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1.0 Introduction 
 
This Preliminary Stormwater Management Study is prepared for the expansion of the existing 
Lee’s Summit Joint Operations Campus located at 10 NE Tudor Road, Lee’s Summit, 
Missouri.  The purpose of this study is to evaluate the existing on-site detention pond and the 
impacts of the expanded development on the existing detention pond and surrounding area. 
The project will result in the construction of a new Fire Administration building and associated 
Parking.  
 
Governing design criteria is based on the APWA 5600 comprehensive control and the capacity 
of the downstream system to convey discharge during the systems design events.  
 

 
 

Figure 1: Project Location Aerial 
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1. 1 Methodology 
 
The unit hydrograph modeling for this report was conducted using TR-55 methodologies within 
HydroCAD. 
 
Runoff for this report was determined using a SCS Type II 24-Hour rainfall event. 
 
The design storms used for this report were the 2-year (50%), 10-year (10%), and 100-year 
(1%) events. Rainfall depths for these events were determined from NOAA Atlas 14. The table 
below contains these rainfall depths. 
 
Table I: Report Design Storms 

Report Design Storms 

Storm Event  Rainfall Depth (in) 

2-Year 3.70 

10-Year 5.66 

100-Year 9.23 

 
The following documents were used as the design criteria for this report: 

 
• Kansas City Metropolitan Chapter of APWA Standards, Specification and Design Criteria,  

Section 5600 (2011) 

 
 
Comprehensive Control Requirement 
 
APWA 5600 requires that rainfall events are held to the following to the following release rates.  
0.5 cfs for the 2-year, 2.0 cfs for the 10-yr, and 3.0 cfs for the 100-yr for any newly developed 
area. For this site the area considered new development would the eastern third of the site 
where the Fire Administration be located. BHC and the City of Lee’s Summit have been unable 
to find the existing drainage study for the project and have not quantified release rates. BHC 
has reached out to the engineer of record (Bartlett and West), but at the submission of this 
report has not yet received that information.  
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2.0 Existing Conditions 

 

2.1 Project Site 
 
The existing project site is currently occupied by the existing Lee’s Summit Municipal Court 
Facility basin on the site grading, the project site has 11.41 acres tributary to the detention 
pond, and additional 0.78 acres of off-site runoff from the right-of-way of Tudor. Total tributary 
area is 12.19 acres.  
 

2.2 Hydrology 
 
A majority of the project site drains towards the existing detention pond. This drainage area is 
summarized below in Table II.  
 
Table II: Existing Drainage Areas 

 
 
The drainage area was analyzed in HydroCAD, using TR-55 methodologies to calculate the 
peak runoff from the existing site in the 2-, 10-, and 100-year storm events to the existing 
detention pond. These calculations are found in Appendix A1. Table III below summarizes 
these quantities. 
 
Table III: Existing Site Generated Runoff 

Existing Site Generated Runoff (cfs) 

2-Year   10-Year 100-Year 

47.16 78.42 134.50 

 

2.3 Existing Detention  
 
The existing detention pond was evaluated in the all runoff events. The storm events are 
attenuated through the pond by two existing 30” CMP culvert pipes. It is assumed that there is 
some additional outlet control reducing these peak release rates, but the existing report is yet 
to be obtained from Bartlett and West.  
 
This results in the following pond peak release rates:  
 

Existing Detention Pond 

Storm Event   Peak Release (cfs) Stage Storage Elevation  

2-year 33.34 1001.64 

10-year 51.43 1002.47 

100-year 74.77 1004.00 
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3.0 Proposed Condition 

 

3.1 Project Site 
 
The project will result in the construction of a Fire Administration building, associated parking 
and site grading changes. This will result in an increase of the tributary area to the detention 
pond from 12.19 acres to 12.39 (11.59 acres from project site and 0.8 acres from Tudor right-
of-way). 

 
3.2  Hydrology 
 
A majority of the project site drains towards the existing detention pond. This drainage area is 
summarized below in Table IV.  
 
Table IV: Proposed Drainage Areas 
 

 
 
The drainage area was analyzed in HydroCAD, using TR-55 methodologies to calculate the 
peak runoff from the existing site in the 2-, 10-, and 100-year storm events. These calculations 
are found in Appendix A1. Table V below summarizes these quantities. 
 
Table V: Proposed Site Generated Runoff 
 

Proposed Site Generated Runoff (cfs) 

2-Year   10-Year 100-Year 

50.58 82.12 138.64 

 
The proposed development of the site results in an increase in peak runoff rates in all analyzed 
storm events. To manage runoff to pre-development levels the existing detention pond will 
need to be expanded.   
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3.3 Controlling Release Rate  
 
Comprehensive Control Requirement 

 
As the most recent storm study could not be located BHC has not been able to determine 
designed release rates for the existing detention facility, however, they are likely similar to the 
release rates documented in paragraph 2.3 above.    
 
