time of Concentration

First Flush Flow Calculations
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C = ((0.95)(C.A.) + (0.5)(L.A.)) / T.A.

Concrete C100=0.95

C10=0.90

Landscape C100=0.45

C10=0.40

DRAINAGE TOTAL CONCRETE LANDSCAPE

AREA AREA AREA AREA C10 C100

I.D. (sf) (sf) (sf)

A1 60,077 60,077 0 0.90 0.95

A2 7,497 6,747 750 0.85 0.90

A3 6,491 5,842 649 0.85 0.90

A4 4,034 3,631 403 0.85 0.90

A5 11,731 0 11,731 0.40 0.45

A6 16,992 16,992 0 0.90 0.95

A7 12,798 12,798 0 0.90 0.95

A8 30,654 0 30,654 0.40 0.45

A9 26,014 26,014 0 0.90 0.95

A10 9,864 6,918 2,946 0.75 0.80

A11 7,086 5,069 2,017 0.76 0.81

A12 3,904 2,175 1,729 0.68 0.73

A13 47,049 47,049 0 0.90 0.95

A14 82,620 74,360 8,260 0.85 0.90

B1 19,088 15,370 3,718 0.80 0.85

B2 38,644 32,937 5,707 0.83 0.88

B3 62,909 57,775 5,133 0.86 0.91

B4 26,891 21,592 5,299 0.80 0.85

B5 28,931 26,433 2,498 0.86 0.91

B6 36,202 36,202 0 0.90 0.95

B7 17,439 15,687 1,752 0.85 0.90

B8 37,139 33,425 3,714 0.85 0.90

B9 6,934 6,241 693 0.85 0.90

C1 14,410 14,410 0 0.90 0.95

C2 35,062 35,062 0 0.90 0.95

C3 27,019 0 27,019 0.40 0.45

C4 4,053 3,648 405 0.85 0.90

C5 23,518 23,518 0 0.90 0.95

C6 7,405 0 7,405 0.40 0.45

C7 60,077 60,077 0 0.90 0.95

WEIGHTED C CALCULATIONS

Page 3



C8 15,780 1,854 13,925 0.46 0.51

C9 10,011 1,521 8,490 0.48 0.53

D1 5,075 5,075 0 0.90 0.95

D2 29,592 29,592 0 0.90 0.95

D3 46,099 46,099 0 0.90 0.95

D4 61,812 0 61,812 0.40 0.45

D5 13,617 12,255 1,362 0.85 0.90

D6 27,408 27,408 0 0.90 0.95

D7 60,059 9,315 50,744 0.48 0.53

D8 28,249 28,249 0 0.90 0.95

D9 54,475 9,774 44,701 0.49 0.54

D10 6,091 3,728 2,363 0.71 0.76

D11 37,663 37,663 0 0.90 0.95

D12 26,228 0 26,228 0.40 0.45

A 326,811 267,672 59,139 0.81 0.86

B 274,176 245,662 28,515 0.85 0.90

Page 4
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APPENDIX D – HYDRAULIC CALCULATIONS 

 

 

 

 

 

 

 

 

 

 

 

 



Hydraulic Analysis Report

Project Data

Project Title: 180168 One Scottsdale

Designer: 

Project Date: Friday, January 15, 2021

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: Section 1 Thompson Peak Dirt Channel 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 4.0000 ft/ft 

Side Slope 2 (Z2): 4.0000 ft/ft 

Channel Width: 8.0000 ft 

Longitudinal Slope: 0.0080 ft/ft 

Manning's n:  0.0350 

Flow: 135.0000 cfs 

Result Parameters 

Depth: 1.9302 ft 

Area of Flow: 30.3435 ft^2 

Wetted Perimeter: 23.9166 ft 

Hydraulic Radius: 1.2687 ft 

Average Velocity: 4.4491 ft/s 

Top Width: 23.4413 ft 

Froude Number:  0.6891 

Critical Depth: 1.5838 ft 

Critical Velocity: 5.9462 ft/s 

Critical Slope: 0.0177 ft/ft 

Critical Top Width: 20.67 ft 

Calculated Max Shear Stress: 0.9635 lb/ft^2 

Calculated Avg Shear Stress: 0.6333 lb/ft^2 

rhannen
Image



Channel Analysis: Section 2 Thompson Peak Dirt Channel 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 4.0000 ft/ft 

Side Slope 2 (Z2): 4.0000 ft/ft 

Channel Width: 10.5000 ft 

Longitudinal Slope: 0.0080 ft/ft 

Manning's n:  0.0350 

Flow: 135.0000 cfs 

Result Parameters 

Depth: 1.7607 ft 

Area of Flow: 30.8885 ft^2 

Wetted Perimeter: 25.0194 ft 

Hydraulic Radius: 1.2346 ft 

Average Velocity: 4.3706 ft/s 

Top Width: 24.5859 ft 

Froude Number:  0.6872 

Critical Depth: 1.4284 ft 

Critical Velocity: 5.8290 ft/s 

Critical Slope: 0.0179 ft/ft 

Critical Top Width: 21.93 ft 

Calculated Max Shear Stress: 0.8790 lb/ft^2 

Calculated Avg Shear Stress: 0.6163 lb/ft^2 
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Channel Analysis: Section 3 Thompson Peak Dirt Channel 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 4.0000 ft/ft 

Side Slope 2 (Z2): 4.0000 ft/ft 

Channel Width: 14.6500 ft 

Longitudinal Slope: 0.0080 ft/ft 

Manning's n:  0.0350 

Flow: 135.0000 cfs 

Result Parameters 

Depth: 1.5384 ft 

Area of Flow: 32.0034 ft^2 

Wetted Perimeter: 27.3357 ft 

Hydraulic Radius: 1.1708 ft 

Average Velocity: 4.2183 ft/s 

Top Width: 26.9569 ft 

Froude Number:  0.6823 

Critical Depth: 1.2279 ft 

Critical Velocity: 5.6205 ft/s 

Critical Slope: 0.0183 ft/ft 

Critical Top Width: 24.47 ft 

Calculated Max Shear Stress: 0.7680 lb/ft^2 

Calculated Avg Shear Stress: 0.5844 lb/ft^2 
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Channel Analysis: Section 4 Thompson Peak Dirt Channel 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 4.0000 ft/ft 

Side Slope 2 (Z2): 4.0000 ft/ft 

Channel Width: 19.2900 ft 

Longitudinal Slope: 0.0080 ft/ft 

Manning's n:  0.0350 

Flow: 135.0000 cfs 

Result Parameters 

Depth: 1.3529 ft 

Area of Flow: 33.4196 ft^2 

Wetted Perimeter: 30.4465 ft 

Hydraulic Radius: 1.0976 ft 

Average Velocity: 4.0395 ft/s 

Top Width: 30.1134 ft 

Froude Number:  0.6757 

Critical Depth: 1.0645 ft 

Critical Velocity: 5.3857 ft/s 

Critical Slope: 0.0187 ft/ft 

Critical Top Width: 27.81 ft 

Calculated Max Shear Stress: 0.6754 lb/ft^2 

Calculated Avg Shear Stress: 0.5479 lb/ft^2 
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Channel Analysis: Section 5 Scottsdale Road North of Culvert 

Notes:  

Input Parameters 

Channel Type:  Custom Cross Section

rhannen
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Cross Section Data 
Elevation (ft) Elevation (ft) Manning's n

0.00 61.00 0.0350

4.00 60.00 0.0350

8.00 59.00 0.0350

12.00 58.00 0.0350

15.50 57.50 0.0350

19.00 58.00 0.0350

23.30 59.00 0.0350

40.60 60.00 0.0350

57.30 61.00 -----



Longitudinal Slope: 0.0042 ft/ft 

Flow: 236.0000 cfs 

Result Parameters 

Depth: 3.2121 ft 

Area of Flow: 70.1625 ft^2 

Wetted Perimeter: 51.9109 ft 

Hydraulic Radius: 1.3516 ft 

Average Velocity: 3.3636 ft/s 

Top Width: 51.3410 ft 

Froude Number:  0.5071 

Critical Depth: 2.5341 ft 

Critical Velocity: 5.8839 ft/s 

Critical Slope: 0.0177 ft/ft 

Critical Top Width: 37.31 ft 

Calculated Max Shear Stress: 0.8418 lb/ft^2 

Calculated Avg Shear Stress: 0.3542 lb/ft^2 

Composite Manning's n Equation:  Lotter method

Manning's n:  0.0350 



Channel Analysis: Section 6 Scottsdale Road North of Culvert 

Notes:  

