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1.0 Introduction and General Information 

1.1 Introduction  

This report has been prepared in support of a proposed residential structure to be 

located at 10040 East Foothills Drive in Scottsdale Arizona, also known as Parcel APN# 

217-07-202. The location of the site is shown on the See Vicinity Map Exhibit: 1 and 

Parcel Map Exhibit: 2. The project includes the construction of a primary residence. The 

structure has been oriented and placed on the natural raised landform to reduce the 

effects of the site footprint on the adjacent drainage ways. Details of the construction 

area are shown on the Grading and Drainage Plans attached.   

This property is located southeast of the intersection of Pinnacle Peak Road and 

Church Road. The general slope of the land in the area is approximately 2% to 5%, and 

drains from the north to the south, as shown on the Grading Plan.  

As indicated on the Aerial Map and Parcel Map the site is bordered on its north, east 

and west by developed lots, and on its south by Foothills Drive. The proposed structures 

as designed and presented have no negative impacts on the adjoining lands, parcels 

or Rights of Way.  

1.2 Description of Property 

Currently, the site is vacant and has never been developed previously, as shown on 

Aerial Map, Exhibit: 3. The purpose of the report is to confirm the designed finished floor 

elevation will be free from inundation in the 100-year return interval storm.  

1.3 Flood Zone Information 

As shown, the site is located on Flood Insurance Rate Map Number 04013C1330L, 

dated effective on October 16, 2013, and indicates the site lies within zone “AO”. FEMA 

defines this zone as “Areas subject to inundation by 1-percent-annual-chance shallow 

flooding (usually sheet flow on sloping terrain) where average depths are between 

one and three feet. Average flood depths derived from detailed hydraulic analyses 

are shown in this zone. Mandatory flood insurance purchase requirements and 

floodplain management standards apply.” The flood depth for this area is 2 feet. 

  



APN# 217-07-202, 10040 East Foothills Drive 

 
 

2.0 Methodology and Criteria 

2.1 Compliance with Regulations and Adopted Plans 

The Policies Manual and Drainage Design Manuals from the City of Scottsdale and 

Maricopa County Volume I have been used as design guidelines and requirements.  

This project is located within the City of Scottsdale and as designed meets the 

requirements for the approved zoning.  

2.2 Hydrologic Analysis 

The hydrologic methodologies used in this study are in accordance with approved 

procedures outlined. 

The existing on site drainage consists of three washes entering this site. We have used 

the FLO-2D 100YR24HR Regulatory Study to estimate peak flows. Peak Flows include 

QAA = 150 cfs, QBB= 1232 cfs, and QCC = 4 cfs, which have been used to determine 

inundation limits for the site. See FLO-2D Exhibit. 

The wash that transports 1232 cfs has an existing drainage easement per book 234 of 

Maps, page 45 M.C.R. See Grading Plan. 

2.3 Drainage Management Plan 

All offsite flows will be managed across this site along with onsite drainage. 

The 150 cfs wash enters at the northwestern end of the property (flowing south). This 

wash will remain within its historical and predevelopment state and will not be altered 

within this project. The wash will exit this property through the existing 36” and 42” pipes 

under Foothills Drive. 

The 1232 cfs wash enters at the northern end of the property (flowing south) and will 

flow to the west side of the proposed structures. This wash will run to the west of the 

proposed structures through a proposed channel. This wash will be released 

downstream at its historical location and will exit this property through the existing 36” 

and 42” pipes under Foothills Drive. 

The 4 cfs wash enters this property from the north, historically flowing south. This flow will 

be captured by two 36” diameter catch basins (See Grading Plan Construction Note 

6), will be transported through an 18” HDPE culvert (See Grading Plan Construction 

Note 5), and released downstream at its historical outfall location. See Grading Plan 

and Stormwater Studio Calculations.  
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The supercritical flows within the proposed channel are high and above 8 feet per 

second, which may create additional erosion effects. The proposed erosion control 

drop structures (See grading plan, construction note 19) will prevent upstream and 

downstream erosion, and allow the channel to be stable and maintain the design 

slope without creating upstream or downstream adverse erosion. These proposed 

drop structures will be constructed every 30 feet plus/minus, where the velocities may 

be higher than 8 feet per second. 

