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DATE: January 20, 2022 
 
TO: Michael F. Burke 

One Scottsdale Core LLC 
 
FROM: Richard Waskowsky, PE 

JE Fuller Hydrology & Geomorphology, Inc. 
 
RE: Hydraulic Modeling Assistance for One Scottsdale in Scottsdale, Arizona 

 Introduction 

The One Scottsdale project is in Scottsdale, Arizona on the northeast corner of Scottsdale Road and the 
Loop 101.  Refer to project parcels in Figure 1.  During the City of Scottsdale’s (COS) drainage review of 
the project, the COS made a comment about how the project is handling off-site flow from the Pinnacle 
Peak West Area Drainage Master Study (PPW ADMS) (JEF, 2014).  Note the PPW discharge results in 
Figure 1.  The purpose of this memorandum is to document the hydraulic analyses used to resolve the 
City’s comment. 
 

 
Figure 1. Location of One Scottsdale Project 
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 Review of Existing Modeling Studies in the Area 

This area of Scottsdale has been extensively studied with two-dimensional modeling since late 2010.  
The studies in the area are tabulated in the list below along with a brief description, starting with the 
first study: 

• Pinnacle Peak South (PPS) ADMS (TY Lin, 2013) – This analysis had a study area of approximately 
40 square miles and used both HEC-1 and FLO-2D to complete the hydrology for the entire area.  
The FLO-2D software used was version 2009.06 with a Build Number of 09-11.07.06, and the 
modeling area used a 30-ft grid.  This study was prepared for the COS in partnership with the 
Flood Control District of Maricopa County (FCDMC). 

• Pinnacle Peak West ADMS (JEF, 2014) – This study had a total area of approximately 97 square 
miles, and FLO-2D was used for the entire study except some inflows were from the adjacent 
PPS FLO-2D modeling and HEC-1 modeling for in the Carefree area.  The FLO-2D software used 
was version PRO with a Build Number of 13.07.05, and the modeling used a 20-ft grid.  This 
study was prepared for the FCDMC in partnership with the COS, the City of Phoenix (COP), and 
the Arizona State Land Department (ASLD). 

• Rawhide Wash Hydrology Conditional Letter of Map Revision (CLOMR) (JEF, 2018) – This study 
was approximately 14 square miles and was used to redefine the 100-year discharge for 
Rawhide Wash at the alluvial fan apex.  The entire area was modeled with FLO-2D. The FLO-2D 
software used was version PRO with a Build Number of 16.06.16, and the modeling used a 20-ft 
grid.   The 100-year discharge for the Rawhide Wash apex was approved by FEMA in January 
2019.  This study was performed for the FCDMC with the COS as a project partner. 

• Rawhide Wash Flood Hazard Mitigation (FHM) CLOMR (JEF, 2020) – This CLOMR is part of the 
ongoing Rawhide Wash FHM Final Design project.  The design project’s primary goal is to 
mitigate the flood hazard from Rawhide Wash by designing levees to contain the flow on the 
reach of Rawhide Wash from its alluvial fan apex to Pinnacle Peak Road.  The existing and 
proposed conditions hydrology for the design was developed with FLO-2D modeling.  These 
hydrology models used a 20-ft grid, and the FLO-2D software used was version PRO with a Build 
Number of 16.06.16.  These models used the same methodologies and procedures from the 
Rawhide Wash Hydrology CLOMR since this modeling was accepted by FEMA.  The design 
project is being performed for the FCDMC with the COS and the COP as project partners. 

The FLO-2D modeling domains in relation to the project site are shown in Figure 2.   

All the above studies used FLO-2D as a part of the overall analysis.  However, different versions were 
used as the modeling becomes newer.  In general, the newer releases of the FLO-2D model are 
improvements over past versions through performance enhancements or software corrections.  
Additionally, the FCDMC developed and formalized a review process for new FLO-2D  build versions that 
is documented in the FLO-2D Verification Report (FCDMC, 2016).  The version of the FLO-2D software 
used in the Rawhide studies was tested and approved through the FCDMC approval process.  Therefore, 
since the Rawhide Wash FHM CLOMR existing conditions modeling is the latest modeling that covers the 
watershed that drains to One Scottsdale, the results from this model will be used to assess the off-site 
flows affecting One Scottsdale. 
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Figure 2. FLO-2D Modeling Domains in Relation to the One Scottsdale Project Site 

 Rawhide Wash FHM CLOMR FLO-2D Model Existing Condition Results 

The existing conditions modeling from the Rawhide FHM project was used to analyze off-site flows for 
the project site for the following reasons:  

1. The Rawhide Wash FHM CLOMR modeling is the most current modeling for the area,  
2. The City of Scottsdale is a project partner on Rawhide Wash FHM study,   
3. This modeling uses the latest procedures outlined in the Drainage Design Manual (DDM) for 

