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Christian Brothers Automotive at Thomas Road and Pima Road  
Preliminary Drainage Report  
 
 

Bowman Consult ing Group 1 
 

1.  INTRODUCTION 

1.1. PROJECT NAME 

The proposed development is called Christian Brothers Automotive (The Project). 

1.2. PROJECT LOCATION 

The Project is assessor parcel number (APN) 130-39-100B, located within the southeast quarter of 
Section 25, Township 2 North, Range 4 East, Gila and Salt River Meridian, Maricopa County, Arizona. 
More specifically, the project is located at the northwest corner of the intersection of Thomas Road 
and Pima Road. The subject property is Lot 1D of Minor Land Division Plat 8700 East Thomas Road 
as recorded in Book 1442 Page 24 MCR.  Lot 1D is 1.05 acres.  A vicinity map is in Appendix A, 
figure 1.   

1.3. TYPE OF DRAINAGE REPORTS 

This is a Preliminary Drainage Report, created to support the Conditional Use Permit application.   

1.4. PROJECT DESCRIPTION 

The proposed Project includes the development of an automotive repair facility on 1.05 acres of 
vacant land.  Development includes a 4800 square-foot, 8-bay automotive garage and lobby building, 
associated parking, utilities and landscaping.   

1.5. EXISTING DRAINAGE STUDIES 

Information from several previous studies was used to compile this report.  There is the Final Drainage 
Report and LOMR for Pima Self Storage (located adjacent to the north) and the Drainage Narrative 
for Black Rock Coffee (located adjacent to the west).   

1.6. PURPOSE AND OBJECTIVES FOR SUBMITTING A DRAINAGE REPORT 

This report will address criteria for establishing a finished floor elevation; for routing overland flow 
of storm drainage towards drainage facilities, and for the first flush volume of  stormwater.  

The site is located within the City of Scottsdale drainage service area. All proposed drainage 
infrastructure shall be constructed per the city’s development regulations and approved material list. 
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2. ONSITE DRAINAGE CONDITIONS (EXISTING) 

2.1. EXISTING DRAINAGE 

The site is 1.05 acres and was previously analyzed as part of the Pima Self Storage project located 
adjacent to the north of this site.  The site is within flood zone AE  and the minimum finish floor 
elevation was established as part of the Self -Storage drainage report.  A LOMR was approved on 
December 7, 2018 which includes the flow rate and base flood elevation for this site.  The LOMR and 
portions of the Self – Storage report are included in Appendix E and F.   

2.2. TOPOGRAPHIC MAP 

A topographic survey of the site was performed that shows the site is highest on the north end, has a 
low point in the middle for a temporary retention basin, and then outfalls at the south end.   

2.3. ADJACENT DEVELOPMENTS 

The proposed use is light automotive repair.  The site is bounded by the following land uses: (south) 
Thomas Road; (east) Pima Road; (north) existing self-storage facility; and (west) existing coffee shop. 

3. OFFSITE WATERSHED CONDITIONS 

The site is located within zone AE and is impacted by flows in the Granite Reef wash.  The base flood 
elevations at the building has been determined to be 1227.9 with a flow rate of 594 cfs.    

4. FLOODPLAIN DESIGNATION 

Federal Emergency Management Agency’s Flood Insurance Rate Map (FIRM) 04013C2235M, 
effective September 18, 2020, classifies the project site as Zone X (shaded): “Areas of 0.2% annual 
flood hazard; areas of 1% annual chance flood with average depths of less than 1 foot or with drainage 
areas less than 1 square mile”; and Zone AE: “Special Flood Hazard Areas with Base Flood 
Elevation.”   See Appendix A, figure 2 for a copy of the FIRM. 

5. PROPOSED DRAINAGE PLAN 

5.1. BASIS OF DESIGN 

The Project is designed using the guidelines set in the City of Scottsdale Design Standards and Policies 
Manual (2018) and the Maricopa County Drainage Design Manual (MCDDM), Hydrology.  Per 
comments received from the City of Scottsdale at the pre – app meeting, no stormwater storage is 
required unless proposed improvements go into historical landscape areas.  Although standard 
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stormwater storage is not required, if the disturbed area is greater then 1.0 acre, then “first flush” 
volume for water quality must be provided onsite.   

Regulations 

 DSPM Section 4-1.201, C2: first flush volume shall be calculated by V = CPA 

 DSPM Section 4-1.201, B: draining of stormwater storage facilities  

 DSPM Section 4-1.102, Special Flood hazard Areas  

Criteria 

 MCDDM Table 3.2: for 100-year storm, commercial 2, C is 0.95.  

Calculations 

The contributing area of the drainage basin can be viewed on the Drainage Map in Appendix A, 
figure 3.  The Project will utilize a drywell for the release of first flush stormwater. The drywell will 
be sized and installed to ensure drainage of first flush stormwater within 36 hours.  Drywell 
calculations are provided within the first flush calculations as part of Appendix D. 

The runoff produced onsite will be captured and conveyed using catch basins, scuppers, and storm 
drain. These drainage structures will be sized for the 10-year event. The onsite drainage area was 
broken out into subbasins and peak flows were determined for each subbasin using the Rational 
Method, Q=CiA.  

Where: 

Q = flow (cfs) 
C = runoff Coefficient 
i = 100-year rainfall intensity (in/hr) for a storm lasting for length “Tc” 
Tc = time of concentration (5 minute minimum) 
A = contributing area (acres) 
 

The subbasins mostly consist of asphalt, concrete and rooftop; therefore 0.95 was used for the runoff 
coefficient in the rational method calculations. The rational method calculations, inlet capacity 
calculations, and first flush calculations are provided in Appendix B, Appendix C, and Appendix D 
respectively.  
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5.2. PRE- AND POST-PROJECT TOPOLOGY 

The existing site has a low point in the middle for a temporary retention basin.  The proposed site will 
be a self-contained watershed. All stormwater will be conveyed to the proposed first flush system. The 
system will be drained via a drywell.  

