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1. INTRODUCTION 

1.1 PURPOSE 

This Preliminary Drainage Report for the proposed project at 94th Street and Bell Road (Site) has been 

prepared to show the planned development and the concepts required to meet the drainage requirements 

outlined in Chapter 4 of the City of Scottsdale Design Standards and Policies Manual (DS&PM). This site 

is currently undeveloped and was recently re-zoned to R1-7 ESL. The site will be required to meet the 

standards outlined in DS&PM. Requirements that the site will need to meet are:  

• The development will meet pre- vs post-project runoff requirements  

The main purposes of this report are the following: 

• Illustrate compliance with the DS&PM 

• Establish drainage parameters and criteria for planning and zoning.  

• Provide a conceptual hydrologic analysis for the development of the Site that meets pre- vs post-

project condition requirements. 

• Demonstrate future development will not significantly raise water surface elevations on the 

washes or impact structures within and adjacent to the site.  

1.2 PROJECT SIZE AND DESCRIPTION 

The approximate 39-acre site is bounded on the west by N. 94th Street, Desert Haciendas DC Ranch 

Homes to the north, Reata Wash to the east, and E. Bell Road the south. It lies within a portion of Section 

31, Township 4 North, Range 5 East of the Gila-Salt River Principal Meridian. The Site is located within 

the City of Scottsdale (City) and falls under the City’s Environmentally Sensitive Land Overlay (ESLO). 

See Figure 1 and Figure 2 for the Location and Aerial Maps respectively. The Site is undeveloped 

natural desert with braided washes. The undeveloped desert is also characterized by native desert 

grasses and brush. 

1.3 FLOOD INSURANCE RATE MAP (FIRM) 

The development is located within the flood zone as shown on Federal Emergency Management Agency 

(FEMA) Flood Insurance Rate Map (FIRM) panel numbers 04013C1320L and 04013C1340L, dated 

October 16, 2013. Refer to Figure 3 for the Floodplain Map. The flood zone that pertains to the site is as 

follows:  

• Zone AO – Areas with 1% or greater chance of shallow flooding each year, usually in the 

form of sheet flow. These areas have an average depth ranging from 1 to 3 feet.  

The site improvements are not expected to encroach on the floodplains for Reata Wash.  
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2. DESCRIPTION OF EXISTING DRAINAGE CONDITIONS AND 

CHARACTERISTICS 

2.1 EXISTING SITE CONDITIONS 

The site is characterized by undeveloped desert rangeland, featuring minor washes running through the 

site. In general, the site slopes from the north to the south. The site falls within the ESLO. Specifically, the 

site is categorized as Lower Desert Landform of ESLO. Per the DS&PM “The ESLO zoning district 

requires that a percentage of each property be permanently preserved as Natural Area Open Space 

(NAOS) and that specific environmental features must be protected, including vegetation, desert washes, 

mountain ridges and peaks, to assure appropriate development.” The site is located within the Pinnacle 

Peak South Area Drainage Master Study (ADMS). The ADMS was used provide the 100-year peak 

discharges entering the site. A modified version of the ADMS 100-year model was compiled by Gavin & 

Barker for the City of Scottsdale to investigate flows crossing Bell Road. This model, obtained from Gavin 

and Barker, corrected issues in the original ADMS model upstream of the site. The name of the COS 

project completed by Gavin and Barker is the “Drainage Investigation of Bell Road at Loop 101 Freeway”, 

dated January 6th, 2021. Per this model, the 404 culverts conveying flow from Reata Wash have been 

partially blocked to reduce flow coming through the culverts. A visit to the site also confirmed that the 404 

culvert had been reduced. Figure 4 below shows the 404 culverts with the modifications.  

 

Figure 4: Blocked 404 Culvert 

 

2.2 EXISTING OFFSITE DRAINAGE CONDITIONS 

Offsite runoff impacts the site from the north. The main channel that flows through the site receives flow 

from the north end of the site from Reata Wash through the partially blocked 404 culvert. Braided washes 

from the area northeast of the site convey runoff to the site. Sub-basins and offsite hydrographs for the 

existing conditions hydrologic model were determined from the modified ADMS model. The three 

hydrograph routes from the ADMS that flow into the site are identified as Cross-sections 199, 228, and 

209 in the FLO-2D model. The FLO-2D model from the ADMS had added cross-sections at the inflow 

locations for the study area. The results from these cross-sections were used to create the 100-yr, 10-yr, 
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and 2-yr hydrographs for HEC-1 modeling. Cross-sections 209 and 228 are the main contributors to the 

main central channel. Refer to Figure 5 for the Existing Conditions Hydrology Map. Hydrologic results can 

be found in Appendix A.  

