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1 Introduction 

1.1 Project Name, Location, Size, and Brief Description 

This project name is QuikTrip Store #1418. The Site (QuikTrip Store #1418) lies within the 

southeast quarter of Section 36, Township 2 North, Range 4 East, of the Gila and Salt River 

Meridian, Maricopa County, Arizona. The approximate 2.4-acre site is located at the northwest 

corner of the intersection of McDowell Road and Pima Road in Scottsdale, AZ (Exhibit 1). The 

facility will be a convenience store and fueling station.  

1.2 Type of Report 

This Preliminary Drainage Report has been prepared for QuikTrip Store #1418. This report 

meets the outline of City of Scottsdale, Design Standards & Policies Manual (DSPM) (Ref. 2). The 

WLB Group Inc. has been contracted by QuikTrip Corporation. Final engineering design will follow 

and is not included in this report.  

1.3 Purpose and Objectives of Drainage Report 

This report is prepared to provide the hydrologic and hydraulic analyses for the existing 

drainage conditions and characteristics, and for the proposed drainage design.   

 

2 Description of Existing Drainage Conditions and Characteristics 

2.1 Existing Drainage and Characteristics 

The Site is currently vacant and is fenced. The Site generally slopes to the south and it 

has an existing retention basin of 1-foot depth to the south. A valley gutter is located in an alley 

way along with the western boundary of the Site by south to McDowell road. The valley gutter has 

an average slope of 0.2%.  

2.2 Off-Site Watershed 

According to Final Drainage Report for QT #1418 Scottsdale, AZ, Atwell LLC (Ref. 5), the 

100-year storm flow from an existing residential and commercial development (the North 

Property) located in the northern of the project site is currently retained on their storm drain 

system. Discharge of the North Property is assumed to be negligible. The flow of the west side of 
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the North Property is conveyed to south along with the existing valley gutter in the alley. See 

Exhibit 2, 3, and Appendix C.  

A commercial property (Extra Space Storage) is located directly north of the Site and it 

has storm drain systems with catch basins, headwalls, and retention basins for the property. 

Based on the Improvement Plans Plan for Monolith Storage – As-Built, Helix Engineering, LLC 

(Ref 6.), the flow of this commercial property is assumed to be negligible. See Exhibit 3 and 

Appendix C.  

2.3 Context of Adjacent Projects and Improvements  

Directly to north of the Site is a commercial building (Extra Space Storage). To north of 

Extra Space Storage is a multiple family residential district. To the west of the Site is a commercial 

building (Sam’s Market & Liquor). McDowell Road is located at the south of the Site. To the south 

of the McDowell Road is a commercial building which it was a car dealership building. To the east 

of the Site is Pima Road and east of this road is vacant.   

2.4 Floodplain Designation  

The Flood Insurance Rate Map (FIRM) for Maricopa County Arizona, and Incorporated 

Areas, Map Number 04013C2235L dated October 16, 2013 (Figure 6), as published by the 

Federal Emergency Management Agency (FEMA) (Ref. 3) shows the Site to lie within Zone “X” 

(shaded).  

Zone “X” (shaded) is defined by FEMA as follows: Areas of 500-year flood; areas of 100-

year flood with average depths of less than 1-foot or with drainage areas less than 1-square mile; 

and areas protected by levees from 100-year flood. 

2.5 Site Photos  

Site photos will be included in the Final Drainage Report.  

 

3 Proposed Drainage Plan 

3.1 Proposed Development Drainage 

Stormwater of the gas tank canopy (drainage area 10) and the building roof (drainage 

area 40 and 50) will be drained to proposed basins (Basin B and Basin C) with roof drains. An 

Envibro Max Drywell System located at Basin B with 2 drywells will be utilized to scrub stormwater 

of petroleum based products prior to discharge in to the soil. Onsite runoff of drainage area 20, 
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30, 60, 70, and 110 will be conveyed to 5 curb openings. Drainage area 80, 90, 120, and 130 will 

be directly discharged to basins. Drainage area 100 is almost same as existing condition. The 

flow of drainage area 100 does not impact onsite and offsite for existing and proposed 

development). Therefore, the runoff of drainage area 100 is negligible. Table 1 shows the 

summary of onsite flow discharge and drainage areas are shown in Exhibit 5.     

Retention basins have been designed for 100-year 2-hour storm event. All basins will be 

designed with drywell system to drain stormwater within 36-hours. Basin locations & calculations 

and drywell calculations are included in Exhibit 5 and Appendix B.  

 

Table 1: Onsite Flow Discharge Summary 

Drainage 
Area ID 

Flow Drain Flow to 

10 roof drain Basin B 

20 curb opening Basin B 

30 curb opening Basin B 

40 roof drain Basin B 

50 roof drain Basin C 

60 curb opening Basin C 

70 curb opening Basin C 

80 over land Basin C 

90 over land Basin D 

100 Flow is negligible 

110 curb opening Basin A 

120 over land Basin A 

130 over land Basin B 

 

3.2 Future Drainage 

There are no future projects with impacts to the project site.  

 

 

3.3 Stormwater Storage 

As shown Table 2, the Site requires 13,555 cubic feet storage volume. Four retention 

basins will provide 14,003 cubic feet. There is 448 cubic feet excess volume for the four basins. 

Basin A has 1,326 cubic feet shortage volume. Basin A and Basin B have an equalized pipe and 

Basin B has 1,393 cubic feet extra storage volume. Both Basin A and Basin B combined have 67 
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cubic feet excess volume. Basin C has 320 cubic feet shortage volume. Basin C and Basin D 

have an equalized pipe and Basin D has 702 cubic feet extra storage volume. Both Basin A and 

Basin B combined have 381 cubic feet excess volume. See Exhibit 5 and Appendix B for details.  