Input Parameters 

Channel Type:  Custom Cross Section

rhannen
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Cross Section Data 
Elevation (ft) Elevation (ft) Manning's n

0.00 58.00 0.0350

4.00 57.00 0.0350

8.00 56.00 0.0350

23.10 56.00 0.0350

27.10 57.00 0.0350

37.80 57.00 0.0350

41.50 58.00 -----



Longitudinal Slope: 0.0088 ft/ft 

Flow: 236.0000 cfs 

Result Parameters 

Depth: 1.8618 ft 

Area of Flow: 51.0897 ft^2 

Wetted Perimeter: 40.9029 ft 

Hydraulic Radius: 1.2490 ft 

Average Velocity: 4.6193 ft/s 

Top Width: 40.4361 ft 

Froude Number:  0.7242 

Critical Depth: 1.5924 ft 

Critical Velocity: 5.8311 ft/s 

Critical Slope: 0.0178 ft/ft 

Critical Top Width: 38.36 ft 

Calculated Max Shear Stress: 1.0224 lb/ft^2 

Calculated Avg Shear Stress: 0.6859 lb/ft^2 

Composite Manning's n Equation:  Lotter method

Manning's n:  0.0350 



Channel Analysis: Section 7 Scottsdale Road South of Culvert 

Notes:  

Input Parameters 

Channel Type:  Custom Cross Section
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Cross Section Data 
Elevation (ft) Elevation (ft) Manning's n

0.00 38.00 0.0350

4.00 37.00 0.0350

8.00 36.00 0.0350

12.00 35.00 0.0350

16.00 34.00 0.0350

18.00 33.50 0.0350

29.50 33.50 0.0350

30.50 34.00 0.0350

42.00 35.00 0.0350

46.00 36.00 0.0350

50.00 37.00 0.0350

54.00 38.00 -----



Longitudinal Slope: 0.0070 ft/ft 

Flow: 268.5500 cfs 

Result Parameters 

Depth: 2.3463 ft 

Area of Flow: 57.0054 ft^2 

Wetted Perimeter: 37.3252 ft 

Hydraulic Radius: 1.5273 ft 

Average Velocity: 4.7110 ft/s 

Top Width: 36.7707 ft 

Froude Number:  0.6668 

Critical Depth: 1.9221 ft 

Critical Velocity: 6.3750 ft/s 

Critical Slope: 0.0168 ft/ft 

Critical Top Width: 33.38 ft 

Calculated Max Shear Stress: 1.0249 lb/ft^2 

Calculated Avg Shear Stress: 0.6671 lb/ft^2 

Composite Manning's n Equation:  Lotter method

Manning's n:  0.0350 





Hydraulic Analysis Report

Project Data

Project Title: 180168 One Scottsdale

Designer: 

Project Date: Friday, January 15, 2021

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: B8 Curb Opening 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 5.0000 ft/ft 

Side Slope 2 (Z2): 5.0000 ft/ft 

Channel Width: 4.0000 ft 

Longitudinal Slope: 0.0280 ft/ft 

Manning's n:  0.0150 

Flow: 4.5900 cfs 

Result Parameters 

Depth: 0.1903 ft 

Area of Flow: 0.9426 ft^2 

Wetted Perimeter: 5.9412 ft 

Hydraulic Radius: 0.1586 ft 

Average Velocity: 4.8697 ft/s 

Top Width: 5.9035 ft 

Froude Number:  2.1477 

Critical Depth: 0.3018 ft 

Critical Velocity: 2.7606 ft/s 

Critical Slope: 0.0054 ft/ft 

Critical Top Width: 7.02 ft 

Calculated Max Shear Stress: 0.3326 lb/ft^2 

Calculated Avg Shear Stress: 0.2772 lb/ft^2 
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Channel Analysis: B9 Curb Opening 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 5.0000 ft/ft 

Side Slope 2 (Z2): 5.0000 ft/ft 

Channel Width: 4.0000 ft 

Longitudinal Slope: 0.0200 ft/ft 

Manning's n:  0.0150 

Flow: 0.8600 cfs 

Result Parameters 

Depth: 0.0801 ft 

Area of Flow: 0.3523 ft^2 

Wetted Perimeter: 4.8165 ft 

Hydraulic Radius: 0.0731 ft 

Average Velocity: 2.4410 ft/s 

Top Width: 4.8006 ft 

Froude Number:  1.5879 

Critical Depth: 0.1077 ft 

Critical Velocity: 1.7596 ft/s 

Critical Slope: 0.0072 ft/ft 

Critical Top Width: 5.08 ft 

Calculated Max Shear Stress: 0.0999 lb/ft^2 

Calculated Avg Shear Stress: 0.0913 lb/ft^2 

rhannen
Image



Channel Analysis: D5 Curb Opening 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 5.0000 ft/ft 

Side Slope 2 (Z2): 5.0000 ft/ft 

Channel Width: 4.0000 ft 

Longitudinal Slope: 0.0232 ft/ft 

Manning's n:  0.0150 

Flow: 1.6800 cfs 

Result Parameters 

Depth: 0.1133 ft 

Area of Flow: 0.5174 ft^2 

Wetted Perimeter: 5.1555 ft 

Hydraulic Radius: 0.1004 ft 

Average Velocity: 3.2470 ft/s 

Top Width: 5.1330 ft 

Froude Number:  1.8023 

Critical Depth: 0.1641 ft 

Critical Velocity: 2.1241 ft/s 

Critical Slope: 0.0064 ft/ft 

Critical Top Width: 5.64 ft 

Calculated Max Shear Stress: 0.1640 lb/ft^2 

Calculated Avg Shear Stress: 0.1453 lb/ft^2 

rhannen
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Channel Analysis: D10 Curb Opening 

Notes:  

Input Parameters 

Channel Type:  Trapezoidal

Side Slope 1 (Z1): 5.0000 ft/ft 

Side Slope 2 (Z2): 5.0000 ft/ft 

Channel Width: 4.0000 ft 

Longitudinal Slope: 0.0250 ft/ft 

Manning's n:  0.0150 

Flow: 0.6300 cfs 

Result Parameters 

Depth: 0.0621 ft 

Area of Flow: 0.2678 ft^2 

Wetted Perimeter: 4.6335 ft 

Hydraulic Radius: 0.0578 ft 

Average Velocity: 2.3528 ft/s 

Top Width: 4.6212 ft 

Froude Number:  1.7225 

Critical Depth: 0.0883 ft 

Critical Velocity: 1.6066 ft/s 

Critical Slope: 0.0076 ft/ft 

Critical Top Width: 4.88 ft 

Calculated Max Shear Stress: 0.0969 lb/ft^2 

Calculated Avg Shear Stress: 0.0902 lb/ft^2 

rhannen
Image





Hydraulic Analysis Report

Project Data

Project Title: 180168 One Scottsdale

Designer: 

Project Date: Friday, January 15, 2021

Project Units:  U.S. Customary Units

Notes:

Curb and Gutter Analysis: Inlet D3 - 16ft Opening -100 yr

Notes: 82 CFS comes from Flo-2D model.
Curb opening captures 13.90 cfs and bypasses 68.10 cfs to
curb opneing D6.

