
    
 

 
February 1, 2023 
 
Submitted via electronic mail 
 
Ms. Ann Bekta 
Wisconsin Department of Natural Resources  
2514 Morse Street 
Janesville, WI  53545 
 
Subject: Plan of Operations Modification Request – Addendum #1 

 Initial Permitting of CCR Landfill 
 Wisconsin Power and Light Company 
 Dry Ash Disposal Facility (WDNR License #3025)  
 Columbia Energy Center 
 Portage, WI 
 
Dear Ms. Bekta, 
 
On behalf of Wisconsin Power and Light Company (WPL), Alliant Energy is submitting this 
Addendum #1 to the Plan of Operations Modification intended to meet the requirements of NR 
514.045 for Initial Permitting of a CCR Landfill. As described in the document and discussed with 
the Department staff via conference call, this Plan Modification Request for the Dry Ash Disposal 
Facility located at the Columbia Energy Center (#3025) will be supplemented with additional 
information in the coming weeks.  
 
Thank you very much for your consideration of this initial submittal. If you have any questions or 
comments regarding this information, please call me at (608) 458-3853.     
 
Regards, 

 
Jeff Maxted 
Manager – Environmental Services 
Alliant Energy 
 
CC:  Tyler Sullivan – Wisconsin DNR 

Eric Sandvig, Director of Operations – Columbia Energy Center 
Brian Clepper, Lead GENCO Environmental Specialist – Columbia Energy Center 
Phil Gearing, Eric Nelson – SCS Engineers  
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Environmental Consultants & Contractors 

February 1, 2023 
File No. 25222260.00 
 
 
Ms. Ann Bekta 
Wisconsin Department of Natural Resources 
2514 Morse Street 
Janesville, WI 53545 
 
Subject: Addendum No. 1 to Plan of Operation Modification Request WDNR CCR Code Update 
 Dry Ash Disposal Facility, License #3025 
 Columbia Energy Center 
 Town of Pacific, Columbia County, Wisconsin 
 
Dear Ms. Bekta: 

On behalf of Wisconsin Power and Light Company (WPL), SCS Engineers (SCS) prepared this 
Addendum No. 1 to the Plan Modification Request/Plan of Operation Update for the Dry Ash Disposal 
Facility, License No. 3025, at the Columbia Energy Center. This addendum covers additional 
information for the Wisconsin Department of Natural Resources (WDNR) Coal Combustion 
Residuals (CCR) Code Update dated December 2022 to demonstrate compliance with NR 514.045. 
WPL and SCS plan to submit additional addendums, as discussed below.  

FUTURE ADDENDUM ITEMS 
As discussed during the January 23, 2023 teleconference, attended by representatives from the 
WDNR, Alliant Energy, WPL, and SCS, there are additional items in progress that maybe addressed 
through future addendums to this Plan Modification Request/Plan of Operation Update. These items 
include, but are not limited to: 

• Groundwater monitoring network demonstration under NR 514.045(1)(h) 
• Updated sampling plan under NR 514.045(1)(h) 
• Leachate/Contact Water Pond abandonment strategy 
• Phase 1, Modules 5 and 6 Final Cover Permanent Haul Road 
• Plan for care and maintenance of the leachate collection system tanks and pumps 
• Module 12 Liner Design, or proposal for the removal of the Module 11 liner runout 

If you have any questions regarding this addendum, please contact Jeff Maxted with Alliant Energy at 
(608) 458-3853. 

Sincerely,   

 
 

 

Mark R. Huber, PE  Phil Gearing, PE 
Design Director  Senior Project Manager 
SCS Engineers  SCS Engineers  



Ms. Ann Bekta 
February 1, 2023 
Page 2 

 

 
MRH/AJR/mjt/PEG 

cc: Tyler Sullivan, WDNR 
 Jeff Maxted, Alliant Energy  

 Matt Bizjack, Alliant Energy 
Brian Clepper, WPL  

 
Encl. Addendum No. 1, Plan of Operation Modification Request WDNR CCR Code Update 
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CERTIFICATIONS

“I, Phillip E. Gearing, hereby certify that I am a licensed professional engineer in the State of 
Wisconsin in accordance with the requirements of ch. A-E 4, Wis. Adm. Code; that this document has 
been prepared in accordance with the Rules of Professional Conduct in ch. A-E 8, Wis. Adm. Code; 
and that, to the best of my knowledge, all information contained in this document is correct and the 
document was prepared in compliance with all applicable requirements in chs. NR 500 to 538, Wis. 
Adm. Code." 
 

, Senior Project Manager E-45115
Signature, title and P.E. number 

February 1, 2023
Date
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 INTRODUCTION 
On behalf of Wisconsin Power and Light Company (WPL), SCS Engineers (SCS) prepared this Plan 
of Operation Modification (Plan Mod) Request – Addendum No. 1 for the Columbia Dry Ash 
Disposal (COL) Facility. This Addendum includes the information submitted with the original 
submittal and additional information developed since that submittal. 

See Figure 1 for the site location. This Plan Mod Request is submitted in accordance with the 
requirements of NR 514.045 and to demonstrate compliance with coal combustion residual (CCR) 
regulations that became effective in August 2022.  

The COL facility includes an existing CCR landfill (Phase 1, Modules 1 through 3) and a new CCR 
landfill (Phase 1 Modules 4 through 6), all of which are contiguous and managed as a single landfill. 
In addition, the new CCR landfill will include Phase 2, Modules 10 and 11, which is currently under 
construction. The new modules will be used for disposal following approval of the liner 
Construction Documentation Report, which will be submitted for Wisconsin Department of Natural 
Resources (WDNR) review early in 2023. This Plan Mod Request addresses Phase 1, Modules 1 
through 6 and Phase 2, Modules 10 and 11 (the CCR landfill). Construction of additional modules is 
not currently planned prior to retirement of the Columbia Energy Center, which is currently scheduled 
to occur no later than June 1, 2026. 

 PERFORMANCE AND LOCATION CRITERIA 
NR514.045 (1) 

“…The plan of operation modification shall address all phases of the CCR landfill. At a minimum, 
the plan of operation modification shall include all of the following:” 

 PERFORMANCE CRITERIA UNDER NR 514.045 (1)(b) 
NR 514.045 (b) 

“A demonstration that all phases of the CCR landfill meet the performance criteria under s. 
NR 504.04 (4) (a), (b), and (c).” 

NR 504.04 (4) 

“PERFORMANCE STANDARDS. No person may establish, construct, operate, maintain or permit 
the use of property for a landfill if there is a reasonable probability that the landfill will cause:” 

 Compliance With NR 504.04 (4)(a) 
NR 504.04 (4) (a)  

“A significant adverse impact on wetlands as provided in ch. NR 103.” 

Phase 1, Modules 1 through 6 are not located in wetlands. The location of Phase 1, Modules 1 
through 6 is shown on Figure 2, and maps from a September 25, 2017 wetland delineation study 
conducted by Mach IV, are included in Appendix A1. 
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A wetland delineation conducted in 2017 (Appendix A1) identified one artificial wetland (“Wetland 
1”) within the Phase 2, Module 10 and 11 area (Figure 2). The artificial wetland was not identified as 
a mapped wetland in state or federal resources, and it was not located adjacent to the Waters of the 
State. WPL consulted with the WDNR to confirm its status as an artificial wetland and received 
concurrence that it is exempt from the permitting requirements of NR 103. Through the exemption 
process, WDNR and WPL determined that construction of Phase 2 Modules 10 and 11 would have 
no adverse impact on wetlands as provided in NR 103, and the artificial wetland was removed prior 
to construction of the Module 10 and 11 liner in 2022. No additional wetlands were delineated 
within the Phase 2, Module 10 and 11 area. 

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 (shown in Figure 2), preventing contact water from having an adverse impact on 
wetlands.  

The South Sedimentation Basin, shown on Figure 2, is designed to collect storm water diverted from 
covered portions of the CCR landfill. The South Sedimentation Basin discharges to a wetland area to 
the south of the pond. The South Sedimentation Basin is sized to handle storm water from a 25-year, 
24-hour storm event without overtopping the 100-year, 24-hour emergency spillway and to allow a 
15 micron particle size to settle out during a design storm event to prevent adverse impacts on 
downstream wetlands.  

Storm water from northeast and northern parts of the CCR landfill, outside of the CCR landfill 
footprint, flow to swales south of Murray Road. The storm water from these swales is directed 
through a culvert under Murray Road, where the water infiltrates in a low spot on the north side of 
Murray Road. Storm water from these areas of the CCR landfill does not result in adverse impacts to 
downstream wetlands.  

 Compliance With NR 504.04 (4)(b) 
NR 504.04 (4) (b)  

“A take of an endangered or threatened species in accordance with s. 29.604, Stats.” 

In October 2022, an endangered resources review approved by WDNR was renewed for the 
construction of Modules 10 and 11. The review indicated that one federally endangered species, the 
slender glass lizard (Ophisaurus attenuatus) may be present in the surrounding area resulting in 
mowing and clearing requirements to ensure that the species, if present in the landfill footprint, 
would not be affected by construction activities or operations. The site adheres to these 
requirements to prevent the take of endangered or threatened species.  

 Compliance With NR 504.04 (4)(c) 
NR 504.04 (4) (c)  

“A detrimental effect on any surface water.” 

Storm water runoff calculations were performed to demonstrate that the existing storm water 
sedimentation basin and proposed storm water management features included in the CCR landfill 
can accommodate and safely convey the runoff from a 25-year, 24-hour storm event during post 
closure conditions. Storm water that comes into contact with waste is routed to a lined basin and 
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then hauled as needed to the plant for management in accordance with the facility’s Wisconsin 
Pollutant Discharge Elimination System (WPDES) permit. Calculations were provided with the May 
2022 submission of the Plan Modification Request/Plan of Operation Update.  

 LOCATIONAL CRITERIA UNDER NR 514.045 (1)(c) 
NR 514.045 (c) 

“A demonstration that all phases of the CCR landfill meet the locational criteria under s. NR 
504.04 (3) (g), (h), and (i)….” 

NR 504.04 (3) 

“LOCATIONAL CRITERIA. No person may establish, construct, operate, maintain or permit the 
use of property for a landfill where the limits of filling are or would be within the following areas:” 

 Compliance With NR 504.04 (3)(g) 
NR 504.04 (3) (g)  

“Within 200 feet of a fault that has had displacement in Holocene time.” 

Based on a review of the U.S. Geological Survey (USGS) Quaternary faults database and map as 
shown in Appendix A2, the CCR landfill is not located within 200 feet of the outermost damage zone 
of a fault that has had displacement in Holocene time. In NR 500.03 (103), Holocene is defined as 
the most recent epoch of the Quaternary period extending from the end of the Pleistocene Epoch to 
the present. The USGS map shows that no faults are located in Wisconsin. 

 Compliance With NR 504.04 (3)(h) 
NR 504.04 (3) (h)  

“Within seismic impact zones.” 

The CCR landfill is not located in seismic impact zones. NR 500.03(208) defines a seismic impact 
zone as an area having a 10 percent or greater probability that the maximum expected horizontal 
acceleration in lithified earth material, expressed as a percentage of the earth’s gravitational pull (g), 
will exceed 0.10 g in 50 years. Based on a review of the USGS 2014 Long-Term Model National 
Seismic Hazard Map (see Appendix A3), the maximum expected horizontal acceleration for the 
majority of Wisconsin, including all of Columbia County, is less than 0.04 g, below the threshold for a 
seismic impact zone. 

 Compliance With NR 504.04 (3)(i) 
NR 504.04 (3) (i)  

“Within unstable areas.” 

Unstable areas are addressed in Section 2.2.4 
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 Compliance With NR 514.045 (1)(c)(1) 
NR 514.045 (1)(c) 

“…The demonstration shall address all of the following factors, at a minimum, when determining 
whether an area is unstable:” 

NR 514.045 (1)(c)(1) 

“On−site or local soil conditions that may result in significant differential settling. 

As discussed in Appendices A4 and A5, and as shown by the geologic cross sections from the June 
1980 Supplementary Feasibility Study prepared by Warzyn Engineering Inc. (see Appendix A6), the 
CCR landfill is not located in on-site or local soil conditions that may result in significant differential 
settling. The site soils consist primarily of sands of alluvial and glacial origin overlaying sandstone 
bedrock. Based on the Standard Penetration Test (SPT) blow counts on the geologic cross sections, 
the soils are typically medium dense to very dense and therefore not susceptible to appreciable 
differential settlement under the CCR landfill loads. 

 Compliance With NR 514.045 (1)(c)(2) 
NR 514.045 (1)(c)(2) 

“On−site or local geologic or geomorphologic features.” 

As discussed in Appendices A4, A7, and A8, and shown by the geologic cross sections in 
Appendix A6, the CCR landfill is not located in on-site or local geologic or geomorphologic features 
that are unstable. The cross sections show medium dense to very dense sands of alluvial and glacial 
origin overlaying sandstone bedrock. These geologic features provide a stable foundation for the CCR 
landfill.  

This assessment is confirmed by the slope stability analyses completed for Phase 1, Modules 1 
through 4, Modules 5 and 6, and Phase 2, Modules 10 and 11 that indicate the slope stability safety 
factors are acceptable.  

The slope stability analyses in Appendix A7 were performed for Phase 2, Modules 10 and 11 with 
maximum waste slope heights of 101 feet, and slopes of 3 horizontal to 1 vertical (3H:1V) and 
4H:1V. The results in Appendix A7 confirm that the slope stability safety factors for Modules 10 and 
11 are acceptable. 

The waste slopes in Phase 1, Modules 1 through 6 do not exceed 101 feet, so the results of the 
analyses in Appendix A7 are representative of conditions in Phase 1, Modules 1 through 6.  

 Compliance With NR 514.045 (1)(c)(3) 
NR 514.045 (1)(c)(3) 

“On−site or local human−made features or events both surface and subsurface.” 

As shown by the geologic cross sections in Appendix A6, the CCR landfill is not located in on-site or 
local human-made features or events (both surface and subsurface) that are unstable. The 
predominant native sands are overlain by sand fill in some areas of the site. The sand fill was placed 
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in the CCR landfill area during excavation activities for construction of the generating station. Based 
on the SPT blow counts for the sand fill on the cross sections, the fill is typically medium dense to 
very dense and therefore provides a stable base material where present below the CCR landfill. 

As discussed in Appendix A8, groundwater or surface water movement is unlikely to cause instability. 
The facility is designed with adequate run-on and run-off control systems, and is constructed above 
the water table. 

 LOCATIONAL CRITERIA UNDER NR 514.045 (1)(d) 

 Compliance With NR 514.045 (1)(d) 
NR 514.045 (1)(d) 

“A demonstration that the facility or practices near floodplains may not restrict the flow of the 
regional flood, reduce the temporary water storage capacity of the floodplain, or result in 
washout of solid waste so as to pose a hazard to human life, wildlife, or land or water 
resources.” 

The CCR landfill is not located within a floodplain as shown in Appendix A9. 

 LOCATIONAL CRITERIA UNDER NR 514.045 (1)(e) 

 Compliance With NR 514.045 (1)(e) 
NR 514.045 (1)(e) 

“A demonstration that the facility or practices may not result in the destruction or adverse 
modifications of the critical habitat of endangered or threatened species as identified under s. 
NR 27.03 (1).” 

An Endangered Resources Review for the recent Proposed Columbia Ash Landfill Expansion was 
renewed on October 24, 2022. No area affected by construction of operations of the CCR landfill has 
been identified as critical habitat for endangered or threatened species. Information in the 
Wisconsin Natural Heritage Inventory are considered confidential by WDNR, so this review has been 
redacted from this submittal.  

 LANDFILL DESIGN DEMONSTRATION 

 LANDFILL DESIGN DEMONSTRATION UNDER NR 514.045 (1)(f) 
NR 514.045 (1)(f) 

“A demonstration that the CCR landfill design meets requirements under s. NR 504.12 or an 
alternate design under s. NR 504.10. The demonstration shall include a design report, 
engineering drawings, and calculations.” 
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 Landfill Design Demonstration under NR 504.12 

 Compliance With NR 504.12 (2) 
NR 504.12 (2) 

“RUN−ON AND RUN−OFF CONTROLS. An existing or new CCR landfill or any lateral expansion of 
a CCR landfill shall be designed, constructed, operated, and maintained with a run−off and 
run−on control system in accordance with the requirements under s. NR 504.09 (1) (f) and (g) 
and all of the following:” 

NR 504.09 (1)(f) 

“Storm water shall be diverted away from the active fill area of the landfill and any borrow areas 
to a sedimentation control structure.” 

Storm water run-on is controlled by berms and swales around the perimeter of the landfill that divert 
storm water away from the landfill. Run-off from areas outside existing CCR units and areas of the 
existing CCR units where final or intermediate 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 and divert water to 
the perimeter drainage system, and ultimately to the South Sedimentation Basin. 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 the lined Leachate/Surface 
Water Pond. 

NR 504.09 (1)(g) 

“Containment berms placed around active fill areas shall be designed to control and collect the 
liquid volume resulting from the 25 year, 24−hour storm event. The design shall consider the 
volume of liquid generated from active fill areas which shall include areas with exposed solid 
waste or areas with waste covered by daily cover. Storm water in contact with active fill areas 
shall be handled and treated as leachate in accordance with ch. NR 506.” 

The storm water features described above are designed to handle run-on and run-off from a 25-year, 
24-hour storm event. Storm water run-off calculations are included in Appendix B1, including 
calculations from the 2000 Plan of Operation Update (Appendix B1.1), the 2021 Leachate/Surface 
Water Pond Capacity Evaluation calculations (Appendix B1.2), the 2022 Leachate/Surface Water 
Pond Evaluation calculations (Appendix B1.3), and 2022 Storm Water Management Calculations for 
post-closure conditions (Appendix B1.4). These appendices 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 2021 
and 2022 calculations also 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 South Sedimentation Basin 
and associated basin outlet structures are designed to safely pass run-off from a 100-year, 24-hour 
storm event. 
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NR 504.12 (2)(a) 

“A run−on control system shall prevent flow onto the active portion of the CCR landfill 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 and described 
further in Appendix C2. Run-on is controlled by berms and swales around the perimeter of the landfill 
that divert storm water away from the landfill. 

NR 504.12 (2)(b) 

“A run−off control system from the active portion of the CCR landfill shall collect and control, at a 
minimum, the water volume resulting from a 24−hour, 25−year storm.” 

Run-off from the active portions of the facility is handled as leachate and is collected by a leachate 
collection system and internal swales, which route the contact water run-off and leachate to the lined 
Leachate/Surface Water Pond. Intermediate cover will be added as CCR placement progresses to 
reduce contact water that is directed to the pond. The contact water in the pond is used for dust 
control or other actions within the active landfill or, if needed, is transported with a water wagon to 
the generating station where it may be discharged through Outfall 003 inside the plant in 
accordance with a WPDES permit. 

Run-off from areas outside existing CCR units and areas of the existing CCR units where final or 
intermediate cover is in place is diverted into the perimeter drainage swales, which drain to the 
South Sedimentation Basin or a low area north of the facility. Intermediate swales/berms and 
downslope channels on the final cover help minimize erosion of the final cover and divert water to 
the perimeter drainage system.  

A temporary rain cover will be installed as needed over landfill liner not currently in use, to limit 
leachate and contact water production. Storm water collected on the rain cover will be 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 the 
developed modules, and all water inside the lined waste limits will be managed as leachate. 

