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1.0 INTRODUCTION 

 

1.1 General Background and Project Location 

AED Homestead Master Planned Community (Site) is an approximate 866-acre project, 

with approximately 600 acres of developable land and 266 acres of open space. The 

entire Site is planned to be annexed into the City of Prescott.  

 

The Site is located south of Highway 89A and is bounded on the north by existing 

commercial development, and on the east by existing Side Road, the Granite Dells 

subdivision, and vacant land. South of the Site is undisturbed natural hills. The western 

boundary borders Granite Creek and the Granite Gardens Unit 1 and Unit 2 subdivisions.  

 

The Site is located within Section 36, Township 15 North, Range 2 West; Sections 1 and 

12, Township 14 North, Range 2 West; Sections 6, 7, and 8, Township 14 North, Range 1 

West, of the Gila and Salt River Meridian (refer to Exhibit 1 – Vicinity Map). 

 

The current zoning of the Site is RCU-2A, R1L-18, and R1L-35. The Site is planned to 

include a resort with a clubhouse and additional amenities, duplexes, sixplexes, single-

family residential and open space land uses. This Conceptual Master Drainage Report 

utilizes a land use plan prepared by Greey|Pickett, dated July 27, 2018. 

 

1.2 Scope of the Conceptual Master Drainage Report 

The Conceptual Master Drainage Report for AED Homestead (MDR) presents the 

proposed stormwater storage volume required for the Site, and the future drainage design 

concept for post-development conditions.  This Conceptual Master Drainage Report has 

been prepared in accordance with Wood, Patel & Associates, Inc.’s (Wood/Patel) 

understanding of the City of Prescott’s General Engineering Standards Manual (2016) 

drainage design standards and regulations, and subsequent meetings with the City of 

Prescott.  

 

1.3 Granite Creek FEMA FIS  

Granite Creek runs from north to south along the western side of the project. The Federal 

Emergency Management Agency (FEMA) Yavapai County Arizona Flood Insurance 

Study (FIS) details the current FEMA effective 100-year discharge at approximately 
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15,500 cfs.  In addition, it provides floodway and floodplain cross-section water surface 

elevations that were used to establish the Base Flood Elevations (BFEs) on the Flood 

Insurance Rate Map (FIRM) Special Flood Hazard Areas (SFHAs) within Granite Creek. 

Excerpts from the FIS have been included within Appendix C. 

 

1.4 Full-Build-Out Condition  

This Conceptual Master Drainage Report presents a preliminary approximation of the 

proposed stormwater storage required for the full build-out condition of the Site, along 

with the future proposed drainage design concepts. This stormwater storage 

approximation assumes the project will be constructed in one (1) phase. As development 

progresses, a more-accurate determination of the stormwater storage detention volume 

will be made to substantiate the post-development discharge from the Site shall not 

exceed the total pre-development peak at each discharge point for the 100-year, 10-year 

and 2-year storm events.   
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2.0 DESCRIPTION OF DRAINAGE STUDY AREA 

 

2.1  Existing Condition 

The proposed Site is located east of Granite Creek and south of Highway 89A. As can be 

seen on Exhibit 2 – Aerial Photograph, the Site currently consists of native high-desert 

grassland vegetation, with predominant natural topography generally sloping from south 

to north. To the east of the Site is Granite Dells, a master planned community that 

currently has development occurring south of Highway 89A. The proposed-condition 

drainage maps for Granite Dells detail potential flow entering the Site from the east, as 

can be seen within Appendix C – Supporting Documentation. This will be further 

addressed as the development progresses. The Site is composed of ridges and valleys 

throughout, with steep hills and mountains within the southern half of the Site. Slopes 

range from approximately 2% in the northwest to 50% through the mountainous region 

along the south. The Site generally slopes south to north, with elevations ranging from 

approximately 5,280 feet above mean sea level (MSL) in the southeast, to 4,960 feet 

above MSL in the northwest.   

 

According to the National Resource Conservation Service (NRCS), the soils report for 

the Site indicates there are several soil types on the property. Refer to Exhibit 4 – Soils 

Map for information pertaining to existing soil conditions.  

 

2.2  Rainfall Seasons 

There are two (2) distinct rainfall seasons associated with the desert southwest 

corresponding to the project area.  The first season occurs during the winter months, from 

November to March, when the area is subjected to occasional storms from the Pacific 

Ocean.  While classified as a rainfall season, there can be long periods with little or no 

precipitation.  Generally, storms occurring during the winter rainfall season are classified 

as being long-duration, low-intensity storms. 

 

The second rainfall period occurs during the summer months of June through August, and 

is commonly referred to as the Monsoon Season. During this season, Arizona is subjected 

to widespread thunderstorm activity whose moisture supply originates both in the Gulf of 

Mexico and along Mexico’s west coast.  These thunderstorms are typically classified as 

being short-duration, high-intensity storms with extreme variability per location. 
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2.3 FEMA Flood Insurance Rate Map (FIRM) 

The Yavapai County, Arizona and Incorporated Areas FEMA Flood Insurance Rate Maps 

(FIRMs) Panel Number 04025C2060H, Panel Number 04025C2056H, and Panel Number 

04025C1693H (all dated March 6, 2018) indicate the majority of the Site falls within 

‘Other Areas’ Zone “X”.  Granite Creek, within the western portion of the Site, is 

designated as a FEMA Special Flood Hazard Area (SFHA) Zone AE and ‘Other Flood 

Areas’ Zone X (Shaded). The approximate location of the Site relative to the FEMA 

FIRM panels is illustrated on Exhibit 3 – FEMA FIRM. 

