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1.0 INTRODUCTION 

 

This stormwater management study is in support of an expansion project at Saint Luke’s East Hospital. 

The purpose of this study is to show compliance with the original stormwater study for this site. 

 

2.0 SITE CONDITIONS 

 

The area of the subject site is 40.3 acres. The existing site is a hospital that was built about 20 years ago. 

A detention basin at the northeast corner of the site was built then to detain stormwater. Since then, an 

out lot has been developed on the campus, which is now a BOK Financial building. The BOK Financial site 

is 1.0 acre and has its own above ground detention basin on the Saint Luke’s East property. For the 

analysis in this report, the BOK Financial site is included in the area for the Saint Luke’s stormwater 

design, so the on-site analysis is 41.3 acres. 

 

The entire site consists of two primary drainage areas. The further east drainage area flows to the on-

site Saint Luke’s detention basin. The further west drainage area bypasses the detention basin. Also, 

there are two small off-site drainage areas that drain through the site to the detention basin. All 

stormwater from the site discharges to a right-of-way ditch for the Interstate 470 highway.  

 

There are two different areas of proposed improvements – a building expansion on the north wing of 

the hospital and a parking expansion at the far north end of the site. The building expansion is to 

support the surgery center for the hospital. The building expansion is proposed in an existing parking lot 

area, so the parking lot will need re-configured around the building expansion. The existing detention 

basin for the BOK Financial site will be filled over with the proposed improvements for the parking 

expansion. Also, a portion of the existing detention basin is proposed to be filled in to support the 

parking lot expansion.  The entire detention basin is proposed to be regraded to make up for lost 

volume.  

 

The building expansion area entirely drains to the detention basin in existing and proposed conditions. 

Most of the stormwater from the proposed parking expansion area bypasses the detention basin in the 

existing condition. The parking expansion improvements will mostly redirect this stormwater runoff to 

the detention basin. The BOK Financial site will be directed to the Saint Luke’s detention basin. The 

Proposed Drainage Map may be seen in Appendix A1.  

 

3.0 STORMWATER MANAGEMENT 

 

3.1 MUNICIPAL REQUIREMENTS 

The detention basin for the site was designed in 2003. The required release rate for the site then was 

the existing 25-year, 24-hour storm event release rate. The 25-year release rate determined in that 

initial design was 239 cfs, which is the controlling release rate for the site. Storm data for the 100-year, 

24-hour storm event was included in the original report. Also, calculations for the 2-year and 10-year 24-

hour storm events have been included in stormwater report updates as expansions have taken place 

across the Saint Luke’s site. For this report, the 25-year, 24-hour storm event is shown as the controlling 

storm event. Calculations are also shown for the 2-year, 10-year, and 100-year storm events.  
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3.2 PROPOSED DESIGN 

The boundaries and the breakdown of the curve numbers used in the original report are unknown. As a 

part of this report, new drainage areas have been figured. A curve number for the site of 94 has been 

assumed for design. The actual curve numbers of the proposed drainage areas are less than 94.  

 

The precipitation depths used for the 25-year and 100-year storm events are the same depths used in 

the original report. The precipitation depths for the 2-year and 10-year storm events are from current 

data from NOAA Atlas 14. A summary of the 2-year, 10-year, 25-year, and 100-year 24-hour storm 

events is shown in Table 1.  

 
 

 Pre-developed Proposed 

Design 

Storm 

Precipitation 

Depth (in) Total Q (cfs) 

Pond In 

(cfs) 

Pond Out 

(cfs) 

Undetained 

Q (cfs) 

Total Q 

(cfs) 

Storage 

(ac-ft) MWSE (ft) 

2-year 3.71 - 85.8 65.8 62.5 115.7 0.71 965.76 

10-year 5.68 - 137.0 88.3 99.2 169.5 1.47 967.95 

25-year 6.20 239 150.4 93.3 108.8 182.5 1.71 968.53 

100-year 7.70 327 188.9 158.3 136.5 218.7 2.17 969.55* 

Table 1. Storm Event Data 

*includes flow through overflow weir 

 

The detention basin will be controlled by the same 36” pipe that controls the existing basin. The flow 

rate leaving the site in the 25-year, 24-hour storm event is 183 cfs, which is below the pre-developed 

flow rate of 239 cfs. An overflow weir is proposed for the basin. The weir is to be 90 ft long at an 

elevation of 969.25 ft. The top of the berm is at an elevation of 971.10 ft. 

 

4.0 ADDITIONAL PERMITS 

 

4.1 FLOODPLAIN 

The subject property lies within Flood Zone “X” (unshaded) (Areas determined to be outside the 0.2% 

annual chance floodplain), as shown on the Jackson County, Missouri, and Incorporated Areas Flood 

Insurance Rate Map (F.I.R.M). The map number is 29095C0409G, panel 409 of 625, and the map revision 

date is January 20, 2017. The FEMA FIRMette is included in Appendix B2. 

 

No floodplain related permits are required for this development.  

 

4.2 LAND DISTURBANCE 

Land disturbance permits are required from the Missouri Department of Natural Resources for projects 

that disturb at least 1.0 acres of land or for sites that are part of a larger common development. The 

proposed site disturbance is over one acre. A land disturbance permit is required for this project.  

 

4.3 USACE NATIONWIDE PERMIT 

A stream goes through the area that is proposed for the parking expansion improvements. This stream is 

classified by the Army Corps of Engineers as a Waters of the United States (WOTUS). A storm pipe will 
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be installed in lieu of the stream and discharge to the Interstate 470 highway right-of-way ditch. A 

USACE Nationwide Permit (NWP) is to be obtained for this work.  

 

5.0 CONCLUSION 

 

The proposed improvements consist of a building expansion at the north end of the existing hospital and 

a parking expansion at the north end of the site. The parking expansion will extend into the existing 

detention basin. The detention basin will be regraded to capture lost volume, and the same 36” outlet 

pipe will serve as the outlet control structure for the detention basin. 
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Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Jackson County, Missouri
Survey Area Data: Version 23, Sep 1, 2021

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Sep 6, 2019—Nov 
16, 2019

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Custom Soil Resource Report
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

10024 Greenton-Urban land complex, 
5 to 9 percent slopes

14.8 30.4%

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

0.0 0.1%

10128 Sharpsburg-Urban land 
complex, 2 to 5 percent 
slopes

4.5 9.1%

10180 Udarents-Urban land-Sampsel 
complex, 2 to 5 percent 
slopes

29.2 59.8%

30080 Greenton silty clay loam, 5 to 9 
percent slopes

0.3 0.6%

Totals for Area of Interest 48.8 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 

Custom Soil Resource Report
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Jackson County, Missouri

10024—Greenton-Urban land complex, 5 to 9 percent slopes

Map Unit Setting
National map unit symbol: 2qky4
Elevation: 800 to 1,100 feet
Mean annual precipitation: 33 to 41 inches
Mean annual air temperature: 50 to 55 degrees F
Frost-free period: 177 to 220 days
Farmland classification: Prime farmland if drained

Map Unit Composition
Greenton and similar soils: 60 percent
Urban land: 35 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Greenton

Setting
Landform: Hillslopes
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Concave, convex
Parent material: Loess over residuum weathered from limestone and shale

Typical profile
A - 0 to 16 inches: silty clay loam
Bt1 - 16 to 26 inches: silty clay loam
2Bt2 - 26 to 80 inches: silty clay

Properties and qualities
Slope: 5 to 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 12 to 30 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 3.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: D
Ecological site: R109XY002MO - Loess Upland Prairie 
Other vegetative classification: Grass/Prairie (Herbaceous Vegetation)
Hydric soil rating: No

Custom Soil Resource Report
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Description of Urban Land

Setting
Landform: Hills
Landform position (two-dimensional): Backslope
Across-slope shape: Concave, convex

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8
Hydric soil rating: No

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

Map Unit Setting
National map unit symbol: 2w7ld
Elevation: 750 to 1,130 feet
Mean annual precipitation: 39 to 45 inches
Mean annual air temperature: 50 to 55 degrees F
Frost-free period: 177 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Arisburg and similar soils: 61 percent
Urban land: 30 percent
Minor components: 9 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Arisburg

Setting
Landform: Interfluves
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loess

Typical profile
Ap - 0 to 6 inches: silt loam
A - 6 to 13 inches: silt loam
Bt - 13 to 19 inches: silty clay loam
Btg - 19 to 56 inches: silty clay loam
BCg - 56 to 79 inches: silty clay loam

Properties and qualities
Slope: 1 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained

Custom Soil Resource Report
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Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 
to 0.60 in/hr)

Depth to water table: About 18 to 30 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C
Ecological site: R107BY007MO - Loess Upland Prairie
Hydric soil rating: No

Description of Urban Land

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8
Hydric soil rating: No

Minor Components

Sampsel
Percent of map unit: 3 percent
Landform: Hills
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Concave
Ecological site: R109XY010MO - Interbedded Sedimentary Upland Savanna 
Hydric soil rating: Yes

Greenton
Percent of map unit: 3 percent
Landform: Hillslopes
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Convex
Ecological site: R109XY002MO - Loess Upland Prairie 
Hydric soil rating: No

Sharpsburg
Percent of map unit: 3 percent
Landform: Ridges
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R109XY002MO - Loess Upland Prairie 
Hydric soil rating: No

Custom Soil Resource Report
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10128—Sharpsburg-Urban land complex, 2 to 5 percent slopes

Map Unit Setting
National map unit symbol: 2ql09
Elevation: 1,000 to 1,300 feet
Mean annual precipitation: 33 to 41 inches
Mean annual air temperature: 50 to 55 degrees F
Frost-free period: 177 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Sharpsburg and similar soils: 60 percent
Urban land: 35 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Sharpsburg

Setting
Landform: Interfluves
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loess

Typical profile
A - 0 to 17 inches: silt loam
Bt - 17 to 55 inches: silty clay loam
C - 55 to 60 inches: silty clay loam

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 24 to 35 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Very high (about 12.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: D
Ecological site: R109XY002MO - Loess Upland Prairie 
Other vegetative classification: Grass/Prairie (Herbaceous Vegetation)

Custom Soil Resource Report
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Hydric soil rating: No

Description of Urban Land

Setting
Landform: Interfluves
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8
Hydric soil rating: No

10180—Udarents-Urban land-Sampsel complex, 2 to 5 percent slopes

Map Unit Setting
National map unit symbol: 1n85h
Elevation: 600 to 900 feet
Mean annual precipitation: 33 to 43 inches
Mean annual air temperature: 50 to 57 degrees F
Frost-free period: 175 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Udarents and similar soils: 41 percent
Urban land: 39 percent
Sampsel and similar soils: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Udarents

Setting
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Crest
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Mine spoil or earthy fill

Typical profile
C1 - 0 to 5 inches: silt loam
C2 - 5 to 80 inches: silty clay loam

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.14 to 0.57 in/hr)
Depth to water table: More than 80 inches

Custom Soil Resource Report
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Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 9.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
Ecological site: R107BY002MO - Deep Loess Upland Prairie
Other vegetative classification: Mixed/Transitional (Mixed Native Vegetation)
Hydric soil rating: No

Description of Urban Land

Setting
Landform: Interfluves
Landform position (two-dimensional): Summit
Landform position (three-dimensional): Interfluve
Across-slope shape: Convex

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8
Hydric soil rating: No

Description of Sampsel

Setting
Landform: Hillslopes
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Base slope
Down-slope shape: Concave
Across-slope shape: Convex
Parent material: Residuum weathered from shale

Typical profile
Ap - 0 to 13 inches: silty clay loam
Bt - 13 to 80 inches: silty clay

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 0 to 18 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 8.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C/D
Ecological site: R109XY010MO - Interbedded Sedimentary Upland Savanna 

Custom Soil Resource Report
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Other vegetative classification: Grass/Prairie (Herbaceous Vegetation)
Hydric soil rating: No

30080—Greenton silty clay loam, 5 to 9 percent slopes

Map Unit Setting
National map unit symbol: 2xjd9
Elevation: 640 to 1,120 feet
Mean annual precipitation: 35 to 41 inches
Mean annual air temperature: 50 to 57 degrees F
Frost-free period: 177 to 209 days
Farmland classification: Prime farmland if drained

Map Unit Composition
Greenton and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Greenton

Setting
Landform: Hillslopes
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Loess over residuum weathered from limestone and shale

Typical profile
Ap - 0 to 12 inches: silty clay loam
Bt - 12 to 28 inches: silty clay
2Bt - 28 to 30 inches: silty clay
2C - 30 to 79 inches: silty clay

Properties and qualities
Slope: 5 to 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 12 to 30 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 9.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified

Custom Soil Resource Report
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Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: C/D
Ecological site: R109XY002MO - Loess Upland Prairie 
Hydric soil rating: No

Minor Components

Sampsel
Percent of map unit: 10 percent
Landform: Hillslopes
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Convex
Ecological site: R109XY002MO - Loess Upland Prairie 
Hydric soil rating: Yes
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Kansas City, MO 64108
816.842.8437

IMEG

ACI/Boland, Inc.
Kansas City | St. Louis

A
S

C
 
E

X
P

A
N

S
I
O

N
 
&

 
R

E
N

O
V

A
T

I
O

N

Licensee's Certificate of Authority Number:
Missouri: #000958

1
0

0
 
N

E
 
S

a
i
n

t
 
L

u
k
e

'
s
 
B

l
v
d

L
e

e
'
s
 
S

u
m

m
i
t
,
 
M

O
 
6

4
0

8
6

F
i
n

a
l
 
D

e
v
e

l
o

p
m

e
n

t
 
P

l
a

n

NUMBER

YODER
KURT M.

PE-2021020064OR
P

S

R

LANOISSEF

EENIGNE

MFOETAT IR
UOSSI

N

TOP OF BERM AT 971.10

90' MINIMUM

3

:

1

 

M

A

X3

:

1

 

M

A

X

SPILLWAY AT 969.25

BERM AT 971.10 MINBERM AT 971.10 MIN

100-YEAR OVERFLOW WSE AT 970.03

SPILLWAY CROSS-SECTION A-A

SPILLWAY DESIGN:

BOTTOM WIDTH= 90 ft

SIDE SLOPES = 3:1

C = 0.57

Q (4% FLOW) = 189 cfs

V (4% FLOW) = 2.7 ft/s

LINING MATERIAL: TURF GRASS SOD. SEE LANDSCAPING PLAN.

DETENTION NOTES:

24-HOUR, 25-YEAR STORM EVENT

PEAK WATER SURFACE ELEVATION= 968.52 ft

PEAK STORAGE VOLUME = 1.71 ac-ft

TOP OF BERM AT 971.10

SEE WEIR CROSS SECTION A-A

THIS SHEET FOR DIMENSIONS.

BENCHMARKS               (DATUM: NAVD88)

BENCHMARK NUMBER: 1

ELEVATION= 982.88

CHISELED SQUARE ON THE FRONT FACE OF A DUAL MANHOLE CURB

INLET, LOCATED 49.8 FEET NORTHWEST OF THE NORTHEAST CORNER OF

THE NORTH END OF SAINT LUKE'S HOSPITAL.

BENCHMARK NUMBER: 2

ELEVATION= 979.35

CHISELED SQUARE ON THE FRONT FACE OF A CURB INLET, LOCATED

±97.4 FEET SOUTHWEST OF THE SOUTHEAST CORNER ON THE NORTH END

SAINT LUKE'S HOSPITAL.

