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GENERAL INFORMATION 

Kimley-Horn and Associates, Inc. (Kimley-Horn) has been hired by Milhaus Development, LLC to provide 

professional civil engineering services for the proposed Arborwalk East Multi-Family Development. The 

project is generally located at the northeast corner of MO-150 Highway and SW Ward Rd in Lee’s Summit 

Missouri (See Exhibit 1). According to the Arborwalk Development Drainage Master Plan (See Appendix 

A), the project is located within a +/- 22.26-acre designated commercial area. Currently, there are 3 

parcels within the commercial area. The largest parcel, with an area of +/- 18.88 acres, will be subdivided 

into two parcels. The northernmost +/- 11.46-acre parcel will contain the proposed multi-family 

development, while the remaining +/- 7.42-acre parcel will remain unimproved and is not within the scope 

of the project. It is understood this will ultimately be developed as a commercial property by others. The 

existing site is covered in grasses and woodland. The surface runoff generally flows southeast into an 

existing box culvert located at the northeast corner of the MO-150 and SW Ward Rd intersection, 

ultimately discharging into Raintree Lake.  

The proposed multi-family development will generally include the construction of 8 walk-up garden style 

apartment buildings, as well as, associated new surface parking, new garage parking, new sidewalk 

plazas, new site access drives, new utility services, and streetscape improvements to serve the site. As 

referenced by the aforementioned drainage master plan, stormwater detention is provided upstream, 

adequately controlling peak flows for the entire planned commercial development. Therefore, no 

additional stormwater detention is proposed on site. The stormwater exiting the site will be routed through 

hydrodynamic separators designed to filter out pollutants per the MARC BMP Manual to treat water 

quality requirements. 

The property is generally situated within Section 25, Township 47N, Range 32W in Jackson County, 

Missouri (See Exhibit 2).  

According to FEMA’s (Federal Emergency Management Agency) Flood Insurance firm panel 

29095C0532G, the site is located in Zone X, an “Area of Minimal Flood Hazard” (See Exhibit 3). 

SOILS 

Table 1 below shows the typical soil classifications found on site. For more information, see the data 

obtained from the USDA Soil Survey of Jackson County, Missouri (See Exhibit 4). 

Table 1: USDA Soil Survey – On-Site Soil Characteristics 

Hydrologic Soil Group (HSG) Map Symbol Type           Slopes 

C 10082 Arisburg-Urban land Complex 1-5% 

D 10128 Sharpsburg-Urban land complex  2-5% 

C 10181 Udarents-Urban land-Sampsel 

Complex 

5-9% 

 



Storm Drainage Study │ Arborwalk East Multi-Family 
February 9th, 2023 │ 1st Submittal 

4 

 

METHODOLOGY 

The Hydraflow Hydrograph Package and Bentley Pondpack software were utilized to determine the 

effects of the development and ensure that the existing hydrologic conditions were restored, and even 

improved. Following the American Public Works Association (APWA) Section 5600 Storm Drainage 

Systems and Facilities guide, Curve Numbers (CN’s) and runoff coefficients (C’s) were calculated 

depending on the cover type, condition, and hydrologic soil group, and rainfall intensities (See 

Calculations 1). Chapter 6 of the MARC BMP manual was used to determine the water quality volume 

and treatment flows, and the overall manual was used as guidance when determining an appropriate 

stormwater treatment solution for the project. 

EXISTING CONDITIONS  

The proposed project is located within a designated commercial area, per the attached Arborwalk 

Development Drainage Master Plan.  The commercial area is +/- 22.26 acres, and was initially divided 

into three parcels. The largest parcel, with an area of +/- 18.88 acres, will be subdivided into two parcels, 

for a total of four parcels within the commercial area. These four parcels (Lot “A”, Lot “B”, Lot “C”, and Lot 

“D”) all generally drain southeast towards a sedimentation basin installed previously to treat runoff until 

the site was ultimately developed. Stormwater ultimately drains toward a box culvert located in the 

southeast corner of the commercial area, carrying the runoff underneath the intersection and ultimately 

discharging into Raintree Lake. 

The overall commercial area contains a wide variety of soils with slopes ranging from 1-9%. The soils 

belong to hydrologic soil groups C or D. The existing soils are described as moderately well drained to 

somewhat poorly drained. The existing site primarily consists of 1.52 acres of woods in good condition 

yielding a CN of 74, 5.05 acres of woods in good condition yielding a CN of 70, 12.64 acres of open 

space in good condition yielding a CN of 74, and 3.05 acres of open space in good condition yielding a 

CN of 80 (See Exhibit 5). This results in a cumulative pre-development CN of 74 with a time of 

concentration of 15 minutes. Table 2 below presents the rainfall intensity and peak flows for the overall 

commercial area at Critical Point 1 in the pre-development condition. 

 

Table 2: Pre-Development Overall Commercial Area Rainfall Intensity & Peak Flows 

  2-Year 10-Year 50-Year 100-Year 

Rainfall Intensity (in/hr) 2.16 3.07 4.02 4.47 

Pre-Development Peak Flow (CFS) 25.05 34.88 45.12 49.56 

 

 

Based on the existing topography, the previously planned commercial area could be defined and 

analyzed as one overall drainage area. However, the report will divide them into four separate drainage 

areas (areas A through D) to allow for a more in-depth analysis of the existing and proposed conditions 

(See Exhibit 6). The four drainage areas are described below: 

 

 

 

 



5 Storm Drainage Study │ Arborwalk East Multi-Family 
February 9th, 2023 │ 1st  Submittal  

 

Drainage Area “A” 

Drainage area “A” generally drains 11.46 acres of sheet flow and shallow concentrated flow inwards 

towards two unregulated rivulets discharging into the existing sediment basin located in drainage area 

“B”. A ridge along the eastern third of the area promotes flow away from the unregulated rivulet and into 

storm inlets along SW Ward Road. In both scenarios, the flow enters underground storm sewer and is 

discharged south across the intersection into a small channel. The small channel carries runoff towards a 

box culvert directing flow east, ultimately discharging at Raintree Lake. There is approximately 3.05 acres 

of open space in good condition yielding a CN of 80, 1.52 acres of woods in good condition yielding a CN 

of 74, 5.13 acres of open space in good condition yielding a CN of 74, and 1.75 acres of woods in good 

condition yielding a CN of 70. The cumulative CN is 75 with a time of concentration of 12 minutes. Table 

3 below represents the rainfall intensity and peak flows for drainage area A in the pre-development 

condition. 

 

Table 3: Pre-Development Drainage Area "A" Peak Flows 

  2-Year 10-Year 50-Year 100-Year 

Rainfall Intensity (in/hr) 2.22 3.16 4.13 4.53 

Pre-Development Peak Flow (CFS) 14.54 20.10 25.90 28.45 

 

 

Drainage Area “B” 

Drainage area “B” generally drains 7.45 acres of sheet flow and shallow concentrated flow east into the 

existing sedimentation basin and/or into the culvert located near the southeast corner of the entire 

commercial area. The culvert discharges into an unregulated tributary stream, ultimately flowing into 

Raintree Lake to the southeast. There is approximately 3.30 acres of woods in good condition yielding a 

CN of 70 and 4.15 acres of open space in good condition yielding a CN of 74. The cumulative CN is 75 

with a time of concentration of 14 minutes.  Table 4 below represents the rainfall intensity and peak flows 

for drainage area B in the pre-development condition. 

 

Table 4: Pre-Development Drainage Area "B" Peak Flows 

  2-Year 10-Year 50-Year 100-Year 

Rainfall Intensity (in/hr) 2.19 3.07 4.02 4.47 

Pre-Development Peak Flow (CFS) 8.82 12.25 15.81 17.37 

 

Drainage Area “C” 

Drainage area C generally drains 1.59 acres of sheet flow and shallow concentrated flow east, collecting 

in the existing sedimentation basin and ultimately discharging at Raintree Lake. The “Micro Stormwater 

Drainage Study for McBee’s Coffee ‘N Carwash” analyzes the existing conditions for what is referred to 

as “Drainage Area C” in this study, and was approved through the City of Lee’s Summit, MO. Therefore, 

no further analysis of Drainage Area C is required. The aforementioned drainage study can be found in 

Appendix C.   
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Drainage Area “D” 

Drainage area “D” generally drains 1.77 acres of sheet flow and shallow concentrated flow east into 

Drainage Area “C”. The flow is generally routed through the existing sedimentation basin located on the 

eastern half of the designated commercial area. The runoff is then conveyed through underground storm 

sewer south and discharged into an unregulated Raintree Lake tributary stream across MO 150 Highway. 

Ultimately, the runoff is discharged into Raintree Lake. There is approximately 1.77 acres of open space 

in good condition yielding a CN of 70. The cumulative CN is 70 with a time of concentration of 13 minutes. 

Table 5 below presents the rainfall intensity and peak flows for drainage area D in the pre-development 

condition. 

 

Table 5: Pre-Development Drainage Area "D" Peak Flows 

  2-Year 10-Year 50-Year 100-Year 

Rainfall Intensity (in/hr) 2.16 3.07 4.02 4.41 

Pre-Development Peak Flow (CFS) 2.15 2.98 3.84 4.22 

 

 

Calculations for the Existing Conditions section can be found in the Exhibits & Calculations section of 

the report. 