Maricopa County, Arizona – Hydrology (2018)  
4. The entire off-site watershed is contained in one model without relying on inflows from other 

studies.  
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While the FHM CLOMR modeling represents the best modeling in the area, there are a few items to note 
that include: 

1) There are significant storm drain improvements on the east side of the One Scottsdale 
project north of Legacy Boulevard that changed the inflow condition to the two 54-in 
diameter storm drain pipes along the east side of One Scottsdale south of Legacy 
Boulevard.  Basically, a 60-in diameter storm drain was added from approximately 250-
ft south of Thompson Peak Parkway to Legacy Boulevard that took inflows from three 
36-in culverts (see Figure 3) just south of Thompson Peak Parkway and connected to the 
two 54-in storm drains in a junction structure.  This additional 60-in storm drain has 
multiple inlet locations.  One is a major off-site flow location that is highlighted in Figure 
4, and, in addition, there grate inlets along its length to capture additional off-site 
inflows (see Figure 5) that bypass the upstream tie-in (Figure 3) and the off-site inlet 
(Figure 4) . This 60-in storm drain improvement and the three 36-in pipes have not been 
modeled in the Rawhide Wash FHM CLOMR modeling. 

 
Figure 3. Upstream Tie-in to Three 36-in Pipes (Excerpt from Design Plans) 
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Figure 4. Off-site Inlet Location about 600 ft South of Upstream End (Excerpt from Design Plans) 

 

 
Figure 5. Typical Grate Inlet along 60-in Storm Drain 
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2) As shown in Figure 2, the modeling domain for the Rawhide Wash FHM CLOMR does not 
cover the entire upstream watershed that drains to One Scottsdale.  This is because the 
FLO-2D domain was truncated to focus on areas affected by Rawhide Wash for the 
submittal to FEMA.  For the current study, an earlier version of the modeling that 
covered the entire upstream watershed is used.  However, the expanded modeling used 
the same parameters and procedures as the truncated model.  The relationship 
between the two domains is shown in Figure 6. 
 

 
Figure 6. Rawhide FHM FLO-2D Domains shown with One Scottsdale Site 

With these two items in mind, the results from the Rawhide FHM CLOMR modeling can be compared 
with the results from the PPW ADMS. A comparison of the maximum depth results between the two 
models is shown in Figure 7, while a comparison of the maximum discharges is shown in Figure 8.  It can 
be seen from both figures that the off-site flows impacting the One Scottsdale site have been greatly 
reduced with the new modeling.  This reduction is driven primarily by the updated infiltration 
parameters that have been included in the newer modeling based on the procedures formalized in the 
FCDMC manuals (2016, 2018). 
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Figure 7. Comparison of Maximum Depth Results near the One Scottsdale Site shown with Location of Relevant FLO-2D Cross-section 
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Figure 8. Comparison of Maximum Discharge  Results near the One Scottsdale Site shown with Location of Relevant FLO-2D Cross-section 
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Figure 8 also shows the peak flows at the most relevant FLO-2D floodplain cross-section along the 
eastern edge of the site.  The original PPW ADMS shows a flow of 265 cfs, while the Rawhide FHM 
modeling shows a peak flow of 33 cfs.  The results at other floodplain cross-sections were compared to 
see if similar reductions were observed across the modeling domain.  The other cross-section locations 
are shown in Figure 9.  These locations were chosen to give a representative sample of the percent 
reduction in the upstream watershed when the new modeling is used instead of inflows from the older 
PPS study.  A cross-section on Rawhide Wash was also included to give an example of the reduction that 
occurs when only the updated infiltration parameters are used (i.e., inflows from PPS have no effect at 
this location).  The comparison of peak flows is shown in Table 1.   

This comparison shows that, in general, with only the updated infiltration parameters the reduction is 
about 10%.  However, when the effect of the inflows from PPS are included (i.e., the entire watershed is 
modeled within the same model without inflows), the reduction is about 65%.  Finally, when the inflows 
and the greater effect of the existing infrastructure, the overall reduction in peak flow is about 80-85%. 

In summary, with the updated infiltration parameters and complete modeling of the entire upstream 
watershed, the existing upstream (of the One Scottsdale site) drainage infrastructure is more efficient.  
Most of the flow is captured in the Deer Valley Road Channel or the drainage infrastructure (channels 
and basins) with the existing powerline corridor (see Figure 9).  Most of the upstream watershed is 
cutoff by this existing infrastructure thereby reducing the flows that affect the site.  Figure 10 is a 
detailed view of the maximum discharges downstream of this infrastructure that also shows the location 
of the additional 60-in diameter pipe. 