2.3 EXISTING ONSITE DRAINAGE CONDITIONS 

The site is currently undeveloped. The site drains from north to south in the existing washes. The washes 

carry the offsite and onsite runoff to the south of the site before the washes combine into the Reata 

Wash. The site will tie into several existing culverts along 94th Street and Bell Road. Flow leaving the Site 

will exit through these existing culverts and no new culverts will be added to help flow exit the Site. There 

are four existing culverts. The culverts along 94th Street consist of 1-42” RGRCP for the northern culvert 

and an18” RGRCP immediately south of the 42” culvert. The culverts along Bell Road consist of two 2’ by 

3’ box culverts east of the intersection at 94th Street and Bell Road and a single 24” RCP immediately 

east of the box culverts. Sub-basins for the onsite existing conditions hydrologic model were delineated 

using surveyed topography by Everett Alan Group. The sub-basin boundaries were confirmed utilizing 

drainage patterns and topography from the ADMS.  

2.4 CONTEXT RELATIVE TO ADJACENT PROJECTS AND IMPROVEMENTS 

The Site is within the Pinnacle Peak South ADMS watershed. The ADMS included FLO-2D modeling to 

define flood hazards in the watershed. The western portion of the watershed in the study was evaluated 

using FLO-2D methodology. For this project, a modified version of the Pinnacle Peak South ADMS FLO-

2D analyses was used to evaluate pre and post site conditions. Gavin and Barker modified the Pinnacle 

Peak ADMS FLO-2D models as part of the “Drainage Investigation of Bell Road at Loop 101 Freeway” for 

the City of Scottsdale, dated January 6th, 2021. The existing conditions model was used for these 

analyses. An exhibit showing the hydrograph locations and a figure from the Gavin and Barker report 

showing the flow from Reata Wash can be found in Appendix A.  

 

 

 

 

 

 

 

 

 

  



94th Street and Bell Road│ Preliminary Drainage Report 
August 2023 │291804000 

8 

 

3. PROPOSED PRELIMINARY DRAINAGE PLAN 

3.1 PROPOSED ONSITE DRAINAGE PLAN 

The proposed development consists of 55 low-density residential units. The majority of the residential lots 

will drain to the on-site street system and into proposed detention basins throughout the site. Three 

detention basins are proposed throughout the site to route post-project runoff at levels similar to the pre-

project conditions. These basins vary from two to three feet in depth. All of the basins will drain through 

an orifice opening. The size of the orifice is 6” for each of these basins. A summary of the basin 

configurations is provided in Table 1. Refer to Figure 6 for the Proposed Conditions Hydrology Map. 

Refer to Appendix B for proposed conditions hydrology input and output. 

Table 1: Proposed Detention Basins 

 

 

The detention basins provide first flush retention volume below bleed off. The main wash will effectively 

treat storm water discharges before leaving the site before reaching the outlet at Bell Road. 

3.2 PROPOSED OFFSITE DRAINAGE PLAN 

Offsite runoff impacts the site from the north. The runoff will be conveyed through the site and will 

discharge at historic locations at the south and west boundaries of the site. Hydraulic modeling for the 

three (3) offsite flow paths, including the main wash flowing through the site was prepared with the 

proposed grading to determine the base flood elevations (BFE) adjacent to the proposed lots. Refer to 

Figure 6 for the Proposed Conditions Hydrology Map.  

3.3 PROPOSED ONSITE HYDROLOGY 

Onsite runoff from the proposed development maintains post-development flows at or below pre-

development conditions at the historical discharge locations for the three design storms (2-year, 10-year, 

and 100-year). A summary of pre- and post-development peak discharges is provided in Table 2. All the 

basins have 100-year, 24-hour volumes. For basins not meeting the 100-year, 2-hour volume, the Site will 

be subject to first flush criteria per the revised Stormwater and Floodplain Management Ordinance, 

Chapter 37 of Scottsdale Revised Code. The total detention volume provided for the surface basins will 

meet or exceed the first flush requirement for stormwater quality purposes. Refer to Appendix B for the 

detailed HEC-1 hydrologic model results. 