 

Table 2: Retention Summary 

Retention 
Basin ID 

Drainage 
Area 
(SF) 

Volume 
Required 

(CF) 

Volume 
Provided 

(CF) 

Excess 
Volume 

(CF) 

Volume 
from 
other 

basins 
(CF) 

Total 
Excess 
Volume 

(CF) Note 

Basin A 24,109 3,576 2,249 -1,326 - - Basin A and B are 
connected with a 

12” equalized pipe Basin B 49,928 7,113 8,506 1,393 1,326* 67** 

Basin C 20,106 2,734 2,414 -320 - - Basin C and D are 
connected with a 

12” equalized pipe Basin D 1,639 133 834 702 320*** 381**** 

*Shortage volume from Basin A 

**1,393-CF (Excess Volume at Basin B) – 1,326-CF (Shortage volume from Basin A) = 67-CF (Total Excess volume) 

***Shortage volume from Basin C 

****702-CF (Excess Volume at Basin D) – 320-CF (Shortage volume from Basin C) = 381-CF (Total Excess volume) 

 

 

3.4 Pre- and Post Runoff Characteristics 

The outfall of the pre-development condition is located at southeast corner of the site and 

it has an approximate 1221 feet elevation. The outfall of the post-development is located at 

southeast corner of the site and it will be 1221 feet in elevation.   

 

4 Special Conditions 

401 and 404 permits are not necessary since there are no washes within the Site. Arizona 

Pollutant Discharge Elimination System (AZPDES) will complied with for this Site.  

 

5 Data Analysis Methods 

5.1 Hydrologic Procedures  

The Rational Method was used to calculate the peak discharges for pre- and post-

development conditions in accordance with the City of Scottsdale, Design Standards & Policies 
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Manual (Ref. 1) and the FCDMC’s Drainage Design Manual for Maricopa County, Hydrology (Ref. 

4) as shown below. Peak discharges for the 2-, 10-, 25-, 50- and 100-year storm events have 

been prepared.  

Q=CiA 

Where: Q = the peak discharge, in cfs, from a given area 

C = a coefficient relating the runoff to rainfall 

i = average rainfall intensity, in inches/hour, lasting for a Tc 

Tc = the time of concentration, in hours 

A = drainage area, in acres 

Runoff Coefficients (“C” Values) were determined using parameters as found within the 

City of Scottsdale, Design Standards & Policies Manual (Ref. 1), and were weighted based on 

existing and proposed conditions.  

The rainfall intensity and depth are specific to the Site and has been provided by the 

National Oceanic and Atmospheric Administration (NOAA) Atlas 14 data with upper 90% 

confidence intervals. The rainfall intensity (i) for a drainage area depends on the time of 

concentration (Tc), with a minimum of 5 minutes. The Tc is calculated with the following equation 

from the FCDMC’s Drainage Design Manual for Maricopa County, Hydrology (Ref. 4):  

𝑇𝑐 = 11.4𝐿0.5𝐾𝑏
0.52𝑆−0.31𝑖−0.38 

Where: Tc = the time of concentration, in hours  

L = length of the longest flow path, in miles 

Kb = watershed resistance coefficient  

S = watercourse slope, in feet/mile 

i = rainfall intensity, in inches/hour 

The drainage area, longest flow path, high and low elevations, and slopes for each 

watershed are based on the proposed grading design for the Site. All drainage area’s names and 

locations are shown on Exhibit 5. The calculations of peak discharges for each drainage area are 

included in Appendix A.   
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5.2 Hydraulic Procedures  

5.2.1 Curb Opening 

The curb opening calculations were computed using Benltey’s FlowMaster V8i (Ref. 8). 

See Appendix B for detail calculations  

 

5.2.2 Drywell 

The number of drywells required and discharge time were calculated with following 

equations:  

Number of Drywells Required = (VR / Q) / (60*60*36) 

Discharge time (hr) = (VR / Q) / (60*60) 

Where, 

VR = Retention Required    

Q = Percolation rate per drywell = 0.10 cfs 

*Required drywells to drain basin in 36 hours   

0.22-cfs of Envibro-Max process capacity was used for the Envibro-Max calculation. Two 

drywells fit with an Envibro-Max system are needed. The detail calculations are included in 

Appendix B.  

 

5.3 Stormwater Storage Calculation Methods and Assumptions  

Based on the City of Scottsdale, Design Standards & Policies Manual (Ref 1.), the Site 

has been designed to retain onsite runoff resulting from a 100-year, 2-hour storm event. The 

required retention volume for the Site is calculated as the following: 

Vr=C (R/12)A 

Where, 

Vr = required storage volume in cubic feet 

R = precipitation amount = depth in inches of 100-year 2-hour 

rainfall (2.16 inches) 

A = drainage area (square feet) 

C = Runoff Coefficient 
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The runoff coefficients are 0.95 for paved street & roof areas and 0.45 for retention basins 

(Undisturbed natural desert or desert landscaping). The required volumes and provided volumes 

are listed in Table 2, which indicates that adequate retention volumes have been provided (See 

Appendix B). 

Drywells are required to drain the retention basin within 36-hours after a storm event. 

Based on an assumed disposal rate of 0.1 cfs, a total of 5 drywells are required to drain the all 

retention basins. 

  

6 Conclusions 

1. This drainage report was prepared in accordance with the recommendations and design 

parameters from the most current DSPM of the City of Scottsdale (Ref. 1) and the 

FCDMC’s manuals (Ref. 4 and Ref. 5).   

2. This Site (QuikTrip 1418) is not impacted by off-site stormwater and the proposed 

improvement will not impact the existing off-site flows.  

3. The proposed finish floor elevation (1223.50 feet) is 2.5 feet higher than the ultimate outfall 

location (1221.00 feet). This is more than adequate to protect the building from flooding. 

The outfall is located to the southeast corner.  

 

7 Warning and Disclaimer of Liability  

The Warning and Disclaimer of Liability is included in Appendix A. 
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Exhibit 2 Existing Conditions 
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Exhibit 3 Offsite Drainage Map 

  

lcastro
Date



MCDOWELL RD

P
I
M

A
 
R

D

CORONADO RD

8
7
T

H
 
S

T

8
7
T

H
 
P

L

STORMWATER FROM THE ALLEY

WILL BE CONVEYED SOUTH TO THE

VALLEY GUTTER WEST OF THE PROJECT

SITE TOWARD MCDOWELL ROAD.

