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I. PROJECT DESCRIPTION

The following is the stormwater management report for the proposed Caliber Collision at
710 SE 7th Terrace in Lee’s Summit, Missouri This site is approximately 1.38 acres .
Development will consist of the construction of a 11,500 square foot Caliber Collision
automotive collision repair facility, all associated utilities, vehicle storage area, parking
areas, grading, landscaping, and stormwater management facilities. As there is not enough
surface area available due to site restraints and landscape requirements, a StormTech
Underground Detention System is proposed for the developed site’s stormwater runoff
requirements. This underground detention system consists of 60” high MC-4500 Chambers
with 9” of stone below the chambers and 12 “of stone above the chambers with a total
storage height of 81” from elev. 2006.0 to elev. 2012.75.  After running through the outlet
control structure an 18” stormwater pipe will tie to a proposed manhole which will tie to an
existing storm sewer structure located within the existing drainage easement at the
northeast corner of the site in Lot 3 Chapman Plaza II.  All of the runoff from the
developed site (approximately 1.1 acres in total) is captured by/treated by the
underground detention system. A storm sewer system is provided along the north side of
site to by-pass the runoff from future development to the west of the site. The
construction activities for the Caliber Collision discussed above will disturb approximately
1.30 acres.

The property is bordered by SE 7th Terrace to the north, SE Blue Parkway to the south,
Calvert’s Express Auto Service & Tire to the east, and Classic paint & Collision, Inc. to the
west.

As previously stated, all discharge from the site is ultimately routed to an offsite storm
structure located in Lot 3, Chapman Plaza II which will be connected to storm system at
SE 7th Terrace and ultimately directed to a tributary of the E. Fork Little Blue River.

Executive Summary

This hydraulic study will show the proposed site will be developed to meet all City of Lee’s
Summit Stormwater Management requirements. The on-site storm system has been
designed to meet the requirements in Section 5608.4.C1 Comprehensive Control as outlined
in APWA Section 5600 “Storm Drainage Systems & Facilities”, which requires the design
to “limit the two-year rate less than or equal to 0.5 cfs per site acre, ten-year rate less
than or equal to 2.0 cfs per site acre, 100-yr rate less than or equal to 3.0 cfs per site
acre and 40-hour extended detention of 1.37”/24 hour rainfall. The existing site has
Hydrologic Soil group “C” soil.  As previously mentioned, various site constraints prevent a
traditional stormwater pond design.  The provided system’s designs primary method of
attenuating the requirements will be via underground storage.
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Flow Rate Summary Table
Developed
Site Area
Acre

Storm
Event (24-
hour
duration)

Allowable
Development Peak
Flow Rate (cfs)

Post-Development
Peak Flow Rates
(cfs)

1.1 2-year 0.55 0.37
1.1 10-year 2.2 0.60
1.1 100-year 3.3 3.28

II. PRE-DEVELOPMENT CONDITIONS:

The proposed development is situated on an approximately 1.38-acre tract of land located
at 710 SE 7th Terrace. The site is legally described as Lot 2, Chapman Plaza II.
Per topographic survey by Heideman Associates Inc. dated 05-04-21, the property was
covered with gravel and grass and elevations varied from 2014 t0 2018.  The site generally
slopes downward in direction from south side of the site to north side. The runoff from
the site is collected and conveyed by the existing storm drain system at SE 7th Terrace.
As the required stormwater Management does not take account of the existing condition,
this report has not analyzed the existing hydrology parameters.
:

III. POST-DEVELOPMENT CONDITIONS:

An underground chamber detention system is proposed to be located at the north and east
of the site within the open space and parking lot. The proposed underground detention
system is a MC-4500 StormTech Chamber System, an open bottomed chamber. Reference
the Site Development Plans for Caliber Collision for additional information of the
underground detention system. Outflow from the detention system will be routed through
an outlet riser structure and conveyed through a proposed storm pipe system to an
existing catch basin storm structure located within the existing drainage easement at the
northeast of the site in Lot 3 Chapman Plaza II. The outflow from detention system will be
connected to the by-pass line from Lot 1 before connecting it to the existing catch basin
structure. This piped system drains eventually to the tributary of E. Fork Little Blue River
through the storm drain system at SE 7th Terrace.

The detention system is designed to store and release the majority of runoff generated
by the proposed development.

The area analyzed in the Post-Development condition comprises of 1.1 acres of developed
site from total of 1.38 acres. Visual representations of these areas and their layout
configuration have been provided in Appendix A of this report and is titled the “Post
Development Map”. This area contains the majority of the proposed Caliber Collision
development including the building all the paved parking and curbed areas. Utilizing
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proposed curb and gutters, roof leaders, inlets, vegetated swales and the proposed storm
sewer system by Caliber Collision, Post-Development Area will be routed to the proposed
underground detention system.

Runoff Calculations:

Runoff calculations are performed for Post-Development drainage area as per SCS unit
Hydrograph method using Hydraflow and TR-55.

A. Runoff Curve Number:

Land use curve number is used based upon Section 5602.3, Table 5602-3 APWA “Storm
Drainage Systems & Facilities “.

