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1 .0  INTRODUCT ION AND PROJECT  SUMMARY 

On behalf of Wisconsin Power and Light Company (WPL), SCS Engineers (SCS) has prepared 
this Run-on and Run-off Control Plan for the Columbia (COL) Dry Ash Disposal Facility  in 
accordance with 40 CFR 257.81(c) as follows. 
 
40 CFR 257.81(c).  “Run-on and run-off control system plan – (1) Content of the plan.  The 
owner or operator must prepare initial and periodic run-on and run-off control system plans for 
the CCR unit according to the timeframes specified in paragraphs (c)(3), and (4) of [section 
257.81].  These plans must document how the run-on and run-off control systems have been 
designed and constructed to meet the applicable requirements of this section.  Each plan must be 
supported by appropriate engineering calculations.  The owner or operator has completed the 
initial run-on and run-off control system plan when the plan has been placed in the facility’s 
operating record as required by section 257.105(g)(3).” 
 
The COL facility includes an active coal combustion residue (CCR) landfill, which currently 
consists of three CCR units, all located in Phase 1 of the facility: 
 

 Phase 1, Module 1 - This unit has received some final cover over completed outer 
sideslope areas that will no longer receive additional CCR.  

 Phase 1, Module 2 - This unit is currently being filled. 
 Phase 1, Module 3 – Construction of this unit was recently completed and approved 

by the Wisconsin Department of Natural Resources (WDNR) to receive CCR. 
 

Future CCR units (Phase 1 Modules 4-6 and Phase 2 Modules 7-13) are permitted with the 
WDNR, but have not been developed.  When developed, the units will be new CCR landfills, as 
defined at 40 CFR 257.53. 
 
This plan applies to Phase 1 Modules  1–3 only.  Future CCR units are not discussed further 
herein. 
 
Figure 1 shows the site location.  Figure 2 shows the run-on and run-off drainage areas.   
 

2 .0  RUN-ON AND RUN-OFF  CONTROL  PLAN 

40 CFR 257.81(a).  “The owner or operator of an existing or new CCR landfill or any lateral 
expansion of a CCR landfill must design, construct, operate, and maintain: 
 

(1) A run-on control system to prevent flow onto the active portion of the CCR unit during 
the peak discharge from a 24-hour, 25-year storm.” 

 
The entire facility has run-on and run-off control in place, as approved by the WDNR.  Run-on is 
controlled by berms and swales around the perimeter of the landfill that divert storm water away 
from the landfill to a sedimentation basin. 
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(2) “A run-off control system from the active portion of the CCR unit to collect and control 
at least the water volume resulting from a 24-hour, 25-year storm.” 
 

Run-off from the active portions of the facility is handled as contact water and is collected by a 
leachate collection system and internal swales, which route the contact water run-off to a lined 
contact water basin.  The contact water in the basin is used for dust control or other actions 
within the active landfill or, if needed, is transported with a water wagon to the Primary Ash 
Pond at the generating station where it may be discharged through a Wisconsin Pollutant 
Discharge Elimination System (WPDES) permitted outfall. 
 
Run-off from areas of the existing CCR units where final cover is in place is diverted into the 
perimeter drainage swales, which drain to the South Sedimentation Basin.  Intermediate 
swales/berms and downslope channels on the final cover help minimize erosion of the final 
cover.  These features divert water to the perimeter drainage system, and ultimately to the on-site 
detention/sedimentation basin.  Per 40 CFR 257.81(b), this is consistent with the surface water 
requirements under 40 CFR 257.3-3. 
 
In addition to these controls, a temporary rain cover has been installed to limit leachate and 
contact water production in Module 3.  Storm water collected on the rain cover is diverted to 
perimeter swales, and ultimately to the sedimentation basin.  The rain cover will be removed in 
sections to accommodate waste placement.  As the rain cover is removed, new diversion berms 
will be constructed to form the perimeter of a storm water containment area.  The berms will 
prevent contact water from running onto the rain cover and will anchor or ballast the rain cover 
at the new limits.  When the rain cover has been fully removed, run-off will be controlled by the 
limits of Module 3 and all water inside the limits of Module 3 will be considered and handled as 
contract water.  
 

2 . 1  D E S I G N  C R I T E R I A  

The storm water features described above are designed to handle run-on and run-off from 
a 25-year, 24-hour storm event, as required by 40 CFR 257.81(a)(1) and (2).   
 
The storm water run-on calculations were performed in 2000 as part of the 2000 Plan of 
Operation Update, with an update to run-on to a ditch along the north end of Module 3 
performed in 2016.  The 2000 calculations were performed assuming a 25-year, 24-hour 
precipitation depth of 4.7 inches, based on Technical Paper-40 (TP-40) precipitation data 
published in May 1961.  The 2016 update for the ditch north of Module 3 assumed a 25-year, 
24-hour precipitation depth of 4.9 inches, based on NOAA Atlas 14 precipitation data published 
in April 2013. 
 
The run-off calculations were performed in 2010 as part of the 2010 Plan of Operation Update.  
A subsequent update was made to the leachate/surface water pond calculations in 2015.  
Calculations to evaluate installation of a rain cover in Module 3 were also performed in 2016.  
The 2010 calculations were performed assuming a 25-year, 24-hour precipitation depth 
of 4.7 inches, based on TP-40 precipitation data published in May 1961.  The 2015 and 2016 
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calculations assumed a 25-year, 24-hour precipitation depth of 4.9 inches, based on NOAA Atlas 
14 precipitation data published in April 2013.  
 

2 . 2  D E S I G N  W I T H  C A L C U L A T I O N S  

Storm water management design calculations are contained in Appendix A.  As described in 
Section 2.1, the calculations from the 2000 Plan of Operation Update and the 2016 update for the 
swale located north of Module 3 describe the storm water management design and provide 
calculations showing that the run-on control system will prevent flow onto the active portion of 
the CCR units during the peak discharge from a 25-year, 24-hour storm.  The calculations from 
the 2010 Plan of Operation Update and subsequent update in 2015 describe the storm water 
management design and provide calculations showing that the run-off control system for the 
active portions of the CCR units will collect and control the water volume resulting from 
a 25-year, 24-hour storm.  The calculations were performed by or overseen by a professional 
engineer licensed in the State of Wisconsin.   
 

2 . 3  C O N S T R U C T I O N  

Existing storm water management features were constructed to site specifications with 
construction oversight directed by a professional engineer licensed in the State of Wisconsin.  
Construction documentation reports for the storm water management features were prepared, 
submitted to the WDNR, and approved by the WDNR.   
 

3 .0  CERT I F ICAT IONS 

40 CFR 257.81(c)(5).  “The owner or operator must obtain a certification from a qualified 
professional engineer stating that the initial and periodic run-on and run-off control system 
plans meet the requirements of this section.” 
 
Eric Nelson, PE, a licensed profession engineer in the State of Wisconsin, has overseen the 
preparation of this Run-on and Run-off Control Plan.  A certification statement is provided on 
page iii of this plan. 
 

4 .0  RECORDKEEP ING AND PER IOD IC  UPDATES  

40 CFR257.81(d).  “The owner or operator of the CCR unit must comply with the recordkeeping 
requirements specified in section 257.105(g), the notification requirements specified in section 
257.106(g), and the internet requirements specified in section 257.107(g).” 
 
This Run-On and Run-Off Control Plan, and all periodic plans, will be placed in the facility’s 
operating record and on Alliant Energy’s CCR Rule Compliance Data and Information 
website, as will all amendments.  Periodic plans will be completed every 5 years per 
40 CFR 257.81(c)(4). 
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Notification will be provided when this Run-On and Run-Off Control Plan, and all periodic 
plans, are available in the facility’s operating record and on the facility’s website per 
40 CFR 257.105(g), 257.106(g), and 257.107(g). 
 