3.0 Hydraulics 

3.1 Catch Basin Calculations 

As shown within the Catch Basin Calculations exhibit, we have calculated that the 

proposed 36” catch basin will capture 13.4 cfs with a 50% clogging factor. There are 

two main catch basins at the upstream end of the system that will be capturing 

stormwater, which shall be able to capture up to 26.8 cfs. The incoming flow to these 

catch basins is 4 cfs, therefore these catch basins will be adequate for this design. See 

Catch Basin Calculations and Grading Plan. These proposed catch basins are in a 

sump condition. 

3.2 Stormwater Studio Hydraulics 

We have used the Stormwater Studio program to verify that the proposed 18” HDPE 

will adequately transport the incoming 4 cfs. As shown within this exhibit, this system will 

be designed to transport all flow downstream. See Stormwater Studio Exhibit. 

3.3 HEC-RAS Analysis 

We have conducted a HEC-RAS Pre vs. Post study to verify that the downstream High 

Water Surface Elevation (HWSE) will remain relatively constant. The native soil in this 

area is highly compacted decomposed granite, with compacted earth and a high 

percentage of jagged natural rocks with 4” to 8” diameter. Therefore, the N value to 

be used for these calculations shall be 0.032. 

As shown within these exhibits, the new channel will not adversely impact upstream, 

downstream, or adjacent properties in the post development conditions vs 

predevelopment conditions. See HEC-RAS Pre vs. Post Exhibit and Summary Table. 

HEC-RAS over the existing road subtracts the Q of 185 cfs being transported under 

foothills drive. 

 

 



APN# 217-07-202, 10040 East Foothills Drive 

 
 

3.4 Culvert Studio Analysis 

We have used the Culvert Studio program to model both the existing 36” and 42” CMP 

culverts under the existing road of Foothills Drive in the City of Scottsdale Right-Of-Way. 

These two existing CMP culverts will not transport the entirety of the combined exit flow 

of 1382 cfs (1282 cfs + 150 cfs). We have calculated that these two existing culverts will 

at most transport 185 cfs. The rest of the 100-year peak stormwater event will overtop 

Foothills Drive. The HWSE of River Station 998 is 2074.03’, which is almost 12’ lower than 

the proposed finished floor of 2086.00’. The finished floor will not be impacted by these 

conditions and has over 12’ of freeboard above the roadway wet crossing of Foothills 

Drive. 

3.5 Finished Floor Calculations 

As shown within the HEC-RAS Post Development Exhibit, the HWSE of this project is 

2082.88’ (at River Station 1009). The finished floor is set to be at 2086.00’, therefore we 

will comply with the code minimum of 12” of freeboard above this HWSE. See Grading 

Plan. 

Additionally, since this property falls within an AO flood zone with a 2’ flow depth, this 

finished floor must be 3’ above the Highest Adjacent Grade (HAG). The HAG of this 

project is 2083.0’. The finished floor is at an elevation of 2086.00’, therefore we are 

compliant with this requirement. All mechanical equipment has also been set at an 

elevation of 2086.00’. 

The garage which is 1,250 square feet and has a face of garage at elevation 2085.50’ 

shall be wet floodproofed in conformance with FEMA requirements, and will have 7 

FEMA Smart Vents (Model 1540-570) installed per required 1 vent per 200 square feet 

minimum. See Grading Plan. These smart vents have an effective flow opening of 123 

square inches (14.5”w × 8.5”h) each. 
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Scour and Lateral Erosion Control Setback 

LATERAL MIGRATION (EROSION) SETBACK 

Per ADWR SSA 5-96, Guideline 1; the Erosion Setback (ESB) for straight reaches is: 

ESB = 1.0 (Q100)0.5 

 

Max cfs = 1232 cfs 

 

Estimated at Peak flow; Q100 = 1232 cfs; ESB = 35.1 ft. (Use 36’) 

 

This ESB will be used for the 1232 cfs wash to determine areas of erosion and to adequately set top of 

footings for walls within this ESB.  