(16ft curb opening reduced 25% for clogging)

Gutter Input Parameters

Longitudinal Slope of Road: 0.0219 ft/ft

Cross-Slope of Pavement: 0.0180 ft/ft

Uniform Gutter Geometry

Manning's n: 0.0150

Gutter Width: 2.0000 ft

Design Flow: 82.0000 cfs

Gutter Result Parameters

Width of Spread: 33.8661 ft

Gutter Depression: 0.0000 in

Area of Flow: 10.3222 ft^2

Eo (Gutter Flow to Total Flow): 0.1500

Gutter Depth at Curb: 7.3151 in

Inlet Input Parameters

Inlet Location: Inlet on Grade

Inlet Type: Curb Opening

Length of Inlet: 12.0000 ft

Local Depression: 2.0000 in

Inlet Result Parameters

Intercepted Flow: 13.8973 cfs

Bypass Flow: 68.1027 cfs

Efficiency: 0.1695



Curb and Gutter Analysis: Inlet D6 - 13ft Opening -100 yr

Notes: 68.10 cfs comes from bypass flow of inlet D3.
Inlet D6 captures 11.55 cfs and bypasses 56.56 cfs.
The bypass flow breaks over Scottsdale Road and travels west.

(13ft curb opening reduced 25% for clogging)

Gutter Input Parameters

Longitudinal Slope of Road: 0.0153 ft/ft

Cross-Slope of Pavement: 0.0188 ft/ft

Uniform Gutter Geometry

Manning's n: 0.0150

Gutter Width: 2.0000 ft

Width of Spread: 32.8788 ft

Gutter Result Parameters

Design Flow: 68.1000 cfs

Gutter Depression: 0.0000 in

Area of Flow: 10.1615 ft^2

Eo (Gutter Flow to Total Flow): 0.1543

Gutter Depth at Curb: 7.4175 in

Inlet Input Parameters

Inlet Location: Inlet on Grade

Inlet Type: Curb Opening

Length of Inlet: 9.7500 ft

Local Depression: 2.0000 in

Inlet Result Parameters

Intercepted Flow: 11.5446 cfs

Bypass Flow: 56.5554 cfs

Efficiency: 0.1695



Curb and Gutter Analysis: Inlet D8 - 13ft Opening -100 yr

Notes: Inlet receives 3.68 cfs from drainage area D8.
Inlet D8 captures 2.55 cfs and bypasses 1.13 cfs.

(13ft curb opening reduced 25% for clogging)

Gutter Input Parameters

Longitudinal Slope of Road: 0.0173 ft/ft

Cross-Slope of Pavement: 0.0230 ft/ft

Uniform Gutter Geometry

Manning's n: 0.0150

Gutter Width: 2.0000 ft

Design Flow: 3.6800 cfs

Gutter Result Parameters

Width of Spread: 9.4829 ft

Gutter Depression: 0.0000 in

Area of Flow: 1.0342 ft^2

Eo (Gutter Flow to Total Flow): 0.4687

Gutter Depth at Curb: 2.6173 in

Inlet Input Parameters

Inlet Location: Inlet on Grade

Inlet Type: Curb Opening

Length of Inlet: 9.7500 ft

Local Depression: 2.0000 in

Inlet Result Parameters

Intercepted Flow: 2.5541 cfs

Bypass Flow: 1.1259 cfs

Efficiency: 0.6940



Curb and Gutter Analysis: Inlet D11 - 12ft Opneing -100 yr

Notes: Inlet receives 4.91 cfs from drainage area D11 plus 1.13 cfs from inlet D8 bypass 
flow.
Inlet D11 captures 3.18 cfs and by passes 2.86 cfs that continues south on Scottsdale Road.

(12ft curb opening reduced 25% for clogging)

Gutter Input Parameters

Longitudinal Slope of Road: 0.0191 ft/ft

Cross-Slope of Pavement: 0.0240 ft/ft

Uniform Gutter Geometry

Manning's n: 0.0150

Gutter Width: 2.0000 ft

Design Flow: 6.0400 cfs

Gutter Result Parameters

Width of Spread: 10.9151 ft

Gutter Depression: 0.0000 in

Area of Flow: 1.4297 ft^2

Eo (Gutter Flow to Total Flow): 0.4175

Gutter Depth at Curb: 3.1435 in

Inlet Input Parameters

Inlet Location: Inlet on Grade

Inlet Type: Curb Opening

Length of Inlet: 9.0000 ft

Local Depression: 2.0000 in

Inlet Result Parameters

Intercepted Flow: 3.1780 cfs

Bypass Flow: 2.8620 cfs

Efficiency: 0.5262



Project Description
180168_Stormdrain_Analysis.SPF

Project Options
CFS
Elevation
EPA SWMM
SCS Curve Number
Kinematic Wave
YES
NO

Analysis Options
Jan 19, 2021 00:00:00
Jan 20, 2021 00:00:00
Jan 19, 2021 00:00:00
0 days
0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
1 seconds

Number of Elements
Qty
0
0
25
23
2
0
0
0
23
0
23
0
0
0
0
0
0

        Outlets ..........................................................................
Pollutants ..............................................................................
Land Uses ............................................................................

Links......................................................................................
        Channels ......................................................................
        Pipes ............................................................................
        Pumps ..........................................................................
        Orifices .........................................................................
        Weirs ............................................................................

Nodes....................................................................................
        Junctions ......................................................................
        Outfalls .........................................................................
        Flow Diversions ...........................................................
        Inlets ............................................................................
        Storage Nodes .............................................................

Runoff (Dry Weather) Time Step ..........................................
Runoff (Wet Weather) Time Step ........................................
Reporting Time Step ............................................................
Routing Time Step ................................................................

Rain Gages ...........................................................................
Subbasins..............................................................................

Enable Overflow Ponding at Nodes ......................................
Skip Steady State Analysis Time Periods ............................

Start Analysis On ..................................................................
End Analysis On ...................................................................
Start Reporting On ................................................................
Antecedent Dry Days ............................................................

File Name .............................................................................

Flow Units .............................................................................
Elevation Type ......................................................................
Hydrology Method .................................................................
EPA SWMM Infiltration Method ............................................
Link Routing Method .............................................................



Node Summary
SN Element Element Invert Ground/Rim Initial Surcharge Ponded Peak Max HGL Max Min Time of Total Total Time

ID Type Elevation (Max) Water Elevation Area Inflow Elevation Surcharge Freeboard Peak Flooded Flooded
Elevation Elevation Attained Depth Attained Flooding Volume

Attained Occurrence
(ft) (ft) (ft) (ft) (ft²) (cfs) (ft) (ft) (ft) (days hh:mm) (ac-in) (min)

1 CB-A Junction 1635.40 1642.03 1635.40 1642.03 0.00 32.93 1637.12 0.00 4.92 0  00:00 0.00 0.00
2 CB-B Junction 1635.89 1643.94 1635.89 1643.94 0.00 6.87 1636.86 0.00 7.08 0  00:00 0.00 0.00
3 CB-C Junction 1636.64 1645.50 1636.64 1645.50 0.00 21.47 1641.94 0.00 3.56 0  00:00 0.00 0.00
4 CB-D Junction 1643.20 1649.20 1643.20 1649.20 0.00 17.87 1644.34 0.00 4.86 0  00:00 0.00 0.00
5 CB-E Junction 1644.19 1649.00 1644.19 1649.00 0.00 7.85 1645.11 0.00 3.89 0  00:00 0.00 0.00
6 CB-F Junction 1640.40 1648.07 1640.40 1648.07 0.00 83.97 1642.82 0.00 5.25 0  00:00 0.00 0.00
7 CB-H Junction 1640.85 1647.66 1640.85 1647.66 0.00 83.97 1643.25 0.00 4.41 0  00:00 0.00 0.00
8 CB-I Junction 1642.36 1649.96 1642.36 1649.96 0.00 82.89 1644.66 0.00 5.30 0  00:00 0.00 0.00
9 CB-J Junction 1644.75 1653.10 1644.75 1653.10 0.00 82.89 1648.71 0.00 4.39 0  00:00 0.00 0.00