Downstream Analysis 
 
The City of Lee’s Summit provided the Final Development Plans submitted by for the multi-
family development located north of the project site. BHC has reviewed the plans and sheet 
C202 indicates that a release rate from the pond located on the Joint Operations Center 
property considered a release rate of 36 cfs in the 10-year storm, and 54 CFS in the 100-year 
storm.  
 

3.3 Proposed Detention  
 
Detention will be provided by modification of the existing dry detention pond. Presently, the 
outlet of the pond includes two 30” CMP outlet pipes, the proposed solutions considers 
replacing the existing CMP structures an outlet control structure with a weir wall. The weir wall 
will have a 3” opening for the water quality storm (extended dry detention released over 40 
hours). The 10 and 100-yr events will be controlled by 4” wide by 18” tall opening. The depth 
an area of the pond has been increased to allow for (1) additional detention and (2) a direct 
connection to the proposed inlet 1-6 located on the development to the north.  
 
Information regarding the downstream system has been provided in Appendix A2. 
 
This controls the release rate to the flows assumed for the project.  
 

Proposed Detention Pond 

Storm Event   Peak Release (cfs) Stage Storage Elevation  

Water Quality 0.68 997.7 

*2-year 24.58 999.7 

10-year 35.62 1001.0 

100-year 56.32 1002.8 

Bottom of Spillway -- 1003.3 

**Top of Spillway -- 1004.3 

*The 2-year event was not defined in the downstream system.  
**Spillway sizing is provided in Appendix A3. 
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4.0 Downstream Analysis 
 
As part of the Stormwater Management Study. Downstream conditions were considered. The 
site drains to proposed Douglas Station Commercial Park. BHC has reviewed the design of the 
downstream and stormwater management study provided with that development and is 
rescripted the release rate of our system with the assumed release rates of the downstream 
system. Additionally, BHC recommends a direct connection to the Douglas Station system to in 
lieu of an overland flow.  
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4.0 Water Quality  
 
Per the Lee Summit design and construction manual “volumetric and/or extended detention 
control of the 90% mean annual event storm event shall be provided for broad protection of the 
receiving system, including channel erosion protection and flood peak reductions over a range 
of return periods.” 
 
This is achieved as described above with the use of the restricted 3” orifice to manage runoff 
from the 1.37 inch event.  
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6.0 Permitting 

 
6.1 United State Army Corps of Engineers (USACE) 
 
The National Wetland Inventory and USGS Mapping does not Identify and jurisdictional waters 
within the site area. There are no known USACE regulated levees with 500-feet of the site.  
 

6.2 Federal Emergency Management Agency (FEMA) 
 
The site is located within the Zone X, and outside of the 1% and 0.2% annual chance flood 
hazard, as shown on FEMA FIRM Map 29095C0417G, effective 1/20/2017. The FEMA 
Firmette for the project site can be found in Appendix A4 
 

6.3 Missouri Department of Natural Resources (MoDNR) 
 
The area to be disturbed by the project site exceeds 1-arce; a Notice of Intent (NOI) is required 
to be submitted to MoDNR and a Stormwater Pollution Prevention Plan (SWPPP) will be 
prepared for the project. 
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6.0 Conclusion 

 
Multiple stormwater control criteria were considered for the development of the proposed 
project. Following a review of the design criteria, the limitations of the downstream system 
were considered for the governing criteria. The proposed site meets the release rates of the 
proposed downstream system for the Douglas Station Commercial Park.  
 
Additionally, the stormwater design meets the Lee’s Summit Design and Construction manual 
requirements for water quality control through the use of an Extended Dry Detention system.  
 
BHC will continue to work with staff and the neighboring development through the preparation 
of final development plans and issuance of a permit.  
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

12.190 90   (1S)

12.390 92   (2S)

0.500 91   (5S)

25.080 91 TOTAL AREA



LS Joint Ops
  Printed  8/27/2024Prepared by {enter your company name here}

Page 3HydroCAD® 10.00-18  s/n 09518  © 2016 HydroCAD Software Solutions LLC

Soil Listing (all nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

0.000 HSG A

0.000 HSG B

0.000 HSG C

0.000 HSG D

25.080 Other 1S, 2S, 5S

25.080 TOTAL AREA
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Ground Covers (all nodes)

HSG-A

(acres)

HSG-B

(acres)

HSG-C

(acres)

HSG-D

(acres)

Other

(acres)

Total

(acres)

Ground

Cover

Subcatchment

Numbers

0.000 0.000 0.000 0.000 25.080 25.080 1S, 2S, 5S

0.000 0.000 0.000 0.000 25.080 25.080 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node

Number

In-Invert

(feet)

Out-Invert

(feet)

Length

(feet)

Slope

(ft/ft)

n Diam/Width

(inches)

Height

(inches)

Inside-Fill

(inches)