PROPOSED CONDITIONS  

The proposed improvements to the previously planned commercial area designated by the Arborwalk 

Development Drainage Master Plan will include improvements to Lots “A”, “B”, “C”, and “D”. 

Improvements to the +/-11.46-acre Lot “A” generally include the construction of 8 new garden style walk-

up apartment buildings, as well as, associated new surface parking, new garage parking, new sidewalk 

plaza, new site access drives, new utility services, and streetscape improvements to serve the site. 

Improvements to the +/- 7.45-acre Lot “B” will generally include the construction of 5 commercial 

buildings, as well as, associated new surface parking, new sidewalk, new site access drives, new utility 

services, and new streetscape improvements to serve the site. Improvements to the 1.59-acre Lot “C” will 

generally include the construction of a commercial carwash building, as well as, associated new surface 

parking and new underground detention. Improvements to the +/- 1.77-acre Lot “D” generally include the 

construction of a commercial building and pump stations, as well as, associated new surface parking, 

new utility services, new site access drives. At the time of this report, Lot “D” has been developed. Lots 

“B”, “C”, and “D” were studied to confirm detention requirements were met based on the outlined 

requirements of the Arborwalk Development Drainage Master Plan. The proposed improvements of these 

areas will be performed by others. 

The overall previously proposed commercial area primarily consists of 11.46 acres of Lot “A” multi-family 

development yielding a CN of 92, 7.45 acres of Lot “B” commercial development yielding a CN of 93, 1.59 

acres of Lot “C” commercial development yielding an approximate CN of 90 (See approved drainage 

report in Appendix C), and 1.80 acres of commercial development yielding a CN of 94 (See Exhibit 7). 

This distribution results in a post-development cumulative CN of 92 for the overall commercial area with a 

conservative time of concentration of 5 minutes. Table 6 below presents the rainfall intensity and peak 

flows for the area studied at Critical Point 1 in the post-development condition. 
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Table 6: Post-Development Overall Commercial Area Peak Flows 

  2-Year 10-Year 50-Year 100-Year 

Rainfall Intensity (in/hr) 2.16 3.07 4.02 4.47 

Post-Development Peak Flow (CFS) 34.69 49.36 64.56 71.83 

 

Based on the proposed topography, the previously planned commercial area could be defined and 

analyzed as one overall drainage area. However, the report will divide them into four separate drainage 

areas (areas A through D) to allow for a more in-depth analysis of the proposed conditions (See Exhibit 

8). The four drainage areas are described below: 

 

 

Drainage Area “A” 

Drainage Area “A” generally drains 11.46 acres of the overall area through a series of conveyance 

measures including new enclosed storm sewer and surface runoff. The captured runoff will be routed 

through water quality units (discussed further in the BMP Analysis section) and connected to a new RCB 

storm sewer constructed during Lot “B” improvements. It will ultimately be conveyed south to the box 

culvert at the northeast corner of MO 150 Highway and SW Ward Road, and discharged into Raintree 

Lake. Drainage Area “A” contains approximately 7.69 acres of impervious area and 3.77 acres of 

pervious area, resulting in a runoff coefficient of 0.70. The cumulative CN is 92 with a time of 

concentration of 5 minutes. Table 7 below represents the rainfall intensity and peak flows for drainage 

area “A” in the post-development condition. 

 

Table 7: Drainage Area “A” Post-Development Peak Flow Rates 

  2-Year 10-Year 50-Year 100-Year 

Rainfall Intensity (in/hr) 2.22 3.16 4.13 4.53 

Post-Development Peak Flow (CFS) 18.08 25.69 33.58 36.86 

 

The post-development peak flows exceed the requirements set by APWA Section 5608.4.C.1.a, 

traditionally requiring on-site detention. However, the overall Arborwalk development drainage master 

plan accounts for unrestricted flow discharging from the designated commercial area. This will be 

discussed in more detail in the Detention Analysis section below. 

Drainage Area “B” 

Drainage Area “B” generally drains 7.45 acres of the overall area through a series of conveyance 

measures including new enclosed storm sewer and surface runoff south to the NW corner of the MO 150 

Highway and SW Ward Road intersection. A box culvert carries the flow south across MO-150 Highway, 

discharging into an unregulated tributary stream before quickly flowing east underneath SW Ward Road 

through another culvert, and ultimately discharging into Raintree Lake. Drainage Area “B” contains 

approximately 5.33 acres of impervious area and 2.12 acres of pervious area, resulting in a runoff 

coefficient of 0.73. The cumulative CN is 93 with a conservative time of concentration of 5 minutes. Table 



Storm Drainage Study │ Arborwalk East Multi-Family 
February 9th, 2023 │ 1st Submittal 

8 

 

8 below represents the rainfall intensity and peak flows for drainage area D in the post-development 

condition. 

Table 8: Drainage Area "B" Post-Development Peak Flow Rates 

  2-Year 10-Year 50-Year 100-Year 

Rainfall Intensity (in/hr) 2.19 3.07 4.02 4.47 

Post-Development Peak Flow (CFS) 12.02 16.85 22.04 24.53 

 

The post-development peak flows exceed the requirements set by APWA Section 5608.4.C.1.a, 

traditionally requiring on-site detention. However, the overall Arborwalk development drainage master 

plan accounts for unrestricted flow discharging from the designated commercial area. This will be 

discussed in more detail in the Detention Analysis section below. 

Drainage Area “C” 

Drainage area C generally drains 1.59 acres of the overall area through a series of conveyance measures 

including new enclosed storm sewer and surface runoff. The runoff is routed through an underground 

detention basin, controlling flows per APWA’s “Comprehensive Control”, and ultimately discharging into a 

swale off-site into Drainage Area “B”.  The “Micro Stormwater Drainage Study for McBee’s Coffee ‘N 

Carwash” analyzes the proposed conditions for what is referred to as “Drainage Area C” in this study. 

This study was approved through the City of Lee’s Summit, MO so, therefore, no further analysis of 

Drainage Area C is required. The aforementioned drainage study can be found in Appendix C.   

 

Drainage Area “D” 

Drainage Area “D” generally drains 1.77 acres of the overall area through a series of conveyance 

measures including new enclosed storm sewer and sheet-flow runoff. The runoff is generally conveyed 

east, flowing offsite and ultimately discharging into Raintree Lake. The improvements to Drainage Area 

“D” were constructed at the time of this report, so the as-built condition was used to calculate cover-type 

data. Drainage Area “D” contains approximately 1.41 acres of impervious area and 0.35 acres of pervious 

area, resulting in a runoff coefficient of 0.78. The cumulative CN is 94 with a conservative time of 

concentration of 5 minutes. Table 9 below represents the rainfall intensity and peak flows for drainage 

area D in the post-development condition.  

Table 9: Drainage Area "D" Post-Development Peak Flow Rates 

  2-Year 10-Year 50-Year 100-Year 

Rainfall Intensity (in/hr) 2.16 3.07 4.02 4.41 

Post-Development Peak Flow (CFS) 3.00 4.27 5.58 6.12 

 

The post-development peak flows exceed the requirements set by APWA Section 5608.4.C.1.a, 

traditionally requiring on-site detention. However, the overall Arborwalk development drainage master 

plan accounts for unrestricted flow discharging from the designated commercial area. This will be 

discussed in more detail in the Detention Analysis section below. 
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Calculations for the Proposed Conditions can be found in the Exhibits & Calculations section of the 

report. 

DETENTION ANALYSIS 

Post-development peak discharge rates shall not exceed the “Comprehensive Control” requirements set 

forth by APWA Section 5608.4.C.1.a shown below: 

• 50% storm peak rate less than or equal to 0.5 cfs per site acre 

• 10% storm peak rate less than or equal to 2.0 cfs per site acre 

• 1% storm peak rate less than or equal to 3.0 cfs per site acre 

The post-development peak flows for the 22.46-acre designated overall commercial area are compared 

against the APWA requirements in Table 10 below. 

Table 10: Overall Commercial Peak Flows Compared to APWA’s  

  2-Year 10-Year 100-Year 

Rainfall Intensity (in/hr) 2.16 3.07 4.47 

Post-Development Peak Flow (CFS) 34.69 49.36 71.83 

Maximum Peak Flow Per APWA (CFS) 11.23 44.92 67.38 

 

The post-development peak flows exceed the minimum peak flows established by APWA’s 

Comprehensive Control during the 50% and 10% storm conditions, typically requiring a stormwater 

detention or retention facility. However, according to the Arborwalk Development Drainage Master Plan 

(See Appendix A), the extended dry detention basin and extended wet detention basin upstream of the 

commercial development provides satisfactory storage for downstream development in the designated 

commercial area. Page 2 of the attached Arborwalk drainage master plan states that: 

“The combination of the two basins will adequately hold the required volume of storage for both the 

southeast drainage basin including the future commercial development at the intersection of Ward Road 

and Highway 150” 

On Page 3, the report clarifies further that: 

“The proposed size of storage required for [limiting post-development flow] is approximately 7 acre-feet 

for the 25-year storm event and for the 100-year storm event the required storage is 10.9 acre-feet. The 

commercial area to the southeast when developed will require 4.8 acre-feet of storage for detention that 

is part of the required storage listed above” 

According to the master plan, 4.8 acre-feet of storage is provided in the upstream detention basins to help 

regulate flow in the designated commercial development that has been studied throughout this report. 