FLOW LINE OUT = 960.70

FLOW LINE IN = 961.00

10/28/2022
3-21037

KMY
KMY

C1

DETENTION BASIN PLAN
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Pond Routed Hydrograph (total out), 100 years (Post-
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22Individual Outlet Curves, 2 years (Post-Development 2 Year)

19Outlet Input Data, 2 years (Post-Development 2 Year)

Composite Outlet Structure - 1

17Unit Hydrograph Summary, 2 years (Post-Development 2 Year)

CM-4

15Unit Hydrograph Summary, 2 years (Post-Development 2 Year)

CM-3

13Unit Hydrograph Summary, 2 years (Post-Development 2 Year)

CM-2

11Unit Hydrograph Summary, 2 years (Post-Development 2 Year)

CM-1

9Time-Depth Curve, 25 years (Post-Development 25 Year)

7Time-Depth Curve, 2 years (Post-Development 2 Year)

5Time-Depth Curve, 100 years (Post-Development 100 Year)

3Time-Depth Curve, 10 years (Post-Development 10 Year)

Time-Depth - 1

1Master Network Summary

D1



Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph
Volume
(ac-ft)

Return
Event

(years)

ScenarioLabel

84.9512.0506.3782Post-Development 2
Year

CM-1

135.2712.05010.44710Post-Development 10
Year

CM-1

148.4412.05011.52725Post-Development 25
Year

CM-1

186.2812.05014.652100Post-Development
100 Year

CM-1

62.4512.0004.1122Post-Development 2
Year

CM-2

99.2012.0006.73510Post-Development 10
Year

CM-2

108.8312.0007.43225Post-Development 25
Year

CM-2

136.4712.0009.446100Post-Development
100 Year

CM-2

0.1712.0500.0122Post-Development 2
Year

CM-3

0.3312.0500.02310Post-Development 10
Year

CM-3

0.3712.0500.02625Post-Development 25
Year

CM-3

0.4912.0500.036100Post-Development
100 Year

CM-3

0.7212.0500.0512Post-Development 2
Year

CM-4

1.3812.0500.09910Post-Development 10
Year

CM-4

1.5712.0500.11225Post-Development 25
Year

CM-4

2.0912.0500.151100Post-Development
100 Year

CM-4

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph
Volume
(ac-ft)

Return
Event

(years)

ScenarioLabel

115.7112.05010.5382Post-Development 2
Year

O-1

169.4512.05017.28410Post-Development 10
Year

O-1

182.5012.05019.07625Post-Development 25
Year

O-1

218.6612.05024.258100Post-Development
100 Year

O-1

115.8612.00010.5422Post-Development 2
Year

J-1
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Subsection:  Master Network Summary

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph
Volume
(ac-ft)

Return
Event

(years)

ScenarioLabel

171.5812.00017.28910Post-Development 10
Year

J-1

185.0512.00019.08225Post-Development 25
Year

J-1

222.5912.00024.266100Post-Development
100 Year

J-1

Pond Summary

Maximum
Pond Storage

(ac-ft)

Maximum
Water

Surface
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph
Volume
(ac-ft)

Return
Event

(years)

ScenarioLabel

(N/A)(N/A)85.8312.0506.4412Post-
Development
2 Year

PO-1 (IN)

0.706965.7665.7712.1506.4292Post-
Development
2 Year

PO-1 (OUT)

(N/A)(N/A)136.9812.05010.56910Post-
Development
10 Year

PO-1 (IN)

1.467967.9588.2712.20010.55410Post-
Development
10 Year

PO-1 (OUT)

(N/A)(N/A)150.3812.05011.66625Post-
Development
25 Year

PO-1 (IN)

1.706968.5393.2512.20011.65025Post-
Development
25 Year

PO-1 (OUT)

(N/A)(N/A)188.8712.05014.838100Post-
Development
100 Year

PO-1 (IN)

2.173969.55158.2512.15014.820100Post-
Development
100 Year

PO-1 (OUT)
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Scenario:  Post-Development 10 Year

Storm Event:  10 YearLabel:  Time-Depth - 1

Return Event:  10 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  10 Year

10 YearLabel

hours0.000Start Time

hours0.100Increment

hours24.000End Time

years10Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.00.00.00.00.00.000

0.10.00.00.00.00.500

0.10.10.10.10.11.000

0.10.10.10.10.11.500

0.20.10.10.10.12.000

0.20.20.20.20.22.500

0.20.20.20.20.23.000

0.30.30.20.20.23.500

0.30.30.30.30.34.000

0.30.30.30.30.34.500

0.40.40.40.40.45.000

0.40.40.40.40.45.500

0.50.50.50.50.56.000

0.60.50.50.50.56.500

0.60.60.60.60.67.000

0.70.70.60.60.67.500

0.70.70.70.70.78.000

0.80.80.80.80.88.500

0.90.90.90.90.89.000

1.01.01.00.90.99.500

1.11.11.11.11.010.000

1.31.31.21.21.210.500

1.51.51.41.41.311.000

3.22.42.01.71.611.500

4.14.14.03.93.812.000

4.34.34.34.24.212.500

4.54.54.54.44.413.000

4.64.64.64.64.513.500

4.74.74.74.74.714.000

4.84.84.84.84.814.500

4.94.94.94.94.815.000

5.05.05.04.94.915.500

5.05.05.05.05.016.000

5.15.15.15.15.116.500

5.25.25.15.15.117.000
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Scenario:  Post-Development 10 Year

Storm Event:  10 YearLabel:  Time-Depth - 1

Return Event:  10 yearsSubsection:  Time-Depth Curve

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

5.25.25.25.25.217.500

5.35.35.35.25.218.000

5.35.35.35.35.318.500

5.45.45.35.35.319.000

5.45.45.45.45.419.500

5.45.45.45.45.420.000

5.55.55.55.55.420.500

5.55.55.55.55.521.000

5.55.55.55.55.521.500

5.65.65.65.65.522.000

5.65.65.65.65.622.500

5.65.65.65.65.623.000

5.75.75.75.75.623.500

(N/A)(N/A)(N/A)(N/A)5.724.000
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Scenario:  Post-Development 100 Year

Storm Event:  100 YearLabel:  Time-Depth - 1

Return Event:  100 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  100 Year

100 YearLabel

hours0.000Start Time

hours0.100Increment

hours24.000End Time

years100Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.00.00.00.00.00.000

0.10.10.10.00.00.500

0.10.10.10.10.11.000

0.20.20.10.10.11.500

0.20.20.20.20.22.000

0.30.20.20.20.22.500

0.30.30.30.30.33.000

0.40.30.30.30.33.500

0.40.40.40.40.44.000

0.50.50.40.40.44.500

0.50.50.50.50.55.000

0.60.60.60.60.55.500

0.70.70.60.60.66.000

0.70.70.70.70.76.500

0.80.80.80.80.87.000

0.90.90.90.90.87.500

1.01.01.00.90.98.000

1.11.11.11.01.08.500

1.21.21.21.21.19.000

1.41.31.31.31.39.500

1.51.51.51.41.410.000

1.81.71.71.61.610.500

2.12.01.91.91.811.000

4.43.32.72.42.211.500

5.65.55.45.35.112.000

5.95.85.85.75.712.500

6.16.16.06.05.913.000

6.36.36.26.26.213.500

6.46.46.46.36.314.000

6.56.56.56.56.414.500

6.76.66.66.66.615.000

6.86.76.76.76.715.500

6.86.86.86.86.816.000

6.96.96.96.96.916.500

7.07.07.07.06.917.000
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Scenario:  Post-Development 100 Year

Storm Event:  100 YearLabel:  Time-Depth - 1

Return Event:  100 yearsSubsection:  Time-Depth Curve

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

7.17.17.07.07.017.500

7.17.17.17.17.118.000

7.27.27.27.27.218.500

7.37.37.27.27.219.000

7.37.37.37.37.319.500

7.47.47.47.37.320.000

7.47.47.47.47.420.500

7.57.57.47.47.421.000

7.57.57.57.57.521.500

7.67.67.57.57.522.000

7.67.67.67.67.622.500

7.67.67.67.67.623.000

7.77.77.77.77.723.500

(N/A)(N/A)(N/A)(N/A)7.724.000
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  Time-Depth - 1

Return Event:  2 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  2 Year

2 YearLabel

hours0.000Start Time

hours0.100Increment

hours24.000End Time

years2Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.00.00.00.00.00.000

0.00.00.00.00.00.500

0.10.10.00.00.01.000

0.10.10.10.10.11.500

0.10.10.10.10.12.000

0.10.10.10.10.12.500

0.10.10.10.10.13.000

0.20.20.20.20.23.500

0.20.20.20.20.24.000

0.20.20.20.20.24.500

0.30.30.20.20.25.000

0.30.30.30.30.35.500

0.30.30.30.30.36.000

0.40.40.30.30.36.500

0.40.40.40.40.47.000

0.40.40.40.40.47.500

0.50.50.50.50.48.000

0.50.50.50.50.58.500

0.60.60.60.60.59.000

0.70.60.60.60.69.500

0.70.70.70.70.710.000

0.80.80.80.80.810.500

1.01.00.90.90.911.000

2.11.61.31.11.011.500

2.72.62.62.52.512.000

2.82.82.82.82.712.500

2.92.92.92.92.913.000

3.03.03.03.03.013.500

3.13.13.13.13.014.000

3.23.13.13.13.114.500

3.23.23.23.23.215.000

3.33.23.23.23.215.500

3.33.33.33.33.316.000

3.33.33.33.33.316.500

3.43.43.43.43.317.000
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  Time-Depth - 1

Return Event:  2 yearsSubsection:  Time-Depth Curve

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

3.43.43.43.43.417.500

3.43.43.43.43.418.000

3.53.53.53.53.418.500

3.53.53.53.53.519.000

3.53.53.53.53.519.500

3.63.53.53.53.520.000

3.63.63.63.63.620.500

3.63.63.63.63.621.000

3.63.63.63.63.621.500

3.63.63.63.63.622.000

3.73.73.73.73.622.500

3.73.73.73.73.723.000

3.73.73.73.73.723.500

(N/A)(N/A)(N/A)(N/A)3.724.000
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Scenario:  Post-Development 25 Year

Storm Event:  25 YearLabel:  Time-Depth - 1

Return Event:  25 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  25 Year

25 YearLabel

hours0.000Start Time

hours0.100Increment

hours24.000End Time

years25Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.00.00.00.00.00.000

0.10.10.00.00.00.500

0.10.10.10.10.11.000

0.10.10.10.10.11.500

0.20.20.20.10.12.000

0.20.20.20.20.22.500

0.20.20.20.20.23.000

0.30.30.30.30.33.500

0.30.30.30.30.34.000

0.40.40.40.40.34.500

0.40.40.40.40.45.000

0.50.50.50.50.45.500

0.50.50.50.50.56.000

0.60.60.60.60.66.500

0.70.70.60.60.67.000

0.70.70.70.70.77.500

0.80.80.80.80.78.000

0.90.90.90.80.88.500

1.01.01.00.90.99.000

1.11.11.11.01.09.500

1.21.21.21.11.110.000

1.41.41.31.31.310.500

1.71.61.61.51.511.000

3.52.72.21.91.811.500

4.54.44.34.24.112.000

4.74.74.74.64.612.500

4.94.94.94.84.813.000

5.15.05.05.05.013.500

5.25.25.15.15.114.000

5.35.35.25.25.214.500

5.45.35.35.35.315.000

5.45.45.45.45.415.500

5.55.55.55.55.516.000

5.65.65.65.55.516.500

5.65.65.65.65.617.000
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Scenario:  Post-Development 25 Year

Storm Event:  25 YearLabel:  Time-Depth - 1

Return Event:  25 yearsSubsection:  Time-Depth Curve

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

5.75.75.75.75.717.500

5.85.75.75.75.718.000

5.85.85.85.85.818.500

5.95.85.85.85.819.000

5.95.95.95.95.919.500

5.95.95.95.95.920.000

6.06.06.06.05.920.500

6.06.06.06.06.021.000

6.06.06.06.06.021.500

6.16.16.16.16.122.000

6.16.16.16.16.122.500

6.26.26.16.16.123.000

6.26.26.26.26.223.500

(N/A)(N/A)(N/A)(N/A)6.224.000
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  CM-1

Return Event:  2 yearsSubsection:  Unit Hydrograph Summary

2 YearStorm Event

years2Return Event

hours24.000Duration

in3.7Depth

hours0.270
Time of Concentration
(Composite)

acres25.24Area (User Defined)

hours0.036
Computational Time
Increment

hours12.060Time to Peak (Computed)

ft³/s84.99Flow (Peak, Computed)

hours0.050Output Increment

hours12.050
Time to Flow (Peak
Interpolated Output)

ft³/s84.95
Flow (Peak Interpolated
Output)

Drainage Area

94.000SCS CN (Composite)

acres25.24Area (User Defined)

in0.6
Maximum Retention
(Pervious)

in0.1
Maximum Retention
(Pervious, 20 percent)

Cumulative Runoff

in3.0
Cumulative Runoff Depth
(Pervious)

ac-ft6.395Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft6.378Volume

SCS Unit Hydrograph Parameters

hours0.270
Time of Concentration
(Composite)

hours0.036
Computational Time
Increment

483.432
Unit Hydrograph Shape
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s105.92Unit peak, qp
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  CM-1

Return Event:  2 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.180Unit peak time, Tp

hours0.720Unit receding limb, Tr

hours0.900Total unit time, Tb
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  CM-2

Return Event:  2 yearsSubsection:  Unit Hydrograph Summary

2 YearStorm Event

years2Return Event

hours24.000Duration

in3.7Depth

hours0.170
Time of Concentration
(Composite)

acres16.26Area (User Defined)

hours0.023
Computational Time
Increment

hours11.968Time to Peak (Computed)

ft³/s63.26Flow (Peak, Computed)

hours0.050Output Increment

hours12.000
Time to Flow (Peak
Interpolated Output)

ft³/s62.45
Flow (Peak Interpolated
Output)

Drainage Area

94.000SCS CN (Composite)

acres16.26Area (User Defined)

in0.6
Maximum Retention
(Pervious)

in0.1
Maximum Retention
(Pervious, 20 percent)

Cumulative Runoff

in3.0
Cumulative Runoff Depth
(Pervious)

ac-ft4.120Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft4.112Volume

SCS Unit Hydrograph Parameters

hours0.170
Time of Concentration
(Composite)

hours0.023
Computational Time
Increment

483.432
Unit Hydrograph Shape
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s108.37Unit peak, qp
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  CM-2

Return Event:  2 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.113Unit peak time, Tp

hours0.453Unit receding limb, Tr

hours0.567Total unit time, Tb

Page 14 of 4127 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666

11/1/2022

PondPack CONNECT Edition
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution
CenterSaint Luke's East.ppc

D1



Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  CM-3

Return Event:  2 yearsSubsection:  Unit Hydrograph Summary

2 YearStorm Event

years2Return Event

hours24.000Duration

in3.7Depth

hours0.270
Time of Concentration
(Composite)

acres0.08Area (User Defined)

hours0.036
Computational Time
Increment

hours12.060Time to Peak (Computed)

ft³/s0.17Flow (Peak, Computed)

hours0.050Output Increment

hours12.050
Time to Flow (Peak
Interpolated Output)

ft³/s0.17
Flow (Peak Interpolated
Output)

Drainage Area

80.000SCS CN (Composite)

acres0.08Area (User Defined)

in2.5
Maximum Retention
(Pervious)

in0.5
Maximum Retention
(Pervious, 20 percent)