OFF-SITE FLOW ARROW

EXISTING CATCH BASIN

EXISTING HEADWALL

STORMWATER FROM THE APARTMENT

COMPLEX AND THE FRONTAGE ROAD WILL

FLOW TO THE CATCH BASINS IN THE

SOUTHEAST OF THE APARTMENT COMPLEX.

STORMWATER FROM THE COMMERCIAL

BUILDING (EXTRA SPACE STORAGE) WILL FLOW

TO THREE CATCH BASINS IN THE WEST OF THE

BUILDING AND FLOW TO TWO HEADWALLS IN

THE SOUTHEAST OF THE BUILDING.

CONCLUSION:

THE WATERSHEDS FROM THE COMMERCIAL SUB

DIVISION AND FROM RESIDENTIAL SUBDIVISION TO

THE NORTH SIDE OF THE PROJECT DO NOT AFFECT

THE PROJECT SITE BECAUSE THE FLOW IS

CONVEYED TO THEIR STORM DRAIN SYSTEM.

INC.

F
I
L

E
:
 
 
 
Q

:
\
Q

u
i
k
T

r
i
p

\
S

t
o

r
e

 
1

4
1

8
\
H

y
d

r
o

\
2

1
9

0
0

6
A

0
0

1
_

E
3

 
O

f
f
-
S

i
t
e

 
D

r
a

i
n

a
g

e
 
M

a
p

.
d

w
g

P
L

O
T

 
D

A
T

E
:
 
 
 
J
u

n
e

 
1

1
,
 
2

0
1

9

WLB JOB No.

EXHIBIT3

219006-A-001

QUIKTRIP STORE

#1418

OFF-SITE DRAINAGE MAP

0'

SCALE: 1" = 300'

150' 300' 600'

SITE

LEGEND

AutoCAD SHX Text
Engineering  Planning   Surveying  Landscape   Architecture  Urban Design

AutoCAD SHX Text
Offices located in: Tucson, Phoenix,  Flagstaff, AZ and Las Vegas, NV   1600 W. Broadway Rd,  Ste. 150 Tempe AZ. 85282  (480) 736-1600

AutoCAD SHX Text
The WLB LB Grouproup

lcastro
Date



 

 

 

 

 

QUIKTRIP STORE No. 1418   

 

 

PRELIMINARY DRAINAGE REPORT 

 

Exhibit 4 Aerial Map 
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Exhibit 5 Onsite Drainage Map 
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Exhibit 6 FIRM (Flood Insurance Rate Map) 
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1

Rainfall Data Summary per NOAA Atlas 14 WLB JOB # 219006A001

QuikTrip Store #1418

Designed: Name

Date: 6/13/2019

Reference: NOAA Atlas 14 , taken from the Precipitation Frequency Data Server (PFDS) 
5/30/2019

Notes: (1) Values for 5, 10, 15, 30, 60, and 120-minute intensities taken from NOAA Atlas 14.

(2) Remaining intensity values were interpolated between known values.

2-YR 5-YR 10-YR 25-YR 50-YR 100-YR
1-hr 0.75 1.02 1.23 1.51 1.73 1.95
2-hr 0.86 1.16 1.38 1.69 1.92 2.16
6-hr 1.10 1.42 1.66 2.00 2.27 2.55

2-YR 5-YR 10-YR 25-YR 50-YR 100-YR
5 2.87 3.90 4.69 5.76 6.60 7.44
10 2.18 2.97 3.57 4.39 5.02 5.66
15 1.80 2.45 2.95 3.63 4.15 4.68
30 1.22 1.65 1.99 2.44 2.79 3.15
60 0.75 1.02 1.23 1.51 1.73 1.95
120 0.43 0.58 0.69 0.84 0.96 1.08

2-YR 5-YR 10-YR 25-YR 50-YR 100-YR
5 2.87 3.90 4.69 5.76 6.60 7.44
6 2.73 3.71 4.47 5.49 6.28 7.08
7 2.59 3.53 4.24 5.21 5.97 6.73
8 2.46 3.34 4.02 4.94 5.65 6.37
9 2.32 3.16 3.79 4.66 5.34 6.02

10 2.18 2.97 3.57 4.39 5.02 5.66
11 2.10 2.87 3.45 4.24 4.85 5.46
12 2.03 2.76 3.32 4.09 4.67 5.27
13 1.95 2.66 3.20 3.93 4.50 5.07
14 1.88 2.55 3.07 3.78 4.32 4.88
15 1.80 2.45 2.95 3.63 4.15 4.68
16 1.76 2.40 2.89 3.55 4.06 4.58
17 1.72 2.34 2.82 3.47 3.97 4.48
18 1.68 2.29 2.76 3.39 3.88 4.37
19 1.65 2.24 2.69 3.31 3.79 4.27
20 1.61 2.18 2.63 3.23 3.70 4.17
21 1.57 2.13 2.57 3.15 3.61 4.07
22 1.53 2.08 2.50 3.07 3.52 3.97
23 1.49 2.02 2.44 3.00 3.42 3.86
24 1.45 1.97 2.37 2.92 3.33 3.76
25 1.41 1.92 2.31 2.84 3.24 3.66
26 1.37 1.86 2.25 2.76 3.15 3.56
27 1.34 1.81 2.18 2.68 3.06 3.46
28 1.30 1.76 2.12 2.60 2.97 3.35
29 1.26 1.70 2.05 2.52 2.88 3.25
30 1.22 1.65 1.99 2.44 2.79 3.15

Site-Specific Precipitation Intensity (inches/hour)

Tc (min.)
Site-Specific Precipitation Intensity (inches/hour)

http://hdsc.nws.noaa.gov/hdsc/pfds/index.html

Storm 
Event

Precipitation Depth (inches)

Tc (min.)