Post-Development Area
Business:
Neighborhood
Areas
Hydrologic Soil
Group C

CN = 94

Total Land Area = 1.1 Acres
Weighted Runoff Curve Number = 94

B. Time of Concentration:
Shortest time of concentration of 0.10 hour is assumed.

C. Rainfall:

The 24-hour precipitation amounts for the site as provided by SCS Tr-55 for Jackson
County are as follows:

2-year storm event: 3.8 inches
10-year storm event: 5.5 inches
100-year storm event: 8.3 inches
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D. Rate of Runoff:

Above curve numbers and times of concentration were used to determine rate of runoff
using the SCS hydrograph method.  A hydrograph for the post-development conditions of
the site under study can be generated showing rate of flow versus time.  These
hydrographs are included in Appendix B.  Following are the computed peak rates of runoff
for the drainage basins:

Post-Development Area (to Underground Detention System)
Storm Event (24-
hour duration)

Peak Flow Rate, Q
(cfs)

2-year 5.34
10-year 7.97
100-year 12.26

Post-Development Area  (Out of the Underground Detention System)
Storm Event (24-
hour duration)

Peak Flow Rate, Q
(cfs)

WS elev
(Top of Storage el.
2014.0)

2-year 0.37 1008.34
10-year 0.60 1009.43
100-year 3.28 1010.99

Developed
Site Area
Acre

Storm
Event (24-
hour
duration)

Allowable
Development Peak
Flow Rate (cfs)

Post-Development
Peak Flow Rates
(cfs)

1.1 2-year 0.55 0.37
1.1 10-year 2.2 0.60
1.1 100-year 3.3 3.28

As can be seen in the table above, the underground detention system acts to reduce the
developed peak discharges from the 2-year, 10-year, and 100-year, 24-hour storm events.
This is aided by the by the open bottomed design of the MC-3500 StormTech Chamber
System proposed for this development.
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IV. WATER QUALITY DESIGN AND CALCULATIONS:

Water Quality for the project was designed per the City of Lee’s Summit’s ordinances
which requires the 40-hour extended detention of 1.37”/24 hour rainfall.

The Water Quality Volume (WQV) that is to be detained for 40 hour is calculated as per
APWA/MARC-BMP Manual, 6.2:

o   WQV = P x Rv x (43560/12) where:
o P = Rainfall event in inches = 1.37”
o Rv = Volumetric runoff coefficient = 0.05 +0.009 (I)
o I = Percent Site Impervious

I = 85%
Rv = .05 +.009 x 85 = 0.815

o   WQV = (1.37) x (0.815) x (43560/12)
= 4053 Cu. Ft
Use storage at elev. 1007.55, Storage available = 4091 Cu. Ft
Release it in 40 hours

· Release rate :4091 cu ft x (1/40x 3600 sec) = 0.028 cf/sec
· Using a 1.0” Orifice
· QRelease  = CdAo(SQRT(2*G*H)

=0.6*0.055*SQRT(2*32.2*1.33/2)
=0.022 cf/sec  < 0.028 cf/sec, therefore orifice meets 40 hour minimum

Water Quality Storage is provided from elev. 1006.0 to elev. 1007.55 and is released by 1”
orifice at elev. 1006.0.
Next opening is 4” orifice at 1007.55

V. PIPE SIZING CALCULATIONS:

Included in this report in Appendix C are the pipe sizing calculations for the on-site pipes
and catch basins.  These are generated by the rational method, and are based on the 100-
year intensity for all storm drain structures flowing to the detention system.  These
calculations show the total flow for each pipe section, velocity, hydraulic grade elevations,
and spreads at each inlet. Reference the Inlet Area Map in Appendix A for clarification of
the drainage areas discharging to each inlet and pipe.

Drainage areas for each structure were delineated (see Inlet Area Map in Appendix A) and
flow to each catch basin was determined. The drainage to each structure was determined
using the Rational Method form of storm analysis where weighted Runoff Coefficients
were determined based on each area’s coverage. In addition to each structure’s added
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stormwater from their respective drainage area, the discharge from the underground
detention system was added to the pipe’s directly “downstream” of the underground
detention system.

An analysis of the proposed storm system along SE Blue Parkway was performed to ensure
the discharge to the proposed pipe under the proposed driveway is adequately sized when
combined with the discharge from the upstream pipes. Also, a storm sewer stub is
proposed from the adjacent property to the west of the Caliber Collision property. Inlet
“1B” in the plans is proposed to provide connection to an existing storm structure for the
adjacent site should it be developed in the future. Per the City of Lee’s Summit Code, the
maximum allowed discharge form a developed site is 3 cfs per developed acre. Assuming
the 1.70 acres delineated in the Inlet Area Map (in Appendix A) is developed, the maximum
discharge allowed from the adjacent site would be approximately 5.1 cfs. This runoff value
is less than the existing conditions site runoff calculated the Rational Method. Reference
should once again be made to the Inlet Area Map provided in Appendix A for calculations
and delineations of the drainage areas. To be conservative in the design, the runoff values
generated from the existing conditions (the higher value) are used for adequately sizing
the storm sewer pipe for the adjacent property’s connection to Inlet 1B, and ultimately to
the existing storm structure connection point.