 

Special Flood Hazard Areas (SFHAs) Subject To Inundation By the 1% Annual Chance 

Flood is defined as follows: 

“The 1% annual chance flood (100-year flood), also known as the base 

flood, is the flood that has a 1% chance of being equaled or exceeded in 

any given year. The Special Flood Hazard Areas is the area subject to 

flooding by the 1% annual chance flood. Areas of Special Flood Hazard 

include Zones A, AE AH, AO, AR, A99, V and VE. The Base Flood 

Elevation is the water-surface elevation of the 1% annual chance flood. 

 

Zone “AE” is defined as:  

“Base Flood Elevations determined”. 

 

Zone “X” (shaded) is defined by FEMA as follows: 

“Areas of 0.2% annual chance flood; areas of 1% annual chance flood 

with average depths of less than 1 foot or with drainage areas less than 1 

square mile; and areas protected by levees from 1% annual chance 

flood.” 

 

Zone “X” is defined by FEMA as follows: 

“Areas determined to be outside 500-year floodplain.” 

 

It is understood, if development anticipates encroaching and/or altering the FEMA-

effective SFHAs of Granite Creek, a Conditional Letter of Map Revision (CLOMR) and 

subsequent Letter of Map Revision (LOMR) will be prepared for approval by the City of 

Prescott and FEMA.  
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3.0 EXISTING DRAINAGE CONDITION 

 

3.1  Off-Site Watershed Impacts 

There are several locations along the southern and eastern property boundaries where off-

site runoff enters the Site. Off-site watersheds generally have moderately-steep 

topography with well-defined natural washes.  Granite Creek enters along the western 

Site boundary and traverses though a portion of the Site before continuing north.  Any 

proposed development within the FEMA SFHA floodplain fringe, and/or erosion hazard 

setback of Granite Creek, shall adhere to all relative design standards and regulations 

associated with FEMA and the City of Prescott.  

 

3.2 Existing On-Site Drainage 

There are multiple existing locations where concentrated flow leaves along the western 

boundary of the Site and enters directly into Granite Creek. These concentration point 

locations receive flow from upstream on-site drainage areas that outfall into Granite 

Creek.  Granite Creek continues north, flowing along the western boundary of the Site.  

The FEMA Flood Insurance Study for Yavapai County and Incorporated Areas details 

the 100-year peak flow at the Site, at approximately 10,800 cfs, with a contributing 

watershed area downstream of Watson Lake of at least 41 square miles.  

 

3.3  Existing-Condition Hydrology  

Ultimately, as the Site development progresses, the existing-condition hydrology will be 

modeled using the U.S. Army Corps of Engineers’ HEC-1, Flood Hydrograph Package, 

Version 4.1, (June 1998) to determine off-site and on-site peak flows prior to the 

conceptual development of the Site for the 100-year,  25-year, 10-year, and 2-year, 6-

hour storm events.   

 

 

  



 6 Conceptual Master Drainage Report 

for AED Homestead Master Planned Community 
WP# 184939 

4.0  PROPOSED DRAINAGE CONDITION 

 

4.1  Drainage Policies and Standards 

The post-development drainage system design will adhere to the City of Prescott’s 

General Engineering Standards Manual (2016). As detailed within the City’s standards, 

and per subsequent meetings with the City of Prescott, the hydrology and hydraulic 

design guidelines must follow industry-standard methodology, as is typical of such 

hydrology and hydraulic drainage design manuals from Maricopa County. As such, these 

manuals will be used to provide technical guidance for definition and evaluation of flood 

and erosion hazards, and for design of drainage facilities.  

 

Per the City’s standards, in final design, the post-development stormwater management 

systems concept for AED Homestead will be to not increase the flow leaving the Site 

above pre-development flows for the 100-year, 10-year, and 2-year, 6-hour storm runoff 

events.   

 

Since a portion of the Site is adjacent to a major watercourse (Granite Creek), with a 

watershed area of more than 41 square miles, as development progresses, consideration 

shall be given to the possibility detention may not be necessary for that portion of the Site 

that drains directly into the creek. Thus, the hydrology results may substantiate there is no 

increase to the Granite Creek peak discharge for the 100-year, 10-year, and 2-year storm 

runoff events; and thus, detention may not be necessary in the post-development 

condition.   

 

4.2  Post-Development On-Site Drainage 

The overall drainage concept is to route off-site flows through the Site to historic 

discharge locations, maintaining existing drainage patterns. Preliminary, conceptual post-

development stormwater storage basins will provide the necessary stormwater storage to 

detain the post-development peak flows leaving the Site, so they do not exceed pre-

developed peak flows.  Refer to Appendix B – Hydraulics.  
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4.3 Proposed-Condition Hydrology 

The conceptual post-development, full build-out condition hydrology for the overall Site 

will be addressed in a subsequent master drainage study as the Site development 

progresses.   

 

4.4 Stormwater Storage Design   

Within the current preliminary stormwater storage design, runoff generated from the 

development for the 100-year, 6-hour storm event will be routed through the on-site 

proposed stormwater storage basins. Stormwater storage basin design shall be in 

accordance with City of Prescott requirements for depth, side slopes, access, etc.  The 

basins may be local, smaller neighborhood-type basins or larger interim basins.  

 

Approximate preliminary stormwater storage detention volumes were estimated using the 

ADWR State Standard SSA8-99 Stormwater Detention/Retention Standard Level 2, which 

uses the following procedure: 

  

Step 1: 

Determine the total stormwater volume for the post-development watershed using the 

following equation: 

�� �
�� �  �	

 � ��

12
 

 

The post-development stormwater runoff volume (Vr) is calculated by using a point 

rainfall depth (P) for a given storm duration event (6-hour), a post-development runoff 

coefficient (C), and the sub-basin watershed area (A).   

 

Step 2: 

Calculate the discharge for the post-development (Qpost) and pre-development (Qpre) 

drainage area using the Rational Method. This basically equates to the discharge entering 

(Qpost) and the discharge leaving (Qpre) the proposed detention basin. 