5.3. PRE- AND POST-PROJECT STORMWATER RUNOFF OF OFFSITE FLOWS 

Existing offsite flows will continue to be conveyed thru the site.  Per the pre – app comments from 
the City of Scottsdale, a pre versus post HEC RAS model will be prepared to demonstrate a “zero 
rise” in the 100 year water surface elevation due to the proposed building in the AE flood zone.   

5.4. BASIS FOR SELECTION OF FINISHED FLOOR ELEVATION 

The site is within flood zone AE  and the minimum finish floor elevation was established as part of 
the Self -Storage drainage report.  The minimum finish floor is 1229.00 which is at least 12 inches 
above the base flood elevation.   

6. SPECIAL CONDITIONS 

There are no special conditions for this site.  

7. DATA ANALYSIS METHODS 

First flush, peak flows, and inlet capacity calculations were calculated using Microsoft Excel, and the 
storm drain capacity was calculated using Bentley StormCAD. All the calculations and analysis are 
based on the methods outlined in the MCDDM. The Maricopa County Drainage Design Management 
System (DDMS) uses a minimum time of concentration at 10 minutes. Storm rainfall depths and 
intensities are taken from the NOAA Atlas 14. The rainfall depths and intensities used for this project 
are attached at Appendix A, figure 4.  

8. CONCLUSIONS 

Christian Brothers Automotive Center is a self-contained watershed that provides for first flush 
storage and has the finish floor set at least 12 inches above the base flood elevation.   

9. REFERENCES 

1) City of Scottsdale Design Standards and Policies Manual, 2018 Edition 
2) Drainage Design Manual for Maricopa County (Hydrology and Hydraulics), 2018 Edition  
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FIGURES  
 
 

1. Vicinity Map 
2. FIRM Map 
3. Drainage Map 
4. NOAA Atlas 14 Rainfall Data  
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NOAA Atlas 14, Volume 1, Version 5
Location name: Scottsdale, Arizona, USA* 
Latitude: 33.4808°, Longitude: -111.8925° 

Elevation: 1224.74 ft**
* source: ESRI Maps 

** source: USGS 

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sandra 
Pavlovic, Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey 

Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular

PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years) 

1 2 5 10 25 50 100 200 500 1000

5-min
0.184

(0.154‑0.224)
0.240

(0.202‑0.293)
0.327

(0.273‑0.396)
0.393

(0.326‑0.474)
0.482

(0.394‑0.580)
0.552

(0.445‑0.660)
0.623

(0.493‑0.743)
0.695

(0.541‑0.828)
0.792

(0.600‑0.944)
0.866

(0.643‑1.03)

10-min
0.280

(0.234‑0.341)
0.366

(0.308‑0.446)
0.497

(0.415‑0.603)
0.598

(0.496‑0.722)
0.735

(0.599‑0.882)
0.840

(0.677‑1.00)
0.948

(0.750‑1.13)
1.06

(0.823‑1.26)
1.21

(0.913‑1.44)
1.32

(0.979‑1.57)

15-min
0.347

(0.290‑0.422)
0.453

(0.382‑0.553)
0.616

(0.515‑0.748)
0.741

(0.615‑0.895)
0.910

(0.743‑1.09)
1.04

(0.839‑1.25)
1.18

(0.929‑1.40)
1.31

(1.02‑1.56)
1.49

(1.13‑1.78)
1.63

(1.21‑1.95)

30-min
0.467

(0.391‑0.569)
0.611

(0.514‑0.744)
0.829

(0.693‑1.01)
0.998

(0.828‑1.21)
1.23

(1.00‑1.47)
1.40

(1.13‑1.68)
1.58

(1.25‑1.89)
1.77

(1.37‑2.10)
2.01

(1.52‑2.40)
2.20

(1.63‑2.63)

60-min
0.578

(0.484‑0.704)
0.756

(0.636‑0.921)
1.03

(0.858‑1.25)
1.24

(1.02‑1.49)
1.52

(1.24‑1.82)
1.74

(1.40‑2.08)
1.96

(1.55‑2.34)
2.19

(1.70‑2.60)
2.49

(1.89‑2.97)
2.72

(2.02‑3.25)

2-hr
0.670

(0.570‑0.799)
0.866

(0.738‑1.04)
1.16

(0.984‑1.38)
1.38

(1.16‑1.65)
1.69

(1.40‑2.00)
1.92

(1.58‑2.27)
2.17

(1.75‑2.56)
2.41

(1.91‑2.84)
2.74

(2.12‑3.23)
3.00

(2.27‑3.56)

3-hr
0.729

(0.619‑0.879)
0.935

(0.796‑1.13)
1.23

(1.04‑1.48)
1.46

(1.23‑1.75)
1.79

(1.48‑2.13)
2.05

(1.67‑2.43)
2.32

(1.85‑2.75)
2.60

(2.05‑3.08)
2.99

(2.28‑3.55)
3.31

(2.46‑3.93)

6-hr
0.876

(0.759‑1.03)
1.11

(0.965‑1.31)
1.42

(1.23‑1.67)
1.67

(1.43‑1.96)
2.01

(1.70‑2.34)
2.28

(1.90‑2.64)
2.56

(2.10‑2.96)
2.84

(2.28‑3.30)
3.23

(2.53‑3.76)
3.54

(2.71‑4.13)