Q:\QuikTrip\Store 1418\Hydro\219006A001 HH Calc.xlsx
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2

2-YR 5-YR 10-YR 25-YR 50-YR 100-YRTc (min.)
Site-Specific Precipitation Intensity (inches/hour)

31 1.20 1.63 1.96 2.41 2.75 3.11
32 1.19 1.61 1.94 2.38 2.72 3.07
33 1.17 1.59 1.91 2.35 2.68 3.03
34 1.16 1.57 1.89 2.32 2.65 2.99
35 1.14 1.55 1.86 2.29 2.61 2.95
36 1.13 1.52 1.84 2.25 2.58 2.91
37 1.11 1.50 1.81 2.22 2.54 2.87
38 1.10 1.48 1.79 2.19 2.51 2.83
39 1.08 1.46 1.76 2.16 2.47 2.79
40 1.06 1.44 1.74 2.13 2.44 2.75
41 1.05 1.42 1.71 2.10 2.40 2.71
42 1.03 1.40 1.69 2.07 2.37 2.67
43 1.02 1.38 1.66 2.04 2.33 2.63
44 1.00 1.36 1.64 2.01 2.30 2.59
45 0.99 1.34 1.61 1.98 2.26 2.55
46 0.97 1.31 1.58 1.94 2.22 2.51
47 0.95 1.29 1.56 1.91 2.19 2.47
48 0.94 1.27 1.53 1.88 2.15 2.43
49 0.92 1.25 1.51 1.85 2.12 2.39
50 0.91 1.23 1.48 1.82 2.08 2.35
51 0.89 1.21 1.46 1.79 2.05 2.31
52 0.88 1.19 1.43 1.76 2.01 2.27
53 0.86 1.17 1.41 1.73 1.98 2.23
54 0.85 1.15 1.38 1.70 1.94 2.19
55 0.83 1.13 1.36 1.67 1.91 2.15
56 0.81 1.10 1.33 1.63 1.87 2.11
57 0.80 1.08 1.31 1.60 1.84 2.07
58 0.78 1.06 1.28 1.57 1.80 2.03
59 0.77 1.04 1.26 1.54 1.77 1.99
60 0.75 1.02 1.23 1.51 1.73 1.95
61 0.75 1.01 1.22 1.50 1.72 1.94
62 0.74 1.01 1.21 1.49 1.70 1.92
63 0.74 1.00 1.20 1.48 1.69 1.91
64 0.73 0.99 1.19 1.47 1.68 1.89
65 0.73 0.98 1.19 1.45 1.67 1.88
66 0.72 0.98 1.18 1.44 1.65 1.86
67 0.71 0.97 1.17 1.43 1.64 1.85
68 0.71 0.96 1.16 1.42 1.63 1.83
69 0.70 0.95 1.15 1.41 1.61 1.82
70 0.70 0.95 1.14 1.40 1.60 1.81
71 0.69 0.94 1.13 1.39 1.59 1.79
72 0.69 0.93 1.12 1.38 1.58 1.78
73 0.68 0.92 1.11 1.37 1.56 1.76
74 0.68 0.92 1.10 1.35 1.55 1.75
75 0.67 0.91 1.10 1.34 1.54 1.73
76 0.67 0.90 1.09 1.33 1.52 1.72
77 0.66 0.89 1.08 1.32 1.51 1.70
78 0.66 0.89 1.07 1.31 1.50 1.69
79 0.65 0.88 1.06 1.30 1.49 1.67
80 0.64 0.87 1.05 1.29 1.47 1.66
81 0.64 0.87 1.04 1.28 1.46 1.65
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3

2-YR 5-YR 10-YR 25-YR 50-YR 100-YRTc (min.)
Site-Specific Precipitation Intensity (inches/hour)

82 0.63 0.86 1.03 1.27 1.45 1.63
83 0.63 0.85 1.02 1.25 1.43 1.62
84 0.62 0.84 1.01 1.24 1.42 1.60
85 0.62 0.84 1.01 1.23 1.41 1.59
86 0.61 0.83 1.00 1.22 1.40 1.57
87 0.61 0.82 0.99 1.21 1.38 1.56
88 0.60 0.81 0.98 1.20 1.37 1.54
89 0.60 0.81 0.97 1.19 1.36 1.53
90 0.59 0.80 0.96 1.18 1.35 1.52
91 0.59 0.79 0.95 1.16 1.33 1.50
92 0.58 0.78 0.94 1.15 1.32 1.49
93 0.57 0.78 0.93 1.14 1.31 1.47
94 0.57 0.77 0.92 1.13 1.29 1.46
95 0.56 0.76 0.92 1.12 1.28 1.44
96 0.56 0.75 0.91 1.11 1.27 1.43
97 0.55 0.75 0.90 1.10 1.26 1.41
98 0.55 0.74 0.89 1.09 1.24 1.40
99 0.54 0.73 0.88 1.08 1.23 1.38
100 0.54 0.73 0.87 1.06 1.22 1.37
101 0.53 0.72 0.86 1.05 1.20 1.36
102 0.53 0.71 0.85 1.04 1.19 1.34
103 0.52 0.70 0.84 1.03 1.18 1.33
104 0.52 0.70 0.83 1.02 1.17 1.31
105 0.51 0.69 0.83 1.01 1.15 1.30
106 0.51 0.68 0.82 1.00 1.14 1.28
107 0.50 0.67 0.81 0.99 1.13 1.27
108 0.49 0.67 0.80 0.98 1.11 1.25
109 0.49 0.66 0.79 0.96 1.10 1.24
110 0.48 0.65 0.78 0.95 1.09 1.23
111 0.48 0.64 0.77 0.94 1.08 1.21
112 0.47 0.64 0.76 0.93 1.06 1.20
113 0.47 0.63 0.75 0.92 1.05 1.18
114 0.46 0.62 0.74 0.91 1.04 1.17
115 0.46 0.61 0.74 0.90 1.02 1.15
116 0.45 0.61 0.73 0.89 1.01 1.14
117 0.45 0.60 0.72 0.88 1.00 1.12
118 0.44 0.59 0.71 0.86 0.99 1.11
119 0.44 0.59 0.70 0.85 0.97 1.09
120 0.43 0.58 0.69 0.84 0.96 1.08
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NOAA Atlas 14, Volume 1, Version 5 
Location name: Scottsdale, Arizona, USA* 
Latitude: 33.4663°, Longitude: -111.8924° 