 Compliance With NR 504.12 (3) 
NR 504.12 (3)(a) 

“LINER DESIGN. (a) A new CCR landfill or a lateral expansion of a CCR landfill shall be designed, 
constructed, operated, and maintained with a composite liner that meets the requirements 
under s. NR 504.06 (2) and (3) and a leachate collection and removal system that meets the 
requirements under s. NR 504.06(5). The composite liner shall consist of 2 components; the 
upper component shall consist of a nominal 60−mil or thicker geomembrane liner, and the 
lower component shall consist of a minimum 4−foot−thick layer of compacted clay. A GCL and 
soil barrier may be used in place of the clay layer of a composite liner in accordance with s. 
NR 504.06 (7). In addition to the minimum design and construction criteria for landfill liners and 
leachate collection systems under s. NR 504.06, the liner and leachate collection system shall 
meet all of the following:” 
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Construction commenced prior to October 19, 2015 for Phase 1, Modules 1 through 3. These 
modules do not fall under the NR 500.03 (152m) definition of “New CCR landfill” and meet the 
definition of “Existing CCR landfill” under NR 500.03 (76m). As existing CCR landfill modules, 
NR 504.12(3) is not applicable to Phase 1, Modules 1 through 3. 

Phase 1, Modules 4 through 6, and Phase 2, Modules 10 and 11 were designed with a composite 
liner in accordance with NR 504.06 (7), shown on Figure 3, consisting of the following three layers 
from top to bottom: 

• A 60-mil thick HDPE geomembrane 
• A geosynthetic clay liner (GCL) 
• Two feet of compacted clay soil with a hydraulic conductivity of no more 

than 1 x 10-7 cm/sec 

A review of chemical resistance documentation for high-density polyethylene (HDPE) geomembrane 
provided by geomembrane manufacturers indicates that the HDPE geomembrane is chemically 
resistant to the CCR and CCR-generated leachate. The chemical resistance assessment is also 
based on a review of Columbia leachate pond analytical test results from 2011 to 2020. 

The GCL specified in the design includes a polymer-enhanced bentonite clay that has appropriate 
chemical properties in contact with the Phase 1, Modules 4 through 6 and Phase 2, Modules 10 and 
11 CCR leachate. Testing was performed to demonstrate that the GCL is compatible with the 
site-generated CCR leachate as shown in Appendix B2. 

The composite liner layers have sufficient strength and thickness to prevent failure due to pressure 
gradients, climatic conditions, installation stresses, and daily operation stresses expected in 
Phase 1, Modules 4 through 6 and Phase 2, Modules 10 and 11. 

GCLs used in the construction of the liner and final cover systems at the CCR Landfill meet the 
specifications of NR 504.07(4)(a)1 to 11. A 60-mil HDPE geomembrane is to be placed directly 
above the GCL. The geomembrane meets the specifications of NR 504.07(3). 

The new CCR landfill has been designed with a composite liner that meets the requirements under 
NR 504.06 (2) and (3) and with a leachate collection and removal system that meets the 
requirements under NR 504.06(5). 

NR 504.12 (3)(a)(1) 

“The leachate collection and removal system shall be designed, constructed, operated, and 
maintained to limit the leachate head level on the liner to one foot or less.” 

The Hydrologic Evaluation of Landfill Performance (HELP) Model was used to evaluate the leachate 
head on the Phase 1, Modules 4 through 6 and Phase 2, Modules 10 and 11 liner. Based on the 
model results, the head on the liner will be maintained below the maximum allowable 1-foot 
(30-centimeter) head. The HELP Model calculation is provided in Appendix B3. Based on the model, 
Phase 1, Modules 4 through 6 and Phase 2, Modules 10 and 11 are designed and will be operated 
to maintain less than a 30-centimeter depth of leachate over the liner. 
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NR 504.12 (3)(a)(2) 

“The leachate collection and removal system shall be constructed of materials that exhibit all of 
the following properties:” 

NR 504.12 (3)(a)(2)(a) 

“Chemically resistant to the CCR and any non−CCR waste managed in the CCR landfill and the 
leachate expected to be generated.” 

The leachate collection and removal system consists of HDPE pipe, leachate drainage layer, drainage 
filter, coarse aggregate bedding, and geotextile as shown on Figures 3, 4, and 5. The leachate 
drainage layer consists of imported granular soil. The drainage filter and coarse aggregate bedding 
are imported granular soils. The pipe, granular soils, and geotextile are chemically resistant to the 
CCR and CCR-generated leachate.  

The pipe consists of HDPE, the same material as the HDPE geomembrane. Both the HDPE pipe and 
the geomembrane are resistant to the CCR and CCR-generated leachate as confirmed by the 
manufacturer’s literature.  

The geotextile may consist of polypropylene, polyester, or polyethylene. Based on testing by the 
manufacturers and other researchers, these materials are resistant to municipal solid waste landfill 
leachate that is much more aggressive than CCR leachate. Therefore, the geotextile is chemically 
resistant to the CCR and CCR-generated leachate.  

The granular soils used in the leachate collection and removal system meet the same Wis. Adm. 
Code standards as the granular soils used in municipal solid waste landfills. The municipal solid 
waste landfill leachate is much more aggressive than CCR leachate so the granular soils are 
chemically resistant to the CCR and CCR-generated leachate. 

NR 504.12 (3)(a)(2)(b) 

“Of sufficient strength and thickness to prevent collapse under the pressures exerted by 
overlying waste, waste cover materials, and equipment used at the CCR landfill.” 

During the design of Phase 1, Modules 4 through 6 and Phase 2, Modules 10 and 11, the HDPE 
collection and removal pipe was evaluated for pipe strength using construction/operation loads and 
post-closure loads to determine the required materials of construction. Based on the pipe strength 
calculations in Appendix B4, the HDPE pipe will have sufficient strength to prevent collapse under 
the pressures exerted by the CCR, cover materials, and equipment used in the operation of the CCR 
landfill, based on the equipment currently used to operate the existing CCR units at the facility. 

NR 504.12 (3)(a)(3) 

“The leachate collection and removal system shall be designed and operated to minimize 
clogging during the active life and during the long−term care of the landfill.” 

The leachate collection and removal system is designed with a drainage filter as shown on Figure 3. 
The filter minimizes the movement of fine particles into the leachate collection pipes to prevent 
clogging. Filter calculations are provided in the documentation report for each module construction 
based on the specific gradation of material provided for coarse aggregate and drainage material. The 
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leachate collection and removal system is designed with cleanout riser pipes as shown on Figures 3, 
4, and 5 to allow pipe cleaning and prevent long-term clogging. The leachate collection pipes are 
cleaned a minimum of once per year in accordance with Wis. Adm. Code. 

NR 504.12 (3)(a)(4) 

“The geomembrane component of the liner shall be installed in direct and uniform contact with 
the compacted clay soil component.” 

Phase 1, Modules 4 through 6 and Phase 2, Modules 10 and 11, are designed with a composite 
liner, shown on Figure 3, consisting of the following two components from top to bottom: 

• Upper Component : 
– A 60-mil thick HDPE geomembrane 
– A GCL 

• Lower Component:  
– Two feet of compacted clay soil with a hydraulic conductivity of no more 

than 1 x 10-7 cm/sec 

This is the same composite liner that meets the requirements of NR 504.06 (2) with the addition of 
the GCL layer to the upper component, in accordance with NR 504.06 (7). The GCL provides an extra 
layer within the composite liner to reduce the potential for liquid flow through the liner.  

The presence of the GCL provides better protection against liquid flow through the Phase 1, 
Modules 4 through 6 and Phase 2, Modules 10 and 11 liner than a composite liner with two layers 
(HDPE geomembrane and 2 feet of compacted soil). The upper component (geomembrane and GCL) 
has direct and intimate contact with the compacted clay soil as the lower component. Laboratory test 
results reported by Koerner and Daniel (1993) show that the combination of a GCL in contact with a 
geomembrane is significantly lower in transmissivity of liquid than a compacted clay liner in contact 
with a geomembrane. 

NR 504.12 (3)(a)(5) 

“A liner that utilizes a GCL and soil barrier layer in accordance with s. NR 504.06 (7) shall be 
designed to have a liquid flow rate no greater than the liquid flow rate through 2 feet of 
compacted soil with a hydraulic conductivity of 1 x 10−7 cm/sec. The liquid flow rate comparison 
shall be made using the following equation, which is derived from Darcy’s Law for gravity flow 
through porous media: 

Q/A = q = k (h/t + 1) 

Where: 
Q = flow rate (cubic centimeters / second). 
A = surface area of the liner (squared centimeters). 
q = flow rate per unit area (cubic centimeters / second / squared centimeter). 
k = hydraulic conductivity of the liner (centimeters / second). 
h = hydraulic head above the liner (centimeters). 
t = thickness of the liner (centimeters).” 
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The lower component of the composite liner is the 2-foot-thick compacted clay soil layer. The 
addition of a GCL to the composite liner system reduces the hydraulic conductivity of the composite 
liner below the maximum required value of 1 x 10-7 cm/sec. In combination, the GCL and the 
compacted clay exceed the design requirements. The hydraulic conductivity of the GCL specified in 
the design of Phase 1, Modules 4 through 6 and Phase 3, Modules 10 and 11 is a maximum of 
5 x 10-9 cm/sec. The hydraulic conductivity of the compacted clay specified in the design of Phase 1, 
Modules 4 through 6 and Phase 3, Modules 10 and 11 is a maximum of 1 x 10-7 cm/sec, which 
meets the rule requirement.  

The flow rate per unit area (“q”) of the GCL underlain by 2 feet of compacted clay is less than the “q” 
of the minimum 2-foot-thick compacted soil layer required under NR 504.06 (2) as shown by the 
calculations in Appendix B5. Therefore, the hydraulic conductivity of the GCL in combination with the 
2 feet of compacted clay soil has a liquid flow rate that is no greater than the liquid flow rate through 
2 feet of compacted soil with a hydraulic conductivity of 1 x 10-7 cm/sec. In addition, a paper by 
Koerner and Daniel (1993) shows that the liquid flow rate through a GCL alone is equivalent to the 
flow rate through 2 feet of compacted clay. 

NR 504.12 (3)(b) 

“A new CCR landfill or a lateral expansion of a CCR landfill shall be designed and constructed 
with a subbase grade that is located no less than 5 feet above the upper limit of the uppermost 
aquifer, or shall demonstrate that there will not be an intermittent recurring or sustained 
hydraulic connection between any portion of the base of the CCR landfill and the uppermost 
aquifer due to normal fluctuations in groundwater elevations, including the seasonal high water 
table.” 

Note:  A new CCR landfill or lateral expansion of a CCR landfill is also required to comply with s. 
NR 504.06 (2) (b) or (4) for zone−of−saturation landfills. The definition of an uppermost aquifer 
can be found under s. NR 500.03 (246m). 

The high water table within the uppermost aquifer below the CCR landfill is at an approximate 
elevation of 789 to 790 feet above mean sea level (amsl), based on a review of water table 
observation well water levels near the CCR landfill, for the period from October 2012 to December 
2022; refer to Appendix B6. The highest water level elevation measured at a well in the area of the 
CCR landfill was 789.71 feet amsl recorded at MW-5R, which is located near the southwest corner of 
Phase 1, Module 1. The highest water level elevation measured in a well in the area of Phase 2, 
Modules 10 and 11 was 788.21 feet amsl recorded at MW-86. 

Figure 6 shows the lowest subbase grades in Phase 1, Modules 4 through 6 and Phase 2, 
Modules 10 and 11, which represent the top of subbase soils and bottom of the clay liner. The 
lowest subbase elevation within Phase 1 Module 4 is approximately 801 feet amsl. The lowest 
subbase elevation within Phase 1, Modules 5 and 6 is approximately 802 feet amsl. Within Phase 2, 
Modules 10 and 11, the lowest subbase grade is approximately 794 feet amsl.  

Based on this information, the CCR landfill is located at least 5 feet above the uppermost aquifer. 

NR 504.12 (3)(c) 

“A new CCR landfill or a lateral expansion of a CCR landfill may not be constructed over a closed 
CCR surface impoundment.” 
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The existing CCR landfill has not been constructed over a closed CCR surface impoundment.  

 Compliance With NR 504.12 (4) 
NR 504.12 (4)(a) 

“A new or existing CCR landfill or a lateral expansion of a CCR landfill shall be designed and 
constructed with a final cover system that meets the requirements under s. NR 504.07.” 

Phase 1, Module 1 has received final cover over outer sideslope areas that will no longer receive 
CCR. The existing final cover in the Module 1 area will be extended to cover the remaining portion of 
Module 1 as shown on Figure 8. 

The existing final cover consists of a composite cover (Figure 7) with the following components, from 
bottom to top: 

• Three-inch-thick grading layer  
• GCL 
• Forty-mil polyethylene geomembrane 
• Twelve-inch-thick drainage layer (sand) 
• Twelve-inch-thick rooting zone layer 
• Six-inch-thick topsoil layer 

An alternative final cover system was approved by WDNR in July 2022 for future remaining areas of 
final cover north of Module 1. The alternative cover consists of the following components, from 
bottom to top: 

• Three-inch-thick grading layer 
• GCL 
• Forty-mil polyethylene geomembrane 
• Geocomposite drainage layer 
• Twenty-four-inch-thick rooting zone layer 
• Six-inch-thick topsoil layer 

The alternative final cover design has been developed to meet the requirements of NR 504.12(4)(b) 
and is discussed in detail below.  

Calculations for the final cover designs are included in Appendix B7.  

NR 504.12 (4)(b) 

“The owner or operator of a new or existing CCR landfill or a lateral expansion of a CCR landfill 
may propose an alternative final cover system design within a written closure plan in accordance 
with s. NR 504.10 and all of the following:” 

The alternative final cover system design previously approved by the Department in accordance with 
NR 504.10 is described further within the written closure plan provided in this Plan of Operation 
Update (Appendix C3). The final cover system design is in accordance with the federal requirements 
under 40 CFR Part 257, Subpart D.  
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NR 504.12 (4)(b)(1) 

“The permeability of the final cover system shall be less than or equal to the permeability of any 
bottom liner system or natural subsoils present or shall be no greater than 1 x 10−5 cm/sec, 
whichever is less.” 

The permeability of the alternative final cover system is less than or equal to the permeability of the 
bottom liner system and is less than 1 x 10-5 centimeters per second (cm/sec) required by the rule. 
The CCR landfill cover system contains a GCL with a permeability of 5 x 10-9 cm/sec. Please see the 
Closure Plan (Appendix C3) for more information. NR 504.12 (4)(b)(2) 

“The design of the final cover system shall include an infiltration layer that achieves an 
equivalent reduction in infiltration as the layers specified under s. NR 504.07 (4).” 

The alternative final cover contains a GCL infiltration layer. Water infiltrating the final cover will be 
contained in the drainage layers (sand, geocomposite, and high capacity geocomposite), which will 
limit infiltration through the final cover system geomembrane and GCL. Further discussions with the 
WDNR will be needed to determine whether updates to the design are required, including potential 
addition of a soil barrier layer. An updated design, if required, will be provided as an Addendum to 
this document. 

The geocomposite drainage layer will have a minimum transmissivity of 8.55 x 10-4 m2/sec unless 
drainage outlets are constructed within the final cover. For the converging flow areas in the final 
cover inside corners near Phase 2, Modules 10 and 11, a high capacity geocomposite drainage layer 
with a minimum transmissivity of 1.0 x 10-3 m2/sec will be installed. Please see the Closure Plan 
(Appendix C3) for more information. 

NR 504.12 (4)(b)(3) 

“The design of the final cover system shall include an erosion layer that provides equivalent 
protection from wind or water erosion as the topsoil layer specified under s. NR 504.07 (7).” 

The surface layer of 30 inches of soil supports vegetation that assists with erosion control. The 
surface has intermediate drainage swales to reduce the flow lengths down the final cover slope, also 
aiding in erosion control. Where needed, the intermediate drainage swales are connected to 
downslope channels to control storm water runoff and prevent erosion of the final cover. 

NR 504.12 (4)(b)(4) 

“The disruption of the integrity of the final cover system shall be minimized through a design that 
accommodates settling and subsidence.” 

The design of the final cover system accommodates settling and subsidence of the CCR fill below the 
cover. The CCR at the CCR landfill is placed dry and is compacted in place. CCR continues to 
consolidate and gain strength as filling progresses prior to final cover placement. The final cover 
system is designed with a maximum slope of 25 percent (4 horizontal to 1 vertical). Because the 
final cover has a relatively large positive slope and the CCR has been gaining strength over time, the 
final cover is expected to easily accommodate the remaining relatively minor settlement potential of 
the CCR fill when fill placement ends and the landfill is closed. 
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 Alternate Landfill Design Demonstration under NR 504.10 
NR 504.10 (1)(a) 

“An applicant may design a high volume industrial waste landfill to meet the standards 
contained in ss. NR 504.05 to 504.09 or may propose an alternative design in accordance 
with the provisions of this section.” 

The CCR landfill has been designed to meet the standards contained in NR 504.05 to NR 504.09. 
However, an alternative final cover design that meets the requirements of NR 504.07 is being 
proposed, as discussed in Section 3.1.1.3. The alternative final cover design was approved by WDNR 
in the July 2022 plan of operation modification approval.  

 OPERATIONAL PLANS 

 LANDFILL DESIGN DEMONSTRATION UNDER NR 514.045 (1)(g) 
NR 514.045 (1)(g) 

“The plans required under s. NR 514.07 (10).” 

 Plans Required under NR 514.07 (10) 
NR 514.07 (10) 

“ADDITIONAL REQUIREMENTS FOR CCR LANDFILLS. The owner or operator of a new or existing 
CCR landfill or lateral expansion of a CCR landfill shall update the plan of operation every 10 
years during the landfill’s active life to comply with regulations in place at the time of the update. 
The plan of operation update will be considered a plan of operation modification, but shall follow 
the completeness, review times, and pre−plan of operation submittal public meeting 
requirements under s. NR 514.04. The plan of operation for all CCR landfills shall include all of 
the following:” 

 Compliance With NR 514.07 (10)(a) 
NR 514.07 (10)(a) 

“A CCR fugitive dust control plan in accordance with all of the following: 

1.  The plan shall identify and describe the CCR fugitive dust control measures the owner or 
operator will use to minimize CCR from becoming airborne at the facility. The owner or 
operator shall select and include in the CCR fugitive dust control plan the CCR fugitive 
dust control measures that are most appropriate for site conditions, along with an 
explanation of how the measures selected are applicable and appropriate for site 
conditions. Control measures may include any of the following: 

a. Locating CCR inside an enclosure or partial enclosure. 

b. Operating a water sprayer or fogging system. 

c. Reducing fall distances at material drop points. 

d. Using wind barriers, compaction, or vegetative covers. 
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e. Establishing and enforcing reduced vehicle speed limits. 

f. Paving and sweeping roads. 

g. Covering trucks transporting CCR. 

h. Reducing or halting operations during high wind events. 

i. Applying a daily or intermediate cover. 

2.  The plan shall include procedures to wet CCR with water to a moisture content that will 
prevent wind dispersal but will not result in free liquids. In lieu of water, wetting of CCR 
may be accomplished with an appropriate chemical dust suppression agent. 

3.  The plan shall include a description of the procedures the owner or operator will follow to 
periodically assess the effectiveness of the control plan. At a minimum, the assessment 
shall include a visual inspection at least every 7 days, unless the CCR landfill is inactive 
and all areas are covered by intermediate or final cover. 

4.  The plan shall be modified in accordance with s. NR 514.04 (6) whenever there is a 
change in conditions that may substantially affect the plan of operation. 

5.  The plan shall address the preparation of an annual fugitive dust control report in 
accordance with s. NR 506.20 (3) (a).” 

A CCR fugitive dust control plan that complies with NR 514.07 (10)(c) is in place. The amended CCR 
fugitive dust control plan is included in Appendix C1.  