Detention 

Basin 

Depth 

[ft] 

Max Stage2 

[ft] 

Max Stage10 

[ft] 

Max Stage100 

[ft] 

15 2.0 0.82 1.37 1.99 

20 3.0 0.92 1.69 2.92 

65 3.0 1.47 2.65 2.95 
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Table 2: Pre- Versus Post-Development Runoff Summary 

Concentration Point Q2 [cfs] Q10 [cfs] Q100 [cfs] 

Pre Post Pre Post Pre Post Pre Post 

CP05 CP05 3 3 12 11 32 32 

CP10 CP15 0 0 1 1 3 4 

CP20 CP20 N/A 0 N/A 1 N/A 2 

CP25 CP25 1 N/A 5 N/A 14 N/A 

CP40 CP40 6 6 25 26 71 70 

CP65 CP65 1 1 10 6 28 27 

A summary of the inflows and outflows for the three basins is summarized in Table 3 below. All basins 

show an attenuation of flow based on the decrease in flow exiting the basins. Combined inflow/outflow 

hydrographs for CP15, CP20, and CP65 can be found in Appendix B.  

Table 3: Basin Inflow Versus Outflow Summary 

Basin ID 
Q2 [cfs] Q10 [cfs] Q100 [cfs] 

Inflow Outflow Inflow Outflow Inflow Outflow 

Basin 15 1 0 2 1 6 4 

Basin 20 2 0 9 1 23 2 

Basin 65 2 1 11 6 28 27 

 

3.4 PROPOSED ONSITE HYDRAULICS 

Onsite runoff will be conveyed in the local streets to the main channel corridor and detention basins. Per 

the DS&PM, all interior streets will be designed to convey the peak discharge from the 10-year storm 

event at or below the top of curb elevation. Additionally, the streets will convey the 100-year runoff and 

maintain a maximum flow depth of eight inches above the gutter flow line. Detailed catch basin and street 

capacity analysis is beyond the scope of this report and will be completed as part of the final design. 

3.5 FEMA ZONE AO LOWEST FLOOR COMPLIANCE 

The site is located in FEMA Flood Zone AO, Depth 1’, meaning lowest floors must be elevated 1’ above 

the Base Flood Elevation (BFE) or 2’ above Highest Adjacent Grade (HAG). All lowest flood elevations 

meet this requirement. See the HAG Exhibit in Appendix B.  

In addition to the potential flood depths per the FEMA AO Flood Zone, Reata Wash also runs adjacent to 

the site. Reata Wash is a large wash corridor and component of the Reata Wash alluvial fan complex. 

The wash is separated from the site by an engineered levee. 100-year flood elevations in Reata Wash 

are not further defined by FEMA beyond the Zone AO1 overlay. The City of Scottsdale has defined BFEs 

in Reata Wash as part of the Reata Wash Flood Control Improvement Study (Fuller, 2016). Lowest floors 

adjacent to Reata Wash are not elevated 1’ above these water surface elevations for several reasons. 

First, the engineered levee separates the site from the wash. Also, the City of Scottsdale is in the process 

of formulating an improvement plan that would channelize Reata Wash. Finally, the amount of fill required 

would deem this project not feasible. Lowest floors are elevated such that they are protected from up to 2’ 

of sheet flow, a condition likely if the levee were to breach. 
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4. SPECIAL CONDITIONS 

4.1 ADEQ WATER QUALITY REQUIEMENTS 

Development of the project will impact a large enough area to require a submittal of a Notice of Intent (NOI) 

to the Arizona Department of Environmental Quality (ADEQ). The NOI will be submitted to ADEQ and an 

approved NOI certificate with an AZCON number will be provided to the city before approval of any 

improvement plans. 

4.2 EROSION SETBACK ANALYSIS 

Erosion Hazard Setback (EHS) analysis will be performed on the main wash at the time of final design. 

Lots or improvements which encroach into the EHS will require a form of erosion protection such as 

concrete scour wall or launchable riprap.  

4.3 DRAINAGE HARDSHIP REQUEST 

The applicant seeks to establish a datum elevation adjustment in which to determine roof height 

elevations from on the project.  The property falls within FEMA AO flood zone with 1’ depth and requires 

all residences to establish Finish Floor elevations of at least two (2) feet above highest adjacent grade of 

the structure per FEMA (with no floor terracing).  Due to the flood zone and drainage hardship that 

encumbers the property, the applicant requests the City grant a datum elevation adjustment, allowing the 

project to measure roof heights from the minimum finished floor elevation for each structure. The 

minimum finished floor elevation will be determined for each structure as two (2) feet above the highest 

adjacent grade of the footprint of the structure proposed. This request is currently in the process of being 

submitted and is being discussed with the City and the Floodplain Manager.   
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5. DATA ANALYSIS METHODS 

5.1 HYDROLOGY 

The U.S. Army Corps of Engineers HEC-1 hydrologic computer program was used to determine the 2-, 

10-, and 100-year peak discharges for onsite flows. HEC-1 models were prepared for both the pre- and 

post-project conditions. The Drainage Design Management System for Windows (DDMSW) program was 

used to develop the hydrologic parameters for the onsite drainage areas. Green and Ampt rainfall loss 

parameters were estimated using DDMSW, City parameters, and the Flood Control District of Maricopa 

County (FCDMC) Drainage Design Manual – Hydrology (Hydrology Manual). Times of concentration were 

calculated using DDMSW.  