 

 

 

CHANNEL DEGRADATION (SCOUR DEPTH) 

 

Per ADWR SSA 5-96, Guideline 2; the Scour Depth (Ds) for straight reaches is: 

Ds = 0.157(Q100^.4) + 0.02(Q100^.6) 

 

Max cfs = 1232 cfs 

 

Q100 = 1232 cfs; Ds= 4.13’ (Use 5’) 

 

All walls within the erosion setback will have their top of footings set 5’ below the flowline. See Grading 

Plan. 

 

4.0 Conclusions 
As detailed in this study, the proposed structures will not adversely affect either 

upstream or downstream areas of the location.  All offsite runoffs will enter and exit the 

site in the same manner and location as in pre-development, thereby preserving the 

natural historic outflow patterns. The channels as discussed within the report have more 

than adequate capacity to effectively transport stormwater downstream for the 100 

year event. 

5.0 References 
1. City of Scottsdale Design Standards & Policies Manual, 2018 

2. Drainage Design Manual for Maricopa County, 2018 

3. Uniform Standard Details for Public Works Construction, Maricopa 

Association of Governments, 2018 

4. Google Earth Imaging 

5. FEMA: Federal Emergency Management Agency, Floodplain Mapping 

6. Maricopa County FLO-2D Pinnacle Peak South 100YR24HR Study 
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EXHIBIT 1:  VICINITY MAP 
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EXHIBIT 2:  PARCEL MAP 
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EXHIBIT 3:  Aerial Map 
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Exhibit 4: Precipitation Frequency  
  



NOAA Atlas 14, Volume 1, Version 5
Location name: Scottsdale, Arizona, USA*
Latitude: 33.6904°, Longitude: -111.8638°

Elevation: 2081.04 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 0.221
(0.184‑0.272)

0.289
(0.241‑0.355)

0.389
(0.321‑0.476)

0.465
(0.382‑0.567)

0.565
(0.458‑0.687)

0.641
(0.513‑0.774)

0.717
(0.564‑0.865)

0.793
(0.615‑0.956)

0.895
(0.677‑1.08)

0.973
(0.721‑1.18)

10-min 0.336
(0.280‑0.413)

0.440
(0.367‑0.540)

0.592
(0.489‑0.725)

0.707
(0.581‑0.863)

0.860
(0.696‑1.05)

0.975
(0.780‑1.18)

1.09
(0.859‑1.32)

1.21
(0.936‑1.46)

1.36
(1.03‑1.64)

1.48
(1.10‑1.79)

15-min 0.417
(0.347‑0.512)

0.545
(0.456‑0.670)

0.734
(0.607‑0.899)

0.876
(0.720‑1.07)

1.07
(0.863‑1.30)

1.21
(0.967‑1.46)

1.35
(1.07‑1.63)

1.50
(1.16‑1.80)

1.69
(1.28‑2.04)

1.84
(1.36‑2.22)

30-min 0.561
(0.467‑0.690)

0.734
(0.613‑0.902)

0.988
(0.817‑1.21)

1.18
(0.970‑1.44)

1.44
(1.16‑1.75)

1.63
(1.30‑1.97)

1.82
(1.43‑2.20)

2.02
(1.56‑2.43)

2.27
(1.72‑2.74)

2.47
(1.83‑3.00)

60-min 0.695
(0.578‑0.854)

0.908
(0.759‑1.12)

1.22
(1.01‑1.50)

1.46
(1.20‑1.78)

1.78
(1.44‑2.16)

2.02
(1.61‑2.44)

2.26
(1.77‑2.72)

2.50
(1.93‑3.01)