 
 
 



 

 

FIGURES 
 
1 Site Location Map 
2 Run-On/Run-Off Control Plan 
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APPENDIX A 
 

Storm Water Design Calculations 
 
 
 
 

 
 



































































































































 
 

SHEET NO. 1 of 2 

Job No. 25215024  CALC. NO.  

Job: Columbia Energy Center  REV. NO.  

Client WPL  BY BLP DATE 6/9/15 

Subject Leachate/Surface Water Pond Evaluation  CHK’D. MRH DATE 6/9/15 
 

Purpose: 

The purpose of the leachate/surface water pond evaluation is to determine the following based 

on the as-built leachate/surface water pond top of liner elevation of 796.97 (see Background 

section below): 

 

• The amount of intermediate/final cover area required during each remaining phase of 

development (Modules 3 – 6) in order to store the 25-year 24-hour storm at/below the 

top of the pond liner (elevation 796.97).  

• The largest storm event the leachate/surface water pond can store during each 

remaining phase (Modules 3-6) of development with no additional intermediate/final 

cover installed, while maintaining the pond peak water elevation at/below the top of 

the liner (elevation 796.97). 

 

Background: 

During construction of Module 2, the top of the the leachate/surface water pond liner was 

determined to be at elevation 796.97, which is below the design elevation of 798.  The Surface 

Water Runoff Capacity Evaluation, Leachate/Surface Water Pond calculations included in the 

2010 Plan of Operation Update were based on the design elevation of 798.   

 

Approach: 

• Start with the HydroCAD storm water model from the 2010 Plan of Operation Update, 

and perform the following: 

o Review drainage areas based on latest topography (December 2014 aerial 

survey) and modify accordingly. 

o Update the pond stage-storage data based on as-built drawings.  As-built 

contours were digitized into a CAD drawing, and the surface area of each 

contour measured in AutoCAD. 

o Set a standing water elevation in the pond at 6 inches off of the bottom (i.e., 

elevation 792.5). 

o Update Plan of Operation Update precipitation depths and distribution using 

NOAA Atlas 14 and associated hydrograph distributions developed for 

Wisconsin. 

o Run the HydroCAD model for the following scenarios with Module 3 

constructed and active/open: 

� Model Run 1A:  Modify the Module 1 open/active area draining to the 

pond until the maximum peak water elevation of 769.97 or less is 

obtained in the pond for a 25-year, 24-hour storm event.  

� Model Run 1B:  Run the model at various precipitation depths to 

determine the maximum storm event the pond can store without 

additional intermediate/final cover.   

o Run the HydroCAD model for the following scenarios during Module 4 

constructed and active/open: 
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� Model Run 2A:  Modify the Module 2 open/active area draining to the 

pond until the maximum peak water elevation of 769.97 or less is 

obtained in the pond for a 25-year, 24-hour storm event.  

� Model Run 2B:  Run the model at various precipitation depths to 

determine the maximum storm event the pond can store without 

additional intermediate/final cover. 

o Run the HydroCAD model for the following scenarios during Module 5 

constructed and active/open: 

� Model Run 3A:  Modify the Module 3 open/active area draining to the 

pond until the maximum peak water elevation of 769.97 or less is 

obtained in the pond for a 25-year, 24-hour storm event.  

� Model Run 3B: Run the model at various precipitation depths to 

determine the maximum storm event the pond can store without 

additional intermediate/final cover. 

o Run the HydroCAD model for the following scenarios during Module 6 

constructed and active/open: 

� Model Run 4A:  Modify the Module 4 open/active area draining to the 

pond until the maximum peak water elevation of 769.97 or less is 

obtained in the pond for a 25-year, 24-hour storm event.  

� Model Run 4B:  Run the model at various precipitation depths to 

determine the maximum storm event the pond can store without 

additional intermediate/final cover. 

 

Assumptions: 

• See attached Figure 1 for approximate watersheds to the leachate/surface water pond.  

Modifications were made to the watersheds presented in the 2010 Plan of Operation 

Update to account for changes in topography and drainage patterns outside the limits of 

waste since the 2010 Plan of Operation Update. 

• Active/open landfill areas were assumed to be impermeable (CN=98). 

• Runoff from areas with intermediate or final cover will be routed to the sedimentation 

basin and are therefore not included in the runoff to the leachate/surface water pond. 

• Three modules were assumed to be open at any stage of development. 

• The bottom of the pond is at 792.  The starting water level in the pond prior to the 

modeled storm event is 6 inches (elevation 792.5). 

 

Results: 

See attached summary table for each model run.  See attached HydroCAD model results for 

detailed input/output for each of the above model runs. 

 
I:\25214194\Calcs\Leachate_Surface Water Pond\Leachate_Surface Water Pond Evaluation with Mod 3.docx 
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Module Module Size (ac)

Module 1 9.00

    1 (Currently Open/Active) 5.31

    1 (Currently Closed) 3.69

Module 2 4.27

Module 3 4.33

Module 4 4.39

Module 5 4.46

Module 6 4.38

Evaluation Summary

Modules 

Open/Active 
(4)

Total Area of  

Modules (see 

Module 

Summary table 

above)

Bottom of 

Pond 
(2)

Top of Pond (i.e.,Top 

of Liner/Maximum 

Allowable Water 

Elevation In Pond) 
(2)

Standing Water 

Elevation in Pond 

Prior to Start of 

Storm Event 
(2)

Peak Water 

Elevation              

(25-yr, 24-hr 

storm) 
(3)

Intermediate/Final Cover 

Area Required Within 3 

Open/Active Modules to 

Maintain Maximum 

Allowable Pond Water 

Elevation 
(4,5)

Maximum Precipitation Depth Pond 

Can Accommodate Without 

Additional Intermediate/Final Cover 

while Maintainin Maximum Allowable 

Pond Water Elevation 
(6)

Mod 3 Constructed (Portion of Mod 1 is Currently Closed) 1, 2, 3 17.6 792 796.97 792.5 796.97 3.43 acres 4.0" (10-year event)

Mod 4 Constructed (Mod 1 Closed) 2, 3, 4 12.99 792 796.97 792.5 796.97 2.51 acres 4.21" (approximately 10-year event)

Mod 5 Constructed (Mods 1, 2 Closed) 3, 4, 5 13.18 792 796.97 792.5 796.97 2.70 acres 4.16" (approximately 10-year event)

Mod 6 Constructed (Mods 1, 2, 3 Closed) 4, 5, 6 13.23 792 796.97 792.5 796.97 2.75 acres 4.15" (approximately 10-year event)

Notes:

1.  See attached Figure 1 for contributing watershed areas during each stage of development.

2.  Bottom of pond elevation from Plan of Operation.  Top of Pond from survey performed during Module 2 construction.  Six inches of water assumed to be standing in pond prior to storm event.

3.  Peak water elevation (25-year, 24-hour storm) from stormwater modelling results (attached).

4.  Three modules were assumed to be open at any give stage of development.

5.  Intermediate/Final cover area required determined by adjusting amount of open/active area until the maximum water elevation of 796.97 was obtained.  Area reported is in addition to existing final cover area in Module 1.