1 3P 999.50 999.00 40.0 0.0125 0.025 30.0 0.0 0.0

2 4P 994.90 994.50 40.0 0.0100 0.012 30.0 0.0 0.0
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Time span=5.00-60.00 hrs, dt=0.05 hrs, 1101 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=12.190 ac   0.00% Impervious   Runoff Depth>2.64"Subcatchment 1S: Existing
   Tc=10.0 min   CN=90   Runoff=47.16 cfs  2.677 af

Runoff Area=12.390 ac   0.00% Impervious   Runoff Depth>2.83"Subcatchment 2S: Proposed
   Tc=10.0 min   CN=92   Runoff=50.58 cfs  2.918 af

Runoff Area=0.500 ac   0.00% Impervious   Runoff Depth>2.73"Subcatchment 5S: Off-Site
   Tc=5.0 min   CN=91   Runoff=2.33 cfs  0.114 af

Peak Elev=1,001.64'  Storage=17,273 cf   Inflow=47.16 cfs  2.677 afPond 3P: Existing Detention
30.0"  Round Culvert x 2.00  n=0.025  L=40.0'  S=0.0125 '/'   Outflow=33.34 cfs  2.670 af

Peak Elev=999.67'  Storage=45,051 cf   Inflow=50.58 cfs  2.918 afPond 4P: Proposed Detention
   Outflow=25.48 cfs  2.918 af

Total Runoff Area = 25.080 ac   Runoff Volume = 5.709 af   Average Runoff Depth = 2.73"
100.00% Pervious = 25.080 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment 1S: Existing

Runoff = 47.16 cfs @ 12.01 hrs,  Volume= 2.677 af,  Depth> 2.64"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-year Rainfall=3.70"

Area (ac) CN Description
* 12.190 90

12.190 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 Direct Entry, 

Subcatchment 1S: Existing

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086

F
lo

w
  

(c
fs

)
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0

Type II 24-hr
2-year Rainfall=3.70"

Runoff Area=12.190 ac
Runoff Volume=2.677 af

Runoff Depth>2.64"
Tc=10.0 min

CN=90

47.16 cfs
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Summary for Subcatchment 2S: Proposed

Runoff = 50.58 cfs @ 12.01 hrs,  Volume= 2.918 af,  Depth> 2.83"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-year Rainfall=3.70"

Area (ac) CN Description
* 12.390 92

12.390 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 Direct Entry, 

Subcatchment 2S: Proposed

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086

F
lo

w
  

(c
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)
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Type II 24-hr
2-year Rainfall=3.70"

Runoff Area=12.390 ac
Runoff Volume=2.918 af

Runoff Depth>2.83"
Tc=10.0 min

CN=92

50.58 cfs
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Summary for Subcatchment 5S: Off-Site

[49] Hint: Tc<2dt may require smaller dt

Runoff = 2.33 cfs @ 11.95 hrs,  Volume= 0.114 af,  Depth> 2.73"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-year Rainfall=3.70"

Area (ac) CN Description
* 0.500 91

0.500 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 5S: Off-Site

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086

F
lo

w
  

(c
fs

)

2
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0

Type II 24-hr
2-year Rainfall=3.70"

Runoff Area=0.500 ac
Runoff Volume=0.114 af

Runoff Depth>2.73"
Tc=5.0 min

CN=91

2.33 cfs
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Summary for Pond 3P: Existing Detention

Inflow Area = 12.190 ac, 0.00% Impervious,  Inflow Depth > 2.64"    for  2-year event
Inflow = 47.16 cfs @ 12.01 hrs,  Volume= 2.677 af
Outflow = 33.34 cfs @ 12.10 hrs,  Volume= 2.670 af,  Atten= 29%,  Lag= 5.2 min
Primary = 33.34 cfs @ 12.10 hrs,  Volume= 2.670 af

Routing by Stor-Ind method, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 1,001.64' @ 12.10 hrs   Surf.Area= 15,268 sf   Storage= 17,273 cf

Plug-Flow detention time= 11.6 min calculated for 2.668 af (100% of inflow)
Center-of-Mass det. time= 9.8 min ( 811.8 - 802.0 )

Volume Invert Avail.Storage Storage Description
#1 999.00' 88,385 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

999.00 10 0 0
1,000.00 2,580 1,295 1,295
1,001.00 12,035 7,308 8,603
1,002.00 17,125 14,580 23,183
1,003.00 19,500 18,313 41,495
1,004.00 22,140 20,820 62,315
1,005.00 30,000 26,070 88,385

Device Routing     Invert Outlet Devices
#1 Primary 999.50' 30.0"  Round CMP_Round  30" X 2.00   

L= 40.0'   CMP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 999.50' / 999.00'   S= 0.0125 '/'   Cc= 0.900   
n= 0.025,  Flow Area= 4.91 sf   

Primary OutFlow  Max=33.25 cfs @ 12.10 hrs  HW=1,001.63'   (Free Discharge)
1=CMP_Round  30"  (Barrel Controls 33.25 cfs @ 5.02 fps)
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Pond 3P: Existing Detention