The HEC-1 models were prepared using the Clark Unit Hydrograph. Hydrographs from the modified 

ADMS were used for the offsite inflows. The 24-hour results from the modified ADMS were used. The 

100-year, 24-hour ordinance from FLO-2D Floodplain Cross-Sections 199, 209, and 228 were taken at 3-

minute intervals. Ratios that represent average conditions in Maricopa County for the 2- and 10-year 

recurrence intervals were applied to the 100-year hydrographs. These values are listed in Table 6.1 of the 

Drainage Design Manual for Maricopa County. The 2-year recurrence interval is a 10% ratio to the 100-

year event and the 10-year recurrence interval is a 35% ratio to the 100-year event. These hydrographs 

were used in DDMSW to create three HEC-1 models for the 2-year, 10-year, and 100-year storms. The 

inflow value for cross-section 228, named Inflow 45 in the HEC-1 models, was confirmed using the 

rational method as described in the Hydrology Manual. The rational method calculations for this cross-

section can be found in Appendix A.  

Rainfall depths were estimated for the 100-year, 24-hour storm event from the National Oceanic and 

Atmospheric Administration Atlas 14 (NOAA 14). Rainfall depths specific to this project location were 

calculated using DDMSW and ArcGIS shapefiles.  

Only one soil type was identified for the on-site watersheds using the web soil survey from the Arizona 

Department of Transportation (ADOT). A map showing the different soil types is shown in Appendix A. A 

list of the soils found in the watershed is shown below:  

• Momoli gravelly sandy loam, 1 to 5 percent slopes (Map Unit ID 90) 

Land use types for the HEC-1 models were based on the FCDMC Hydrology Manual and DDMSW codes. 

The proposed development is a mixture of pavement and rooftops, areas of undeveloped desert 

rangeland, and low-density residential. The pavement and rooftop land use category within the proposed 

development was considered as low density residential in the post HEC-1 model. This is allowed based 

on the Flood Control District of Maricopa County (FCDMC) Drainage Design Manual – Hydrology 

(Hydrology Manual) in footnote 3 of Table 4.2. See Table 4 below for a summary of Land Use 

Parameters. Land use maps for the existing and proposed development conditions are provided in 

Appendix A and Appendix B. 
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Table 4: Land Use Parameters 

Land Use Code Description IA RTIMP Vegetation Cover 

NDR 
Undeveloped Desert 

Rangeland 
0.35 0 5 

130 
Low Density 
Residential 

0.30 15 50 

2002 
Pavement and 

Rooftops 
0.05 95 0 

Storage cards were added to the model to simulate storage volumes for areas of the development for the 

100-yr, 10-yr, and 2-yr storms post development models. All three detention basins will bleed off into the 

wash. All detention basins were modelled with stage-storage-discharge curves input into DDMSW. 

5.2 HYDRAULICS  

5.2.1 HEC-RAS MODELING 

The existing and proposed base flood elevations along the main channel were analyzed using HEC-RAS 

6.2. The topographic data used in the model was provided by the Everett Alan on July 25, 2022, for the 

City of Scottsdale. The base flood elevations comparing existing and proposed conditions at each cross-

section are provided in Table 5 below. The proposed conditions analyses include preliminary culvert 

sizes at the two road crossings. Each road crossing will use 2-36” culverts. Refer to Appendix C for the 

hydraulic work map and pre- vs post- cross sections. 

The Manning’s n-values were determined using the Flood Control District of Maricopa County (FCDMC) 

Drainage Design Manual – Hydraulics (Hydraulics Manual). The main wash of the channel was 

determined to have an approximate Manning’s n-value of 0.05 and the banks of the channel were 

determined to have an approximate Manning’s n-value of 0.035. These were determined by the 

vegetation cover and obstructions present along and in the wash.   