 Compliance With NR 514.07 (10)(b) 
NR 514.07 (10)(b) 

“A run−on and run−off control system plan that includes all of the following: 

1.  A run−on and run−off control system designed in accordance with the requirements 
under s. NR 504.12 (2). 

2.  Plan sheets depicting the location of run−on and run−off control features, detail 
drawings, and supporting engineering calculations. 

3.  Construction procedures and a schedule for construction.  

4.  Modification every 5 years from the date of the most recent plan approval or whenever 
there is a change in conditions that may substantially affect the written plan in effect. 
The modification shall be requested by the owner or operator in accordance with s. NR 
514.04 (6) prior to the 5−year deadline.” 

A run-on and run-off control system plan that complies with NR 514.07 (10)(b) is in place. The 
amended run-on and run-off control system plan is included in Appendix C2.  
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 Compliance With NR 514.07 (10)(c) 
NR 514.07 (10)(c) 

“A written closure plan in accordance with the requirements under s. NR 514.06 (10) and all of 
the following: 

1.  A narrative description of how the CCR landfill will be closed, including a description of 
the steps necessary to close the CCR unit at any point during the active life of the CCR 
unit, consistent with recognized and generally accepted good engineering practices. 

2.  A description of the final cover system, designed in accordance with s. NR 504.07, and 
the methods and procedures to be used to install the final cover. 

3.  A demonstration, including a narrative discussion, of how final closure will meet the 
performance standards under s. NR 506.083 (6). 

4.  An estimate of the maximum volume in cubic yards of CCR that will be disposed on−site 
over the active life of the CCR landfill. 

5.  An estimate of the largest area of the CCR landfill that will require a final cover at any 
time during the CCR landfill’s active life. 

6.  A schedule for completion of all closure activities, including ban estimate of the year in 
which all closure activities for the CCR landfill will be completed. The schedule shall 
provide sufficient information to describe the sequential steps that will be taken to close 
the CCR landfill, including identification of major milestones such as coordinating with 
other agencies and obtaining other necessary approvals or permits, installation of the 
final cover system, and the estimated timeframes to complete each step or phase of 
CCR landfill closure. If the estimated timeframes to complete closure exceed the 
timeframes specified under s. NR 506.083 (3) (a), the plan shall include the 
site−specific information, factors and considerations that support any time extension. 

7.  The plan shall be modified in accordance with s. NR 514.04 (6) whenever there is a 
change in conditions that may substantially affect the written closure plan or 
unanticipated events necessitate a revision of the written closure plan. The modification 
shall be submitted to the department in writing at least 60 days prior to a planned 
change in the operation of the CCR landfill, or no later than 60 days after an 
unanticipated event requires the need to revise an existing written closure plan. If a 
written closure plan is revised after closure activities have commenced for a CCR landfill, 
the owner or operator shall submit the modification request to the department no later 
than 30 days following the triggering event. 

8.  If closure of the CCR landfill will be accomplished through removal of CCR from the CCR 
landfill, the closure plan shall be modified and approved by the department prior to 
implementation in accordance with s. NR 514.04 (6). The closure plan shall include a 
description of the procedures to remove the CCR and decontaminate all areas affected 
by the CCR landfill in accordance with s. NR 506.08 (5). 
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A written closure plan that complies with NR 514.07 (10)(c) is in place for Phase 1, Modules 1 
through 6, and Phase 2, Modules 10 and 11. The amended written closure plan is included in 
Appendix C3.  

 Compliance With NR 514.07 (10)(d) 
NR 514.07 (10)(d) 

“A written long−term care plan that addresses all of the following: 

1.  A description of the monitoring and maintenance activities and the frequency at which 
those activities will be performed. The activities shall include, at a minimum, all of the 
following: 

a. Long−term care activities specified under s. NR 514.06 (11). 

b. Maintaining the integrity and effectiveness of the final cover system, including 
making repairs to the final cover as necessary to correct the effects of settlement, 
subsidence, erosion or other events, and preventing run−on and run−off from 
eroding or otherwise damaging the final cover. 

c. Maintaining the effectiveness of the leachate collection and removal system and 
operating the leachate collection and removal system in accordance with the 
requirements under s. NR 504.12 (3) (a). d. Maintaining the groundwater monitoring 
system and monitoring the groundwater in accordance with ch. NR 507 and the 
sampling plan approval. 

2.  The name, address, telephone number, and email address of the person or office to 
contact about the facility during long− term care. 

3.  A description of the planned uses of the property during long−term care. Post−closure 
uses may not disturb the integrity of the final cover, liner, or any other component of the 
landfill, or the function of the monitoring systems unless approved in writing by the 
department. A written request for approval as part of the plan of operation submittal or a 
modification shall include a demonstration that disturbance of the final cover, liner, or 
other component of the containment system, including any removal of CCR, will not 
increase the potential threat to human health or the environment. The demonstration 
shall be certified by a professional engineer in accordance with s. NR 500.05 (4) (a).” 

A written long−term care plan that complies with NR 514.07 (10)(d) is in place for Phase 1, 
Modules 1 through 6 and Phase 2, Modules 10 and 11. The amended written long−term care plan is 
included in Appendix C4. 

 Compliance With NR 514.07 (10)(e) 
NR 514.07 (10)(e) 

“The long−term care plan under par. (d) may be modified in accordance with s. NR 514.04 (6). 
The owner or operator shall modify the long−term care plan whenever there is a change in the 
operation of the CCR landfill that would substantially affect the written long−term care plan in 
effect; or after long−term care activities have commenced, when unanticipated events 
necessitate a revision of the written long−term care plan. The modification shall be submitted to 
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the department in writing at least 60 days prior to a planned change in the operation of the CCR 
landfill, or no later than 60 days after an unanticipated event requires the need to revise an 
existing long−term care plan. If a written long−term care plan is revised after long−term care 
activities have commenced for a CCR landfill, the owner or operator shall submit the 
modification request to the department no later than 30 days following the triggering event.” 

Any modification of the written long−term care plan will be submitted to the department in writing in 
compliance with NR 514.07 (10)(e).  

 GROUNDWATER MONITORING NETWORK 
DEMONSTRATION 

 GROUNDWATER MONITORING NETWORK DEMONSTRATION 
UNDER NR 514.045 (1)(h) 

NR 514.045 (1)(h)  

“A demonstration that the CCR groundwater monitoring system complies with the requirements 
under s. NR 507.15 (3), including documentation of the design, installation, and development of 
any CCR wells.” 

To be provided in an addendum to this report, per discussions with the WDNR.  

 UPDATED SAMPLING PLAN 

 UPDATED SAMPLING PLAN UNDER NR 514.045 (1)(g) 
NR 514.045 (1)(i) 

“An updated sampling plan that addresses the requirements under s. NR 507.15 (3).” 

To be provided in an addendum to this report, per discussions with the WDNR.  

 ADDENDUM DOCUMENTS 

 LEACHATE/SURFACE WATER POND 
A pond abandonment strategy is in progress and will be submitted as an addendum to this Plan. This 
will include sequencing for filling the pond and adjustments to surrounding infrastructure.  

 PHASE 1, MODULES 5 AND 6 HAUL ROAD 
Development of a permanent haul road in Modules 5 and 6 is in progress and will be submitted as 
an addendum to this Plan. The permanent haul road will be on the final cover system of Modules 5 
and 6 and will provide future access during the post-closure period of the landfill. 
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 CARE AND MAINTANCE OF LEACHATE COLLECTION SYSTEM 
TANKS AND PUMPS 

Condition 6 of the July 28, 2022 conditional plan of operation approval modification for the 10-year 
update, states that “WPL shall submit an operation plan, which addresses the care and maintenance 
of the tanks and pumps, by February 1, 2023. The plan shall also address the means to monitor the 
tank and manholes secondary containment systems.” The pumps for the leachate collection system 
have yet to be installed and the other infrastructure elements (tanks and manholes) are not planned 
to be constructed in the near future. An operational plan to address this condition may be submitted 
as an addendum to this Plan.  

 MODULE 12 LINER DESIGN 
Condition 8 of the July 28, 2022 conditional plan of operation approval modification for the 10-year 
update, states that “WPL shall submit the design for the construction of Module 12 liner or submit a 
proposal for removal of the liner runout from Module 11 and timing of construction of the north berm 
for Module 11, by February 1, 2023.” Evaluation of the need for construction of Module 12 is still in 
progress. The Module 12 liner design may be submitted as an addendum to this Plan once a 
decision is made.  

 GROUNDWATER MONITORING NETWORK DEMONSTRATION 
The groundwater monitoring network demonstration under NR 514.045 (1)(h) will be provided as an 
addendum to this plan. 

 UPDATED SAMPLING PLAN 
The updated sampling plan under NR 514.045 (1)(h) will be provided as an addendum to this plan. 
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Table 1 

CCR Landfill Plan of Operation Modification for Initial Permitting 
Checklist 
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REGULATORY REQUIREMENTS LOCATION COMMENTS

Y N NA
NR 514.045(1)(a) Does the submittal meet the requirements under s. NR 500.05, including the 
certifications required under s. NR 500.05(4)?
NR 500.05 GENERAL SUBMITTAL REQUIREMENTS.

(1)   Has payment of the review fee of $30,500 been received?
Note: The department sends an invoice to the facility contact upon receipt of the submittal. Payment is due within 30 days of receipt of the 
invoice.

(2)   Has a cover letter detailing the desired action been submitted? Cover Letter
(3)   Have the appropriate number of written and electronic copies been submitted to the department?

N/A

(4)   Are the report and plan sheets submitted under the seals and certifications of a licensed professional 
engineer and professional geologist?

(5)   Technical Procedures:

Were all test procedures specified in the report? N/A
Were all technical procedures used to investigate the facility current standard procedures?

N/A

Were explanations and reasons given for deviations from any current standard method?
N/A

(6)   Do all maps, plan sheets, drawings, isometrics, cross-sections, figures, photographs and tables meet the 
following requirements?

(a)   No larger than 32 inches by 44 inches and no smaller than 8 ½ inches x 11 inches.
Note: Section NR 514.045, Wis. Adm. Code requires engineering plans be drawn on standard 24 inch by 36-inch plan sheets. Figures 1 - 8

(b)   Appropriate scale to show all required detail in sufficient clarity. Figures 1 - 8
(c)         numbered                                      legends for all symbols
     referenced in the narrative            horizontal & vertical scales
     titled                                               drafting and origination dates

Figures 1 - 8

(d)   Use uniform scales. Figures 1 - 8
(e)   Contain a north arrow. Figures 1 - 8
(f)    Use mean sea level as the basis for all elevations. Figures 1 - 8
(g)   Contain a survey grid based on monuments established in the field and which utilize a coordinate 
system and datum, such as state plane coordinates, Universal Transverse Mercator (UTM), or Wisconsin 
Transverse Mercator.

Figures 1 - 8

(h)   Show original topography and a grid system shown on the plan sheets that show construction, 
operation, and closure topography. Figures 1 - 8

(i)     Any cross-sections:
     Show survey grid locations,
     Reference major plan sheets,
     Include a reduced diagram of plan view showing cross-section location.

N/A

(7)   A table of contents listing all sections of the submittal. Report Table of 
Contents

(8)   An appendix listing the following:
     names of all references                                 all raw data
     testing and sampling procedures                  calculations

Report Appendicies

NR 514.045(1)(b) Does the submittal include a demonstration that all phases of the CCR landfill meet the 
performance criteria under s. NR 504.04(4)(a), (b), and (c)?
NR 504.04(4) PERFORMANCE STANDARDS. Will the proposed landfill cause the following:

(a)  A significant adverse impact on wetlands?
     yes               no
Has a practicable alternatives analysis and a wetland functional values analysis been completed in 
accordance with ch. NR 103, if a wetland will be affected by the proposed landfill or any noncommercial soil 
borrow source activity?
Note: See DNR wetland regulation website (https://dnr.wisconsin.gov/topic/Wetlands/permits) to help determine if a wetland permit may 
be needed per s. 281.36, Stats.

Report Section 2.1.1

(b)  A take of an endangered or threatened species in accordance with s. 29.604, Stats?
     yes                  no Report Section 2.1.2

(c)  A detrimental effect on any surface water?
     yes               no
Note: Exemptions are not granted.

Report Section 2.1.3

For new CCR landfills or a lateral expansion of a CCR landfill, if the landfill failed to make the demonstration 
showing compliance with the criteria above, has the landfill ceased placing CCR in the CCR landfill per NR 
514.045(5)(b)?

N/A

NR 514.045(1)(c) Does the submittal include a demonstration that all phases of the CCR landfill meet the 
locational criteria under s. NR 504.04(3)(g), (h), and (i)?
NR 504.04(3) LOCATIONAL CRITERIA. Are the proposed limits of filling within:

(g)  200 feet of a fault that has had displacement in Holocene time?
     yes               no
     If yes, was an exemption requested?

Report Section 2.2.1

(h)  Seismic impact zones?
     yes               no
     If yes, was an exemption requested?

Report Section 2.2.2

(i)   Unstable areas?
     yes               no
     If yes, was an exemption requested?

Report Section 2.2.3

For new CCR landfills or a lateral expansion of a CCR landfill, if the landfill failed to make the demonstration 
showing compliance with the criteria above, has the landfill ceased placing CCR in the CCR landfill per NR 
514.045(5)(b)?

N/A

NR 514.045(1)(c) (continued) Does the demonstration for unstable areas address all of the following 
factors, at a minimum, when determining whether an area is
unstable:

1.   On-site or local soil conditions that may result in significant differential settling. Report Section 2.2.4
2.   On-site or local geologic or geomorphologic features. Report Section 2.2.5
3.   On-site or local human-made features or events both surface and subsurface. Report Section 2.2.6

COMPLETE?

Wisconsin Power and Light Company - Columbia Dry Ash and Ash Pond Disposal Facilities / SCS Engineers Project #25222260.00

Table 1. 
Coal Combustion Residual (CCR) Landfill Plan of Operation Modification for Initial Permitting Checklist

Section NR 514.045, Wis. Adm. Code
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REGULATORY REQUIREMENTS LOCATION COMMENTS

Y N NA

COMPLETE?
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Table 1. 
Coal Combustion Residual (CCR) Landfill Plan of Operation Modification for Initial Permitting Checklist

Section NR 514.045, Wis. Adm. Code

For existing CCR landfills that do not comply with the location criteria for unstable areas specified above, has 
the owner or operator, within 6 months of the determination, done the following per NR 514.045(5)(a):
     ceased placing CCR and non-CCR waste streams into the CCR landfill
     closed the CCR landfill in accordance with the requirements under s. NR 506.083
Note: This timeframe does not apply if the owner or operator complies with the alternative closure procedures under s. NR 506.083 (7).

N/A

NR 514.045(1)(d) Does the submittal include a demonstration that the facility or practices near 
floodplains will not cause the following effects:
     Restrict the flow of the regional flood
     Reduce the temporary water storage capacity of the floodplain
     Result in washout of solid waste so as to pose a hazard to human life, wildlife, or land or water resources.
Note: NR 504.04(3)(c) also requires no person may establish, construct, operate, maintain, or permit the use of property for a landfill where 
the limits of filling are or would be within a floodplain.

Report Section 2.3.1

For new CCR landfills or a lateral expansion of a CCR landfill, if the landfill failed to make the demonstration 
showing compliance with the criteria above, has the landfill ceased placing CCR in the CCR landfill per NR 
514.045 (5)(b)?

N/A

NR 514.045(1)(e) Does the submittal include a demonstration that the facility or practices will not result 
in the destruction or adverse modifications of the critical habitat of endangered or threatened species 
as identified in s. NR 27.03(1)?

Report Section 2.4.1

For new CCR landfills or a lateral expansion of a CCR landfill, if the landfill failed to make the demonstration 
showing compliance with the criteria above, has the landfill ceased placing CCR in the CCR landfill per NR 
514.045 (5)(b)?

N/A

NR 514.045(1)(f) Does the submittal include a demonstration that the CCR landfill design meets 
requirements under s. NR 504.12 or an alternate design under s. NR 504.10? Does the demonstration 
include a design report, engineering drawings, and calculations?
Note: Complete NR 504.12 and if applicable NR 504.10 (for an alternate design) of the 
NR 504 Design and Construction Criteria Completeness Checklist.

Report Section 3.0

For new CCR landfills or a lateral expansion of a CCR landfill, if the landfill failed to make the demonstration 
showing compliance with NR 504.12 and NR 504.10 (for an alternate design), has the landfill ceased placing 
CCR in the CCR landfill per NR 514.045(5)(b)?

N/A

NR 514.045(1)(g) Does the submittal include all of the plans required under s. NR 514.07(10)?

NR 514.07(10) PLAN OF OPERATION. Does the submittal include all of the following:

(a)  A CCR fugitive dust control plan in accordance with all of the following:

1.   The plan shall identify and describe the CCR fugitive dust control measures the owner will use to 
minimize CCR from becoming airborne at the facility. The owner shall select and include in the CCR 
fugitive dust control plan the CCR fugitive dust control measures that are most appropriate for site 
conditions, along with an explanation. See s. NR 514.07 (10)(a)1. for control measure examples.

Appendix C1, 
Measures for 
Controlling Fugitive 
Dust

2.   The plan shall include procedures to wet CCR with water to a moisture content that will prevent wind 
dispersal, but will not result in free liquids. In lieu of water, wetting of CCR may be accomplished with an 
appropriate chemical dust suppression agent.

Appendix C1, 
Procedure for 
Conditioning CCR 
Prior to Placement

3.   The plan shall include a description of the procedures the owner will follow to periodically assess the 
effectiveness of the control plan. At a minimum, the assessment shall include a visual inspection at least 
every 7 days, unless the CCR landfill is inactive, and all areas are covered by intermediate or final cover.

Appendix C1, 
Visual Inspections

4.   The plan shall be modified in accordance with s. NR 514.04 (6) whenever there is a change in 
conditions that may substantially affect the plan of operation.

Appendix C1, 
Procedure for Periodic 
Review of CCR 
Fugitive Dust Control 
Plan

5.   The plan shall address the preparation of an annual fugitive dust control report in accordance with s. 
NR 506.20 (3)(a).

Appendix C1, 
Procedure for Periodic 
Review of CCR 
Fugitive Dust Control 
Plan

(b)  A run-on and run-off control system plan that includes all of the following:

1.   A run-on and run-off control system designed in accordance with the requirements under s. NR 504.12 
(2).

Appendix C2,  
Section 2.0

2.   Plan sheets depicting the location of run-on and run-off control features, detail drawings, and 
supporting engineering calculations.

Appendix C2, Figures 
and Appendix A

3.   Construction procedures and a schedule for construction. Appendix C2,  
Section 2.3

4.   Modification every 5 years from the date of the most recent plan approval or whenever there is a 
change in conditions that may substantially affect the written plan in effect. The modification shall be 
requested by the owner in accordance
with s. NR 514.04 (6) prior to the 5-year deadline.

Appendix C2, Section 
4.0

(c)  A written closure plan in accordance with all requirements under NR 514.06 (10) and all of the following:

1.   A narrative description of how the CCR landfill will be closed, including a description of the steps 
necessary to close the CCR unit at any point during the active life of the CCR unit, consistent with 
recognized and generally accepted good engineering practices.

Appendix C3, Section 
2.0

2.   A description of the final cover system, designed in accordance with s. NR 504.07, and the methods 
and procedures to be used to install the final cover.
Note: Complete NR 504.07 of the NR 504 Design and Construction Criteria Completeness Checklist.

Appendix C3, Section 
3.0

3.   A demonstration, including a narrative discussion, of how final closure will meet the performance 
standards under s. NR 506.083 (6).

Appendix C3, Section 
3.0

4.   An estimate of the maximum volume in cubic yards of CCR that will be disposed on-site over the active 
life of the CCR landfill.

Appendix C3, Section 
4.0

5.   An estimate of the largest area of the CCR landfill that will require a final cover at any time during the 
CCR landfill’s active life.