10 CB-P Junction 1645.34 1651.09 1645.34 1651.09 0.00 6.88 1646.15 0.00 4.94 0  00:00 0.00 0.00
11 CB-Q Junction 1645.68 1651.53 1645.68 1651.53 0.00 2.23 1646.18 0.00 5.35 0  00:00 0.00 0.00
12 CB-R Junction 1646.69 1655.87 1646.69 1655.87 0.00 66.54 1649.46 0.00 6.41 0  00:00 0.00 0.00
13 CB-S Junction 1647.06 1656.04 1647.06 1656.04 0.00 62.76 1649.68 0.00 6.36 0  00:00 0.00 0.00
14 CB-U Junction 1647.98 1655.61 1647.98 1655.61 0.00 61.97 1650.32 0.00 5.29 0  00:00 0.00 0.00
15 CB-V Junction 1634.93 1641.95 1634.93 1641.95 0.00 33.79 1636.59 0.00 5.36 0  00:00 0.00 0.00
16 CV-1 Junction 1634.64 1640.43 1634.64 1640.43 0.00 33.79 1636.24 0.00 4.19 0  00:00 0.00 0.00
17 CV-2 Junction 1640.64 1648.18 1640.64 1648.18 0.00 83.97 1643.06 0.00 5.12 0  00:00 0.00 0.00
18 MH-1 Junction 1634.81 1641.64 1634.81 1641.64 0.00 33.79 1636.47 0.00 5.17 0  00:00 0.00 0.00
19 MH-2 Junction 1636.79 1646.67 1636.79 1646.67 0.00 4.72 1637.55 0.00 9.11 0  00:00 0.00 0.00
20 MH-3 Junction 1650.21 1656.65 1650.21 1656.65 0.00 6.14 1651.09 0.00 5.56 0  00:00 0.00 0.00
21 MH-4 Junction 1647.24 1655.59 1647.24 1655.59 0.00 61.97 1649.83 0.00 5.76 0  00:00 0.00 0.00
22 ST-2 Junction 1636.94 1638.66 1636.94 1638.66 0.00 4.72 1637.70 0.00 0.96 0  00:00 0.00 0.00
23 ST-5 Junction 1651.37 1653.09 1651.37 1653.09 0.00 6.14 1652.16 0.00 0.94 0  00:00 0.00 0.00
24 Out-143 Outfall 1640.35 83.97 1642.67
25 Out-163 (1) Outfall 1634.10 33.79 1635.15



Link Summary
SN Element Element From To (Outlet) Length Inlet Outlet Average Diameter or Manning's Peak Design Flow Peak Flow/ Peak Flow Peak Flow Peak Flow Total Time Reported

ID Type (Inlet) Node Invert Invert Slope Height Roughness Flow Capacity Design Flow Velocity Depth Depth/ Surcharged Condition
Node Elevation Elevation Ratio Total Depth

Ratio
(ft) (ft) (ft) (%) (in) (cfs) (cfs) (ft/sec) (ft) (min)

1 13 Pipe CB-P CB-D 304.20 1645.34 1643.30 0.6700 24.000 0.0120 6.88 20.07 0.34 5.79 0.81 0.40 0.00 Calculated
2 15 Pipe CB-D CB-C 174.21 1643.20 1640.80 1.3800 24.000 0.0120 17.87 28.77 0.62 9.64 1.14 0.57 0.00 Calculated
3 17 Pipe CB-C CB-A 207.50 1636.64 1635.60 0.5000 30.000 0.0120 21.47 31.42 0.68 6.89 1.52 0.61 0.00 Calculated
4 24 Pipe CB-E CB-D 89.22 1644.19 1643.30 1.0000 18.000 0.0120 7.85 11.38 0.69 6.94 0.92 0.61 0.00 Calculated
5 35 Pipe CB-R CB-J 185.94 1646.69 1645.95 0.4000 42.000 0.0120 66.54 68.93 0.97 8.16 2.77 0.79 0.00 Calculated
6 37 Pipe CB-J CB-I 204.47 1644.75 1642.46 1.1200 42.000 0.0120 82.89 115.47 0.72 13.05 2.20 0.63 0.00 Calculated
7 39 Pipe CB-I CB-H 144.21 1642.36 1640.95 0.9800 42.000 0.0120 82.89 107.66 0.77 12.34 2.30 0.66 0.00 Calculated
8 41 Pipe CB-H CV-2 11.53 1640.85 1640.74 0.9800 42.000 0.0120 83.97 107.82 0.78 12.39 2.32 0.66 0.00 Calculated
9 41 (1) Pipe CV-2 CB-F 13.84 1640.64 1640.50 0.9800 42.000 0.0120 83.97 107.82 0.78 12.39 2.32 0.66 0.00 Calculated

10 43 Pipe CB-F Out-143 5.16 1640.40 1640.35 0.9800 42.000 0.0120 83.97 107.82 0.78 12.39 2.32 0.66 0.00 Calculated
11 62 Pipe CB-A CB-V 74.50 1635.40 1634.93 0.6300 36.000 0.0120 32.93 57.19 0.58 8.37 1.63 0.54 0.00 Calculated
12 62 (1) Pipe CB-V MH-1 19.38 1634.93 1634.81 0.6300 36.000 0.0120 33.79 57.19 0.59 8.42 1.66 0.55 0.00 Calculated
13 63 Pipe MH-1 CV-1 25.20 1634.81 1634.64 0.7000 36.000 0.0120 33.79 60.43 0.56 8.78 1.60 0.53 0.00 Calculated
14 63 (1) Pipe CV-1 Out-163 (1) 16.59 1634.64 1634.10 3.2000 36.000 0.0120 33.79 129.31 0.26 15.39 1.05 0.35 0.00 Calculated
15 64 Pipe CB-B CB-A 77.04 1635.89 1635.40 0.6300 18.000 0.0120 6.87 9.03 0.76 5.63 0.98 0.65 0.00 Calculated
16 65 Pipe MH-2 CB-B 138.57 1636.79 1635.89 0.6500 18.000 0.0120 4.72 9.17 0.51 5.23 0.76 0.51 0.00 Calculated
17 66 Pipe ST-2 MH-2 22.46 1636.94 1636.79 0.6500 18.000 0.0120 4.72 9.17 0.51 5.23 0.76 0.51 0.00 Calculated
18 81 Pipe MH-3 CB-J 245.26 1650.21 1645.95 1.7400 18.000 0.0120 6.14 15.00 0.41 8.06 0.67 0.45 0.00 Calculated
19 82 Pipe ST-5 MH-3 106.10 1651.37 1650.31 1.0000 18.000 0.0120 6.14 11.38 0.54 6.56 0.78 0.52 0.00 Calculated
20 83 Pipe CB-Q CB-P 35.52 1645.68 1645.44 0.6700 18.000 0.0120 2.23 9.31 0.24 4.33 0.50 0.33 0.00 Calculated
21 84 Pipe CB-S CB-R 92.71 1647.06 1646.69 0.4000 42.000 0.0120 62.76 68.93 0.91 8.11 2.62 0.75 0.00 Calculated
22 84 (1) Pipe MH-4 CB-S 44.15 1647.24 1647.06 0.4000 42.000 0.0120 61.97 68.93 0.90 8.10 2.60 0.74 0.00 Calculated
23 86 Pipe CB-U MH-4 123.90 1647.98 1647.34 0.5200 42.000 0.0120 61.97 78.65 0.79 9.06 2.34 0.67 0.00 Calculated



Junction Input
SN Element Invert Ground/Rim Ground/Rim Initial Initial Surcharge Surcharge Ponded Minimum

ID Elevation (Max) (Max) Water Water Elevation Depth Area Pipe
Elevation Offset Elevation Depth Cover

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft²) (in)
1 CB-A 1635.40 1642.03 6.63 1635.40 0.00 1642.03 0.00 0.00 43.62
2 CB-B 1635.89 1643.94 8.06 1635.89 0.00 1643.94 0.00 0.00 78.65
3 CB-C 1636.64 1645.50 8.86 1636.64 0.00 1645.50 0.00 0.00 32.40
4 CB-D 1643.20 1649.20 6.00 1643.20 0.00 1649.20 0.00 0.00 46.80
5 CB-E 1644.19 1649.00 4.81 1644.19 0.00 1649.00 0.00 0.00 39.70
6 CB-F 1640.40 1648.07 7.67 1640.40 0.00 1648.07 0.00 0.00 48.84
7 CB-H 1640.85 1647.66 6.82 1640.85 0.00 1647.66 0.00 0.00 38.59
8 CB-I 1642.36 1649.96 7.60 1642.36 0.00 1649.96 0.00 0.00 48.00
9 CB-J 1644.75 1653.10 8.35 1644.75 0.00 1653.10 0.00 0.00 43.86