Storm profiles of the storm sewer pipe network were created and the Hydraulic Grade
Lines resulting from the 100-year, 24-hour storm event discharge was mapped to each
pipe. Having each pipe’s HGL remain within the pipe proves that each storm pipe is
sufficiently sized to accommodate the storm runoff from each structure and development.
In the analysis performed for this project, each pipe’s 100-year storm event HGL
remained within their respective pipes. Reference the Storm Profiles Sheets within the
Site Development Plans prepared by Freeland and Kauffman, Inc.
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Appendix A
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

10082 Arisburg-Urban land 
complex, 1 to 5 
percent slopes

C 3.4 100.0%

Totals for Area of Interest 3.4 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

Hydrologic Soil Group—Jackson County, Missouri

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

7/8/2021
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Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Hydrologic Soil Group—Jackson County, Missouri

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

7/8/2021
Page 4 of 4



7/15/2021 Precipitation Frequency Data Server

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=38.9038&lon=-94.3595&data=intensity&units=english&series=pds 1/4

NOAA Atlas 14, Volume 8, Version 2

Location name:
Lees Summit, Missouri, USA*


Latitude:
38.9038°,
Longitude:
-94.3595°

Elevation:
1016.38 ft**

* source: ESRI Maps

** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Deborah Martin, Sandra Pavlovic, Ishani Roy, Michael St. Laurent, Carl Trypaluk, Dale
Unruh, Michael Yekta, Geoffery Bonnin

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 4.97
(3.92‑6.28)

5.81
(4.57‑7.33)

7.19
(5.65‑9.10)

8.35
(6.53‑10.6)

9.98
(7.57‑13.1)

11.3
(8.36‑14.9)

12.6
(9.05‑17.0)

13.9
(9.64‑19.3)

15.7
(10.5‑22.3)

17.1
(11.2‑24.6)

10-min 3.64
(2.87‑4.60)

4.25
(3.35‑5.37)

5.26
(4.13‑6.66)

6.11
(4.78‑7.77)

7.31
(5.54‑9.56)

8.25
(6.13‑10.9)

9.20
(6.62‑12.4)

10.2
(7.05‑14.1)

11.5
(7.69‑16.3)

12.5
(8.17‑18.0)

15-min 2.96
(2.34‑3.74)

3.46
(2.72‑4.36)

4.28
(3.36‑5.42)

4.97
(3.89‑6.32)

5.94
(4.51‑7.78)

6.71
(4.98‑8.88)

7.48
(5.38‑10.1)

8.28
(5.73‑11.5)

9.36
(6.25‑13.3)

10.2
(6.64‑14.6)

30-min 2.05
(1.62‑2.59)

2.41
(1.90‑3.04)

2.99
(2.35‑3.79)

3.49
(2.73‑4.43)

4.18
(3.17‑5.46)

4.72
(3.50‑6.24)

5.26
(3.78‑7.11)

5.82
(4.03‑8.06)

6.57
(4.39‑9.32)

7.15
(4.66‑10.3)

60-min 1.34
(1.06‑1.69)

1.57
(1.24‑1.99)

1.96
(1.54‑2.49)

2.29
(1.79‑2.92)

2.76
(2.10‑3.62)

3.13
(2.33‑4.15)

3.51
(2.53‑4.75)

3.90
(2.70‑5.41)

4.43
(2.96‑6.29)

4.84
(3.16‑6.96)

2-hr 0.827
(0.657‑1.04)

0.972
(0.771‑1.22)

1.21
(0.960‑1.53)

1.42
(1.12‑1.79)

1.72
(1.31‑2.24)

1.95
(1.46‑2.57)

2.19
(1.59‑2.95)

2.44
(1.71‑3.37)

2.79
(1.88‑3.94)

3.06
(2.01‑4.36)

3-hr 0.623
(0.497‑0.777)

0.731
(0.583‑0.913)

0.916
(0.728‑1.15)

1.08
(0.850‑1.35)

1.31
(1.00‑1.70)

1.49
(1.12‑1.96)

1.68
(1.23‑2.26)

1.88
(1.32‑2.59)

2.16
(1.46‑3.04)

2.38
(1.57‑3.39)

6-hr 0.376
(0.302‑0.466)

0.444
(0.356‑0.550)

0.561
(0.449‑0.697)

0.664
(0.528‑0.827)

0.813
(0.631‑1.05)

0.934
(0.708‑1.22)

1.06
(0.780‑1.42)

1.20
(0.846‑1.63)

1.38
(0.944‑1.94)

1.53
(1.02‑2.16)

12-hr 0.220
(0.178‑0.270)

0.262
(0.212‑0.323)

0.335
(0.270‑0.413)

0.400
(0.320‑0.494)

0.493
(0.386‑0.634)

0.570
(0.435‑0.740)

0.650
(0.481‑0.862)

0.735
(0.524‑0.998)

0.853
(0.587‑1.19)

0.947
(0.635‑1.33)

24-hr 0.129
(0.105‑0.158)

0.154
(0.126‑0.188)

0.198
(0.160‑0.242)

0.236
(0.190‑0.290)

0.292
(0.230‑0.372)

0.337
(0.260‑0.435)

0.385
(0.287‑0.507)

0.436
(0.313‑0.588)

0.507
(0.352‑0.701)

0.563
(0.380‑0.786)

2-day 0.076
(0.062‑0.092)