2.81
(2.13‑3.40)

3.06
(2.27‑3.71)

2-hr 0.804
(0.677‑0.967)

1.04
(0.877‑1.26)

1.38
(1.16‑1.66)

1.64
(1.36‑1.97)

1.99
(1.64‑2.38)

2.26
(1.83‑2.69)

2.53
(2.02‑3.01)

2.80
(2.20‑3.32)

3.16
(2.43‑3.75)

3.44
(2.59‑4.11)

3-hr 0.868
(0.729‑1.06)

1.11
(0.938‑1.36)

1.45
(1.22‑1.77)

1.72
(1.43‑2.09)

2.09
(1.71‑2.53)

2.38
(1.93‑2.87)

2.69
(2.13‑3.24)

3.01
(2.35‑3.61)

3.44
(2.61‑4.12)

3.79
(2.81‑4.55)

6-hr 1.04
(0.896‑1.23)

1.32
(1.13‑1.56)

1.67
(1.43‑1.98)

1.96
(1.66‑2.30)

2.35
(1.97‑2.75)

2.65
(2.19‑3.09)

2.97
(2.41‑3.45)

3.29
(2.62‑3.83)

3.71
(2.89‑4.32)

4.04
(3.08‑4.72)

12-hr 1.23
(1.06‑1.44)

1.55
(1.34‑1.81)

1.95
(1.68‑2.27)

2.26
(1.94‑2.63)

2.69
(2.28‑3.13)

3.02
(2.53‑3.50)

3.36
(2.77‑3.89)

3.70
(3.02‑4.28)

4.15
(3.30‑4.82)

4.49
(3.51‑5.25)

24-hr 1.47
(1.29‑1.69)

1.87
(1.65‑2.16)

2.43
(2.13‑2.80)

2.88
(2.52‑3.32)

3.52
(3.04‑4.04)

4.03
(3.44‑4.62)

4.56
(3.86‑5.26)

5.12
(4.28‑5.92)

5.92
(4.84‑6.88)

6.55
(5.27‑7.68)

2-day 1.65
(1.44‑1.90)

2.11
(1.85‑2.43)

2.79
(2.43‑3.20)

3.34
(2.90‑3.81)

4.10
(3.53‑4.69)

4.72
(4.02‑5.41)

5.38
(4.54‑6.18)

6.07
(5.06‑7.02)

7.05
(5.77‑8.21)

7.84
(6.31‑9.20)

3-day 1.78
(1.56‑2.04)

2.28
(2.00‑2.61)

3.03
(2.66‑3.46)

3.65
(3.18‑4.15)

4.52
(3.91‑5.15)

5.23
(4.48‑5.97)

6.00
(5.08‑6.87)

6.81
(5.70‑7.85)

7.97
(6.55‑9.25)

8.93
(7.22‑10.4)

4-day 1.90
(1.68‑2.18)

2.45
(2.16‑2.80)

3.28
(2.88‑3.73)

3.96
(3.46‑4.49)

4.94
(4.28‑5.61)

5.74
(4.94‑6.53)

6.62
(5.63‑7.55)

7.55
(6.34‑8.67)

8.90
(7.33‑10.3)

10.0
(8.12‑11.7)

7-day 2.19
(1.91‑2.51)

2.81
(2.46‑3.22)

3.77
(3.29‑4.32)

4.56
(3.96‑5.22)

5.71
(4.91‑6.52)

6.65
(5.67‑7.62)

7.68
(6.47‑8.82)

8.79
(7.32‑10.2)

10.4
(8.49‑12.1)

11.7
(9.41‑13.8)

10-day 2.39
(2.10‑2.74)

3.08
(2.70‑3.52)

4.11
(3.60‑4.69)

4.96
(4.32‑5.66)

6.18
(5.34‑7.04)

7.18
(6.15‑8.19)

8.26
(6.99‑9.46)

9.42
(7.88‑10.9)

11.1
(9.10‑12.9)

