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GENERAL INFORMATION 

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

provide professional civil engineering services for the proposed 150 & Ward Multi-Family Development 

located at the northeast corner of MO-150 Highway and SW Ward Rd in Lee’s Summit Missouri (Refer to 

Exhibit 1) and is generally situated within Section 25, Township 47N, Range 32W in Jackson County, 

Missouri (Refer to Exhibit 2).  

According to the Arborwalk Development Drainage Master Plan (Refer to 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 6 garden style, one 

elevator style apartment buildings; a club house, as well as, associated new surface parking, garage 

parking, sidewalk plazas, site access drives, utility services, and streetscape improvements to serve the 

site. As referenced by the 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 meet water 

quality requirements. 

FEMA & EXISTING WATERWAYS 

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” (Refer to Exhibit 3). 

Based on USGS mapping, there is a designated blue line stream that traverses through the middle of the 

site (Refer to Exhibit 2). The development team has worked with the Corps of Engineers to prepare a 

jurisdictional assessment and the proper permitting documentation to relocate the surface water into an 

underground storm pipe sized for the 100-year storm event by others. The proposed plans are located in 

Appendix B. Based on historic imagery of the streambed dated back to 1952 the stream has not been 

allowed to exist in a natural state. In stream alterations and vegetation control have been performed 

periodically since 1952, based on first available aerial photography. The stream has recently (circa 2003) 

had modifications to add detention within the existing channel. At that time the channel was straightened 

and was modified to include rip-rap check dams. These improvements to the channel do not mimic a 

natural condition and thus preservation per the Stream Buffer requirements would not meet the intent of 

the buffer requirements.  It is our opinion the stream functions more as an engineered drainage channel, 

conveying stormwater to the temporary sediment basin at the NW corner of 150 & Ward, and is not a 

natural stream, and therefore the stream buffer would not apply to this stream. It was constructed, along 



5 Storm Drainage Study │ 150 & Ward Multi-Family 
December 17th, 2024 │ 1st  Submittal  

 

with the upstream dry and wet detention basins, to temporarily act as an erosion control measure until the 

designated commercial area was ultimately improved. Refer to Appendix C for additional information on 

the onsite stream. 

SOILS 

Table 1 below shows the typical soil classifications found on site. For more information, refer to 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% 

 

METHODOLOGY 

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

effects of the development. 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 

(Refer to 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. Runoff from the upstream detention basins flows through a stream, 

discharging at the sedimentation basin. Stormwater ultimately drains toward a box culvert located in the 

southeast corner of the commercial area, carrying the runoff underneath the intersection and 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 
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CN of 80 (Refer to 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 (Critical Point #1) 

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

Rainfall Intensity (in/hr) 3.72 5.18 6.70 7.35 

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) for the existing and proposed conditions (Refer to Exhibit 7). The four 

drainage areas are described below: 

 

LOT “A” Drainage Area 

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

towards an unregulated drainage swale, 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 drainage 

swale 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 composite 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) 4.10 5.68 7.33 8.05 

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

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

Rainfall Intensity (in/hr) 3.84 5.34 6.89 7.57 

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. The 

drainage study can be found in Appendix D.   

  

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 composite 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) 3.96 5.50 7.10 7.80 

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 6 new garden style walk-

up apartment buildings, an elevator apartment building, a club house, 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 
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site. Additionally, improvements to Lot “B” include the design and construction of public storm sewer 

intended to enclose an existing stream. The proposed public storm sewer will continue serving Lots “A” 

and “B”, as well as, upstream developments, during the 100-year storm event. Refer to Appendix B for 

the public storm sewer plans prepared by others. 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 D), and 1.80 acres of commercial development yielding a CN of 94 (Refer to 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. The values shown in 

Table 6 represent a calculation of outflow based on an estimated 2.2 acre-feet of additional storage 

provided for in the upstream detention/retention basins discussed in the Detention section of this report 

(see page 10 for further discussion). 

 

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 

*Rainfall intensities are from modified rational critical duration event 

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 (Refer to 

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 6.59 acres of impervious area and 4.87 acres of 

pervious area, resulting in a runoff coefficient of 0.65. The cumulative CN is 86 with a time of 
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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 

*Rainfall intensities are from Rational Method Critical Duration Event 

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 

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 

*Rainfall intensities are from modified rational critical duration event 

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

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

 

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 

*Rainfall intensities are from modified rational critical duration event 

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. 

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

report. 