0.090
(0.073‑0.108)

0.113
(0.092‑0.137)

0.134
(0.109‑0.163)

0.164
(0.130‑0.208)

0.189
(0.147‑0.242)

0.215
(0.162‑0.282)

0.243
(0.176‑0.326)

0.282
(0.197‑0.388)

0.313
(0.213‑0.434)

3-day 0.056
(0.046‑0.068)

0.065
(0.054‑0.079)

0.081
(0.066‑0.098)

0.095
(0.077‑0.115)

0.115
(0.092‑0.145)

0.132
(0.103‑0.168)

0.150
(0.113‑0.195)

0.169
(0.123‑0.225)

0.195
(0.137‑0.267)

0.217
(0.148‑0.299)

4-day 0.046
(0.038‑0.055)

0.052
(0.043‑0.063)

0.064
(0.053‑0.077)

0.075
(0.061‑0.090)

0.090
(0.072‑0.113)

0.102
(0.080‑0.130)

0.116
(0.088‑0.150)

0.130
(0.095‑0.173)

0.150
(0.105‑0.204)

0.165
(0.113‑0.228)

7-day 0.031
(0.026‑0.037)

0.035
(0.029‑0.042)

0.042
(0.035‑0.050)

0.048
(0.039‑0.058)

0.057
(0.045‑0.070)

0.064
(0.050‑0.080)

0.071
(0.054‑0.091)

0.079
(0.058‑0.104)

0.089
(0.063‑0.121)

0.098
(0.068‑0.134)

10-day 0.025
(0.020‑0.029)

0.028
(0.023‑0.033)

0.033
(0.027‑0.039)

0.037
(0.031‑0.045)

0.044
(0.035‑0.054)

0.049
(0.038‑0.061)

0.054
(0.041‑0.069)

0.059
(0.043‑0.077)

0.066
(0.047‑0.089)

0.072
(0.050‑0.098)

20-day 0.016
(0.014‑0.019)

0.018
(0.016‑0.022)

0.022
(0.018‑0.026)

0.025
(0.021‑0.029)

0.028
(0.023‑0.035)

0.031
(0.025‑0.039)

0.034
(0.026‑0.043)

0.037
(0.027‑0.048)

0.040
(0.029‑0.054)

0.043
(0.030‑0.058)

30-day 0.013
(0.011‑0.015)

0.015
(0.013‑0.017)

0.018
(0.015‑0.021)

0.020
(0.017‑0.023)

0.023
(0.018‑0.027)

0.025
(0.020‑0.030)

0.027
(0.021‑0.034)

0.029
(0.021‑0.037)

0.031
(0.022‑0.041)

0.033
(0.023‑0.044)

45-day 0.011
(0.009‑0.013)

0.012
(0.010‑0.014)

0.014
(0.012‑0.017)

0.016
(0.013‑0.019)

0.018
(0.015‑0.022)

0.020
(0.016‑0.024)

0.021
(0.016‑0.026)

0.023
(0.017‑0.029)

0.024
(0.017‑0.032)

0.025
(0.018‑0.034)

60-day 0.009
(0.008‑0.011)

0.010
(0.009‑0.012)

0.012
(0.010‑0.014)

0.014
(0.012‑0.016)

0.016
(0.013‑0.019)

0.017
(0.013‑0.020)

0.018
(0.014‑0.022)

0.019
(0.014‑0.024)

0.020
(0.015‑0.027)

0.021
(0.015‑0.028)

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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NOAA Atlas 14, Volume 8, Version 2

Location name:
Lees Summit, Missouri, USA*


Latitude:
38.9038°,
Longitude:
-94.3595°

Elevation:
1016.38 ft**

* source: ESRI Maps

** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Deborah Martin, Sandra Pavlovic, Ishani Roy, Michael St. Laurent, Carl Trypaluk, Dale
Unruh, Michael Yekta, Geoffery Bonnin

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 0.414
(0.327‑0.523)

0.484
(0.381‑0.611)

0.599
(0.471‑0.758)

0.696
(0.544‑0.885)

0.832
(0.631‑1.09)

0.939
(0.697‑1.24)

1.05
(0.754‑1.42)

1.16
(0.803‑1.61)

1.31
(0.875‑1.86)

1.43
(0.930‑2.05)

10-min 0.607
(0.479‑0.766)

0.708
(0.558‑0.895)

0.877
(0.689‑1.11)

1.02
(0.797‑1.30)

1.22
(0.924‑1.59)

1.38
(1.02‑1.82)

1.53
(1.10‑2.07)

1.70
(1.18‑2.35)

1.92
(1.28‑2.72)

2.09
(1.36‑3.00)

15-min 0.740
(0.584‑0.934)

0.864
(0.681‑1.09)

1.07
(0.840‑1.35)

1.24
(0.972‑1.58)

1.49
(1.13‑1.94)

1.68
(1.25‑2.22)

1.87
(1.35‑2.53)

2.07
(1.43‑2.87)

2.34
(1.56‑3.32)

2.55
(1.66‑3.66)

30-min 1.02
(0.808‑1.29)

1.20
(0.948‑1.52)

1.50
(1.18‑1.90)

1.75
(1.36‑2.22)

2.09
(1.58‑2.73)