PondPack software was used to estimate the storage required to reduce post-development flow to the 
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peak flow rates defined by APWA’s Comprehensive Control. The required storage is found to be 96,047 

cubic feet or 2.20 acre-feet, far below the provided upstream storage of 4.8 acre-feet.  

Due to the upstream detention ponds providing more than adequate storage to control peak flows from 

the designated commercial area, as defined by the Arborwalk Drainage Master Plan, no additional 

stormwater management facilities are required for the proposed developments. 

BMP ANALYSIS 

The Mid-America Regional Council, Manual of Best Management Practices for Stormwater Quality, 

October 2012 requires the site to be designed to treat the additional impervious runoff during the 90% 

mean annual storm (1.37”/24 hr) created by site improvements. Each proposed development within the 

designated commercial area will be required to sufficiently treat the 90% mean annual event, per the City 

of Lee’s Summit’s approval.  

The proposed multi-family development in Lot “A”, being proposed alongside this drainage report, will 

satisfy the MARC BMP Manual’s guidance by routing approximately 9.77 acres of runoff through two 

hydrodynamic separators. The separators are designed to handle the treatment flow (calculated per 

Chapter 6 of the MARC Manual) to remove total suspended solids. Oils, cigarette butts, and larger sand 

particles would be removed from the runoff prior to it being discharged off-site. Following the MARC BMP 

Manual’s Value Rating (VR) and Level of Service system, the hydrodynamic separators provide a VR of 5 

while the overall site receives a Level of Service of 4. 

SUMMARY & RECOMMENDATIONS  
The proposed improvements for the Arborwalk East Multi-Family Development is located within an area 

designated for commercial development, as described in the Arborwalk Development Drainage Master 

Plan. The proposed private improvements within the designated commercial development area will 

increase the impervious areas which increases the peak flow runoff when compared to pre-development 

conditions. However, the aforementioned drainage master plan accounts for future development in this 

area by setting aside 4.8 acre-feet of storage in the extended wet & extended dry detention basins 

upstream. The proposed improvements in the previously designated commercial area would require 

approximately 2.20 acre-feet of storage to meet APWA’s Comprehensive Control Requirements in the 

post-development condition. Therefore, no additional detention is required within not only the proposed 

multi-family development, but also the entire designated commercial area.  

 

Each development within the previously designated commercial area will be required to propose 

stormwater treatment measures that sufficiently treat the 90% mean annual event. The proposed 

improvements for the Arborwalk East Multi-Family Development include two hydrodynamic separators 

designed to remove total suspended solids from the runoff prior to it entering the public storm sewer 

system. The separators provide a Value Rating of 5, and results in an overall Level of Service of 4 for the 

proposed multi-family site. 

 

Separate storm memos will be required, at the time of future development, for Lot “B” and Lot “C” to 

confirm that the proposed improvements align with this macro study. 

 

Because the Arborwalk East Multi-Family Development meets all the requirements of APWA section 

5600, the MARC BMP Manual, it has no adverse impacts to the downstream system, and the overall 
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drainage patterns of the entire site will remain unchanged; it is recommended that the site be developed 

as planned.



 

Exhibits & Calculations 
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PROPERTY LINE (TYP.)

LOT "B" COMMERCIAL DEVELOPMENT
AC = 7.45 ; CN = 93 ; C = 0.73

LOT "A" MULTIFAMILY DEVELOPMENT
AC = 11.46; CN = 92 ; C = 0.70

LOT "C" COMMERCIAL DEVELOPMENT
AC = 1.59 ; SEE APPENDIX B

LOT "D" COMMERCIAL DEVELOPMENT
AC = 1.80 ; CN = 94 ; C = 0.78

SHEET NUMBER

©

AR
BO

R
W

AL
K 

EA
ST

 M
U

LT
I-F

AM
IL

Y

EXHIBIT 7

PO
ST

-D
EV

EL
O

PM
EN

T 
C

O
VE

R
 T

YP
ES

NORTH

0
GRAPHIC SCALE IN FEET

250

125 250 500

http://kcl5.kclcad.com/ImageHandler.ashx?mediaid=75e379bb-ea59-4535-a8aa-94e743ddde3e&itype=spec&nickname=CL
http://kcl5.kclcad.com/ImageHandler.ashx?mediaid=75e379bb-ea59-4535-a8aa-94e743ddde3e&itype=spec&nickname=CL
http://kcl5.kclcad.com/ImageHandler.ashx?mediaid=75e379bb-ea59-4535-a8aa-94e743ddde3e&itype=spec&nickname=CL
http://kcl5.kclcad.com/ImageHandler.ashx?mediaid=75e379bb-ea59-4535-a8aa-94e743ddde3e&itype=spec&nickname=CL


VAN

$

U
TI

LI
TY

SI
N

K

SA
LT

ST
O

R
A

G
E

W
O

R
K

 B
EN

C
H

C
H

EM
IC

A
L 

ST
O

R
A

G
E

DUTCH BROS COFFEE
950 SQ. FT.

7

2,000sf

2,000sf

11,500sf

FOM

FOM

SW
 A

R
BO

R
LA

KE
 D

R

SW ARBORWALK BLVD

SW ARBORWALK BLVD

SW
 W

AR
D

 R
D

MO-150 HWY

PROPERTY LINE (TYP.)

UPSTREAM EXISTING REGIONAL
EXTENDED DRY DETENTION BASIN
STORAGE = 3.9 ACRE-FT

UPSTREAM EXISTING REGIONAL
WET DETENTION BASIN
STORAGE = 7.2 ACRE-FT

EXISTING STORM LINE &
STRUCTURES (TYP.)

CRITICAL POINT 1

LOT "C" DRAINAGE AREA
ACREAGE = 1.59LOT "D" DRAINAGE AREA

ACREAGE = 1.77

LOT "A" DRAINAGE AREA
ACREAGE = 11.46

LOT "B" DRAINAGE AREA
ACREAGE = 7.45

PROPOSED
COMMERCIAL
DEVELOPMENT

RAINTREE LAKE
UNREGULATED
TRIBUTARY
STREAM

PROPOSED
MULTIFAMILY

DEVELOPMENT

PROPOSED
COMMERCIAL

DEVELOPMENT

PROPOSED
COMMERCIAL

DEVELOPMENT

POND
OUTLINE
(TYP.)

PROPOSED STORM
SEWER (TYP.)

PROPOSED
WATER
QUALITY UNIT

PROPOSED
WATER
QUALITY UNIT
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PONDPACK PONDMAKER ESTIMATE



3.9 4.153

0.96 0.737

4.86 4.89

K 1 K 1

C 0.78 C 0.81

I (ft/s) 4.40E-05 I (ft/s) 4.40E-05

A (ft^2) 211701.6 A (ft^2) 213008.4

Treatment Unit - West Treatment Unit - East

Hydrodynamic Separator Treatment Flow Calculations Per MARC BMP Manual - Chapter 6

Total Area (AC)

Pervious (AC)

Impervious (AC)

7.58Treatment Flow (CFS)

Total Area (AC)

Pervious (AC)

Impervious (AC)

7.28Treatment Flow (CFS)



Tt (hr)= 12.581259

C= 0.3

l(ft)= 100

P2= 3.58

S= 1.5

Cover Grassland Cover Wooded Cover Wooded

Tt (min)= 0.53433333 Tt (min)= 0.19333333 Tt (min)= 1.47111111

l(ft)= 320.6 l(ft)= 174 l(ft)= 132.4

V (ft/s)= 10 V (ft/s)= 15 V (ft/s)= 1.5

Time of Concentration -  Overall

Segment 1 Segment 2 Segment 3

2.20

Note: Velocity Values are 

calculated using Table 

5602-6 in the KCMetro 

APWA 5600

Tt Total (min)

CUMULATIVE TRAVEL TIME (min)

14.78

Shallow Concentrated Flow

Sheet Flow (Inlet Time, Tt)

Tt Total (min)
Note: The inlet time 

equation is located in 

Section 5602.7.A from 

KCMetro APWA 560012.58



Tt (hr)= 10.7885323

C= 0.3

l(ft)= 100

P2= 3.58

S= 2.38

Cover Grassland Cover Wooded

Tt (min)= 0.63333333 Tt (min)= 0.12444444

l(ft)= 380 l(ft)= 112

V (ft/s)= 10 V (ft/s)= 15

CUMULATIVE TRAVEL TIME (min)

11.55

Time of Concentration -  Lot A

Segment 1 Segment 2

Tt Total (min)
Note: Velocity Values are 

calculated using Table 

5602-6 in the KCMetro 

APWA 56000.76

Sheet Flow (Inlet Time, Tt)