DETENTION ANALYSIS 

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” 



11 Storm Drainage Study │ 150 & Ward Multi-Family 
December 17th, 2024 │ 1st  Submittal  

 

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 

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. 

CULVERT & DOWNSTREAM ANALYSIS 

Downstream of the site are a series of box culverts that were analyzed as part of this study, 2 beneath 

150 Hwy and 1 further downstream under Ward (See Exhibit 9). A visual inspection of the box culverts 

was also performed in January 2025. The culverts were analyzed for capacity for the 2, 10 and 100 year 

events, assuming developed conditions. The results of the analysis are shown below in Table A1. 

TABLE A1: Culvert Analysis 

 2 Year (CFS) 

Actual(CFS)/capacity* 

10 Year (CFS) 

Actual(CFS)/capacity* 

100 Year (CFS) 

Actual(CFS)/capacity* 

6x6 Box (Under 150) 45 / 280 108 / 280 267 / 280 

Double 12x6 (Under 

150 & Ward) 

212 / 1715 508 / 1715 1255 / 1715 

Double 12x6 (Under 

Ward) 

247 / 1640 591 / 1640 1462 / 1640 

*Capacity based on Hw/D without roadway overtopping  

For the purposes of the culvert analysis the backup data is shown on Exhibit 9. The culverts function 

adequately for all storm events considered. From the visual inspection of the culverts they appear to have 

no obvious defects that would require any immediate repair.  

In addition to the box culverts there is a small concrete dam just upstream of Raintree Lake that was also 

analyzed as part of this study. No plans were available for the structure, therefore the analysis was limited 

to a visual inspection.  From historic aerial imagery, it appears the dam was either installed in or 

upgraded circa 2003. The dam appears to function with low and high flow outlets. The low flow pipes are 

a series of PVC pipes penetrating through the lower section of the dam. The top of the dam functions as 

the high flow overflow. The dam structure is not showing any visible signs that it is not structurally sound. 

Cracks are present in the concrete surface, however the cracks are minor and appear superficial and not 

related to stress on the structure itself. The earthen banks around the structure do show some signs of 

erosion, but have a healthy stand of vegetation which is providing adequate stabilization of the banks.  
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PRE- VS. POST-DEVELOPMENT ANALYSIS 

For the purposes of comparing pre- and post-development conditions and the impact of the development 

on the existing stormwater infrastructure, a critical point has been set at the outlet of the most 

downstream culvert (Double 12x6 under Ward Rd, Refer to Table A1). The drainage area to this point is 

approximately 566 acres with a pre-development (existing) Curve Number of CN = 72 and a post-

development (proposed) Curve Number of CN = 74. This analysis assumes the proposed site has a curve 

number of 86, but with a weighted average of the entire drainage area being the aforementioned 74.   

Analysis for Critical Point 1: 

The Pre-Development and Post-Development flows were determined using WINTR-55 to determine the 

2-year, 10-year, and 100-year peak flows at Critical Point 1. The peak flows for Critical Point 1 are shown 

in Table A2: 

TABLE A2: Critical Point 1 - Peak Flow Comparison 

 2-Year 10-Year 100-Year 

Pre-Development Peak Flow (CFS)* 208 532 1376 

Post-Development Peak Flow 

(CFS)* 

247 591 1462 

*This assumes drainage conditions as of the date of this report. As noted in this report the upstream ex. basins 

have previously accounted for this increase. 

While the proposed development increases the Curve Number, and therefore, the overall flow generated 

from the drainage area contributing to Critical Point 1, the existing stormwater infrastructure has adequate 

capacity to convey the stormwater to Raintree Lake without flooding adjacent residential properties or 

overtopping existing roadway infrastructure. Refer to Table 1A and Exhibits 10 and 11 for more detail on 

the existing stormwater infrastructure. 

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 10 acres of runoff through two 

hydrodynamic separators (Refer to Appendix E for the product specification sheet). 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 
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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 150 & Ward 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 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.  

 

An analysis of the existing stream located within the residential & commercial lots suggests to Kimley-

Horn that the channel was intended to be an engineered channel, not a natural stream, and was intended 

to temporarily serve the upstream drainage areas until further development was approved. Thus, a 

stream buffer should not apply to this stream, and it is proposed that the existing channel be enclosed in 

public storm sewer that would continue to serve the adjacent and upstream developments.  

 

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 150 & Ward 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. 