12.5
(10.1‑14.6)

20-day 3.02
(2.66‑3.44)

3.90
(3.43‑4.43)

5.18
(4.55‑5.89)

6.18
(5.40‑7.02)

7.56
(6.56‑8.59)

8.64
(7.44‑9.84)

9.77
(8.35‑11.2)

10.9
(9.27‑12.6)

12.6
(10.5‑14.6)

13.9
(11.4‑16.2)

30-day 3.57
(3.13‑4.07)

4.61
(4.05‑5.25)

6.13
(5.38‑6.96)

7.30
(6.39‑8.28)

8.91
(7.74‑10.1)

10.2
(8.78‑11.6)

11.5
(9.84‑13.1)

12.8
(10.9‑14.7)

14.7
(12.3‑16.9)

16.2
(13.4‑18.8)

45-day 4.24
(3.74‑4.82)

5.48
(4.84‑6.23)

7.29
(6.41‑8.27)

8.67
(7.60‑9.84)

10.5
(9.17‑12.0)

12.0
(10.4‑13.7)

13.5
(11.6‑15.4)

15.1
(12.8‑17.3)

17.2
(14.4‑20.0)

18.9
(15.7‑22.1)

60-day 4.75
(4.20‑5.39)

6.17
(5.45‑6.99)

8.19
(7.21‑9.27)

9.68
(8.50‑11.0)

11.7
(10.2‑13.3)

13.2
(11.4‑15.0)

14.8
(12.7‑16.9)

16.4
(14.0‑18.8)

18.5
(15.6‑21.5)

20.2
(16.9‑23.6)

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.

https://www.commerce.gov/
http://www.noaa.gov/
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=33.6904&lon=-111.8638&data=depth&units=english&series=pds#table
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=33.6904&lon=-111.8638&data=depth&units=english&series=pds#curves
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=33.6904&lon=-111.8638&data=depth&units=english&series=pds#maps
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Exhibit 5: FLO-2D 100YR24HR 

Regulatory Study 
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Exhibit 6: Catch Basin Calculations 

For Stormwater System 

  



Capacity of Grate Catch Basin operating as in sump conditions

Catch Basin Size = 7.07 square feet (for a single 36" diameter catch basin)

                                                (Equation 3.22 – Drainage Design Manual for Maricopa County, Hydraulics)

 

                                   7.07

              Sump = 2084 ft - 2083.5 ft

                0.5 ft

               (0.67) (3.535) √2 × 32.2 × 0.5

               13.44

Q𝑖 = 13.4 cfs

There are two catch basins within this area.

The catch basins capacity w/50% clogging factor = 26.8 cfs  > 11.2 cfs OK

𝑄𝑖 = Grate Catch Basin Flow Interception Capacity

𝐶𝑜 = Coefficient = 0.67

𝐴𝑔 = Clear opening Area of Grate = Area of Catch Basin
𝐴𝑓 = Effective Clear Opening Area of Grate (with Clogging Factor)

𝐴𝑓 = 50% × 𝐴𝑔 (Table 6.8 - FCDMC Drainage Policies and Standards Manual)

𝐴𝑓 = 0.5 ×

d = Depth of Flow at Inlet = Sump

Sump = Overflow Elevation - Grate Elevation

d =

𝑄𝑖 = 𝐶𝑜 𝐴𝑓 2𝑔𝑑

𝑄𝑖 = 𝐶𝑜 𝐴𝑓 2𝑔𝑑

𝑄𝑖 =

𝑄𝑖 =

(Calculated from field measurements)
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Exhibit 7: Stormwater Studio  

  

  



Plan View
Stormwater Studio 2022 v 3.0.0.29

Project Name: Enter Project Name...

12-02-2022

Project File: 35 PPH5 SWS 222.sws
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Storm Sewer Tabulation Project Name: Enter Project Name...