 

Step 3: 

Divide the pre-development discharge (Qpre) by the post-development discharge (Qpost) 

to determine the value of Qpre/Qpost.  
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Step 4: 

Use the Qpre/Qpost vs. Vs/Vr Chart in Appendix B of the ADWR SSA8-99 (included 

within Appendix C – Supporting Documentation), and an assumed pipe outflow structure 

from the proposed detention basin to determine Vs/Vr. 

 

Step 5: 

Determine the required detention storage volume for the project site, Vs (acre-feet) as 

follows: 

�� � �� � �
��

��

� 

 

The preliminary Rational Method calculations and stormwater storage detention basin 

volume calculations are provided within Appendix A – Hydrology and Appendix B – 

Hydraulics, respectively. As the development progresses, more-accurate detention 

volumes will be determined by developing a pre-development and post-development 

hydrology model using the U.S. Army Corps of Engineers’ HEC-1, Flood Hydrograph 

Package, Version 4.1 (June 1998) to substantiate off-site and on-site peak flows for the 

100-year,  25-year, 10-year, and 2-year, 6-hour storm events.   
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5.0 MAINTENANCE 

Ongoing maintenance of the designed or recommended drainage systems, including all detention 

basins and channels, will be required to preserve the design integrity and purpose of the drainage 

system.  Failure to provide maintenance can prevent the drainage system from performing to its 

intended design purpose, and can result in reduced performance. Maintenance is the responsibility 

of private developers, homeowners associations, etc. for facilities on private property within all 

easements and private streets, except for drainage structures within public rights-of-way accepted 

by the City of Prescott for maintenance.  A regular maintenance program is required to have 

drainage systems perform to the level of protection or service as presented in this report. 
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6.0 CONCLUSIONS 

Based on this Conceptual Master Drainage Report, the following conclusions can be made: 

 

1. A conceptual master drainage plan has been prepared in accordance with Wood, Patel & 

Associates, Inc.’s (Wood/Patel) understanding of the City of Prescott’s Drainage Standards 

and subsequent meetings with the City of Prescott. 

 

2. As development progresses, an updated Master Drainage Report, and Final Drainage Reports 

for subsequent development phasing, will adhere to hydrology and hydraulic design 

guidelines that follow industry standard methodology, as is typical of such hydrology and 

hydraulic drainage design manuals from Maricopa County.  As such, these manuals will be 

used to provide technical guidance for definition and evaluation of flood and erosion hazards, 

and for design of drainage facilities.  

 

3. Preliminary stormwater storage volumes required for the Site’s post-development detention 

has been determined within this report. As the development progresses, more-accurate 

detention volumes will be determined by developing a pre-development and post-

development hydrology model using the U.S. Army Corps of Engineers’ HEC-1, Flood 

Hydrograph Package, Version 4.1 (June 1998) to substantiate off-site and on-site peak flows 

for the 100-year,  25-year, 10-year, and 2-year, 6-hour storm events. 

 

4. FEMA Flood Insurance Rate Maps (FIRMs) Panel Number 04025C2060H, Panel Number 

04025C2056H, Panel Number 04025C1693H and Panel Number 04025C1695H (all dated 

March 6, 2018) indicate the majority of the Site falls within ‘Other Areas’ Zone “X”.  Only 

Granite Creek, within the western portion of the Site, is designated as a FEMA Special Flood 

Hazard Area with Zone AE designations and ‘Other Flood Areas’ Zone X (Shaded). 

 

5. An updated Master Drainage Report, and subsequent Final Drainage Reports for AED 

Homestead future phasing, will address all necessary hydrology, hydraulics and 

erosion/sediment control to substantiate the post-development stormwater management 

drainage system design. 

  



 11 Conceptual Master Drainage Report 

for AED Homestead Master Planned Community 
WP# 184939 

7.0 REFERENCES 

 

1. City of Prescott General Engineering Standards, City of Prescott, June 2016.   

  

2. Drainage Design Manual for Maricopa County, Arizona, Volume 1, Hydrology, Flood 

Control District of Maricopa County, August 2013. 

 

3. Drainage Design Manual for Maricopa County, Arizona, Volume 1, Hydraulics, Flood 

Control District of Maricopa County, August 2013. 

  



 

APPENDIX A 

 

HYDROLOGY



 

Rainfall Data 



Article 3/Drainage 
 

______________________________________________________________________________ 
City of Prescott General Engineering Standards  3-15 
Date:  6/7/16 
 
 

 
 

TABLE 3-2 
RAINFALL DATA FOR CITY OF PRESCOTT 

(FOR ALL AREAS DOWNSTREAM

 

 OF WILLOW AND WATSON LAKES) 

Duration 

Storm Frequency (years) 
Rainfall Depth (inches) / Intensity (inches/hour) 
2 5 10 25 50 100 

5-min 0.29 / 3.47 0.39 / 4.70 0.48 / 5.72 0.60 / 7.18 0.70 / 8.36 .080 / 9.64 
10-min 0.44 / 2.64 0.60 / 3.58 0.73 / 4.36 0.91 / 5.47 1.06 / 6.37 1.22 / 7.34 
15-min 0.55 / 2.18 0.74 / 2.96 0.90 / 3.60 1.13 / 4.52 1.32 / 5.26 1.52 / 6.06 
30-min 0.74 / 1.47 1.00 / 1.99 1.21 / 2.42 1.52 / 3.04 1.77 / 3.54 2.04 / 4.08 
1-hr 0.91 / 0.91 1.23 / 1.23 1.50 / 1.50 1.88 / 1.88 2.19 / 2.19 2.53 / 2.53 
2-hr 1.04 / 0.52 1.36 / 0.68 1.64 / 0.82 2.04 / 1.02 2.38 / 1.19 2.74 / 1.37 
3-hr 1.11 / 0.37 1.41 / 0.47 1.68 / 0.56 2.07 / 0.69 2.40 / 0.80 2.79 / 0.93 
6-hr 1.32 / 0.22 1.62 / 0.27 1.92 / 0.32 2.28 / 0.38 2.64 / 0.44 3.00 / 0.50 
12-hour 1.56 / 0.13 1.92 / 0.16 2.28 / 0.19 3.00 / 0.25 2.88 / 0.24 3.24 / 0.27 
24-hour 1.92 / 0.08 2.40 / 0.10 2.64 / 0.11 3.12 / 0.13 3.60 / 0.15 3.84 / 0.16 
 