 

The existing downstream infrastructure that includes the box culverts under 150 & Ward as well as the 

existing dam that convey stormwater runoff from the site to Raintree Lake have been inspected via 2 

separate site visits. As previously discussed in the Culvert & Downstream Analysis section of this report, 

the existing culvert system downstream of the site have been analyzed in a proposed flow vs. capacity 

form and were determined to be adequate to convey the post-development flow to Raintree Lake without 

roadway overtopping (Refer to Table A1). Additionally, as previously discussed in the Pre- Vs. Post-

Development Analysis section of this report, the existing concrete dam just upstream of Raintree Lake 

has been analyzed to determine the headwater elevation due to the proposed 100-yr flow. The results of 

this analysis showed that while the headwater elevation will rise minimally, it will not cause water to 

encroach on adjacent residential properties prior to discharging into Raintree Lake (Refer to Table A2 

and Exhibits 10 and 11). 

 

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. 

 

The 150 & Ward Multi-Family Development meets the requirements of APWA section 5600, and the 

MARC BMP Manual as implemented by the City of Lee’s Summit. The development and the overall 

drainage patterns of the entire site will remain largely unchanged; it is recommended that the site be 

developed as outlined in this report.
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NOTE: BASED ON THE PRINCIPAL OF SUPERPOSITION, THE EXISTING DAM JUST UPSTREAM OF RAINTREE LAKE WAS ANALYZED
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WATER SURFACE

APPROX. 50:1
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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)
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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 (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 --->

Page 2 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 B.ppc



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)

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 B.ppc



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
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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 (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 --->

Page 11 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:  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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Appendix A 
 

  





















15 Storm Drainage Study │ Arborwalk East Multi-Family
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EMAIL: GARRET@CHRISTIEDEV.COM

SAMUEL D. MALINOWSKY
PROFESSIONAL ENGINEEER

UTILITY STATEMENT:
THE UNDERGROUND UTILITIES SHOWN HEREON ARE FROM FIELD SURVEY INFORMATION OF ONE-
CALL LOCATED UTILITIES, FIELD SURVEY INFORMATION OF ABOVE GROUND OBSERVABLE EVIDENCE,
AND/OR THE SCALING AND PLOTTING OF EXISTING UTILITY MAPS AND DRAWINGS AVAILABLE TO THE
SURVEYOR AT THE TIME OF SURVEY. THE SURVEYOR MAKES NO GUARANTEE THAT THE
UNDERGROUND UTILITIES SHOWN COMPRISE ALL SUCH UTILITIES IN THE AREA, EITHER IN SERVICE
OR ABANDONED. FURTHERMORE, THE SURVEYOR DOES NOT WARRANT THAT THE UNDERGROUND
UTILITIES SHOWN ARE IN THE EXACT LOCATION INDICATED ALTHOUGH HE DOES CERTIFY THAT THEY
ARE LOCATED AS ACCURATELY AS POSSIBLE FROM INFORMATION AVAILABLE. THE SURVEYOR HAS
NOT PHYSICALLY LOCATED THE UNDERGROUND UTILITIES BY EXCAVATION UNLESS OTHERWISE
NOTED ON THIS SURVEY.
SAFETY NOTICE TO CONTRACTOR
IN ACCORDANCE WITH GENERALLY ACCEPTED CONSTRUCTION PRACTICE, THE CONTRACTOR WILL BE
SOLELY AND COMPLETELY RESPONSIBLE FOR CONDITIONS OF THE JOB SITE, INCLUDING SAFETY OF
ALL PERSONS AND PROPERTY DURING PERFORMANCE OF THE WORK. THIS REQUIREMENT WILL
APPLY CONTINUOUSLY AND NOT BE LIMITED TO NORMAL WORKING HOURS.

WARRANTY/DISCLAIMER
THE DESIGNS REPRESENTED IN THESE PLANS ARE IN ACCORDANCE WITH ESTABLISHED PRACTICES
OF CIVIL ENGINEERING FOR THE DESIGN FUNCTIONS AND USES INTENEDED BY THE OWNER AT THIS
TIME. HOWEVER, NEITHER SM ENGINEERING NOR ITS PERSONNEL CAN OR DO
WARRANTY THESE DESIGNS OR PLANS AS CONSTRUCTED, EXCEPT IN THE SPECIFIC CASES WHERE
SM ENGINEERING PERSONNEL INSPECT AND CONTROL THE PHYSICAL CONSTRUCTION ON
A CONTEMPORARY BASIS AT THE SITE.