Tt Total (min)
Note: The inlet time 

equation is located in 

Section 5602.7.A from 

KCMetro APWA 560010.79

Shallow Concentrated Flow



Tt (hr)= 12.0676582

C= 0.3

l(ft)= 100

P2= 3.58

S= 1.7

Cover Grassland Cover Wooded

Tt (min)= 0.925 Tt (min)= 0.58333333

l(ft)= 555 l(ft)= 350

V (ft/s)= 10 V (ft/s)= 10

CUMULATIVE TRAVEL TIME (min)

13.58

Time of Concentration -  Lot B

Segment 1 Segment 2

Tt Total (min)
Note: Velocity Values are 

calculated using Table 

5602-6 in the KCMetro 

APWA 56001.51

Sheet Flow (Inlet Time, Tt)

Tt Total (min)
Note: The inlet time 

equation is located in 

Section 5602.7.A from 

KCMetro APWA 560012.07

Shallow Concentrated Flow



Tt (hr)= 12.581259

C= 0.3

l(ft)= 100

P2= 3.58

S= 1.5

Cover Grassland

Tt (min)= 0.29166667

l(ft)= 175

V (ft/s)= 10

CUMULATIVE TRAVEL TIME (min)

12.87

Time of Concentration -  Lot D

Segment 1

Tt Total (min)
Note: Velocity Values are 

calculated using Table 

5602-6 in the KCMetro 

APWA 56000.29

Sheet Flow (Inlet Time, Tt)

Tt Total (min)
Note: The inlet time 

equation is located in 

Section 5602.7.A from 

KCMetro APWA 560012.58

Shallow Concentrated Flow



150 & Ward Multi-Family - Overall Commercial Area

Subsection:  Modified Rational Grand Summary

Modified Rational Method

Q = CiA * Units Conversion; Where conversion = 43560 / (12 * 3600)

Volume 
(Storage)

(ft³)

Volume 
(inflow)

(ft³)

Flow 
(Allowable)

(ft³/s)

Flow 
(Peak)
(ft³/s)

Intensity
(in/h)

Duration
(min)

Adjusted C 
Coefficient

Area
(acres)

Frequency
(years)

54,751.97
4

91,574.26
6

25.0534.692.162440.71522.2602

54,751.97
4

91,574.26
6

25.0534.692.162440.71522.2602

82,872.72
9

136,239.5
99

34.8849.363.077460.71522.26010

99,943.17
8

163,075.1
87

40.4757.833.604470.71522.26025

111,667.4
79

182,047.5
89

45.1264.564.024470.71522.26050

125,260.3
00

202,573.3
75

49.5671.834.477470.71522.260100
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150 & Ward Multi-Family - Overall Commercial Area

Scenario:  2 Year

Storm Event:  User Defined IDF Table - 1 - 2 

Year
Label:  CM-2

Return Event:  2 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)22.2600.300Pervious Area

6.67822.2600.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Overall Commercial Area

Scenario:  2 Year

Storm Event:  User Defined IDF Table - 1 - 2 

Year
Label:  CM-2

Return Event:  2 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)15.3900.900Impervious

(N/A)6.8700.300Pervious

15.91222.2600.715Weighted C & Total Area --->
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150 & Ward Multi-Family - Overall Commercial Area

Scenario:  2 Year

Storm Event:  User Defined IDF Table - 1 - 2 

Year
Label:  CM-2

Return Event:  2 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min44
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min44
Time of Duration (Modified 
Rational, Critical)

in/h5.410
Intensity (Modified Rational, 
Peak)

in/h2.162
Intensity (Modified Rational, 
Critical)

ft³/s86.80Flow (Modified Rational, Peak)
ft³/s34.69

Flow (Modified Rational, 
Critical)

[3] [4]

min45
Second Outflow Breakpoint 
(Modified Rational)

ft³54,751.974
Storage (Modified Rational, 
Estimated)

ft³/s25.05
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Overall Commercial Area

Scenario:  10 Year

Storm Event:  User Defined IDF Table - 1 - 10 

Year
Label:  CM-2

Return Event:  10 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)22.2600.300Pervious Area

6.67822.2600.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Overall Commercial Area

Scenario:  10 Year

Storm Event:  User Defined IDF Table - 1 - 10 

Year
Label:  CM-2

Return Event:  10 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)15.3900.900Impervious

(N/A)6.8700.300Pervious

15.91222.2600.715Weighted C & Total Area --->
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150 & Ward Multi-Family - Overall Commercial Area

Scenario:  10 Year

Storm Event:  User Defined IDF Table - 1 - 10 

Year
Label:  CM-2

Return Event:  10 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min46
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min46
Time of Duration (Modified 
Rational, Critical)

in/h7.350
Intensity (Modified Rational, 
Peak)

in/h3.077
Intensity (Modified Rational, 
Critical)

ft³/s117.92Flow (Modified Rational, Peak)
ft³/s49.36

Flow (Modified Rational, 
Critical)

[3] [4]

min47
Second Outflow Breakpoint 
(Modified Rational)

ft³82,872.729
Storage (Modified Rational, 
Estimated)

ft³/s34.88
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Overall Commercial Area

Scenario:  50 Year

Storm Event:  User Defined IDF Table - 1 - 50 

Year
Label:  CM-2

Return Event:  50 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)22.2600.300Pervious Area

6.67822.2600.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Overall Commercial Area

Scenario:  50 Year

Storm Event:  User Defined IDF Table - 1 - 50 

Year
Label:  CM-2

Return Event:  50 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)15.3900.900Impervious

(N/A)6.8700.300Pervious

15.91222.2600.715Weighted C & Total Area --->
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150 & Ward Multi-Family - Overall Commercial Area

Scenario:  50 Year

Storm Event:  User Defined IDF Table - 1 - 50 

Year
Label:  CM-2

Return Event:  50 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min47
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min47
Time of Duration (Modified 
Rational, Critical)

in/h9.400
Intensity (Modified Rational, 
Peak)

in/h4.024
Intensity (Modified Rational, 
Critical)

ft³/s150.81Flow (Modified Rational, Peak)
ft³/s64.56

Flow (Modified Rational, 
Critical)

[3] [4]

min49
Second Outflow Breakpoint 
(Modified Rational)

ft³111,667.479
Storage (Modified Rational, 
Estimated)

ft³/s45.12
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Overall Commercial Area

Scenario:  100 Year

Storm Event:  User Defined IDF Table - 1 - 

100 Year
Label:  CM-2

Return Event:  100 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)22.2600.300Pervious Area

6.67822.2600.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Overall Commercial Area

Scenario:  100 Year

Storm Event:  User Defined IDF Table - 1 - 

100 Year
Label:  CM-2

Return Event:  100 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)15.3900.900Impervious

(N/A)6.8700.300Pervious

15.91222.2600.715Weighted C & Total Area --->
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150 & Ward Multi-Family - Overall Commercial Area

Scenario:  100 Year

Storm Event:  User Defined IDF Table - 1 - 

100 Year
Label:  CM-2

Return Event:  100 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min47
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min47
Time of Duration (Modified 
Rational, Critical)

in/h10.320
Intensity (Modified Rational, 
Peak)

in/h4.477
Intensity (Modified Rational, 
Critical)

ft³/s165.57Flow (Modified Rational, Peak)
ft³/s71.83

Flow (Modified Rational, 
Critical)

[3] [4]

min49
Second Outflow Breakpoint 
(Modified Rational)

ft³125,260.300
Storage (Modified Rational, 
Estimated)

ft³/s49.56
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Lot A

Subsection:  Modified Rational Grand Summary

Modified Rational Method

Q = CiA * Units Conversion; Where conversion = 43560 / (12 * 3600)

Volume 
(Storage)

(ft³)

Volume 
(inflow)

(ft³)

Flow 
(Allowable)

(ft³/s)

Flow 
(Peak)
(ft³/s)

Intensity
(in/h)

Duration
(min)

Adjusted C 
Coefficient

Area
(acres)

Frequency
(years)

25,052.78
5

45,556.06
4

14.5418.082.226420.70311.4602

38,270.37
5

67,821.81
1

20.1025.693.163440.70311.46010

46,269.33
7

81,240.47
8

23.3130.093.705450.70311.46025

51,824.38
8

90,669.19
8

25.9033.584.135450.70311.46050

58,208.52
7

101,732.0
66

28.4536.864.539460.70311.460100
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150 & Ward Multi-Family - Lot A

Scenario:  2 Year

Storm Event:  User Defined IDF Table - 1 - 2 

Year
Label:  CM-2

Return Event:  2 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)11.4560.300Pervious Area

3.43711.4560.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot A

Scenario:  2 Year

Storm Event:  User Defined IDF Table - 1 - 2 

Year
Label:  CM-2

Return Event:  2 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)7.6940.900Impervious

(N/A)3.7660.300Pervious

8.05411.4600.703Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot A

Scenario:  2 Year

Storm Event:  User Defined IDF Table - 1 - 2 

Year
Label:  CM-2

Return Event:  2 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min42
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min42
Time of Duration (Modified 
Rational, Critical)

in/h5.410
Intensity (Modified Rational, 
Peak)

in/h2.226
Intensity (Modified Rational, 
Critical)

ft³/s43.94Flow (Modified Rational, Peak)
ft³/s18.08

Flow (Modified Rational, 
Critical)