Cumulative Runoff

in1.8
Cumulative Runoff Depth
(Pervious)

ac-ft0.012Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.012Volume

SCS Unit Hydrograph Parameters

hours0.270
Time of Concentration
(Composite)

hours0.036
Computational Time
Increment

483.432
Unit Hydrograph Shape
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s0.34Unit peak, qp
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  CM-3

Return Event:  2 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.180Unit peak time, Tp

hours0.720Unit receding limb, Tr

hours0.900Total unit time, Tb
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  CM-4

Return Event:  2 yearsSubsection:  Unit Hydrograph Summary

2 YearStorm Event

years2Return Event

hours24.000Duration

in3.7Depth

hours0.270
Time of Concentration
(Composite)

acres0.34Area (User Defined)

hours0.036
Computational Time
Increment

hours12.060Time to Peak (Computed)

ft³/s0.72Flow (Peak, Computed)

hours0.050Output Increment

hours12.050
Time to Flow (Peak
Interpolated Output)

ft³/s0.72
Flow (Peak Interpolated
Output)

Drainage Area

80.000SCS CN (Composite)

acres0.34Area (User Defined)

in2.5
Maximum Retention
(Pervious)

in0.5
Maximum Retention
(Pervious, 20 percent)

Cumulative Runoff

in1.8
Cumulative Runoff Depth
(Pervious)

ac-ft0.051Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.051Volume

SCS Unit Hydrograph Parameters

hours0.270
Time of Concentration
(Composite)

hours0.036
Computational Time
Increment

483.432
Unit Hydrograph Shape
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s1.43Unit peak, qp
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  CM-4

Return Event:  2 yearsSubsection:  Unit Hydrograph Summary

SCS Unit Hydrograph Parameters

hours0.180Unit peak time, Tp

hours0.720Unit receding limb, Tr

hours0.900Total unit time, Tb
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  Composite Outlet Structure - 1

Return Event:  2 yearsSubsection:  Outlet Input Data

Requested Pond Water Surface Elevations

ft960.80Minimum (Headwater)

ft0.50Increment (Headwater)

ft971.00Maximum (Headwater)

Outlet Connectivity

E2
(ft)

E1
(ft)

OutfallDirectionOutlet IDStructure Type

971.00960.94TWForwardCulvert - 1Culvert-Circular

971.00969.25TWForwardWeir - 1Rectangular Weir

(N/A)(N/A)TailwaterTailwater Settings
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  Composite Outlet Structure - 1

Return Event:  2 yearsSubsection:  Outlet Input Data

Structure ID:  Culvert - 1
Structure Type:  Culvert-Circular

1Number of Barrels

in36.0Diameter

ft47.58Length

ft47.58Length (Computed Barrel)

ft/ft0.002Slope (Computed)

Outlet Control Data

0.013Manning's n

0.200Ke

0.007Kb

0.000Kr

ft0.00Convergence Tolerance

Inlet Control Data

Form 1Equation Form

0.0045K

2.0000M

0.0317C

0.6900Y

0.000T1 ratio (HW/D)

1.196T2 ratio (HW/D)

-0.500Slope Correction Factor

Use unsubmerged inlet control 0 equation below T1
elevation.
Use submerged inlet control 0 equation above T2
elevation

In transition zone between unsubmerged and submerged
inlet control,
interpolate between flows at T1 & T2...

ft960.94T1 Elevation ft³/s42.85T1 Flow

ft964.53T2 Elevation ft³/s48.97T2 Flow
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  Composite Outlet Structure - 1

Return Event:  2 yearsSubsection:  Outlet Input Data

Structure ID:  Weir - 1
Structure Type:  Rectangular Weir

1Number of Openings

ft969.25Elevation

ft90.00Weir Length

(ft^0.5)/s3.00Weir Coefficient

Structure ID:  TW
Structure Type:  TW Setup, DS Channel

Free OutfallTailwater Type

Convergence Tolerances

30Maximum Iterations

ft0.01
Tailwater Tolerance
(Minimum)

ft0.50
Tailwater Tolerance
(Maximum)

ft0.01
Headwater Tolerance
(Minimum)

ft0.50
Headwater Tolerance
(Maximum)

ft³/s0.001Flow Tolerance (Minimum)

ft³/s10.000Flow Tolerance (Maximum)
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  Composite Outlet Structure - 1

Return Event:  2 yearsSubsection:  Individual Outlet Curves

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Culvert - 1  (Culvert-Circular)
---------------------------------------
Mannings open channel maximum capacity:  32.89 ft³/s
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Tailwater (Pond Outfall)

Convergence Error
(ft)

Tailwater Elevation
(ft)

Flow
(ft³/s)

Water Surface
Elevation

(ft)

0.00(N/A)0.00960.80

0.00(N/A)0.00960.94

0.00(N/A)0.65961.30

0.00(N/A)3.70961.80

0.00(N/A)8.90962.30

0.00(N/A)15.88962.80

0.00(N/A)24.16963.30

0.00(N/A)33.27963.80

0.00(N/A)42.60964.30

0.00(N/A)51.64964.80

0.00(N/A)59.60965.30

0.00(N/A)66.35965.80

0.00(N/A)72.05966.30

0.00(N/A)77.32966.80

0.00(N/A)82.25967.30

0.00(N/A)86.93967.80

0.00(N/A)91.34968.30

0.00(N/A)95.56968.80

0.00(N/A)99.21969.25

0.00(N/A)99.59969.30

0.00(N/A)103.47969.80

0.00(N/A)107.22970.30

0.00(N/A)110.83970.80

0.00(N/A)112.25971.00

Computation Messages

Upstream HW &
DNstream TW < Inv.El

Upstream HW &
DNstream TW < Inv.El

BACKWATER CONTROL..
Vh= .048ft  hwDi= .302ft
Lbw= 47.6ft Hev= .00ft

BACKWATER CONTROL..
Vh= .139ft  hwDi= .693ft
Lbw= 47.6ft Hev= .00ft
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  Composite Outlet Structure - 1

Return Event:  2 yearsSubsection:  Individual Outlet Curves

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Culvert - 1  (Culvert-Circular)
---------------------------------------
Mannings open channel maximum capacity:  32.89 ft³/s
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Tailwater (Pond Outfall)

Computation Messages

BACKWATER CONTROL..
Vh= .239ft  hwDi=
1.073ft  Lbw= 47.6ft
Hev= .00ft

BACKWATER CONTROL..
Vh= .343ft  hwDi=
1.449ft  Lbw= 47.6ft
Hev= .00ft

BACKWATER CONTROL..
Vh= .451ft  hwDi=
1.819ft  Lbw= 47.6ft
Hev= .00ft

BACKWATER CONTROL..
Vh= .570ft  hwDi=
2.176ft  Lbw= 47.6ft
Hev= .00ft

BACKWATER CONTROL..
Vh= .707ft  hwDi=
2.511ft  Lbw= 47.6ft
Hev= .00ft

BACKWATER CONTROL..
Vh= .875ft  hwDi=
2.809ft  Lbw= 47.6ft
Hev= .00ft

FULL FLOW...Lfull=5.81ft
Vh=1.105ft  HL=1.372ft
Hev= .00ft

INLET CONTROL...
Submerged:  HW =4.86

INLET CONTROL...
Submerged:  HW =5.36

INLET CONTROL...
Submerged:  HW =5.86

INLET CONTROL...
Submerged:  HW =6.36

INLET CONTROL...
Submerged:  HW =6.86

INLET CONTROL...
Submerged:  HW =7.36

INLET CONTROL...
Submerged:  HW =7.86

INLET CONTROL...
Submerged:  HW =8.31
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  Composite Outlet Structure - 1

Return Event:  2 yearsSubsection:  Individual Outlet Curves

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Culvert - 1  (Culvert-Circular)
---------------------------------------
Mannings open channel maximum capacity:  32.89 ft³/s
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Tailwater (Pond Outfall)

Computation Messages

INLET CONTROL...
Submerged:  HW =8.36

INLET CONTROL...
Submerged:  HW =8.86

INLET CONTROL...
Submerged:  HW =9.36

INLET CONTROL...
Submerged:  HW =9.86

INLET CONTROL...
Submerged:  HW =10.06
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  Composite Outlet Structure - 1

Return Event:  2 yearsSubsection:  Individual Outlet Curves

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Weir - 1  (Rectangular Weir)
---------------------------------------
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Tailwater (Pond Outfall)

Convergence Error
(ft)

Tailwater Elevation
(ft)

Flow
(ft³/s)

Water Surface
Elevation

(ft)

0.00(N/A)0.00960.80

0.00(N/A)0.00960.94

0.00(N/A)0.00961.30

0.00(N/A)0.00961.80

0.00(N/A)0.00962.30

0.00(N/A)0.00962.80

0.00(N/A)0.00963.30

0.00(N/A)0.00963.80

0.00(N/A)0.00964.30

0.00(N/A)0.00964.80

0.00(N/A)0.00965.30

0.00(N/A)0.00965.80

0.00(N/A)0.00966.30

0.00(N/A)0.00966.80

0.00(N/A)0.00967.30

0.00(N/A)0.00967.80

0.00(N/A)0.00968.30

0.00(N/A)0.00968.80

0.00(N/A)0.00969.25

0.00(N/A)3.02969.30

0.00(N/A)110.13969.80

0.00(N/A)290.50970.30

0.00(N/A)521.03970.80

0.00(N/A)625.06971.00

Computation Messages

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  Composite Outlet Structure - 1

Return Event:  2 yearsSubsection:  Individual Outlet Curves

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Weir - 1  (Rectangular Weir)
---------------------------------------
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Tailwater (Pond Outfall)

Computation Messages

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

HW & TW below
Inv.El.=969.250

H=.00; Htw=.00;
Qfree=.00;

H=.05; Htw=.00;
Qfree=3.02;

H=.55; Htw=.00;
Qfree=110.13;

H=1.05; Htw=.00;
Qfree=290.50;

H=1.55; Htw=.00;
Qfree=521.03;

H=1.75; Htw=.00;
Qfree=625.06;
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  Composite Outlet Structure - 1

Return Event:  2 yearsSubsection:  Composite Rating Curve

Composite Outflow Summary

Convergence Error
(ft)

Tailwater Elevation
(ft)

Flow
(ft³/s)

Water Surface
Elevation

(ft)

0.00(N/A)0.00960.80

0.00(N/A)0.00960.94

0.00(N/A)0.65961.30

0.00(N/A)3.70961.80

0.00(N/A)8.90962.30

0.00(N/A)15.88962.80

0.00(N/A)24.16963.30

0.00(N/A)33.27963.80

0.00(N/A)42.60964.30

0.00(N/A)51.64964.80

0.00(N/A)59.60965.30

0.00(N/A)66.35965.80

0.00(N/A)72.05966.30

0.00(N/A)77.32966.80

0.00(N/A)82.25967.30

0.00(N/A)86.93967.80

0.00(N/A)91.34968.30

0.00(N/A)95.56968.80

0.00(N/A)99.21969.25

0.00(N/A)102.61969.30

0.00(N/A)213.60969.80

0.00(N/A)397.72970.30

0.00(N/A)631.86970.80

0.00(N/A)737.31971.00

Contributing Structures

None Contributing

None Contributing

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1

Culvert - 1 + Weir - 1
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  Composite Outlet Structure - 1

Return Event:  2 yearsSubsection:  Composite Rating Curve

Composite Outflow Summary

Contributing Structures

Culvert - 1 + Weir - 1

Culvert - 1 + Weir - 1

Culvert - 1 + Weir - 1

Culvert - 1 + Weir - 1

Culvert - 1 + Weir - 1
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  PO-1 (OUT)

Return Event:  2 yearsSubsection:  Pond Routed Hydrograph (total out)

ft³/s65.77Peak Discharge

hours12.150Time to Peak

ac-ft6.429Hydrograph Volume

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.040.030.020.010.003.400

0.090.080.070.060.053.650

0.140.130.120.110.103.900

0.180.170.170.160.154.150

0.230.220.210.200.194.400

0.290.280.270.260.244.650

0.340.330.320.310.304.900

0.400.390.370.360.355.150

0.450.440.430.420.415.400

0.510.500.490.480.475.650

0.570.560.550.540.525.900

0.630.620.610.600.586.150

0.710.700.680.660.656.400

0.780.760.750.740.736.650

0.840.830.820.800.796.900

0.910.890.880.870.857.150

0.970.960.940.930.927.400

1.041.021.011.000.987.650

1.101.091.071.061.057.900

1.211.181.161.141.128.150

1.371.341.301.271.248.400

1.561.521.481.451.418.650

1.761.721.681.641.608.900

1.911.891.861.831.809.150

1.991.981.961.951.939.400

2.152.102.062.032.019.650

2.442.372.312.252.209.900

2.822.732.652.582.5010.150

3.303.203.103.002.9110.400

3.933.783.643.523.4010.650

4.754.574.404.244.0810.900

6.045.715.425.174.9511.150

8.437.647.156.766.3911.400

27.4320.9216.0112.229.8411.650

64.2460.2053.4144.6735.5311.900

48.1055.2560.9364.4665.7712.150

17.0420.9026.0932.7740.2412.400

8.599.3910.4611.9614.1012.650

6.576.857.167.527.9712.900
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Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  PO-1 (OUT)

Return Event:  2 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

5.535.705.896.096.3213.150

4.834.965.095.235.3813.400

4.254.354.464.584.7013.650

3.773.863.964.054.1513.900

3.433.483.543.613.6914.150

3.233.273.303.343.3814.400

3.073.103.133.163.2014.650

2.912.942.973.003.0314.900

2.752.782.812.842.8715.150

2.582.622.652.682.7115.400

2.422.462.492.522.5515.650

2.262.292.332.362.3915.900

2.142.162.182.202.2316.150

2.072.082.092.112.1216.400

2.012.022.032.042.0616.650

1.951.961.971.992.0016.900

1.891.911.921.931.9417.150

1.841.851.861.871.8817.400

1.781.791.801.811.8317.650

1.721.731.741.761.7717.900

1.661.671.691.701.7118.150

1.611.621.631.641.6518.400

1.551.561.571.581.5918.650

1.491.501.511.521.5418.900

1.431.441.451.471.4819.150

1.371.391.401.411.4219.400

1.321.331.341.351.3619.650

1.261.271.281.291.3019.900

1.221.221.231.241.2520.150

1.201.201.211.211.2120.400

1.191.191.191.191.2020.650

1.181.181.181.181.1920.900

1.161.171.171.171.1721.150

1.151.161.161.161.1621.400

1.141.141.151.151.1521.650

1.131.131.131.141.1421.900

1.121.121.121.131.1322.150

1.111.111.111.111.1222.400

1.101.101.101.101.1022.650

1.081.091.091.091.0922.900

1.071.071.081.081.0823.150

1.061.061.071.071.0723.400

1.051.051.051.061.0623.650

Page 30 of 4127 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666

11/1/2022

PondPack CONNECT Edition
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution
CenterSaint Luke's East.ppc

D1



Scenario:  Post-Development 2 Year

Storm Event:  2 YearLabel:  PO-1 (OUT)

Return Event:  2 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

(N/A)(N/A)1.041.041.0523.900
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Scenario:  Post-Development 10 Year

Storm Event:  10 YearLabel:  PO-1 (OUT)