CAUTION- NOTICE TO CONTRACTOR
THE CONTRACTOR IS SPECIFICALLY CAUTIONED THAT THE LOCATION AND/OR ELEVATION OF EXISTING
UTILITIES AS SHOWN ON THESE PLANS IS BASED ON RECORDS OF THE VARIOUS UTILITY COMPANIES
AND, WHERE POSSIBLE, MEASUREMENTS TAKEN IN THE FIELD. THE INFORMATION IS NOT TO BE
RELIED ON AS BEING EXACT OR COMPLETE. THE CONTRACTOR MUST CALL THE APPROPRIATE UTILITY
COMPANY AT LEAST 72 HOURS BEFORE ANY EXCAVATION TO REQUEST EXACT FIELD LOCATION OF
UTILITIES. IT SHALL BE THE RESPONSIBILITY OF THE CONTRACTOR TO RELOCATE ALL EXISTING UTILITIES
WHICH CONFLICT WITH PROPOSED IMPROVEMENTS SHOWN ON THE PLANS. THE CONTRACTOR
SHALL EXPOSE EXISTING UTILITIES AT LOCATIONS OF POSSIBLE CONFLICTS PRIOR TO ANY
CONSTRUCTION.

LOCATION MAP
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UTILITIES
Electric Service
Evergy
Nathan Michael
913-347-4310
Nathan.michael@evergy.com

Gas Service
Spire
Katie Darnell
816-969-2247
Katie.darnell@spireenergy.com

Water/Sanitary Sewer
Water Utilities Department
1200 SE Hamblen Road
Lee's Summit, Mo 64081
Jeff Thorn
816-969-1900
jeff.thorn@cityofls.net

Communication Service
AT&T Carrie Cilke
816-703-4386
cc3527@att.com

Time Warner Cable
Steve Baxter
913-643-1928
steve.baxter@charter.com

Comcast
Ryan Alkire
816-795-2218
ryan.alkire@cable.comcast.com

Google Fiber
Becky Davis
913-725-8745
rebeccadavis@google.com

NOTES
1. ALL CONSTRUCTION SHALL FOLLOW THE CITY OF LEE'S
SUMMIT DESIGN AND CONSTRUCTION MANUAL AS ADOPTED BY
ORDINANCE 5813.  WHERE DISCREPANCIES EXIST BETWEEN THESE
PLANS AND THE DESIGN AND CONSTRUCTION MANUAL, THE MORE
STRINGENT SHALL PREVAIL.

2. THERE ARE NO GAS/OIL WELLS PER MDNR DATABASE OF OIL
AND GAS PERMITS.

3. THE CONTRACTOR SHALL CONTACT THE CITY DEVELOPMENT
SERVICES ENGINEERING INSPECTION TO SCHEDULE A
PRE-CONSTRUCTION MEETING WITH A FIELD ENGINEERING
INSPECTOR PRIOR TO ANY LAND DISTURBANCE WORK AT
816-969-1200.

LEE'S SUMMIT, MO

HWY 150

ARBORWALK BLVD

SURVEYOR
J & J SURVEY, INC.
6500 NW TOWER DR SUITE 102
PLATTE WOODS, MO 64151
816-741-1017
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Drawings and/or Specifications are original
proprietary work and property of the

Engineer and intended specifically for this
project. Use of items contained herein

without consent of the Engineeris
prohibited. Drawings illustrate best

information available to the Engineer.  Field
verification of actual elements, conditions,

and dimensions is required.
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PROPOSED PUBLIC STORM LINE A

EXISTING 48" RCB

EXISTING 6'X6' RCB

EXISTING WATERLINE

EXISTING 10" SANITARY LINE

EXISTING SANITARY MANHOLE
SMH Top=972.79

FL In (W)=966.49 10" PVC
FL Out (NE)=966.24 10" PVC

EXISTING SANITARY MANHOLE
SMH Top=974.87
FL In SW=964.87 10" PVC
FL Out (N)=964.62 10" PVC
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INSTALL SILT FENCE AS SHOWN

NOTES:
1. Prior to Land Disturbance activities, the following shall occur:

a) Identify the limits of construcljan on the ground with easily recognizable indications such as construction staking,
construction fencing and placement of physical barriers or other means acceptable to the City inspector and in
conformance with the erosion and pollution control plan;

b) Construct a stabilized entrance/parking/staging area;
c) Install perimeter controls and protect any existing stormwater inlets;
d) Request an initial inspection of the installed Phase I pollution control measures designated on the approved

erosion and pollution control plan. Land disturbance work shall not proceed until there is a passed inspection