2.36
(1.75‑3.12)

2.63
(1.89‑3.56)

2.91
(2.02‑4.03)

3.29
(2.19‑4.66)

3.57
(2.33‑5.14)

60-min 1.34
(1.06‑1.69)

1.57
(1.24‑1.99)

1.96
(1.54‑2.49)

2.29
(1.79‑2.92)

2.76
(2.10‑3.62)

3.13
(2.33‑4.15)

3.51
(2.53‑4.75)

3.90
(2.70‑5.41)

4.43
(2.96‑6.29)

4.84
(3.16‑6.96)

2-hr 1.65
(1.31‑2.07)

1.94
(1.54‑2.44)

2.43
(1.92‑3.05)

2.84
(2.24‑3.59)

3.43
(2.63‑4.47)

3.90
(2.92‑5.14)

4.39
(3.18‑5.90)

4.89
(3.41‑6.74)

5.58
(3.76‑7.87)

6.11
(4.01‑8.73)

3-hr 1.87
(1.49‑2.33)

2.20
(1.75‑2.74)

2.75
(2.19‑3.44)

3.23
(2.55‑4.06)

3.92
(3.02‑5.10)

4.48
(3.37‑5.88)

5.05
(3.68‑6.78)

5.66
(3.97‑7.77)

6.49
(4.39‑9.14)

7.14
(4.71‑10.2)

6-hr 2.25
(1.81‑2.79)

2.66
(2.13‑3.30)

3.36
(2.69‑4.17)

3.98
(3.16‑4.95)

4.87
(3.78‑6.30)

5.60
(4.24‑7.31)

6.36
(4.67‑8.48)

7.16
(5.07‑9.79)

8.28
(5.65‑11.6)

9.16
(6.09‑12.9)

12-hr 2.65
(2.14‑3.26)

3.16
(2.55‑3.89)

4.04
(3.26‑4.98)

4.82
(3.86‑5.96)

5.94
(4.65‑7.64)

6.87
(5.24‑8.91)

7.83
(5.80‑10.4)

8.86
(6.32‑12.0)

10.3
(7.08‑14.3)

11.4
(7.65‑16.0)

24-hr 3.10
(2.53‑3.78)

3.71
(3.01‑4.52)

4.75
(3.85‑5.80)

5.66
(4.57‑6.95)

7.00
(5.51‑8.93)

8.10
(6.23‑10.4)

9.24
(6.90‑12.2)

10.5
(7.52‑14.1)

12.2
(8.44‑16.8)

13.5
(9.13‑18.9)

2-day 3.66
(3.00‑4.42)

4.30
(3.53‑5.21)

5.43
(4.43‑6.58)

6.42
(5.22‑7.82)

7.88
(6.25‑9.98)

9.07
(7.04‑11.6)

10.3
(7.77‑13.5)

11.7
(8.46‑15.6)

13.5
(9.47‑18.6)

15.0
(10.2‑20.8)

3-day 4.06
(3.34‑4.89)

4.71
(3.87‑5.67)

5.83
(4.78‑7.04)

6.83
(5.57‑8.28)

8.30
(6.62‑10.5)

9.51
(7.41‑12.1)

10.8
(8.15‑14.1)

12.2
(8.85‑16.2)

14.1
(9.89‑19.2)

15.6
(10.7‑21.5)

4-day 4.39
(3.63‑5.27)

5.04
(4.16‑6.05)

6.16
(5.07‑7.41)

7.16
(5.85‑8.65)

8.62
(6.89‑10.8)

9.83
(7.68‑12.5)

11.1
(8.41‑14.4)

12.5
(9.10‑16.6)

14.4
(10.1‑19.6)

15.9
(10.9‑21.9)

7-day 5.20
(4.32‑6.20)

5.88
(4.88‑7.02)

7.05
(5.83‑8.43)

8.06
(6.63‑9.68)

9.52
(7.64‑11.8)

10.7
(8.40‑13.5)

11.9
(9.09‑15.4)

13.2
(9.71‑17.5)

15.0
(10.6‑20.3)

16.4
(11.3‑22.5)

10-day 5.89
(4.91‑7.00)

6.65
(5.53‑7.90)

7.90
(6.56‑9.41)

8.97
(7.41‑10.7)

10.5
(8.43‑12.9)

11.7
(9.19‑14.6)

12.9
(9.85‑16.5)

14.2
(10.4‑18.6)

15.9
(11.3‑21.4)

17.2
(11.9‑23.5)

20-day 7.86
(6.60‑9.25)

8.88
(7.45‑10.5)

10.5
(8.80‑12.4)

11.9
(9.86‑14.1)

13.7
(11.0‑16.6)

15.0
(11.9‑18.5)

16.3
(12.5‑20.6)

17.7
(13.1‑22.9)

19.4
(13.8‑25.8)

20.6
(14.4‑28.0)

30-day 9.50
(8.01‑11.1)

10.7
(9.05‑12.6)

12.7
(10.7‑14.9)

14.3
(11.9‑16.9)

16.3
(13.2‑19.7)

17.9
(14.1‑21.9)

19.3
(14.8‑24.2)

20.7
(15.4‑26.6)

22.4
(16.1‑29.7)

23.7
(16.6‑32.0)