Elevation: 1214.03 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 0.183
(0.153-0.223)

0.239
(0.201-0.291)

0.325
(0.272-0.394)

0.391
(0.325-0.472)

0.480
(0.393-0.577)

0.550
(0.444-0.658)

0.620
(0.491-0.739)

0.693
(0.539-0.824)

0.790
(0.598-0.940)

0.864
(0.642-1.03)

10-min 0.278
(0.233-0.339)

0.364
(0.306-0.443)

0.495
(0.413-0.600)

0.595
(0.494-0.718)

0.731
(0.598-0.878)

0.837
(0.675-1.00)

0.944
(0.747-1.13)

1.06
(0.821-1.25)

1.20
(0.911-1.43)

1.31
(0.977-1.57)

15-min 0.345
(0.289-0.420)

0.451
(0.380-0.550)

0.613
(0.512-0.744)

0.737
(0.613-0.890)

0.907
(0.741-1.09)

1.04
(0.837-1.24)

1.17
(0.927-1.40)

1.31
(1.02-1.56)

1.49
(1.13-1.77)

1.63
(1.21-1.94)

30-min 0.465
(0.389-0.566)

0.608
(0.511-0.740)

0.826
(0.690-1.00)

0.993
(0.825-1.20)

1.22
(0.998-1.47)

1.40
(1.13-1.67)

1.58
(1.25-1.88)

1.76
(1.37-2.10)

2.01
(1.52-2.39)

2.19
(1.63-2.62)

60-min 0.575
(0.482-0.700)

0.752
(0.633-0.916)

1.02
(0.854-1.24)

1.23
(1.02-1.48)

1.51
(1.24-1.81)

1.73
(1.40-2.07)

1.95
(1.55-2.33)

2.18
(1.70-2.59)

2.48
(1.88-2.96)

2.72
(2.02-3.24)

2-hr 0.667
(0.568-0.795)

0.863
(0.736-1.03)

1.16
(0.981-1.38)

1.38
(1.16-1.64)

1.69
(1.40-1.99)

1.92
(1.57-2.26)

2.16
(1.74-2.55)

2.41
(1.90-2.83)

2.74
(2.11-3.23)

2.99
(2.26-3.55)

3-hr 0.724
(0.616-0.871)

0.928
(0.792-1.12)

1.22
(1.03-1.47)

1.45
(1.22-1.74)

1.78
(1.47-2.11)

2.04
(1.66-2.41)

2.31
(1.85-2.73)

2.59
(2.04-3.06)

2.98
(2.27-3.53)

3.29
(2.45-3.91)

6-hr 0.871
(0.755-1.03)

1.10
(0.960-1.30)

1.42
(1.23-1.66)

1.66
(1.43-1.94)

2.00
(1.70-2.32)

2.27
(1.89-2.63)

2.55
(2.09-2.95)

2.83
(2.28-3.28)

3.22
(2.53-3.74)

3.53
(2.70-4.11)

12-hr 0.973
(0.852-1.13)

1.23
(1.08-1.42)

1.56
(1.36-1.80)

1.82
(1.58-2.09)

2.16
(1.86-2.48)

2.43
(2.06-2.78)

2.71
(2.26-3.10)

2.98
(2.46-3.42)

3.36
(2.70-3.87)

3.65
(2.88-4.24)

24-hr 1.15
(1.03-1.28)

1.46
(1.32-1.62)

1.89
(1.70-2.10)

2.23
(2.00-2.48)

2.70
(2.41-3.00)

3.07
(2.72-3.41)

3.46
(3.05-3.84)

3.86
(3.38-4.29)

4.42
(3.82-4.91)

4.86
(4.16-5.41)

2-day 1.24
(1.12-1.39)

1.59
(1.44-1.78)

2.09
(1.88-2.33)

2.48
(2.23-2.77)

3.04
(2.71-3.38)

3.48
(3.08-3.87)

3.94
(3.47-4.40)

4.43
(3.87-4.94)

5.11
(4.41-5.71)

5.65
(4.83-6.34)

3-day 1.31
(1.18-1.47)

1.68
(1.51-1.88)

2.21
(1.99-2.46)

2.64
(2.36-2.93)

3.23
(2.88-3.60)

3.71
(3.29-4.13)

4.22
(3.71-4.70)

4.76
(4.15-5.30)

5.52
(4.75-6.15)

6.12
(5.22-6.85)

4-day 1.38
(1.25-1.54)

1.77
(1.59-1.98)

2.33
(2.10-2.59)

2.79
(2.50-3.10)

3.43
(3.06-3.81)

3.95
(3.50-4.38)

4.51
(3.96-5.00)

5.09
(4.43-5.66)

5.92
(5.09-6.59)

6.60
(5.61-7.36)

7-day 1.53
(1.38-1.70)

1.95
(1.76-2.18)

2.58
(2.32-2.87)

3.08
(2.76-3.42)

3.79
(3.38-4.21)

4.36
(3.87-4.84)

4.97
(4.37-5.52)

5.62
(4.90-6.24)

6.53
(5.62-7.26)

7.26
(6.18-8.10)

10-day 1.67
(1.50-1.85)

2.13
(1.92-2.37)

2.81
(2.53-3.12)

3.36
(3.01-3.72)

4.12
(3.67-4.56)

4.73
(4.20-5.23)

5.38
(4.74-5.95)

6.07
(5.30-6.71)

7.02
(6.05-7.78)

7.79
(6.65-8.64)

20-day 2.05
(1.85-2.27)

2.63
(2.37-2.92)

3.47
(3.13-3.85)

4.11
(3.69-4.55)

4.96
(4.44-5.49)

5.62
(5.01-6.22)

6.29
(5.58-6.97)

6.96
(6.14-7.73)

7.88
(6.88-8.76)

8.58
(7.43-9.55)

30-day 2.38
(2.15-2.64)

3.07
(2.78-3.40)

4.05
(3.65-4.47)

4.78
(4.31-5.28)

5.78
(5.17-6.37)

6.54
(5.84-7.20)