Inflow
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086
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Inflow Area=12.190 ac
Peak Elev=1,001.64'

Storage=17,273 cf
30.0"

Round Culvert x 2.00
n=0.025
L=40.0'

S=0.0125 '/'

47.16 cfs

33.34 cfs
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Summary for Pond 4P: Proposed Detention

[82] Warning: Early inflow requires earlier time span

Inflow Area = 12.390 ac, 0.00% Impervious,  Inflow Depth > 2.83"    for  2-year event
Inflow = 50.58 cfs @ 12.01 hrs,  Volume= 2.918 af
Outflow = 25.48 cfs @ 12.14 hrs,  Volume= 2.918 af,  Atten= 50%,  Lag= 7.6 min
Primary = 25.48 cfs @ 12.14 hrs,  Volume= 2.918 af

Routing by Stor-Ind method, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 999.67' @ 12.14 hrs   Surf.Area= 16,405 sf   Storage= 45,051 cf

Plug-Flow detention time= 179.8 min calculated for 2.915 af (100% of inflow)
Center-of-Mass det. time= 180.5 min ( 974.1 - 793.6 )

Volume Invert Avail.Storage Storage Description
#1 995.00' 117,239 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

995.00 50 0 0
996.00 5,861 2,956 2,956
997.00 8,539 7,200 10,156
998.00 12,648 10,594 20,749
999.00 14,868 13,758 34,507

1,000.00 17,147 16,008 50,515
1,001.00 19,482 18,315 68,829
1,002.00 24,323 21,903 90,732
1,003.00 28,692 26,508 117,239

Device Routing     Invert Outlet Devices
#1 Primary 994.90' 30.0"  Round Culvert   

L= 40.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 994.90' / 994.50'   S= 0.0100 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 995.00' 3.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 997.62' 42.0" W x 15.0" H Vert. Orifice/Grate    C= 0.600   
#4 Primary 1,001.10' 24.0" W x 12.0" H Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=25.39 cfs @ 12.14 hrs  HW=999.66'   (Free Discharge)
1=Culvert  (Passes 25.39 cfs of 44.31 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 0.50 cfs @ 10.26 fps)
3=Orifice/Grate  (Orifice Controls 24.88 cfs @ 5.69 fps)

4=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 4P: Proposed Detention

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=12.390 ac
Peak Elev=999.67'
Storage=45,051 cf

50.58 cfs

25.48 cfs
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Time span=5.00-60.00 hrs, dt=0.05 hrs, 1101 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=12.190 ac   0.00% Impervious   Runoff Depth>4.50"Subcatchment 1S: Existing
   Tc=10.0 min   CN=90   Runoff=78.42 cfs  4.575 af

Runoff Area=12.390 ac   0.00% Impervious   Runoff Depth>4.71"Subcatchment 2S: Proposed
   Tc=10.0 min   CN=92   Runoff=82.12 cfs  4.862 af

Runoff Area=0.500 ac   0.00% Impervious   Runoff Depth>4.61"Subcatchment 5S: Off-Site
   Tc=5.0 min   CN=91   Runoff=3.81 cfs  0.192 af

Peak Elev=1,002.47'  Storage=31,445 cf   Inflow=78.42 cfs  4.575 afPond 3P: Existing Detention
30.0"  Round Culvert x 2.00  n=0.025  L=40.0'  S=0.0125 '/'   Outflow=51.43 cfs  4.568 af

Peak Elev=1,001.03'  Storage=69,325 cf   Inflow=82.12 cfs  4.862 afPond 4P: Proposed Detention
   Outflow=35.62 cfs  4.862 af

Total Runoff Area = 25.080 ac   Runoff Volume = 9.629 af   Average Runoff Depth = 4.61"
100.00% Pervious = 25.080 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment 1S: Existing

Runoff = 78.42 cfs @ 12.01 hrs,  Volume= 4.575 af,  Depth> 4.50"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-year Rainfall=5.66"

Area (ac) CN Description
* 12.190 90

12.190 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 Direct Entry, 

Subcatchment 1S: Existing

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
10-year Rainfall=5.66"

Runoff Area=12.190 ac
Runoff Volume=4.575 af

Runoff Depth>4.50"
Tc=10.0 min

CN=90

78.42 cfs
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Summary for Subcatchment 2S: Proposed

Runoff = 82.12 cfs @ 12.01 hrs,  Volume= 4.862 af,  Depth> 4.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-year Rainfall=5.66"

Area (ac) CN Description
* 12.390 92

12.390 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 Direct Entry, 

Subcatchment 2S: Proposed

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
10-year Rainfall=5.66"

Runoff Area=12.390 ac
Runoff Volume=4.862 af

Runoff Depth>4.71"
Tc=10.0 min

CN=92

82.12 cfs
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Summary for Subcatchment 5S: Off-Site