2. The site shall comply with all requirements of the MoDNR general requirements
a) Immediate initiation of temporary stabilization BMPs on disturbed areas where construction activities

have temporarily ceased on that portion of the project site if construction activities will not resume
for a period exceeding 14 calendar days. Temporary stabilization may include establishment of
vegetation, geotextiles, mulches or other techniques to reduce or eliminate erosion until either final
stabilization con be achieved or until further construction activities take place to re-disturb the
area. This stabilization must be completed within 14 calendar days;

b) Inspection of erosion and sediment control measures shall be performed to meet or exceed the
minimum inspection frequency in the MoDNR General Permit. At a minimum, inspections shall be performed
during all phases of construction at least once every 14 days and within 24 hours of each precipitation event.

c) An inspection log shall be maintained and shall be available for review by the regulatory authority;
d) The erosion and pollution control plan shall be routinely updated to show all modifications and

amendments to the original plan. A copy of the erosion and pollution control plan shall be kept on site and made available for review by the regulatory authority.

3. Temporary seeding shall only be used for periods not to exceed 12 months. For final stabilization. temporary
seeding shall only be used to establish vegetation outside the permanent seeding or sodding dates as
specified in the Standard Specifications. Final stabilization requires a uniform perennial vegetative cover with a density of 70% over 100% of disturbed area.

4. Erosion and pollution control shall be provided for the duration of a project. All installed erosion and pollution control BMPs shall be maintained in a
manner that preserves their effectiveness. If the City determines that the BMPs in place do not provide adequate erosion and pollution control at any time
during the project, additional or alternate measures that provide effective control shall be required.

5. Concrete wash or rinse water from concrete mixing equipment. Tools and/or ready-mix trucks. etc. may not be discharged into or be allowed to run to any
existing water body or portion of the storm water system. One or more locations for concrete washout will be designated on site,
such that discharges during concrete washout will be contained in a small area where waste concrete can solidify in place. Proper signage will be installed to
direct users to the concrete washout. Concrete washouts must be handled prior to pouring any concrete.

6. Silt fences and sediment control BMPs which are shown along the back of curb must be installed within two weeks of curb backfill and prior to placement of
base asphalt.  Exact locations of these erosion control methods may be field adjusted to minimize conflicts with utility construction.
However, anticipated disturbance by utility construction shall not delay installation.

7. Required sediment basins and traps shall be installed as early as possible during mass grading. Sediment basins and traps shall be cleaned out when the
sediment capacity has been reduced by 20% of its original design volume.

8. All manufactured BMPs such as erosion control blankets, TRMs, biodegradable logs, filter socks, synthetic sediment
barriers and hydraulic erasion control shall be installed as directed by the manufacturer.

9. The above requirements are the responsibility of the permittee for the site. Responsibility may be transferred to another party by the permittee, but the
permittee shall remain liable by the City of Lee's Summit if any of the above conditions are not met.

LEGEND
SILT FENCE

INLET PROTECTION

TEMPORARY CONSTRUCTION ENTRANCE

TEMPORARY
CONSTRUCTION ENTRANCE

INSTALL INLET
PROTECTION

GRADING/EROSION
CONTROL PLAN
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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 
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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.
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<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).

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Stage (ft)

0.00 995.00

1.00 996.00

2.00 997.00

3.00 998.00

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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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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Hyd. No. 3 -- 2 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 =  0.610 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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Hyd. No. 1 -- 10 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 =  0.767 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
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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
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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
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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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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. 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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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 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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Project Information

Project Name 150 & Ward Mutli-Family Option # A

Country UNITED_STATES State Kansas City Lee's Summit

Contact Information

First Name Logan Last Name Green

Company Kimley-Horn and Associates, Inc. Phone # 913-309-9390

Email logan.green@kimley-horn.com

Design Criteria

Site Designation BMP #1 - East HDS Sizing Method Net Annual

Screening Required? No Drainage Area (ac) 6.00 Peak Flow (cfs) 55.00

Groundwater Depth (ft) >15 Pipe Invert Depth (ft) 5 - 10 Bedrock Depth (ft) >15

Multiple Inlets? No Grate Inlet Required? No Pipe Size (in) 36.00

Required Particle Size 
Distribution?

No 90° between two
inlets?

N/A 180° between inlet and 
outlet?