Appendix C3, Section 
5.0
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Table 1. 
Coal Combustion Residual (CCR) Landfill Plan of Operation Modification for Initial Permitting Checklist

Section NR 514.045, Wis. Adm. Code

6.   A schedule for completion of all closure activities, including an estimate of the year in which all closure 
activities for the CCR landfill will be completed.

Appendix C3, Section 
6.0 and 7.0

7.   The plan shall be modified in accordance with s. NR 514.04 (6) whenever there is a change in 
conditions that may substantially affect the written closure plan or unanticipated events necessitate a 
revision of the written closure plan.

Appendix C3, Section 
9.0

8.   If closure of the CCR landfill will be accomplished through removal of CCR from the CCR landfill, the 
closure plan shall be modified and approved by the department prior to implementation in accordance with 
s. NR 514.04 (6).

N/A

(d)  A written long-term care plan that addresses all of the following:

1.   A description of the monitoring and maintenance activities and the frequency at which those activities 
will be performed. The activities shall include, at a minimum, all of the following:
     Long-term care activities specified under s. NR 514.06 (11).
     Maintaining the integrity and effectiveness of the final cover system, including making repairs as 
necessary.
     Maintaining the effectiveness of the leachate collection and removal system and operating the leachate 
collection and removal system in accordance with the requirements under s. NR 504.12 (3) (a).
     Maintaining the groundwater monitoring system and monitoring the groundwater in accordance with ch. 
NR 507 and the sampling plan approval.

Appendix C4, Section 
2.0

2.   The name, address, telephone number, and email address of the person or office to contact about the 
facility during long-term care.

Appendix C4, Section 
3.0

3.   A description of the planned uses of the property during long-term care. Post- closure uses may not 
disturb the integrity of the final cover, liner, or other component of the landfill, or function of the monitoring 
systems unless approved in writing by the department. A written request for approval as part of the plan of 
operation submittal or a modification shall include a demonstration that disturbance of any part of the CCR 
landfill will not increase the potential threat to
human health or the environment.

Appendix C4, Section 
4.0

NR 514.045(1) (h) Does the submittal include a demonstration that the CCR groundwater monitoring 
system complies with the requirements under s. NR 507.15(3), including documentation of the design, 
installation, and development of
any CCR wells?
NR 507.15(3) CCR LANDFILLS. In addition to the detection groundwater monitoring system required under s. 
NR 507.19, the CCR landfill owner shall submit a plan establishing a separate CCR groundwater monitoring 
system for the purpose of monitoring groundwater quality in the uppermost aquifer. The plan shall be submitted 
with the plan of operation modification for initial permitting in accordance with s. NR 514.045 or in the feasibility 
report under ch. NR 512. The plan shall include all of the following:

To be provided in an 
addendum

(a)  Does the monitoring system consist of a sufficient number of CCR monitoring wells, installed at appropriate 
locations and depths?

To be provided in an 
addendum

Are the CCR wells adequate to yield groundwater samples from the uppermost aquifer that accurately 
represent upgradient groundwater quality that has not been affected by leakage from CCR landfill and 
downgradient groundwater quality passing the waste boundary of the CCR landfill?

To be provided in an 
addendum

Are the downgradient monitoring wells installed to ensure detection of groundwater
contamination in the uppermost aquifer, including all known or suspected contaminant pathways?

To be provided in an 
addendum

(b)  Has the number, spacing, and depths of monitoring wells that are part of the CCR groundwater monitoring 
system plan based upon site-specific technical information that includes the following?
     Aquifer thickness
     Groundwater flow rate
     Groundwater flow direction, including seasonal and temporal fluctuations in groundwater flow

To be provided in an 
addendum

Does the monitoring system consider the saturated and unsaturated geologic units and fill materials 
overlying the uppermost aquifer, materials comprising the uppermost aquifer and materials comprising the 
confining unit defining the lower boundary of the uppermost aquifer, including thicknesses, stratigraphy, 
lithology, hydraulic conductivities, porosities, and effective porosities?

To be provided in an 
addendum

(c)  Does the monitoring system plan include the minimum number of monitoring wells necessary to meet 
performance standards specified under (a) based on the site- specific information specified under (b).?

To be provided in an 
addendum

1.   Does the groundwater monitoring system plan contain a minimum of one upgradient and 3 
downgradient monitoring wells to be designated as CCR wells?

To be provided in an 
addendum

2.   Does the groundwater monitoring system contain additional monitoring wells as necessary to 
accurately represent the background groundwater quality in the uppermost aquifer that has not been 
affected by leakage from the CCR landfill and the quality of groundwater passing the waste boundary of 
the CCR landfill?

To be provided in an 
addendum

(d)  Have the monitoring wells been designed and installed in accordance with NR 507.06 and regularly 
inspected in accordance with NR 507.13?

To be provided in an 
addendum

(e)  Has the documentation of the design, installation, development, and decommissioning of all wells and 
measurement/sampling devices been performed in accordance with NR 507.14 and NR 141, where applicable?  
This includes submission of all required forms to the department in the timeframes specified.

To be provided in an 
addendum

NR 514.045 (i) Does the submittal include an updated sampling plan that addresses the requirements 
under s. NR 507.15(3)?
NR 507.15(3) CCR LANDFILLS. Does the sampling plan address all of the following:
(f)   A sampling plan, which includes the CCR groundwater monitoring system, in accordance with s. NR 507.16 
and the requirements under s. NR 140.16. Note: Complete NR 507.16(1) below.

To be provided in an 
addendum

Does the sampling plan include consistent sampling and analysis procedures designed to ensure the 
production of monitoring results that provide an accurate representation of groundwater results that 
provide an accurate representation of groundwater quality in the uppermost aquifer at the upgradient and 
downgradient CCR wells and that provide a characterization of leachate quality generated by the
CCR landfill?

To be provided in an 
addendum

(g)  Does the sampling plan include sampling and analytical methods that are appropriate for groundwater 
sampling and that accurately measure all required monitoring parameters under ch. NR 507, Appendix I in 
groundwater samples?

To be provided in an 
addendum

Does the sampling plan specify the CCR landfill owner or operator obtain and analyze samples in 
accordance with the sampling plan and the requirements under s. NR 507.17?

To be provided in an 
addendum
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Table 1. 
Coal Combustion Residual (CCR) Landfill Plan of Operation Modification for Initial Permitting Checklist

Section NR 514.045, Wis. Adm. Code

(h)  In addition to the field measurements required under s. NR 507.17(1), does the plan include measurement 
of the groundwater elevations in each CCR well immediately prior to purging, each time groundwater is 
sampled.

To be provided in an 
addendum

Does the plan include determination of the rate and direction of groundwater flow each time groundwater is 
sampled and reporting the result to the department in accordance with s. NR 507.26?

To be provided in an 
addendum

Does the plan include that groundwater elevations in wells that monitor the same CCR landfill be 
measured within a timeframe short enough to avoid temporal variations in groundwater flow that could 
preclude accurate determination of groundwater flow rate and direction?

To be provided in an 
addendum

(i)   Has the owner/operator established baseline groundwater quality levels for each CCR monitoring well in 
accordance with NR 507.18 for each CCR well and for each of the
constituents required under ch. NR 507 Appendix I, Table 1A and the sampling plan?

To be provided in an 
addendum

(j)   Has the owner/operator measured the total recoverable metal concentrations when measuring groundwater 
quality for each CCR monitoring well?

To be provided in an 
addendum

Does measurement of total recoverable metals include both the particulate fraction and dissolved fraction 
of metals in natural waters?  To ensure this, groundwater
samples from CCR wells may not be field filtered prior to analysis.

To be provided in an 
addendum

(k)  Does the plan specify the owner/operator notify the department in writing within 60 days of completing 
sampling and analysis at any CCR well when a groundwater standard at the point of standards application has 
been attained or exceeded in accordance with s. NR 507.30?

To be provided in an 
addendum

(L)  Does the plan specify the owner/operator conduct detection groundwater monitoring at all CCR monitoring 
wells in accordance with NR 507.19 and all of the following?

To be provided in an 
addendum

Does detection groundwater monitoring include groundwater monitoring for all constituents appropriate for 
CCR wells as listed under ch. NR 507 Appendix I, Table 1A and additional parameters as required by the 
department.

To be provided in an 
addendum

1.   Is the minimum monitoring frequency semi-annual for detection groundwater monitoring? To be provided in an 
addendum

Has baseline groundwater quality been established at each CCR monitoring well in accordance with s. 
NR 507.18? This includes collection of a minimum of 8 independent groundwater quality samples for 
each CCR well, analyzed for constituents’ approval for CCR landfills as listed under ch. NR 507 
Appendix I, Tables 1A and 3 and additional parameters as required by the department.

To be provided in an 
addendum

2.   Does the plan specify the number and methodology of groundwater quality samples be collected and 
analyzed for each CCR well during subsequent sampling events consistent with the approved sampling 
plan?

To be provided in an 
addendum

Does the plan specify the CCR landfill owner or operator inform the department in accordance with s. 
NR 507.26 of any CCR well that purges dry, is damaged or obstructed, or in any way is rendered such 
that a sample was unable to be collected from the well during a scheduled sampling event and does 
the plan specify the owner or operator propose remedial actions to correct the problem prior to the next 
sampling event?

To be provided in an 
addendum

3.   Does the plan specify the owner or operator of the CCR landfill notify the department and respond in 
accordance with s. NR 507.30 when a groundwater standard at the point of standards application has been 
attained or exceeded at any CCR well?  This includes the establishment of an assessment monitoring 
program meeting the requirements under s. NR 508.06, unless the exceedance is determined by the 
department to be from a source other than the CCR landfill, or that the groundwater standard exceedance 
resulted from error in sampling, analysis, or natural variation in background groundwater quality in 
accordance with s. NR 508.06(2)(f)2.

To be provided in an 
addendum

4.   Does the plan specify the point of standards application for a groundwater quality exceedance at a 
CCR well, the horizontal distance for the design management zone under s. NR 140.22(3)(a) for a CCR 
landfill is 0 feet from the waste boundary and may not be expanded by the department under s. NR 
140.22(3)(b)?  The waste boundary includes the horizontal space taken up by any liner, dike or other 
barrier designed to contain CCR waste.

To be provided in an 
addendum

(m) Does the plan specify the owner or operator of the CCR landfill prepare an annual groundwater monitoring 
and corrective action report for submittal to the department, placement in the written operating record and 
position g on the publicly accessible internet site under s. NR 506.17(2) and (3) no later than January 31 of the 
year following the calendar year a groundwater monitoring system has been approved by the department, and 
annually thereafter?

To be provided in an 
addendum

Does the plan specify that the annual report document the status of the groundwater monitoring and any 
corrective action implemented at the CCR landfill, summarize key activities completed, describe any 
problems encountered, discuss actions to resolve the problems, and project key activities for the upcoming 
year?

To be provided in an 
addendum

Does the plan specify the annual groundwater monitoring and corrective action report contain, at a 
minimum the information included in ss. NR 507.15(3)(m) 1. – 5.

To be provided in an 
addendum

NR 507.16(1) SAMPLING PLAN. Does the sampling plan include the following information:
(a)   An 8 1/2 by 11 inch site map showing locations of all sample points and devices. An 11 by 17 inch site map 
may be included if clarity is compromised using the 8 1/2 by 11 inch size. Different symbols shall be used to 
differentiate types of monitoring devices such as groundwater monitoring wells, collection lysimeters and gas 
monitoring wells. Each sample point shall be labeled.

To be provided in an 
addendum

(b)  A sample schedule, including all of the following:
     1. The months that each sample point is to be sampled.
     2. The sampling period, as designated by the department.
     3. The list of parameters that are to be analyzed for in the sample from each monitoring device during each 
month that sampling occurs.

To be provided in an 
addendum

(c)  Procedures for field measurements, including all of the following:
     1. The order in which wells should be sampled if the groundwater has been impacted by regulated or other 
activities.
     2. The procedures and type of equipment used to measure water level elevations.
     3. The procedures and type of equipment used to measure temperature, pH, conductivity and procedures to 
determine turbidity, odor and color.

To be provided in an 
addendum

(d) Procedures for purging wells, including all of the following:
     1. Procedures to purge wells prior to collecting samples.
     2. Procedures for determining the volume of water to be removed from each well.
     3. The type of equipment used to purge wells.
     4. The rate of flow while purging, when applicable.
     5. Procedures to clean purging equipment between wells.
     6. The amount of time required between purging and sampling.

To be provided in an 
addendum
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(e) Procedures for obtaining samples from wells, including all of the following:
     1. Procedures and type of equipment used to retrieve samples.
     2. Volume of sample required for analysis.
     3. Procedures and type of equipment to filter samples, including when to filter and when not to filter samples, 
if applicable.
     4. The rate of flow when sampling, when applicable.
     5. Procedures and type of equipment to physically and chemically preserve samples.
     6. Procedures to clean sampling equipment following sampling of one well and prior to sampling the next 
well.

To be provided in an 
addendum

(f) Procedures for establishing field quality assurance and quality control, including all of the following:
     1. Field blank, duplicate sample and trip blank procedures.
     2. The frequency at which the field blanks, duplicate samples and trip blanks will be collected or processed. To be provided in an 

addendum

(g) Special procedures to sample water supply wells. To be provided in an 
addendum

(h) Special procedures to sample leachate headwells and other devices. To be provided in an 
addendum

(i) Chain of custody procedures, including persons responsible for sampling and methods for transporting 
samples to the laboratory.

To be provided in an 
addendum
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Appendix A 

Performance and Location Criteria 
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Surface Water Data Viewer Map

DISCLAIMER: The information shown on these maps has been obtained from various 
sources, and are of varying age, reliability and resolution. These maps are not intended to be 
used for navigation, nor are these maps an authoritative source of information about legal land 
ownership or public access. No warranty, expressed or implied, is made regarding accuracy, 
applicability for a particular use, completeness, or legality of the information depicted on this 
map. For more information, see the DNR Legal Notices web page: http://dnr.wi.gov/legal/7,920
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State of Wisconsin 
DEPARTMENT OF NATURAL RESOURCES 
3911 Fish Hatchery Rd. 
Fitchburg, WI, 53711 
 

 

 
 

Tony Evers, Governor 
Preston D. Cole, Secretary 

Telephone 608-266-2621 
Toll Free 1-888-936-7463 

TTY Access via relay - 711 

03/15/2022 
 
Jeff Maxted                                                                                                                   EXE-SC-2022-11-00802 
4902 N Biltmore Lane 
Madison, WI 53718 
 
 

   RE:  Artificial Wetland Exemption Determination for an area described as Wetlands 1, 2, and 
 active coal combustion residual surface impoundments (purple colored on map) located at T12N R9E S27 in the Town of 

PACIFIC, Columbia County. 

 

 
Dear Mr. Maxted: 
 
This letter is in response to your request for an artificial wetland exemption determination for the above mentioned wetlands.    
 
According to 281.36 (4n), State Statutes, a landscape feature where hydrophytic vegetation may be present as a result of 
human modification to the landscape or hydrology and for which no definitive evidence exists showing a prior wetland or 
stream history before August 1, 1991, may be exempt from state wetland regulations.  The following types of artificial wetlands 
cannot be exempted from state wetland regulation: 1) a wetland that serves as a fish spawning area or that is passage to a 
fish spawning area and 2) a wetland created as a result of a wetland mitigation requirement.  In addition, DNR must also 
consider whether the artificial wetland is providing significant flood protection to adjacent or downstream properties and 
infrastructure, and/or significant water quality functions to adjacent or downstream water bodies.     
 
 
The Department reviewed the following materials to aid in our exemption determination:  
The request narrative.  
Historic Maps, including the Original Land Survey Plat, Bordner Survey, the USGS topographic Quad map from 1962 and 
1984, and soil mapping.   
Aerial photographs, including the 1937/8 era photograph, a pre-construction aerial photograph, and a post-construction 
photograph.   
Site photographs that show different angles and views of the wetland.  
 
Below is a summary of our findings:  
 
Request Narrative 
According to the request narrative the basis for a determination of artificial wetlands is that wetland characteristics formed 
within areas lacking a history of wetland land cover. This is due to the construction of CCRSIs in the CCRSI area, and the 
excavation/construction of a PVC-lined leachate and stormwater runoff collection basin and grading in the landfill area. 
 
Historic Map Review 
Original Land Survey Plat.  The original land survey indicates inconclusive maps and notes along the WI River.  
The Bordner survey indicates cropland including oak, hickory woodland.  
The 1962 and 1984 USGS Quad map indicates no wetlands. 
The 1913 soil survey maps indicate no wetlands. 
 
Aerial Photograph Review 
The 1937/38 aerial photograph shows farm field.  
The 1972-74 aerial photographs show mass grading. 
 
Site Photographs 



The site photographs show the ponds and conveyance features. 
 
Conclusion:   
Based upon the information provided above, the wetland identified as Wetlands 1, 2 and active coal combustion residual 

surface impoundments (purple colored on map) lacked a wetland history prior to August 1, 1991, and fulfills all artificial 
wetland exemption standards.  Therefore, Wetlands 1, 2, and active coal combustion residual surface impoundments (purple 

colored) are exempt from state wetland regulations.   
 
This letter describes DNR’s decision regarding the jurisdictional status of Wetlands 1, 2, and active coal combustion residual 

surface impoundments (purple colored on map) and are only valid for state jurisdictional purposes.  For decisions regarding 
the federal jurisdictional status of Wetlands 1 and 2, you will need to contact the U.S. Army Corps of Engineers.  
 
If you have any questions, please call me at (608) 228-4067 or email Allen.Ramminger@wisconsin.gov  
 
Sincerely, 

 
Allen Ramminger 
Water Management Specialist 
 
Copy to:  

 
USACE Project Manager 
Water Management Specialist 
County Zoning Administrator 
Consultant 
 

 

mailto:Allen.Ramminger@wisconsin.gov
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Columbia Dry Ash 
Disposal Facility

Source - https://www.usgs.gov/natural-hazards/earthquake-hazards/faults?qt-science_support_page_related_con=4#qt-science_support_page_related_con
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Seismic-Hazard Maps for the Conterminous United States, 2014
Peak Horizontal Acceleration with 2 Percent Probability of Exceedance in 50 Years
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United States County base map from the U.S. Geological Survey National Atlas, available at http://nationalatlas.gov/
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DISCUSSION
The acceleration values contoured are the random horizontal component. Reference 

site condition is firm rock, defined as having an average shear-wave velocity of 760 m/s in the 
top 30 meters, corresponding to the boundary between NEHRP (National Earthquake Hazards 
Reduction Program) site classes B and C. Documentation, gridded values, interactive maps, 
and GIS data used to make the map are available online at
ttp://earthquake.usgs.gov/hazards or http://dx.doi.org/10.3133/sim3325.
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Site Description and Geologic Summary 

Site Information 
The COL dry ash disposal facility encompasses 62.5 acres, and is located in an industrial and 
agricultural area with scattered private residences.  The site location is Section 27, T12N, R9E, in the 
town of Pacific, located in Columbia County, Wisconsin.  The facility is bounded by U.S. Highway 51 to 
the east and railroad tracks to the west.  Murray Road is located to the north and wetlands are 
located to the south of the facility. 

Regional Geology 
Columbia County glacial geology consists mostly of glacial drift.  Glacial sediments from the Green 
Bay Lobe were deposit during the Wisconsin Glaciation (Harr et. al, 1978).  Underling the glacial drift 
is a mix of dolomite and sandstone from the Ordovician.  The Ordovician units:  Prairie du Chien 
Group (mostly dolomite), St. Peter Sandstone, as well as the Platteville and Decorah Formation, and 
the Galena Dolomite (Galena-Platteville unit) underlay the glacial sediments present in Columbia 
County (Harr et. al, 1978).  In many parts of the county, the Prairie du Chien Group was eroded away 
and the St. Peter Sandstone overlies Cambrian Sandstone.  A bedrock geology map and stratigraphic 
column are provided in Attachment A4.1 and A4.2. 