[3] [4]

min43
Second Outflow Breakpoint 
(Modified Rational)

ft³25,052.785
Storage (Modified Rational, 
Estimated)

ft³/s14.54
Flow (Modified Rational, 
Allowable)

Page 4 of 1327 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

2/8/2023

PondPack CONNECT Edition
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center150 & Ward Lot A.ppc



150 & Ward Multi-Family - Lot A

Scenario:  10 Year

Storm Event:  User Defined IDF Table - 1 - 10 

Year
Label:  CM-2

Return Event:  10 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)11.4560.300Pervious Area

3.43711.4560.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot A

Scenario:  10 Year

Storm Event:  User Defined IDF Table - 1 - 10 

Year
Label:  CM-2

Return Event:  10 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)7.6940.900Impervious

(N/A)3.7660.300Pervious

8.05411.4600.703Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot A

Scenario:  10 Year

Storm Event:  User Defined IDF Table - 1 - 10 

Year
Label:  CM-2

Return Event:  10 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min44
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min44
Time of Duration (Modified 
Rational, Critical)

in/h7.350
Intensity (Modified Rational, 
Peak)

in/h3.163
Intensity (Modified Rational, 
Critical)

ft³/s59.69Flow (Modified Rational, Peak)
ft³/s25.69

Flow (Modified Rational, 
Critical)

[3] [4]

min45
Second Outflow Breakpoint 
(Modified Rational)

ft³38,270.375
Storage (Modified Rational, 
Estimated)

ft³/s20.10
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Lot A

Scenario:  50 Year

Storm Event:  User Defined IDF Table - 1 - 50 

Year
Label:  CM-2

Return Event:  50 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)11.4560.300Pervious Area

3.43711.4560.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot A

Scenario:  50 Year

Storm Event:  User Defined IDF Table - 1 - 50 

Year
Label:  CM-2

Return Event:  50 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)7.6940.900Impervious

(N/A)3.7660.300Pervious

8.05411.4600.703Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot A

Scenario:  50 Year

Storm Event:  User Defined IDF Table - 1 - 50 

Year
Label:  CM-2

Return Event:  50 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min45
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min45
Time of Duration (Modified 
Rational, Critical)

in/h9.400
Intensity (Modified Rational, 
Peak)

in/h4.135
Intensity (Modified Rational, 
Critical)

ft³/s76.34Flow (Modified Rational, Peak)
ft³/s33.58

Flow (Modified Rational, 
Critical)

[3] [4]

min46
Second Outflow Breakpoint 
(Modified Rational)

ft³51,824.388
Storage (Modified Rational, 
Estimated)

ft³/s25.90
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Lot A

Scenario:  100 Year

Storm Event:  User Defined IDF Table - 1 - 

100 Year
Label:  CM-2

Return Event:  100 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)11.4560.300Pervious Area

3.43711.4560.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot A

Scenario:  100 Year

Storm Event:  User Defined IDF Table - 1 - 

100 Year
Label:  CM-2

Return Event:  100 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)7.6940.900Impervious

(N/A)3.7660.300Pervious

8.05411.4600.703Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot A

Scenario:  100 Year

Storm Event:  User Defined IDF Table - 1 - 

100 Year
Label:  CM-2

Return Event:  100 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min46
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min46
Time of Duration (Modified 
Rational, Critical)

in/h10.320
Intensity (Modified Rational, 
Peak)

in/h4.539
Intensity (Modified Rational, 
Critical)

ft³/s83.81Flow (Modified Rational, Peak)
ft³/s36.86

Flow (Modified Rational, 
Critical)

[3] [4]

min47
Second Outflow Breakpoint 
(Modified Rational)

ft³58,208.527
Storage (Modified Rational, 
Estimated)

ft³/s28.45
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Lot B

Subsection:  Modified Rational Grand Summary

Modified Rational Method

Q = CiA * Units Conversion; Where conversion = 43560 / (12 * 3600)

Volume 
(Storage)

(ft³)

Volume 
(inflow)

(ft³)

Flow 
(Allowable)

(ft³/s)

Flow 
(Peak)
(ft³/s)

Intensity
(in/h)

Duration
(min)

Adjusted C 
Coefficient

Area
(acres)

Frequency
(years)

18,302.60
9

31,007.34
9

8.8212.022.194430.7297.4492

27,778.34
7

46,515.51
6

12.2516.853.077460.7297.44910

37,488.95
4

62,155.47
9

15.8122.044.024470.7297.44950

42,067.44
9

69,163.48
2

17.3724.534.477470.7297.449100
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150 & Ward Multi-Family - Lot B

Scenario:  2 Year

Storm Event:  User Defined IDF Table - 1 - 2 

Year
Label:  CM-2

Return Event:  2 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)7.4480.300Pervious Area

2.2347.4480.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot B

Scenario:  2 Year

Storm Event:  User Defined IDF Table - 1 - 2 

Year
Label:  CM-2

Return Event:  2 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)5.3300.900Impervious

(N/A)2.1190.300Pervious

5.4337.4490.729Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot B

Scenario:  2 Year

Storm Event:  User Defined IDF Table - 1 - 2 

Year
Label:  CM-2

Return Event:  2 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min43
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min43
Time of Duration (Modified 
Rational, Critical)

in/h5.410
Intensity (Modified Rational, 
Peak)

in/h2.194
Intensity (Modified Rational, 
Critical)

ft³/s29.64Flow (Modified Rational, Peak)
ft³/s12.02

Flow (Modified Rational, 
Critical)

[3] [4]

min44
Second Outflow Breakpoint 
(Modified Rational)

ft³18,302.609
Storage (Modified Rational, 
Estimated)

ft³/s8.82
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Lot B

Scenario:  10 Year

Storm Event:  User Defined IDF Table - 1 - 10 

Year
Label:  CM-2

Return Event:  10 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)7.4480.300Pervious Area

2.2347.4480.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot B

Scenario:  10 Year

Storm Event:  User Defined IDF Table - 1 - 10 

Year
Label:  CM-2

Return Event:  10 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)5.3300.900Impervious

(N/A)2.1190.300Pervious

5.4337.4490.729Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot B

Scenario:  10 Year

Storm Event:  User Defined IDF Table - 1 - 10 

Year
Label:  CM-2

Return Event:  10 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min46
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min46
Time of Duration (Modified 
Rational, Critical)

in/h7.350
Intensity (Modified Rational, 
Peak)

in/h3.077
Intensity (Modified Rational, 
Critical)

ft³/s40.26Flow (Modified Rational, Peak)
ft³/s16.85

Flow (Modified Rational, 
Critical)

[3] [4]

min47
Second Outflow Breakpoint 
(Modified Rational)

ft³27,778.347
Storage (Modified Rational, 
Estimated)

ft³/s12.25
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Lot B

Scenario:  50 Year

Storm Event:  User Defined IDF Table - 1 - 50 

Year
Label:  CM-2

Return Event:  50 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)7.4480.300Pervious Area

2.2347.4480.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot B

Scenario:  50 Year

Storm Event:  User Defined IDF Table - 1 - 50 

Year
Label:  CM-2

Return Event:  50 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)5.3300.900Impervious

(N/A)2.1190.300Pervious

5.4337.4490.729Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot B

Scenario:  50 Year

Storm Event:  User Defined IDF Table - 1 - 50 

Year
Label:  CM-2

Return Event:  50 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min47
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min47
Time of Duration (Modified 
Rational, Critical)

in/h9.400
Intensity (Modified Rational, 
Peak)

in/h4.024
Intensity (Modified Rational, 
Critical)

ft³/s51.49Flow (Modified Rational, Peak)
ft³/s22.04

Flow (Modified Rational, 
Critical)

[3] [4]

min48
Second Outflow Breakpoint 
(Modified Rational)

ft³37,488.954
Storage (Modified Rational, 
Estimated)

ft³/s15.81
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Lot B

Scenario:  100 Year

Storm Event:  User Defined IDF Table - 1 - 

100 Year
Label:  CM-2

Return Event:  100 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)7.4480.300Pervious Area

2.2347.4480.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot B

Scenario:  100 Year

Storm Event:  User Defined IDF Table - 1 - 

100 Year
Label:  CM-2

Return Event:  100 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)5.3300.900Impervious

(N/A)2.1190.300Pervious

5.4337.4490.729Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot B

Scenario:  100 Year

Storm Event:  User Defined IDF Table - 1 - 

100 Year
Label:  CM-2

Return Event:  100 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min47
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min47
Time of Duration (Modified 
Rational, Critical)

in/h10.320
Intensity (Modified Rational, 
Peak)

in/h4.477
Intensity (Modified Rational, 
Critical)

ft³/s56.53Flow (Modified Rational, Peak)
ft³/s24.53

Flow (Modified Rational, 
Critical)

[3] [4]

min48
Second Outflow Breakpoint 
(Modified Rational)

ft³42,067.449
Storage (Modified Rational, 
Estimated)

ft³/s17.37
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Lot D

Subsection:  Modified Rational Grand Summary

Modified Rational Method

Q = CiA * Units Conversion; Where conversion = 43560 / (12 * 3600)

Volume 
(Storage)