12-hr
0.977

(0.855‑1.13)
1.23

(1.08‑1.43)
1.56

(1.36‑1.81)
1.82

(1.58‑2.10)
2.17

(1.86‑2.50)
2.44

(2.07‑2.80)
2.71

(2.27‑3.12)
2.99

(2.46‑3.44)
3.37

(2.70‑3.89)
3.66

(2.89‑4.26)

24-hr
1.15

(1.03‑1.29)
1.46

(1.32‑1.64)
1.89

(1.70‑2.12)
2.24

(2.00‑2.50)
2.71

(2.41‑3.02)
3.08

(2.72‑3.43)
3.47

(3.04‑3.87)
3.87

(3.37‑4.32)
4.43

(3.81‑4.94)
4.87

(4.15‑5.45)

2-day
1.25

(1.12‑1.40)
1.59

(1.43‑1.79)
2.09

(1.87‑2.34)
2.49

(2.22‑2.78)
3.04

(2.70‑3.40)
3.48

(3.07‑3.89)
3.95

(3.46‑4.42)
4.43

(3.86‑4.96)
5.11

(4.40‑5.74)
5.66

(4.82‑6.36)

3-day
1.32

(1.18‑1.48)
1.69

(1.51‑1.89)
2.22

(1.98‑2.48)
2.64

(2.36‑2.95)
3.24

(2.88‑3.62)
3.72

(3.28‑4.15)
4.23

(3.71‑4.73)
4.77

(4.14‑5.33)
5.53

(4.74‑6.18)
6.14

(5.21‑6.89)

4-day
1.39

(1.25‑1.56)
1.78

(1.59‑1.99)
2.34

(2.09‑2.62)
2.79

(2.49‑3.12)
3.44

(3.05‑3.84)
3.96

(3.49‑4.42)
4.52

(3.95‑5.04)
5.11

(4.43‑5.70)
5.94

(5.08‑6.63)
6.62

(5.60‑7.41)

7-day
1.54

(1.38‑1.72)
1.96

(1.76‑2.20)
2.59

(2.32‑2.90)
3.10

(2.76‑3.46)
3.81

(3.38‑4.26)
4.39

(3.87‑4.89)
5.00

(4.37‑5.58)
5.65

(4.90‑6.31)
6.56

(5.62‑7.34)
7.30

(6.18‑8.18)

10-day
1.67

(1.50‑1.87)
2.14

(1.92‑2.40)
2.82

(2.53‑3.15)
3.37

(3.01‑3.76)
4.14

(3.67‑4.60)
4.75

(4.19‑5.28)
5.40

(4.74‑6.01)
6.09

(5.29‑6.78)
7.05

(6.05‑7.85)
7.82

(6.64‑8.72)

20-day
2.06

(1.85‑2.29)
2.64

(2.37‑2.94)
3.49

(3.13‑3.88)
4.13

(3.69‑4.59)
4.98

(4.44‑5.54)
5.64

(5.01‑6.27)
6.31

(5.58‑7.02)
6.99

(6.14‑7.79)
7.91

(6.88‑8.82)
8.61

(7.43‑9.62)

30-day
2.40

(2.15‑2.67)
3.09

(2.77‑3.43)
4.06

(3.65‑4.51)
4.80

(4.30‑5.33)
5.80

(5.17‑6.43)
6.57

(5.83‑7.27)
7.35

(6.49‑8.13)
8.14

(7.15‑9.02)
9.21

(8.03‑10.2)
10.0

(8.68‑11.2)

45-day
2.78

(2.51‑3.10)
3.59

(3.23‑3.99)
4.72

(4.25‑5.24)
5.56

(4.99‑6.17)
6.67

(5.96‑7.39)
7.50

(6.68‑8.31)
8.33

(7.39‑9.24)
9.16

(8.09‑10.2)
10.3

(8.99‑11.4)
11.1

(9.66‑12.4)

60-day
3.08

(2.79‑3.42)
3.98

(3.59‑4.40)
5.23

(4.71‑5.78)
6.13

(5.51‑6.78)
7.31

(6.56‑8.08)
8.18

(7.31‑9.05)
9.06

(8.06‑10.0)
9.91

(8.78‑11.0)
11.0

(9.71‑12.2)
11.8

(10.4‑13.2)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS). 

Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates 
(for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds 
are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values. 

Please refer to NOAA Atlas 14 document for more information. 
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Peak Inlet Flow Calculations Using The Rational Method  

  AF for Cw per Cw100-Yr

Freq. Typical Applic.
Project: Christian Bros Automotive 5 min 10 min 15 min 30 min 60 min 2-Yr 1.00 1.00
Proj #: 050840-01-001 10-Yr 0.39 0.60 0.74 1.00 1.24 5-Yr 1.00 1.00
Date: 1/28/21 100-Yr 0.62 0.95 1.18 1.58 1.96 10-Yr 1.00 1.00
By: PS 25-Yr 1.10 1.00

10-Yr 4.72 3.59 2.96 2.00 1.24 50-Yr 1.20 1.00
100-Yr 7.48 5.69 4.72 3.16 1.96 100-Yr 1.25 1.00

       AF=Frequency Adjustment Factor

  Drainage Area ID: -----

Cw  is adjusted as a function of the 100-year value per the table above

Total Q Q

Cw 10-Yr Cw 100-Yr

AF=1.00 (cfs) AF=1.00 (cfs)

1 A1 0.29 0.95 5.0 0.95 4.72 1.3 0.95 7.48 2.1

2 A2 0.08 0.95 5.0 0.95 4.72 0.4 0.95 7.48 0.6

3 A3 0.21 0.95 5.0 0.95 4.72 1.0 0.95 7.48 1.5

Notes:

100-Yr

Rainfall Depth-Duration-Frequency (D-D-F), (inch)

Desired 
Fequency

Time

Rainfall Intensity-Duration-Frequency (I-D-F), (in/hr)

10-Yr

i
(in/hr)

Concentration 
Point

Contributing 
Sub-Basin

Area 
(ac.)