10 CB-P 1645.34 1651.09 5.75 1645.34 0.00 1651.09 0.00 0.00 44.99
11 CB-Q 1645.68 1651.53 5.85 1645.68 0.00 1651.53 0.00 0.00 52.19
12 CB-R 1646.69 1655.87 9.18 1646.69 0.00 1655.87 0.00 0.00 68.14
13 CB-S 1647.06 1656.04 8.98 1647.06 0.00 1656.04 0.00 0.00 65.76
14 CB-U 1647.98 1655.61 7.63 1647.98 0.00 1655.61 0.00 0.00 49.57
15 CB-V 1634.93 1641.95 7.02 1634.93 0.00 1641.95 0.00 0.00 48.18
16 CV-1 1634.64 1640.43 5.79 1634.64 0.00 1640.43 0.00 0.00 33.49
17 CV-2 1640.64 1648.18 7.54 1640.64 0.00 1648.18 0.00 0.00 47.32
18 MH-1 1634.81 1641.64 6.83 1634.81 0.00 1641.64 0.00 0.00 45.99
19 MH-2 1636.79 1646.67 9.88 1636.79 0.00 1646.67 0.00 0.00 100.50
20 MH-3 1650.21 1656.65 6.44 1650.21 0.00 1656.65 0.00 0.00 58.14
21 MH-4 1647.24 1655.59 8.36 1647.24 0.00 1655.59 0.00 0.00 57.10
22 ST-2 1636.94 1638.66 1.72 1636.94 0.00 1638.66 0.00 0.00 2.66
23 ST-5 1651.37 1653.09 1.72 1651.37 0.00 1653.09 0.00 0.00 2.66



Junction Results
SN Element Peak Peak Max HGL Max HGL Max Min Average HGL Average HGL Time of Time of Total Total Time

ID Inflow Lateral Elevation Depth Surcharge Freeboard Elevation Depth Max HGL Peak Flooded Flooded
Inflow Attained Attained Depth Attained Attained Attained Occurrence Flooding Volume

Attained Occurrence
(cfs) (cfs) (ft) (ft) (ft) (ft) (ft) (ft) (days hh:mm) (days hh:mm) (ac-in) (min)

1 CB-A 32.93 4.59 1637.12 1.72 0.00 4.92 1637.12 1.72 0  00:13 0  00:00 0.00 0.00
2 CB-B 6.87 2.15 1636.86 0.97 0.00 7.08 1636.86 0.97 0  00:07 0  00:00 0.00 0.00
3 CB-C 21.47 3.60 1641.94 5.30 0.00 3.56 1641.94 5.30 0  00:12 0  00:00 0.00 0.00
4 CB-D 17.87 3.14 1644.34 1.14 0.00 4.86 1644.34 1.14 0  00:12 0  00:00 0.00 0.00
5 CB-E 7.85 7.85 1645.11 0.92 0.00 3.89 1645.11 0.92 0  00:00 0  00:00 0.00 0.00
6 CB-F 83.97 0.00 1642.82 2.42 0.00 5.25 1642.82 2.42 0  00:08 0  00:00 0.00 0.00
7 CB-H 83.97 1.08 1643.25 2.40 0.00 4.41 1643.25 2.40 0  00:08 0  00:00 0.00 0.00
8 CB-I 82.89 0.00 1644.66 2.30 0.00 5.30 1644.66 2.30 0  00:08 0  00:00 0.00 0.00
9 CB-J 82.89 10.21 1648.71 3.96 0.00 4.39 1648.71 3.96 0  00:07 0  00:00 0.00 0.00

10 CB-P 6.88 4.65 1646.15 0.81 0.00 4.94 1646.15 0.81 0  00:02 0  00:00 0.00 0.00
11 CB-Q 2.23 2.23 1646.18 0.50 0.00 5.35 1646.18 0.50 0  00:00 0  00:00 0.00 0.00
12 CB-R 66.54 3.78 1649.46 2.77 0.00 6.41 1649.46 2.77 0  00:04 0  00:00 0.00 0.00
13 CB-S 62.76 0.79 1649.68 2.62 0.00 6.36 1649.68 2.62 0  00:03 0  00:00 0.00 0.00
14 CB-U 61.97 61.97 1650.32 2.34 0.00 5.29 1650.32 2.34 0  00:00 0  00:00 0.00 0.00
15 CB-V 33.79 0.86 1636.59 1.66 0.00 5.36 1636.59 1.66 0  00:13 0  00:00 0.00 0.00
16 CV-1 33.79 0.00 1636.24 1.60 0.00 4.19 1636.24 1.60 0  00:13 0  00:00 0.00 0.00
17 CV-2 83.97 0.00 1643.06 2.42 0.00 5.12 1643.06 2.42 0  00:08 0  00:00 0.00 0.00
18 MH-1 33.79 0.00 1636.47 1.66 0.00 5.17 1636.47 1.66 0  00:13 0  00:00 0.00 0.00
19 MH-2 4.72 0.00 1637.55 0.76 0.00 9.11 1637.55 0.76 0  00:01 0  00:00 0.00 0.00
20 MH-3 6.14 0.00 1651.09 0.88 0.00 5.56 1651.09 0.88 0  00:04 0  00:00 0.00 0.00
21 MH-4 61.97 0.00 1649.83 2.59 0.00 5.76 1649.83 2.59 0  00:03 0  00:00 0.00 0.00
22 ST-2 4.72 4.72 1637.70 0.76 0.00 0.96 1637.70 0.76 0  00:00 0  00:00 0.00 0.00
23 ST-5 6.14 6.14 1652.16 0.79 0.00 0.94 1652.16 0.79 0  00:00 0  00:00 0.00 0.00



Pipe Input
SN Element Length Inlet Inlet Outlet Outlet Total Average Pipe Pipe Pipe Manning's Entrance Exit/Bend Additional Initial Flap No. of

ID Invert Invert Invert Invert Drop Slope Shape Diameter or Width Roughness Losses Losses Losses Flow Gate Barrels
Elevation Offset Elevation Offset Height

(ft) (ft) (ft) (ft) (ft) (ft) (%) (in) (in) (cfs)
1 13 304.20 1645.34 0.00 1643.30 0.10 2.04 0.6700 CIRCULAR 24.000 24.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
2 15 174.21 1643.20 0.00 1640.80 4.16 2.40 1.3800 CIRCULAR 24.000 24.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
3 17 207.50 1636.64 0.00 1635.60 0.20 1.04 0.5000 CIRCULAR 30.000 30.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
4 24 89.22 1644.19 0.00 1643.30 0.10 0.89 1.0000 CIRCULAR 18.000 18.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
5 35 185.94 1646.69 0.00 1645.95 1.20 0.74 0.4000 CIRCULAR 42.000 42.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
6 37 204.47 1644.75 0.00 1642.46 0.10 2.30 1.1200 CIRCULAR 42.000 42.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
7 39 144.21 1642.36 0.00 1640.95 0.10 1.41 0.9800 CIRCULAR 42.000 42.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
8 41 11.53 1640.85 0.00 1640.74 0.10 0.11 0.9800 CIRCULAR 42.000 42.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
9 41 (1) 13.84 1640.64 0.00 1640.50 0.10 0.14 0.9800 CIRCULAR 42.000 42.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1