(ft³)

Volume 
(inflow)

(ft³)

Flow 
(Allowable)

(ft³/s)

Flow 
(Peak)
(ft³/s)

Intensity
(in/h)

Duration
(min)

Adjusted C 
Coefficient

Area
(acres)

Frequency
(years)

4,753.9817,913.2522.153.002.162440.7801.7632

7,215.40011,772.93
9

2.984.273.077460.7801.76310

9,736.58415,731.36
7

3.845.584.024470.7801.76350

10,920.78
7

17,632.62
2

4.226.124.416480.7801.763100

Page 1 of 1327 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

2/8/2023

PondPack CONNECT Edition
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution 
Center150 & Ward Lot D.ppc



150 & Ward Multi-Family - Lot D

Scenario:  2 Year

Storm Event:  User Defined IDF Table - 1 - 2 

Year
Label:  CM-2

Return Event:  2 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)1.7700.300Pervious Area

0.5311.7700.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot D

Scenario:  2 Year

Storm Event:  User Defined IDF Table - 1 - 2 

Year
Label:  CM-2

Return Event:  2 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)1.4100.900Impervious

(N/A)0.3530.300Open Space

1.3751.7630.780Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot D

Scenario:  2 Year

Storm Event:  User Defined IDF Table - 1 - 2 

Year
Label:  CM-2

Return Event:  2 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min44
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min44
Time of Duration (Modified 
Rational, Critical)

in/h5.410
Intensity (Modified Rational, 
Peak)

in/h2.162
Intensity (Modified Rational, 
Critical)

ft³/s7.50Flow (Modified Rational, Peak)
ft³/s3.00

Flow (Modified Rational, 
Critical)

[3] [4]

min45
Second Outflow Breakpoint 
(Modified Rational)

ft³4,753.981
Storage (Modified Rational, 
Estimated)

ft³/s2.15
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Lot D

Scenario:  10 Year

Storm Event:  User Defined IDF Table - 1 - 10 

Year
Label:  CM-2

Return Event:  10 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)1.7700.300Pervious Area

0.5311.7700.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot D

Scenario:  10 Year

Storm Event:  User Defined IDF Table - 1 - 10 

Year
Label:  CM-2

Return Event:  10 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)1.4100.900Impervious

(N/A)0.3530.300Open Space

1.3751.7630.780Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot D

Scenario:  10 Year

Storm Event:  User Defined IDF Table - 1 - 10 

Year
Label:  CM-2

Return Event:  10 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min46
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min46
Time of Duration (Modified 
Rational, Critical)

in/h7.350
Intensity (Modified Rational, 
Peak)

in/h3.077
Intensity (Modified Rational, 
Critical)

ft³/s10.19Flow (Modified Rational, Peak)
ft³/s4.27

Flow (Modified Rational, 
Critical)

[3] [4]

min48
Second Outflow Breakpoint 
(Modified Rational)

ft³7,215.400
Storage (Modified Rational, 
Estimated)

ft³/s2.98
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Lot D

Scenario:  50 Year

Storm Event:  User Defined IDF Table - 1 - 50 

Year
Label:  CM-2

Return Event:  50 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)1.7700.300Pervious Area

0.5311.7700.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot D

Scenario:  50 Year

Storm Event:  User Defined IDF Table - 1 - 50 

Year
Label:  CM-2

Return Event:  50 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)1.4100.900Impervious

(N/A)0.3530.300Open Space

1.3751.7630.780Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot D

Scenario:  50 Year

Storm Event:  User Defined IDF Table - 1 - 50 

Year
Label:  CM-2

Return Event:  50 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min47
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min47
Time of Duration (Modified 
Rational, Critical)

in/h9.400
Intensity (Modified Rational, 
Peak)

in/h4.024
Intensity (Modified Rational, 
Critical)

ft³/s13.03Flow (Modified Rational, Peak)
ft³/s5.58

Flow (Modified Rational, 
Critical)

[3] [4]

min49
Second Outflow Breakpoint 
(Modified Rational)

ft³9,736.584
Storage (Modified Rational, 
Estimated)

ft³/s3.84
Flow (Modified Rational, 
Allowable)
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150 & Ward Multi-Family - Lot D

Scenario:  100 Year

Storm Event:  User Defined IDF Table - 1 - 

100 Year
Label:  CM-2

Return Event:  100 yearsSubsection:  C and Area (Pre-Development)

C and Area Results (Pre-Development)

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)1.7700.300Pervious Area

0.5311.7700.300Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot D

Scenario:  100 Year

Storm Event:  User Defined IDF Table - 1 - 

100 Year
Label:  CM-2

Return Event:  100 yearsSubsection:  C and Area (Post-Development)

C and Area Results

Area (Adjusted)
(acres)

Area
(acres)

C CoefficientSoil/Surface Description

(N/A)1.4100.900Impervious

(N/A)0.3530.300Open Space

1.3751.7630.780Weighted C & Total Area --->
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150 & Ward Multi-Family - Lot D

Scenario:  100 Year

Storm Event:  User Defined IDF Table - 1 - 

100 Year
Label:  CM-2

Return Event:  100 yearsSubsection:  Modified Rational Graph

Method IMethod Type

min48
Time of Duration (Modified 
Rational, Critical)

[1] [2]

min5
Time of Concentration 
(Modified Rational, Composite)

min48
Time of Duration (Modified 
Rational, Critical)

in/h10.320
Intensity (Modified Rational, 
Peak)

in/h4.416
Intensity (Modified Rational, 
Critical)

ft³/s14.31Flow (Modified Rational, Peak)
ft³/s6.12

Flow (Modified Rational, 
Critical)

[3] [4]

min50
Second Outflow Breakpoint 
(Modified Rational)

ft³10,920.787
Storage (Modified Rational, 
Estimated)

ft³/s4.22
Flow (Modified Rational, 
Allowable)
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GENERAL INFORMATION: 
 
  
McBee’s Coffee N’ Carwash is a new development being built on an existing 
developed lot. Davidson Architecture and Engineering, LLC has prepared a micro 
storm drainage study for the proposed project.  
 
A. Project Location & Description 
 
The proposed Project is located at 1295 Southwest Arborwalk Boulevard, north 
of MO-150, in Lee’s Summit, MO. The developer plans to construct a single 
building for the carwash with a carwash tunnel, dog wash station, vacuums, 
parking lot, underground detention storage, and associated utilities.  

 
 
B. Existing Conditions 
 
The subject property consists of 1.53 acres. Currently, the entire site consists of 
pervious area generally sloping from the southwest to northeast corner with 
storm water collecting in a drainage swale along SW Arborwalk Blvd.  There is an 
existing drainage study for the subject area, as part of a larger development that 
treated this area as a commercial site.   
 
The project site is located in Zone X of the National Flood Insurance Program, 
Community-Panel Number 29095C0532G, Effective Date: January 20, 2017. 
Exhibit contained in the appendix of this report.  
 
 
C. Proposed Improvements 
 

 

 

 

Project Site 



 

The development is proposed to be constructed in one phase.  A single building, 
an asphalt & concrete parking lot with concrete curb and gutter, lighting and on-
site stormwater detention basin to control runoff for this site. The majority of the 
development shall be directed to the on-site storm water detention basin. The 
proposed site will contain approximatley 0.95 acres of impervious area and 0.85 
acres of pervious area. Storm water will collect by a new storm sewer system, 
enter dual 48’’ pipes for storage and will discharge to the same location the runoff 
is currently going. A new 18’’ pipe will carry the current roadway ditch runoff to a 
new 24’’ pipe, to cross under a new common drive and will discharge to the east 
of the site where the flow is currently channelized.    
 
 
METHODOLOGY: 
 
KCAPWA IDF curves were used to determine the rainfall intensity for the 2, 10, 
and 100-year storm events. Existing and proposed conditions were modeled and 
analyzed using Hydraflow Hydrographs Extension for AutoCAD Civil 3D 2021 
(Hydraflow). Hydrograph routing within Hydraflow used the Rational Method with 
depths of 3.71”, 5.2”, and 7.8” for the 50% (2-Yr), 10% (10-Yr), and 1% (100-Yr) 
storm events, respectively. This method is also used in SCS TR-55. Convolution 
is known as linear superpositioning, and means that each ordinate of the rainfall 
hyetograph is multiplied by each ordinate of the unit hydrograph, thus creating a 
series of hydrographs. These hydrographs are then summed to form the final 
runoff hydrograph. Rainfall frequencies were determined by using TECHNICAL 
PAPER NO.40, RAINFALL FREQUENCY ATLAS OF THE UNITED STATES, by 
the U.S. Department of Commerce, Weather Bureau. The October 2012 
American Public Works Association BMP Manual was used for this storm study. 
 
 
EXISTING CONDITION ANALYSIS: 
 
The existing site, located near 1295 Southwest Arborwarlk Boulevard, consists of 
pervious area that has been graded for a future development. There is a curb cut 
for a proposed drive on the south side, off MO-150 and a connection in the 
northwest corner to an existing site. There is a drainage swale along the north 
property line that carries storm runoff from the west to the east, through an 18’’ 
HDPE pipe.     
 