A map of karst and shallow carbonate bedrock in Wisconsin, like the bedrock geology map from Harr 
et. al, (1978), shows karst structures and shallow carbonate bedrock are found within Columbia 
County (Bradbury, 2009); however, the karst geology identified is not located at or near the COL dry 
ash disposal facility (Attachment A4.3).   

The COL dry ash disposal facility is located within the area of the county where Ordovician St Peter 
sandstone bedrock underlies the glacial drift present at the surface (Appendices A6 and A7).  Karst 
features were not observed in boreholes at COL ADF, and the Wisconsin Geological and Natural 
History Survey (WGNH) did not identify the site as an area with potential karst structures.   

Previous Geologic Investigations 
The disposal facility area was investigated by Warzyn Engineering prior to construction by performing 
approximately 12 borings within and adjacent to the facility footprint.  Eleven of the borings were 
instrumented with groundwater monitoring wells.  The borings extended to depths of up to 100 feet.  
Split spoon samples were collected.  Laboratory soil testing included grain size analysis, Atterberg 
limits, and organic content by loss on ignition.  The boring locations and geologic cross sections are 
shown in Appendix A6. 

Based on the results of the subsurface investigations performed prior to disposal facility 
construction, the soils below the liner system within the facility footprint consist primarily of medium 
dense to very dense sands underlain by sandstone bedrock. 



References 
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Extension Geological and Natural History Survey, Factsheet 02, 2009. 

Warzyn Engineering, Inc., 1978, Feasibility Study, Proposed Fly Ash and/or Scrubber Sludge Disposal 
Facility – Columbia Site, Wisconsin Power and Light Company, Town of Pacific, Columbia County, WI, 
January 1978. 
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Table l.--Stratigraphy of Columbia County 

System Rock unit Predominant lithology 

?-; Unconsolidated clay, silt, sand, gravel, and organic 
'" Holocene deposits 
~ matter. 

'" ~ E-' Unconsolidated clay, silt, sand, gravel, cobbles, « Pleistocene deposits § boulders, and organic matter. 

Galena Dolomite, 
Decorah Formation, and Dolomite and some slightly shaly dolomite, light-gray 
Platteville Formation, to blue-gray. 

:'l undifferentiated 
H 
0 
H Sandstone, dolomitic in some places, shaly at base in 0> 
0 St. Peter Sandstone some places, white, light-gray, or pink, fine- to r:::, 
PC medium-grained. 
0 

... Prairie du Chien Group Dolomite, tan~ gray, or white; some sandstone and 
c;cmdy dolomite. 

Trempealeau Formation Sandstone, dolomitic, very fine- to medium-grained; 
dolomite interbedded with siltstone, light-gray. 

:'l Franconia Sandstone Sandstone, dolomitic, very fine- to medium-grained; 
H siltstone, dolomitic. 
PC 

~ Galesville, Eau Claire, 
0 Sandstone, light-gray, fine- to coarse-grained, and Mount Simon Sand-

stones, undifferentiated mostly medium grained. 

:'l 
H 
PC Precambrian rocks, 

~ undifferentiated Crystalline rocks, mostly quartzite and rhyolite. 

0 
~ 
PC p, ,--- -- -_ ... - ---- -- -------- --
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Karst and shallow carbonate bedrock in Wisconsin

Wisconsin Geological and Natural History Survey 3817 Mineral Point Road • Madison, Wisconsin 53705-5100 
Tel 608.263.7389  •  Fax 608.262.8086  •  WisconsinGeologicalSurvey.org

Director and State Geologist: James M. Robertson
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Carbonate bedrock, rock for-
mations composed primarily of 
limestone or dolomite, underlie 
the southern third of Wisconsin in 
a V-shaped belt (see map on other 
side). These rocks are commonly 
fractured, with the fractures provid-
ing primary pathways for ground-
water movement. 

Carbonate rocks are soluble, and 
percolating surface water can 
enlarge fractures to form conduits, 
caves, and sinkholes that are the 
hallmarks of a karst system and its 
related karst landscape. 

In Wisconsin, karst landscapes are 
direct evidence of underlying shal-
low, fractured carbonate bedrock. 
But the lack of classic karst features 
in a landscape does not mean 
that shallow fractured carbon-
ate bedrock is absent, or that the 
groundwater is potentially any less 
vulnerable to contamination.

Carbonate bedrock and 
groundwater contamination
Carbonate formations are impor-
tant aquifers in Wisconsin. These 
aquifers supply water for homes, 
farms, cities, industries, and other 
human uses as well as maintaining 
water levels in lakes and wetlands 
and flows in streams and springs. 

Typical features of a karst sytem and landscape:  
Seepages, sinkholes, caves, fractures, springs, and stream sinks.

Carbonate aquifers are exception-
ally vulnerable to contamination 
for two reasons: 

n	Groundwater flow in fractured 
rocks and karst systems can be 
extremely rapid—tens to hun-
dreds of feet per day. 

n	Carbonate rocks are poor at 
filtering or otherwise removing 
contaminants. 

Some site-specific questions to 
ask about carbonate aquifers
Carbonate aquifers are particu-
larly vulnerable where overlying 
soils are thin or absent. There are 
numerous examples of ground-
water contamination of carbon-
ate aquifers in such settings in 
Wisconsin. Consequently, land-use 
activities in areas of carbonate 
rock must be carefully managed to 
avoid the release of contaminants 
to groundwater.

Types of questions to ask:

n	 Is carbonate bedrock present in 
the subsurface?

n	How deeply is it buried? In other 
words, what is the thickness of 
the overlying material?

n	What is the nature of the over-
lying material? For example, 
what is its origin, composition, 
grain size, etc?

Water- and land-use management 
plans in areas with carbonate bed-
rock should always address these 
sorts of questions as they seek to 
protect groundwater quantity and 
quality.

For more information, contact
Kenneth R. Bradbury, Ph.D. 
Wisconsin Geological and  
Natural History Survey 
608.263.7921, krbradbu@wisc.edu

Karst and shallow carbonate 
bedrock in Wisconsin
Wisconsin Geological and Natural History Survey 
Factsheet 02  |  2009

Runkel and others, 2003

Fracturing and bedding in an exposure of 
carbonate bedrock near Sturgeon Bay in 
Door County.
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Liquefaction and Settlement Potential Evaluation 

 
Based on the results of the site investigation borings and laboratory soil test results, the disposal 

facility soils are not subject to liquefaction or settlement concerns for the performance of the 

disposal facility. 

Liquefaction is the process by which a saturated, loose, cohesionless soil influenced by external 

forces can suddenly loses its shear strength and behave as a fluid. The external forces result from 

ground motion from an earthquake. The disposal facility site soils consist primarily of sand. Borings 

show that the sands are medium dense to very dense rather than loose so liquefaction is not a 

concern given the low magnitude of maximum ground accelerations expected in the area; see 

Appendix A3. 

Settlement below a disposal facility can be a concern if the facility is underlain by extensive soft, fine-

grained soils. Soft soils are subject to consolidation settlement depending on the load over the soft 

soils. The disposal facility soils consist of medium dense to very dense sands that are not subject to 

consolidation settlement so settlement is not a concern at the disposal facility. 

 

I:\25222260.00\Deliverables\Plan Modification\Appendices\A_Performance and Location Criteria\A5-Liquefaction and Settlement 

Potential Evaluation\F1_Liquefaction and Settlement Potential Evaluation.docx 
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TECHNICAL MEMORANDUM 

 

ANALYSIS BY:  Brandon Suchomel 

REVIEWED BY:  Deb Nelson 
Phil Gearing 
 

SUBJECT: Slope Stability Analyses 
Plan of Operation 2022 Update 
Columbia Dry Ash Disposal Facility 

 

PURPOSE 
The purposes of the slope stability analyses were to evaluate: 

• The interim 3H:1V waste slope in Module 5 at the highest waste grade (Interim Waste 
Filling Stage 2). 

• The interim 4H:1V east waste slope in Module 4/Module 11 at the highest waste grade 
(Interim Waste Filling Stage 3). 

• The final 4H:1V final cover slope Module 4/Module 11 at the highest final cover grade. 

CONCLUSION 
The attached results confirm that the interim waste slopes will be stable during the construction and 
operation of the disposal facility modules and that the final grade slope will be stable post-closure of 
the disposal facility. 

APPROACH 
SCS Engineers (SCS) evaluated the waste mass slope stability of the interim slope of Module 5 
during interim waste filling stage 2 and the waste mass slope stability of the interim slope of 
Module 4/Module 11 during the interim waste filling stage 3 at the most critical/highest waste grade 
cross-sections. The Module 5 interim 3H:1V waste slope analyzed is the eastern filling face with a 
maximum waste fill height of approximately 63 feet above the base grade corresponding to a peak 
elevation of approximately 870 feet above mean sea level. The Module 4/Module 11 interim 4H:1V 
waste slope analyzed is at the eastern filling face with a maximum waste fill height of approximately 
65 feet above the base grade corresponding to a peak elevation of approximately 870 feet above 
mean sea level. The interim waste slopes were evaluated for block failure and optimized circular 
failure.  
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SCS completed analysis for this waste slope by iteratively modifying the coal combustion residual 
(CCR) friction angle to determine the minimum friction angle required for a safety factor of 1.3. This 
calculated CCR friction angle was used in the other analyzed sections. The calculated CCR friction 
angle of 22.7 degrees is still conservative based on assumed published values of stabilized CCR in 
the range of 35 to 45 degrees (see Reference 7). 

SCS evaluated the final grade slope stability of longest final cover slope at the most critical/highest 
final grade cross-section. The 4H:1V slope of analyzed is through the Module 4/Module 11 waste 
mass with a maximum waste fill height of approximately 101 feet above base grades corresponding 
to a peak elevation of approximately 908 feet above mean sea level. The final grade slope was 
evaluated for block failure and optimized circular failure. 

RESULTS 
The calculated safety factors for each slope section and failure type are shown in the attached 
summary table. 

SCS recommends a minimum safety factor of 1.3 for the interim waste slopes and 1.5 for the final 
grade slopes. The results indicate that the interim waste slopes and final grade slopes have 
acceptable minimum safety factors. 

REFERENCES 
1. SCS Engineers, Columbia Dry Ash Disposal Facility, Module 3 Liner Construction, 2016, existing 

composite liner grades and material properties for geosynthetics. 
 

2. SCS Engineers, Columbia Dry Ash Disposal Facility, 2018 Module 4 Liner Construction, 2018, 
existing composite liner grades and material properties for subbase, clay, and drainage layer. 

 
3. SCS Engineers, Columbia Dry Ash Disposal Facility, Module 5-6 Liner Construction, 2021, 

existing composite liner grades and material properties for subbase, clay, and drainage layer. 
 
4. SCS Engineers, Columbia Dry Ash Disposal Facility, Plan of Operation 2022 Update, 2022, 

Module 10-11 composite liner grades, interim waste filling stages, final grades. 
 
5. TRI/Environmental, Interface Friction Test Results, 2016, for 2016 Module 3 Liner Construction. 
 
6. TRI/Environmental, Consolidated-Undrained Triaxial Compression Test Results for FGD Material, 

2015, material properties for CCR (SCS Project No. 25214049.00). 
 
7. U.S. Department of Transportation, Federal Highway Administration, Recycled Materials, User 

Guidelines for Waste and Byproduct Materials in Pavement Construction. 
 
8. Stabilization of FGD By-Products by Using Fly Ash, Cement, and Sialite, 2009 WOCA Conference. 
 
9. Geo-Slope International, Ltd., GeoStudio 2016, Version 8.16.2.14053, Slope/W slope stability 

software. 
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ASSUMPTIONS 
• Sand drainage layer in each of the existing and future modules have the same 

properties. 

• Geosynthetics installed for each of the module composite liners have the same 
properties. 

• Clay material for each of the module composite liners have the same properties. 

• CCR waste material will be the same in each of the existing and future modules.  

• A waste fill slope of 3H:1V or 4H:1V is representative of the design interim waste slopes. 

• The groundwater elevation will remain below the elevation at the base of the landfill liner 
system. 

• The disposal facility will be operated to prevent development of liquid pressures, or 
seepage forces within the waste, and there will be no buildup of leachate above the top 
of the drainage layer. 

• The disposal facility will be operated to prevent placement of weak layers of waste within 
the overall waste mass. 

• Optimized circular and sliding block failure stability analyses are appropriate to evaluate 
the waste interim grade and final grade slope stability. 

• Material properties are as shown in the table below, based on the indicated references 
and assumed values based on experience. Friction angles for soils are conservative 
assumed values based on soil type, published typical values, and SCS experience. The 
CCR friction angle is a calculated conservative value that is in line with assumed 
published values and the CCR unit weight is based on 2015 triaxial compression test 
results by TRI/Environmental for CCR.  

Table 1. Material Properties Summary Table 

Material Unit Weight 
(pcf) 

Friction Angle 
(degrees) 

Cohesion 
(psf) Reference 

Subbase 120 30 0 1, 2, and 3 
Clay 125 28 0 1, 2, and 3 
Geosynthetics 58 24.3 0 5 
Drainage Layer 115 30 0 2 and 3 
CCR 86 22.7(1) 0 6, 7, 8, and 

Calculation 
Final Cover 120 30 0 1, 2, 3, and 

4 
Notes: CCR friction angle iteratively calculated for minimum value for a safety factor of 1.3 
for Module 5 interim 3H:1V analysis. Calculated CCR friction angle was used in the other 
analyzed sections. 
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Attachments: Calculations organized as follows: 
• Factor of Safety Summary Table 
• Cross Section Locations 
• Slope/W Outputs 

 
BSS/DLN/REO/PEG 
 
I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Slope Stability\Tech 
Memo\Tech Memo_POO 2022 Update Stabtility Analysis_220510.docx 



Scenario Analyzed Failure Type Calculated Safety 
Factor

Recommended 
Minimum Safety Factor

Interim Waste Stage 2 (Module 5 Interim 3H:1V Waste Slope)

2-2_Optimized Circular_Forced Full Slope_FS=1.3 Optimized Circular 1.302(1) 1.300

3_Block Block 1.579 1.300

Interim Waste Stage 3 (Module 4/Module 11 Interim 4H:1V Waste Slope)

2-1_Optimized Circular_Forced Full Slope Optimized Circular 1.691 1.300

3_Block Block 2.063 1.300

Final Grade (Module 4/Module 11 4H:1V Final Cover Slope)

2_Optimized Circular Optimized Circular 1.715 1.500

3_Block Block 2.143 1.500

Notes:
1. Coal combustion residual (CCR) friction angle iteratively calculated for minimum value for a safety factor of 1.3.

Updated by: BSS, 05/04/2022
Checked by: DLN, 05/05/2022

Plan of Operation Update - Slope Stability Analysis
Factor of Safety Results Summary

Columbia Dry Ash Disposal Facility / SCS Project No. 25220183.00

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Slope Stability\Tech Memo\[A1_POO Slope Stability_FS Results 
Summary Table_220504.xlsx]FS Results Summary

Page 1 of 1
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1.302

Distance (ft)

-5 15 35 55 75 95 115 135 155 175 195 215 235 255 275 295 315 335 355

E
le

va
tio

n 
(f

t)

775

785

795

805

815

825

835

845

855

865

875

885

Title: Columbia Mod 10-11 Interim Waste Stage 2
Name: 2-2_Optimized Circular_Forced Full Slope_FS=1.3
Method: Bishop
Last Edited By: Suchomel, Brandon

Color Name Model Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi' (°)

CCR 
(Optimized 
Ciruclar 
FS=1.3)

Mohr-Coulomb 86 0 22.7

Clay Mohr-Coulomb 125 0 28

Drainage Layer Mohr-Coulomb 115 0 30

Geosynthetics Mohr-Coulomb 58 0 24.3

Subbase Mohr-Coulomb 120 0 30

F of S: 1.302, F of S Rank (Analysis): 1 of 8,650 slip surfaces
Last Solved Date: 4/7/2022, Last Solved Time: 4:36:09 PM

3H:1V
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1.579

Distance (ft)

-5 15 35 55 75 95 115 135 155 175 195 215 235 255 275 295 315 335 355

E
le

va
tio

n 
(f

t)

775

785

795

805

815

825

835

845

855

865

875

885

Title: Columbia Mod 10-11 Interim Waste Stage 2
Name: 3_Block
Method: Janbu
Last Edited By: Suchomel, Brandon

Color Name Model Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi' (°)

CCR Mohr-Coulomb 86 0 22.7

Clay Mohr-Coulomb 125 0 28

Drainage 
Layer

Mohr-Coulomb 115 0 30

Geosynthetics Mohr-Coulomb 58 0 24.3

Subbase Mohr-Coulomb 120 0 30

F of S: 1.579, F of S Rank (Analysis): 1 of 553,536 slip surfaces
Last Solved Date: 5/4/2022, Last Solved Time: 5:54:25 PM

3H:1V
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1.691

Distance (ft)

-5 45 95 145 195 245 295 345 395 445 495

E
le

va
tio

n 
(f

t)

775

785

795

805

815

825

835

845

855

865

875

885

Title: Columbia Mod 10-11 Interim Waste Stage 3
Name: 2-1_Optimized Circular_Forced Full Slope
Method: Bishop
Last Edited By: Suchomel, Brandon

Color Name Model Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi' 
(°)

CCR Mohr-Coulomb 86 0 22.7

Clay Mohr-Coulomb 125 0 28

Drainage 
Layer

Mohr-Coulomb 115 0 30

Geosynthetics Mohr-Coulomb 58 0 24.3

Subbase Mohr-Coulomb 120 0 30

F of S: 1.691, F of S Rank (Analysis): 1 of 3,970 slip surfaces
Last Solved Date: 5/4/2022, Last Solved Time: 5:59:59 PM

4H:1V



��������	�
������������������������������������������������������������������� �!�""�����#�$���%�&$'������(����%���)*+,-./012340.����5������67���8����6����	9��:�������'�����	;���������<�������=�6��� �	��>=������%���$�����=�6��� �	��>=��������?�����@�	9��6A�B���6ACDC����8�	�6A6A"6DA&:8���5������67����<��DA7�����@�	�6����	9��:�������'�����	;���������<���
B��������6'6E�A����7<���EB�������������(���E�'�����F��&��	�G��&�������� �������(���E��������9�����E%������?��B���6ACDC����%������?��8�	�6A6A"6A"&:H10I,JKL,M.NO%���� P%QR����6����8�	�P�QR����6������������P�QR����6&�����&�������P�QR����6��F������� R����6��FR���;��� ��F;����6���D��F5��S6�B$��	���8 ��T����6�U.3+VO*OL,M.NOWXYZ[\42*],̂_*1J̀+31Z)01J,̂)̀++L+0\,a���6�%�&$C;:�� ��6=�� ����G���&;&�����(���������6P����Q�������F���B����(���F	�?�	���6%�b����� �R��&����?�:���6@��������F�����(��6$�������$c�����(����������F������?��6�������(������:�c�	�	���?�cd����6�eB��?�������:�c�	�	���?�cd����6Ae��(	�
����(����������F���%���(��6f�����(����������F�����(	�
�(���:�c�	�	'����(���6�>������?�������8��������6�����#����(��&�����67$�����&�����6����	�����&��������'����(��6�



���������	
�����������	
��������������������������	��������������
����
���������������
�����
���������	������������ !"�����������	
�����"#"" $��������������	�
�������%��"# �&'()*+,(-.//0$������$�%	1�������2����3��4%���56������%�����7��"����8%�7��99#:�;8%�1<��"�;/-(=$������$�%	1�������2����3��4%��� 9!������%�����7��"����8%�7��95�;8%�1<��"�;>+(,?(@*�A(=*+$������$�%	1�������2����3��4%���  !������%�����7��"����8%�7��B"�;8%�1<��"�;C*D.=?)E*FG.$������$�%	1�������2����3��4%���!5������%�����7��"����8%�7��9H#B�;8%�1<��"�;IJKK(.*$������$�%	1�������2����3��4%��� 9"������%�����7��"����8%�7��B"�;8%�1<��"�;I-,L�IJ+M(G*�N?)+=�(?O�NP,)Q�&�8	�R�������S
�4�Q�&1T����Q�&����	���
�����UH# V�5:"��&Q�&1T����S�4%�����	���
�����  9#9BV�5:"��&Q�&1T����W��	�������9"



��������	
��	���������������	��������		�������������������� ��!!"!#���������	����������		���������� ����!���� ���$�!#���������	���%����&�����������'(�%����&���(���)*+,�)-./012�3+4+56�����		����������������#���������		���������� ���!������!#��78+956 :���# ;���#�	����" � ����	�����  ���! ����	����� � ������	����  ���! ����!�	�����  ���! ����!�	����$ � ������	����� � ����	����� ""��� ����	����! ��!�� ������	����"� � ��$���	����"" ����" �� ���	����"�  ���! ����!�	����"� � ������	����"  ���! ����	����"� ��!�� ���� <2=+896 >������? �	���( @������A#����	��" B'CC�(� "�$���� "��$������	��� �?�D $���!� �� !  �"�����	��� E�	(D�����( ��"��"��" � �!  ���!����	�� F����������D�� "��"��""�"��" �"�  ��������	��� ��� "������"" "��$$"G-..295�)*+,�)-./012B?�H�B'�I�������!��J�	I�B��"�$!"K	?'&���"�����!�����LM�������" !��!�����?C(��(�(���>	&���������$"�$���?C(��@�N����>	&�����"!������!��?C(��J�	I�B����O��@��?D(�(#��"�	I���!���(?�H�('�I���(J�	I�B����O��P'��D#��"�	I���!���(?�H�('�I���(QR�����������"������ ��� $�#��



��������		
�������������������		������
������������
�������	������	
���� !"�� !#$% &���� '���� ()(�*�+� ,����-.�/�0�1������*�+� 2��34.��0�1����5�6�*�+� �.6���7��1����5�6�*�+�10�3��	 		
�
��� ��������� � �������� ���
	��	
 �10�3��
 		����	� �������� � �	������
 	��		��	 �10�3��� 		���
�
 ��������� � �
��	
�� 
������
 �10�3��� 		������ ����	�� � ���
�		
 ����	��� �10�3��� 		������ �������
 � 	
��

	�� �	������� �10�3��� 	
������� �������		 � 	���	�	� ����		��� �10�3�� 	
	��	
 ����
�� � 	���	���� ����	�� �10�3��� 	
������� �������
� � 
	����
	 ������		 �10�3��� 	
��	���� �������� � 
���
		� 	�����		� �10�3�	� 	
������ �������� � 
�	�
���� 	�����	�� �10�3�		 	
��	� ��
����� � 
������� 		��
	�	 �10�3�	
 	������ ��	����� � 
������ 	
	�
�	�
 �10�3�	� 	�
�
	�� ��	�
���� � ����		�	� 	
�
	
�� �10�3�	� 	�������� ��������� � �	����
�	 	���	�

� �10�3�	� 	����
��� ��������� � ��
������ 	���	�
�� �10�3�	� 	�����	� ��������� � �����
��
 	���	

� �10�3�	 	������
� �������� � ��	�	��	 	�	���
�� �10�3�	� 	�	�	�� ��������� � ����	�� 	�����	 �10�3�	� 	�
����� �������� � �������� 	�������	 �10�3�
� 	���		�	 ��������� � �����	��� 	�������� �10�3�
	 	������	 ����
���� � �	��
��	� 	����� �10�3�

 	���
���	 ��������� � ��
������ 	�������� �10�3�
� 	�����
�
 ��������
 � ������
 	����	�	 �10�3�
� 	�	������ ��������� � ��
��
��� 	���
���
 �10�3�
� 	�����	� ������	
 � �
�	
��� 	������� �10�3�
� 	���
���� ����
��
 � ��
�

		 
�	�	�� �10�3�
 	������� ��
����� � ��
��
��� 
�������� �



������� �	�
����� �	�
��	�  	�
���	 ��
����� ������� ��
	���� �	�
	�	��  	��
	���� ���
���� ������ ���
��	�� �	
����  	��
����� ���
����� ������� ���
���� �	
�����  	��
����	 ���
����� ������� ��	
����	 ���
�	��  	��
���	� ���
���� ������� ���
	��	 ���
����  		�
���� ���
���� ������� ���
����� ���
�����  	��
���	 ��	
	��	� ������	 ���
��� ���
����  	��
����� ���
�	�� ������� ���
���� ���
	��	�  	��
����� ���
��	�� ������� ���
	���� ���
����  	��
����	 ���
���� ������� ���
���� ���
����  ��
��	�� �	�
����� ������� ���
�	� ��	
����  ���
	���� �	�
�	��� ������ ���
�	��� ��	
���  ���
���	 ��
���	 ������� ���
	��� ���
�����  ���
�	�� ��	
���� ������� ���
���� ���
��	��  ���
�	��� ���
���� ������� ���
����	 ���
�	���  �	�
�	��� ���
		��� ������� ���
����� ���
����  ���
		�� ���
���	 ������	 ���
����� ���
	���  ���
�	��� ���
	�� ������� ��
��	�� ���
�	���  ���
�	��� ���
���	� ������� ���
����� ���
��	��  ���
��� ��
�	�� ������� ���
��	�� ��
�����  ��
���� ���
�	 ������� ��	
����� ��
���	�  ���
����� ���
����� �����	 ���
�	��� ��
���	  ���
����� ���
����	 �����	� ���
	���� ���
����  ���
���	 ���
	��� �����	� �
����	 ���
����  ���
	���� ���
���� �����	� ��
���� ���
�����  ���
����� �
����� ����� ��
����� ���
���	  ��
����� ��
�		�	 



��������� �	�
���	� ��
��	� 	 ���
���� 	�
�	�� 	������� �	�
���� ��
�	� 	 ���
��� 	�
���� 	������� �	�
����� ��
����� 	 ��
�� 	�
����� 	������� ��	
����� ��
���� 	 ���
���� 	
����� 	������� ���
���� ��
���� 	 ���
����� 	�
	���� 	������	 ���
�	� ��
���� 	 ��
��� 	�
����� 	������� ���
	��� ��
����� 	 ��
���� 	�
����� 	������� ���
�		�� ��
����� 	 ��
���� 	�
��� 	������ ���
���� ��
	���� 	 ��
��	�� 	�
�	��� 	������� ���
���� �
����� 	 ���
����� �	
����� 	������� ��
		�� �
���	� 	 ���
����� ��
��	� 	������� ���
��� ��
����� 	 ���
���	� ��
����� 	������� ���
���	� ��
����� 	 ��	
����� �
���� 	������� ���
�	��� ��
��	� 	 ��
���� ��
	���� 	������� ���
���� ��
���� 	 ���
����� ��
����� 	������	 ��
����� �	
���� 	 ���
����� ��
���	� 	������� �
����� �	
	��� 	 ���
� ��
��	 	������� ��
���� ���
����� 	 ��
���� ��
���	� 	������ ��
����� ���
���� 	 ���
���	� ��
	��� 	������� ��
����� ���
����� 	 ���
����� ��
����� 	������� ��	
���� ���
���� 	 ���
����� �	
���� 	������� ���
��	� ���
����� 	 ��
���� ��
��� 	������� ���
����� ���
���� 	 ���
���� ��
���� 	������� ���
����� ���
����� 	 ���
����� ��
���� 	������� ���
����� ���
����� 	 ���
���� ��
��� 	������	 ���
����� ���
�		�� 	 ���
�	��� ��
��	 	



������� �	�
���� ��	
���� � 	�
����� ��	
���� �������� �	�
��	� ��	
	�		� � 	�
	��� ���
���� �������� �		
��	 ��	
����� � ��
	���	 ���
	���� �������� �	
���	 ���
���� � �
����� ���
�	�	� �������	 �	�
���� ���
����� � �	
��� ���
���� �������� ���
��� ���
���� � ��
���� ���
���� ������� ���
��	� ���
���� � �	
����� ���
��	 �������� ���
����� ���
����� � ��
��� ���
��	 �������� ���
����	 ���
�	��� � ��
���� ��	
���� �������� ��
�� ���
����� � ��
��	�� ���
����� �������� ���
	��� ���
�	��� � �
���� ���
����	 �������� ��
��	�	 ���
	��� � ��
		��� ���
����� �������� ��
��		 ���
����� � ��
��� ���
��	�� �������� ��
��	� ���
���� � ���
��	�� ���
����� �������	 ��
	��� ���
��	 � ���
���� ���
����� �������� ��
	��� ���
����� � ���
���� ���
��� ������� ���
����� ���
���� � ���
�	� ���
����� �������� ���
����� ���
��	� � ��
���� ���
���	� �������� ���
����� ���
����� � �	
����	 ���
����� ��������� ��	
�	��� ���
����� � ��
���� ���
����� ��������� ��
��		 ���
���	 � ��	
	��� ��
����� ��������� ���
����� ��
��� � ���
���� ��
����� ��������� ���
���� ��
����� � �		
���� ��
����� ��������� ���
����� ���
���	� � �	�
����� ��
��� ��������	 ���
����� ���
		�� � ���
����� ���
		�� ��������� ���
	�	� ���
��	� � ���
����� ��	
����� �



�������� 	
��	
�� ���
��	� � �	������ 	�������� ��������� �����	�
 ���

�	 � ����� 	������ ��������
 �������� ���	�
�� � �����
		 	����� ��������� �������	� ����
��� � 
��
�
 	�
��
	� ��������� ���	��� �������	� � ����	�� 	����
� ��������	 ����
���� �����		 � �������� 	���
	�� ��������� ��������� ������	� � �
����	� 	�������� ��������� ������
�� ������� � 
����� 	�������	 �������� ��	����	 �������	 � ���
�� 	���	���� ��������� ��������
 �������

 � ���	���	 		���
��� ��������� ������ ��	��	�� � ���
��	� 			���	 ��������� ����	
��� ��	�����
 � 		����	 	����	��
 ��������
 ��
��	�
 ��	����	� � �������� 	������� �������	� �	���	�� �������
� � �����	�� 	�����	�� �������	� �		���
�� ��������� � �
���

	� 	���
�
�	 �������		 �	��	��
� ������	�� � �������� 	�����
 �������	� �	�
	
 ������
� � �����	��� �
���	��� �������	� �	�����
� ������ � ��������� �
������ �������	 �	
���


 ����	�	�� � �	��	
� ��
������ �������	� �����
	�� ��
�
�
� � ������	
 ������� �������	� ��	������ ��
����� � �	
����� ��
����

 �������	� ������� ��
���	�� � ������
� �����
��� �������	
 ����	��� ��
���
�
 � ������		 �������
� ��������� ����
���
 �����
�� � �
��
�� ����
��� ��������� ��
���	�� �����	�	 � ��������� ������
� ��������	 �����	��� ����	�
�
 � ��	����� ��
���� ������ �������� ����
�� � �������� �����
	 �



����������� ���	
�
�� 
�	�����  ��	��� ���	����� �������� ���	���� 
�	����  ��
	��
� ���	���� �������� ��
	����� 
�	����  ���	����� ���	��
�
 �������� ��	���� 
�	�����  ���	���� ���	���
� �������
 ���	����� 
�	���

  ��	����� ���	��

� �������� ���	��
� 
�	�����  �
�	����� ���	�
�� ������� ���	��� 
�	��  ��
	��
� ���	�
��� �������� ���	���� 
�	����  ��	���
 ��	�
��� �������� ���	��� 
�	�����  ���	����� ��	�
��� �������� ��	
��� 
�	�����  ���	���
� 
�	�
���
 �������� ���	���� 
�	����  ���	����� 
�	�

�
 �������� ���	����� 
�	
����  ��
	���� ��	�
���� �������� ���	���
� 
�	�����  ��	
���� ��	����
� �������� ���	����� 
�	�����  ��	���� �
	��
��
 �������
 ���	���� 
�	�����  ��	����� ��	���
�� �������� ���	�
�� 
�	�
���  ��	������ ��	����� ������� ���	���
� 
�	�����  ��	��
��� ��	����� �������� ���	�
��� 
�	�����  ��	�����
 �	������ 



2.063

Distance (ft)

-5 45 95 145 195 245 295 345 395 445 495

E
le

va
tio

n 
(f

t)

775

785

795

805

815

825

835

845

855

865

875

885

Title: Columbia Mod 10-11 Interim Waste Stage 3
Name: 3_Block
Method: Janbu
Last Edited By: Suchomel, Brandon

Color Name Model Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi' 
(°)

CCR Mohr-Coulomb 86 0 22.7

Clay Mohr-Coulomb 125 0 28

Drainage 
Layer

Mohr-Coulomb 115 0 30

Geosynthetics Mohr-Coulomb 58 0 24.3

Subbase Mohr-Coulomb 120 0 30

F of S: 2.063, F of S Rank (Analysis): 1 of 147,456 slip surfaces
Last Solved Date: 5/4/2022, Last Solved Time: 6:00:41 PM

4H:1V
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1.715

Distance (ft)

-5 45 95 145 195 245 295 345 395 445 495 545 595 645

E
le

va
tio

n 
(f

t)

775
785
795
805
815
825
835
845
855
865
875
885
895
905
915

Title: Columbia Mod 10-11 Final Grade
Name: 2_Optimized Circular
Method: Bishop
Last Edited By: Suchomel, Brandon

Color Name Model Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi' 
(°)

CCR Mohr-Coulomb 86 0 22.7

Clay Mohr-Coulomb 125 0 28

Drainage 
Layer

Mohr-Coulomb 115 0 30

Final Cover Mohr-Coulomb 120 0 30

Geosynthetics Mohr-Coulomb 58 0 24.3

Subbase Mohr-Coulomb 120 0 30

F of S: 1.715, F of S Rank (Analysis): 1 of 15,130 slip surfaces
Last Solved Date: 5/4/2022, Last Solved Time: 6:09:49 PM

4H:1V
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2.143

Distance (ft)

-5 45 95 145 195 245 295 345 395 445 495 545 595 645

E
le

va
tio

n 
(f

t)

775
785
795
805
815
825
835
845
855
865
875
885
895
905
915

Title: Columbia Mod 10-11 Final Grade
Name: 3_Block
Method: Janbu
Last Edited By: Suchomel, Brandon

Color Name Model Unit 
Weight
(pcf)

Cohesion'
(psf)

Phi' 
(°)

CCR Mohr-Coulomb 86 0 22.7

Clay Mohr-Coulomb 125 0 28

Drainage 
Layer

Mohr-Coulomb 115 0 30

Final Cover Mohr-Coulomb 120 0 30

Geosynthetics Mohr-Coulomb 58 0 24.3

Subbase Mohr-Coulomb 120 0 30

F of S: 2.143, F of S Rank (Analysis): 1 of 65,536 slip surfaces
Last Solved Date: 5/4/2022, Last Solved Time: 6:10:13 PM

4H:1V
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Appendix A8 

Seepage Potential and Karst Condition Assessment 

  

http://www.scsengineers.com/


Seepage Potential and Karst Condition Assessment 

 
The disposal facility is designed and constructed to include storm water run-on and run-off 

management and leachate collection systems. The liner system is designed and constructed to be 

above the high groundwater level. There are currently no concerns that storm water, leachate, or 

groundwater movement will impact the stability of the landfill. 

As noted in Appendix A4, karst features were not observed in the borings within and adjacent to the 

disposal facility. The borings encountered sandstone bedrock that is not subject to karst conditions.  

The Wisconsin map of karst and shallow carbonate bedrock in Appendix A4 indicates that karst 

structures are not located in or near the disposal facility. 

 

I:\25222260.00\Deliverables\Plan Modification\Appendices\A_Performance and Location Criteria\A8-Seepage Potential and Karst 

Condition Assessment\I1_Seepage Potential and Karst Condition Assessment.docx 
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Appendix A9 

FEMA Flood Insurance Rate Map 
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Appendix B 

Landfill Design Demonstration
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Appendix B1 

Storm Water Management Calculations for Post Closure Conditions 
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Appendix B1.1 

2000 Plan of Operation Update Storm Water Calculations 
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Appendix B1.2 

2021 Leachate/Surface Water Pond Capacity Evaluation 
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2830 Dairy Drive, Madison, WI 53718-6751 | 608-224-2830 | eFax 608-224-2839 

Environmental Consultants & Contractors 

March 10, 2021  
File No. 25220183.00 
 
 
Ms. Ann Bekta 
Wisconsin Department of Natural Resources 
2514 Morse Street 
Janesville, WI 53545 
 
Subject: Leachate/Surface Water Pond Capacity Evaluation 
 Dry Ash Disposal Facility – Columbia Energy Center 
 License #3025 
 Town of Pacific, Columbia County, Wisconsin 
 
Dear Ms. Bekta: 

On behalf of Wisconsin Power and Light Company (WPL), SCS Engineers (SCS) has prepared this 
leachate/surface water pond (pond) capacity evaluation in preparation for Phase 1, Module 5 
(Module 5) and Module 6 (Module 6) liner construction at the dry ash disposal facility located at the 
Columbia Energy Center (Columbia) in the Town of Pacific, Wisconsin. This evaluation has been 
prepared in accordance with Condition No. 1 of the Rain Cover System Plan of Operation Approval 
Modification issued by Wisconsin Department of Natural Resources (WDNR) on June 6, 2018 
(Attachment A). Construction of Module 5 and Module 6 is expected to begin in mid-2021 and be 
completed by the end of 2021. 

POND CAPACITY EVALUATION 
A pond capacity evaluation was performed using storm water modeling. The evaluation demonstrates 
that the pond can accommodate a 25-year, 24-hour storm with up to 6.54 acres of open landfill area 
without overtopping. The model write-up and results are included in Attachment B. Based on this 
conclusion, WPL plans to manage pond levels using a similar approach implemented during 
construction and operation of Phase 1, Module 4 (Module 4). WPL proposes to use a rain cover in 
Module 5 and Module 6 to offset the required intermediate/final cover area necessary. 

The evaluation was performed to determine the amount of open/contributing area in Modules 2, 3, 
4, 5, and 6 that can be accommodated in the pond below the maximum lined pond limits (i.e., to 
elevation 796.97). The following scenarios were evaluated: 

• Scenario 1 – 50 percent of Module 5 open (partially active); Module 6 and remaining 
50 percent of Module 5 covered with a rain cover (Figure 1, Attachment B). 

• Scenario 2 – 100 percent of Module 5 open (fully active); Module 6 covered with a rain 
cover (Figure 2, Attachment B). 

• Scenario 3 – 50 percent of Module 6 open (partially active) (Figure 3, Attachment B). 
• Scenario 4 – 100 percent of Module 6 open (fully active) (Figure 4, Attachment B). 

Figures 1 through 4 show the resulting general area requiring intermediate/final cover to achieve 
open landfill area for the scenarios modeled. The actual location of cover placement may vary 
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depending on coal combustion residual (CCR) grades, but the required additional intermediate/final 
cover area will be met. 

POND MANAGEMENT PLAN 
While Module 5 and Module 6 are constructed and completed, water levels in the pond will be 
managed as outlined below: 

During Construction of Module 5 and Module 6, Through Installation 
of a Rain Cover Over a Frost Protection Layer 

• Intermediate/final cover in Module 3 and Module 4. 
– Areas with existing intermediate/final cover will continue to be routed to the South 

Sedimentation Basin, reducing the volume discharging to the pond.  
– Intermediate cover will be placed on portions of Modules 3 and 4 if final waste 

grades are reached. 