10 43 5.16 1640.40 0.00 1640.35 0.00 0.05 0.9800 CIRCULAR 42.000 42.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
11 62 74.50 1635.40 0.00 1634.93 0.00 0.47 0.6300 CIRCULAR 36.000 36.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
12 62 (1) 19.38 1634.93 0.00 1634.81 0.00 0.12 0.6300 CIRCULAR 36.000 36.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
13 63 25.20 1634.81 0.00 1634.64 0.00 0.18 0.7000 CIRCULAR 36.000 36.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
14 63 (1) 16.59 1634.64 0.00 1634.10 0.00 0.53 3.2000 CIRCULAR 36.000 36.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
15 64 77.04 1635.89 0.00 1635.40 0.00 0.49 0.6300 CIRCULAR 18.000 18.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
16 65 138.57 1636.79 0.00 1635.89 0.00 0.90 0.6500 CIRCULAR 18.000 18.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
17 66 22.46 1636.94 0.00 1636.79 0.00 0.15 0.6500 CIRCULAR 18.000 18.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
18 81 245.26 1650.21 0.00 1645.95 1.20 4.26 1.7400 CIRCULAR 18.000 18.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
19 82 106.10 1651.37 0.00 1650.31 0.10 1.06 1.0000 CIRCULAR 18.000 18.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
20 83 35.52 1645.68 0.00 1645.44 0.10 0.24 0.6700 CIRCULAR 18.000 18.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
21 84 92.71 1647.06 0.00 1646.69 0.00 0.37 0.4000 CIRCULAR 42.000 42.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
22 84 (1) 44.15 1647.24 0.00 1647.06 0.00 0.18 0.4000 CIRCULAR 42.000 42.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1
23 86 123.90 1647.98 0.00 1647.34 0.10 0.65 0.5200 CIRCULAR 42.000 42.000 0.0120 0.5000 0.5000 0.0000 0.00 No 1



Pipe Results
SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported

ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition
Occurrence Ratio Total Depth

Ratio
(cfs) (days hh:mm) (cfs) (ft/sec) (min) (ft) (min)

1 13 6.88 0  00:12 20.07 0.34 5.79 0.88 0.81 0.40 0.00 Calculated
2 15 17.87 0  00:12 28.77 0.62 9.64 0.30 1.14 0.57 0.00 Calculated
3 17 21.47 0  00:13 31.42 0.68 6.89 0.50 1.52 0.61 0.00 Calculated
4 24 7.85 0  00:03 11.38 0.69 6.94 0.21 0.92 0.61 0.00 Calculated
5 35 66.54 0  00:07 68.93 0.97 8.16 0.38 2.77 0.79 0.00 Calculated
6 37 82.89 0  00:08 115.47 0.72 13.05 0.26 2.20 0.63 0.00 Calculated
7 39 82.89 0  00:08 107.66 0.77 12.34 0.19 2.30 0.66 0.00 Calculated
8 41 83.97 0  00:08 107.82 0.78 12.39 0.02 2.32 0.66 0.00 Calculated
9 41 (1) 83.97 0  00:08 107.82 0.78 12.39 0.02 2.32 0.66 0.00 Calculated

10 43 83.97 0  00:08 107.82 0.78 12.39 0.01 2.32 0.66 0.00 Calculated
11 62 32.93 0  00:13 57.19 0.58 8.37 0.15 1.63 0.54 0.00 Calculated
12 62 (1) 33.79 0  00:13 57.19 0.59 8.42 0.04 1.66 0.55 0.00 Calculated
13 63 33.79 0  00:13 60.43 0.56 8.78 0.05 1.60 0.53 0.00 Calculated
14 63 (1) 33.79 0  00:13 129.31 0.26 15.39 0.02 1.05 0.35 0.00 Calculated
15 64 6.87 0  00:07 9.03 0.76 5.63 0.23 0.98 0.65 0.00 Calculated
16 65 4.72 0  00:07 9.17 0.51 5.23 0.44 0.76 0.51 0.00 Calculated
17 66 4.72 0  00:01 9.17 0.51 5.23 0.07 0.76 0.51 0.00 Calculated
18 81 6.14 0  00:08 15.00 0.41 8.06 0.51 0.67 0.45 0.00 Calculated
19 82 6.14 0  00:04 11.38 0.54 6.56 0.27 0.78 0.52 0.00 Calculated
20 83 2.23 0  00:02 9.31 0.24 4.33 0.14 0.50 0.33 0.00 Calculated
21 84 62.76 0  00:04 68.93 0.91 8.11 0.19 2.62 0.75 0.00 Calculated
22 84 (1) 61.97 0  00:04 68.93 0.90 8.10 0.09 2.60 0.74 0.00 Calculated
23 86 61.97 0  00:03 78.65 0.79 9.06 0.23 2.34 0.67 0.00 Calculated





















 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX E – FIMA FIRM MAP AND STRUCTURE EXHIBIT 







 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX F – HY8 REPORTS 



HY-8 Culvert Analysis Report
Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 0 cfs
Design Flow: 170 cfs
Maximum Flow: 170 cfs

keuson
Text Box
Thompson Peak Parkway



Table 1 - Summary of Culvert Flows at Crossing: Thompson Peak
Headwater Elevation (ft)Total Discharge (cfs)3-36 Discharge (cfs)Roadway Discharge 

(cfs)
Iterations

60.00 0.00 0.00 0.00 1
61.02 17.00 17.00 0.00 1
61.47 34.00 34.00 0.00 1
61.90 51.00 51.00 0.00 1
62.26 68.00 68.00 0.00 1
62.60 85.00 85.00 0.00 1
62.93 102.00 102.00 0.00 1
63.41 119.00 119.00 0.00 1
63.70 136.00 136.00 0.00 1
64.15 153.00 153.00 0.00 1
64.75 170.00 161.68 8.27 7
64.20 154.03 154.03 0.00 Overtopping



Rating Curve Plot for Crossing: Thompson Peak



Table 2 - Culvert Summary Table: 3-36
Total 

Discharg
e (cfs)

Culvert 
Discharg
e (cfs)

Headwate
r 

Elevation 
(ft)

Inlet 
Control 
Depth (ft)

Outlet 
Control 
Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

0.00 0.00 60.00 0.000 0.000 0-NF 0.000 0.000 0.000 0.000 0.000 0.000
17.00 17.00 61.02 1.018 0.0* 1-S2n 0.697 0.744 0.697 0.333 4.388 2.394
34.00 34.00 61.47 1.472 0.0* 1-S2n 0.994 1.062 0.994 0.501 5.344 3.084
51.00 51.00 61.90 1.896 0.0* 1-S2n 1.238 1.317 1.238 0.635 5.968 3.563
68.00 68.00 62.26 2.262 0.267 1-S2n 1.459 1.531 1.459 0.751 6.428 3.939
85.00 85.00 62.60 2.598 0.868 1-S2n 1.671 1.719 1.671 0.854 6.784 4.252
102.00 102.00 62.93 2.928 1.546 1-S2n 1.885 1.890 1.885 0.948 7.053 4.522
119.00 119.00 63.41 3.274 3.408 7-M2c 2.113 2.048 2.048 1.035 7.714 4.760
136.00 136.00 63.70 3.652 3.704 7-M2c 2.388 2.191 2.191 1.117 8.197 4.975
153.00 153.00 64.15 4.072 4.148 7-M2c 3.000 2.320 2.320 1.194 8.693 5.170
170.00 161.68 64.75 4.306 4.752 7-M2c 3.000 2.382 2.382 1.268 8.956 5.349



* Full Flow Headwater elevation is below inlet invert.



********************************************************************************

Straight Culvert

Inlet Elevation (invert): 60.00 ft,    Outlet Elevation (invert): 58.00 ft

Culvert Length: 432.00 ft,    Culvert Slope: 0.0046

********************************************************************************



Culvert Performance Curve Plot: 3-36



Water Surface Profile Plot for Culvert: 3-36

Site Data - 3-36
Site Data Option:  Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation:  60.00 ft
Outlet Station:  432.00 ft
Outlet Elevation:  58.00 ft
Number of Barrels:  3

Culvert Data Summary - 3-36
Barrel Shape:  Circular
Barrel Diameter:  3.00 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None



Table 3 - Downstream Channel Rating Curve (Crossing: Thompson Peak)
Flow (cfs) Water Surface 

Elev (ft)
Depth (ft) Velocity (ft/s) Shear (psf) Froude Number

0.00 58.00 0.00 0.00 0.00 0.00
17.00 58.33 0.33 2.39 0.31 0.75
34.00 58.50 0.50 3.08 0.47 0.80
51.00 58.63 0.63 3.56 0.59 0.83
68.00 58.75 0.75 3.94 0.70 0.85
85.00 58.85 0.85 4.25 0.80 0.87
102.00 58.95 0.95 4.52 0.89 0.88
119.00 59.04 1.04 4.76 0.97 0.89
136.00 59.12 1.12 4.97 1.05 0.90
153.00 59.19 1.19 5.17 1.12 0.91
170.00 59.27 1.27 5.35 1.19 0.92