Return Event:  10 yearsSubsection:  Pond Routed Hydrograph (total out)

ft³/s88.27Peak Discharge

hours12.200Time to Peak

ac-ft10.554Hydrograph Volume

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.060.040.020.000.002.350

0.150.130.110.090.072.600

0.230.220.200.180.162.850

0.320.300.290.270.253.100

0.410.390.370.360.343.350

0.490.480.460.440.433.600

0.580.560.540.530.513.850

0.660.640.630.610.594.100

0.780.760.740.720.694.350

0.870.850.830.810.804.600

0.970.950.930.910.894.850

1.071.051.031.010.995.100

1.171.151.131.111.095.350

1.271.251.231.211.195.600

1.371.351.331.311.295.850

1.471.451.431.411.396.100

1.571.551.531.511.496.350

1.671.651.631.611.596.600

1.771.751.731.711.696.850

1.871.851.831.811.797.100

1.981.961.941.911.897.350

2.082.062.042.022.007.600

2.182.162.142.122.107.850

2.332.292.252.232.208.100

2.612.552.492.432.388.350

2.932.862.802.732.678.600

3.273.203.133.063.008.850

3.543.503.453.403.339.100

3.673.653.633.613.589.350

3.863.803.753.713.699.600

4.314.214.114.023.939.850

4.924.784.654.534.4210.100

5.695.535.375.215.0610.350

6.656.436.226.035.8610.600

7.947.667.397.146.8910.850

9.769.308.918.558.2311.100

12.8512.0711.4410.8410.2711.350

33.2125.6119.9816.3814.1111.600

79.7172.3763.1852.7842.3611.850
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Scenario:  Post-Development 10 Year

Storm Event:  10 YearLabel:  PO-1 (OUT)

Return Event:  10 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

83.6286.7788.2787.8685.0212.100

52.0860.6567.9874.0879.3312.350

17.7121.4326.7433.9942.7512.600

10.9111.5212.3213.4615.2312.850

8.969.269.609.9810.4113.100

7.757.968.188.428.6813.350

6.806.977.157.347.5413.600

6.036.176.326.486.6313.850

5.425.525.635.755.8914.100

5.095.145.205.275.3414.350

4.834.884.934.985.0314.600

4.574.634.684.734.7814.850

4.324.374.424.474.5215.100

4.074.124.174.224.2715.350

3.823.873.923.974.0215.600

3.573.623.673.723.7715.850

3.363.393.433.483.5216.100

3.243.263.283.303.3316.350

3.153.163.183.203.2216.600

3.063.073.093.113.1316.850

2.972.983.003.023.0417.100

2.882.892.912.932.9517.350

2.792.802.822.842.8617.600

2.702.712.732.752.7717.850

2.602.622.642.662.6818.100

2.512.532.552.572.5918.350

2.422.442.462.482.5018.600

2.332.352.372.392.4118.850

2.242.262.282.302.3219.100

2.152.172.192.212.2319.350

2.062.082.102.122.1419.600

1.971.992.012.032.0419.850

1.901.911.921.941.9520.100

1.871.871.881.881.8920.350

1.851.851.861.861.8620.600

1.831.831.841.841.8520.850

1.811.821.821.821.8321.100

1.791.801.801.811.8121.350

1.781.781.781.791.7921.600

1.761.761.771.771.7721.850

1.741.741.751.751.7522.100

1.721.731.731.731.7422.350

1.701.711.711.721.7222.600
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Scenario:  Post-Development 10 Year

Storm Event:  10 YearLabel:  PO-1 (OUT)

Return Event:  10 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

1.691.691.691.701.7022.850

1.671.671.681.681.6823.100

1.651.651.661.661.6623.350

1.631.641.641.641.6523.600

(N/A)1.621.621.631.6323.850
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Scenario:  Post-Development 25 Year

Storm Event:  25 YearLabel:  PO-1 (OUT)

Return Event:  25 yearsSubsection:  Pond Routed Hydrograph (total out)

ft³/s93.25Peak Discharge

hours12.200Time to Peak

ac-ft11.650Hydrograph Volume

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.070.050.030.010.002.200

0.170.150.130.110.092.450

0.270.250.230.210.192.700

0.370.350.330.310.292.950

0.470.450.430.410.393.200

0.570.550.530.510.493.450

0.670.640.620.610.593.700

0.780.760.740.720.703.950

0.880.860.840.820.804.200

0.980.960.940.920.904.450

1.091.071.051.021.004.700

1.201.181.151.131.114.950

1.311.281.261.241.225.200

1.421.391.371.351.335.450

1.531.501.481.461.445.700

1.641.611.591.571.555.950

1.751.721.701.681.666.200

1.861.841.811.791.776.450

1.971.951.931.901.886.700

2.082.062.042.011.996.950

2.192.172.152.132.107.200

2.302.282.262.242.217.450

2.412.392.372.352.327.700

2.532.502.482.462.437.950

2.762.702.652.602.568.200

3.093.022.952.892.828.450

3.463.383.313.243.178.700

3.833.763.683.613.538.950

4.064.034.003.953.909.200

4.174.144.124.104.089.450

4.504.414.334.264.219.700

5.074.954.834.714.619.950

5.825.665.505.355.2010.200

6.736.536.356.175.9910.450

7.947.677.417.166.9410.700

9.469.138.828.528.2310.950

12.0211.3910.8210.309.8511.200

17.9515.6314.2413.3812.6811.450

56.4845.7336.0527.9921.9911.700
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Scenario:  Post-Development 25 Year

Storm Event:  25 YearLabel:  PO-1 (OUT)

Return Event:  25 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

92.5489.4683.9176.2267.1011.950

80.7385.4989.3292.0593.2512.200

43.1352.6161.3368.8075.1612.450

15.6818.0321.6726.9434.2412.700

10.9611.4612.0712.8613.9712.950

9.249.529.8110.1510.5313.200

8.048.268.498.748.9913.450

7.097.267.447.637.8313.700

6.296.446.606.766.9213.950

5.775.845.936.046.1614.200

5.455.515.575.635.6914.450

5.175.235.285.345.3914.700

4.894.955.015.065.1214.950

4.624.674.734.784.8415.200

4.344.404.454.514.5615.450

4.074.124.184.234.2915.700

3.803.853.903.964.0115.950

3.613.643.673.713.7516.200

3.503.523.543.573.5916.450

3.403.423.443.463.4816.700

3.303.323.343.363.3816.950

3.203.223.243.263.2817.200

3.113.133.153.163.1817.450

3.013.033.053.073.0917.700

2.912.932.952.972.9917.950

2.812.832.852.872.8918.200

2.712.732.752.772.7918.450

2.612.632.652.672.6918.700

2.512.532.552.572.5918.950

2.412.432.452.472.4919.200

2.322.342.352.372.3919.450

2.222.242.262.282.3019.700

2.122.142.162.182.2019.950

2.062.072.082.092.1020.200

2.032.042.042.052.0520.450

2.012.022.022.032.0320.700

1.992.002.002.012.0120.950

1.971.981.981.991.9921.200

1.951.961.961.971.9721.450

1.931.941.941.951.9521.700

1.921.921.921.931.9321.950

1.901.901.901.911.9122.200

1.881.881.881.891.8922.450
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Scenario:  Post-Development 25 Year

Storm Event:  25 YearLabel:  PO-1 (OUT)

Return Event:  25 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

1.861.861.861.871.8722.700

1.841.841.841.851.8522.950

1.821.821.821.831.8323.200

1.801.801.801.811.8123.450

1.781.781.791.791.7923.700

(N/A)(N/A)(N/A)1.771.7723.950
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Scenario:  Post-Development 100 Year

Storm Event:  100 YearLabel:  PO-1 (OUT)

Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

ft³/s158.25Peak Discharge

hours12.150Time to Peak

ac-ft14.820Hydrograph Volume

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.080.050.030.000.001.800

0.210.190.160.130.102.050

0.360.330.300.270.242.300

0.500.470.440.410.392.550

0.630.610.580.550.522.800

0.800.770.740.710.663.050

0.930.900.880.850.833.300

1.051.031.000.980.953.550

1.171.141.121.101.073.800

1.281.261.241.211.194.050

1.411.391.361.341.314.300

1.551.521.501.471.444.550

1.691.661.631.611.584.800

1.821.801.771.741.715.050

1.961.931.911.881.855.300

2.102.072.052.021.995.550

2.242.212.182.162.135.800

2.382.352.322.292.276.050

2.522.492.462.432.416.300

2.652.622.602.572.546.550

2.792.762.732.712.686.800

2.922.902.872.842.827.050

3.063.033.002.982.957.300

3.193.163.143.113.087.550

3.323.303.273.243.227.800

3.503.453.413.383.358.050

3.883.793.713.633.568.300

4.334.244.154.063.978.550

4.814.714.624.524.438.800

5.235.165.085.004.909.050

5.415.385.365.325.289.300

5.595.535.485.455.439.550

6.176.035.905.785.689.800

6.976.796.626.466.3110.050

8.017.797.577.367.1610.300

9.258.988.728.478.2410.550

10.9410.5710.229.879.5510.800

13.2412.6612.1611.7211.3211.050

17.0116.2015.4114.6213.8911.300
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Scenario:  Post-Development 100 Year

Storm Event:  100 YearLabel:  PO-1 (OUT)

Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

34.8027.5422.7319.6918.0311.550

86.1276.2065.7954.6744.0811.800

100.49128.08158.25116.0194.4312.050

81.3986.5691.0094.7097.5512.300

43.4552.7961.5069.0375.5512.550

17.4519.6623.1327.9934.8812.800

12.7313.2613.9214.7715.9613.050

10.9211.2311.5511.9012.2913.300

9.569.8110.0710.3510.6313.550

8.448.658.879.099.3213.800

7.547.697.868.048.2414.050

7.027.117.207.297.4114.300

6.666.736.806.876.9514.550

6.316.386.456.526.5914.800

5.976.046.116.186.2415.050

5.625.695.765.835.9015.300

5.285.355.425.495.5615.550

4.935.005.075.145.2115.800

4.624.684.734.804.8716.050

4.444.474.504.544.5816.300

4.314.344.364.394.4216.550

4.194.214.244.264.2916.800

4.074.094.124.144.1717.050

3.943.973.994.024.0417.300

3.823.853.873.893.9217.550

3.703.723.753.773.8017.800

3.583.603.633.653.6718.050

3.453.483.503.533.5518.300

3.333.363.383.403.4318.550

3.213.233.263.283.3118.800

3.083.113.133.163.1819.050

2.962.993.013.033.0619.300

2.842.862.892.912.9419.550

2.712.742.762.792.8119.800

2.602.622.642.672.6920.050

2.552.562.572.582.5920.300

2.532.532.542.542.5520.550

2.502.512.512.522.5220.800

2.482.482.492.492.5021.050

2.452.462.462.472.4721.300

2.432.432.442.442.4521.550

2.402.412.412.422.4221.800

2.382.382.392.392.4022.050
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Scenario:  Post-Development 100 Year

Storm Event:  100 YearLabel:  PO-1 (OUT)

Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

2.352.362.362.372.3722.300

2.332.332.342.342.3522.550

2.302.312.312.322.3222.800

2.282.282.292.292.3023.050

2.252.262.262.272.2723.300

2.232.232.242.242.2523.550

2.202.212.212.222.2223.800

Page 40 of 4127 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666

11/1/2022

PondPack CONNECT Edition
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution
CenterSaint Luke's East.ppc

D1



Index

Time-Depth - 1 (Time-Depth Curve, 25 years (Post-Development 25 Year))...9, 10

Time-Depth - 1 (Time-Depth Curve, 2 years (Post-Development 2 Year))...7, 8

Time-Depth - 1 (Time-Depth Curve, 100 years (Post-Development 100 Year))...5, 6

Time-Depth - 1 (Time-Depth Curve, 10 years (Post-Development 10 Year))...3, 4

T

PO-1 (OUT) (Pond Routed Hydrograph (total out), 25 years (Post-Development 25
Year))...35, 36, 37

PO-1 (OUT) (Pond Routed Hydrograph (total out), 2 years (Post-Development 2
Year))...29, 30, 31

PO-1 (OUT) (Pond Routed Hydrograph (total out), 100 years (Post-Development
100 Year))...38, 39, 40

PO-1 (OUT) (Pond Routed Hydrograph (total out), 10 years (Post-Development 10
Year))...32, 33, 34

P

Master Network Summary...1, 2

M

Composite Outlet Structure - 1 (Outlet Input Data, 2 years (Post-Development 2
Year))...19, 20, 21

Composite Outlet Structure - 1 (Individual Outlet Curves, 2 years (Post-
Development 2 Year))...22, 23, 24, 25, 26

Composite Outlet Structure - 1 (Composite Rating Curve, 2 years (Post-
Development 2 Year))...27, 28

CM-4 (Unit Hydrograph Summary, 2 years (Post-Development 2 Year))...17, 18

CM-3 (Unit Hydrograph Summary, 2 years (Post-Development 2 Year))...15, 16

CM-2 (Unit Hydrograph Summary, 2 years (Post-Development 2 Year))...13, 14

CM-1 (Unit Hydrograph Summary, 2 years (Post-Development 2 Year))...11, 12

C

Page 41 of 4127 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666

11/1/2022

PondPack CONNECT Edition
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution
CenterSaint Luke's East.ppc

D1



Saint Luke’s East Hospital – ASC Expansion & Renovation Stormwater Management Report  
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Appendix E1. Saint Luke's Original Stormwater Detention Study
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Appendix E2. 2010 Building F Stormwater Study Update
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1700 Swift Ave., Suite 100, North Kansas City, MO 64116 

 
 
February 21, 2020 

Updated April 1, 2020 

 

Mr. Kent Monter 

Development Review Manager 

City of Lee’s Summit 

220 SE Green St 

Lee’s Summit, Missouri  64083 

 

Re:  Stormwater Calculations—Flex Facility Expansion on St Luke’s East campus 

  

Dear Mr. Monter: 

 

We have performed the stormwater runoff calculations for the Flex Facility Expansion on the 

Saint Luke’s hospital site on the southwest corner of Interstate 470 and Douglas Road. 

 

Existing runoff patterns for the area in question drained northerly into storm sewers and 

bypassed the detention basin on-site.  Proposed runoff patterns for the new building and adjacent 

areas are similar to the existing runoff patterns.  The detention basin was initially designed so 

that the post-development flow was equal to or below the pre-development flow for the 25-year 

storm (per City of Lee’s Summit design criteria at the time).  The maximum release rate based on 

previous analysis was 142cfs, but the detention basin was designed with a peak outflow of 

93.28cfs for the 25-year storm. 

 

The attached Pondpack and CulvertMaster calculations are provided to show the effects of the 

increased impervious area on the site and the subsequent flows going toward the detention basin 

and the culvert immediately downstream on the northwest corner of the site (an 8’ x 5’ RCB 

heading north under Interstate-470). 

 

The table below summarizes the flows before and after the parking lots are placed.   