• Water level management in the pond. 
– The pond will be pumped dry and maintained by the site or Module 5 and Module 6 

liner construction contractor: 
 At the start of Module 5 and Module 6 construction;  
 Following rain events during Module 5 and Module 6 construction; and 
 Following rain events during placement of the frost protection layer in Module 5 

and Module 6. 

Note:  During frost protection placement, there will be more than 6.54 acres of open 
landfill space; however, the pond will be able to accommodate a 10-year 24-hour 
storm (assuming a starting elevation of 6 inches of water in the pond). This transition 
period will last approximately 6 weeks or less and consist of the placement of 
approximately 50,000 cubic yards of frost protection material. 

 
• Installation of a rain cover in Module 5 and Module 6. 

– A rain cover will be installed after the frost protection layer is placed in Module 5 and 
Module 6.  

– The rain cover will allow clean storm water to be diverted away from the 
leachate/contact water collection system prior to additional filling operations, 
reducing the volume discharging to the pond. 

During Subsequent Filling in Module 5 
Filling in Module 5, beyond the frost protection layer, is expected to begin in early 2022. When filling 
commences, water levels will be managed as follows: 

• Transition of disposal operations into Module 5. 
– WPL will remove a portion of the Module 5 rain cover only large enough to 

accommodate the transition of disposal operations in Module 5. 
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– To the extent possible, in advance of the transition and during the transition, WPL 
may begin placing intermediate cover with internal resources in areas of Modules 3 
and 4 where final or interim waste grades have been achieved. 

– WPL will continue installation of intermediate cover or begin the procurement of 
external resources (i.e., engineering and contractor assistance) to install final cover 
in Modules 3 and 4 once the transition of disposal operations into Module 5 is 
complete. WPL intends to monitor waste grades in Modules 3 and 4 using regular 
airspace surveys and GPS equipment to predict the timing of the transition as 
accurately as possible. 

– During the transition of disposal operations into Module 5, there may be more than 
6.54 acres of open landfill space; however, the pond will be able to accommodate at 
least a 10-year 24-hour storm (assuming a starting elevation of 6 inches of water in 
the pond). The duration of this transition period will be as short as possible. The 
required timing of the transition in relation to the construction season may affect the 
duration of the transition. 

• Placement of additional intermediate/final cover in Modules 3 and 4. 
– Following the complete transition of disposal operations into Module 5, WPL will 

focus on achieving the 6.54 acres of open landfill (if not already obtained) by placing 
additional intermediate/final cover in Modules 3 and 4 as described in the Pond 
Capacity Evaluation section above. 

– To maintain a maximum open area of 6.54 acres, WPL will place intermediate/final 
cover over a currently active area in Modules 3 and 4 that is equal to the area of the 
Module 5 rain cover they will remove. For example, 1.98 acres of intermediate/final 
cover will need to be installed if 50 percent of the rain cover were removed, and 4.03 
acres of intermediate/final cover will need to be installed if 100 percent of the rain 
cover were removed. 

• Water level management in the pond and staged removal of rain cover. 
– The rain cover may be removed in sections during additional waste filling, allowing 

portions of storm water in Module 5 to continue to be diverted from the pond. 
– Water levels will be managed by pumping to specified maximum starting elevations 

prior to the start of anticipated storm events. Operating level figures are attached to 
the pond evaluation in Attachment B for open scenarios of 50 percent and 
100 percent of Module 5. Operating levels will be updated for actual removal areas. 

During Subsequent Filling in Module 6 
Filling in Module 6, beyond the frost protection layer, is expected to begin in 2023. When filling 
commences, water levels will be managed as follows: 

• Transition of disposal operations into Module 6. 
– WPL will remove a portion of the Module 6 rain cover only large enough to 

accommodate the transition of disposal operations in Module 6. 
– To the extent possible, in advance of the transition and during the transition, WPL 

may begin placing intermediate cover with internal resources in areas of Modules 4 
and 5 where final or interim waste grades have been achieved. 
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– WPL will continue installation of intermediate cover or begin the procurement of 
external resources (i.e., engineering and contractor assistance) to install final cover 
in Modules 4 and 5 once the transition of disposal operations into Module 6 is 
complete. WPL intends to monitor waste grades in Modules 4 and 5 using regular 
airspace surveys to predict the timing of the transition as accurately as possible. 

– During the transition of disposal operations into Module 6, there may be more than 
6.54 acres of open landfill space; however, the pond will be able to accommodate at 
least a 10-year 24-hour storm (assuming a starting elevation of 6 inches of water in 
the pond). The duration of this transition period will be as short as possible. The 
required timing of the transition in relation to the construction season may affect the 
duration of the transition. 

• Placement of additional intermediate/final cover in Modules 4 and 5. 
– Following the complete transition of disposal operations into Module 6, WPL will 

focus on achieving the 6.54 acres of open landfill by placing additional intermediate/ 
final cover in Modules 4 and 5 as described in the Pond Capacity Evaluation section 
above. 

– To maintain a maximum open area of 6.54 acres, WPL will place intermediate/final 
cover over a currently active area in Modules 4 and 5 that is equal to the area of the 
Module 6 rain cover they will remove. For example, 6.07 acres of intermediate/final 
cover will need to be installed if 50 percent of the rain cover were removed, and 
7.97 acres of intermediate/final cover will need to be installed if 100 percent of the 
rain cover were removed. NOTE: The total areas of coverage are measured from 
current 2021 intermediate/final cover areas.  

• Water level management in the pond and staged removal of rain cover. 
– The rain cover may be removed in sections during additional waste filling, allowing 

portions of storm water in Module 6 to continue to be diverted from the pond. 
– Water levels will be managed by pumping to specified maximum starting elevations 

prior to the start of anticipated storm events. Operating level figures are attached 
to the pond evaluation in Attachment B for open scenarios of 50 percent and 
100 percent of Module 6. Operating levels will be updated for actual removal areas. 

PLAN MODIFICATION 
A Plan of Operation Approval Modification (Plan Modification) to install a rain cover in Module 4 and 
future modules was provided on April 17, 2018, and approved on June 6, 2018 (Attachment A). The 
Plan Modification addressed installation, maintenance, and removal requirements for the rain cover. 
A preconstruction report will be submitted at a later date including geosynthetics material for 
Module 5 and Module 6 construction. 
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If you have any questions regarding the contents of this letter, please contact Jeff Maxted at 
608.458.3853 or Phil Gearing at 608.216.7324.  

Sincerely,   
 

 

 

Phillip E. Gearing, PE  Mark R. Huber, PE 
Project Manager  Project Director 
SCS Engineers  SCS Engineers  
 
RJG/AJR_jsn/PEG/MRH 

cc: Jeff Maxted, Alliant Energy 
Brian Clepper, WPL – Columbia Energy Center 

 
Encl. Attachment A – WDNR Correspondence 
 Attachment B – Leachate/Surface Water Pond Capacity Evaluation 

I:\25220183.00\Correspondence\Agency\Leachate Pond Capacity Evaluation\2021 Leachate Pond Capacity 
Evaluation\210310_Bekta_Columbia Leachate Pond Capacity Evaluation_FINAL.docx 
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SHEET NO. 1  
Job No. 25220183.00  CALC. NO.  
Job: Columbia Energy Center  REV. NO.  
Client WPL  BY RJG DATE 02/10/21 
Subject Module 5/6 - Leachate/Surface Water Pond Evaluation  CHK’D. MH DATE 3/1/21 
 

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 with Module 5 and 6 constructed 
in order to maintain the peak water elevation resulting from the 25-year, 24-hour storm 
event at the maximum allowable 796.97. 

 Based on the amount of intermediate/final cover area determined from the above, 
determine the maximum starting water elevations in the leachate/surface water pond to 
accommodate 1, 2, 5, and 10-year, 24-hour storm events without overtopping.  

 
Background: 

 During construction of Module 2, the top of the leachate/surface water pond liner was 
determined to be at elevation 796.97.   

 Previous calculations submitted to the WDNR on January 30, 2018, evaluated the 
leachate/surface water pond capacity based on the as-built pond liner elevation. 

 A similar evaluation was performed for Module 3 and 4 construction that produced a 
chart of maximum leachate/surface water pond starting elevations vs. rainfall storage 
capacity. 

 Portions of Modules 1, 2, and 3 currently have final or intermediate cover in place (see 
Figure 1). 

 
Approach: 

 Use the previously developed HydroCAD storm water model from Module 4 
construction to model the below three scenarios.   

1. Scenario 1 –Assume a rain cover is in place over 50% of Module 5 and 100% 
of Module 6, resulting in the remaining 50% of Module 5 contributing to the 
leachate/surface water pond.  

2. Scenario 2 – Assume all of Module 5 is contributing to the leachate/surface 
water pond, while Module 6 is still under the rain cover. 

3. Scenario 3 – Assume a rain cover is in place over 50% of Module 6, resulting in 
50% of Module 6 contributing to the leachate/surface water pond. 

4. Scenario 4 – Assume all of Module 6 is contributing to the leachate/surface 
water pond 

 
Assumptions: 

 Ash surfaces and intermediate cover areas were assumed to be impermeable (CN=98). 
 The top of pond liner elevation is 796.97 (see Background section). 
 Time of Concentration is 20 minutes for open areas. 
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Results: 

1. Scenario 1 - with 50% of Module 5 contributing to the leachate/storm water pond: 
 The maximum allowable contributing area of landfill to the leachate/surface 

water pond is 4.47 acres for the leachate/surface water pond to accommodate 
the runoff from a 25-year, 24-hour storm without overtopping. 

 The remainder of landfill (1.98 acres) would need to be closed/covered with 
final or intermediate cover and routed away from the pond.   

 Figure 1 shows a conceptual 1.98 acres of additional cover, and Figure 1a 
shows the various operating levels of the leachate/surface water pond to 
accommodate the various storm events with the additional cover in place. 
 

2. Scenario 2 - with 100% of Module 5 contributing to the leachate/storm water pond: 
 The maximum allowable contributing area of landfill to the leachate/surface 

water pond is 2.42 acres for the leachate/surface water pond to accommodate 
the runoff from a 25-year, 24-hour storm without overtopping.   

 The remainder of landfill (4.03 acres) would need to be closed/covered with 
final or intermediate cover and routed away from the pond.   

 Figure 2 shows a conceptual 4.03 acres of additional cover, and Figure 2a 
shows the various operating levels of the leachate/surface water pond to 
accommodate the various storm events with the additional cover in place. 
 

3. Scenario 3 - with 50% of Module 6 contributing to the leachate/storm water pond: 
 The maximum allowable contributing area of landfill to the leachate/surface 

water pond is 4.64 acres for the leachate/surface water pond to accommodate 
the runoff from a 25-year, 24-hour storm without overtopping.   

 The remainder of landfill (6.07 acres) would need to be closed/covered with 
final or intermediate cover and routed away from the pond.   

 Figure 3 shows a conceptual 6.07 acres of additional cover, and Figure 3a 
shows the various operating levels of the leachate/surface water pond to 
accommodate the various storm events with the additional cover in place. 
 

4. Scenario 4 - with 100% of Module 6 contributing to the leachate/storm water pond: 
 The maximum allowable contributing area of landfill to the leachate/surface 

water pond is 2.74 acres for the leachate/surface water pond to accommodate 
the runoff from a 25-year, 24-hour storm without overtopping.   

 The remainder of landfill (7.97 acres) would need to be closed/covered with 
final or intermediate cover and routed away from the pond.   
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 Figure 4 shows a conceptual 7.97 acres of additional cover, and Figure 4a 
shows the various operating levels of the leachate/surface water pond to 
accommodate the various storm events with the additional cover in place. 

 
The HydroCAD reports for each scenario and storm event modeled are attached.   

 
I:\25220183.00\Data and Calculations\Leachate_Surface Water Pond Evaluation\Leachate_Surface Water Pond Evaluation_Mod 5_6 calc 
writeup.docx 
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Figure 1A
Columbia Energy Center

Scenario 1 - Module 5  50% Open
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (refer to Leachate/Surface Water Pond Evaluation figure dated 11/28/17):

‐Mod 5 open area = 50% of module = 2.06 acres.
‐ Landfill open area = 4.47 acres (previously open/contributing area [6.45 acres] ‐ required
closure/rerouted area [1.98 acres]).

‐ Leachate/Surface Water Pond Area, 3.71 acres.
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Figure 2A
Columbia Energy Center

Scenario 2 - Module 5  100% Open
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (refer to Leachate/Surface Water Pond Evaluation figure dated 11/2/17):

‐Mod 5 open area = 100% of module = 4.12 acres.
‐ Landfill open area = 2.42 acres (previously open/contributing area [ 6.45 acres] ‐require
closure/rerouted area [ 4.03 acres]).

‐ Leachate/Surface Water Pond Area, 3.71 acres.
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Figure 3A
Columbia Energy Center

Scenario 3 - Module 6 50% Open
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (refer to Leachate/Surface Water Pond Evaluation figure dated 11/2/17):

‐Mod 6 open area = 50% of module = 1.895 acres.
‐ Landfill open area = 4.64 acres (previously open/contributing area and Mod 5 [ 10.71 acres] ‐require
closure/rerouted area [ 6.07 acres]).

‐ Leachate/Surface Water Pond Area, 3.71 acres.
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Figure 4A
Columbia Energy Center

Scenario 3 - Module 6 50% Open
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (refer to Leachate/Surface Water Pond Evaluation figure dated 11/2/17):

‐Mod 6 open area = 100% of module = 3.79 acres.
‐ Landfill open area = 2.74 acres (previously open/contributing area and Mod 5 [ 10.71 acres] ‐require
closure/rerouted area [ 7.97 acres]).

‐ Leachate/Surface Water Pond Area, 3.71 acres.
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Mod 5

136S

Landfill Open Area
137S

Leachate/Surface Water
 Pond

138P

Leachate/Surface Water
 Pond (1-yr Starting

 Elev.)

Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
Prepared by SCS Engineers,  Printed 2/16/2021

HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Leachate Pond Evaluation
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 2HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=2.060 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 135S: Mod 5
   Tc=20.0 min   CN=98   Runoff=4.11 cfs  0.380 af

Runoff Area=4.470 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 136S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=8.91 cfs  0.824 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 137S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=12.92 cfs  0.684 af

Peak Elev=796.97'  Storage=197,576 cf   Inflow=18.52 cfs  1.887 afPond 138P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.240 ac   Runoff Volume = 1.887 af   Average Runoff Depth = 2.21"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.240 ac



Leachate Pond Evaluation
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 3HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment 135S: Mod 5

Runoff = 4.11 cfs @ 12.29 hrs,  Volume= 0.380 af,  Depth= 2.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 2.060 98 Ash

2.060 100.00% Impervious Area

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



Leachate Pond Evaluation
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 4HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment 136S: Landfill Open Area

Runoff = 8.91 cfs @ 12.29 hrs,  Volume= 0.824 af,  Depth= 2.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 4.470 98 Mod 4 Allowable Open Area

4.470 100.00% Impervious Area

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



Leachate Pond Evaluation
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 5HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment 137S: Leachate/Surface Water Pond

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

Runoff = 12.92 cfs @ 12.04 hrs,  Volume= 0.684 af,  Depth= 2.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 



Leachate Pond Evaluation
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 6HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Summary for Pond 138P: Leachate/Surface Water Pond (1-yr Starting Elev.)

Inflow Area = 10.240 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 18.52 cfs @ 12.05 hrs,  Volume= 1.887 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.55'   Surf.Area= 53,339 sf   Storage= 115,388 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,582 sf   Storage= 197,576 cf   (82,188 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (82,260 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654



131S

Mod 5

132S

Landfill Open Area

133S

Leachate/Surface Water
 Pond

134P

Leachate/Surface Water
 Pond (2-yr Starting

 Elev.)

Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
Prepared by SCS Engineers,  Printed 2/16/2021

HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Leachate Pond Evaluation
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 2HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=2.060 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 131S: Mod 5
   Tc=20.0 min   CN=98   Runoff=4.69 cfs  0.436 af

Runoff Area=4.470 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 132S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=10.17 cfs  0.946 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 133S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.73 cfs  0.785 af

Peak Elev=796.97'  Storage=197,716 cf   Inflow=21.13 cfs  2.167 afPond 134P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.240 ac   Runoff Volume = 2.167 af   Average Runoff Depth = 2.54"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.240 ac



Leachate Pond Evaluation
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 3HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment 131S: Mod 5

Runoff = 4.69 cfs @ 12.29 hrs,  Volume= 0.436 af,  Depth= 2.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 2.060 98 Ash

2.060 100.00% Impervious Area

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



Leachate Pond Evaluation
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 4HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment 132S: Landfill Open Area

Runoff = 10.17 cfs @ 12.29 hrs,  Volume= 0.946 af,  Depth= 2.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 4.470 98 Mod 4 Allowable Open Area

4.470 100.00% Impervious Area

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



Leachate Pond Evaluation
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 5HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment 133S: Leachate/Surface Water Pond

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

Runoff = 14.73 cfs @ 12.04 hrs,  Volume= 0.785 af,  Depth= 2.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 



Leachate Pond Evaluation
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
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Summary for Pond 134P: Leachate/Surface Water Pond (2-yr Starting Elev.)

Inflow Area = 10.240 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 21.13 cfs @ 12.05 hrs,  Volume= 2.167 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.32'   Surf.Area= 51,527 sf   Storage= 103,328 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,593 sf   Storage= 197,716 cf   (94,388 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (94,319 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Mod 5

128S

Landfill Open Area

129S

Leachate/Surface Water
 Pond
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Leachate/Surface Water
 Pond (5-yr Starting

 Elev.)

Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
Prepared by SCS Engineers,  Printed 2/16/2021

HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Leachate Pond Evaluation
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 2HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=2.060 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 127S: Mod 5
   Tc=20.0 min   CN=98   Runoff=5.75 cfs  0.540 af

Runoff Area=4.470 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 128S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=12.48 cfs  1.172 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 129S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=18.06 cfs  0.973 af

Peak Elev=796.97'  Storage=197,910 cf   Inflow=25.94 cfs  2.685 afPond 130P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.240 ac   Runoff Volume = 2.685 af   Average Runoff Depth = 3.15"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.240 ac



Leachate Pond Evaluation
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 3HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment 127S: Mod 5

Runoff = 5.75 cfs @ 12.29 hrs,  Volume= 0.540 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 2.060 98 Ash

2.060 100.00% Impervious Area

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



Leachate Pond Evaluation
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
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Summary for Subcatchment 128S: Landfill Open Area

Runoff = 12.48 cfs @ 12.29 hrs,  Volume= 1.172 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 4.470 98 Mod 4 Allowable Open Area

4.470 100.00% Impervious Area

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



Leachate Pond Evaluation
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
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Summary for Subcatchment 129S: Leachate/Surface Water Pond

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

Runoff = 18.06 cfs @ 12.04 hrs,  Volume= 0.973 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 



Leachate Pond Evaluation
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Pond 130P: Leachate/Surface Water Pond (5-yr Starting Elev.)