[49] Hint: Tc<2dt may require smaller dt

Runoff = 3.81 cfs @ 11.95 hrs,  Volume= 0.192 af,  Depth> 4.61"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-year Rainfall=5.66"

Area (ac) CN Description
* 0.500 91

0.500 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 5S: Off-Site

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
10-year Rainfall=5.66"
Runoff Area=0.500 ac

Runoff Volume=0.192 af
Runoff Depth>4.61"

Tc=5.0 min
CN=91

3.81 cfs
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Summary for Pond 3P: Existing Detention

[82] Warning: Early inflow requires earlier time span

Inflow Area = 12.190 ac, 0.00% Impervious,  Inflow Depth > 4.50"    for  10-year event
Inflow = 78.42 cfs @ 12.01 hrs,  Volume= 4.575 af
Outflow = 51.43 cfs @ 12.10 hrs,  Volume= 4.568 af,  Atten= 34%,  Lag= 5.8 min
Primary = 51.43 cfs @ 12.10 hrs,  Volume= 4.568 af

Routing by Stor-Ind method, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 1,002.47' @ 12.10 hrs   Surf.Area= 18,235 sf   Storage= 31,445 cf

Plug-Flow detention time= 10.3 min calculated for 4.563 af (100% of inflow)
Center-of-Mass det. time= 9.2 min ( 797.5 - 788.3 )

Volume Invert Avail.Storage Storage Description
#1 999.00' 88,385 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

999.00 10 0 0
1,000.00 2,580 1,295 1,295
1,001.00 12,035 7,308 8,603
1,002.00 17,125 14,580 23,183
1,003.00 19,500 18,313 41,495
1,004.00 22,140 20,820 62,315
1,005.00 30,000 26,070 88,385

Device Routing     Invert Outlet Devices
#1 Primary 999.50' 30.0"  Round CMP_Round  30" X 2.00   

L= 40.0'   CMP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 999.50' / 999.00'   S= 0.0125 '/'   Cc= 0.900   
n= 0.025,  Flow Area= 4.91 sf   

Primary OutFlow  Max=51.29 cfs @ 12.10 hrs  HW=1,002.46'   (Free Discharge)
1=CMP_Round  30"  (Barrel Controls 51.29 cfs @ 5.57 fps)
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Pond 3P: Existing Detention

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=12.190 ac
Peak Elev=1,002.47'

Storage=31,445 cf
30.0"

Round Culvert x 2.00
n=0.025
L=40.0'

S=0.0125 '/'

78.42 cfs

51.43 cfs
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Summary for Pond 4P: Proposed Detention

[82] Warning: Early inflow requires earlier time span

Inflow Area = 12.390 ac, 0.00% Impervious,  Inflow Depth > 4.71"    for  10-year event
Inflow = 82.12 cfs @ 12.01 hrs,  Volume= 4.862 af
Outflow = 35.62 cfs @ 12.15 hrs,  Volume= 4.862 af,  Atten= 57%,  Lag= 8.7 min
Primary = 35.62 cfs @ 12.15 hrs,  Volume= 4.862 af

Routing by Stor-Ind method, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 1,001.03' @ 12.15 hrs   Surf.Area= 19,605 sf   Storage= 69,325 cf

Plug-Flow detention time= 127.6 min calculated for 4.861 af (100% of inflow)
Center-of-Mass det. time= 127.2 min ( 909.3 - 782.2 )

Volume Invert Avail.Storage Storage Description
#1 995.00' 117,239 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

995.00 50 0 0
996.00 5,861 2,956 2,956
997.00 8,539 7,200 10,156
998.00 12,648 10,594 20,749
999.00 14,868 13,758 34,507

1,000.00 17,147 16,008 50,515
1,001.00 19,482 18,315 68,829
1,002.00 24,323 21,903 90,732
1,003.00 28,692 26,508 117,239

Device Routing     Invert Outlet Devices
#1 Primary 994.90' 30.0"  Round Culvert   

L= 40.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 994.90' / 994.50'   S= 0.0100 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 995.00' 3.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 997.62' 42.0" W x 15.0" H Vert. Orifice/Grate    C= 0.600   
#4 Primary 1,001.10' 24.0" W x 12.0" H Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=35.59 cfs @ 12.15 hrs  HW=1,001.02'   (Free Discharge)
1=Culvert  (Passes 35.59 cfs of 52.16 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 0.57 cfs @ 11.69 fps)
3=Orifice/Grate  (Orifice Controls 35.02 cfs @ 8.00 fps)

4=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 4P: Proposed Detention

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=12.390 ac
Peak Elev=1,001.03'

Storage=69,325 cf

82.12 cfs

35.62 cfs



Type II 24-hr  100-year Rainfall=9.23"LS Joint Ops
  Printed  8/27/2024Prepared by {enter your company name here}