2-10 Year
Cw

Tc
(min)

i
(in/hr)

1 of 1
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INLET CAPACITY CALCULATIONS 
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CATCH BASIN DESIGN FOR 10-YR EVENT
Project: The Ironwood District Commercial

Project #: 9631-01-005
Prepared by: PS DATE: 1/28/2021

INTENT:

               

Curb open catch basin:

For length of curb opening: QCO = Cw (L +1.8W) d1.5 (FCL)

Where: Cw = 2.3

W = MAG 533 W = 2. ft
(Scupper) Curb Opening W = 1.42 ft

FCL = 0.80  Clogging factor for curb-open catch basin/scuppers

Grated catch basin:

For the grated portion of the catch basin: QGR = CwPd1.5(FCL)

Where: FCL = 0.50  Clogging factor for Grated portion of the catch basin

Cw = 3.0 No Curb Curb @ Long Side 2 Sided Curb
MAG 535 P = 9.33 ft -- --

MAG 537 Single *P = 7.67 ft 5.92 ft 3.83 ft
MAG 537 Double *P = 10.75 ft 7.46 ft 5.38 ft

*Perimeter calculated at edge of concrete collar

Concentration 
Point

Inlet ID
Flow        
Q10             

Water
Height

(d)

Max. Flow into
Catch Basin 

(CFS)

A1 CB #1 1.3 0.5 4.1

A2 CB #2 0.4 0.5 4.1

A3 CB #3 1.0 0.5 4.1

Verify adequacy of catch basin/scupper size per following equations, capacities are as 
noted below. Evaluation compares capacity at maximum ponding depth to the peak flow. 
Calculations are as outlined in the Drainage Design Manual for Maricopa County unless 
otherwise specified.

1.42 ft

Catch Basin/Scupper
Type and Length (ft)

MAG 537 Single, No Curb

MAG 537 Single, No Curb

MAG 537 Single, No Curb
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FIRST FLUSH AND DEWATERING CALCULATIONS 
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RETENTION WORKSHEET FOR 100-YR, 2-HR EVENT
Project: 050840-01-001

Description: Christian Brothers Automotive

Prepared by: PS DATE: 1/28/2021

Basin A Summary

Required Drywells

7 cf 0.00 Ac-ft 1.0

Volume Required:
Vr= 0.5/12 x A x C 

A = Area in Square Feet
C = Coefficient of Runoff

Sub Area          
Type

Area              
(Sq. Ft.)

Runoff             
Coefficient

Retention Required  
(cf)

Retention Required  
(ac-ft)

Commercial Area 32,825 0.95 1,299 cf 0.03 Ac-ft

Totals 32,825 1,299 cf 0.03 Ac-ft

1,299 cf 0.03 Ac-ft
Volume Provided:

V=L*π*r2 L (ft) D (ft) V (cf) V (ac-ft)

26 8 1,306 0.03

TOTALS 26 1,306 0.03

TOTAL VOLUME PROVIDED 1,306

Dissipation Calculations for Surface Percolation
Retention          
Required           

(cf)

Derated Surface 
Percolation Rate 

(cf/hr/sf)

Basin             
Bottom Area        

(sf)

Surface Percolation 
in 36hrs (cf)

Volume to be 
Drained Through 

Drywells (cf)
1,299 0.00 0 0 1,299

Dissipation Calculations for Drywells

Volume to be drain 
Through Drywells 

(cf)

Drywell Percolation 
Rate              

(cf/36hr)

Number of Drywells 
Required           

1,299 12,960 1.0

Time to Drain: 3.6 hrs

Extra Provided

D = 100yr, 2hr Rainfall, 0.50 in.

Total Retention Required

Sheet 1 of 1
050840‐Retention Basin.xlsx

Basin A 1/28/2021
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Pima Storage Hubbard Engineering Project No.: 15138
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1. INTRODUCTION AND SCOPE OF WORK

This report presents the results of a Final Drainage Study conducted by Hubbard Engineering at
the request of Wentworth Property Company, LLC (“client”), for Pima Storage (“site”). The
purpose of this report is to provide a hydrologic and hydraulic evaluation for the site. This report
addresses off-site and on-site conditions as well as storm water runoff detention.

1.1 Site Description

The site is located in Section 25 of Township 2N, Range 4E of the Gila and Salt River Base and
Meridian, Maricopa County, Arizona. The location of the site is shown on the site Vicinity Map,
FIGURE 1, on the next page. The project is bounded by City Park to the west, Thomas Road to
the south, Pima Rd to the east and residential subdivisions to the north.

1.2 Project Type

The site is rectangular in shape and encompasses approximately 10.78 gross acres. The site is
currently developed with 1 existing building and parking lot. The proposed development for the
site is a 2-phased project. Phase 1 will encompass renovation of the existing Microsemi building
for storage, constructing a site wall, re-grading the driveways along Pima Road and also, re-
grading a portion of landscaped area just outside of the right of way to west side of Pima Road.
The landscaped area lies between the two existing driveways on Pima Rd. A basin/swale will be
graded in the landscaped area. The basin/swale will consist of 6:1 side slopes adjacent to the right
of way, 6:1 side slopes along the north and south sides of the driveways and a proposed block
wall as shown in Exhibit 2. The basin/swale will provide additional capacity that is needed to
keep the water surface elevation within the required tolerances. See Exhibit 2 for the Grading
and Drainage Plan. Phase 1 will encompass the addition of storage units and site improvements
within Lot 1 which is the development outside the new flood plain limits. Lot 2 is the southern
portion of the site that has 2 future planned retail pads. This area will be rough graded to
accommodate the new flood plain. Lot 2 also includes a portion along Pima Rd that will contain
the new flood plain allowing for Lot 1 to be out of the flood plain.
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Figure 1 – Vicinity Map
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1.3 Regulatory Issues

The criteria used in the drainage design and analysis of the site was established using the
guidelines as described in the following:

Design Standards & Policies Manual Chapter 4 Grading and Drainage, City of Scottsdale,
Dated January, 2010. (Reference 1).