Stormwater Studio 2022 v 3.0.0.29 01-18-2023

Line
ID

Drng Area C x A Tc Line Invert Elev HGL Elev Surface Elev Line
No

L
en

g
th

R
at

io
n

al

In
te

n
si

ty

To
ta

l Q

C
ap

ac
it

y

V
el

o
ci

ty

Incr Total Incr Total Inlet Syst Size Slope Up Dn Up Dn Up Dn

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

Line 1 65.81 0.000 0.000 0.00 0.00 0.00 0.0 0.39 6.37 11.20 20.47 8.76 18 3.80 2076.00 2073.50 2077.28 2074.37 2083.00 2075.00 1

Line 2 107.16 0.000 0.000 0.00 0.00 0.00 0.0 0.11 6.37 11.20 9.07 6.34 18 0.75 2076.80 2076.00 2078.72 2077.50 2085.00 2083.00 2

Line 3 29.27 0.000 0.000 0.00 0.00 0.00 0.0 0.07 6.37 11.20 21.26 6.65 18 4.10 2078.00 2076.80 2079.28 2078.72 2085.20 2085.00 3

Line 4 45.32 0.000 0.000 0.00 0.00 0.00 0.0 0.01 6.37 11.20 19.10 8.29 18 3.31 2079.50 2078.00 2080.78 2078.94 2083.50 2085.20 4

Line 5 4.85 0.000 0.000 0.00 0.00 0.00 0.0 0.00 6.37 5.60 33.73 3.23 18 10.32 2080.00 2079.50 2081.38 2081.38 2083.00 2083.50 5

Notes: IDF File = SampleIDF.idf, Return Period = 2-yrs. Project File: 35 PPH5 SWS 11 cfs.sws



Energy Grade Line Calculations Project Name: Enter Project Name...

Stormwater Studio 2022 v 3.0.0.29 01-18-2023

Downstream Upstream Pipe Junction

L
en

g
th

Line
No

Line
Size

Q
Invert
Elev

Depth Area
HGL
Elev

Vel
Vel
Head

EGL
Elev

Invert
Elev

Depth Area
HGL
Elev

Vel
Vel
Head

EGL
Elev

n
Value

Enrgy
Loss

HGLa
Elev

EGLa
Elev

Enrgy
Loss

(in) (cfs) (ft) (ft) (sqft) (ft) (ft/s) (ft) (ft) (ft) (ft) (ft) (sqft) (ft) (ft/s) (ft) (ft) (ft) (ft) (ft) (ft)

1 18 11.20 2073.50 0.87‡ 1.06 2074.37 10.55 1.73 2075.54 65.81 2076.00 1.28² 1.61 2077.28 6.96 0.75 2078.04 0.013 2.500 2077.28 2078.04 0.00

2 18 11.20 2076.00 1.50³ 1.77 2077.50 6.34 0.62 2078.13 107.16 2076.80 1.50 1.77 2078.72 6.34 0.62 2079.34 0.013 1.219 2078.72 2079.34 0.00

3 18 11.20 2076.80 1.50 1.61 2078.72 6.34 0.62 2079.34 29.27 2078.00 1.28² 1.61 2079.28 6.96 0.75 2080.04 0.013 0.692 2079.28 2080.04 0.00

4 18 11.20 2078.00 0.94‡ 1.16 2078.94 9.63 1.44 2080.04 45.32 2079.50 1.28² 1.61 2080.78 6.96 0.75 2081.54 0.013 1.500 2080.78 2081.54 0.00

5 18 5.60 2079.50 1.50 1.77 2081.38 3.17 0.16 2081.54 4.85 2080.00 1.38 1.70 2081.38 3.29 0.17 2081.55 0.013 0.012 2081.38 2081.55 0.00

Notes: Return Period = 2-yrs.  ² Critical depth. ³ Normal depth. ‡ Supercritical. Project File: 35 PPH5 SWS 11 cfs.sws
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HEC-RAS  Plan: Default Scenario   River: river1   Reach: 1    Profile: Q