45-day 11.6
(9.82‑13.5)

13.1
(11.1‑15.3)

15.5
(13.0‑18.1)

17.3
(14.5‑20.3)

19.7
(15.9‑23.5)

21.3
(17.0‑26.0)

22.9
(17.7‑28.5)

24.4
(18.2‑31.2)

26.2
(18.8‑34.4)

27.4
(19.3‑36.8)

60-day 13.4
(11.4‑15.6)

15.1
(12.8‑17.6)

17.8
(15.0‑20.7)

19.8
(16.7‑23.2)

22.4
(18.2‑26.7)

24.2
(19.3‑29.3)

25.9
(20.0‑32.1)

27.4
(20.5‑34.9)

29.2
(21.1‑38.2)

30.4
(21.5‑40.7)

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.

Back to Top

PF graphical

https://www.commerce.gov/
http://www.noaa.gov/


7/15/2021 Precipitation Frequency Data Server

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=38.9038&lon=-94.3595&data=depth&units=english&series=pds 2/4
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Appendix B



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022

Hyd. Origin Description

1 SCS Runoff Developed Area
2 Reservoir Underground Detention



Pond Revised 02-07-2022.gpw

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 02 / 9 / 2022



Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph
No. type hyd(s) Description

(origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 SCS Runoff ------ ------- 5.340 ------- ------- 7.974 9.970 11.65 12.26 Developed Area

2 Reservoir 1 ------- 0.371 ------- ------- 0.595 1.018 2.521 3.284 Underground Detention

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022



Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 5.340 2 716 11,712 ------ ------ ------ Developed Area

2 Reservoir 0.371 2 750 11,687 1 1008.34 6,938 Underground Detention

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 02 / 9 / 2022



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 02 / 9 / 2022

Storage Indication method used.



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 02 / 9 / 2022

UG Chambers -Invert elev. = 1006.75 ft,  Rise x Span = 5.00 x 8.33 ft,  Barrel Len = 425.00 ft,  No. Barrels = 1,  Slope = 0.00%,  Headers = No
Encasement -Invert elev. = 1006.00 ft,  Width = 9.08 ft,  Height = 6.75 ft,  Voids = 40.00%

Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 1006.00 n/a 0 0
0.68 1006.67 n/a 1,042 1,042
1.35 1007.35 n/a 2,314 3,356
2.03 1008.03 n/a 2,450 5,806
2.70 1008.70 n/a 2,398 8,204
3.38 1009.38 n/a 2,316 10,520
4.05 1010.05 n/a 2,195 12,715
4.72 1010.72 n/a 2,023 14,738
5.40 1011.40 n/a 1,759 16,497
6.08 1012.08 n/a 1,226 17,722
6.75 1012.75 n/a 1,042 18,765

Rise (in) =  18.00 1.00 4.00 0.00
Span (in) =  18.00 1.00 4.00 0.00
No. Barrels =  1 1 1 0
Invert El. (ft) =  1006.00 1006.00 1007.55 0.00
Length (ft) =  16.00 0.00 0.00 0.00
Slope (%) =  1.90 0.00 0.00 n/a
N-Value =  .013 .013 .013 n/a
Orifice Coeff. =  0.60 0.60 0.60 0.60
Multi-Stage =  n/a Yes Yes No

Crest Len (ft) =  4.00 0.75 0.00 0.00
Crest El. (ft) =  1011.50 1010.00 0.00 0.00
Weir Coeff. =  3.33 3.33 3.33 3.33
Weir Type =  1 Rect --- ---
Multi-Stage =  Yes Yes No No

Exfil.(in/hr) =  0.000 (by Contour)
TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

Stage (ft)

0.00 1006.00

1.00 1007.00

2.00 1008.00

3.00 1009.00

4.00 1010.00

5.00 1011.00

6.00 1012.00

7.00 1013.00

Elev (ft)

Discharge (cfs)
Total Q



Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 7.974 2 716 17,975 ------ ------ ------ Developed Area

2 Reservoir 0.595 2 748 17,951 1 1009.43 10,681 Underground Detention

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 02 / 9 / 2022



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 02 / 9 / 2022

Storage Indication method used.



Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph
No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 12.26 2 716 28,376 ------ ------ ------ Developed Area

2 Reservoir 3.284 2 724 28,352 1 1010.99 15,435 Underground Detention

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 02 / 9 / 2022



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 02 / 9 / 2022

Storage Indication method used.



Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2022 Wednesday, 02 / 9 / 2022

Return Intensity-Duration-Frequency Equation Coefficients (FHA)
Period
(Yrs) B D E (N/A)

1 0.0000 0.0000 0.0000 --------

2 50.8539 10.2000 0.8092 --------

3 0.0000 0.0000 0.0000 --------

5 49.4655 10.1000 0.7494 --------

10 50.9302 10.1000 0.7248 --------

25 54.9506 10.2000 0.7037 --------

50 58.6163 10.3000 0.6923 --------

100 62.4218 10.4000 0.6834 --------

File name: Anderson, SC.IDF

Return Intensity Values (in/hr)
Period

(Yrs) 5 min 10 15 20 25 30 35 40 45 50 55 60

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 5.62 4.47 3.73 3.23 2.85 2.56 2.33 2.14 1.98 1.85 1.73 1.63

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 6.47 5.22 4.42 3.86 3.44 3.11 2.85 2.63 2.45 2.30 2.16 2.05

10 7.12 5.79 4.93 4.32 3.86 3.51 3.22 2.98 2.79 2.62 2.47 2.34

25 8.10 6.63 5.67 4.99 4.48 4.08 3.76 3.49 3.27 3.07 2.91 2.76

50 8.87 7.29 6.26 5.53 4.97 4.54 4.18 3.89 3.64 3.43 3.25 3.09

100 9.63 7.95 6.84 6.05 5.45 4.98 4.60 4.28 4.02 3.79 3.59 3.41

Tc = time in minutes. Values may exceed 60.