Drainage Design Manual for Maricopa County, Arizona, Volume I, Hydrology
(Reference 2).

Drainage Design Manual for Maricopa County, Arizona, Volume II, Hydraulics
(Reference 3)

2. DESCRIPTION OF EXIST. DRAINAGE COND. & CHARACTERISTICS

2.1 Onsite Drainage

The site currently lies within the Flood Plain Zone AE with established water surface elevations.
The flood zone begins at the northeast portion of the site from Pima Rd. and then fans out across
the site. The flood waters pass through the site and discharges into Thomas Rd through two
existing driveways.

The site has historically discharged the storm water into Thomas Rd. with no retention at a flow
rate of 74.15 cfs. The site drains from the northwest to south following the same flow pattern as
the flood plain.

See Aerial Topographic Map (FIGURE 2).
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2.2 Existing Off-Site Conditions Characteristics

As discussed in the previous section, the site does lie within the Flood Plain Zone AE. The off-
site flows come from the northeast of the site from Thomas Rd. and fan out through the site to
eventually discharge into Thomas Rd.

The site lies within the Granite Reef Wash. The Granite Reef Wash has been analyzed previously
as recorded in the Granite Reef Wash Floodplain Delineation Study prepared by Entellus for the
Flood Control District of Maricopa County dated May 1997 (Reference 4). The Granite Reef
Wash Floodplain Delineation Study started at River Mile 0.320 and ended at River Mile 2.218.
See Appendix A. River Mile 2.218 is at Thomas Rd just south of the project site. Therefore, our
project site is outside the limit of study for the Granite Reef Wash Floodplain Delineation Study.
However, the Granite Reef Wash Floodplain Delineation Study shows an approximate flow of
644 cfs coming onto the site from the northeast corner from Pima Rd. Hubbard Engineering (HE)
has submitted a CLOMR to FEMA to remove the floodplain off of the property that will have the
existing and proposed storage buildings on the property. The results of the CLOMR can be found
in the CLOMR approved by the City of Scottsdale for this report.

2.3 Flood Zone Information

Based on Flood Insurance Rate Map No. 04013C2235L, dated October 16, 2013, the property is
located in Zone AE, which is described as:

“Base Flood Elevations Determined.”

The existing building has an existing exterior elevation of 1228.10 with the base flood elevation
of a 1227.00. Refer to FEMA Firmette in FIGURE 3.

2.4 Adjacent Properties

The adjacent property to the north is single family and separated with a 12’ site wall. An existing
City park is to the west with Pima Rd. to the east and Thomas Rd. to the south.
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Figure 3 – FIRM
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3. PROPOSED DRAINAGE PLAN

3.1 On-Site Hydrology

The final site configuration and grading design indicates that the Rational Method of hydrology
as described in the Drainage Design Manual for Maricopa County, Volume I (Reference 2) will
be applicable in developing design storm discharges for the site. Since the site has been
historically discharging into Thomas Rd., being a part of the flood plain, the City allows the same
drainage pattern so long the pre vs. post hydrology is not exceeded. The proposed site will be
captured by grate inlets and be allowed to discharge via storm drain into the existing storm drain
that is in Thomas Rd. See Exhibit 1 for proposed drainage areas and Appendix C for inlet
calculations. Based on the improvements Phase 1, of the site will discharge to the existing storm
drain that is in Thomas Rd. Along the west side of property line for improvements being done in
Phase 1 a swale will need to be graded on the City of Scottsdale’s property to direct runoff from
the City of Scottsdale’s property away from the northern site, Phase 1. The remainder of the site,
Phase 2, will discharge into Thomas Rd via sheet flow at a rate of 8.31 cfs. The new discharge
flow rate is significantly lower than the pre discharge rate mentioned early. A typical C-value of
0.95 is used for the on-site impervious areas and a C-value of 0.45 is used for desert landscape
areas in accordance with the City of Scottsdale’s Design Standards and Policies Manual
(Reference 1).

The proposed site is graded so that the off-site flow from Pima Rd will not inundate the northern
site, Phase 1. See Exhibit 2 for the grading and drainage plans for the proposed site. The
northern driveway along Pima Rd has a proposed grade of 1229.00 at the property line and a high
water elevation of 1228.85 was determined from the post-development HEC-RAS model ran by
Hubbard Engineering. See Table 1 below for results of the approved post-development vs pre-
development water surface elevations and Section 3.2 for additional information on the HEC-
RAS models and methodology used for the models. A proposed wall will be constructed as
shown in Exhibit 2 between the northern driveway and the southern driveway along Pima Rd.
The proposed top of wall at the north driveway will have an elevation of 1229. The wall will
continue on at an elevation of 1229 until the wall reaches the north side of the southern driveway.
The adjacent high water elevation along the entire wall has been determined to be lower than
1229. See Exhibit 3 for River Mile cross sections mentioned in Table 1. The southern driveway
along Pima Rd will allow inundation of the high water elevation but not on the property of Phase
1. The grades adjacent to the property of Phase 1 located near the southern driveway have been
raised so that the high water elevation will not inundate the northern site, Phase 1. The grades
near the driveway have a proposed elevation of 1228.25 at the property line. The adjacent high
water elevation was also determined to be lower. Just south of the southern driveway the high
water elevation will inundate the southern site, Phase 2 as shown on Exhibit 2. The proposed
wall along the north side of the Phase 2 site will keep the water from inundating the northern site
along with having the entrances along the south side by having elevations as shown on Exhibit 2.
The high water elevation along the south side of the site was determined to be 1227.96 from the
post-development HEC-RAS model run by Hubbard Engineering. The emergency outfall for the
DA-A is located at the southwest corner of the site at an elevation of 1227.15. See approved
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CLOMR for additional information also, see Exhibit 1. As shown in Exhibit 2 the floodplain is
kept off of the proposed northern site, Phase 1.