 

Flow Location--Pondpack Node Name 

(Hydrology) 
Flow Case 

Flows (cfs) 

2-year 10-year 25-year 100-year 

Undetained--“EX-DEV-UNDET2” (DA=12.49ac, CN=84, tc =10min) Existing 34.44 60.73 72.52 96.06 

Undetained--“PRO-DEV-UNDET2” (DA=12.49ac, CN=85, tc =10min) Proposed 35.73 62.12 73.90 97.40 

Detained--“EX-DEV-DET” (DA=26.32ac, CN=89, tc =15min) Existing 76.66 126.75 148.88 192.87 

Detained--“PRO-DEV-DET” (DA=26.32ac, CN=89, tc =15min) Proposed 76.66 126.75 148.88 192.87 

RCB Under Interstate 470 Existing 231.91 384.54  594.01 

RCB Under Interstate 470 Proposed 233.20 385.93  595.35 
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Appendix E3. 2020 Flex Facility Stormwater Study Update



 

1700 Swift Ave., Suite 100, North Kansas City, MO 64116 

 

 

 

All of the flow from the building addition will be captured via roof drains and storm sewers.  

None of the existing on-site storm sewer pipes will be effected as a result of the increased 

impervious area.  The 25-year flow leaving the detention basin remains 97.35cfs, which is 

unchanged from the Surgicenter Expansion submittal in August of 2011. 

 

Based on the timing of all of the flows going toward the downstream culvert, the 100-year flow 

remains unchanged at 595.35cfs.  As the effects on amount of flow toward the culvert are 

unchanged, previous capacity analysis is included.  The attached CulvertMaster output shows the 

595.35cfs that would be heading to the 8’ x 5’ RCB to be well within the capacity of the culvert 

before it overtops (overtopping flow is 720cfs). 

 

Please contact me if you should have questions about this letter. 

 

SHAFER, KLINE & WARREN, INC. 

 
By: Matt Eblen, P.E. 

 Senior Project Manager 

 
Enclosure(s) 

E3



 

1700 Swift Ave., Suite 100, North Kansas City, MO 64116 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PONDPACK OUTPUT 
SPECIFIC TO CURRENT CAMPUS AND WORK 

RELATED TO PROPOSED FLEX FACILITY EXPANSION 
(ANALYSIS LOOKED AT FLOWS FOR 2-, 5-, 
10-, 25-, 50- & 100-YEAR STORM EVENTS) 

 
This work was done in 2013 as part of the Radiation/Oncology/Urology addition 
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DA = 12.49 acres 
CN = 84 
Tc = 10 minutes 
Effected Subbasin

DA = 26.32 acres 
CN = 87 
Tc = 15 minutes 

E3



Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

34.4412.0002.1052KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-UNDET2

48.9712.0003.0255KC-ALL - Synthetic 
Curve, 5 yrs

EX-DEV-UNDET2

60.7312.0003.78710KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-UNDET2

72.5212.0004.56325KC-ALL - Synthetic 
Curve, 25 yrs

EX-DEV-UNDET2

82.8312.0005.25150KC-ALL - Synthetic 
Curve, 50 yrs

EX-DEV-UNDET2

96.0612.0006.144100KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-UNDET2

76.6612.0505.3732KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-DET

104.5212.0507.4365KC-ALL - Synthetic 
Curve, 5 yrs

EX-DEV-DET

126.7512.0509.11510KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-DET

148.8912.05010.81225KC-ALL - Synthetic 
Curve, 25 yrs

EX-DEV-DET

168.1812.05012.30650KC-ALL - Synthetic 
Curve, 50 yrs

EX-DEV-DET

192.8812.05014.236100KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-DET

73.8212.1005.7892KC-ALL - Synthetic 
Curve, 2 yrs

OFFSITE-UNDET2

106.5112.1008.3865KC-ALL - Synthetic 
Curve, 5 yrs

OFFSITE-UNDET2

133.1312.10010.54210KC-ALL - Synthetic 
Curve, 10 yrs

OFFSITE-UNDET2

159.9112.10012.74525KC-ALL - Synthetic 
Curve, 25 yrs

OFFSITE-UNDET2

183.3912.10014.70050KC-ALL - Synthetic 
Curve, 50 yrs

OFFSITE-UNDET2

213.5712.10017.242100KC-ALL - Synthetic 
Curve, 100 yrs

OFFSITE-UNDET2

29.0812.0502.0022KC-ALL - Synthetic 
Curve, 2 yrs

OFFSITE-UNDET1

43.1612.0502.9725KC-ALL - Synthetic 
Curve, 5 yrs

OFFSITE-UNDET1

54.7512.0503.78510KC-ALL - Synthetic 
Curve, 10 yrs

OFFSITE-UNDET1

66.4912.0504.62325KC-ALL - Synthetic 
Curve, 25 yrs

OFFSITE-UNDET1

76.8312.0505.36950KC-ALL - Synthetic 
Curve, 50 yrs

OFFSITE-UNDET1

90.1612.0506.344100KC-ALL - Synthetic 
Curve, 100 yrs

OFFSITE-UNDET1
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

8.3611.9500.4922KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-UNDET1

11.5211.9500.6865KC-ALL - Synthetic 
Curve, 5 yrs

EX-DEV-UNDET1

14.0511.9500.84410KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-UNDET1

16.5711.9501.00425KC-ALL - Synthetic 
Curve, 25 yrs

EX-DEV-UNDET1

18.7611.9501.14550KC-ALL - Synthetic 
Curve, 50 yrs

EX-DEV-UNDET1

21.5811.9501.328100KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-UNDET1

12.7512.0500.8802KC-ALL - Synthetic 
Curve, 2 yrs

EX-OFFSITE-DET

18.0112.0501.2555KC-ALL - Synthetic 
Curve, 5 yrs

EX-OFFSITE-DET

22.2612.0501.56410KC-ALL - Synthetic 
Curve, 10 yrs

EX-OFFSITE-DET

26.5112.0501.87925KC-ALL - Synthetic 
Curve, 25 yrs

EX-OFFSITE-DET

30.2312.0502.15750KC-ALL - Synthetic 
Curve, 50 yrs

EX-OFFSITE-DET

34.9912.0502.519100KC-ALL - Synthetic 
Curve, 100 yrs

EX-OFFSITE-DET

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

108.4812.0008.8502KC-ALL - Synthetic 
Curve, 2 yrs

Site Outflow

135.1412.00012.4025KC-ALL - Synthetic 
Curve, 5 yrs

Site Outflow

154.8312.00015.31110KC-ALL - Synthetic 
Curve, 10 yrs

Site Outflow

173.6812.00018.25825KC-ALL - Synthetic 
Curve, 25 yrs

Site Outflow

189.5912.00020.85950KC-ALL - Synthetic 
Curve, 50 yrs

Site Outflow

209.6412.00024.227100KC-ALL - Synthetic 
Curve, 100 yrs

Site Outflow

209.2612.05016.6412KC-ALL - Synthetic 
Curve, 2 yrs

Outfall

280.9712.05023.7605KC-ALL - Synthetic 
Curve, 5 yrs

Outfall

337.3712.05029.63910KC-ALL - Synthetic 
Curve, 10 yrs

Outfall
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Subsection:  Master Network Summary

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

393.1112.05035.62525KC-ALL - Synthetic 
Curve, 25 yrs

Outfall

441.7112.05040.92950KC-ALL - Synthetic 
Curve, 50 yrs

Outfall

503.6512.05047.813100KC-ALL - Synthetic 
Curve, 100 yrs

Outfall

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)89.4112.0506.2532KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 (IN)

0.356966.1672.6912.1506.2532KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 
(OUT)

(N/A)(N/A)122.5312.0508.6915KC-ALL - 
Synthetic 
Curve, 5 yrs

Pond 10 (IN)

0.821967.7684.2712.1508.6915KC-ALL - 
Synthetic 
Curve, 5 yrs

Pond 10 
(OUT)

(N/A)(N/A)149.0112.05010.68010KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 (IN)

1.275968.8291.1312.20010.68010KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 
(OUT)

(N/A)(N/A)175.4012.05012.69125KC-ALL - 
Synthetic 
Curve, 25 yrs

Pond 10 (IN)

1.798969.8597.3512.20012.69125KC-ALL - 
Synthetic 
Curve, 25 yrs

Pond 10 
(OUT)

(N/A)(N/A)198.4012.05014.46350KC-ALL - 
Synthetic 
Curve, 50 yrs

Pond 10 (IN)

2.283970.66101.9812.20014.46350KC-ALL - 
Synthetic 
Curve, 50 yrs

Pond 10 
(OUT)

(N/A)(N/A)227.8712.05016.755100KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 (IN)
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Subsection:  Master Network Summary

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

2.724971.30140.8612.20016.755100KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 
(OUT)
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

35.7312.0002.1902KC-ALL - Synthetic 
Curve, 2 yrs

PRO-DEV-UNDET2

50.3412.0003.1235KC-ALL - Synthetic 
Curve, 5 yrs

PRO-DEV-UNDET2

62.1212.0003.89210KC-ALL - Synthetic 
Curve, 10 yrs

PRO-DEV-UNDET2

73.9012.0004.67525KC-ALL - Synthetic 
Curve, 25 yrs

PRO-DEV-UNDET2

84.2012.0005.36850KC-ALL - Synthetic 
Curve, 50 yrs

PRO-DEV-UNDET2

97.4012.0006.266100KC-ALL - Synthetic 
Curve, 100 yrs

PRO-DEV-UNDET2

76.6612.0505.3732KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-DET

104.5212.0507.4365KC-ALL - Synthetic 
Curve, 5 yrs

EX-DEV-DET

126.7512.0509.11510KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-DET

148.8912.05010.81225KC-ALL - Synthetic 
Curve, 25 yrs

EX-DEV-DET

168.1812.05012.30650KC-ALL - Synthetic 
Curve, 50 yrs

EX-DEV-DET

192.8812.05014.236100KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-DET

73.8212.1005.7892KC-ALL - Synthetic 
Curve, 2 yrs

OFFSITE-UNDET2

106.5112.1008.3865KC-ALL - Synthetic 
Curve, 5 yrs

OFFSITE-UNDET2

133.1312.10010.54210KC-ALL - Synthetic 
Curve, 10 yrs

OFFSITE-UNDET2

159.9112.10012.74525KC-ALL - Synthetic 
Curve, 25 yrs

OFFSITE-UNDET2

183.3912.10014.70050KC-ALL - Synthetic 
Curve, 50 yrs

OFFSITE-UNDET2

213.5712.10017.242100KC-ALL - Synthetic 
Curve, 100 yrs

OFFSITE-UNDET2

29.0812.0502.0022KC-ALL - Synthetic 
Curve, 2 yrs

OFFSITE-UNDET1

43.1612.0502.9725KC-ALL - Synthetic 
Curve, 5 yrs

OFFSITE-UNDET1

54.7512.0503.78510KC-ALL - Synthetic 
Curve, 10 yrs

OFFSITE-UNDET1

66.4912.0504.62325KC-ALL - Synthetic 
Curve, 25 yrs

OFFSITE-UNDET1

76.8312.0505.36950KC-ALL - Synthetic 
Curve, 50 yrs

OFFSITE-UNDET1

90.1612.0506.344100KC-ALL - Synthetic 
Curve, 100 yrs

OFFSITE-UNDET1
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

8.3611.9500.4922KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-UNDET1

11.5211.9500.6865KC-ALL - Synthetic 
Curve, 5 yrs

EX-DEV-UNDET1

14.0511.9500.84410KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-UNDET1

16.5711.9501.00425KC-ALL - Synthetic 
Curve, 25 yrs

EX-DEV-UNDET1

18.7611.9501.14550KC-ALL - Synthetic 
Curve, 50 yrs

EX-DEV-UNDET1

21.5811.9501.328100KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-UNDET1

12.7512.0500.8802KC-ALL - Synthetic 
Curve, 2 yrs

EX-OFFSITE-DET

18.0112.0501.2555KC-ALL - Synthetic 
Curve, 5 yrs

EX-OFFSITE-DET

22.2612.0501.56410KC-ALL - Synthetic 
Curve, 10 yrs

EX-OFFSITE-DET

26.5112.0501.87925KC-ALL - Synthetic 
Curve, 25 yrs

EX-OFFSITE-DET

30.2312.0502.15750KC-ALL - Synthetic 
Curve, 50 yrs

EX-OFFSITE-DET

34.9912.0502.519100KC-ALL - Synthetic 
Curve, 100 yrs

EX-OFFSITE-DET

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

109.7712.0008.9352KC-ALL - Synthetic 
Curve, 2 yrs

Site Outflow

136.5012.00012.5005KC-ALL - Synthetic 
Curve, 5 yrs

Site Outflow

156.2212.00015.41610KC-ALL - Synthetic 
Curve, 10 yrs

Site Outflow

175.0612.00018.37025KC-ALL - Synthetic 
Curve, 25 yrs

Site Outflow

190.9612.00020.97650KC-ALL - Synthetic 
Curve, 50 yrs

Site Outflow

210.9812.00024.349100KC-ALL - Synthetic 
Curve, 100 yrs

Site Outflow

210.3312.05016.7262KC-ALL - Synthetic 
Curve, 2 yrs

Outfall

282.0912.05023.8585KC-ALL - Synthetic 
Curve, 5 yrs

Outfall

338.5012.05029.74410KC-ALL - Synthetic 
Curve, 10 yrs

Outfall
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Subsection:  Master Network Summary

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

394.2312.05035.73725KC-ALL - Synthetic 
Curve, 25 yrs

Outfall

442.8212.05041.04550KC-ALL - Synthetic 
Curve, 50 yrs

Outfall

504.7312.05047.935100KC-ALL - Synthetic 
Curve, 100 yrs

Outfall

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)89.4112.0506.2532KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 (IN)

0.356966.1672.6912.1506.2532KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 
(OUT)

(N/A)(N/A)122.5312.0508.6915KC-ALL - 
Synthetic 
Curve, 5 yrs

Pond 10 (IN)

0.821967.7684.2712.1508.6915KC-ALL - 
Synthetic 
Curve, 5 yrs

Pond 10 
(OUT)

(N/A)(N/A)149.0112.05010.68010KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 (IN)

1.275968.8291.1312.20010.68010KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 
(OUT)

(N/A)(N/A)175.4012.05012.69125KC-ALL - 
Synthetic 
Curve, 25 yrs

Pond 10 (IN)

1.798969.8597.3512.20012.69125KC-ALL - 
Synthetic 
Curve, 25 yrs

Pond 10 
(OUT)

(N/A)(N/A)198.4012.05014.46350KC-ALL - 
Synthetic 
Curve, 50 yrs

Pond 10 (IN)

2.283970.66101.9812.20014.46350KC-ALL - 
Synthetic 
Curve, 50 yrs

Pond 10 
(OUT)

(N/A)(N/A)227.8712.05016.755100KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 (IN)
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Subsection:  Master Network Summary

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

2.724971.30140.8612.20016.755100KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 
(OUT)
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1700 Swift Ave., Suite 100, North Kansas City, MO 64116 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PONDPACK OUTPUT 
SPECIFIC TO FLOW GOING TOWARD 
8’ X 5’ RCB UNDER INTERSTATE 470 

ANALYSIS LOOKED AT FLOW FOR 1-, 10-, 
& 100-YEAR STORM EVENTS 

 
This work was done in November 2016 as part of a parking expansion west of the current 

campus 
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1700 Swift Ave., Suite 100, North Kansas City, MO 64116 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX I 
 

Pondpack Calculations (Site Storm Runoff) 
& 

CulvertMaster Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE: We noticed that all areas had not been accounted for in the finalizing outflows to the 
culvert under Interstate 470. The accompanying Pondpack schematics and calculation summaries 

in this report show all drainage areas associated with the current campus, proposed campus 
addition to the west and off-site areas to the east, south and west. 