Precip. file name: G:\Projects\Steve Timmons & James Curtis\Foxhall Landing\Documents\SWM\Pickens.pcp

Storm
Distribution 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

SCS 24-hour 0.00 3.80 0.00 0.00 5.50 6.80 7.90 8.30

SCS 6-Hr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-1st 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-2nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-3rd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-4th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-Indy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Custom 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Appendix C









Jesse Brown
Typewriter
This 2.30 cfs of discharge added to the system is the discharge of the 100-year, 24-hour storm event from the underground detention system. This value was calculated utilizing HydroCAD and these calculation can be found in Appendix B of this report.

Jesse Brown
Typewriter
This 9.26 cfs of discharge added to the system is the sum of the runoff directed to inlet "R-2", the runoff directed to inlet "EX-1", and the runoff directed to inlet "EX-2". Reference the Inlet Area Map included in Appendix A of the report for clarification. This combined discharge represents the approximate total runoff discharged to inlet R-2 via the ditch on the north margin of the right-of-way of SE Blue Parkway.

Jesse Brown
Polygon Line

Jesse Brown
Polygon Line

Jesse Brown
Polygon Line

Jesse Brown
Polygon Line

Jesse Brown
Polygon Line

Jesse Brown
Polygon Line
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Appendix D
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Project:

Chamber Model - MC-4500

Units - Imperial

Number of Chambers - 87

Number of End Caps - 18

Voids in the stone (porosity) - 40 %

Base of Stone Elevation - 1006.00 ft

Amount of Stone Above Chambers - 12 in

Amount of Stone Below Chambers - 9 in

6

Area of system - 4748 sf  Min. Area - 

Height of 

System 

Incremental Single 

Chamber

Incremental 

Single End Cap

Incremental 

Chambers

Incremental 

End Cap

Incremental 

Stone

Incremental Ch, 

EC and Stone

Cumulative 

System Elevation 1

(inches) (cubic feet) (cubic feet) (cubic feet) (cubic feet) (cubic feet) (cubic feet) (cubic feet) (feet)

81 0.00 0.00 0.00 0.00 158.27 158.27 18806.32 1012.75

80 0.00 0.00 0.00 0.00 158.27 158.27 18648.05 1012.67

79 0.00 0.00 0.00 0.00 158.27 158.27 18489.79 1012.58 0cf above elevation 

78 0.00 0.00 0.00 0.00 158.27 158.27 18331.52 1012.50 0cf below elevation 

77 0.00 0.00 0.00 0.00 158.27 158.27 18173.25 1012.42 0cf above elevation 

76 0.00 0.00 0.00 0.00 158.27 158.27 18014.99 1012.33 0cf below elevation 

75 0.00 0.00 0.00 0.00 158.27 158.27 17856.72 1012.25 18806.32cf between elevations  and 1012.75

74 0.00 0.00 0.00 0.00 158.27 158.27 17698.45 1012.17

73 0.00 0.00 0.00 0.00 158.27 158.27 17540.19 1012.08

72 0.00 0.00 0.00 0.00 158.27 158.27 17381.92 1012.00 WQ Volume: cf

71 0.00 0.00 0.00 0.00 158.27 158.27 17223.65 1011.92 0cf below elevation 

70 0.00 0.00 0.00 0.00 158.27 158.27 17065.39 1011.83

69 0.04 0.01 3.56 0.23 156.75 160.55 16907.12 1011.75

68 0.12 0.03 10.10 0.61 153.98 164.69 16746.58 1011.67 WQv achieved at elevation:  