Table 1: Post-Development vs. Pre-Development Results

Cross Section ID FIS WSE
Duplicate Model

WSE

Corrected
Effective
WSE

Pre
Project
WSE

Post
Project
WSE Difference

Original Model [NAVD 88] [NAVD 88]
[NAVD
88]

[NAVD
88]

[NAVD
88]

2.342
2.335

2.275
2.269
2.256
2.243

2.342

3.2 CLOMRMethodology and Study Results

The study of the re-grading and proposed construction of a wall to re-delineate the floodplain
was done using HEC-RAS, Version 4.1.0 from the Army Corps of Engineers. The original HEC-
2 data was obtained from the FCD of Maricopa County records [Effective Model] and converted
to HEC-RAS [Duplicate Effective Model]. The existing water surface elevations from the
original HEC-2 data were then compared to the HEC-RAS [Duplicate Effective Model] water
surface elevations and were within 0.5-feet of the reported water surface elevations. These results
can be seen in the Table 1 located in the Request For CLOMR report done by Hubbard
Engineering and is approved by the City of Scottsdale. The [Duplicate Effective Model] was then
used to create the [Corrected Effective Model]. When creating the [Corrected Effective Model] it
was determined that the original topography used in the FDS done by Entellus was the Maricopa
County topography. The topography was flown with contours at 1 foot intervals. As part of this
project, Hubbard Engineering went out and surveyed the site and surrounding area with ground
survey that had a vertical tolerance of 3/4-inch. The new topography was incorporated into the
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[Corrected Effective Model] along with additional cross sections and extensions of the existing
cross section between river stations 2.218 to 2.355 to ensure adequate coverage of flows on the
geometry.

Up to this point all the models were run using the flows determined in the current FDS study
which can be found in Appendix A and is also located in the Request For CLOMR report
approved by the City of Scottsdale and done by Hubbard Engineering. The flows that were
determined in the current FDS study did not account for the existing storm drain system in Pima
Road. It was determined that the existing storm drain system originated a significant distance
upstream from the project site. The distance was significant enough to incorporate the flows that
the existing storm drain system in Pima Road was taking on before the offsite flow approached
the project site. With the assistance and coordination of the City of Scottsdale’s engineering
consultant, a flow rate of 50.5 cfs was determined for the Granite Reef Watershed Project as
described in more detail in Section 5.3 which is located in the approved Request For CLOMR
report done by Hubbard Engineering. The storm drain capacity of 50.5 cfs was determined to be a
conservative flow rate to be removed by the existing storm drain system. See Appendix B of the
approved Request For CLOMR report done by Hubbard Engineering for local storm drain flows.
This flow was then subtracted from the original flow of 644 cfs at river station 2.355 and 1,240
cfs at river station 2.218 and was then used in modeling the HEC-RAS [Pre-Project Existing
Conditions Model] and the [Post-Project Proposed Conditions Model]. The study results from
the [Pre-Project Existing Conditions Model] and the [Post-Project Proposed Conditions Model]
were compared and analyzed. The [Post-Project Proposed Conditions Model] showed a rise in
the base flood elevations of less than 1-foot. See Tables 1 through 4 located in the approved
Request For CLOMR report done by Hubbard Engineering for the water surface elevation results
from the corresponding HEC-RAS models. See Appendices C through G which are located in
the approved Request For CLOMR report done by Hubbard Engineering for all data associated
with the HEC-RAS models, or Appendix A which is also located in the approved Request For
CLOMR report done by Hubbard Engineering for the original reference data. Refer to the
approved Request For CLOMR report done by Hubbard Engineering for additional information
on the HEC-RAS models.

3.3 Proposed Drainage System

The proposed site is split into 2-major drainage areas. See Exhibit 1. Drainage area DA-A,
Phase 1 conveys the storm water via surface flow to grate inlets which will be connected with
storm pipe. The proposed storm drain system used the Rational Method to determine peak flows
for each drainage area. Refer to Appendix B and C for calculations. The site will drain from the
north to the south through a storm drain system, which will tie into an existing catch basin
located at the southeast driveway along Thomas Rd. The storm drain pipe will capture the 100-
yr, 2-hr storm event per the City of Scottsdale’s Design Standards and Policies Manual
(Reference 1) requirements. See Appendix E storm drain calculations. A small portion of DA-A
will be stored in RB-1. RB-1 will also act as a swale and add additional capacity that is needed to
keep the water surface elevation within the required tolerances mentioned in the approved
Request For CLOMR report done by Hubbard Engineering. The storm water will convey via
sheet flow to the proposed retention basin.
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The second major drainage area is DA-B, Phase 2. See Exhibit 1. The storm water is conveyed
via surface flow to Thomas Rd. as it has been historically discharging. The southern site labeled
as “Phase 2” will discharge through the south driveways along at a flow rate of 8.31 cfs as
previously mentioned.