 
As shown in the CulvertMaster output, the culvert is still shown as being within capacity of the 

incoming flows. 
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Scenario:  KC-ALL - Synthetic Curve, 100 yrs
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0

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

10/7/2016

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution  
CenterSt. Luke's East - Original.ppc

DA= 14.00
CN= 80
Tc= 15 mins

DA= 35.75
CN= 83
Tc= 20 mins

DA= 5.02
CN= 85
Tc= 15 mins

DA= 26.32
CN= 89
Tc= 15 mins

DA= 12.49
CN= 84
Tc= 10 mins

DA= 2.50
CN= 88
Tc= 8 mins
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

34.4412.0002.1052
KC-ALL - Synthetic 
Curve, 2 yrs

PRO-DEV-UNDET2

60.7312.0003.78710
KC-ALL - Synthetic 
Curve, 10 yrs

PRO-DEV-UNDET2

96.0612.0006.144100
KC-ALL - Synthetic 
Curve, 100 yrs

PRO-DEV-UNDET2

76.6612.0505.3732
KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-DET

126.7512.0509.11510
KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-DET

192.8812.05014.236100
KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-DET

73.8212.1005.7892
KC-ALL - Synthetic 
Curve, 2 yrs

OFFSITE-UNDET2

133.1312.10010.54210
KC-ALL - Synthetic 
Curve, 10 yrs

OFFSITE-UNDET2

213.5712.10017.242100
KC-ALL - Synthetic 
Curve, 100 yrs

OFFSITE-UNDET2

29.0812.0502.0022
KC-ALL - Synthetic 
Curve, 2 yrs

OFFSITE-UNDET1

54.7512.0503.78510
KC-ALL - Synthetic 
Curve, 10 yrs

OFFSITE-UNDET1

90.1612.0506.344100
KC-ALL - Synthetic 
Curve, 100 yrs

OFFSITE-UNDET1

8.3611.9500.4922
KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-UNDET1

14.0511.9500.84410
KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-UNDET1

21.5811.9501.328100
KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-UNDET1

12.7512.0500.8802
KC-ALL - Synthetic 
Curve, 2 yrs

EX-OFFSITE-DET

22.2612.0501.56410
KC-ALL - Synthetic 
Curve, 10 yrs

EX-OFFSITE-DET

34.9912.0502.519100
KC-ALL - Synthetic 
Curve, 100 yrs

EX-OFFSITE-DET

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

108.4812.0008.8502
KC-ALL - Synthetic 
Curve, 2 yrs

Site Outflow

154.8312.00015.31110
KC-ALL - Synthetic 
Curve, 10 yrs

Site Outflow

209.6412.00024.227100
KC-ALL - Synthetic 
Curve, 100 yrs

Site Outflow

Page 1 of 227 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

10/7/2016

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution  
CenterSt. Luke's East - Original.ppc
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Subsection:  Master Network Summary

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

209.2612.05016.6412
KC-ALL - Synthetic 
Curve, 2 yrs

Outfall

337.3712.05029.63910
KC-ALL - Synthetic 
Curve, 10 yrs

Outfall

503.6512.05047.813100
KC-ALL - Synthetic 
Curve, 100 yrs

Outfall

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)89.4112.0506.2532

KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 (IN)

0.356966.1672.6912.1506.2532

KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 
(OUT)

(N/A)(N/A)149.0112.05010.68010

KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 (IN)

1.275968.8291.1312.20010.68010

KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 
(OUT)

(N/A)(N/A)227.8712.05016.755100

KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 (IN)

2.724971.30140.8612.20016.755100
KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 
(OUT)

Page 2 of 227 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666
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Bentley PondPack V8i
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Scenario:  KC-ALL - Synthetic Curve, 100 yrs
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

9.1512.0500.6302
KC-ALL - Synthetic 
Curve, 2 yrs

Unaccounted (S)

16.4512.0501.14710
KC-ALL - Synthetic 
Curve, 10 yrs

Unaccounted (S)

26.3312.0501.876100
KC-ALL - Synthetic 
Curve, 100 yrs

Unaccounted (S)

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

9.1512.0500.6302
KC-ALL - Synthetic 
Curve, 2 yrs

Outfall

16.4512.0501.14710
KC-ALL - Synthetic 
Curve, 10 yrs

Outfall

26.3312.0501.876100
KC-ALL - Synthetic 
Curve, 100 yrs

Outfall

Page 1 of 127 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666
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Scenario:  KC-ALL - Synthetic Curve, 100 yrs
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

10.8512.0500.7632
KC-ALL - Synthetic 
Curve, 2 yrs

Additional Area

22.7612.0501.56510
KC-ALL - Synthetic 
Curve, 10 yrs

Additional Area

39.9612.0502.765100
KC-ALL - Synthetic 
Curve, 100 yrs

Additional Area

38.1312.0502.6592
KC-ALL - Synthetic 
Curve, 2 yrs

West Parking (Future 
Dev.)

63.8812.0504.56310
KC-ALL - Synthetic 
Curve, 10 yrs

West Parking (Future 
Dev.)

97.9612.0507.180100
KC-ALL - Synthetic 
Curve, 100 yrs

West Parking (Future 
Dev.)

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

13.5012.3503.4222
KC-ALL - Synthetic 
Curve, 2 yrs

Site Outflow

30.7212.3006.12910
KC-ALL - Synthetic 
Curve, 10 yrs

Site Outflow

64.0312.2509.945100
KC-ALL - Synthetic 
Curve, 100 yrs

Site Outflow

13.5012.3503.4222
KC-ALL - Synthetic 
Curve, 2 yrs

Outfall

30.7212.3006.12910
KC-ALL - Synthetic 
Curve, 10 yrs

Outfall

64.0312.2509.945100
KC-ALL - Synthetic 
Curve, 100 yrs

Outfall

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)48.9912.0503.4222

KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 (IN)

1.309960.6913.5012.3503.4222

KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 
(OUT)

(N/A)(N/A)86.6312.0506.12910

KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 (IN)

Page 1 of 227 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666
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Bentley PondPack V8i
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Subsection:  Master Network Summary

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

2.255962.1330.7212.3006.12910

KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 
(OUT)

(N/A)(N/A)137.9112.0509.945100

KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 (IN)

3.337963.5964.0312.2509.945100
KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 
(OUT)
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Watertown, CT 06795 USA  +1-203-755-1666
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Culvert Designer/Analyzer Report

Culvert-1-8x5

Title: St Lukes SW Parking Lot

p:\...\drainage study\ds-culvert-02-21-2020.cvm

02/21/20  09:33:17 AM

McClure Engineering Company

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Matt Eblen

CulvertMaster v3.3 [03.03.00.04]

Page 1 of 3

Analysis Component

Storm Event Design Discharge 595.35 cfs

Peak Discharge Method: User-Specified

Design Discharge 595.35 cfs Check Discharge 720.00 cfs

Tailwater properties: Irregular Channel

Roughness Segments

Start
Station

End
Station

Mannings
Coefficient

0+00 1+01 0.080

1+01 1+32 0.040

1+32 2+03 0.080

Natural Channel Points

Station
(ft)

Elevation
(ft)

0+00 908.58

0+50 905.48

0+61 905.18

0+77 904.43

0+88 903.01

1+01 901.95

1+05 898.29

1+09 898.36

1+17 898.00

1+32 902.00

1+50 903.38

2+00 907.18

2+03 907.58

Tailwater conditions for Design Storm.

Discharge 595.35 cfs Actual Depth 5.20 ft

Velocity 4.35 ft/s

 Name  Description  Discharge  HW Elev.  Velocity 

Culvert-1 1-8 x 5 ft Box 595.36 cfs 911.50 ft 16.80 ft/s

Weir Roadway 0.00 cfs 911.50 ft N/A 

Total ---------------- 595.36 cfs 911.50 ft N/A 
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Culvert Designer/Analyzer Report

Culvert-1-8x5

Title: St Lukes SW Parking Lot

p:\...\drainage study\ds-culvert-02-21-2020.cvm

02/21/20  09:33:17 AM

McClure Engineering Company

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Matt Eblen

CulvertMaster v3.3 [03.03.00.04]

Page 2 of 3

Component:Culvert-1

Culvert Summary

Computed Headwater Elevation 911.50 ft Discharge 595.36 cfs

Inlet Control HW Elev. 911.50 ft Tailwater Elevation 903.20 ft

Outlet Control HW Elev. 910.16 ft Control Type Inlet Control

Headwater Depth/Height 2.30

Grades

Upstream Invert 900.00 ft Downstream Invert 898.50 ft

Length 150.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 4.43 ft

Slope Type Steep Normal Depth 4.08 ft

Flow Regime Supercritical Critical Depth 5.00 ft

Velocity Downstream 16.80 ft/s Critical Slope 0.009548 ft/ft

Section

Section Shape Box Mannings Coefficient 0.013

Section Material Concrete Span 8.00 ft

Section Size 8 x 5 ft Rise 5.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 910.16 ft Upstream Velocity Head 3.44 ft

Ke 0.50 Entrance Loss 1.72 ft

Inlet Control Properties

Inlet Control HW Elev. 911.50 ft Flow Control Submerged

Inlet Type 45° non-offset wingwall flares Area Full 40.0 ft²

K 0.49700 HDS 5 Chart 12

M 0.66700 HDS 5 Scale 1

C 0.03390 Equation Form 2

Y 0.80300
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Culvert Designer/Analyzer Report

Culvert-1-8x5

Title: St Lukes SW Parking Lot

p:\...\drainage study\ds-culvert-02-21-2020.cvm

02/21/20  09:33:17 AM

McClure Engineering Company

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Matt Eblen

CulvertMaster v3.3 [03.03.00.04]

Page 3 of 3

Component:Weir

Hydraulic Component(s): Roadway

Discharge 0.00 cfs Allowable HW Elevation 911.50 ft

Roadway Width 100.00 ft Overtopping Coefficient 2.90 US

Low Point 915.00 ft Headwater Elevation N/A ft

Discharge Coefficient (Cr) 2.90 Submergence Factor (Kt) 1.00

Tailwater Elevation 903.20 ft

Sta (ft) Elev. (ft)

0.00 917.08

50.00 916.04

100.00 915.38

117.53 915.00

150.00 915.50

200.00 916.00

250.00 916.87
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Culvert Designer/Analyzer Report

Culvert-1-8x5

Title: St Lukes SW Parking Lot

p:\...\drainage study\ds-culvert-02-21-2020.cvm

02/21/20  09:41:54 AM

McClure Engineering Company

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Matt Eblen

CulvertMaster v3.3 [03.03.00.04]

Page 1 of 3

Analysis Component

Storm Event Check Discharge 720.00 cfs

Peak Discharge Method: User-Specified

Design Discharge 595.35 cfs Check Discharge 720.00 cfs

Tailwater properties: Irregular Channel

Roughness Segments

Start
Station

End
Station

Mannings
Coefficient

0+00 1+01 0.080

1+01 1+32 0.040

1+32 2+03 0.080

Natural Channel Points

Station
(ft)

Elevation
(ft)

0+00 908.58

0+50 905.48

0+61 905.18

0+77 904.43

0+88 903.01

1+01 901.95

1+05 898.29

1+09 898.36

1+17 898.00

1+32 902.00

1+50 903.38

2+00 907.18

2+03 907.58

Tailwater conditions for Check Storm.

Discharge 720.00 cfs Actual Depth 5.64 ft

Velocity 4.33 ft/s

 Name  Description  Discharge  HW Elev.  Velocity 

Culvert-1 1-8 x 5 ft Box 720.02 cfs 914.97 ft 18.00 ft/s

Weir Roadway 0.00 cfs 914.97 ft N/A 

Total ---------------- 720.02 cfs 914.97 ft N/A 
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Culvert Designer/Analyzer Report

Culvert-1-8x5

Title: St Lukes SW Parking Lot

p:\...\drainage study\ds-culvert-02-21-2020.cvm

02/21/20  09:41:54 AM

McClure Engineering Company

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Matt Eblen

CulvertMaster v3.3 [03.03.00.04]

Page 2 of 3

Component:Culvert-1

Culvert Summary

Computed Headwater Elevation 914.97 ft Discharge 720.02 cfs

Inlet Control HW Elev. 914.97 ft Tailwater Elevation 903.64 ft

Outlet Control HW Elev. 913.29 ft Control Type Inlet Control

Headwater Depth/Height 2.99

Grades

Upstream Invert 900.00 ft Downstream Invert 898.50 ft

Length 150.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 5.14 ft

Slope Type N/A Normal Depth N/A ft

Flow Regime N/A Critical Depth 5.00 ft

Velocity Downstream 18.00 ft/s Critical Slope 0.013964 ft/ft

Section

Section Shape Box Mannings Coefficient 0.013

Section Material Concrete Span 8.00 ft

Section Size 8 x 5 ft Rise 5.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 913.29 ft Upstream Velocity Head 5.04 ft

Ke 0.50 Entrance Loss 2.52 ft

Inlet Control Properties

Inlet Control HW Elev. 914.97 ft Flow Control Submerged

Inlet Type 45° non-offset wingwall flares Area Full 40.0 ft²

K 0.49700 HDS 5 Chart 12

M 0.66700 HDS 5 Scale 1

C 0.03390 Equation Form 2

Y 0.80300
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Culvert Designer/Analyzer Report

Culvert-1-8x5

Title: St Lukes SW Parking Lot

p:\...\drainage study\ds-culvert-02-21-2020.cvm

02/21/20  09:41:54 AM

McClure Engineering Company

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Matt Eblen

CulvertMaster v3.3 [03.03.00.04]

Page 3 of 3

Component:Weir

Hydraulic Component(s): Roadway

Discharge 0.00 cfs Allowable HW Elevation 914.97 ft

Roadway Width 100.00 ft Overtopping Coefficient 2.90 US

Low Point 915.00 ft Headwater Elevation N/A ft

Discharge Coefficient (Cr) 2.90 Submergence Factor (Kt) 1.00

Tailwater Elevation 903.64 ft

Sta (ft) Elev. (ft)

0.00 917.08

50.00 916.04

100.00 915.38

117.53 915.00

150.00 915.50

200.00 916.00

250.00 916.87

E3



 

1700 Swift Ave., Suite 100, North Kansas City, MO 64116 

 
 
July 20, 2020 

 

Mr. Kent Monter 

Development Review Manager 

City of Lee’s Summit 

220 SE Green St 

Lee’s Summit, Missouri  64083 

 

Re:  Stormwater Calculations—Parking Expansion at NE Corner of St Luke’s East campus 

  

Dear Mr. Monter: 

 

We have performed the stormwater runoff calculations for the Parking Expansion at the NE 

Corner of the Saint Luke’s hospital site on the southwest corner of Interstate 470 and Douglas 

Road. 

 

Existing runoff patterns for the area in question drained northerly overland and bypassed the 

detention site.  Proposed runoff patterns for the new parking areas will be routed through the 

detention basin.  The detention basin was initially designed so that the post-development flow 

was equal to or below the pre-development flow for the 25-year storm (per City of Lee’s Summit 

design criteria at the time).  The maximum release rate based on previous analysis was 142cfs, 

but the detention basin was designed with a peak outflow of 93.28cfs for the 25-year storm. 

 

The attached Pondpack and CulvertMaster calculations are provided to show the effects of the 

increased impervious area on the site and the subsequent flows going toward the detention basin 

and the culvert immediately downstream on the northwest corner of the site (an 8’ x 5’ RCB 

heading north under Interstate-470). Note that the additional area going into the basin resulted in 

less site outflow going toward the 8’ x 5’ RCB. 