3.3.5 DETAILED HYDROLOGIC METHODS 
 
A. Hydrologic analysis for predevelopment conditions shall be performed using a 

detailed hydrologic analysis method. Tabular and graphical approximation 
methods are no longer acceptable except for preliminary work.  Other methods 
may be approved on an individual project basis.  

 
1. Rainfall Losses 

 
a. Pre-development condition rainfall losses shall be calculated using 

a method such as the Soil Conservation Service (SCS), or Green & 
Ampt.  These methods are implemented within commonly available 
modeling software such as the U.S. Army Corps of Engineers 
Hydrologic Modeling System (HEC-HMS), and are compatible with 
routing methods used for analyzing detention facilities.  (Please 
note that HEC-1 is no longer an acceptable version).  The results of 
any method used should be consistent with the City of Prescott, 
Area Drainage Master Plan.    The SCS method is preferred. 
 

b. Input Curve Numbers (CN) for the SCS method for pre-
development conditions shall also be consistent with the City's 
Master Plan, hydrology inputs.  Soil mapping data is available 
through the Natural Resources Conservation Service (NRCS) 
website.  Adjustment based on geotechnical testing of undisturbed 
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CIVIL ENGINEERS  *  HYDROLOGISTS  *  LAND SURVEYORS * CONSTRUCTION MANAGERS

SITE I-D-F CURVE

Project: AED Homestead

Location: Prescott, Arizona

Project No.: 184939

Project Eng.: Jasmine Eghbal, EIT

RAINFALL DEPTHS, INCHES

2 5 10 25 50 100

5-min 0.290 0.390 0.480 0.600 0.700 0.800

10-min 0.440 0.600 0.730 0.910 1.060 1.220

15-min 0.550 0.740 0.900 1.130 1.320 1.520

30-min 0.740 1.000 1.210 1.520 1.770 2.040

60-min 0.910 1.230 1.500 1.880 2.190 2.530

2-hr 1.040 1.360 1.640 2.040 2.380 2.740

3-hr 1.110 1.410 1.680 2.070 2.400 2.790

6-hr 1.320 1.620 1.920 2.280 2.640 3.000

12-hr 1.560 1.920 2.280 3.000 2.880 3.240

24-hr 1.920 2.400 2.640 3.120 3.600 3.840

RAINFALL INTENSITY, INCHES/HOUR

2 5 10 25 50 100

5 3.48 4.68 5.76 7.20 8.40 9.60

10 2.64 3.60 4.38 5.46 6.36 7.32

15 2.20 2.96 3.60 4.52 5.28 6.08

30 1.48 2.00 2.42 3.04 3.54 4.08

60 0.91 1.23 1.50 1.88 2.19 2.53

120 0.52 0.68 0.82 1.02 1.19 1.37

180 0.37 0.47 0.56 0.69 0.80 0.93

360 0.22 0.27 0.32 0.38 0.44 0.50

720 0.13 0.16 0.19 0.25 0.24 0.27

1440 0.08 0.10 0.11 0.13 0.15 0.16

Duration

minutes

Frequency, years

Average Reccurence Interval (years)
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Weighted C-Coefficients 
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Table 3.2
RUNOFF COEFFICIENTS FOR MARICOPA COUNTY

Notes:
1. Runoff coefficients for 25-, 50- and 100-Year storm frequencies were derived using adjustment factors of 

1.10, 1.20 and 1.25, respectively, applied to the 2-10 Year values with an upper limit of 0.95.

2. The ranges of runoff coefficients shown for urban land uses were derived from lot coverage standards 
specified in the zoning ordinances for Maricopa County.

3. Runoff coefficients for urban land uses are for lot coverage only and do not include the adjacent street 
and right-of-way, or alleys.

4, Values are based on the NDR terrain class.  Values should be increased for NHS and NMT terrain 
classes by the difference between NHS (or NMT) and the NDR C values, up to a maximum of 0.95. 
Engineering judgement should be used.

5. Maricopa County has adopted specific values of C for each land use and storm frequency in the Drain-
age Policies and Standards for Maricopa County, Arizona (Maricopa County, 2007).  These are the stan-
dard default values.  The engineer/hydrologist may develop a computed composite value of C based on 
actual land uses, but must fully document the computations and assumptions and submit them to Mar-
icopa County for approval.  Many jurisdictions in Maricopa County may have adopted specific C coeffi-
cient values and procedures.  The user should check with the appropriate agency before proceeding.