 

 

 

 

 

 

 

 

 

 

 



94th Street and Bell Road│ Preliminary Drainage Report 
August 2023 │291804000 

14 

 

Table 5: Pre- Versus Post-Development BFE Summary 

Cross-Section 

WSEL100 [ft] 

Pre Post 

 

Depth Difference 

[Post-Pre] 

1397 1591.75 1591.78 0.03 

1366 1591.35 1591.38 0.03 

1330 1590.28 1590.32 0.04 

1311 1590.19 1590.23 0.04 

1297 1589.92 1589.9 -0.02 

1277 1589.5 1589.61 0.11 

1255 1589.07 1589.68 0.61 

1239 1588.98 1589.68 0.7 

1228 1588.7 1589.67 0.97 

1211 1587.78 1589.5 1.72 

996 1584.61 1585.13 0.52 

963 1583.65 1583.52 -0.13 

933 1582.84 1583.02 0.18 

854 1581.31 1581.09 -0.22 

772 1579.94 1579.96 0.02 

725 1578.99 1578.99 0 

687 1578.19 1578.21 0.02 

640 1577.3 1577.32 0.02 

566 1576.12 1576.12 0 

522 1575.52 1575.83 0.31 

485 1574.91 1575.78 0.87 

451 1574.3 1575.78 1.48 

422 1573.87 1575.78 1.91 

399 1573.48 1575.58 2.1 

206 1570.19 1570.65 0.46 

162 1569.13 1568.76 -0.37 

115 1568.51 1568.51 0 

88 1568.27 1568.28 0.01 

55 1567.57 1567.56 -0.01 

29 1566.66 1566.38 -0.28 

20 1566.33 1566.07 -0.26 

3 1565.92 1565.89 -0.03 
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5.3 STORMWATER STORAGE METHOD 

 Basins were designed to reduce post-development flow amounts to or below pre-development levels 

using the 100-yr, 24-hr storm volume generated by the HEC-1 modeling. Basin 15 and Basin 65 will have 

6” bleed-off pipes 6” above the basin bottom. Basin 20 will have a 6” bleed-off pipe 1’ above the basin 

bottom. These basins will drain within 36 hours via the 6” bleed-off pipes. Bleed-off pipe calculations will 

be provided in the final report. Refer to Table 6 for first flush volumes required. All basins are providing 

volumes in excess of first flush requirements. 

Table 6: First Flush Volumes 

94th Street and Bell Road 

First Flush Volume Required Calculations 

First Flush (in): 
0.50 

Sub-Basin 
ID 

Drainage Area 
(SQ FT) 

Runoff 
Coefficient 

First Flush Volume 
Required  
(CU FT) 

 
Basin Volume 

(CU FT) 

15 78,149 1.00 3,256 4,569 

65 410,363 1.00 17,098 17,346 

20 368,811 1.00 28,335 42,262 

As discussed in Section 3.1, several onsite areas will discharge into the main wash. The onsite area in 

this condition are ON50, ON55, ON60. The main wash will provide first flush treatment prior to exiting the 

site at Bell Road. 

6. CONCLUSIONS 

• The purpose of the report is to document the planned development and show how the future 

development will meet DS&PM requirements.  

• Hydrologic models were prepared for the onsite and offsite areas for the pre- and post-

development conditions. Peak discharges leaving the site meet pre-development levels. 

• One main wash crosses the proposed development. The proposed development will not 

encroach on the wash.  

• Onsite runoff will be conveyed through the local streets, storm drains, and culverts to the major 

wash corridor.   

• The site’s lowest floors will be elevated 1’ above the Base Flood Elevation (BFE) or 2’ above 

Highest Adjacent Grade (HAG).  
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Appendix A – Existing Conditions Hydrology 

• FLO-2D Inflow Exhibit 

• FLO-2D Inflow Hydrograph Tables 

• FLO-2D Inflow Hydrographs  

• FLO-2D Rational Method  

• Existing Conditions Schematic Exhibit  

• Rainfall Input 

• Soil Input 

• Soils Exhibit 

• Land Use Input 

• Land Use Exhibit 

• Sub Basins  

• Routing 

• Network 

• Flow Summary (DDMSW Results) 

• 2-Year HEC-1 Output 

• 10-Year HEC-1 Output 

• 100-Year HEC-1 Output 

  



 

Appendix B – Proposed Conditions Hydrology 

• HAG Exhibit  

• Proposed Conditions Schematic Exhibit 

• Control Point Hydrographs 

• Rainfall Input 

• Soil Input 

• Soils Exhibit 

• Land Use Input 

• Land Use Exhibit 

• Sub Basins Table 

• Storage 

• Routing 

• Network 

• Flow Summary (DDMSW Results) 

• 2-Year HEC-1 Output 

• 10-Year HEC-1 Output 

• 100-Year HEC-1 Output 

 

  



 

Appendix C – Hydraulics 

• Existing Hydraulic Work Exhibit  

• Existing Conditions HEC-RAS Output  

• Existing Conditions HEC-RAS Summary Table  

• Proposed Hydraulic Work Exhibit  

• Proposed Conditions HEC-RAS Output  

• Existing Conditions HEC-RAS Summary Table  
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