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

1 1012    Q 1232.00 2082.00 2085.99 2085.99 2087.01 0.011964 8.10 152.14 74.91 1.00

1 1011    Q 1232.00 2081.00 2084.84 2084.84 2085.85 0.011885 8.08 152.50 75.17 1.00

1 1010    Q 1232.00 2080.00 2083.65 2083.65 2084.69 0.012172 8.18 150.64 74.11 1.01

1 1009    Q 1232.00 2079.00 2082.79 2082.79 2083.99 0.011606 8.76 140.59 59.86 1.01

1 1008    Q 1232.00 2078.00 2080.93 2080.93 2081.94 0.011944 8.07 152.73 75.57 1.00

1 1007    Q 1232.00 2077.00 2080.18 2080.18 2081.25 0.011940 8.30 148.40 70.30 1.01

1 1006    Q 1232.00 2076.00 2079.25 2079.25 2080.39 0.011694 8.54 144.25 64.46 1.01

1 1005    Q 1232.00 2075.00 2078.93 2078.93 2079.89 0.012168 7.87 156.57 80.73 1.00

1 1004    Q 1232.00 2074.00 2077.56 2077.56 2078.43 0.012567 7.49 164.52 94.43 1.00

1 1003    Q 1232.00 2073.00 2076.25 2076.25 2077.14 0.012370 7.56 163.02 90.23 0.99

1 1002    Q 1232.00 2072.00 2074.97 2074.97 2075.92 0.013094 7.84 157.10 85.49 1.02

1 1001    Q 1232.00 2071.00 2074.97 2075.31 0.002376 4.66 264.51 86.31 0.47

1 1000    Q 1382.00 2070.00 2074.97 2072.79 2075.12 0.000888 3.12 443.13 128.31 0.30
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HEC-RAS  Plan: Post   River: river1   Reach: 1    Profile: Q

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

1 1012    Q 1232.00 2082.00 2085.97 2085.97 2087.00 0.012233 8.16 150.90 74.64 1.01

1 1011    Q 1232.00 2080.70 2084.35 2084.35 2085.45 0.011668 8.40 146.60 66.87 1.00

1 1010    Q 1232.00 2079.20 2082.94 2082.68 2083.83 0.008889 7.56 162.86 70.99 0.88

1 1009    Q 1232.00 2078.70 2082.13 2082.13 2083.53 0.011468 9.49 129.83 46.97 1.01

1 1008    Q 1232.00 2077.50 2081.15 2081.15 2082.55 0.011328 9.48 129.98 47.20 1.01

1 1007    Q 1232.00 2076.50 2080.24 2080.24 2081.65 0.011367 9.52 129.45 46.74 1.01

1 1006    Q 1232.00 2075.40 2079.11 2079.11 2080.57 0.011290 9.70 127.04 43.72 1.00

1 1005    Q 1232.00 2074.70 2078.38 2078.38 2079.69 0.011457 9.19 134.01 51.91 1.01

1 1004    Q 1232.00 2073.80 2077.60 2077.60 2078.96 0.011416 9.34 131.91 49.11 1.00

1 1003    Q 1232.00 2072.80 2076.04 2076.04 2077.18 0.011796 8.56 143.97 62.76 1.00

1 1002    Q 1232.00 2072.00 2074.97 2074.97 2075.85 0.012550 7.52 163.74 92.00 0.99

1 1001    Q 1232.00 2071.00 2074.97 2075.27 0.002226 4.42 278.86 94.08 0.45

1 1000    Q 1382.00 2070.00 2074.97 2075.12 0.000869 3.08 448.11 129.88 0.29

1 999     Q 1382.00 2072.60 2074.97 2075.35 0.005253 4.94 280.00 155.84 0.65

1 998     Q 1382.00 2072.21 2074.17 2074.17 2074.87 0.013133 6.68 206.74 145.33 0.99



APN# 217-07-202, 10040 East Foothills Drive 

 

 
 

 

 

 

 