Land 
Use 

Code

Runoff Coefficients by Storm Frequency1, 2

2-10 Year 25 Year 50 Year 100 Year

Land Use Category min max min max min max min max

VLDR Very Low Density Residential3, 4 0.33 0.42 0.36 0.50 0.40 0.60 0.45 0.65

LDR Low Density Residential3, 4 0.42 0.48 0.46 0.55 0.50 0.64 0.53 0.70

MDR Medium Density Residential3, 4 0.48 0.65 0.53 0.72 0.58 0.78 0.60 0.80

MFR Multiple Family Residential3, 4 0.65 0.75 0.72 0.83 0.78 0.90 0.82 0.94

I1 Industrial 13 0.60 0.70 0.66 0.77 0.72 0.84 0.75 0.88

I2 Industrial 23 0.70 0.80 0.77 0.88 0.84 0.95 0.88 0.95

C1 Commercial 13 0.55 0.65 0.61 0.72 0.66 0.78 0.69 0.81

C2 Commercial 23 0.75 0.85 0.83 0.94 0.90 0.95 0.94 0.95

P Pavement and Rooftops 0.75 0.85 0.83 0.94 0.90 0.95 0.94 0.95

GR Gravel Roadways & Shoulders 0.60 0.70 0.66 0.77 0.72 0.84 0.75 0.88

AG Agricultural 0.10 0.20 0.11 0.22 0.12 0.24 0.13 0.25

LPC Lawns/Parks/Cemeteries 0.10 0.25 0.11 0.28 0.12 0.30 0.13 0.31

DL1 Desert Landscaping 1 0.55 0.85 0.61 0.94 0.66 0.95 0.69 0.95

DL2 Desert Landscaping 2 0.30 0.40 0.33 0.44 0.36 0.48 0.38 0.50

NDR Undeveloped Desert Rangeland 0.30 0.40 0.33 0.44 0.36 0.48 0.38 0.50

NHS Hillslopes, Sonoran Desert 0.40 0.55 0.45 0.60 0.48 0.66 0.50 0.70

NMT Mountain Terrain 0.50 0.70 0.65 0.80 0.70 0.90 0.75 0.90
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Drainage Design Manual for Maricopa County Hydrology: Rational Method

Table 3.3
RUNOFF COEFFICIENT DESCRIPTIONS FOR MARICOPA COUNTY

3.3 ASSUMPTIONS

Application of the Rational Equation requires consideration of the following:

1. The peak discharge rate corresponding to a given intensity would occur only if the 

rainfall duration is at least equal to the time of concentration.

2. The calculated runoff is directly proportional to the rainfall intensity.

3. The frequency of occurrence for the peak discharge is the same as the frequency 

for the rainfall producing that event.

4. The runoff coefficient increases as storm frequency decreases.

5. The watershed should be of uniform land use.  For example, sub-basins with both 

natural (undeveloped) and developed land uses should be broken into separate 

sub-basins where possible.

Land Use Code Land Use Category Description

VLDR 40,000 sq. ft. and greater lot size

LDR 12,000 – 40,000 sq. ft. lot size

MDR 6,000 – 12,000 sq. ft. lot size

MFR 1,000 – 6,000 sq. ft. lot size

I1 Light and General

I2 General and Heavy

C1 Light, Neighborhood, Residential

C2 Central, General, Office, Intermediate

P Asphalt and Concrete, Sloped Rooftops

GR Graded and Compacted, Treated and Untreated

AG Tilled Fields, Irrigated Pastures, slopes < 1%

LPC Over 80% maintained lawn

DL1 Landscaping with impervious under treatment

DL2 Landscaping without impervious under treatment

NDR Little topographic relief, slopes < 5%

NHS Moderate topographic relief, slopes > 5%

NMT High topographic relief, slopes > 10%
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CROSS          
SECTION DISTANCE1 REGULATORY WITHOUT 

FLOODWAY 
WITH 

FLOODWAY INCREASE 

GRANITE CREEK

A 106,408 1453 3883 4.8 4,870.2 4,870.2 4,870.7 0.5
B 108,596 1250 4455 3.3 4,878.4 4,878.4 4,879.3 0.9  

C 110,265 450 3549 4.2 4,881.4 4,881.4 4,882.0 0.6
D 112,109 800 7173 2.1 4,882.2 4,882.2 4,883.0 0.8
E 113,970 800 2110 7.0 4,885.3 4,885.3 4,885.6 0.3
F 115,817 780 2374 6.2 4,892.5 4,892.5 4,893.0 0.5
G 117,570 550 2138 6.9 4,901.3 4,901.3 4,901.7 0.4
H 119,456 750 2991 4.9 4,910.1 4,910.1 4,911.0 0.9
I 120,644 434 1966 7.5 4,920.3 4,920.3 4,921.2 0.9
J 122,167 274 2057 7.2 4,934.0 4,934.0 4,934.0 0.0
K 123,879 481 4341 3.4 4,937.4 4,937.4 4,937.7 0.3
L 125,177 207 1895 7.8 4,938.3 4,938.3 4,938.6 0.3
M 126,467 245 2755 5.1 4,946.5 4,946.5 4,946.5 0.0
N 127,476 425 3632 3.9 4,947.4 4,947.4 4,947.5 0.1
O 128,511 474 1821 7.8 4,952.8 4,952.8 4,953.8 1.0
P 129,491 447 2399 5.9 4,959.9 4,959.9 4,960.8 0.9
Q 131,046 232 1318 10.7 4,973.3 4,973.3 4,974.2 0.9
R 132,547 184 1714 8.3 4,989.8 4,989.8 4,989.9 0.1
S 134,600 120 1429 9.9 5,003.0 5,003.0 5,003.1 0.1
T 135,659 120 1388 7.8 5,021.0 5,021.0 5,021.2 0.2
U 137,241 59 949 11.3 5,030.7 5,030.7 5,031.2 0.5
V 138,720 210 2314 4.7 5,051.6 5,051.6 5,052.4 0.8

1Feet above confluence with Verde River

  FEDERAL EMERGENCY MANAGEMENT AGENCY

   YAVAPAI COUNTY, AZ             
AND INCORPORATED AREAS

LOCATION 1% ANNUAL CHANCE FLOOD WATER SURFACE
ELEVATION (FEET NAVD88)

TABLE 9 

FLOODWAY DATA

GRANITE CREEK

WIDTH 
(FEET)

SECTION   
AREA       

(SQ. FEET)

FLOODWAY

MEAN 
VELOCITY 

(FEET/ SEC)