No

Runoff Coefficient 0.80 Rainfall Station 88 - Kansas City 
Airport, MO

TC (Min) 5

Treatment Selection

Treatment Unit CDS System Model 3035-6

Target Removal 80% Particle Size Distribution 
(PSD)

125 Predicted Net Annual 
Removal

82.97%

 

Hydrodynamic Separation Product Calculator
150 & Ward Mutli-Family

BMP #1 - East HDS

CDS  3035-6



CDS ESTIMATED NET ANNUAL SOLIDS LOAD REDUCTION BASED ON THE RATIONAL RAINFALL METHOD

Rainfall 
Intensity¹ (in/hr)

%  Rainfall 
Volume¹

Cumulative 
Rainfall Volume

Rainfall 
Volume 
Treated

Total Flowrate
(cfs)

Treated Flowrate
(cfs)

Operating Rate 
(%)

Removal 
Efficiency (%)

Incremental 
Removal (%)

0.0200 7.62% 7.62% 7.62% 0.0960 0.0960 2.53% 100.00% 7.62%

0.0400 6.92% 14.54% 6.92% 0.1920 0.1920 5.05% 100.00% 6.92%

0.0600 6.88% 21.42% 6.88% 0.2880 0.2880 7.58% 99.89% 6.87%

0.0800 5.87% 27.29% 5.87% 0.3840 0.3840 10.11% 99.39% 5.83%

0.1000 5.69% 32.98% 5.69% 0.4800 0.4800 12.63% 98.88% 5.63%

0.1200 4.58% 37.56% 4.58% 0.5760 0.5760 15.16% 98.38% 4.51%

0.1400 3.28% 40.84% 3.28% 0.6720 0.6720 17.68% 97.87% 3.21%

0.1600 5.29% 46.13% 5.29% 0.7680 0.7680 20.21% 97.37% 5.15%

0.1800 2.65% 48.78% 2.65% 0.8640 0.8640 22.74% 96.86% 2.57%

0.2000 3.39% 52.17% 3.39% 0.9600 0.9600 25.26% 96.36% 3.27%

0.2500 6.29% 58.46% 6.29% 1.2000 1.2000 31.58% 95.09% 5.98%

0.3000 5.13% 63.59% 5.13% 1.4400 1.4400 37.89% 93.83% 4.81%

0.3500 4.25% 67.84% 4.25% 1.6800 1.6800 44.21% 92.56% 3.93%

0.4000 3.99% 71.83% 3.99% 1.9200 1.9200 50.53% 91.30% 3.64%

0.4500 2.93% 74.76% 2.93% 2.1600 2.1600 56.84% 90.04% 2.64%

0.5000 2.19% 76.95% 2.19% 2.4000 2.4000 63.16% 88.77% 1.94%

0.7500 8.46% 85.41% 8.46% 3.6000 3.6000 94.74% 82.45% 6.98%

1.0000 8.40% 93.81% 6.65% 4.8000 3.8000 100.00% 64.44% 5.41%

1.5000 5.15% 98.96% 2.72% 7.2000 3.8000 100.00% 42.96% 2.21%

2.0000 0.42% 99.38% 0.17% 9.6000 3.8000 100.00% 32.22% 0.14%

2.5000 0.63% 100.01% 0.20% 12.0000 3.8000 100.00% 25.78% 0.16%

89.42%

Removal Efficiency Adjustment² = 6.45%

Predicted % Annual Rainfall Treated = 88.70%

Predicted Net Annual Load Removal Efficiency = 82.97%

1 - Based on 10 years of hourly precipitation data from NCDC 4358, Kansas City WSMO AP, Platte County, MO

2 - Reduction due to use of 60-minute data for a site that has a time of concentration less than 30-minutes.
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SECTION (_____) 

STORM WATER TREATMENT DEVICE 
 

1.0 GENERAL 
 

1.1 This item shall govern the furnishing and installation of the CDS® by Contech Engineered 
Solutions LLC, complete and operable as shown and as specified herein, in accordance with 
the requirements of the plans and contract documents. 
 

1.2 The Contractor shall furnish all labor, equipment and materials necessary to install the storm 
water treatment device(s) (SWTD) and appurtenances specified in the Drawings and these 
specifications. 

 
1.3 The manufacturer of the SWTD shall be one that is regularly engaged in the engineering design 

and production of systems deployed for the treatment of storm water runoff for at least five 
(5) years and which have a history of successful production, acceptable to the Engineer.  In 
accordance with the Drawings, the SWTD(s) shall be a CDS® device manufactured by: 

 
Contech Engineered Solutions LLC  

9025 Centre Pointe Drive 
West Chester, OH, 45069 

Tel: 1 800 338 1122 
 

1.4 Related Sections 
 

1.4.1 Section 02240:  Dewatering 
1.4.2 Section 02260: Excavation Support and Protection 
1.4.3 Section 02315: Excavation and Fill 
1.4.4 Section 02340: Soil Stabilization 

 
1.5 All components shall be subject to inspection by the engineer at the place of manufacture 

and/or installation.  All components are subject to being rejected or identified for repair if the 
quality of materials and manufacturing do not comply with the requirements of this 
specification.  Components which have been identified as defective may be subject for repair 
where final acceptance of the component is contingent on the discretion of the Engineer. 
 