Tailwater Channel Data - Thompson Peak
Tailwater Channel Option:  Trapezoidal Channel
Bottom Width:  20.00 ft
Side Slope (H:V):  4.00 (_:1)
Channel Slope:  0.0150
Channel Manning's n:  0.0350
Channel Invert Elevation:  58.00 ft

Roadway Data for Crossing: Thompson Peak
Roadway Profile Shape:  Irregular Roadway Shape (coordinates)
Roadway Surface:  Paved
Roadway Top Width:  24.00 ft



HY-8 Culvert Analysis Report
Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 50 cfs
Design Flow: 356 cfs
Maximum Flow: 356 cfs

keuson
Text Box
Scottsdale Road North Section B



Table 1 - Summary of Culvert Flows at Crossing: Scottsdale Road North Reduced Flow
Headwater Elevation (ft)Total Discharge (cfs)4-36 North 356 cfs 

Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

51.05 50.00 50.00 0.00 1
51.59 80.60 80.60 0.00 1
52.05 111.20 111.20 0.00 1
52.50 141.80 141.80 0.00 1
52.98 172.40 172.40 0.00 1
53.54 203.00 203.00 0.00 1
54.18 233.60 233.60 0.00 1
54.93 264.20 264.20 0.00 1
55.47 294.80 283.85 10.78 10
55.64 325.40 290.06 35.13 8
55.77 356.00 294.42 61.25 6
55.10 270.60 270.60 0.00 Overtopping



Rating Curve Plot for Crossing: Scottsdale Road North Reduced Flow



Table 2 - Culvert Summary Table: 4-36 North 356 cfs
Total 

Discharg
e (cfs)

Culvert 
Discharg
e (cfs)

Headwate
r 

Elevation 
(ft)

Inlet 
Control 
Depth (ft)

Outlet 
Control 
Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

50.00 50.00 51.05 1.547 0.0* 1-S2n 0.775 1.119 0.775 0.647 8.323 5.153
80.60 80.60 51.59 2.090 0.0* 1-S2n 0.993 1.441 0.993 0.871 9.523 6.170
111.20 111.20 52.05 2.552 0.0* 1-S2n 1.180 1.702 1.180 1.066 10.406 6.953
141.80 141.80 52.50 2.999 0.0* 1-S2n 1.352 1.931 1.352 1.244 11.093 7.601
172.40 172.40 52.98 3.483 0.0* 5-S2n 1.515 2.136 1.570 1.409 11.141 8.157
203.00 203.00 53.54 4.037 0.0* 5-S2n 1.675 2.315 1.675 1.565 12.111 8.648
233.60 233.60 54.18 4.683 0.524 5-S2n 1.837 2.470 1.889 1.714 12.081 9.088
264.20 264.20 54.93 5.430 2.172 5-S2n 2.004 2.601 2.004 1.856 12.788 9.488
294.80 283.85 55.47 5.965 3.325 5-S2n 2.119 2.670 2.119 1.994 12.928 9.856
325.40 290.06 55.64 6.143 3.705 5-S2n 2.156 2.690 2.156 2.128 12.974 10.196
356.00 294.42 55.77 6.271 3.976 5-S2n 2.184 2.703 2.184 2.258 12.991 10.513



* Full Flow Headwater elevation is below inlet invert.



********************************************************************************

Straight Culvert

Inlet Elevation (invert): 49.50 ft,    Outlet Elevation (invert): 41.62 ft

Culvert Length: 535.06 ft,    Culvert Slope: 0.0147

********************************************************************************



Culvert Performance Curve Plot: 4-36 North 356 cfs



Water Surface Profile Plot for Culvert: 4-36 North 356 cfs

Site Data - 4-36 North 356 cfs
Site Data Option:  Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation:  49.50 ft
Outlet Station:  535.00 ft
Outlet Elevation:  41.62 ft
Number of Barrels:  4

Culvert Data Summary - 4-36 North 356 cfs
Barrel Shape:  Circular
Barrel Diameter:  3.00 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None



Table 3 - Downstream Channel Rating Curve (Crossing: Scottsdale Road North Reduced 
Flow)Flow (cfs) Water Surface 

Elev (ft)
Depth (ft) Velocity (ft/s) Shear (psf) Froude Number

50.00 42.27 0.65 5.15 0.61 1.13
80.60 42.49 0.87 6.17 0.82 1.17
111.20 42.69 1.07 6.95 1.00 1.19
141.80 42.86 1.24 7.60 1.16 1.20
172.40 43.03 1.41 8.16 1.32 1.21
203.00 43.18 1.56 8.65 1.46 1.22
233.60 43.33 1.71 9.09 1.60 1.22
264.20 43.48 1.86 9.49 1.74 1.23
294.80 43.61 1.99 9.86 1.87 1.23
325.40 43.75 2.13 10.20 1.99 1.23
356.00 43.88 2.26 10.51 2.11 1.23



Tailwater Channel Data - Scottsdale Road North Reduced Flow
Tailwater Channel Option:  Rectangular Channel
Bottom Width:  15.00 ft
Channel Slope:  0.0150
Channel Manning's n:  0.0250
Channel Invert Elevation:  41.62 ft

Roadway Data for Crossing: Scottsdale Road North Reduced Flow
Roadway Profile Shape:  Irregular Roadway Shape (coordinates)
Roadway Surface:  Paved
Roadway Top Width:  24.00 ft



Crossing Front View (Roadway Profile): Scottsdale Road North Reduced Flow



HY-8 Culvert Analysis Report
Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 50 cfs
Design Flow: 447 cfs
Maximum Flow: 447 cfs

keuson
Text Box
Scottsdale Road North Section D



Table 1 - Summary of Culvert Flows at Crossing: Scottsdale Road Middle Reduced Flow
Headwater Elevation (ft)Total Discharge (cfs)4-36 Middle 447 cfs 

Discharge (cfs)
Roadway Discharge 

(cfs)
Iterations

43.17 50.00 50.00 0.00 1
43.86 89.70 89.70 0.00 1
44.44 129.40 129.40 0.00 1
45.05 169.10 169.10 0.00 1
45.78 208.80 208.80 0.00 1
46.66 248.50 248.50 0.00 1
47.71 288.20 288.20 0.00 1
49.04 327.90 326.28 1.50 16
49.50 367.60 333.55 33.80 9
49.69 407.30 336.54 70.52 8
49.83 447.00 338.69 107.81 6
48.85 323.34 323.34 0.00 Overtopping



Rating Curve Plot for Crossing: Scottsdale Road Middle Reduced Flow



Table 2 - Culvert Summary Table: 4-36 Middle 447 cfs
Total 

Discharg
e (cfs)

Culvert 
Discharg
e (cfs)

Headwate
r 

Elevation 
(ft)

Inlet 
Control 
Depth (ft)

Outlet 
Control 
Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet 
Depth (ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

50.00 50.00 43.17 1.551 0.0* 1-S2n 0.824 1.119 0.824 0.491 7.639 6.787
89.70 89.70 43.86 2.237 0.0* 1-S2n 1.120 1.523 1.120 0.705 8.999 8.485
129.40 129.40 44.44 2.821 0.0* 1-S2n 1.374 1.843 1.417 0.886 9.524 9.739
169.10 169.10 45.05 3.433 0.0* 5-S2n 1.611 2.115 1.611 1.048 10.585 10.756
208.80 208.80 45.78 4.157 1.516 5-S2n 1.846 2.346 1.846 1.198 11.094 11.622
248.50 248.50 46.66 5.038 3.261 5-S2n 2.097 2.537 2.154 1.338 11.124 12.380
288.20 288.20 47.71 6.094 5.420 7-M2c 3.000 2.684 2.684 1.471 10.800 13.059
327.90 326.28 49.04 7.268 7.419 7-M2c 3.000 2.785 2.785 1.599 11.919 13.673
367.60 333.55 49.50 7.509 7.880 7-M2c 3.000 2.802 2.802 1.721 12.140 14.236
407.30 336.54 49.69 7.610 8.069 7-M2c 3.000 2.804 2.804 1.840 12.242 14.756
447.00 338.69 49.83 7.683 8.210 7-M2c 3.000 2.808 2.808 1.955 12.311 15.241



* Full Flow Headwater elevation is below inlet invert.