6.  Below is a summary of the precipitation depths associated with various design storm events:

5-year, 24-hour storm event = 3.38"

10-year, 24-hour storm event = 3.97"

25-year, 24-hour storm event = 4.90"

Description 
(1)

Leachate/Suface Water Pond Capacity Evaluation Summary

Module Summary

Columbia Energy Center

I:\25215024\Calcs\Leachate_Surface Water Pond Evaluation\Pond Capacity Evaluation Summary Table_150609



65S

Mod 1 (partial closure)

66S

Mod 2

67S

Mod 3 Constructed

68S

Pond Area

69P

Ex Leachate Pond
 (As-built)

Routing Diagram for Columbia_Leachate Pond Evaluation (As-built Pond v2)_Mod 3-6_150609

Prepared by {enter your company name here},  Printed 6/9/2015
HydroCAD® 10.00-14  s/n 05804  © 2015 HydroCAD Software Solutions LLC

Subcat Reach Pond Link

3530blp
Typewritten Text
Model Run 1A



MSE4 24-hr  25-yr Rainfall=4.90"Columbia_Leachate Pond Evaluation (As-built Pond v2)_
  Printed  6/9/2015Prepared by {enter your company name here}

Page 5HydroCAD® 10.00-14  s/n 05804  © 2015 HydroCAD Software Solutions LLC

Time span=0.00-25.00 hrs, dt=0.01 hrs, 2501 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=1.880 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 65S: Mod 1 (partial closure)
   Tc=15.0 min   CN=98   Runoff=8.85 cfs  0.731 af

Runoff Area=4.270 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 66S: Mod 2
   Tc=15.0 min   CN=98   Runoff=20.09 cfs  1.659 af

Runoff Area=4.330 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 67S: Mod 3 Constructed
   Tc=20.0 min   CN=98   Runoff=17.76 cfs  1.683 af

Runoff Area=3.960 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 68S: Pond Area
   Tc=0.0 min   CN=98   Runoff=28.03 cfs  1.539 af

Peak Elev=796.97'  Storage=260,152 cf   Inflow=55.31 cfs  5.612 afPond 69P: Ex Leachate Pond (As-built)
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 14.440 ac   Runoff Volume = 5.612 af   Average Runoff Depth = 4.66"
0.00% Pervious = 0.000 ac     100.00% Impervious = 14.440 ac
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Summary for Subcatchment 65S: Mod 1 (partial closure)

Runoff = 8.85 cfs @ 12.22 hrs,  Volume= 0.731 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 1.880 98 Mod 1 no cover

1.880 100.00% Impervious Area

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

15.0 Direct Entry, Estimated

Subcatchment 65S: Mod 1 (partial closure)

Runoff

Hydrograph

Time  (hours)
252423222120191817161514131211109876543210
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9

8
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1

0

MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=1.880 ac

Runoff Volume=0.731 af

Runoff Depth=4.66"

Tc=15.0 min

CN=98

8.85 cfs
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Summary for Subcatchment 66S: Mod 2

Runoff = 20.09 cfs @ 12.22 hrs,  Volume= 1.659 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 4.270 98 Mod 2 final cover

4.270 100.00% Impervious Area

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

15.0 Direct Entry, Estimated

Subcatchment 66S: Mod 2

Runoff

Hydrograph

Time  (hours)
252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

22

21

20
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17

16
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11
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9

8

7

6

5

4

3

2

1

0

MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=4.270 ac

Runoff Volume=1.659 af

Runoff Depth=4.66"

Tc=15.0 min

CN=98

20.09 cfs
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Summary for Subcatchment 67S: Mod 3 Constructed

Runoff = 17.76 cfs @ 12.29 hrs,  Volume= 1.683 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 4.330 98 Mod 3 no cover

4.330 100.00% Impervious Area

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

20.0 Direct Entry, Estimated

Subcatchment 67S: Mod 3 Constructed

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=4.330 ac

Runoff Volume=1.683 af

Runoff Depth=4.66"

Tc=20.0 min

CN=98

17.76 cfs
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Summary for Subcatchment 68S: Pond Area

[46] Hint: Tc=0 (Instant runoff peak depends on dt)

Runoff = 28.03 cfs @ 12.09 hrs,  Volume= 1.539 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 3.960 98

3.960 100.00% Impervious Area

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

0.0 Direct Entry, 

Subcatchment 68S: Pond Area

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=3.960 ac

Runoff Volume=1.539 af

Runoff Depth=4.66"

Tc=0.0 min

CN=98

28.03 cfs
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Summary for Pond 69P: Ex Leachate Pond (As-built)

Inflow Area = 14.440 ac,100.00% Impervious,  Inflow Depth = 4.66"    for  25-yr event
Inflow = 55.31 cfs @ 12.09 hrs,  Volume= 5.612 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
Starting Elev= 792.50'   Surf.Area= 34,630 sf   Storage= 15,714 cf
Peak Elev= 796.97' @ 25.00 hrs   Surf.Area= 65,516 sf   Storage= 260,152 cf   (244,438 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description

#1 792.00' 329,280 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 28,228 0 0
794.00 53,834 82,062 82,062
796.00 62,164 115,998 198,060
798.00 69,056 131,220 329,280

Pond 69P: Ex Leachate Pond (As-built)

Inflow

Hydrograph

Time  (hours)
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Inflow Area=14.440 ac

Peak Elev=796.97'

Storage=260,152 cf

55.31 cfs
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Mod 2

60S

Mod 3 Constructed

61S

Pond Area

62P

Ex Leachate Pond
 (As-built)

Routing Diagram for Columbia_Leachate Pond Evaluation (As-built Pond v2)_Mod 3-6_150609
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Time span=0.00-25.00 hrs, dt=0.01 hrs, 2501 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=5.310 ac   100.00% Impervious   Runoff Depth=3.77"Subcatchment 58S: Mod 1
   Tc=15.0 min   CN=98   Runoff=20.33 cfs  1.666 af

Runoff Area=4.270 ac   100.00% Impervious   Runoff Depth=3.77"Subcatchment 59S: Mod 2
   Tc=15.0 min   CN=98   Runoff=16.35 cfs  1.340 af

Runoff Area=4.330 ac   100.00% Impervious   Runoff Depth=3.77"Subcatchment 60S: Mod 3 Constructed
   Tc=20.0 min   CN=98   Runoff=14.46 cfs  1.359 af

Runoff Area=3.960 ac   100.00% Impervious   Runoff Depth=3.77"Subcatchment 61S: Pond Area
   Tc=0.0 min   CN=98   Runoff=22.83 cfs  1.242 af

Peak Elev=796.97'  Storage=259,949 cf   Inflow=55.25 cfs  5.607 afPond 62P: Ex Leachate Pond (As-built)
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 17.870 ac   Runoff Volume = 5.607 af   Average Runoff Depth = 3.77"
0.00% Pervious = 0.000 ac     100.00% Impervious = 17.870 ac
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Summary for Subcatchment 58S: Mod 1

Runoff = 20.33 cfs @ 12.22 hrs,  Volume= 1.666 af,  Depth= 3.77"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 3 Max Precip Rainfall=4.00"

Area (ac) CN Description

* 5.310 98 Mod 1 no cover

5.310 100.00% Impervious Area

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

15.0 Direct Entry, Estimated

Subcatchment 58S: Mod 1

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 3 Max Precip Rainfall=4.00"

Runoff Area=5.310 ac

Runoff Volume=1.666 af

Runoff Depth=3.77"

Tc=15.0 min

CN=98

20.33 cfs
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Summary for Subcatchment 59S: Mod 2

Runoff = 16.35 cfs @ 12.22 hrs,  Volume= 1.340 af,  Depth= 3.77"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 3 Max Precip Rainfall=4.00"

Area (ac) CN Description

* 4.270 98 Mod 2 final cover

4.270 100.00% Impervious Area

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

15.0 Direct Entry, Estimated

Subcatchment 59S: Mod 2

Runoff

Hydrograph

Time  (hours)
252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

MSE4 24-hr

MOD 3 Max Precip Rainfall=4.00"

Runoff Area=4.270 ac

Runoff Volume=1.340 af

Runoff Depth=3.77"

Tc=15.0 min

CN=98

16.35 cfs
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Summary for Subcatchment 60S: Mod 3 Constructed