CROSS          
SECTION DISTANCE1 REGULATORY WITHOUT 

FLOODWAY 
WITH 

FLOODWAY INCREASE 

GRANITE CREEK

W 140,251 203 1997 5.4 5,059.4 5,059.4 5,060.2 0.8
X 141,870 141 1907 5.6 5,074.2 5,074.2 5,075.1 0.9  

Y 142,782 85 1421 7.6 5,080.9 5,080.9 5,081.7 0.8
Z 143,844 69 1277 8.4 5,097.0 5,097.0 5,098.0 1.0

AA 144,746 1156 13749 1.8 5,173.1 5,173.1 5,173.1 0.0
AB 148,705 1113 13312 1.9 5,173.3 5,173.3 5,173.4 0.1
AC 150,834 660 7008 3.5 5,173.6 5,173.6 5,173.7 0.1
AD 151,965 601 5396 4.5 5,175.0 5,175.0 5,175.4 0.4
AE 152,834 412 2903 7.9 5,176.8 5,176.8 5,177.3 0.5
AF 153,349 490 3500 6.5 5,179.2 5,179.2 5,179.9 0.7
AG 154,277 513 3548 6.4 5,182.7 5,182.7 5,183.2 0.5
AH 155,034 480 2968 7.7 5,184.8 5,184.8 5,185.6 0.8
AI 155,567 578 3260 7.0 5,188.5 5,188.5 5,189.5 1.0
AJ 156,104 762 4885 4.7 5,192.7 5,192.7 5,193.5 0.8
AK 156,603 814 4399 5.2 5,196.0 5,196.0 5,196.6 0.6
AL 157,165 931 4977 4.6 5,200.0 5,200.0 5,200.4 0.4
AM 157,732 748 3328 6.8 5,205.1 5,205.1 5,205.5 0.4
AN 158,583 260 1902 12.0 5,219.2 5,219.2 5,219.9 0.7
AO 159,569 276 3413 6.7 5,233.7 5,233.7 5,233.7 0.0
AP 159,929 325 2958 7.7 5,235.2 5,235.2 5,235.2 0.0
AQ 160,385 175 2699 8.4 5,240.3 5,240.3 5,240.4 0.1
AR 161,441 573 7470 2.6 5,242.1 5,242.1 5,242.3 0.2

1Feet above confluence with Verde River

  FEDERAL EMERGENCY MANAGEMENT AGENCY
                                                         

YAVAPAI COUNTY, AZ              
AND INCORPORATED AREAS

LOCATION 1% ANNUAL CHANCE FLOOD WATER SURFACE
ELEVATION (FEET NAVD88)

TABLE 9 

FLOODWAY DATA

GRANITE CREEK

WIDTH 
(FEET)

MEAN 
VELOCITY 

(FEET/ SEC)

FLOODWAY

SECTION   
AREA       

(SQ. FEET)



CROSS          
SECTION DISTANCE1 REGULATORY WITHOUT 

FLOODWAY 
WITH 

FLOODWAY INCREASE 

GRANITE CREEK

AS 162,366 130 1245 15.6 5,249.7 5,249.7 5,250.6 0.9
AT 162,484 161 1999 9.7 5,260.4 5,260.4 5,260.4 0.0  

AU 163,585 703 6988 2.1 5,262.6 5,262.6 5,262.6 0.0
AV 165,053 256 1663 8.9 5,267.1 5,267.1 5,267.3 0.2
AW 165,466 147 1051 14.1 5,269.5 5,269.5 5,269.9 0.4
AX 166,290 194 1187 12.5 5,276.0 5,276.0 5,276.9 0.9
AY 167,079 243 1998 7.5 5,283.2 5,283.2 5,284.0 0.8
AZ 167,850 170 1314 11.3 5,288.5 5,288.5 5,289.2 0.7
BA 168,670 287 1679 8.5 5,293.6 5,293.6 5,293.7 0.1
BB 169,313 288 1316 10.4 5,299.7 5,299.7 5,299.7 0.0
BC 169,931 345 1507 9.1 5,302.3 5,302.3 5,302.3 0.0
BD 170,854 176 1434 9.5 5,312.3 5,312.3 5,312.3 0.0
BE 171,609 306 2177 6.3 5,316.5 5,316.5 5,317.5 1.0
BF 172,446 290 1049 9.4 5,325.7 5,325.7 5,325.7 0.0
BG 173,082 242 956 10.3 5,332.9 5,332.9 5,333.7 0.8
BH 173,790 285 1821 5.4 5,341.5 5,341.5 5,341.5 0.0
BI 174,613 322 2289 4.3 5,350.8 5,350.8 5,351.6 0.8
BJ 175,410 226 1125 8.7 5,356.3 5,356.3 5,356.6 0.3
BK 176,122 124 943 10.4 5,362.0 5,362.0 5,362.2 0.2
BL 177,019 92 651 15.1 5,368.5 5,368.5 5,368.9 0.4
BM 177,684 54 468 16.5 5,380.4 5,380.4 5,380.4 0.0
BN 178,313 84 925 8.4 5,397.1 5,397.1 5,397.4 0.3

1 Feet above confluence with Verde River

FLOODWAY

  FEDERAL EMERGENCY MANAGEMENT AGENCY
                                                        

YAVAPAI COUNTY, AZ             
AND INCORPORATED AREAS

LOCATION 1% ANNUAL CHANCE FLOOD WATER SURFACE
ELEVATION (FEET NAVD88)

TABLE 9

FLOODWAY DATA

GRANITE CREEK

MEAN 
VELOCITY 

(FEET/ SEC)

SECTION   
AREA      

(SQ. FEET)

WIDTH 
(FEET)