Page 22HydroCAD® 10.00-18  s/n 09518  © 2016 HydroCAD Software Solutions LLC

Time span=5.00-60.00 hrs, dt=0.05 hrs, 1101 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=12.190 ac   0.00% Impervious   Runoff Depth>7.94"Subcatchment 1S: Existing
   Tc=10.0 min   CN=90   Runoff=134.50 cfs  8.068 af

Runoff Area=12.390 ac   0.00% Impervious   Runoff Depth>8.15"Subcatchment 2S: Proposed
   Tc=10.0 min   CN=92   Runoff=138.64 cfs  8.411 af

Runoff Area=0.500 ac   0.00% Impervious   Runoff Depth>8.04"Subcatchment 5S: Off-Site
   Tc=5.0 min   CN=91   Runoff=6.47 cfs  0.335 af

Peak Elev=1,004.08'  Storage=64,183 cf   Inflow=134.50 cfs  8.068 afPond 3P: Existing Detention
30.0"  Round Culvert x 2.00  n=0.025  L=40.0'  S=0.0125 '/'   Outflow=74.77 cfs  8.060 af

Peak Elev=1,002.83'  Storage=112,390 cf   Inflow=138.64 cfs  8.411 afPond 4P: Proposed Detention
   Outflow=56.32 cfs  8.411 af

Total Runoff Area = 25.080 ac   Runoff Volume = 16.814 af   Average Runoff Depth = 8.04"
100.00% Pervious = 25.080 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment 1S: Existing

Runoff = 134.50 cfs @ 12.01 hrs,  Volume= 8.068 af,  Depth> 7.94"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-year Rainfall=9.23"

Area (ac) CN Description
* 12.190 90

12.190 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 Direct Entry, 

Subcatchment 1S: Existing

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100-year Rainfall=9.23"
Runoff Area=12.190 ac

Runoff Volume=8.068 af
Runoff Depth>7.94"

Tc=10.0 min
CN=90

134.50 cfs
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Summary for Subcatchment 2S: Proposed

Runoff = 138.64 cfs @ 12.01 hrs,  Volume= 8.411 af,  Depth> 8.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-year Rainfall=9.23"

Area (ac) CN Description
* 12.390 92

12.390 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 Direct Entry, 

Subcatchment 2S: Proposed

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100-year Rainfall=9.23"
Runoff Area=12.390 ac

Runoff Volume=8.411 af
Runoff Depth>8.15"

Tc=10.0 min
CN=92

138.64 cfs
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Summary for Subcatchment 5S: Off-Site

[49] Hint: Tc<2dt may require smaller dt

Runoff = 6.47 cfs @ 11.95 hrs,  Volume= 0.335 af,  Depth> 8.04"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-year Rainfall=9.23"

Area (ac) CN Description
* 0.500 91

0.500 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 5S: Off-Site

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100-year Rainfall=9.23"

Runoff Area=0.500 ac
Runoff Volume=0.335 af

Runoff Depth>8.04"
Tc=5.0 min

CN=91

6.47 cfs
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Summary for Pond 3P: Existing Detention

[82] Warning: Early inflow requires earlier time span

Inflow Area = 12.190 ac, 0.00% Impervious,  Inflow Depth > 7.94"    for  100-year event
Inflow = 134.50 cfs @ 12.01 hrs,  Volume= 8.068 af
Outflow = 74.77 cfs @ 12.12 hrs,  Volume= 8.060 af,  Atten= 44%,  Lag= 6.9 min
Primary = 74.77 cfs @ 12.12 hrs,  Volume= 8.060 af

Routing by Stor-Ind method, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 1,004.08' @ 12.12 hrs   Surf.Area= 22,793 sf   Storage= 64,183 cf

Plug-Flow detention time= 10.4 min calculated for 8.051 af (100% of inflow)
Center-of-Mass det. time= 9.6 min ( 786.7 - 777.1 )

Volume Invert Avail.Storage Storage Description
#1 999.00' 88,385 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

999.00 10 0 0
1,000.00 2,580 1,295 1,295
1,001.00 12,035 7,308 8,603
1,002.00 17,125 14,580 23,183
1,003.00 19,500 18,313 41,495
1,004.00 22,140 20,820 62,315
1,005.00 30,000 26,070 88,385

Device Routing     Invert Outlet Devices
#1 Primary 999.50' 30.0"  Round CMP_Round  30" X 2.00   

L= 40.0'   CMP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 999.50' / 999.00'   S= 0.0125 '/'   Cc= 0.900   
n= 0.025,  Flow Area= 4.91 sf   

Primary OutFlow  Max=74.23 cfs @ 12.12 hrs  HW=1,004.05'   (Free Discharge)
1=CMP_Round  30"  (Barrel Controls 74.23 cfs @ 7.56 fps)
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Pond 3P: Existing Detention

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=12.190 ac
Peak Elev=1,004.08'

Storage=64,183 cf
30.0"

Round Culvert x 2.00
n=0.025
L=40.0'

S=0.0125 '/'

134.50 cfs

74.77 cfs
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Summary for Pond 4P: Proposed Detention