7.32
(6.50-8.07)

8.11
(7.16-8.95)

9.18
(8.04-10.1)

9.99
(8.69-11.1)

45-day 2.77
(2.51-3.07)

3.57
(3.24-3.96)

4.70
(4.26-5.21)

5.54
(5.00-6.13)

6.64
(5.97-7.34)

7.47
(6.69-8.26)

8.31
(7.41-9.18)

9.14
(8.11-10.1)

10.2
(9.01-11.4)

11.1
(9.68-12.3)

60-day 3.07
(2.79-3.39)

3.96
(3.59-4.37)

5.21
(4.71-5.74)

6.11
(5.52-6.74)

7.29
(6.57-8.03)

8.16
(7.33-8.99)

9.04
(8.08-9.96)

9.89
(8.80-10.9)

11.0
(9.73-12.2)

11.8
(10.4-13.1)

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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Large scale aerial
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NOAA Atlas 14, Volume 1, Version 5 
Location name: Scottsdale, Arizona, USA* 
Latitude: 33.4663°, Longitude: -111.8924° 

Elevation: 1214.03 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/hour)1

Duration
Average recurrence interval (years) 

1 2 5 10 25 50 100 200 500 1000

5-min 2.20
(1.84-2.68)

2.87
(2.41-3.49)

3.90
(3.26-4.73)

4.69
(3.90-5.66)

5.76
(4.72-6.92)

6.60
(5.33-7.90)

7.44
(5.89-8.87)

8.32
(6.47-9.89)

9.48
(7.18-11.3)

10.4
(7.70-12.4)

10-min 1.67
(1.40-2.03)

2.18
(1.84-2.66)

2.97
(2.48-3.60)

3.57
(2.96-4.31)

4.39
(3.59-5.27)

5.02
(4.05-6.01)

5.66
(4.48-6.75)

6.33
(4.93-7.53)

7.21
(5.47-8.59)

7.88
(5.86-9.41)

15-min 1.38
(1.16-1.68)

1.80
(1.52-2.20)

2.45
(2.05-2.98)

2.95
(2.45-3.56)

3.63
(2.96-4.35)

4.15
(3.35-4.96)

4.68
(3.71-5.58)

5.23
(4.07-6.22)

5.96
(4.52-7.10)

6.52
(4.84-7.78)

30-min 0.930
(0.778-1.13)

1.22
(1.02-1.48)

1.65
(1.38-2.00)

1.99
(1.65-2.40)

2.44
(2.00-2.93)

2.79
(2.25-3.34)

3.15
(2.50-3.76)

3.52
(2.74-4.19)

4.01
(3.04-4.78)

4.39
(3.26-5.24)

60-min 0.575
(0.482-0.700)

0.752
(0.633-0.916)

1.02
(0.854-1.24)

1.23
(1.02-1.48)

1.51
(1.24-1.81)

1.73
(1.40-2.07)

1.95
(1.55-2.33)

2.18
(1.70-2.59)

2.48
(1.88-2.96)

2.72
(2.02-3.24)

2-hr 0.334
(0.284-0.398)

0.432
(0.368-0.516)

0.578
(0.490-0.688)

0.690
(0.578-0.820)

0.842
(0.698-0.994)

0.960
(0.786-1.13)

1.08
(0.870-1.27)

1.20
(0.952-1.42)

1.37
(1.06-1.61)

1.50
(1.13-1.77)

3-hr 0.241
(0.205-0.290)

0.309
(0.264-0.373)

0.407
(0.345-0.489)

0.484
(0.406-0.579)

0.592
(0.490-0.704)

0.678
(0.553-0.803)

0.768
(0.614-0.909)

0.861
(0.678-1.02)

0.991
(0.756-1.17)

1.10
(0.816-1.30)

6-hr 0.145
(0.126-0.171)

0.184
(0.160-0.217)

0.236
(0.205-0.277)

0.278
(0.238-0.324)

0.334
(0.283-0.388)

0.379
(0.316-0.438)

0.426
(0.349-0.492)

0.473
(0.380-0.548)

0.538
(0.422-0.624)

0.589
(0.451-0.686)

12-hr 0.081
(0.071-0.093)

0.102
(0.089-0.118)

0.129
(0.113-0.149)

0.151
(0.131-0.173)

0.180
(0.154-0.206)

0.202
(0.171-0.231)

0.225
(0.188-0.257)

0.248
(0.204-0.284)

0.279
(0.224-0.322)

0.303
(0.239-0.352)

24-hr 0.048
(0.043-0.053)

0.061
(0.055-0.068)

0.079
(0.071-0.088)

0.093
(0.083-0.103)

0.113
(0.100-0.125)

0.128
(0.113-0.142)

0.144
(0.127-0.160)

0.161
(0.141-0.179)

0.184
(0.159-0.204)

0.202
(0.173-0.225)

2-day 0.026
(0.023-0.029)

0.033
(0.030-0.037)

0.043
(0.039-0.048)

0.052
(0.046-0.058)

0.063
(0.056-0.070)

0.072
(0.064-0.081)

0.082
(0.072-0.092)

0.092
(0.081-0.103)

0.106
(0.092-0.119)

0.118
(0.101-0.132)

3-day 0.018
(0.016-0.020)

0.023
(0.021-0.026)

0.031
(0.028-0.034)

0.037
(0.033-0.041)

0.045
(0.040-0.050)

0.052
(0.046-0.057)

0.059
(0.052-0.065)

0.066
(0.058-0.074)

0.077
(0.066-0.085)

0.085
(0.072-0.095)

4-day 0.014
(0.013-0.016)

0.018
(0.017-0.021)

0.024
(0.022-0.027)

0.029
(0.026-0.032)

0.036
(0.032-0.040)

0.041
(0.036-0.046)

0.047
(0.041-0.052)

0.053
(0.046-0.059)

0.062
(0.053-0.069)

0.069
(0.058-0.077)

7-day 0.009
(0.008-0.010)

0.012
(0.010-0.013)

0.015
(0.014-0.017)

0.018
(0.016-0.020)