1.6 The manufacturer shall guarantee the SWTD components against all manufacturer originated 
defects in materials or workmanship for a period of twelve (12) months from the date the 
components are delivered to the owner for installation.  The manufacturer shall upon its 
determination repair, correct or replace any manufacturer originated defects advised in 
writing to the manufacturer within the referenced warranty period.  The use of SWTD 
components shall be limited to the application for which it was specifically designed. 

 
1.7 The SWTD manufacturer shall submit to the Engineer of Record a “Manufacturer’s 

Performance Certification” certifying that each SWTD is capable of achieving the specified 
removal efficiencies listed in these specifications.  The certification shall be supported by 
independent third-party research 
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1.8 No product substitutions shall be accepted unless submitted 10 days prior to project bid date, 

or as directed by the Engineer of Record.  Submissions for substitutions require review and 
approval by the Engineer of Record, for hydraulic performance, impact to project designs, 
equivalent treatment performance, and any required project plan and report 
(hydrology/hydraulic, water quality, stormwater pollution) modifications that would be 
required by the approving jurisdictions/agencies.  Contractor to coordinate with the Engineer 
of Record any applicable modifications to the project estimates of cost, bonding amount 
determinations, plan check fees for changes to approved documents, and/or any other 
regulatory requirements resulting from the product substitution. 

2.0 MATERIALS 
 

2.1 Housing unit of stormwater treatment device shall be constructed of pre-cast or cast-in-place 
concrete, no exceptions. Precast concrete components shall conform to applicable sections 
of ASTM C 478, ASTM C 857 and ASTM C 858 and the following: 

2.1.1 Concrete shall achieve a minimum 28-day compressive strength of 4,000 pounds 
per square-inch (psi); 

2.1.2 Unless otherwise noted, the precast concrete sections shall be designed to 
withstand lateral earth and AASHTO H-20 traffic loads; 

2.1.3 Cement shall be Type III Portland Cement conforming to ASTM C 150; 
2.1.4 Aggregates shall conform to ASTM C 33; 
2.1.5 Reinforcing steel shall be deformed billet-steel bars, welded steel wire or 

deformed welded steel wire conforming to ASTM A 615, A 185, or A 497. 
2.1.6 Joints shall be sealed with preformed joint sealing compound conforming to 

ASTM C 990. 
2.1.7 Shipping of components shall not be initiated until a minimum compressive 

strength of 4,000 psi is attained or five (5) calendar days after fabrication has 
expired, whichever occurs first. 
 

2.2 Internal Components and appurtenances shall conform to the following: 
2.2.1 Screen and support structure shall be manufactured of Type 316 and 316L 

stainless steel conforming to ASTM F 1267-01; 
2.2.2 Hardware shall be manufactured of Type 316 stainless steel conforming to ASTM 

A 320; 
2.2.3 Fiberglass components shall conform to applicable sections of ASTM D-4097 
2.2.4 Access system(s) conform to the following: 
2.2.5 Manhole castings shall be designed to withstand AASHTO H-20 loadings and 

manufactured of cast-iron conforming to ASTM A 48 Class 30. 
 
3.0 PERFORMANCE 

3.1 The SWTD shall be sized to either achieve an 80 percent average annual reduction in the total 
suspended solid load with a  particle size distribution having a mean particle size (d50) of 125 
microns unless otherwise stated.    
 

3.2 The SWTD shall be capable of capturing and retaining 100 percent of pollutants greater than 
or equal to 2.4 millimeters (mm) regardless of the pollutant’s specific gravity (i.e.: floatable 
and neutrally buoyant materials) for flows up to the device’s rated-treatment capacity.  The 
SWTD shall be designed to retain all previously captured pollutants addressed by this 
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subsection under all flow conditions.  The SWTD shall be capable of capturing and retaining 
total petroleum hydrocarbons.  The SWTD shall be capable of achieving a removal efficiency 
of 92 and 78 percent when the device is operating at 25 and 50 percent of its rated-treatment 
capacity.  These removal efficiencies shall be based on independent third-party research for 
influent oil concentrations representative of storm water runoff (20 ± 5 mg/L). The SWTD shall 
be greater than 99 percent effective in controlling dry-weather accidental oil spills. 
 