Runoff = 14.46 cfs @ 12.29 hrs,  Volume= 1.359 af,  Depth= 3.77"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 3 Max Precip Rainfall=4.00"

Area (ac) CN Description

* 4.330 98 Mod 3 no cover

4.330 100.00% Impervious Area

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

20.0 Direct Entry, Estimated

Subcatchment 60S: Mod 3 Constructed

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 3 Max Precip Rainfall=4.00"

Runoff Area=4.330 ac

Runoff Volume=1.359 af

Runoff Depth=3.77"

Tc=20.0 min

CN=98

14.46 cfs
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Summary for Subcatchment 61S: Pond Area

[46] Hint: Tc=0 (Instant runoff peak depends on dt)

Runoff = 22.83 cfs @ 12.09 hrs,  Volume= 1.242 af,  Depth= 3.77"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 3 Max Precip Rainfall=4.00"

Area (ac) CN Description

* 3.960 98

3.960 100.00% Impervious Area

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

0.0 Direct Entry, 

Subcatchment 61S: Pond Area

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 3 Max Precip Rainfall=4.00"

Runoff Area=3.960 ac

Runoff Volume=1.242 af

Runoff Depth=3.77"

Tc=0.0 min

CN=98

22.83 cfs
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Summary for Pond 62P: Ex Leachate Pond (As-built)

Inflow Area = 17.870 ac,100.00% Impervious,  Inflow Depth = 3.77"    for  MOD 3 Max Precip event
Inflow = 55.25 cfs @ 12.24 hrs,  Volume= 5.607 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
Starting Elev= 792.50'   Surf.Area= 34,630 sf   Storage= 15,714 cf
Peak Elev= 796.97' @ 25.00 hrs   Surf.Area= 65,505 sf   Storage= 259,949 cf   (244,234 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description

#1 792.00' 329,280 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 28,228 0 0
794.00 53,834 82,062 82,062
796.00 62,164 115,998 198,060
798.00 69,056 131,220 329,280

Pond 62P: Ex Leachate Pond (As-built)

Inflow

Hydrograph

Time  (hours)
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Inflow Area=17.870 ac

Peak Elev=796.97'

Storage=259,949 cf

55.25 cfs
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Mod 2 (partial closure)
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Mod 3

43S

Mod 4 Constructed

70S

Pond Area

56P

Ex Leachate Pond

 (As-built)
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Time span=0.00-25.00 hrs, dt=0.01 hrs, 2501 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=1.760 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 31S: Mod 2 (partial closure)
   Tc=15.0 min   CN=98   Runoff=8.28 cfs  0.684 af

Runoff Area=4.330 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 42S: Mod 3
   Tc=20.0 min   CN=98   Runoff=17.76 cfs  1.683 af

Runoff Area=4.390 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 43S: Mod 4 Constructed
   Tc=25.0 min   CN=98   Runoff=16.12 cfs  1.706 af

Runoff Area=3.960 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 70S: Pond Area
   Tc=0.0 min   CN=98   Runoff=28.03 cfs  1.539 af

Peak Elev=796.97'  Storage=260,152 cf   Inflow=50.38 cfs  5.612 afPond 56P: Ex Leachate Pond (As-built)
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 14.440 ac   Runoff Volume = 5.612 af   Average Runoff Depth = 4.66"
0.00% Pervious = 0.000 ac     100.00% Impervious = 14.440 ac
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Summary for Subcatchment 31S: Mod 2 (partial closure)

Runoff = 8.28 cfs @ 12.22 hrs,  Volume= 0.684 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 1.760 98 Mod 2 final cover

1.760 100.00% Impervious Area

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

15.0 Direct Entry, Estimated

Subcatchment 31S: Mod 2 (partial closure)

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=1.760 ac

Runoff Volume=0.684 af

Runoff Depth=4.66"

Tc=15.0 min

CN=98

8.28 cfs
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Summary for Subcatchment 42S: Mod 3

Runoff = 17.76 cfs @ 12.29 hrs,  Volume= 1.683 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 4.330 98 Mod 3

4.330 100.00% Impervious Area

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

20.0 Direct Entry, Estimated

Subcatchment 42S: Mod 3

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=4.330 ac

Runoff Volume=1.683 af

Runoff Depth=4.66"

Tc=20.0 min

CN=98

17.76 cfs
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Summary for Subcatchment 43S: Mod 4 Constructed

Runoff = 16.12 cfs @ 12.34 hrs,  Volume= 1.706 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 4.390 98 Mod 4 no cover

4.390 100.00% Impervious Area

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

25.0 Direct Entry, Estimated

Subcatchment 43S: Mod 4 Constructed

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=4.390 ac

Runoff Volume=1.706 af

Runoff Depth=4.66"

Tc=25.0 min

CN=98

16.12 cfs
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Summary for Subcatchment 70S: Pond Area

[46] Hint: Tc=0 (Instant runoff peak depends on dt)

Runoff = 28.03 cfs @ 12.09 hrs,  Volume= 1.539 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 3.960 98

3.960 100.00% Impervious Area

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

0.0 Direct Entry, 

Subcatchment 70S: Pond Area

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=3.960 ac

Runoff Volume=1.539 af

Runoff Depth=4.66"

Tc=0.0 min

CN=98

28.03 cfs
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Summary for Pond 56P: Ex Leachate Pond (As-built)

Inflow Area = 14.440 ac,100.00% Impervious,  Inflow Depth = 4.66"    for  25-yr event
Inflow = 50.38 cfs @ 12.09 hrs,  Volume= 5.612 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
Starting Elev= 792.50'   Surf.Area= 34,630 sf   Storage= 15,714 cf
Peak Elev= 796.97' @ 25.00 hrs   Surf.Area= 65,516 sf   Storage= 260,152 cf   (244,438 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description

#1 792.00' 329,280 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 28,228 0 0
794.00 53,834 82,062 82,062
796.00 62,164 115,998 198,060
798.00 69,056 131,220 329,280

Pond 56P: Ex Leachate Pond (As-built)

Inflow

Hydrograph

Time  (hours)
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Inflow Area=14.440 ac

Peak Elev=796.97'

Storage=260,152 cf

50.38 cfs
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Mod 2

63S

Mod 3

64S

Mod 4 Constructed

69S

Pond Area

70P

Ex Leachate Pond

 (As-built)

Routing Diagram for Columbia_Leachate Pond Evaluation (As-built Pond v2)_Mod 3-6_150609
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Time span=0.00-25.00 hrs, dt=0.01 hrs, 2501 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=4.270 ac   100.00% Impervious   Runoff Depth=3.97"Subcatchment 62S: Mod 2
   Tc=15.0 min   CN=98   Runoff=17.22 cfs  1.414 af

Runoff Area=4.330 ac   100.00% Impervious   Runoff Depth=3.97"Subcatchment 63S: Mod 3
   Tc=20.0 min   CN=98   Runoff=15.23 cfs  1.434 af

Runoff Area=4.390 ac   100.00% Impervious   Runoff Depth=3.97"Subcatchment 64S: Mod 4 Constructed
   Tc=25.0 min   CN=98   Runoff=13.82 cfs  1.454 af

Runoff Area=3.960 ac   100.00% Impervious   Runoff Depth=3.97"Subcatchment 69S: Pond Area
   Tc=0.0 min   CN=98   Runoff=24.05 cfs  1.312 af

Peak Elev=796.97'  Storage=260,266 cf   Inflow=49.37 cfs  5.614 afPond 70P: Ex Leachate Pond (As-built)
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 16.950 ac   Runoff Volume = 5.614 af   Average Runoff Depth = 3.97"
0.00% Pervious = 0.000 ac     100.00% Impervious = 16.950 ac
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Summary for Subcatchment 62S: Mod 2