0.023
(0.020-0.025)

0.026
(0.023-0.029)

0.030
(0.026-0.033)

0.033
(0.029-0.037)

0.039
(0.033-0.043)

0.043
(0.037-0.048)

10-day 0.007
(0.006-0.008)

0.009
(0.008-0.010)

0.012
(0.011-0.013)

0.014
(0.013-0.015)

0.017
(0.015-0.019)

0.020
(0.017-0.022)

0.022
(0.020-0.025)

0.025
(0.022-0.028)

0.029
(0.025-0.032)

0.032
(0.028-0.036)

20-day 0.004
(0.004-0.005)

0.005
(0.005-0.006)

0.007
(0.007-0.008)

0.009
(0.008-0.009)

0.010
(0.009-0.011)

0.012
(0.010-0.013)

0.013
(0.012-0.015)

0.015
(0.013-0.016)

0.016
(0.014-0.018)

0.018
(0.015-0.020)

30-day 0.003
(0.003-0.004)

0.004
(0.004-0.005)

0.006
(0.005-0.006)

0.007
(0.006-0.007)

0.008
(0.007-0.009)

0.009
(0.008-0.010)

0.010
(0.009-0.011)

0.011
(0.010-0.012)

0.013
(0.011-0.014)

0.014
(0.012-0.015)

45-day 0.003
(0.002-0.003)

0.003
(0.003-0.004)

0.004
(0.004-0.005)

0.005
(0.005-0.006)

0.006
(0.006-0.007)

0.007
(0.006-0.008)

0.008
(0.007-0.009)

0.008
(0.008-0.009)

0.009
(0.008-0.011)

0.010
(0.009-0.011)

60-day 0.002
(0.002-0.002)

0.003
(0.002-0.003)

0.004
(0.003-0.004)

0.004
(0.004-0.005)

0.005
(0.005-0.006)

0.006
(0.005-0.006)

0.006
(0.006-0.007)

0.007
(0.006-0.008)

0.008
(0.007-0.008)

0.008
(0.007-0.009)

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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Cross Section for Curb Opening #1
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient
ft/ft0.025Channel Slope
in1.0Normal Depth
ft4.00Bottom Width
cfs0.91Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

6/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center219006A001 QT1418.fm8
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Worksheet for Curb Opening #1
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient
ft/ft0.025Channel Slope
ft4.00Bottom Width
cfs0.91Discharge

Results

in1.0Normal Depth
ft²0.3Flow Area
ft4.2Wetted Perimeter
in1.0Hydraulic Radius
ft4.00Top Width
in1.4Critical Depth
ft/ft0.008Critical Slope
ft/s2.73Velocity
ft0.12Velocity Head
ft0.20Specific Energy

1.669Froude Number
SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth
ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth
N/AProfile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
in1.0Normal Depth
in1.4Critical Depth
ft/ft0.025Channel Slope
ft/ft0.008Critical Slope

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

6/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center219006A001 QT1418.fm8
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Cross Section for Curb Opening #2
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient
ft/ft0.030Channel Slope
in0.8Normal Depth
ft4.00Bottom Width
cfs0.72Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

6/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center219006A001 QT1418.fm8
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Worksheet for Curb Opening #2
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient
ft/ft0.030Channel Slope
ft4.00Bottom Width
cfs0.72Discharge

Results

in0.8Normal Depth
ft²0.3Flow Area
ft4.1Wetted Perimeter
in0.8Hydraulic Radius
ft4.00Top Width
in1.2Critical Depth
ft/ft0.009Critical Slope
ft/s2.63Velocity
ft0.11Velocity Head
ft0.18Specific Energy

1.771Froude Number
SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth
ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth
N/AProfile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
in0.8Normal Depth
in1.2Critical Depth
ft/ft0.030Channel Slope
ft/ft0.009Critical Slope

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

6/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center219006A001 QT1418.fm8
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Cross Section for Curb Opening #3
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient
ft/ft0.013Channel Slope
in3.1Normal Depth
ft3.00Bottom Width
cfs2.93Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

6/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center219006A001 QT1418.fm8
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Worksheet for Curb Opening #3
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient
ft/ft0.013Channel Slope
ft3.00Bottom Width
cfs2.93Discharge

Results

in3.1Normal Depth
ft²0.8Flow Area
ft3.5Wetted Perimeter
in2.6Hydraulic Radius
ft3.00Top Width
in3.7Critical Depth
ft/ft0.007Critical Slope
ft/s3.84Velocity
ft0.23Velocity Head
ft0.48Specific Energy

1.340Froude Number
SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth
ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth
N/AProfile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
in3.1Normal Depth
in3.7Critical Depth
ft/ft0.013Channel Slope
ft/ft0.007Critical Slope

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

6/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center219006A001 QT1418.fm8
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Cross Section for Curb Opening #4
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient
ft/ft0.021Channel Slope
in2.3Normal Depth
ft3.00Bottom Width
cfs2.34Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

6/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center219006A001 QT1418.fm8
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Worksheet for Curb Opening #4
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient
ft/ft0.021Channel Slope
ft3.00Bottom Width
cfs2.34Discharge

Results

in2.3Normal Depth
ft²0.6Flow Area
ft3.4Wetted Perimeter
in2.0Hydraulic Radius
ft3.00Top Width
in3.2Critical Depth
ft/ft0.007Critical Slope
ft/s4.11Velocity
ft0.26Velocity Head
ft0.45Specific Energy

1.662Froude Number
SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth
ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth
N/AProfile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
in2.3Normal Depth
in3.2Critical Depth
ft/ft0.021Channel Slope
ft/ft0.007Critical Slope

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

6/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center219006A001 QT1418.fm8
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Cross Section for Curb Opening #5
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient
ft/ft0.020Channel Slope
in1.3Normal Depth
ft4.00Bottom Width
cfs1.25Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

6/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center219006A001 QT1418.fm8
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Worksheet for Curb Opening #5
Project Description

Manning 
FormulaFriction Method

Normal DepthSolve For

Input Data

0.016Roughness Coefficient
ft/ft0.020Channel Slope
ft4.00Bottom Width
cfs1.25Discharge