[82] Warning: Early inflow requires earlier time span

Inflow Area = 12.390 ac, 0.00% Impervious,  Inflow Depth > 8.15"    for  100-year event
Inflow = 138.64 cfs @ 12.01 hrs,  Volume= 8.411 af
Outflow = 56.32 cfs @ 12.16 hrs,  Volume= 8.411 af,  Atten= 59%,  Lag= 9.2 min
Primary = 56.32 cfs @ 12.16 hrs,  Volume= 8.411 af

Routing by Stor-Ind method, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 1,002.83' @ 12.16 hrs   Surf.Area= 27,944 sf   Storage= 112,390 cf

Plug-Flow detention time= 90.1 min calculated for 8.409 af (100% of inflow)
Center-of-Mass det. time= 89.6 min ( 862.5 - 773.0 )

Volume Invert Avail.Storage Storage Description
#1 995.00' 117,239 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

995.00 50 0 0
996.00 5,861 2,956 2,956
997.00 8,539 7,200 10,156
998.00 12,648 10,594 20,749
999.00 14,868 13,758 34,507

1,000.00 17,147 16,008 50,515
1,001.00 19,482 18,315 68,829
1,002.00 24,323 21,903 90,732
1,003.00 28,692 26,508 117,239

Device Routing     Invert Outlet Devices
#1 Primary 994.90' 30.0"  Round Culvert   

L= 40.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 994.90' / 994.50'   S= 0.0100 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 995.00' 3.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 997.62' 42.0" W x 15.0" H Vert. Orifice/Grate    C= 0.600   
#4 Primary 1,001.10' 24.0" W x 12.0" H Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=56.19 cfs @ 12.16 hrs  HW=1,002.81'   (Free Discharge)
1=Culvert  (Passes 45.65 cfs of 61.02 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 0.66 cfs @ 13.35 fps)
3=Orifice/Grate  (Orifice Controls 45.00 cfs @ 10.28 fps)

4=Orifice/Grate  (Orifice Controls 10.54 cfs @ 5.27 fps)
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Pond 4P: Proposed Detention
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Inflow Area=12.390 ac
Peak Elev=1,002.83'
Storage=112,390 cf

138.64 cfs

56.32 cfs
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Time span=5.00-60.00 hrs, dt=0.05 hrs, 1101 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=12.190 ac   0.00% Impervious   Runoff Depth=0.58"Subcatchment 1S: Existing
   Tc=10.0 min   CN=90   Runoff=10.74 cfs  0.592 af

Runoff Area=12.390 ac   0.00% Impervious   Runoff Depth=0.69"Subcatchment 2S: Proposed
   Tc=10.0 min   CN=92   Runoff=13.00 cfs  0.715 af

Runoff Area=0.500 ac   0.00% Impervious   Runoff Depth=0.64"Subcatchment 5S: Off-Site
   Tc=5.0 min   CN=91   Runoff=0.57 cfs  0.026 af

Peak Elev=1,000.47'  Storage=3,527 cf   Inflow=10.74 cfs  0.592 afPond 3P: Existing Detention
30.0"  Round Culvert x 2.00  n=0.025  L=40.0'  S=0.0125 '/'   Outflow=8.31 cfs  0.585 af

Peak Elev=997.71'  Storage=17,223 cf   Inflow=13.00 cfs  0.715 afPond 4P: Proposed Detention
   Outflow=0.68 cfs  0.715 af

Total Runoff Area = 25.080 ac   Runoff Volume = 1.334 af   Average Runoff Depth = 0.64"
100.00% Pervious = 25.080 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment 1S: Existing

Runoff = 10.74 cfs @ 12.02 hrs,  Volume= 0.592 af,  Depth= 0.58"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr  Wqv Rainfall=1.37"

Area (ac) CN Description
* 12.190 90

12.190 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 Direct Entry, 

Subcatchment 1S: Existing

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
Wqv Rainfall=1.37"

Runoff Area=12.190 ac
Runoff Volume=0.592 af

Runoff Depth=0.58"
Tc=10.0 min

CN=90

10.74 cfs
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Summary for Subcatchment 2S: Proposed

Runoff = 13.00 cfs @ 12.02 hrs,  Volume= 0.715 af,  Depth= 0.69"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr  Wqv Rainfall=1.37"

Area (ac) CN Description
* 12.390 92

12.390 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 Direct Entry, 
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Type II 24-hr
Wqv Rainfall=1.37"

Runoff Area=12.390 ac
Runoff Volume=0.715 af

Runoff Depth=0.69"
Tc=10.0 min

CN=92

13.00 cfs
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Summary for Subcatchment 5S: Off-Site

[49] Hint: Tc<2dt may require smaller dt

Runoff = 0.57 cfs @ 11.96 hrs,  Volume= 0.026 af,  Depth= 0.64"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Type II 24-hr  Wqv Rainfall=1.37"