Runoff = 17.22 cfs @ 12.22 hrs,  Volume= 1.414 af,  Depth= 3.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 4 Max Precip Rainfall=4.21"

Area (ac) CN Description

* 4.270 98 Mod 2 final cover

4.270 100.00% Impervious Area

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

15.0 Direct Entry, Estimated

Subcatchment 62S: Mod 2

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 4 Max Precip Rainfall=4.21"

Runoff Area=4.270 ac

Runoff Volume=1.414 af

Runoff Depth=3.97"

Tc=15.0 min

CN=98

17.22 cfs
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Summary for Subcatchment 63S: Mod 3

Runoff = 15.23 cfs @ 12.29 hrs,  Volume= 1.434 af,  Depth= 3.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 4 Max Precip Rainfall=4.21"

Area (ac) CN Description

* 4.330 98 Mod 3

4.330 100.00% Impervious Area

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

20.0 Direct Entry, Estimated

Subcatchment 63S: Mod 3

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 4 Max Precip Rainfall=4.21"

Runoff Area=4.330 ac

Runoff Volume=1.434 af

Runoff Depth=3.97"

Tc=20.0 min

CN=98

15.23 cfs
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Summary for Subcatchment 64S: Mod 4 Constructed

Runoff = 13.82 cfs @ 12.34 hrs,  Volume= 1.454 af,  Depth= 3.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 4 Max Precip Rainfall=4.21"

Area (ac) CN Description

* 4.390 98 Mod 4 no cover

4.390 100.00% Impervious Area

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

25.0 Direct Entry, Estimated

Subcatchment 64S: Mod 4 Constructed

Runoff

Hydrograph

Time  (hours)
252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

MSE4 24-hr

MOD 4 Max Precip Rainfall=4.21"

Runoff Area=4.390 ac

Runoff Volume=1.454 af

Runoff Depth=3.97"

Tc=25.0 min

CN=98

13.82 cfs
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Summary for Subcatchment 69S: Pond Area

[46] Hint: Tc=0 (Instant runoff peak depends on dt)

Runoff = 24.05 cfs @ 12.09 hrs,  Volume= 1.312 af,  Depth= 3.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 4 Max Precip Rainfall=4.21"

Area (ac) CN Description

* 3.960 98

3.960 100.00% Impervious Area

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

0.0 Direct Entry, 

Subcatchment 69S: Pond Area

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 4 Max Precip Rainfall=4.21"

Runoff Area=3.960 ac

Runoff Volume=1.312 af

Runoff Depth=3.97"

Tc=0.0 min

CN=98

24.05 cfs
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Summary for Pond 70P: Ex Leachate Pond (As-built)

Inflow Area = 16.950 ac,100.00% Impervious,  Inflow Depth = 3.97"    for  MOD 4 Max Precip event
Inflow = 49.37 cfs @ 12.27 hrs,  Volume= 5.614 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
Starting Elev= 792.50'   Surf.Area= 34,630 sf   Storage= 15,714 cf
Peak Elev= 796.97' @ 25.00 hrs   Surf.Area= 65,522 sf   Storage= 260,266 cf   (244,552 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description

#1 792.00' 329,280 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 28,228 0 0
794.00 53,834 82,062 82,062
796.00 62,164 115,998 198,060
798.00 69,056 131,220 329,280

Pond 70P: Ex Leachate Pond (As-built)

Inflow

Hydrograph

Time  (hours)
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Inflow Area=16.950 ac

Peak Elev=796.97'

Storage=260,266 cf

49.37 cfs
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Ex. Leachate Pond
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Routing Diagram for Columbia_Leachate Pond Evaluation (As-built Pond v2)_Mod 3-6_150609
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Time span=0.00-25.00 hrs, dt=0.01 hrs, 2501 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=1.630 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 44S: Mod 3 (partial closure)
   Tc=20.0 min   CN=98   Runoff=6.69 cfs  0.633 af

Runoff Area=4.390 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 45S: Mod 4
   Tc=25.0 min   CN=98   Runoff=16.12 cfs  1.706 af

Runoff Area=4.460 ac   100.00% Impervious   Runoff Depth>4.66"Subcatchment 46S: Mod 5 Constructed
   Tc=30.0 min   CN=98   Runoff=14.86 cfs  1.733 af

Runoff Area=3.960 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 71S: Pond Area
   Tc=0.0 min   CN=98   Runoff=28.03 cfs  1.539 af

Peak Elev=796.97'  Storage=260,150 cf   Inflow=45.90 cfs  5.611 afPond 57P: Ex. Leachate Pond (As-built)
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 14.440 ac   Runoff Volume = 5.611 af   Average Runoff Depth = 4.66"
0.00% Pervious = 0.000 ac     100.00% Impervious = 14.440 ac
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Summary for Subcatchment 44S: Mod 3 (partial closure)

Runoff = 6.69 cfs @ 12.29 hrs,  Volume= 0.633 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 1.630 98 Mod 3

1.630 100.00% Impervious Area

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

20.0 Direct Entry, Estimated

Subcatchment 44S: Mod 3 (partial closure)

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=1.630 ac

Runoff Volume=0.633 af

Runoff Depth=4.66"

Tc=20.0 min

CN=98

6.69 cfs
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Summary for Subcatchment 45S: Mod 4

Runoff = 16.12 cfs @ 12.34 hrs,  Volume= 1.706 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 4.390 98 Mod 4

4.390 100.00% Impervious Area

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

25.0 Direct Entry, Estimated

Subcatchment 45S: Mod 4

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=4.390 ac

Runoff Volume=1.706 af

Runoff Depth=4.66"

Tc=25.0 min

CN=98

16.12 cfs
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Summary for Subcatchment 46S: Mod 5 Constructed

Runoff = 14.86 cfs @ 12.40 hrs,  Volume= 1.733 af,  Depth> 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 4.460 98 Mod 5 no cover

4.460 100.00% Impervious Area

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

30.0 Direct Entry, Estimated

Subcatchment 46S: Mod 5 Constructed

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=4.460 ac

Runoff Volume=1.733 af

Runoff Depth>4.66"

Tc=30.0 min

CN=98

14.86 cfs
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Summary for Subcatchment 71S: Pond Area

[46] Hint: Tc=0 (Instant runoff peak depends on dt)

Runoff = 28.03 cfs @ 12.09 hrs,  Volume= 1.539 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 3.960 98

3.960 100.00% Impervious Area

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

0.0 Direct Entry, 

Subcatchment 71S: Pond Area

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=3.960 ac

Runoff Volume=1.539 af

Runoff Depth=4.66"

Tc=0.0 min

CN=98

28.03 cfs
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Summary for Pond 57P: Ex. Leachate Pond (As-built)

Inflow Area = 14.440 ac,100.00% Impervious,  Inflow Depth = 4.66"    for  25-yr event
Inflow = 45.90 cfs @ 12.09 hrs,  Volume= 5.611 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
Starting Elev= 792.50'   Surf.Area= 34,630 sf   Storage= 15,714 cf
Peak Elev= 796.97' @ 25.00 hrs   Surf.Area= 65,516 sf   Storage= 260,150 cf   (244,436 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description

#1 792.00' 329,280 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 28,228 0 0
794.00 53,834 82,062 82,062
796.00 62,164 115,998 198,060
798.00 69,056 131,220 329,280

Pond 57P: Ex. Leachate Pond (As-built)

Inflow

Hydrograph

Time  (hours)
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Inflow Area=14.440 ac

Peak Elev=796.97'

Storage=260,150 cf

45.90 cfs
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Mod 4

75S

Mod 5 Constructed

76S

Pond Area

77P

Ex. Leachate Pond
 (As-built)