3.4 StormWater Storage

As previously mentioned a small portion of DA-A will be stored in RB-1. The storm water will
convey via sheet flow to the proposed retention basin RB-1. The proposed basin will have 6:1
side slopes as shown in the Exhibit 2 and have a depth of 0.85 feet. The required volume that the
retention basin must hold per City of Scottsdale’s Design Standards and Policies Manual
(Reference 1) is 821 cubic feet. The proposed retention basin will provide 3,231 cubic feet of
water. The basin will not require any drywells see drain time calculations in Appendix D. In the
case that the retention basin reaches an elevation higher than 1225.85 the water will drain into a
catch basin and drain through the storm drain system shown in Exhibit 1. The retention required
and retention provided calculations can be found in Appendix D.

For storm events that exceed the 100-year, 2-hour event, or for back-to-back events that inundate
the retention facilities, the storm water will cascade toward the low outfall of the site, Phase 1.
The ultimate outfall is located at the southwest corner of the site at an elevation of 1227.15 ft.
See Exhibit 1. The ultimate outfall for Phase 2 is the south driveways at an elevation of 1225.90.

3.5 Finish Floor Elevations

The site is split into Lot 1 and Lot 2. The approved CLOMR for the project takes the flood plain
out of Lot 1 so there are no requirements for the proposed finish floors that pertain to the new
flood plain. The 2 proposed retail pads in Lot 2 will be in the new flood plain. The CLOMR
modeling has incorporated the proposed building footprints within the flood plain determination.
Based on the model, the adjacent water surface elevation will be 1,227.96. The proposed finish
floor elevations of the 2 retail pads will need to be a minimum of 1,229.00 in order to meet the 1’
above water surface elevation requirement.
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4. SPECIAL CONDITIONS

4.1 Section 404 & 401

The site is not delineated as a 404 & 401 jurisdiction.

4.2 AZPDES

More than one acre of land will be disturbed and will require an AZPDES permit.

4.3 ESL

The site does not qualify as an Environmentally Sensitive Land on the City of Scottsdale
Environmentally Sensitive Land Inventories.

5. DATA ANALYSIS METHODS

5.1 Peak Flows and Stormwater Storage
Storage for the 100-year, 2-hour and peak flow for the 100-year storm was determined by rational
method per COS Requirements. See the associated Appendices for the references and
parameters that were used to calculate the storm water flows and required retention.
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6. SUMMARY AND CONCLUSION

The project is bound by Thomas Rd to the south, Pima Rd. to the east, City park
to the west and a single family residence to the north.

The proposed development for this site consists of self-storage.

The site has moved out of the Flood Plain Zone AE.

The City is in process of designing a new public storm drain in Pima Rd. to
mitigate the existing flood plain. This mitigation will have the potential to taking
the site, Phase 2 out of the flood plain.

The majority of the site will covey the 100-yr storm event into storm drain pipe
and discharge into the existing storm system south of the site. The remainder of
the storm water will discharge via surface flow into Thomas Rd.

Subject site is currently located in Flood Plain Zone AE per FEMA No.
04013C2235L.
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7. REFERENCES

1. Design Standards & Policies Manual Chapter 4 Grading and Drainage, City of Scottsdale,
Dated January, 2010.

2. Drainage Design Manual For Maricopa County, Arizona, Volume I, Hydrology, Flood
Control District Of Maricopa County, February 2011.

3. Drainage Design Manual For Maricopa County, Arizona, Volume II, Hydraulics, Flood
Control District Of Maricopa County, January 1996.
Flood Insurance Rate Map (F.I.R.M.) Maricopa County, Arizona and Incorporated areas,
Panel 2235 of 4425

4. Granite Reef Wash FloodPlain Delineation Study (FCD 95-29), Entellus, May 1997.

8. LIMITATIONS

This report is focused on providing practical design information, evaluation, and calculations for
statistical flood events up to and including the 100-year frequency flood. The procedures used
herein are derived from, and performed with, currently accepted engineering methodologies and
practices. Additionally, the criteria for this evaluation is designed to conform to currently
applicable ordinances, regulations and policies effected by the appropriate jurisdictional
regulatory authorities for the site.

The analysis presented herein focuses on developing design estimates of storm water runoff
resulting from a statistical evaluation of storm events of particular duration and frequency up to
and including a 100-year frequency event. A storm event exceeding the 100-year frequency
event may cause or create the risk of greater flood impact than is addressed and presented herein.
However, the scope of this assessment does not include evaluation of storm water runoff
resulting from storm events exceeding the 100-year frequency event. Hubbard Engineering
assumes no responsibility for actual flood damage, increased risks of flood damage, or increased
construction or development cost resulting from or related to any such events. Nor shall
Hubbard Engineering be responsible for any changes in, or additions to, regulatory requirements
which may result from, or be related to, any such events or changes in hydrologic or hydraulic
conditions within the watershed.

In performing the services contained herein, Hubbard Engineering has received or will receive
information prepared or compiled by others. Hubbard Engineering, as engineering professionals,
are not required to verify the information, but may rely on the information unless actual
knowledge concerning the validity of the information is known or is obvious to the professional.
Therefore, Hubbard Engineering is entitled to rely upon the accuracy and completeness of this
information without independent evaluation or verification.
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Project Name: Pima Storage Prepared By: BAH Date: 10/12/16

Project No.: 15138 Revised By: BAH Date: 02/08/17

Complete calculations for each concentration point are presented in the attached hydrologic calculation sheets.