CROSS          
SECTION DISTANCE1

SECTION   
AREA        

(SQ. FEET)
REGULATORY WITHOUT 

FLOODWAY 
WITH 

FLOODWAY INCREASE 

GRANITE CREEK

BO 178,875 89 557 13.9 5,399.2 5,399.2 5,399.4 0.2
BP 179,705 88 746 10.4 5,416.6 5,416.6 5,416.7 0.1  

BQ 180,501 141 654 11.8 5,427.4 5,427.4 5,427.4 0.0
BR 180,973 64 643 9.2 5,437.7 5,437.7 5,437.7 0.0
BS 181,728 103 512 11.5 5,447.7 5,447.7 5,447.9 0.2
BT 182,509 152 576 10.2 5,464.3 5,464.3 5,464.4 0.1
BU 183,353 87 973 6.1 5,487.5 5,487.5 5,487.6 0.1
BV 183,990 107 545 10.8 5,509.9 5,509.9 5,509.9 0.0
BW 184,784 40 354 16.7 5,524.8 5,524.8 5,525.1 0.3
BX 185,646 152 667 8.9 5,540.8 5,540.8 5,540.8 0.0
BY 186,085 125 523 11.3 5,549.2 5,549.2 5,549.2 0.0

1Feet above confluence with Verde River

LOCATION 1% ANNUAL CHANCE FLOOD WATER SURFACE
ELEVATION (FEET NAVD88)

TABLE 9 

FLOODWAY DATA

GRANITE CREEK

MEAN 
VELOCITY 

(FEET/ SEC)

WIDTH 
(FEET)

  FEDERAL EMERGENCY MANAGEMENT AGENCY
                                                          

YAVAPAI COUNTY, AZ               
AND INCORPORATED AREAS

FLOODWAY
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TABLE 5 - SUMMARY OF DISCHARGES - continued 

 

FLOODING SOURCE 

      AND LOCATION    

DRAINAGE 

AREA 

   (sq. miles)   

                                 PEAK DISCHARGES (cfs)                                     

10-PERCENT 2-PERCENT 1-PERCENT 0.2-PERCENT 

      

DRY CREEK      

Approximately 2,000 

feet upstream of 

Sunset Hills Drive 56.20 --1 --1 29,176 --1 

Upstream of confluence 

of Boynton Canyon 40.00 7,500 16,100 22,000 30,000 

Upstream of confluence 

of Long Canyon Creek 36.00 5,818 13,330 16,500 25,370 

      

DRY WELL WASH      

Upstream of confluence 

with Clayton Canyon 

Wash  1.96 --1 --1 --1 2,155 

Approximately 500 feet 

upstream of Barbara 

Road 1.27 --1 --1 --1 1,622 

      

GARDNER WASH      

Above confluence with 

Ramsgate Wash --1 --1 --1 6,460 --1 

      

GRANITE CREEK      

Approximately 4,900 

feet upstream of U.S. 

Highway 89/89A 81 --1 --1 15,500 --1 

Upstream of Manzanita 

Creek 11.87 1,700 5,500 8,200 22,000 

Upstream of Aspen 

Creek 17.79 2,450 7,100 12,500 29,700 

At confluence with North 

Fork Granite Creek 29.10 3,400 10,500 16,800 44,400 

At U.S. Route 89 Bridge 

(former Gage Station) 36.00 3,600 11,000 18,500 47,000 

Downstream of 

Slaughterhouse Gulch 40.00 --1 --1 20,600 --1 

At Watson Lake 41.00 --1 --1 20,600 --1 

      

HASSAYAMPA RIVER      

At Yavapai/Maricopa 

County line 524.00 16,500 42,300 72,200 125,700 

Upstream of confluence 

with Martinez Wash 422.00 14,700 37,200 53,600 102,500 

Upstream of Walnut 

Grove 78.00 4,650 11,200 13,000 19,500 

      

JACKS CANYON      

Near State Route 179 17.00 2,720 7,640 8,350 10,500 

      
1Data not available      
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2.2 Level 2

The Level 2 procedure is based on storage of a portion of the 1-hour, 100-year
rainfall falling on the project site to maintain the 100-year pre-development runoff rate
from the site.  The procedure also includes an adjustment to the design basin outflow rate
to account for the cumulative downstream effect of urbanization.  The resulting
procedure should provide a conservative measure of stormwater detention in the vast
majority of applications.  If the user or jurisdiction is concerned that application of this
procedure in a particular situation will not accomplish the intended goal of downstream
peak flow reduction, the user should refer to Level 3 procedures or procedures as directed
by the jurisdiction.

The procedure for determination of the required storage volume and design outflow rate
is as follows and can be performed using the worksheet and charts in Appendix B4:

1. Determine the area of the project site, A (acres).

2. Determine 100-year, 1-hour rainfall depth, P100,1 (inches), by finding the 100-year, 6-
hour, P100, 6, and 100-year, 24-hour, P100, 24, rainfall depths using Precipitation Maps 7
& 8, respectively, from the ADOT Hydrology Manual (1993) and the 100-year, 1-
hour Rainfall Depth Chart, all in Appendix A of this report.

3. Determine the developed condition runoff coefficient, C, for the project site using
Figure 2-3 from the ADOT Hydrology Manual (1993) in Appendix A of this report.
For purposes of using Figure 2-3 the following residential densities shall be assumed
to apply:

• Heavy Urban - > 4 units/acre
• Moderate Urban - 2 – 4 units/acre

4. Determine the developed condition 100-year, 1-hour runoff volume, Vr (acre-feet) to
be retained, as follows:

Vr = (C x P100, 1 x A)/12

5. Determine the developed condition peak discharge, Q (cfs), for the site using the
1993 ADOT Hydrology Manual rational method procedure as outlined in the Level 2
worksheet in Appendix B of this report.