The existing 1.53-acre site is part of a larger development, called Arborwalk that 
was designed in 2002. The drainage master plan contains this property in the 
described “Southeast” watershed. The study states that this commercial area will 
only need limited detention within the boundaries because the upstream 
detention basins have been designed to control a portion of these sites once 
developed. It is not clear how much each future site is responsible for detaining. 
 
 
PROPOSED CONDITION ANALYSIS: 
 



 

For commercial development of this lot, we’ve designed a detention basin using 
dual 48’’ pipes underground to hold the stormwater runoff from the 1.53 acre site 
and release it at or less than the allowable release rates. 
 
The detention basin has been designed to effectively capture and discharge the 
runoff from the developed site, per the requirements set by APWA Section 
5601.5.A.4.a. Discharge from the detention basin will be controlled by a 
proposed outlet structure that will maintain release rates less than allowable 
rates, while also maintaining water quality requirements specified in APWA 
Section 5608.4.C.1.b.  
 
Post-development peak discharge rates shall not exceed the requirements set by 
APWA Section 5608.4.C.1.a that are shown below: 

• 50% storm peak rate less than or equal to 0.5 cfs per site acre 
o Site specific allowable release rate: 0.75 cfs 

• 10% storm peak rate less than or equal to 2.0 cfs per site acre 
o Site specific allowable release rate: 3.06 cfs 

• 1% storm peak rate less than or equal to 3.0 cfs per site acre 
o Site specific allowable release rate: 4.59 cfs 

 
The stormwater on site will be collected by curb and grate inlets and then piped 
to the underground storage pipes. There will be an outlet structure with a weir 
plate to control the release rates from this underground detention system.  
 
Once developed, there will be approximatley 0.95 acres of impervious area and 
0.85 acres of pervious area. A conservate runoff coefficient of 0.90 was used for 
this commercial development. 
 
 

Proposed Site Runoff Hydraflow Results 

Storm 
Event 

(yr) 

Post-developed 
runoff 

Routed through 
detention 

(cfs) 

Post-developed 
runoff 

Bypassing 
detention 

(cfs) 

Total Post-
Developed 
site runoff 

(cfs) 

Allowable 
release rate for 
1.53 acre site 

2-Yr 0.15 0.45 0.61 0.75 

10-Yr 0.76 0.74 1.39 3.06 

100-Yr 1.93 1.00 2.97 4.59 

 
 
The detention basin is designed to detain runoff to the required discharge rates 
allowable for the site per the City's current standards. The proposed storm water 
detention basin result in the following general conditions: 
 
 



 

Detention Basin Summary   

Event 
(yr) 

Total Flows 
to Detention 

Basin 
(cfs) 

Detention Basin 
Discharge Qp 

(cfs) 

Top Elevation 
Max. El. 

(ft) 

Max. Storage 
(cuft) 

2-Yr 6.81 0.15  996.69 2,025 

10-Yr 9.25 0.76  997.08 2,647 

100-Yr 16.22 1.93 998.27  4,394 

 
 
STORM WATER QUALITY 
 
The Mid-America Regional Council, Manual of Best Management Practices for 
Stormwater Quality, October 2012 requires the site to be designed to capture 
and treat the additional impervious runoff during the 90% mean annual storm 
(1.37”/24 hr) created by site improvements. The proposed outlet structure from 
the detention basin will control discharge from the 90% mean annual event to the 
minimum forty-hour extended detention requirement for comprehensive control. 
The outlet structure will have a perforated riser placed at the bottom elevation of 
the pond to control the discharge from the detention basin to meet this 
requirement. 
 
 
SUMMARY: 
 
Contained in the appendix is the analysis of the proposed runoff hydrographs 
based on the allowable discharge rates. With the proposed McBee’s Coffee N 
Carwash, the 1.53-acre site will increase the impervious area but the runoff will 
be controlled and released per the allowable amounts by collecting the storm 
water in a new storm system and detaining it in the underground pipes, acting as 
a detention basin.  
 
The drainage maps and storm networks are shown on construction drawings 
C3.1 and C3.2. 
 

Total Runoff Comparison 

Storm Event 

(yr) 

Post-development rate 

(cfs) 
 

Allowable release rate 

(cfs) 

2-Yr 0.61 < 0.75 

10-Yr 1.39 < 3.06 

100-Yr 2.97 < 4.59 

 



 

Appendix A – Supporting Data 
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Appendix B – Hydraflow Hydrograph Output 
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1

Watershed Model Schematic
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021

Project: 21072.15 Detention.gpw Thursday, 05 / 12 / 2022



Hydrograph Return Period Recap

2

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 Rational ------ 3.679 6.811 ------- 8.152 9.259 10.73 11.83 16.22 Post Developed

2 Reservoir 1 0.007 0.152 ------- 0.461 0.767 1.111 1.303 1.935 <no description>

3 Rational ------ 0.304 0.458 ------- 0.557 0.632 0.742 0.813 1.002 No detention

4 Combine 2, 3 0.310 0.610 ------- 1.017 1.399 1.851 2.111 2.927 Total Post

Proj. file: 21072.15 Detention.gpw Thursday, 05 / 12 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Summary Report

3

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 Rational 3.679 1 5 1,104 ------ ------ ------ Post Developed

2 Reservoir 0.007 1 10 907 1 996.08 1,101 <no description>

3 Rational 0.304 1 10 182 ------ ------ ------ No detention

4 Combine 0.310 1 10 1,089 2, 3 ------ ------ Total Post

21072.15 Detention.gpw Return Period: 1 Year Thursday, 05 / 12 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 1

Post Developed

Hydrograph type =  Rational Peak discharge =  3.679 cfs
Storm frequency =  1 yrs Time to peak =  5 min
Time interval =  1 min Hyd. volume =  1,104 cuft
Drainage area =  1.400 ac Runoff coeff. =  0.9
Intensity =  2.920 in/hr Tc by User =  5.00 min
IDF Curve =  KCAPWA 1.37''.IDF Asc/Rec limb fact =  1/1

4
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Post Developed

Hyd. No. 1 -- 1 Year

Hyd No. 1



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 2

<no description>

Hydrograph type =  Reservoir Peak discharge =  0.007 cfs
Storm frequency =  1 yrs Time to peak =  10 min
Time interval =  1 min Hyd. volume =  907 cuft
Inflow hyd. No. =  1 - Post Developed Max. Elevation =  996.08 ft
Reservoir name =  UG pipes Max. Storage =  1,101 cuft

Storage Indication method used.

5

0 300 600 900 1200 1500 1800 2100 2400 2700 3000

Q (cfs)

0.00 0.00

1.00 1.00

2.00 2.00

3.00 3.00

4.00 4.00

Q (cfs)

Time (min)

<no description>

Hyd. No. 2 -- 1 Year

Hyd No. 2 Hyd No. 1 Total storage used = 1,101 cuft



Pond Report 6

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Pond No. 2 -  UG pipes

Pond Data

UG Chambers -Invert elev. = 995.00 ft,  Rise x Span = 4.00 x 4.00 ft,  Barrel Len = 200.00 ft,  No. Barrels = 2,  Slope = 0.00%,  Headers = No

Stage / Storage Table

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

0.00 995.00 n/a 0 0
0.40 995.40 n/a 262 262
0.80 995.80 n/a 454 716
1.20 996.20 n/a 553 1,269
1.60 996.60 n/a 609 1,878
2.00 997.00 n/a 636 2,514
2.40 997.40 n/a 636 3,151
2.80 997.80 n/a 609 3,759
3.20 998.20 n/a 553 4,312
3.60 998.60 n/a 454 4,766
4.00 999.00 n/a 261 5,028

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  18.00 0.50 8.00 0.00

Span (in) =  18.00 0.50 6.00 0.00

No. Barrels =  1 1 1 0

Invert El. (ft) =  995.00 995.00 996.50 0.00

Length (ft) =  25.00 0.10 0.10 0.00

Slope (%) =  0.50 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) =  3.50 0.00 0.00 0.00

Crest El. (ft) =  998.50 0.00 0.00 0.00

Weir Coeff. =  3.33 3.33 3.33 3.33

Weir Type =  Rect --- --- ---

Multi-Stage =  Yes No No No

Exfil.(in/hr) =  0.000 (by Wet area)

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).
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4.00 999.00

Elev (ft)

Discharge (cfs)

Stage / Discharge

Total Q



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 3

No detention

Hydrograph type =  Rational Peak discharge =  0.304 cfs
Storm frequency =  1 yrs Time to peak =  10 min
Time interval =  1 min Hyd. volume =  182 cuft
Drainage area =  0.130 ac Runoff coeff. =  0.8
Intensity =  2.920 in/hr Tc by User =  10.00 min
IDF Curve =  KCAPWA 1.37''.IDF Asc/Rec limb fact =  1/1
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Hyd. No. 3 -- 1 Year

Hyd No. 3



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 4

Total Post

Hydrograph type =  Combine Peak discharge =  0.310 cfs
Storm frequency =  1 yrs Time to peak =  10 min
Time interval =  1 min Hyd. volume =  1,089 cuft
Inflow hyds. =  2, 3 Contrib. drain. area =  0.130 ac
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Hyd. No. 4 -- 1 Year