 

The table below summarizes the flows before and after the parking lots are placed.   

 

Flow Location--Pondpack Node Name 

(Hydrology) 
Flow Case 

Flows (cfs) 

2-year 10-year 25-year 100-year 

Undetained--“EX-DEV-UNDET2” (DA=12.49ac, CN=85, tc =10min) Existing 35.73 62.12 73.90 97.40 

Undetained--“PRO-DEV-UNDET2” (DA=11.50ac, CN=86, tc =10min) Proposed 34.08 58.44 69.28 90.87 

Detained--“EX-DEV-DET” (DA=26.32ac, CN=89, tc =15min) Existing 76.66 126.75 148.89 192.88 

Detained--“PRO-DEV-DET” (DA=27.31ac, CN=89, tc =15min) Proposed 79.55 131.52 154.49 200.13 

RCB Under Interstate 470 Existing 233.20 385.93  595.35 

RCB Under Interstate 470 Proposed 232.98 385.67  595.09 

 

 

 

 

 

 

 

07/20/2020

E4

Appendix E4. 2020 Parking Expansion Stormwater Study Update



 

1700 Swift Ave., Suite 100, North Kansas City, MO 64116 

 

 

All of the flow from the parking expansion will be captured via storm sewers.  None of the 

existing on-site storm sewer pipes will be effected as a result of the increased impervious area.  

The 25-year flow leaving the detention basin is 98.49cfs. 

 

Based on the timing of all of the flows going toward the downstream culvert, the 100-year flow 

decreases to 595.09cfs (compared to previous value of 595.35cfs).  As the effects on amount of 

flow toward the culvert are unchanged, previous capacity analysis is included.  The attached 

CulvertMaster output shows the 595.35cfs that would be heading to the 8’ x 5’ RCB to be well 

within the capacity of the culvert before it overtops (overtopping flow is 720cfs). 

 

Please contact me if you should have questions about this letter. 

 

SHAFER, KLINE & WARREN, INC. 

 
By: Matt Eblen, P.E. 

 Senior Project Manager 

 
Enclosure(s) 
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1700 Swift Ave., Suite 100, North Kansas City, MO 64116 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PONDPACK OUTPUT 
SPECIFIC TO CURRENT CAMPUS AND WORK 

RELATED TO PROPOSED FLEX FACILITY EXPANSION 
(ANALYSIS LOOKED AT FLOWS FOR 2-, 5-, 
10-, 25-, 50- & 100-YEAR STORM EVENTS) 

 
This work was done in 2013 as part of the Radiation/Oncology/Urology addition 
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Pond Outflow

A
dd

lin
k 

30

A
dd

lin
k 20

A
dd

lin
k 

70

Addlink 50

Addlink 40

Addlink 10

A
dd

lin
k 

60

EX-DEV-UNDET2 EX-DEV-DET

OFFSITE-UNDET2

OFFSITE-UNDET1

EX-DEV-UNDET1

EX-OFFSITE-DET

Site Outflow

Pond 10

Outfall

EXISTING CONDITIONS

DA = 12.49 acres
CN = 85
Tc = 10 minutes
Effected Subbasin

DA = 26.32 acres
CN = 89
Tc = 15 minutes
Effected Subbasin
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

35.7312.0002.1902
KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-UNDET2

50.3412.0003.1235
KC-ALL - Synthetic 
Curve, 5 yrs

EX-DEV-UNDET2

62.1212.0003.89210
KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-UNDET2

73.9012.0004.67525
KC-ALL - Synthetic 
Curve, 25 yrs

EX-DEV-UNDET2

84.2012.0005.36850
KC-ALL - Synthetic 
Curve, 50 yrs

EX-DEV-UNDET2

97.4012.0006.266100
KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-UNDET2

76.6612.0505.3732
KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-DET

104.5212.0507.4365
KC-ALL - Synthetic 
Curve, 5 yrs

EX-DEV-DET

126.7512.0509.11510
KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-DET

148.8912.05010.81225
KC-ALL - Synthetic 
Curve, 25 yrs

EX-DEV-DET

168.1812.05012.30650
KC-ALL - Synthetic 
Curve, 50 yrs

EX-DEV-DET

192.8812.05014.236100
KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-DET

73.8212.1005.7892
KC-ALL - Synthetic 
Curve, 2 yrs

OFFSITE-UNDET2

106.5112.1008.3865
KC-ALL - Synthetic 
Curve, 5 yrs

OFFSITE-UNDET2

133.1312.10010.54210
KC-ALL - Synthetic 
Curve, 10 yrs

OFFSITE-UNDET2

159.9112.10012.74525
KC-ALL - Synthetic 
Curve, 25 yrs

OFFSITE-UNDET2

183.3912.10014.70050
KC-ALL - Synthetic 
Curve, 50 yrs

OFFSITE-UNDET2

213.5712.10017.242100
KC-ALL - Synthetic 
Curve, 100 yrs

OFFSITE-UNDET2

29.0812.0502.0022
KC-ALL - Synthetic 
Curve, 2 yrs

OFFSITE-UNDET1

43.1612.0502.9725
KC-ALL - Synthetic 
Curve, 5 yrs

OFFSITE-UNDET1

54.7512.0503.78510
KC-ALL - Synthetic 
Curve, 10 yrs

OFFSITE-UNDET1

66.4912.0504.62325
KC-ALL - Synthetic 
Curve, 25 yrs

OFFSITE-UNDET1

76.8312.0505.36950
KC-ALL - Synthetic 
Curve, 50 yrs

OFFSITE-UNDET1

90.1612.0506.344100
KC-ALL - Synthetic 
Curve, 100 yrs

OFFSITE-UNDET1
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

8.3611.9500.4922
KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-UNDET1

11.5211.9500.6865
KC-ALL - Synthetic 
Curve, 5 yrs

EX-DEV-UNDET1

14.0511.9500.84410
KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-UNDET1

16.5711.9501.00425
KC-ALL - Synthetic 
Curve, 25 yrs

EX-DEV-UNDET1

18.7611.9501.14550
KC-ALL - Synthetic 
Curve, 50 yrs

EX-DEV-UNDET1

21.5811.9501.328100
KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-UNDET1

12.7512.0500.8802
KC-ALL - Synthetic 
Curve, 2 yrs

EX-OFFSITE-DET

18.0112.0501.2555
KC-ALL - Synthetic 
Curve, 5 yrs

EX-OFFSITE-DET

22.2612.0501.56410
KC-ALL - Synthetic 
Curve, 10 yrs

EX-OFFSITE-DET

26.5112.0501.87925
KC-ALL - Synthetic 
Curve, 25 yrs

EX-OFFSITE-DET

30.2312.0502.15750
KC-ALL - Synthetic 
Curve, 50 yrs

EX-OFFSITE-DET

34.9912.0502.519100
KC-ALL - Synthetic 
Curve, 100 yrs

EX-OFFSITE-DET

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

109.7712.0008.9352
KC-ALL - Synthetic 
Curve, 2 yrs

Site Outflow

136.5012.00012.5005
KC-ALL - Synthetic 
Curve, 5 yrs

Site Outflow

156.2212.00015.41610
KC-ALL - Synthetic 
Curve, 10 yrs

Site Outflow

175.0612.00018.37025
KC-ALL - Synthetic 
Curve, 25 yrs

Site Outflow

190.9612.00020.97650
KC-ALL - Synthetic 
Curve, 50 yrs

Site Outflow

210.9812.00024.349100
KC-ALL - Synthetic 
Curve, 100 yrs

Site Outflow

210.3312.05016.7262
KC-ALL - Synthetic 
Curve, 2 yrs

Outfall

282.0912.05023.8585
KC-ALL - Synthetic 
Curve, 5 yrs

Outfall

338.5012.05029.74410
KC-ALL - Synthetic 
Curve, 10 yrs

Outfall
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Subsection:  Master Network Summary

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

394.2312.05035.73725
KC-ALL - Synthetic 
Curve, 25 yrs

Outfall

442.8212.05041.04550
KC-ALL - Synthetic 
Curve, 50 yrs

Outfall

504.7312.05047.935100
KC-ALL - Synthetic 
Curve, 100 yrs

Outfall

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)89.4112.0506.2532

KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 (IN)

0.356966.1672.6912.1506.2532

KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 
(OUT)

(N/A)(N/A)122.5312.0508.6915

KC-ALL - 
Synthetic 
Curve, 5 yrs

Pond 10 (IN)

0.821967.7684.2712.1508.6915

KC-ALL - 
Synthetic 
Curve, 5 yrs

Pond 10 
(OUT)

(N/A)(N/A)149.0112.05010.68010

KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 (IN)

1.275968.8291.1312.20010.68010

KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 
(OUT)

(N/A)(N/A)175.4012.05012.69125

KC-ALL - 
Synthetic 
Curve, 25 yrs

Pond 10 (IN)

1.798969.8597.3512.20012.69125

KC-ALL - 
Synthetic 
Curve, 25 yrs

Pond 10 
(OUT)

(N/A)(N/A)198.4012.05014.46350

KC-ALL - 
Synthetic 
Curve, 50 yrs

Pond 10 (IN)

2.283970.66101.9812.20014.46350

KC-ALL - 
Synthetic 
Curve, 50 yrs

Pond 10 
(OUT)

(N/A)(N/A)227.8712.05016.755100

KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 (IN)
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Subsection:  Master Network Summary

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

2.724971.30140.8612.20016.755100
KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 
(OUT)
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Pond Outflow
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EX-OFFSITE-DET

Site Outflow

Pond 10

Outfall

PROPOSED CONDITIONS

DA = 11.50 acres
CN = 86
Tc = 10 minutes
Effected Subbasin

DA = 27.31 acres
CN = 89
Tc = 15 minutes
Effected Subbasin
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

34.0812.0002.0962
KC-ALL - Synthetic 
Curve, 2 yrs

PRO-DEV-UNDET2

47.5912.0002.9675
KC-ALL - Synthetic 
Curve, 5 yrs

PRO-DEV-UNDET2

58.4412.0003.68210
KC-ALL - Synthetic 
Curve, 10 yrs

PRO-DEV-UNDET2

69.2812.0004.40825
KC-ALL - Synthetic 
Curve, 25 yrs

PRO-DEV-UNDET2

78.7512.0005.05050
KC-ALL - Synthetic 
Curve, 50 yrs

PRO-DEV-UNDET2

90.8712.0005.882100
KC-ALL - Synthetic 
Curve, 100 yrs

PRO-DEV-UNDET2

79.5512.0505.5752
KC-ALL - Synthetic 
Curve, 2 yrs

PRO-DEV-DET

108.4512.0507.7165
KC-ALL - Synthetic 
Curve, 5 yrs

PRO-DEV-DET

131.5212.0509.45810
KC-ALL - Synthetic 
Curve, 10 yrs

PRO-DEV-DET

154.4912.05011.21825
KC-ALL - Synthetic 
Curve, 25 yrs

PRO-DEV-DET

174.5012.05012.76950
KC-ALL - Synthetic 
Curve, 50 yrs

PRO-DEV-DET

200.1312.05014.772100
KC-ALL - Synthetic 
Curve, 100 yrs

PRO-DEV-DET

73.8212.1005.7892
KC-ALL - Synthetic 
Curve, 2 yrs

OFFSITE-UNDET2

106.5112.1008.3865
KC-ALL - Synthetic 
Curve, 5 yrs

OFFSITE-UNDET2

133.1312.10010.54210
KC-ALL - Synthetic 
Curve, 10 yrs

OFFSITE-UNDET2

159.9112.10012.74525
KC-ALL - Synthetic 
Curve, 25 yrs

OFFSITE-UNDET2

183.3912.10014.70050
KC-ALL - Synthetic 
Curve, 50 yrs

OFFSITE-UNDET2

213.5712.10017.242100
KC-ALL - Synthetic 
Curve, 100 yrs

OFFSITE-UNDET2

29.0812.0502.0022
KC-ALL - Synthetic 
Curve, 2 yrs

OFFSITE-UNDET1

43.1612.0502.9725
KC-ALL - Synthetic 
Curve, 5 yrs

OFFSITE-UNDET1

54.7512.0503.78510
KC-ALL - Synthetic 
Curve, 10 yrs

OFFSITE-UNDET1

66.4912.0504.62325
KC-ALL - Synthetic 
Curve, 25 yrs

OFFSITE-UNDET1

76.8312.0505.36950
KC-ALL - Synthetic 
Curve, 50 yrs

OFFSITE-UNDET1

90.1612.0506.344100
KC-ALL - Synthetic 
Curve, 100 yrs

OFFSITE-UNDET1
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

8.3611.9500.4922
KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-UNDET1

11.5211.9500.6865
KC-ALL - Synthetic 
Curve, 5 yrs

EX-DEV-UNDET1

14.0511.9500.84410
KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-UNDET1

16.5711.9501.00425
KC-ALL - Synthetic 
Curve, 25 yrs

EX-DEV-UNDET1

18.7611.9501.14550
KC-ALL - Synthetic 
Curve, 50 yrs

EX-DEV-UNDET1

21.5811.9501.328100
KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-UNDET1

12.7512.0500.8802
KC-ALL - Synthetic 
Curve, 2 yrs

EX-OFFSITE-DET

18.0112.0501.2555
KC-ALL - Synthetic 
Curve, 5 yrs

EX-OFFSITE-DET

22.2612.0501.56410
KC-ALL - Synthetic 
Curve, 10 yrs

EX-OFFSITE-DET

26.5112.0501.87925
KC-ALL - Synthetic 
Curve, 25 yrs

EX-OFFSITE-DET

30.2312.0502.15750
KC-ALL - Synthetic 
Curve, 50 yrs

EX-OFFSITE-DET

34.9912.0502.519100
KC-ALL - Synthetic 
Curve, 100 yrs

EX-OFFSITE-DET

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

109.0212.0009.0432
KC-ALL - Synthetic 
Curve, 2 yrs

Site Outflow

134.5612.00012.6235
KC-ALL - Synthetic 
Curve, 5 yrs

Site Outflow

153.4312.00015.54810
KC-ALL - Synthetic 
Curve, 10 yrs

Site Outflow

171.2812.00018.51025
KC-ALL - Synthetic 
Curve, 25 yrs

Site Outflow

186.4112.00021.12150
KC-ALL - Synthetic 
Curve, 50 yrs

Site Outflow

205.3912.00024.500100
KC-ALL - Synthetic 
Curve, 100 yrs

Site Outflow

209.8412.05016.8342
KC-ALL - Synthetic 
Curve, 2 yrs

Outfall

280.4012.05023.9815
KC-ALL - Synthetic 
Curve, 5 yrs

Outfall

335.9612.05029.87610
KC-ALL - Synthetic 
Curve, 10 yrs

Outfall
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Subsection:  Master Network Summary

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

390.9912.05035.87725
KC-ALL - Synthetic 
Curve, 25 yrs

Outfall

438.8512.05041.19150
KC-ALL - Synthetic 
Curve, 50 yrs

Outfall

499.8112.05048.086100
KC-ALL - Synthetic 
Curve, 100 yrs

Outfall

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)92.3012.0506.4552

KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 (IN)

0.391966.3273.8912.1506.4552

KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 
(OUT)

(N/A)(N/A)126.4612.0508.9715

KC-ALL - 
Synthetic 
Curve, 5 yrs

Pond 10 (IN)

0.884967.9285.3912.1508.9715

KC-ALL - 
Synthetic 
Curve, 5 yrs

Pond 10 
(OUT)