Routing Diagram for Columbia_Leachate Pond Evaluation (As-built Pond v2)_Mod 3-6_150609
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Time span=0.00-25.00 hrs, dt=0.01 hrs, 2501 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=4.330 ac   100.00% Impervious   Runoff Depth=3.92"Subcatchment 73S: Mod 3
   Tc=20.0 min   CN=98   Runoff=15.04 cfs  1.416 af

Runoff Area=4.390 ac   100.00% Impervious   Runoff Depth=3.92"Subcatchment 74S: Mod 4
   Tc=25.0 min   CN=98   Runoff=13.65 cfs  1.436 af

Runoff Area=4.460 ac   100.00% Impervious   Runoff Depth>3.92"Subcatchment 75S: Mod 5 Constructed
   Tc=30.0 min   CN=98   Runoff=12.59 cfs  1.459 af

Runoff Area=3.960 ac   100.00% Impervious   Runoff Depth=3.92"Subcatchment 76S: Pond Area
   Tc=0.0 min   CN=98   Runoff=23.76 cfs  1.295 af

Peak Elev=796.97'  Storage=259,902 cf   Inflow=44.31 cfs  5.606 afPond 77P: Ex. Leachate Pond (As-built)
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 17.140 ac   Runoff Volume = 5.606 af   Average Runoff Depth = 3.92"
0.00% Pervious = 0.000 ac     100.00% Impervious = 17.140 ac
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Summary for Subcatchment 73S: Mod 3

Runoff = 15.04 cfs @ 12.29 hrs,  Volume= 1.416 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 5 Max Precip Rainfall=4.16"

Area (ac) CN Description

* 4.330 98 Mod 3

4.330 100.00% Impervious Area

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

20.0 Direct Entry, Estimated

Subcatchment 73S: Mod 3

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 5 Max Precip Rainfall=4.16"

Runoff Area=4.330 ac

Runoff Volume=1.416 af

Runoff Depth=3.92"

Tc=20.0 min

CN=98

15.04 cfs
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Summary for Subcatchment 74S: Mod 4

Runoff = 13.65 cfs @ 12.34 hrs,  Volume= 1.436 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 5 Max Precip Rainfall=4.16"

Area (ac) CN Description

* 4.390 98 Mod 4

4.390 100.00% Impervious Area

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

25.0 Direct Entry, Estimated

Subcatchment 74S: Mod 4

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 5 Max Precip Rainfall=4.16"

Runoff Area=4.390 ac

Runoff Volume=1.436 af

Runoff Depth=3.92"

Tc=25.0 min

CN=98

13.65 cfs
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Summary for Subcatchment 75S: Mod 5 Constructed

Runoff = 12.59 cfs @ 12.40 hrs,  Volume= 1.459 af,  Depth> 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 5 Max Precip Rainfall=4.16"

Area (ac) CN Description

* 4.460 98 Mod 5 no cover

4.460 100.00% Impervious Area

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

30.0 Direct Entry, Estimated

Subcatchment 75S: Mod 5 Constructed

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 5 Max Precip Rainfall=4.16"

Runoff Area=4.460 ac

Runoff Volume=1.459 af

Runoff Depth>3.92"

Tc=30.0 min

CN=98

12.59 cfs
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Summary for Subcatchment 76S: Pond Area

[46] Hint: Tc=0 (Instant runoff peak depends on dt)

Runoff = 23.76 cfs @ 12.09 hrs,  Volume= 1.295 af,  Depth= 3.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 5 Max Precip Rainfall=4.16"

Area (ac) CN Description

* 3.960 98

3.960 100.00% Impervious Area

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

0.0 Direct Entry, 

Subcatchment 76S: Pond Area

Runoff

Hydrograph

Time  (hours)
252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

26

24

22

20

18

16

14

12

10

8

6

4

2

0

MSE4 24-hr

MOD 5 Max Precip Rainfall=4.16"

Runoff Area=3.960 ac

Runoff Volume=1.295 af

Runoff Depth=3.92"

Tc=0.0 min

CN=98

23.76 cfs
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Summary for Pond 77P: Ex. Leachate Pond (As-built)

Inflow Area = 17.140 ac,100.00% Impervious,  Inflow Depth = 3.92"    for  MOD 5 Max Precip event
Inflow = 44.31 cfs @ 12.29 hrs,  Volume= 5.606 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
Starting Elev= 792.50'   Surf.Area= 34,630 sf   Storage= 15,714 cf
Peak Elev= 796.97' @ 25.00 hrs   Surf.Area= 65,502 sf   Storage= 259,902 cf   (244,187 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description

#1 792.00' 329,280 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 28,228 0 0
794.00 53,834 82,062 82,062
796.00 62,164 115,998 198,060
798.00 69,056 131,220 329,280

Pond 77P: Ex. Leachate Pond (As-built)

Inflow

Hydrograph

Time  (hours)
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Inflow Area=17.140 ac

Peak Elev=796.97'

Storage=259,902 cf

44.31 cfs



47S

Mod 4 (partial closure)

48S

Mod 5

49S

Mod 6 Constructed

72S

Pond Area

58P

Ex. Leachate Pond
 (As-built)

Routing Diagram for Columbia_Leachate Pond Evaluation (As-built Pond v2)_Mod 3-6_150609
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Time span=0.00-25.00 hrs, dt=0.01 hrs, 2501 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=1.640 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 47S: Mod 4 (partial closure)
   Tc=25.0 min   CN=98   Runoff=6.02 cfs  0.637 af

Runoff Area=4.460 ac   100.00% Impervious   Runoff Depth>4.66"Subcatchment 48S: Mod 5
   Tc=30.0 min   CN=98   Runoff=14.86 cfs  1.733 af

Runoff Area=4.380 ac   100.00% Impervious   Runoff Depth>4.66"Subcatchment 49S: Mod 6 Constructed
   Tc=35.0 min   CN=98   Runoff=13.45 cfs  1.702 af

Runoff Area=3.960 ac   100.00% Impervious   Runoff Depth=4.66"Subcatchment 72S: Pond Area
   Tc=0.0 min   CN=98   Runoff=28.03 cfs  1.539 af

Peak Elev=796.97'  Storage=260,146 cf   Inflow=42.93 cfs  5.611 afPond 58P: Ex. Leachate Pond (As-built)
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 14.440 ac   Runoff Volume = 5.611 af   Average Runoff Depth = 4.66"
0.00% Pervious = 0.000 ac     100.00% Impervious = 14.440 ac
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Summary for Subcatchment 47S: Mod 4 (partial closure)

Runoff = 6.02 cfs @ 12.34 hrs,  Volume= 0.637 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 1.640 98 Mod 4

1.640 100.00% Impervious Area

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

25.0 Direct Entry, Estimated

Subcatchment 47S: Mod 4 (partial closure)

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=1.640 ac

Runoff Volume=0.637 af

Runoff Depth=4.66"

Tc=25.0 min

CN=98

6.02 cfs
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Summary for Subcatchment 48S: Mod 5

Runoff = 14.86 cfs @ 12.40 hrs,  Volume= 1.733 af,  Depth> 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 4.460 98 Mod 5

4.460 100.00% Impervious Area

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

30.0 Direct Entry, Estimated

Subcatchment 48S: Mod 5

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=4.460 ac

Runoff Volume=1.733 af

Runoff Depth>4.66"

Tc=30.0 min

CN=98

14.86 cfs



MSE4 24-hr  25-yr Rainfall=4.90"Columbia_Leachate Pond Evaluation (As-built Pond v2)_
  Printed  6/9/2015Prepared by {enter your company name here}

Page 8HydroCAD® 10.00-14  s/n 05804  © 2015 HydroCAD Software Solutions LLC

Summary for Subcatchment 49S: Mod 6 Constructed

Runoff = 13.45 cfs @ 12.48 hrs,  Volume= 1.702 af,  Depth> 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 4.380 98 Mod 6 no cover