6. Determine the existing condition peak discharge contribution of the project site to the
“offsite” watershed peak discharge, Qoff (cfs), as follows:

                                               
4   The first four steps of the Level 2 procedure are identical to the first four steps of the Level 1 procedure.
For this reason, design charts for the first four steps are contained in Appendix A.
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• Determine the area (in square miles) of the offsite watershed, Aoff, which the
project is located in, at the point where it empties into a regional watercourse (see
definition sketch below).  Where the size of the offsite watershed exceeds 30
square miles, use 30 square miles for Aoff (i.e., Aoff cannot be more than 30 square
miles).

• Determine the unit discharge for the offsite watershed, qoff (cfs/sq mi), using the
100-year Unit Discharge Chart in Appendix B for the appropriate region.

• Determine Qoff (cfs) as follows: Qoff = A x qoff/640

Note:  The calculation of Qoff as described above is intended to result in a design
outflow which limits the 100-year post-development peak outflow from the project
site to a rate which reflects runoff rates associated with natural conditions on a larger
watershed scale.  As such this adjustment is intended for areas where urbanization is
expected to occur widely throughout the regional watershed.  However, if it can be
documented that existing and future urbanization can not potentially affect more than
a total of 10% of the offsite watershed, then Qoff can be calculated as the existing
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condition discharge from the site using the rational method procedure as outlined in
the 1993 ADOT Hydrology Manual5.

7. Divide the value of Qoff (i.e., the design basin outflow) by Q (the design basin inflow)
to determine the value of Qoff/Q and find the value of Vs/Vr using Qoff/Q vs. Vs/Vr

Chart in Appendix B of this report. Be sure to use the plot that represents the type of
outlet structure intended for the detention basin design (i.e., pipe vs. weir).

8. Determine the required detention storage volume for the project site, Vs (acre-feet) as
follows:   Vs = Vr x (Vs/Vr) (where Vr is as determined in step 4)

9. Determine an appropriate outflow structure based on the design outflow (Qoff) and the
maximum depth of the basin (i.e., the maximum headwater, HW)6.

• For pipe outflow structures, most structures can be sized using the performance
charts from HEC No. 10 “Capacity Charts for the Hydraulic Design of Highway
Culverts”.  For the convenience of the reader, Charts 11, 13, 19 and 22 of HEC-10
have been reproduced in Appendix B of this report along with select passages of
text from HEC-10 explaining the use of the charts.  For design types or conditions
not covered by the charts included in Appendix B, the reader is referred to FHWA
HEC-10, (Nov. 1972) or HEC-5 (reprinted June 1980).

• For weir outflow structures, a simple rectangular weir should be sized/designed
by solving for L (weir length) in the weir equation below knowing the other
variables: Q = CLH3/2

where: Q = design outflow, Qoff (cfs)
C = weir coefficient  (use 3.1 for sharp-crest, 2.7 for broad-crest)
L = length of the weir (ft)
H = the head on the weir, HW as defined above, (ft)

Using the storage volume and outflow structure requirements determined above, a
storage basin should be designed using the following general guidelines:

1. Design the basin to intercept site runoff, not offsite runoff.  If necessary the storage
can be accommodated by constructing more than one basin (e.g., to accommodate
off-site drainage through the site, drainage divides through the site or grading
constraints).

2. Keep basin ponding depths to three feet or less where possible.

                                               
5    An example of such a situation would be development of a small in-holding in a national forest.
6    In most instances, a pipe outflow structure will most likely provide the most cost-effective design.  If a
weir outflow structure is used, the weir crest should be set at the basin low-point to provide a design
consistent with the assumptions in the detention volume sizing procedure and to facilitate complete
drainage of the pond.
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3. Keep basin side slopes to 4:1 or flatter where possible.  Basins with steeper side
slopes should be properly stabilized if used.

4. Regardless of basin side slope, seeding of the basin to promote vegetation should be
considered in the design to prevent rill and gully erosion.

5. Unauthorized access should be physically restricted (i.e., by fencing or other
appropriate means) where basin depth is greater than three feet and any side slopes
steeper than 4:1.

6. The basin outlet should outlet to a natural/historic point of drainage outflow.  The
pipe outlet should include erosion protection to prevent scour at the outlet.  The outlet
should be designed/located so as to preclude submergence of the outlet by tailwater.

7. Grade the basin bottom to provide a minimum of 0.2% grade toward the outlet.

8. To the extent possible, avoid sharp angular shapes (e.g., square or rectangular) in
favor of gently curving lines for the basin geometry.

9. Vehicular access should be provided to the basin either around the perimeter or into
the interior of the basin to allow adequate maintenance.

10. An inspection and maintenance plan should be developed which clearly specifies the
party responsible for maintenance and the frequency and method of maintenance.
The plan should insure that the original storage volume of the basin is maintained,
including sediment removal as needed.

11. The basin should be designed with an emergency overflow level such that ponding in
excess of the design level (i.e., due to outlet clogging or extreme/successive flow
events) will not cause inundation of unintended areas or improvements. The
emergency overflow should act as a weir with a minimum length (in feet) equal to the
100-year discharge from the site, Q, divided by 2.7 (e.g., for Q = 27 cfs, the
emergency overflow control weir would be 10 feet long). The emergency overflow
should drain to a natural/ historic point of drainage outflow.

12. Adjacent structures should be constructed at an elevation at least two feet above the
emergency overflow level described above.
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Qoff/Q vs. Vs/Vr (after McEnroe, 1992)
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Granite Dells Estates  

Exhibit 3: Post-Development Master Drainage Plan 

  





 

Granite Dells Estates  

Exhibit 3: Phases 1A, 1B, and 1C (Rational) 

Proposed Drainage Structures Plan   
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VICINITY MAP 
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AERIAL PHOTOGRAPH 
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FEMA FIRM 
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SOILS MAP 
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LAND USE MAP 
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DRAINAGE MAP 

  