 

 

Exhibit 9: HEC-RAS Summary Table 

 

 

 
  



PRE DEVELOPMENT POST DEVELOPMENT

REACH Station Q100 HWSE Velocity HWSE Velocity HWSE Difference

1 1012 1232 2085.99 8.10 2085.97 8.16 -0.02

1 1011 1232 2084.84 8.08 2084.35 8.40 -0.49

1 1010 1232 2083.65 8.18 2082.94 7.56 -0.71

1 1009 1232 2082.79 8.76 2082.13 9.49 -0.66

1 1008 1232 2080.93 8.07 2081.15 9.48 +0.22

1 1007 1232 2080.18 8.30 2080.25 9.51 +0.07

1 1006 1232 2079.25 8.54 2079.10 9.71 -0.15

1 1005 1232 2078.93 7.87 2078.38 9.19 -0.55

1 1004 1232 2077.56 7.49 2077.60 9.34 +0.04

1 1003 1232 2076.25 7.56 2076.04 8.56 -0.21

1 1002 1232 2074.97 7.84 2074.97 7.52 0

1 1001 1232 2074.97 4.66 2074.97 4.42 0

1 1000 1382 2074.97 2.78 2074.97 3.08 0
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Exhibit 10: Culvert Studio 

For Southerly CMP Culverts 
  



Culvert Report Project filename: 36 cmp under road.cst

Culvert Studio v 2.0.0.27 12-01-2022

36" CMP Under Road Culvert 1

CULVERT

Shape = Circular

Inlet Edge = Projecting

Material = Concrete

Manning's n = 0.012

Rise = 36 in

Span = 36 in

Invert Elev. Down = 2066.50 ft

Length = 48.0 ft

Slope = 0.058 ft/ft

Invert Elev. Up = 2069.30 ft

No. Barrels = 1

Plan Skew Angle = 0 degrees

EMBANKMENT

Top Width = 40.00 ft

Top Elevation = 2073.00 ft

Crest Length = 80.00 ft

DISCHARGE

Method = Qmin to Qmax

Q Min = 500.00 cfs

Q Max = 500.00 cfs

Q Increment = 1.00 cfs

TAILWATER

Tailwater Elevation = Normal Depth

CALCULATION SAMPLE

Discharge Velocity Depth HGL @ Hw/D = 1.71

Total Culvert Over Top Down Up Down Up Down Up Hw

(cfs) (cfs) (cfs) (ft/s) (ft/s) (in) (in) (ft) (ft) (ft)

500.00 70.47 429.53 17.32 10.61 20.1 32.0 2068.18 2071.97 2074.43



Culvert Report Project filename: 42 cmp under road.cst

Culvert Studio v 2.0.0.27 12-01-2022

42" CMP Under Road Culvert 1

CULVERT

Shape = Circular

Inlet Edge = Projecting

Material = Concrete

Manning's n = 0.012

Rise = 42 in

Span = 42 in

Invert Elev. Down = 2063.10 ft

Length = 50.0 ft

Slope = 0.103 ft/ft

Invert Elev. Up = 2068.24 ft

No. Barrels = 1

Plan Skew Angle = 0 degrees

EMBANKMENT

Top Width = 40.00 ft

Top Elevation = 2073.00 ft

Crest Length = 80.00 ft

DISCHARGE

Method = Qmin to Qmax

Q Min = 800.00 cfs

Q Max = 800.00 cfs

Q Increment = 1.00 cfs

TAILWATER

Tailwater Elevation = Normal Depth

CALCULATION SAMPLE

Discharge Velocity Depth HGL @ Hw/D = 1.92

Total Culvert Over Top Down Up Down Up Down Up Hw

(cfs) (cfs) (cfs) (ft/s) (ft/s) (in) (in) (ft) (ft) (ft)

800.00 114.59 685.41 22.28 12.39 22.1 38.5 2064.95 2071.45 2074.97
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Exhibit 11: Grading Plan  
  