 

Table 1. Comparison of Peak Flows at Representative Locations 

Location 
Rawhide PPW 

Reduction (%) 
ID Peak (cfs) ID Peak (cfs) 

Rawhide Wash 20 4583 21 5188 11.7% 

North of Deer Valley Rd 
Channel 23 969 24 2472 60.8% 

Deer Valley Rd Channel, 
West of Hayden Rd 24 943 25 2233 57.8% 

Deer Valley Rd Channel, 
East of Hayden Rd 77 391 78 1135 65.5% 

Downstream of Deer 
Valley Rd Channel near 
Hayden Alignment 

78 444 79 1319 66.4% 

Upstream of Site, north 
of Thompson Peak Pkwy 96 47 97 239 80.3% 

Upstream of Site, south 
of Thompson Peak Pkwy 101 33 102 265 87.6% 
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Figure 9. Rawhide FHM Maximum Discharge Results in the Upstream Watershed with Cross-section Locations 
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Figure 10. Detailed View of Rawhide FHM Maximum Discharge Results near One Scottsdale Site 
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Since the more refined modeling indicates that the off-site flows have been reduced to 33 cfs, a normal 
depth analysis of the 60-in diameter pipe was performed.  The results indicate that this magnitude 
would fill the pipe to approximately 1.84 feet (or 22 inches) of depth. Therefore, since:  

1) The pipe had a design capacity much larger than 33 cfs.   The pipe design flow rate was 115 cfs 
at the most northern inlet as highlighted in Figure 3 and 18 cfs at another location to the south 
as highlighted in Figure 4 (see complete design plans included as an attachment),  

2) There are three additional grate inlets along the length of the pipe, 
3) The pipe was designed for future consideration of on-site flows (note the plugged laterals in the 

attached design plans) , 
4) And the normal depth analysis indicates that the trunkline has excess capacity,  

the existing infrastructure appears adequate for the more refined off-site flows.  Additionally, since 
there are multiple inlet locations, and the pipe was designed for a much larger off-site flow, even if 
some of the inlets were clogged, there is enough redundancy in the system to account for the 33 cfs of 
off-site flow. 

 Summary and Conclusion 

In summary, this memorandum discussed the following items: 
 

• An overview of the past and current FLO-2D modeling and studies near the One Scottsdale site 
were reviewed. 

• Reasons documenting why the Rawhide Wash FHM CLOMR FLO-2D hydrology modeling 
represents the latest and best modeling for the area were given. 

• The results from the Rawhide Wash FHM CLOMR existing conditions FLO-2D model were 
presented and compared with the PPW ADMS results near the One Scottsdale site. 

• Based on the refined Rawhide Wash FHM modeling, the off-site flow is approximately 33 cfs. 
• A normal depth analysis was performed for the 60-in storm drain that indicated there is excess 

capacity in the pipe. 
 
Based on the latest and most current FLO-2D modeling results, the off-site flow affecting the One 
Scottsdale project site are approximately 33 cfs, and most of the upstream watershed is cut off by the 
Deer Valley Road Channel and the drainage infrastructure along the powerline corridor.  Since there are 
many inlets along the length of the pipe and the normal depth analysis indicates that the trunkline has 
excess capacity, the existing infrastructure appears adequate for the more refined off-site flows.  
Therefore, although all the inlets and full storm drain system were not explicitly modeled in FLO-2D, the 
results indicate the no off-site flow would affect the One Scottsdale site. 
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 Attachments 

• Rawhide FHM Existing Conditions FLO-2D Model (Digital) 
• Design plans of drainage infrastructure on east side of One Scottsdale 
• Site Visit Photos 
• 5-ft Diameter Normal Depth Model  in FHWA Hydraulic Toolbox 
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Normal Depth Calculations 



Hydraulic Analysis Report

Project Data

Project Title: 

Designer: 

Project Date: Friday, December 17, 2021

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: 5-ft Diameter 

Notes:  

Input Parameters 

Channel Type:  Circular

Pipe Diameter: 5.0000 ft 

Longitudinal Slope: 0.0015 ft/ft 

Manning's n:  0.0115 

Flow: 33.0000 cfs 

Result Parameters 

Depth: 1.8418 ft 

Area of Flow: 6.5647 ft^2 

Wetted Perimeter: 6.5218 ft 

Hydraulic Radius: 1.0066 ft 

Average Velocity: 5.0269 ft/s 

Top Width: 4.8236 ft 

Froude Number:  0.7594 

Critical Depth: 1.5967 ft 

Critical Velocity: 6.1098 ft/s 

Critical Slope: 0.0026 ft/ft 

Critical Top Width: 4.66 ft 

Calculated Max Shear Stress: 0.1724 lb/ft^2 

Calculated Avg Shear Stress: 0.0942 lb/ft^2 
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