67 0.16 0.05 14.33 0.93 152.16 167.42 16581.88 1011.58

66 0.21 0.07 18.16 1.19 150.53 169.87 16414.46 1011.50

65 0.27 0.08 23.35 1.50 148.33 173.17 16244.58 1011.42

64 0.45 0.11 39.39 1.90 141.75 183.04 16071.41 1011.33

63 0.67 0.13 57.88 2.38 134.16 194.42 15888.37 1011.25

62 0.80 0.16 69.51 2.90 129.30 201.71 15693.95 1011.17

61 0.91 0.19 79.01 3.40 125.31 207.71 15492.23 1011.08

60 1.00 0.22 87.25 3.93 121.79 212.98 15284.53 1011.00

59 1.09 0.25 94.60 4.44 118.65 217.69 15071.55 1010.92

58 1.16 0.28 101.22 4.96 115.80 221.97 14853.85 1010.83

57 1.23 0.30 107.36 5.43 113.15 225.94 14631.88 1010.75

56 1.30 0.33 113.07 5.90 110.68 229.65 14405.94 1010.67

55 1.36 0.35 118.41 6.38 108.35 233.14 14176.29 1010.58

54 1.42 0.38 123.43 6.91 106.13 236.47 13943.15 1010.50

53 1.47 0.41 128.18 7.37 104.05 239.59 13706.68 1010.42

52 1.53 0.44 132.69 7.94 102.02 242.64 13467.09 1010.33

51 1.57 0.47 136.98 8.44 100.10 245.52 13224.45 1010.25

50 1.62 0.50 141.06 8.91 98.28 248.25 12978.93 1010.17

49 1.67 0.52 144.96 9.37 96.53 250.87 12730.68 1010.08

48 1.71 0.54 148.69 9.80 94.87 253.36 12479.81 1010.00

47 1.75 0.57 152.26 10.20 93.28 255.74 12226.45 1009.92

46 1.79 0.59 155.67 10.59 91.76 258.02 11970.71 1009.83

45 1.83 0.61 158.97 10.98 90.29 260.23 11712.68 1009.75

44 1.86 0.63 162.12 11.38 88.87 262.37 11452.45 1009.67

43 1.90 0.64 165.15 11.58 87.57 264.30 11190.08 1009.58

42 1.93 0.68 168.07 12.19 86.16 266.42 10925.78 1009.50

41 1.96 0.70 170.88 12.60 84.88 268.35 10659.36 1009.42

40 2.00 0.72 173.58 13.00 83.64 270.21 10391.01 1009.33

39 2.03 0.74 176.18 13.39 82.44 272.00 10120.79 1009.25

38 2.05 0.76 178.68 13.76 81.29 273.73 9848.79 1009.17

37 2.08 0.79 181.09 14.14 80.17 275.40 9575.06 1009.08

36 2.11 0.80 183.40 14.45 79.13 276.98 9299.65 1009.00

35 2.13 0.82 185.64 14.76 78.11 278.51 9022.68 1008.92

34 2.16 0.84 187.80 15.09 77.11 280.01 8744.17 1008.83

33 2.18 0.85 189.88 15.32 76.19 281.39 8464.16 1008.75

32 2.21 0.86 191.88 15.47 75.33 282.68 8182.77 1008.67

31 2.23 0.89 193.81 16.01 74.34 284.16 7900.09 1008.58

30 2.25 0.90 195.65 16.28 73.50 285.42 7615.94 1008.50

29 2.27 0.92 197.43 16.51 72.69 286.63 7330.51 1008.42

28 2.29 0.92 199.14 16.56 71.99 287.69 7043.88 1008.33

27 2.31 0.94 200.78 16.98 71.16 288.93 6756.20 1008.25

26 2.33 0.96 202.36 17.21 70.44 290.01 6467.27 1008.17

25 2.34 0.97 203.87 17.44 69.75 291.05 6177.26 1008.08

24 2.36 0.98 205.31 17.66 69.08 292.05 5886.21 1008.00

23 2.38 0.97 206.69 17.48 68.60 292.77 5594.16 1007.92

22 2.39 1.00 208.02 18.06 67.84 293.91 5301.39 1007.83

21 2.41 1.01 209.28 18.20 67.28 294.75 5007.48 1007.75

20 2.42 1.02 210.48 18.37 66.73 295.57 4712.73 1007.67

19 2.43 1.03 211.62 18.55 66.20 296.36 4417.15 1007.58

18 2.44 1.04 212.70 18.70 65.71 297.11 4120.79 1007.50

17 2.46 1.05 213.73 18.83 65.24 297.80 3823.68 1007.42

16 2.47 1.05 214.70 18.97 64.80 298.47 3525.88 1007.33

15 2.48 1.05 215.61 18.91 64.46 298.98 3227.41 1007.25

14 2.49 1.06 216.48 19.02 64.07 299.57 2928.43 1007.17

13 2.50 1.08 217.30 19.36 63.60 300.26 2628.87 1007.08

12 2.51 1.08 218.07 19.49 63.24 300.80 2328.61 1007.00

11 2.51 1.09 218.78 19.59 62.92 301.29 2027.81 1006.92

10 2.53 1.11 219.84 19.91 62.36 302.12 1726.52 1006.83

9 0.00 0.00 0.00 0.00 158.27 158.27 1424.40 1006.75

8 0.00 0.00 0.00 0.00 158.27 158.27 1266.13 1006.67

7 0.00 0.00 0.00 0.00 158.27 158.27 1107.87 1006.58

6 0.00 0.00 0.00 0.00 158.27 158.27 949.60 1006.50

5 0.00 0.00 0.00 0.00 158.27 158.27 791.33 1006.42

4 0.00 0.00 0.00 0.00 158.27 158.27 633.07 1006.33

3 0.00 0.00 0.00 0.00 158.27 158.27 474.80 1006.25

2 0.00 0.00 0.00 0.00 158.27 158.27 316.53 1006.17

1 0.00 0.00 0.00 0.00 158.27 158.27 158.27 1006.08

StormTech MC-4500 Cumulative Storage Volumes

Caliber Collision 

3791 sf  min. area

Include Perimeter Stone in Calculations

Click Here for Metric
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