4.380 100.00% Impervious Area

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

35.0 Direct Entry, Estimated

Subcatchment 49S: Mod 6 Constructed

Runoff

Hydrograph

Time  (hours)
252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=4.380 ac

Runoff Volume=1.702 af

Runoff Depth>4.66"

Tc=35.0 min

CN=98

13.45 cfs
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Summary for Subcatchment 72S: Pond Area

[46] Hint: Tc=0 (Instant runoff peak depends on dt)

Runoff = 28.03 cfs @ 12.09 hrs,  Volume= 1.539 af,  Depth= 4.66"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  25-yr Rainfall=4.90"

Area (ac) CN Description

* 3.960 98

3.960 100.00% Impervious Area

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

0.0 Direct Entry, 

Subcatchment 72S: Pond Area

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

25-yr Rainfall=4.90"

Runoff Area=3.960 ac

Runoff Volume=1.539 af

Runoff Depth=4.66"

Tc=0.0 min

CN=98

28.03 cfs
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Summary for Pond 58P: Ex. Leachate Pond (As-built)

Inflow Area = 14.440 ac,100.00% Impervious,  Inflow Depth > 4.66"    for  25-yr event
Inflow = 42.93 cfs @ 12.09 hrs,  Volume= 5.611 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
Starting Elev= 792.50'   Surf.Area= 34,630 sf   Storage= 15,714 cf
Peak Elev= 796.97' @ 25.00 hrs   Surf.Area= 65,515 sf   Storage= 260,146 cf   (244,432 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description

#1 792.00' 329,280 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 28,228 0 0
794.00 53,834 82,062 82,062
796.00 62,164 115,998 198,060
798.00 69,056 131,220 329,280

Pond 58P: Ex. Leachate Pond (As-built)

Inflow

Hydrograph

Time  (hours)
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Inflow Area=14.440 ac

Peak Elev=796.97'

Storage=260,146 cf

42.93 cfs
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Mod 4

79S

Mod 5

80S

Mod 6 Constructed

81S

Pond Area

82P

Ex. Leachate Pond
 (As-built)

Routing Diagram for Columbia_Leachate Pond Evaluation (As-built Pond v2)_Mod 3-6_150609
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Time span=0.00-25.00 hrs, dt=0.01 hrs, 2501 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=4.390 ac   100.00% Impervious   Runoff Depth=3.91"Subcatchment 78S: Mod 4
   Tc=25.0 min   CN=98   Runoff=13.62 cfs  1.432 af

Runoff Area=4.460 ac   100.00% Impervious   Runoff Depth>3.91"Subcatchment 79S: Mod 5
   Tc=30.0 min   CN=98   Runoff=12.56 cfs  1.455 af

Runoff Area=4.380 ac   100.00% Impervious   Runoff Depth>3.91"Subcatchment 80S: Mod 6 Constructed
   Tc=35.0 min   CN=98   Runoff=11.36 cfs  1.429 af

Runoff Area=3.960 ac   100.00% Impervious   Runoff Depth=3.91"Subcatchment 81S: Pond Area
   Tc=0.0 min   CN=98   Runoff=23.70 cfs  1.292 af

Peak Elev=796.97'  Storage=259,988 cf   Inflow=40.45 cfs  5.608 afPond 82P: Ex. Leachate Pond (As-built)
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 17.190 ac   Runoff Volume = 5.608 af   Average Runoff Depth = 3.91"
0.00% Pervious = 0.000 ac     100.00% Impervious = 17.190 ac
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Summary for Subcatchment 78S: Mod 4

Runoff = 13.62 cfs @ 12.34 hrs,  Volume= 1.432 af,  Depth= 3.91"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 6 Max Precip Rainfall=4.15"

Area (ac) CN Description

* 4.390 98 Mod 4

4.390 100.00% Impervious Area

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

25.0 Direct Entry, Estimated

Subcatchment 78S: Mod 4

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 6 Max Precip Rainfall=4.15"

Runoff Area=4.390 ac

Runoff Volume=1.432 af

Runoff Depth=3.91"

Tc=25.0 min

CN=98

13.62 cfs
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Summary for Subcatchment 79S: Mod 5

Runoff = 12.56 cfs @ 12.40 hrs,  Volume= 1.455 af,  Depth> 3.91"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 6 Max Precip Rainfall=4.15"

Area (ac) CN Description

* 4.460 98 Mod 5

4.460 100.00% Impervious Area

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

30.0 Direct Entry, Estimated

Subcatchment 79S: Mod 5

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 6 Max Precip Rainfall=4.15"

Runoff Area=4.460 ac

Runoff Volume=1.455 af

Runoff Depth>3.91"

Tc=30.0 min

CN=98

12.56 cfs
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Summary for Subcatchment 80S: Mod 6 Constructed

Runoff = 11.36 cfs @ 12.48 hrs,  Volume= 1.429 af,  Depth> 3.91"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 6 Max Precip Rainfall=4.15"

Area (ac) CN Description

* 4.380 98 Mod 6 no cover

4.380 100.00% Impervious Area

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

35.0 Direct Entry, Estimated

Subcatchment 80S: Mod 6 Constructed

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 6 Max Precip Rainfall=4.15"

Runoff Area=4.380 ac

Runoff Volume=1.429 af

Runoff Depth>3.91"

Tc=35.0 min

CN=98

11.36 cfs
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Summary for Subcatchment 81S: Pond Area

[46] Hint: Tc=0 (Instant runoff peak depends on dt)

Runoff = 23.70 cfs @ 12.09 hrs,  Volume= 1.292 af,  Depth= 3.91"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
MSE4 24-hr  MOD 6 Max Precip Rainfall=4.15"

Area (ac) CN Description

* 3.960 98

3.960 100.00% Impervious Area

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

0.0 Direct Entry, 

Subcatchment 81S: Pond Area

Runoff

Hydrograph

Time  (hours)
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MSE4 24-hr

MOD 6 Max Precip Rainfall=4.15"

Runoff Area=3.960 ac

Runoff Volume=1.292 af

Runoff Depth=3.91"

Tc=0.0 min

CN=98

23.70 cfs
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Summary for Pond 82P: Ex. Leachate Pond (As-built)

Inflow Area = 17.190 ac,100.00% Impervious,  Inflow Depth > 3.91"    for  MOD 6 Max Precip event
Inflow = 40.45 cfs @ 12.39 hrs,  Volume= 5.608 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 100%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-25.00 hrs, dt= 0.01 hrs
Starting Elev= 792.50'   Surf.Area= 34,630 sf   Storage= 15,714 cf
Peak Elev= 796.97' @ 25.00 hrs   Surf.Area= 65,507 sf   Storage= 259,988 cf   (244,273 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description

#1 792.00' 329,280 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 28,228 0 0
794.00 53,834 82,062 82,062
796.00 62,164 115,998 198,060
798.00 69,056 131,220 329,280

Pond 82P: Ex. Leachate Pond (As-built)

Inflow

Hydrograph

Time  (hours)
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Inflow Area=17.190 ac

Peak Elev=796.97'

Storage=259,988 cf

40.45 cfs



 
SHEET NO.      1 of  3 

CALC. NO.  

REV. NO.  

Job No. 25214194 Job Columbia  BY ES DATE 9/8/16 

Client WPL Subject Ditch North of Module 3   CHK’D. BP DATE   9/8/16 
 

Storm Water Management Calculations – Ditch North of Module 3 
 
Purpose: 
The purpose of the storm water runoff calculations is to demonstrate that the proposed ditch north of 
Module 3 is adequately sized to divert run-on from the 25-year, 24-hour storm event around Module 3. 
 