Hyd No. 4 Hyd No. 2 Hyd No. 3



Hydrograph Summary Report

9

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 Rational 6.811 1 5 2,043 ------ ------ ------ Post Developed

2 Reservoir 0.152 1 10 1,425 1 996.69 2,025 <no description>

3 Rational 0.458 1 10 275 ------ ------ ------ No detention

4 Combine 0.610 1 10 1,699 2, 3 ------ ------ Total Post

21072.15 Detention.gpw Return Period: 2 Year Thursday, 05 / 12 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 1

Post Developed

Hydrograph type =  Rational Peak discharge =  6.811 cfs
Storm frequency =  2 yrs Time to peak =  5 min
Time interval =  1 min Hyd. volume =  2,043 cuft
Drainage area =  1.400 ac Runoff coeff. =  0.9
Intensity =  5.406 in/hr Tc by User =  5.00 min
IDF Curve =  KCAPWA 1.37''.IDF Asc/Rec limb fact =  1/1
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Hyd. No. 1 -- 2 Year

Hyd No. 1



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 2

<no description>

Hydrograph type =  Reservoir Peak discharge =  0.152 cfs
Storm frequency =  2 yrs Time to peak =  10 min
Time interval =  1 min Hyd. volume =  1,425 cuft
Inflow hyd. No. =  1 - Post Developed Max. Elevation =  996.69 ft
Reservoir name =  UG pipes Max. Storage =  2,025 cuft

Storage Indication method used.
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Hyd. No. 2 -- 2 Year

Hyd No. 2 Hyd No. 1 Total storage used = 2,025 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 3

No detention

Hydrograph type =  Rational Peak discharge =  0.458 cfs
Storm frequency =  2 yrs Time to peak =  10 min
Time interval =  1 min Hyd. volume =  275 cuft
Drainage area =  0.130 ac Runoff coeff. =  0.8
Intensity =  4.400 in/hr Tc by User =  10.00 min
IDF Curve =  KCAPWA 1.37''.IDF Asc/Rec limb fact =  1/1
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 4

Total Post

Hydrograph type =  Combine Peak discharge =  0.610 cfs
Storm frequency =  2 yrs Time to peak =  10 min
Time interval =  1 min Hyd. volume =  1,699 cuft
Inflow hyds. =  2, 3 Contrib. drain. area =  0.130 ac
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Hydrograph Summary Report

14

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 Rational 9.259 1 5 2,778 ------ ------ ------ Post Developed

2 Reservoir 0.767 1 10 2,150 1 997.08 2,647 <no description>

3 Rational 0.632 1 10 379 ------ ------ ------ No detention

4 Combine 1.399 1 10 2,529 2, 3 ------ ------ Total Post

21072.15 Detention.gpw Return Period: 10 Year Thursday, 05 / 12 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 1

Post Developed

Hydrograph type =  Rational Peak discharge =  9.259 cfs
Storm frequency =  10 yrs Time to peak =  5 min
Time interval =  1 min Hyd. volume =  2,778 cuft
Drainage area =  1.400 ac Runoff coeff. =  0.9
Intensity =  7.348 in/hr Tc by User =  5.00 min
IDF Curve =  KCAPWA 1.37''.IDF Asc/Rec limb fact =  1/1
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 2

<no description>

Hydrograph type =  Reservoir Peak discharge =  0.767 cfs
Storm frequency =  10 yrs Time to peak =  10 min
Time interval =  1 min Hyd. volume =  2,150 cuft
Inflow hyd. No. =  1 - Post Developed Max. Elevation =  997.08 ft
Reservoir name =  UG pipes Max. Storage =  2,647 cuft

Storage Indication method used.
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<no description>

Hyd. No. 2 -- 10 Year

Hyd No. 2 Hyd No. 1 Total storage used = 2,647 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 3

No detention

Hydrograph type =  Rational Peak discharge =  0.632 cfs
Storm frequency =  10 yrs Time to peak =  10 min
Time interval =  1 min Hyd. volume =  379 cuft
Drainage area =  0.130 ac Runoff coeff. =  0.8
Intensity =  6.079 in/hr Tc by User =  10.00 min
IDF Curve =  KCAPWA 1.37''.IDF Asc/Rec limb fact =  1/1
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 4

Total Post

Hydrograph type =  Combine Peak discharge =  1.399 cfs
Storm frequency =  10 yrs Time to peak =  10 min
Time interval =  1 min Hyd. volume =  2,529 cuft
Inflow hyds. =  2, 3 Contrib. drain. area =  0.130 ac

18

0 10 20 30 40 50 60 70 80 90 100 110 120 130

Q (cfs)

0.00 0.00

1.00 1.00

2.00 2.00

Q (cfs)

Time (min)

Total Post

Hyd. No. 4 -- 10 Year

Hyd No. 4 Hyd No. 2 Hyd No. 3



Hydrograph Summary Report

19

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 Rational 16.22 1 5 4,865 ------ ------ ------ Post Developed

2 Reservoir 1.935 1 9 4,230 1 998.27 4,394 <no description>

3 Rational 1.002 1 10 601 ------ ------ ------ No detention

4 Combine 2.927 1 10 4,831 2, 3 ------ ------ Total Post

21072.15 Detention.gpw Return Period: 100 Year Thursday, 05 / 12 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 1

Post Developed

Hydrograph type =  Rational Peak discharge =  16.22 cfs
Storm frequency =  100 yrs Time to peak =  5 min
Time interval =  1 min Hyd. volume =  4,865 cuft
Drainage area =  1.400 ac Runoff coeff. =  0.9
Intensity =  12.871 in/hr Tc by User =  5.00 min
IDF Curve =  KCAPWA 1.37''.IDF Asc/Rec limb fact =  1/1
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 2

<no description>

Hydrograph type =  Reservoir Peak discharge =  1.935 cfs
Storm frequency =  100 yrs Time to peak =  9 min
Time interval =  1 min Hyd. volume =  4,230 cuft
Inflow hyd. No. =  1 - Post Developed Max. Elevation =  998.27 ft
Reservoir name =  UG pipes Max. Storage =  4,394 cuft

Storage Indication method used.
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Hyd. No. 2 -- 100 Year

Hyd No. 2 Hyd No. 1 Total storage used = 4,394 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 3

No detention

Hydrograph type =  Rational Peak discharge =  1.002 cfs
Storm frequency =  100 yrs Time to peak =  10 min
Time interval =  1 min Hyd. volume =  601 cuft
Drainage area =  0.130 ac Runoff coeff. =  0.8
Intensity =  9.636 in/hr Tc by User =  10.00 min
IDF Curve =  KCAPWA 1.37''.IDF Asc/Rec limb fact =  1/1
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Hyd. No. 4

Total Post

Hydrograph type =  Combine Peak discharge =  2.927 cfs
Storm frequency =  100 yrs Time to peak =  10 min
Time interval =  1 min Hyd. volume =  4,831 cuft
Inflow hyds. =  2, 3 Contrib. drain. area =  0.130 ac
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Hydraflow Rainfall Report
24

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Thursday, 05 / 12 / 2022

Return Intensity-Duration-Frequency Equation Coefficients (FHA)
Period

(Yrs) B D E (N/A)

1 2.9200 0.1000 0.0000 --------

2 110.7137 16.5000 0.9842 --------

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

5 168.3971 19.5000 1.0189 --------

10 183.3473 19.2000 1.0096 --------

25 103.5313 15.9000 0.8218 --------

50 235.4014 19.9000 1.0020 --------

100 83.7894 6.1000 0.7783 --------

File name: KCAPWA 1.37''.IDF

Intensity = B / (Tc + D)^E

Return Intensity Values (in/hr)
Period

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

1 2.92 2.92 2.92 2.92 2.92 2.92 2.92 2.92 2.92 2.92 2.92 2.92

2 5.41 4.40 3.71 3.21 2.83 2.53 2.29 2.09 1.92 1.78 1.66 1.55

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 5.35 4.56 3.98 3.52 3.16 2.86 2.62 2.41 2.24 2.08 1.95

10 7.35 6.08 5.18 4.52 4.00 3.59 3.26 2.98 2.74 2.54 2.37 2.22

25 8.51 7.14 6.17 5.46 4.90 4.46 4.10 3.79 3.54 3.31 3.12 2.95

50 9.39 7.82 6.70 5.86 5.20 4.68 4.25 3.90 3.60 3.34 3.12 2.92

100 12.87 9.64 7.81 6.62 5.77 5.14 4.65 4.25 3.92 3.65 3.41 3.21

Tc = time in minutes. Values may exceed 60.

Rainfall Precipitation Table (in)

Precip. file name: P:\Civil Details\Davidson AE\Hydraflow Storm Sewer\SCS 24-hr Rainfall.pcp

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

SCS 24-hour 2.85 3.50 0.00 4.50 5.30 6.10 6.90 7.50

SCS 6-Hr 0.00 1.80 0.00 0.00 2.60 2.90 0.00 4.00

Huff-1st 0.00 1.55 0.00 2.75 4.00 5.38 6.50 8.00

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 1.75 0.00 2.80 3.90 5.25 6.00 7.10
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