Area (ac) CN Description
* 0.500 91

0.500 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 5S: Off-Site

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
Wqv Rainfall=1.37"

Runoff Area=0.500 ac
Runoff Volume=0.026 af

Runoff Depth=0.64"
Tc=5.0 min

CN=91

0.57 cfs
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Summary for Pond 3P: Existing Detention

Inflow Area = 12.190 ac, 0.00% Impervious,  Inflow Depth = 0.58"    for  Wqv event
Inflow = 10.74 cfs @ 12.02 hrs,  Volume= 0.592 af
Outflow = 8.31 cfs @ 12.09 hrs,  Volume= 0.585 af,  Atten= 23%,  Lag= 4.3 min
Primary = 8.31 cfs @ 12.09 hrs,  Volume= 0.585 af

Routing by Stor-Ind method, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 1,000.47' @ 12.09 hrs   Surf.Area= 6,990 sf   Storage= 3,527 cf

Plug-Flow detention time= 22.3 min calculated for 0.585 af (99% of inflow)
Center-of-Mass det. time= 14.0 min ( 859.1 - 845.1 )

Volume Invert Avail.Storage Storage Description
#1 999.00' 88,385 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

999.00 10 0 0
1,000.00 2,580 1,295 1,295
1,001.00 12,035 7,308 8,603
1,002.00 17,125 14,580 23,183
1,003.00 19,500 18,313 41,495
1,004.00 22,140 20,820 62,315
1,005.00 30,000 26,070 88,385

Device Routing     Invert Outlet Devices
#1 Primary 999.50' 30.0"  Round CMP_Round  30" X 2.00   

L= 40.0'   CMP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 999.50' / 999.00'   S= 0.0125 '/'   Cc= 0.900   
n= 0.025,  Flow Area= 4.91 sf   

Primary OutFlow  Max=8.23 cfs @ 12.09 hrs  HW=1,000.46'   (Free Discharge)
1=CMP_Round  30"  (Barrel Controls 8.23 cfs @ 3.51 fps)
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Pond 3P: Existing Detention

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=12.190 ac
Peak Elev=1,000.47'

Storage=3,527 cf
30.0"

Round Culvert x 2.00
n=0.025
L=40.0'

S=0.0125 '/'

10.74 cfs

8.31 cfs
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Summary for Pond 4P: Proposed Detention

Inflow Area = 12.390 ac, 0.00% Impervious,  Inflow Depth = 0.69"    for  Wqv event
Inflow = 13.00 cfs @ 12.02 hrs,  Volume= 0.715 af
Outflow = 0.68 cfs @ 13.46 hrs,  Volume= 0.715 af,  Atten= 95%,  Lag= 86.5 min
Primary = 0.68 cfs @ 13.46 hrs,  Volume= 0.715 af

Routing by Stor-Ind method, Time Span= 5.00-60.00 hrs, dt= 0.05 hrs
Peak Elev= 997.71' @ 13.46 hrs   Surf.Area= 11,445 sf   Storage= 17,223 cf

Plug-Flow detention time= 491.0 min calculated for 0.714 af (100% of inflow)
Center-of-Mass det. time= 491.4 min ( 1,324.5 - 833.1 )

Volume Invert Avail.Storage Storage Description
#1 995.00' 117,239 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

995.00 50 0 0
996.00 5,861 2,956 2,956
997.00 8,539 7,200 10,156
998.00 12,648 10,594 20,749
999.00 14,868 13,758 34,507

1,000.00 17,147 16,008 50,515
1,001.00 19,482 18,315 68,829
1,002.00 24,323 21,903 90,732
1,003.00 28,692 26,508 117,239

Device Routing     Invert Outlet Devices
#1 Primary 994.90' 30.0"  Round Culvert   

L= 40.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 994.90' / 994.50'   S= 0.0100 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 995.00' 3.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 997.62' 42.0" W x 15.0" H Vert. Orifice/Grate    C= 0.600   
#4 Primary 1,001.10' 24.0" W x 12.0" H Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.67 cfs @ 13.46 hrs  HW=997.71'   (Free Discharge)
1=Culvert  (Passes 0.67 cfs of 28.15 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 0.38 cfs @ 7.74 fps)
3=Orifice/Grate  (Orifice Controls 0.29 cfs @ 0.95 fps)

4=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 4P: Proposed Detention
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Hydrograph
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Inflow Area=12.390 ac
Peak Elev=997.71'
Storage=17,223 cf

13.00 cfs

0.68 cfs
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Weir Report
Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Monday, Aug 26 2024

<Name>

Rectangular Weir
Crest =  Broad
Bottom Length (ft) =  52.50
Total Depth (ft) =  1.00

Calculations
Weir Coeff. Cw =  2.60
Compute by: Q vs Depth
No. Increments =  10

Highlighted
Depth (ft) =  1.00
Q (cfs) =  136.50
Area (sqft) =  52.50
Velocity (ft/s) =  2.60
Top Width (ft) =  52.50
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