Approach: 
Hydrograph Generation 
To properly size the ditch, a runoff hydrograph for the 25-year, 24-hour storm event was developed.  
HydroCAD was used to generate the hydrograph using TR-20 methodologies.  The model is designed 
to simulate the surface runoff response of a watershed to a precipitation event.  Input parameters for 
the model include precipitation depth for the design storm event, contributing drainage areas, runoff 
curve numbers, time of concentration, and travel time.  
 
The contributing watershed is shown on Figure 1.   
 
Ditch Sizing 
The ditch, located just north of the Module 3 limits, was sized for the 25-year, 24-hour storm event 
using the Manning’s equation to determine the depth of flow and stability in the ditch based on the ditch 
geometry and peak flow in the ditch (as determined by the Hydrograph Generation calculation).  The 
Wisconsin DOT Grass Lined Swale spreadsheet was used to evaluate the flow depth in the ditch and 
ditch stability. 
 
Key Assumptions: 

• Runoff curve numbers were based on tables presented in Urban Hydrology for Small 
Watersheds, and were assumed as follows 
 

Cover Type CN 

Grass areas 49 – Grass cover in fair condition, 
hydrologic soil group A 

Gravel access road 96 – Compacted gravel surface 

 

• The NOAA Atlas 14 precipitation depth of 4.91 inches and storm distribution MSE4 was used.  

• Other assumptions are included with the calculations attached to this calculation. 
 
Results: 
The ditch north of Module 3 will accommodate runoff from the 25-year, 24-hour storm event without 
overtopping.  The ditch provides over 0.5 foot of freeboard. 

 
I:\25214194\Calcs\Stormwater\Ditch North of Mod 3\SW Calcs Writeup_160908.doc 
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Hydrograph Generation 
 

• 25-year, 24-hour Storm Event 



30S

Drainage Area 2

31S

Drainage Area 1

Routing Diagram for Storm Water Ditch at Mod 3 Limit
Prepared by {enter your company name here},  Printed 9/9/2016

HydroCAD® 10.00-15  s/n 05804  © 2015 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Summary for Subcatchment 30S: Drainage Area 2

Runoff = 5.44 cfs @ 12.45 hrs,  Volume= 0.753 af,  Depth> 0.65"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
13.420 49 50-75% Grass cover, Fair, HSG A

* 0.431 96 Gravel
13.851 50 Weighted Average
13.851 100.00% Pervious Area

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

2.6 45 0.3300 0.28 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.78"

8.4 55 0.0270 0.11 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.78"

4.6 245 0.0160 0.89 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

8.6 535 0.0220 1.04 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

24.2 880 Total

Summary for Subcatchment 31S: Drainage Area 1

Runoff = 1.27 cfs @ 12.13 hrs,  Volume= 0.071 af,  Depth> 0.82"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.953 49 50-75% Grass cover, Fair, HSG A

* 0.087 96 Gravel
1.040 53 Weighted Average
1.040 100.00% Pervious Area

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

2.9 34 0.0600 0.20 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.78"

1.5 27 0.1850 0.30 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.78"

4.4 61 Total



 

Ditch Sizing Calculation 
 



1 Lining Type: Vegetation
2 Project ID:  25214194

3 Location:  Columbia

4 Designer/Checker:  ES/BLP

5 Date:  
6

7

8 25-yr, 24-hr 25-yr, 24-hr

9
Channel/Ditch Geometry

Drainage Area 1 

Portion

Drainage Area 2 

Portion

10 Channel Slope, So (ft/ft) 0.005 0.005

11 Channel Bottom Width, B (ft) 12.5 12.5

12 Channel Side Slope, z1 3 3

13 Channel Side Slope, z2 3 3

14 Flow Depth, d (ft)    Solve iteratively 0.30 0.59

15 Safety Factor, SF 1.0 1.0

16 Vegetation/Soil Parameters

17 Vegetation Retardance Class C C

18 Vegetation Condition good good

19 Vegetation Growth Form turf turf

20 Soil Type noncohesive noncohesive

21 D75 (in)   (Set at 0.00 for cohesive soils)

22 ASTM Soil Class SC SC

23 Plasticity Index, PI 16 16

24 Results Summary

25 Design Q (ft
3
/s) 1.3 5.4

26 Calculated Q (ft
3
/s) 1.3 5.5

27 Difference Between Design & Calc. Flow (%) 1.9% 1.0%

28 Stable (Yes or No) YES YES

29 Channel Parameters

30 Vegetation Height, h (ft) 0.67 0.67

31 Grass Roughness Coefficient, Cn 0.238 0.238

32 Cover Factor, Cf 0.90 0.90

33 Noncohesive Soil

34 Soil Grain Roughness, ns 0.016 0.016

35 Permissible Soil Shear Stress, τp (lb/ft
2
) 0.020 0.020

36 Cohesive Soil

37 Porosity, e 0.35 0.35

38 Soil Coefficient 1, c1 1.0700 1.0700

39 Soil Coefficient 2, c2 14.30 14.30

40 Soil Coefficient 3, c3 47.700 47.700

41 Soil Coefficient 4, c4 1.42 1.42

42 Soil Coefficient 5, c5 -0.61 -0.61

43 Soil Coefficient 6, c6 0.00010 0.00010

44 Permissible Soil Shear Stress, τp (lb/ft
2
) N/A N/A

45 Total Permissible Shear Stress, τp (lb/ft
2
) 0.020 0.020

46 Cross Sectional Area, A (ft
2
) 3.991 8.419

47 Wetted Perimeter, P (ft) 14.38 16.23

48 Hydraulic Radius, R (ft) 0.277 0.519

49 Top Width, T (ft) 14.29 16.04

50 Hydraulic Depth, D (ft) 0.279 0.525

51 Froude Number (Q design) 0.111 0.158

52 Channel Shear Stress, τo (lb/ft
2
) 0.09 0.16

53 Actual Sheer Stress, τd (lb/ft
2
) 0.09 0.18

54 Mannings n 0.135 0.105

55 Average Velocity, V (ft/s) 0.33 0.64

56 Calculated Flow, Q (ft
3
/s) 1.3 5.5

57 Difference Between Design & Calc. Flow (%) 1.9% 1.0%

58 Effective Shear on Soil Surface, τe (lb/ft
2
) 0.000 0.000

59 Total Permissible Shear on Veg., τp,veg (lb/ft
2
) 14.24 8.61

60 Stable (Y or N) YES YES

version 070228 1 9/9/2016



Sheet No.

Calc. No.

Rev. No.

Job No. Job Alliant - Columbia By KRG Date 6/17/16

Client Alliant Subject Stormwater Storage on Rain Cover Chk'd BP Date 6/20/16

Purpose:

To evaluate the ability of Module 3 to contain runoff from various storm events up to the 100-yr, 24-hr 

storm with the raincover in place.

Method:

Use HydroCAD to model the storm events, with the module area set up as a pond.

Assumptions:

* Total drainage area = 4.12 acres

* The runoff courve number (CN) = 100

* There will be a berm around the outside of the module to contain water within the module.

* There will be a drainage notch in the southwest corner to allow stormwater to overflow into a 

   drainage area that goes to the leachate basin.  Notch assumed to be 5 ft wide at El. 808.

* The starting water elevation in the Module before the start fo the rain event is 806.0.

* The capacity of the Module is based on as-built contours of the top of the leachate drainage layer (see

    Figure 1).

* Use NOAA Atlas 14 precipitation data, with storm distribution MSE 4.

*  Model runoff from the 1-yr, 2-yr, 5-yr, 10-yr, 25-yr, 50-yr and 100-year, 24-hour storm events.

Results:

With a starting water elevatin of 806.0, the module is able to contain the runoff from all the storms up to 

the 100-yr, 24-hr storm event without overtopping.

25214194
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