3.3 The SWTD shall be designed with a sump chamber for the storage of captured sediments and 
other negatively buoyant pollutants in between maintenance cycles.  The minimum storage 
capacity provided by the sump chamber shall be in accordance with the volume listed in Table 
1.  The boundaries of the sump chamber shall be limited to that which do not degrade the 
SWTD’s treatment efficiency as captured pollutants accumulate. The sump chamber shall be 
separate from the treatment processing portion(s) of the SWTD to minimize the probability 
of fine particle re-suspension.  In order to not restrict the Owner’s ability to maintain the 
SWTD, the minimum dimension providing access from the ground surface to the sump 
chamber shall be 16 inches in diameter. 

 
3.4 The SWTD shall be designed to capture and retain Total Petroleum Hydrocarbons generated 

by wet-weather flow and dry-weather gross spills and have a capacity listed in Table 1 of the 
required unit. 

 
3.5 The SWTD shall convey the flow   from the peak storm event of the drainage network, in 

accordance with required hydraulic upstream conditions as defined by the Engineer.   If a 
substitute SWTD is proposed, supporting documentation shall be submitted that 
demonstrates equal or better upstream hydraulic conditions compared to that specified 
herein. This documentation shall be signed and sealed by a Professional Engineer registered 
in the State of the work. All costs associated with preparing and certifying this documentation 
shall be born solely by the Contractor.   

 
3.6 The SWTD shall have completed field tested following TARP Tier II protocol requirements 

 

4.0 EXECUTION 
 

4.1 The contractor shall exercise care in the storage and handling of the SWTD components prior 
to and during installation.  Any repair or replacement costs associated with events occurring 
after delivery is accepted and unloading has commenced shall be borne by the contractor. 
 

4.2 The SWTD shall be installed in accordance with the manufacturer’s recommendations and 
related sections of the contract documents.  The manufacturer shall provide the contractor 
installation instructions and offer on-site guidance during the important stages of the 
installation as identified by the manufacturer at no additional expense.  A minimum of 72 
hours notice shall be provided to the manufacturer prior to their performance of the services 
included under this subsection. 
 

4.3 The contractor shall fill all voids associated with lifting provisions provided by the 
manufacturer.  These voids shall be filled with non-shrinking grout providing a finished surface 
consistent with adjacent surfaces.  The contractor shall trim all protruding lifting provisions 
flush with the adjacent concrete surface in a manner, which leaves no sharp points or edges. 
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4.4 The contractor shall removal all loose material and pooling water from the SWTD prior to the 

transfer of operational responsibility to the Owner. 
 
 

TABLE 1 
Storm Water Treatment Device 

Storage Capacities 

 
CDS Model 

Minimum Sump 
Storage Capacity 

(yd3)/(m3) 

 
Minimum Oil Storage 

Capacity (gal)/(L) 

CDS2015-4 0.9(0.7) 61(232) 
83(313) 

 
CDS2015-5 1.5(1.1) 

 
83(313) 

 CDS2020-5 1.5(1.1) 
1.5 

 

99(376) 

CDS2025-5 1.5(1.1) 
 

116(439) 
 CDS3020-6 2.1 (1.6) 184(696) 

CDS3025-6 2.1(1.6) 210(795) 

CDS3030-6 2.1 (1.6) 236(895) 
263(994) 

 
CDS3035-6 2.1 (1.6) 263(994) 

CDS3535-7 2.9(2.2) 377(1426) 

CDS4030-8 5.6(4.3) 426(1612) 

CDS4040-8 5.6 (4.3) 520(1970) 
 CDS4045-8 5.6 (4.3) 568(2149) 

CDS5640-10 8.7(6.7) 
 

758(2869) 

CDS5653-10 8.7(6.7) 
 

965(3652) 

CDS5668-10 8.7(6.7) 
 

1172(4435) 

CDS5678-10 8.7(6.7) 
 

1309(4956) 

   
CDS7070-DV 3.6(2.8) 914 (3459) 

CDS10060-DV 5.0 (3.8) 792 (2997) 

CDS10080-DV 5.0 (3.8) 1057 (4000) 

CDS100100-DV 5.0 (3.8) 1320 (4996) 

END OF SECTION 

 



49
100

THESE VALUES
ARE BASED ON
ACTUAL FLOWS