Q=Cw*P*d1.5
Reference 2

Q=discharge capacity

Cw = 3.0 weir coefficient

P=inlet perimeter L=length

d=flow depth

Inlet INLET

ID Q100 DESCRIPTION d Cw P or L

(ft) (ft)

I-1 3.74 30" NYLOPLAST-STD 0.65 3 7.85 6.17 50%

I-2 4.77 2-30" NYLOPLAST-STD 0.5 3 15.7 8.33 50%

I-3 0.59 24" NYLOPLAST-STD 0.25 3 6.28 1.18 50%

I-4 0.50 24" NYLOPLAST-STD 0.25 3 6.28 1.18 50%

I-5 0.49 30" NYLOPLAST-STD 0.15 3 7.85 0.68 50%

I-6 1.64 30" NYLOPLAST-STD 0.15 3 7.85 0.68 50%

I-7A 1.71 30" NYLOPLAST-STD 0.3 3 7.85 1.93 50%

I-7B 1.34 30" NYLOPLAST-STD 0.6 3 7.85 5.47 150%

I-8 0.69 24" NYLOPLAST-STD 0.2 3 6.28 0.84 50%

I-9 1.12 30" NYLOPLAST-STD 0.2 3 7.85 1.05 50%

I-10 0.72 30" NYLOPLAST-STD 0.2 3 7.85 1.05 50%

I-11 0.94 30" NYLOPLAST-STD 0.2 3 7.85 1.05 50%

I-12 0.96 30" NYLOPLAST-STD 0.2 3 7.85 1.05 50%

I-13 0.96 30" NYLOPLAST-STD 0.2 3 7.85 1.05 50%

I-14 0.97 30" NYLOPLAST-STD 0.2 3 7.85 1.05 50%

I-15 0.74 30" NYLOPLAST-STD 0.2 3 7.85 1.05 50%

I-16 3.17 2-Type 'F' Catch Basin 0.25 3 17.5 3.28 50%

I-17 1.04 2-30" NYLOPLAST-STD 0.15 3 15.7 1.37 50%

I-18 1.60 2-30" NYLOPLAST-STD 0.15 3 15.7 1.37 50%

I-19 1.50 30" NYLOPLAST-STD 0.25 3 7.85 1.47 50%

I-20 0.58 2-30" NYLOPLAST-STD 0.15 3 15.7 1.37 50%

INLET CAPACITY

W / Clogging
CLOGGING FACTOR

INLETS SUMMARY SHEET

Summary of Inlets

Hubbard Engineering

15138

Summary of Inlets
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Project Name: Pima Storage Prepared by: BAH
Project No.: 15138 Prepared by:

Purpose: Determine the inflow hydrograph for the detention basin from the contributing drainge area
for a 2-hour duration storm event.

Methodology: Inflow hydrograph developed using the 2-hour hypothetcical storm distribution developed by the
Flood Control District of Maricopa County (Reference 1).

Criteria: 100-year frequency, 2-hour duration

References:

Calculations: Q = C*i*A

Where:
C = Post-Development Composite Runoff Coefficient
i = Rainfall intensity in inches per hour

A = Area of contributing sub-basin in acres

Return A I Q Pipe Volume
Period [acres] [in/hr] [cfs] (cf)

100-Year Post 4.16 0.95 7.48 29.84 3,208.00

Time Depth Q/Qp Q (Post) Volume (Post) Volume (Post) - Pipe Volume
(min) (%) (%) (cfs) (cf) (cf)

0 0.000 0.000 0.000 0.000
2 0.002 0.025 0.746 89.520 -3,118.48
4 0.007 0.087 2.596 311.530 -2,896.47
6 0.020 0.160 4.774 572.928 -2,635.07
8 0.036 0.243 7.251 870.134 -2,337.87

10 0.063 0.346 10.325 1238.957 -1,969.04
12 0.096 0.451 13.458 1614.941 -1,593.06
14 0.136 0.576 17.188 2062.541 -1,145.46
16 0.180 0.738 22.022 2642.630 -565.37
18 0.253 0.887 26.468 3176.170 -31.83
20 0.325 1.000 29.840 3580.800 372.80
22 0.400 0.924 27.572 3308.659 100.66
24 0.464 0.839 25.036 3004.291 -203.71
26 0.523 0.756 22.559 2707.085 -500.92
28 0.578 0.678 20.232 2427.782 -780.22
30 0.627 0.604 18.023 2162.803 -1,045.20
32 0.671 0.545 16.263 1951.536 -1,256.46
34 0.707 0.482 14.383 1725.946 -1,482.05
36 0.742 0.424 12.652 1518.259 -1,689.74
38 0.773 0.372 11.100 1332.058 -1,875.94
40 0.799 0.323 9.638 1156.598 -2,051.40
42 0.841 0.241 7.191 862.973 -2,345.03
44 0.875 0.179 5.341 640.963 -2,567.04
46 0.900 0.136 4.058 486.989 -2,721.01
48 0.917 0.102 3.044 365.242 -2,842.76
50 0.932 0.078 2.328 279.302 -2,928.70
52 0.953 0.049 1.462 175.459 -3,032.54
54 0.965 0.030 0.895 107.424 -3,100.58
56 0.973 0.020 0.597 71.616 -3,136.38
58 0.979 0.012 0.358 42.970 -3,165.03
60 0.983 0.008 0.239 28.646 -3,179.35
62 1.000 0.000 0.000 0.000 -3,208.00

TOTAL (CF)= 40,517 238

C

INFLOW HYDROGRAPH

PARCEL

HYDROLOGIC CALCULATION SHEET
INFLOW HYDROGRAPH RESULTS

HUBBARD ENGINEEIRNG
Project No.: 15138

1. Drainage Design Manual for Maricopa County, Arizona, Volume I: Hydrology, August 2013.

2. Design Standards & Policies Manual City of Scottsdale, January 2010
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