(N/A)(N/A)153.7712.05011.02310

KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 (IN)

1.368969.0292.3712.20011.02310

KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 
(OUT)

(N/A)(N/A)181.0012.05013.09725

KC-ALL - 
Synthetic 
Curve, 25 yrs

Pond 10 (IN)

1.912970.0698.5512.20013.09725

KC-ALL - 
Synthetic 
Curve, 25 yrs

Pond 10 
(OUT)

(N/A)(N/A)204.7312.05014.92650

KC-ALL - 
Synthetic 
Curve, 50 yrs

Pond 10 (IN)

2.421970.87103.1312.20014.92650

KC-ALL - 
Synthetic 
Curve, 50 yrs

Pond 10 
(OUT)

(N/A)(N/A)235.1212.05017.290100

KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 (IN)
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Subsection:  Master Network Summary

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

2.800971.40153.6312.15017.290100
KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 
(OUT)
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1700 Swift Ave., Suite 100, North Kansas City, MO 64116 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PONDPACK OUTPUT 
SPECIFIC TO FLOW GOING TOWARD 
8’ X 5’ RCB UNDER INTERSTATE 470 

ANALYSIS LOOKED AT FLOW FOR 1-, 10-, 
& 100-YEAR STORM EVENTS 

 
This work was done in November 2016 as part of a parking expansion west of the current 

campus 
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Scenario:  KC-ALL - Synthetic Curve, 100 yrs
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

34.4412.0002.1052
KC-ALL - Synthetic 
Curve, 2 yrs

PRO-DEV-UNDET2

60.7312.0003.78710
KC-ALL - Synthetic 
Curve, 10 yrs

PRO-DEV-UNDET2

96.0612.0006.144100
KC-ALL - Synthetic 
Curve, 100 yrs

PRO-DEV-UNDET2

76.6612.0505.3732
KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-DET

126.7512.0509.11510
KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-DET

192.8812.05014.236100
KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-DET

73.8212.1005.7892
KC-ALL - Synthetic 
Curve, 2 yrs

OFFSITE-UNDET2

133.1312.10010.54210
KC-ALL - Synthetic 
Curve, 10 yrs

OFFSITE-UNDET2

213.5712.10017.242100
KC-ALL - Synthetic 
Curve, 100 yrs

OFFSITE-UNDET2

29.0812.0502.0022
KC-ALL - Synthetic 
Curve, 2 yrs

OFFSITE-UNDET1

54.7512.0503.78510
KC-ALL - Synthetic 
Curve, 10 yrs

OFFSITE-UNDET1

90.1612.0506.344100
KC-ALL - Synthetic 
Curve, 100 yrs

OFFSITE-UNDET1

8.3611.9500.4922
KC-ALL - Synthetic 
Curve, 2 yrs

EX-DEV-UNDET1

14.0511.9500.84410
KC-ALL - Synthetic 
Curve, 10 yrs

EX-DEV-UNDET1

21.5811.9501.328100
KC-ALL - Synthetic 
Curve, 100 yrs

EX-DEV-UNDET1

12.7512.0500.8802
KC-ALL - Synthetic 
Curve, 2 yrs

EX-OFFSITE-DET

22.2612.0501.56410
KC-ALL - Synthetic 
Curve, 10 yrs

EX-OFFSITE-DET

34.9912.0502.519100
KC-ALL - Synthetic 
Curve, 100 yrs

EX-OFFSITE-DET

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

108.4812.0008.8502
KC-ALL - Synthetic 
Curve, 2 yrs

Site Outflow

154.8312.00015.31110
KC-ALL - Synthetic 
Curve, 10 yrs

Site Outflow

209.6412.00024.227100
KC-ALL - Synthetic 
Curve, 100 yrs

Site Outflow
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Subsection:  Master Network Summary

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

209.2612.05016.6412
KC-ALL - Synthetic 
Curve, 2 yrs

Outfall

337.3712.05029.63910
KC-ALL - Synthetic 
Curve, 10 yrs

Outfall

503.6512.05047.813100
KC-ALL - Synthetic 
Curve, 100 yrs

Outfall

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)89.4112.0506.2532

KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 (IN)

0.356966.1672.6912.1506.2532

KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 
(OUT)

(N/A)(N/A)149.0112.05010.68010

KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 (IN)

1.275968.8291.1312.20010.68010

KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 
(OUT)

(N/A)(N/A)227.8712.05016.755100

KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 (IN)

2.724971.30140.8612.20016.755100
KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 
(OUT)
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Scenario:  KC-ALL - Synthetic Curve, 100 yrs
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Center

160268-020 Unaccounted Additional Drainage  
(S).ppc

DA= 3.89
CN= 83
Tc= 15 mins
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

9.1512.0500.6302
KC-ALL - Synthetic 
Curve, 2 yrs

Unaccounted (S)

16.4512.0501.14710
KC-ALL - Synthetic 
Curve, 10 yrs

Unaccounted (S)

26.3312.0501.876100
KC-ALL - Synthetic 
Curve, 100 yrs

Unaccounted (S)

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

9.1512.0500.6302
KC-ALL - Synthetic 
Curve, 2 yrs

Outfall

16.4512.0501.14710
KC-ALL - Synthetic 
Curve, 10 yrs

Outfall

26.3312.0501.876100
KC-ALL - Synthetic 
Curve, 100 yrs

Outfall
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160268-020 Unaccounted Additional Drainage  
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Scenario:  KC-ALL - Synthetic Curve, 100 yrs
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Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

10.8512.0500.7632
KC-ALL - Synthetic 
Curve, 2 yrs

Additional Area

22.7612.0501.56510
KC-ALL - Synthetic 
Curve, 10 yrs

Additional Area

39.9612.0502.765100
KC-ALL - Synthetic 
Curve, 100 yrs

Additional Area

38.1312.0502.6592
KC-ALL - Synthetic 
Curve, 2 yrs

West Parking (Future 
Dev.)

63.8812.0504.56310
KC-ALL - Synthetic 
Curve, 10 yrs

West Parking (Future 
Dev.)

97.9612.0507.180100
KC-ALL - Synthetic 
Curve, 100 yrs

West Parking (Future 
Dev.)

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

13.5012.3503.4222
KC-ALL - Synthetic 
Curve, 2 yrs

Site Outflow

30.7212.3006.12910
KC-ALL - Synthetic 
Curve, 10 yrs

Site Outflow

64.0312.2509.945100
KC-ALL - Synthetic 
Curve, 100 yrs

Site Outflow

13.5012.3503.4222
KC-ALL - Synthetic 
Curve, 2 yrs

Outfall

30.7212.3006.12910
KC-ALL - Synthetic 
Curve, 10 yrs

Outfall

64.0312.2509.945100
KC-ALL - Synthetic 
Curve, 100 yrs

Outfall

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)48.9912.0503.4222

KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 (IN)

1.309960.6913.5012.3503.4222

KC-ALL - 
Synthetic 
Curve, 2 yrs

Pond 10 
(OUT)

(N/A)(N/A)86.6312.0506.12910

KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 (IN)
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Subsection:  Master Network Summary

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

2.255962.1330.7212.3006.12910

KC-ALL - 
Synthetic 
Curve, 10 yrs

Pond 10 
(OUT)

(N/A)(N/A)137.9112.0509.945100

KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 (IN)

3.337963.5964.0312.2509.945100
KC-ALL - 
Synthetic 
Curve, 100 yrs

Pond 10 
(OUT)
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Culvert Designer/Analyzer Report

Culvert-1-8x5

Title: St Lukes SW Parking Lot

p:\...\drainage study\ds-culvert-02-21-2020.cvm

02/21/20  09:33:17 AM

McClure Engineering Company

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Matt Eblen

CulvertMaster v3.3 [03.03.00.04]

Page 1 of 3

Analysis Component

Storm Event Design Discharge 595.35 cfs

Peak Discharge Method: User-Specified

Design Discharge 595.35 cfs Check Discharge 720.00 cfs

Tailwater properties: Irregular Channel

Roughness Segments

Start
Station

End
Station

Mannings
Coefficient

0+00 1+01 0.080

1+01 1+32 0.040

1+32 2+03 0.080

Natural Channel Points

Station
(ft)

Elevation
(ft)

0+00 908.58

0+50 905.48

0+61 905.18

0+77 904.43

0+88 903.01

1+01 901.95

1+05 898.29

1+09 898.36

1+17 898.00

1+32 902.00

1+50 903.38

2+00 907.18

2+03 907.58

Tailwater conditions for Design Storm.

Discharge 595.35 cfs Actual Depth 5.20 ft

Velocity 4.35 ft/s

 Name  Description  Discharge  HW Elev.  Velocity 

Culvert-1 1-8 x 5 ft Box 595.36 cfs 911.50 ft 16.80 ft/s

Weir Roadway 0.00 cfs 911.50 ft N/A 

Total ---------------- 595.36 cfs 911.50 ft N/A 
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Culvert Designer/Analyzer Report

Culvert-1-8x5

Title: St Lukes SW Parking Lot

p:\...\drainage study\ds-culvert-02-21-2020.cvm

02/21/20  09:33:17 AM

McClure Engineering Company

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Matt Eblen

CulvertMaster v3.3 [03.03.00.04]

Page 2 of 3

Component:Culvert-1

Culvert Summary

Computed Headwater Elevation 911.50 ft Discharge 595.36 cfs

Inlet Control HW Elev. 911.50 ft Tailwater Elevation 903.20 ft

Outlet Control HW Elev. 910.16 ft Control Type Inlet Control

Headwater Depth/Height 2.30

Grades

Upstream Invert 900.00 ft Downstream Invert 898.50 ft

Length 150.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile S2 Depth, Downstream 4.43 ft

Slope Type Steep Normal Depth 4.08 ft

Flow Regime Supercritical Critical Depth 5.00 ft

Velocity Downstream 16.80 ft/s Critical Slope 0.009548 ft/ft

Section

Section Shape Box Mannings Coefficient 0.013

Section Material Concrete Span 8.00 ft

Section Size 8 x 5 ft Rise 5.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 910.16 ft Upstream Velocity Head 3.44 ft

Ke 0.50 Entrance Loss 1.72 ft

Inlet Control Properties

Inlet Control HW Elev. 911.50 ft Flow Control Submerged

Inlet Type 45° non-offset wingwall flares Area Full 40.0 ft²

K 0.49700 HDS 5 Chart 12

M 0.66700 HDS 5 Scale 1

C 0.03390 Equation Form 2

Y 0.80300
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Culvert Designer/Analyzer Report

Culvert-1-8x5

Title: St Lukes SW Parking Lot

p:\...\drainage study\ds-culvert-02-21-2020.cvm

02/21/20  09:33:17 AM

McClure Engineering Company

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Matt Eblen

CulvertMaster v3.3 [03.03.00.04]

Page 3 of 3

Component:Weir

Hydraulic Component(s): Roadway

Discharge 0.00 cfs Allowable HW Elevation 911.50 ft

Roadway Width 100.00 ft Overtopping Coefficient 2.90 US

Low Point 915.00 ft Headwater Elevation N/A ft

Discharge Coefficient (Cr) 2.90 Submergence Factor (Kt) 1.00

Tailwater Elevation 903.20 ft

Sta (ft) Elev. (ft)

0.00 917.08

50.00 916.04

100.00 915.38

117.53 915.00

150.00 915.50

200.00 916.00

250.00 916.87

E4



Culvert Designer/Analyzer Report

Culvert-1-8x5

Title: St Lukes SW Parking Lot

p:\...\drainage study\ds-culvert-02-21-2020.cvm

02/21/20  09:41:54 AM

McClure Engineering Company

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Matt Eblen

CulvertMaster v3.3 [03.03.00.04]

Page 1 of 3

Analysis Component

Storm Event Check Discharge 720.00 cfs

Peak Discharge Method: User-Specified

Design Discharge 595.35 cfs Check Discharge 720.00 cfs

Tailwater properties: Irregular Channel

Roughness Segments

Start
Station

End
Station

Mannings
Coefficient

0+00 1+01 0.080

1+01 1+32 0.040

1+32 2+03 0.080

Natural Channel Points

Station
(ft)

Elevation
(ft)

0+00 908.58

0+50 905.48

0+61 905.18

0+77 904.43

0+88 903.01

1+01 901.95

1+05 898.29

1+09 898.36

1+17 898.00

1+32 902.00

1+50 903.38

2+00 907.18

2+03 907.58

Tailwater conditions for Check Storm.

Discharge 720.00 cfs Actual Depth 5.64 ft

Velocity 4.33 ft/s

 Name  Description  Discharge  HW Elev.  Velocity 

Culvert-1 1-8 x 5 ft Box 720.02 cfs 914.97 ft 18.00 ft/s

Weir Roadway 0.00 cfs 914.97 ft N/A 

Total ---------------- 720.02 cfs 914.97 ft N/A 
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Culvert Designer/Analyzer Report

Culvert-1-8x5

Title: St Lukes SW Parking Lot

p:\...\drainage study\ds-culvert-02-21-2020.cvm

02/21/20  09:41:54 AM

McClure Engineering Company

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Matt Eblen

CulvertMaster v3.3 [03.03.00.04]

Page 2 of 3

Component:Culvert-1

Culvert Summary

Computed Headwater Elevation 914.97 ft Discharge 720.02 cfs

Inlet Control HW Elev. 914.97 ft Tailwater Elevation 903.64 ft

Outlet Control HW Elev. 913.29 ft Control Type Inlet Control

Headwater Depth/Height 2.99

Grades

Upstream Invert 900.00 ft Downstream Invert 898.50 ft

Length 150.00 ft Constructed Slope 0.010000 ft/ft

Hydraulic Profile

Profile PressureProfile Depth, Downstream 5.14 ft

Slope Type N/A Normal Depth N/A ft

Flow Regime N/A Critical Depth 5.00 ft

Velocity Downstream 18.00 ft/s Critical Slope 0.013964 ft/ft

Section

Section Shape Box Mannings Coefficient 0.013

Section Material Concrete Span 8.00 ft

Section Size 8 x 5 ft Rise 5.00 ft

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 913.29 ft Upstream Velocity Head 5.04 ft

Ke 0.50 Entrance Loss 2.52 ft

Inlet Control Properties

Inlet Control HW Elev. 914.97 ft Flow Control Submerged

Inlet Type 45° non-offset wingwall flares Area Full 40.0 ft²

K 0.49700 HDS 5 Chart 12

M 0.66700 HDS 5 Scale 1

C 0.03390 Equation Form 2

Y 0.80300
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Culvert Designer/Analyzer Report

Culvert-1-8x5

Title: St Lukes SW Parking Lot

p:\...\drainage study\ds-culvert-02-21-2020.cvm

02/21/20  09:41:54 AM

McClure Engineering Company

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: Matt Eblen

CulvertMaster v3.3 [03.03.00.04]

Page 3 of 3

Component:Weir

Hydraulic Component(s): Roadway

Discharge 0.00 cfs Allowable HW Elevation 914.97 ft

Roadway Width 100.00 ft Overtopping Coefficient 2.90 US

Low Point 915.00 ft Headwater Elevation N/A ft

Discharge Coefficient (Cr) 2.90 Submergence Factor (Kt) 1.00

Tailwater Elevation 903.64 ft

Sta (ft) Elev. (ft)

0.00 917.08

50.00 916.04

100.00 915.38

117.53 915.00

150.00 915.50

200.00 916.00

250.00 916.87

E4