Results

in1.3Normal Depth
ft²0.4Flow Area
ft4.2Wetted Perimeter
in1.2Hydraulic Radius
ft4.00Top Width
in1.7Critical Depth
ft/ft0.008Critical Slope
ft/s2.88Velocity
ft0.13Velocity Head
ft0.24Specific Energy

1.543Froude Number
SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth
ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth
N/AProfile Description

ft0.00Profile Headloss
ft/sInfinityDownstream Velocity
ft/sInfinityUpstream Velocity
in1.3Normal Depth
in1.7Critical Depth
ft/ft0.020Channel Slope
ft/ft0.008Critical Slope

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

6/13/2019

FlowMaster
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center219006A001 QT1418.fm8
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1

Retention Calculations WLB JOB # 219006A001

QuikTrip Store #1418
Designed: JP

V = C (R/12) A Eqn. (9.1), FCDMC, Drainage Design Manual-Hydrulics, August 15, 2013 Date: 6/13/2019

Where: V = Storage Volume (acre-ft)
              C = Weighted Runoff Coefficient
              R = 100-year, 2-hour Precipitation Depth = 2.16 inches
              A = Drainage Area, acres

Basin ID

Contributing 
Drainage Area 

ID
Drainage 
Area (SF)

Drainage 
Area (Ac)

C Value 
for 100-

YR

Retention 
Volume 

Required 
(CF)

Retention 
Volume 

Required 
(AF)

Volume 
From Other 
Basins (CF)

Total Retention 
Volume 

Required (CF)

Retention 
Volume 

Provided 
(CF)

Excess 
Volume 

(CF) Notes

Basin A
110 18,031 0.41 0.95 3,083 0.07
120 6,078 0.14 0.45 492 0.01

Total Basin A 24,109 0.55 0.82 3,576 0.08 0 3,576 2,249 -1,326 To Basin B

Basin B
10 9,234 0.21 0.95 1,579 0.04
20 14,444 0.33 0.95 2,470 0.06
30 7,682 0.18 0.95 1,314 0.03
40 2,739 0.06 0.95 468 0.01

130 15,829 0.36 0.45 1,282 0.03 1,326
Total Basin B 49,928 1.15 0.79 7,113 0.16 1,326 8,440 8,506 67

Basin C
50 2,256 0.05 0.95 386 0.01
60 5,608 0.13 0.95 959 0.02
70 4,415 0.10 0.95 755 0.02
80 7,827 0.18 0.45 634 0.01

Total Basin C 20,106 0.46 0.76 2,734 0.06 0 2,734 2,414 -320 To Basin D

Basin D
90 1,639 0.04 0.45 133 0.003 320

Total Basin D 1,639 0.04 0.45 133 0.003 320 453 834 381

Total Retained Basins 95,782 2.20 13,555 0.31 14,003 448

Basin A and B are 
connected with a 

12" equalized pipe

Basin A and B are 
connected with a 

12" equalized pipe

Basin C and D are 
connected with a 

12" equalized pipe

Basin C and D are 
connected with a 

12" equalized pipe

Q:\QuikTrip\Store 1418\Hydro\219006A001 HH Calc.xlsx

219006A001 HH Calc.xlsx \ Ret Calc
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1

Retention Basins Provided Volume Calculations WLB JOB # 219006A001

QuikTrip Store #1418
Designed: JP

Date: 6/13/2019

Note: Conic Mehotd for Volume Calculations
Incremental Volume = h/3(A1+A2+(A1*A2)^0.5)

Basin A

Elevation
Area 

(sq. ft.)
Area 
(Ac.)

Volume Provided 
(cf)

Volume Provided 
(af)

1220.0 1729 0.04 - -
1221.0 2813 0.06 2,249 0.052

Total = 2,249 0.052

Basin B

Elevation
Area 

(sq. ft.)
Area 
(Ac.)

Volume Provided 
(cf)

Volume Provided 
(af)

1220.0 7290 0.17 - -
1221.0 9784 0.22 8,506 0.195

8,506 0.195

Basin C

Elevation
Area 

(sq. ft.)
Area 
(Ac.)

Volume Provided 
(cf)

Volume Provided 
(af)

1219.0 146 0.00 - -
1220.0 1087 0.02 544 0.012
1221.0 2783 0.06 1,870 0.043

2,414 0.055

Basin D

Elevation
Area 

(sq. ft.)
Area 
(Ac.)

Volume Provided 
(cf)

Volume Provided 
(af)

1219.0 146 0.00 - -
1220.0 399 0.01 262 0.006
1221.0 765 0.02 572 0.013

834 0.019

Q:\QuikTrip\Store 1418\Hydro\219006A001 HH Calc.xlsx

219006A001 HH Calc.xlsx \ Ret Provided 
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1

Required Drywells WLB JOB # 219006A001

QuikTrip Store #1418
Designed: Name
Date: 6/13/2019

Number of Drywells Required = (VR / Q) / (60*60*36)

Discharge time (hr) = (VR / Q) / (60*60)

Actual number of drywells to be determined onsite.

Where: VR = Retention Required

Q = Percolation rate per drywell = 0.10 cfs
* Required drywells to drain basin in 36 hours

Volume Drained
(cu ft)

A 3,576 1 9.93
C 2,734 1 7.59
D 453 1 1.26

SUM = 6,762 3

Basin B with Envibro Max Drywell System
Envibro-Max process capacity, per Standard= 0.22 cfs

Volume Drained
(cu ft)

B 8,440 1 10.66

Volume Drained
(cu ft)

B 8,440 2 11.72

Conclusion: Two Drywells with a Envibro-Max System

Total number of Drywells = 5

Retention 
Basin

Number of 
Drywells

Discharge time 
(hr)

Retention 
Basin

Discharge time 
(hr)

Number of 
Drywells

Retention 
Basin

Discharge time 
(hr)

Number of 
Envibro-Max

Q:\QuikTrip\Store 1418\Hydro\219006A001 HH Calc.xlsx

219006A001 HH Calc.xlsx \ Drywells 
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