********************************************************************************

Straight Culvert

Inlet Elevation (invert): 41.62 ft,    Outlet Elevation (invert): 36.50 ft

Culvert Length: 442.03 ft,    Culvert Slope: 0.0116

********************************************************************************



Culvert Performance Curve Plot: 4-36 Middle 447 cfs



Water Surface Profile Plot for Culvert: 4-36 Middle 447 cfs

Site Data - 4-36 Middle 447 cfs
Site Data Option:  Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation:  41.62 ft
Outlet Station:  442.00 ft
Outlet Elevation:  36.50 ft
Number of Barrels:  4

Culvert Data Summary - 4-36 Middle 447 cfs
Barrel Shape:  Circular
Barrel Diameter:  3.00 ft
Barrel Material:  Smooth HDPE
Embedment:  0.00 in
Barrel Manning's n:  0.0130
Culvert Type:  Straight
Inlet Configuration:  Square Edge with Headwall
Inlet Depression:  None



Table 3 - Downstream Channel Rating Curve (Crossing: Scottsdale Road Middle Reduced 
Flow)Flow (cfs) Water Surface 

Elev (ft)
Depth (ft) Velocity (ft/s) Shear (psf) Froude Number

50.00 36.99 0.49 6.79 0.46 1.71
89.70 37.20 0.70 8.48 0.66 1.78
129.40 37.39 0.89 9.74 0.83 1.82
169.10 37.55 1.05 10.76 0.98 1.85
208.80 37.70 1.20 11.62 1.12 1.87
248.50 37.84 1.34 12.38 1.25 1.89
288.20 37.97 1.47 13.06 1.38 1.90
327.90 38.10 1.60 13.67 1.50 1.91
367.60 38.22 1.72 14.24 1.61 1.91
407.30 38.34 1.84 14.76 1.72 1.92
447.00 38.46 1.96 15.24 1.83 1.92



Tailwater Channel Data - Scottsdale Road Middle Reduced Flow
Tailwater Channel Option:  Rectangular Channel
Bottom Width:  15.00 ft
Channel Slope:  0.0150
Channel Manning's n:  0.0160
Channel Invert Elevation:  36.50 ft

Roadway Data for Crossing: Scottsdale Road Middle Reduced Flow
Roadway Profile Shape:  Irregular Roadway Shape (coordinates)
Roadway Surface:  Paved
Roadway Top Width:  24.00 ft



Crossing Front View (Roadway Profile): Scottsdale Road Middle Reduced Flow



 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX G – EXCERPTS FROM ONE SCOTTSDALE MASTER 

DRAINAGE PLAN, DRAINAGE REPORT FOR TDI AT ONE 

SCOTTSDALE, PHASE I, AND FINAL DRAINAGE REPORT FOR ONE 

SCOTTSDALE PU III INFRASTRUCTURE IMPROVEMENTS (PUIII) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 













































 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX H – OFFSITE FLOW ANALYSIS 
 



 

 

 

Date: March 4, 2020 

To:  Kaley Euson, PE, CEC 

From: Hari Raghavan, PhD, PE, CFM, HELM 

Re:  One Scottsdale FLO-2D Modeling Update Phase II 

 

Ms. Euson: 

 
Civil and Environmental Consultants Inc. (CEC) contracted Holistic Engineering and Land 

Management Inc. (HELM) to perform the One Scottsdale FLO-2D Modeling Update Phase II project. 
The purpose of this memorandum is to document the details of the FLO-2D modeling updates 
performed as part of the One Scottsdale FLO-2D Modeling Update Phase II project and describe the 
procedure adopted in extracting the discharge estimates from the updated modeling. 
 
The One Scottsdale FLO-2D Modeling Update Phase II project involves drainage discharge estimation 
for a proposed site development at One Scottsdale Road located southeast of N. Scottsdale Road and N 
Thompson peak road intersection. The purpose of this project is to provide assistance in updating FLO-
2D modeling and aid CEC in estimation of 100-year 24-hour discharges that may reach the project site 
along N Thompson Peak Road from the east. The existing conditions drainage is estimated using the 
planning level FLO-2D model developed by Flood Control District of Maricopa County (FCDMC) as part 
of the Pinnacle Peak West Area Drainage Master Plan (PPW ADMP). The following describes the 
procedure adopted for the FLO-2D modeling update and the extraction discharge estimates from the 
(updated) modeling results: 

• The PPW ADMP without-walls 100-year 24-hour FLO-2D (LR_100Y24H_WOW) model was used 
as the base model for this project. A new FLO-2D model has been developed for the area of 
interest. Cell size is set at 5’. All relevant data were derived from the base model. Some of the 
data that derived from the base model are: Manning’s roughness, Building blockages, Rainfall 
loss/Infiltration, Hydraulic structure, rainfall and flow inflows. Adjustments to the inputs were 
also made as needed to incorporate the data into this new 5’ FLO-2D model. 

• Additional floodplain cross-sections were added at locations upstream of the area of interest 
into the base LR_100Y24H_WOW model. This base model was run for a simulation duration of 
18 hours which was deemed adequate to capture the peak discharges in the modeling results in 
the area of interest. 

• Flow hydrographs were extracted from this base model run at selected cross-sections upstream 
of the area of interest. 

• A 3x36” RCP culvert located under 73rd Street south of Thompson Peak intersection was added 
to model. Rating curve for this culvert was developed using HY8 culvert analysis program. 

• A FLO-2D submodel was developed for the area of interest using most of the inputs from the 
base model with the following exceptions: 
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o Inflow for the submodels were obtained from the flow hydrographs at upstream cross-
sections from the base model (placed into the base model as explained above). 

o The One Scottsdale development site topography was updated based on topography 
received from CEC. The CAD topographic data was horizontally georeferenced to NAD83 
using shifting to a visual match of the roadway alignment. A topographic surface was 
generated using the contours and the point elevation data. Grid average elevations 
were then derived from this surface. Grid elevations obtained in this manner were then 
used to update the grid cell elevations in the FLO-2D FPLAIN.DAT file. 

o The topography in the adjacent property located east of the One Scottsdale site has 
undergone significant changes since the original PPW FLO-2D model development. 
Historic aerials and a review of the topography used in the PPW FLO-2D model indicated 
a presence of a potential fill. As part of the submodel development, this fill was 
removed in an approximate manner. The topography outside of the deemed fill limits 
was retained as-is from the base PPW model. 

o The base PPW model consisted of 1-D channels in certain locations with that model 
boundary limits. However, the submodel boundary limits did not include any 1-D 
channels and, therefore, this option was turned off in CONT.DAT. Consequently, there 
are no CHAN.DAT, CHANBANK.DAT and XSEC.DAT inputs in the submodel. 

o Additional cross-sections were added to FPXSEC.DAT provide discharge estimates at 
various locations in the area of interest. 

o Floodwall of 6 feet height and curb of 6 inches height were included in the submodel 
using LEVEE.DAT. The floodwall height of 6-feet is assigned to block all flows from 
upstream. The curb height of 6 inches was assumed and set approximately along the 
curb edge as seen in the aerial.  The LEVEE.DAT option simulates obstructions with weir 
type overtopping above the specified levee height. This approach is approximate in 
nature for the modeling of the curb. 

o Outflow nodes were assigned along the south and west outer boundaries of the 
submodel. 

• The submodel was run for a storm duration of 18 hours and discharge estimates were extracted 
from the CROSSMAX.OUT at floodplain cross sections specified in the FPXSEC.DAT. Preliminary 
model runs with the FLOPRO.EXE from PPW ADMS displayed significant presence of numerical 
instabilities. It is anticipated that these numerical instabilities are due to reduction in the cell 
size to 5 ft. Therefore, the FLOPRO.EXE of FLO-2D Build No. 16.06.16 was used for the purpose 
of this project. 

• Maps of the discharge and flow-depth estimates from the updated model are included with this 
memorandum as exhibits. 
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