Inflow Area = 10.240 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 25.94 cfs @ 12.05 hrs,  Volume= 2.685 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.87'   Surf.Area= 47,981 sf   Storage= 80,939 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,608 sf   Storage= 197,910 cf   (116,972 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (116,709 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
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Leachate Pond Evaluation
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=2.060 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 123S: Mod 5
   Tc=20.0 min   CN=98   Runoff=6.78 cfs  0.641 af

Runoff Area=4.470 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 124S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=14.70 cfs  1.391 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 125S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.27 cfs  1.155 af

Peak Elev=796.97'  Storage=197,655 cf   Inflow=30.59 cfs  3.187 afPond 126P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.240 ac   Runoff Volume = 3.187 af   Average Runoff Depth = 3.74"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.240 ac



Leachate Pond Evaluation
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
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Summary for Subcatchment 123S: Mod 5

Runoff = 6.78 cfs @ 12.29 hrs,  Volume= 0.641 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 2.060 98 Ash

2.060 100.00% Impervious Area

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



Leachate Pond Evaluation
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Subcatchment 124S: Landfill Open Area

Runoff = 14.70 cfs @ 12.29 hrs,  Volume= 1.391 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 4.470 98 Mod 4 Allowable Open Area

4.470 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Subcatchment 125S: Leachate/Surface Water Pond

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

Runoff = 21.27 cfs @ 12.04 hrs,  Volume= 1.155 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Pond 126P: Leachate/Surface Water Pond (10-yr Starting Elev.)

Inflow Area = 10.240 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 30.59 cfs @ 12.05 hrs,  Volume= 3.187 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.39'   Surf.Area= 44,199 sf   Storage= 58,815 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,588 sf   Storage= 197,655 cf   (138,840 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (138,832 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Mod 5
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Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation_210223
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MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Pond 214P: Leachate/Surface Water Pond (25-yr Starting Elev.)

Inflow Area = 10.240 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 37.96 cfs @ 12.05 hrs,  Volume= 3.988 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 793.50'   Surf.Area= 31,107 sf   Storage= 24,119 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,602 sf   Storage= 197,830 cf   (173,712 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (173,529 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Summary for Subcatchment 211S: Mod 5

Runoff = 8.41 cfs @ 12.28 hrs,  Volume= 0.802 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 2.060 98 Ash

2.060 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 212S: Landfill Open Area

Runoff = 18.24 cfs @ 12.28 hrs,  Volume= 1.741 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 4.470 98 Mod 4 Allowable Open Area

4.470 100.00% Impervious Area

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



MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Subcatchment 213S: Leachate/Surface Water Pond

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

Runoff = 26.38 cfs @ 12.04 hrs,  Volume= 1.445 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Landfill Open Area
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Leachate/Surface Water
 Pond
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Mod 5

159P

Leachate/Surface Water
 Pond (1-yr Starting
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Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
Prepared by SCS Engineers,  Printed 2/16/2021
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Leachate Pond Evaluation
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=2.417 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 156S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=4.82 cfs  0.445 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 157S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=12.92 cfs  0.684 af

Runoff Area=4.120 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 158S: Mod 5
   Tc=20.0 min   CN=98   Runoff=8.22 cfs  0.759 af

Peak Elev=796.97'  Storage=197,632 cf   Inflow=18.52 cfs  1.888 afPond 159P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.247 ac   Runoff Volume = 1.888 af   Average Runoff Depth = 2.21"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.247 ac



Leachate Pond Evaluation
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Summary for Subcatchment 156S: Landfill Open Area

Runoff = 4.82 cfs @ 12.29 hrs,  Volume= 0.445 af,  Depth= 2.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 2.417 98 Mod 4 Allowable Open Area

2.417 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 157S: Leachate/Surface Water Pond

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

Runoff = 12.92 cfs @ 12.04 hrs,  Volume= 0.684 af,  Depth= 2.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Subcatchment 158S: Mod 5

Runoff = 8.22 cfs @ 12.29 hrs,  Volume= 0.759 af,  Depth= 2.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 4.120 98 Ash

4.120 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Pond 159P: Leachate/Surface Water Pond (1-yr Starting Elev.)

Inflow Area = 10.247 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 18.52 cfs @ 12.05 hrs,  Volume= 1.888 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.55'   Surf.Area= 53,339 sf   Storage= 115,388 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,586 sf   Storage= 197,632 cf   (82,244 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (82,260 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
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Leachate Pond Evaluation
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=2.417 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 152S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=5.50 cfs  0.511 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 153S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.73 cfs  0.785 af

Runoff Area=4.120 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 154S: Mod 5
   Tc=20.0 min   CN=98   Runoff=9.37 cfs  0.872 af

Peak Elev=796.97'  Storage=197,780 cf   Inflow=21.14 cfs  2.168 afPond 155P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.247 ac   Runoff Volume = 2.168 af   Average Runoff Depth = 2.54"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.247 ac



Leachate Pond Evaluation
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Summary for Subcatchment 152S: Landfill Open Area

Runoff = 5.50 cfs @ 12.29 hrs,  Volume= 0.511 af,  Depth= 2.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 2.417 98 Mod 4 Allowable Open Area

2.417 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 153S: Leachate/Surface Water Pond

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

Runoff = 14.73 cfs @ 12.04 hrs,  Volume= 0.785 af,  Depth= 2.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 



Leachate Pond Evaluation
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Summary for Subcatchment 154S: Mod 5

Runoff = 9.37 cfs @ 12.29 hrs,  Volume= 0.872 af,  Depth= 2.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 4.120 98 Ash

4.120 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Pond 155P: Leachate/Surface Water Pond (2-yr Starting Elev.)

Inflow Area = 10.247 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 21.14 cfs @ 12.05 hrs,  Volume= 2.168 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.32'   Surf.Area= 51,527 sf   Storage= 103,328 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,598 sf   Storage= 197,780 cf   (94,452 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (94,319 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654



148S

Landfill Open Area

149S

Leachate/Surface Water
 Pond

150S

Mod 5

151P

Leachate/Surface Water
 Pond (5-yr Starting

 Elev.)

Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
Prepared by SCS Engineers,  Printed 2/16/2021

HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Leachate Pond Evaluation
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=2.417 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 148S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=6.75 cfs  0.634 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 149S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=18.06 cfs  0.973 af

Runoff Area=4.120 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 150S: Mod 5
   Tc=20.0 min   CN=98   Runoff=11.50 cfs  1.080 af

Peak Elev=796.97'  Storage=197,510 cf   Inflow=25.95 cfs  2.687 afPond 151P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.247 ac   Runoff Volume = 2.687 af   Average Runoff Depth = 3.15"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.247 ac
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Summary for Subcatchment 148S: Landfill Open Area

Runoff = 6.75 cfs @ 12.29 hrs,  Volume= 0.634 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 2.417 98 Mod 4 Allowable Open Area

2.417 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 149S: Leachate/Surface Water Pond

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

Runoff = 18.06 cfs @ 12.04 hrs,  Volume= 0.973 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Subcatchment 150S: Mod 5

Runoff = 11.50 cfs @ 12.29 hrs,  Volume= 1.080 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 4.120 98 Ash

4.120 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Pond 151P: Leachate/Surface Water Pond (5-yr Starting Elev.)

Inflow Area = 10.247 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 25.95 cfs @ 12.05 hrs,  Volume= 2.687 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.86'   Surf.Area= 47,902 sf   Storage= 80,459 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,577 sf   Storage= 197,510 cf   (117,051 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (117,188 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Landfill Open Area
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Leachate/Surface Water
 Pond
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Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
Prepared by SCS Engineers,  Printed 2/16/2021
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Leachate Pond Evaluation
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=2.417 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 144S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=7.95 cfs  0.752 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 145S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.27 cfs  1.155 af

Runoff Area=4.120 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 146S: Mod 5
   Tc=20.0 min   CN=98   Runoff=13.55 cfs  1.282 af

Peak Elev=796.97'  Storage=197,750 cf   Inflow=30.60 cfs  3.190 afPond 147P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.247 ac   Runoff Volume = 3.190 af   Average Runoff Depth = 3.74"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.247 ac
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Summary for Subcatchment 144S: Landfill Open Area

Runoff = 7.95 cfs @ 12.29 hrs,  Volume= 0.752 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 2.417 98 Mod 4 Allowable Open Area

2.417 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 145S: Leachate/Surface Water Pond

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

Runoff = 21.27 cfs @ 12.04 hrs,  Volume= 1.155 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Subcatchment 146S: Mod 5

Runoff = 13.55 cfs @ 12.29 hrs,  Volume= 1.282 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 4.120 98 Ash

4.120 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Pond 147P: Leachate/Surface Water Pond (10-yr Starting Elev.)

Inflow Area = 10.247 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 30.60 cfs @ 12.05 hrs,  Volume= 3.190 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.39'   Surf.Area= 44,199 sf   Storage= 58,815 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,596 sf   Storage= 197,750 cf   (138,935 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (138,832 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Landfill Open Area

141S

Leachate/Surface Water
 Pond

143S

Mod 5

142P

Leachate/Surface Water
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Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
Prepared by SCS Engineers,  Printed 2/16/2021
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Summary for Pond 142P: Leachate/Surface Water Pond (25-yr Starting Elev.)

Inflow Area = 10.247 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 37.97 cfs @ 12.05 hrs,  Volume= 3.991 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 793.50'   Surf.Area= 31,107 sf   Storage= 24,119 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,611 sf   Storage= 197,949 cf   (173,831 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (173,529 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Summary for Subcatchment 140S: Landfill Open Area

Runoff = 9.86 cfs @ 12.28 hrs,  Volume= 0.941 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 2.417 98 Mod 4 Allowable Open Area

2.417 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 141S: Leachate/Surface Water Pond

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

Runoff = 26.38 cfs @ 12.04 hrs,  Volume= 1.445 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Subcatchment 143S: Mod 5

Runoff = 16.82 cfs @ 12.28 hrs,  Volume= 1.605 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 4.120 98 Ash

4.120 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
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Subcat Reach Pond Link



Leachate Pond Evaluation
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=4.642 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 181S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=9.26 cfs  0.855 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 182S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=12.92 cfs  0.684 af

Runoff Area=1.895 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 183S: Mod 6
   Tc=20.0 min   CN=98   Runoff=3.78 cfs  0.349 af

Peak Elev=796.97'  Storage=197,632 cf   Inflow=18.52 cfs  1.888 afPond 184P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.247 ac   Runoff Volume = 1.888 af   Average Runoff Depth = 2.21"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.247 ac
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Summary for Subcatchment 181S: Landfill Open Area

Runoff = 9.26 cfs @ 12.29 hrs,  Volume= 0.855 af,  Depth= 2.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 4.642 98 Mod 4 Allowable Open Area

4.642 100.00% Impervious Area

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



Leachate Pond Evaluation
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Summary for Subcatchment 182S: Leachate/Surface Water Pond

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

Runoff = 12.92 cfs @ 12.04 hrs,  Volume= 0.684 af,  Depth= 2.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Subcatchment 183S: Mod 6

Runoff = 3.78 cfs @ 12.29 hrs,  Volume= 0.349 af,  Depth= 2.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 1.895 98 Ash

1.895 100.00% Impervious Area

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



Leachate Pond Evaluation
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
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Summary for Pond 184P: Leachate/Surface Water Pond (1-yr Starting Elev.)

Inflow Area = 10.247 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 18.52 cfs @ 12.05 hrs,  Volume= 1.888 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.55'   Surf.Area= 53,339 sf   Storage= 115,388 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,586 sf   Storage= 197,632 cf   (82,244 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (82,260 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654



177S

Landfill Open Area

178S

Leachate/Surface Water
 Pond

179S

Mod 6
180P

Leachate/Surface Water
 Pond (2-yr Starting

 Elev.)

Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
Prepared by SCS Engineers,  Printed 2/16/2021

HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Leachate Pond Evaluation
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 2HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=4.642 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 177S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=10.56 cfs  0.982 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 178S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.73 cfs  0.785 af

Runoff Area=1.895 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 179S: Mod 6
   Tc=20.0 min   CN=98   Runoff=4.31 cfs  0.401 af

Peak Elev=796.97'  Storage=197,780 cf   Inflow=21.14 cfs  2.168 afPond 180P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.247 ac   Runoff Volume = 2.168 af   Average Runoff Depth = 2.54"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.247 ac



Leachate Pond Evaluation
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
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Summary for Subcatchment 177S: Landfill Open Area

Runoff = 10.56 cfs @ 12.29 hrs,  Volume= 0.982 af,  Depth= 2.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 4.642 98 Mod 4 Allowable Open Area

4.642 100.00% Impervious Area

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



Leachate Pond Evaluation
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Subcatchment 178S: Leachate/Surface Water Pond

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

Runoff = 14.73 cfs @ 12.04 hrs,  Volume= 0.785 af,  Depth= 2.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 



Leachate Pond Evaluation
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Subcatchment 179S: Mod 6

Runoff = 4.31 cfs @ 12.29 hrs,  Volume= 0.401 af,  Depth= 2.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 1.895 98 Ash

1.895 100.00% Impervious Area

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



Leachate Pond Evaluation
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Pond 180P: Leachate/Surface Water Pond (2-yr Starting Elev.)

Inflow Area = 10.247 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 21.14 cfs @ 12.05 hrs,  Volume= 2.168 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.32'   Surf.Area= 51,527 sf   Storage= 103,328 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,598 sf   Storage= 197,780 cf   (94,452 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (94,319 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654



173S

Landfill Open Area

174S

Leachate/Surface Water
 Pond

175S

Mod 6
176P

Leachate/Surface Water
 Pond (5-yr Starting

 Elev.)

Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
Prepared by SCS Engineers,  Printed 2/16/2021
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Leachate Pond Evaluation
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/16/2021Prepared by SCS Engineers
Page 2HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=4.642 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 173S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=12.96 cfs  1.217 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 174S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=18.06 cfs  0.973 af

Runoff Area=1.895 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 175S: Mod 6
   Tc=20.0 min   CN=98   Runoff=5.29 cfs  0.497 af

Peak Elev=796.97'  Storage=197,510 cf   Inflow=25.95 cfs  2.687 afPond 176P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.247 ac   Runoff Volume = 2.687 af   Average Runoff Depth = 3.15"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.247 ac



Leachate Pond Evaluation
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Subcatchment 173S: Landfill Open Area

Runoff = 12.96 cfs @ 12.29 hrs,  Volume= 1.217 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 4.642 98 Mod 4 Allowable Open Area

4.642 100.00% Impervious Area

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



Leachate Pond Evaluation
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Summary for Subcatchment 174S: Leachate/Surface Water Pond

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

Runoff = 18.06 cfs @ 12.04 hrs,  Volume= 0.973 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 



Leachate Pond Evaluation
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Subcatchment 175S: Mod 6

Runoff = 5.29 cfs @ 12.29 hrs,  Volume= 0.497 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 1.895 98 Ash

1.895 100.00% Impervious Area

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



Leachate Pond Evaluation
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Pond 176P: Leachate/Surface Water Pond (5-yr Starting Elev.)

Inflow Area = 10.247 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 25.95 cfs @ 12.05 hrs,  Volume= 2.687 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.86'   Surf.Area= 47,902 sf   Storage= 80,459 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,577 sf   Storage= 197,510 cf   (117,051 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (117,188 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654



169S

Landfill Open Area

170S

Leachate/Surface Water
 Pond

171S

Mod 6
172P

Leachate/Surface Water
 Pond (10-yr Starting

 Elev.)

Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
Prepared by SCS Engineers,  Printed 2/16/2021
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Subcat Reach Pond Link



Leachate Pond Evaluation
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=4.642 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 169S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=15.27 cfs  1.445 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 170S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.27 cfs  1.155 af

Runoff Area=1.895 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 171S: Mod 6
   Tc=20.0 min   CN=98   Runoff=6.23 cfs  0.590 af

Peak Elev=796.97'  Storage=197,750 cf   Inflow=30.60 cfs  3.190 afPond 172P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.247 ac   Runoff Volume = 3.190 af   Average Runoff Depth = 3.74"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.247 ac



Leachate Pond Evaluation
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Subcatchment 169S: Landfill Open Area

Runoff = 15.27 cfs @ 12.29 hrs,  Volume= 1.445 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 4.642 98 Mod 4 Allowable Open Area

4.642 100.00% Impervious Area

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



Leachate Pond Evaluation
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Subcatchment 170S: Leachate/Surface Water Pond

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

Runoff = 21.27 cfs @ 12.04 hrs,  Volume= 1.155 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 



Leachate Pond Evaluation
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Summary for Subcatchment 171S: Mod 6

Runoff = 6.23 cfs @ 12.29 hrs,  Volume= 0.590 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 1.895 98 Ash

1.895 100.00% Impervious Area

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



Leachate Pond Evaluation
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Summary for Pond 172P: Leachate/Surface Water Pond (10-yr Starting Elev.)

Inflow Area = 10.247 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 30.60 cfs @ 12.05 hrs,  Volume= 3.190 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.39'   Surf.Area= 44,199 sf   Storage= 58,815 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,596 sf   Storage= 197,750 cf   (138,935 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (138,832 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Landfill Open Area

166S

Leachate/Surface Water
 Pond

168S

Mod 6162P

Leachate/Surface Water
 Pond (25-yr Starting

 Elev.)

Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
Prepared by SCS Engineers,  Printed 2/16/2021
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MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Pond 162P: Leachate/Surface Water Pond (25-yr Starting Elev.)

Inflow Area = 10.247 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 37.97 cfs @ 12.05 hrs,  Volume= 3.991 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 793.50'   Surf.Area= 31,107 sf   Storage= 24,119 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,611 sf   Storage= 197,949 cf   (173,831 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (173,529 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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  Printed  2/23/2021Prepared by SCS Engineers

HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment 165S: Landfill Open Area

Runoff = 18.95 cfs @ 12.28 hrs,  Volume= 1.808 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 4.642 98 Mod 4 Allowable Open Area

4.642 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 166S: Leachate/Surface Water Pond

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

Runoff = 26.38 cfs @ 12.04 hrs,  Volume= 1.445 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 



MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Subcatchment 168S: Mod 6

Runoff = 7.73 cfs @ 12.28 hrs,  Volume= 0.738 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 1.895 98 Ash

1.895 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=3.790 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 196S: Mod 6
   Tc=20.0 min   CN=98   Runoff=7.56 cfs  0.698 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 197S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=12.92 cfs  0.684 af

Runoff Area=2.740 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 198S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=5.46 cfs  0.505 af

Peak Elev=796.97'  Storage=197,576 cf   Inflow=18.52 cfs  1.887 afPond 199P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.240 ac   Runoff Volume = 1.887 af   Average Runoff Depth = 2.21"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.240 ac
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MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Page 3HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment 196S: Mod 6

Runoff = 7.56 cfs @ 12.29 hrs,  Volume= 0.698 af,  Depth= 2.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 3.790 98 Ash

3.790 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 197S: Leachate/Surface Water Pond

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

Runoff = 12.92 cfs @ 12.04 hrs,  Volume= 0.684 af,  Depth= 2.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Subcatchment 198S: Landfill Open Area

Runoff = 5.46 cfs @ 12.29 hrs,  Volume= 0.505 af,  Depth= 2.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 2.740 98 Allowable Open Area

2.740 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Pond 199P: Leachate/Surface Water Pond (25-yr Starting Elev.)

Inflow Area = 10.240 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 18.52 cfs @ 12.05 hrs,  Volume= 1.887 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.55'   Surf.Area= 53,339 sf   Storage= 115,388 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,582 sf   Storage= 197,576 cf   (82,188 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (82,260 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=3.790 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 192S: Mod 6
   Tc=20.0 min   CN=98   Runoff=8.62 cfs  0.802 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 193S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.73 cfs  0.785 af

Runoff Area=2.740 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 194S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=6.23 cfs  0.580 af

Peak Elev=796.97'  Storage=197,716 cf   Inflow=21.13 cfs  2.167 afPond 195P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.240 ac   Runoff Volume = 2.167 af   Average Runoff Depth = 2.54"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.240 ac
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Summary for Subcatchment 192S: Mod 6

Runoff = 8.62 cfs @ 12.29 hrs,  Volume= 0.802 af,  Depth= 2.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 3.790 98 Ash

3.790 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 193S: Leachate/Surface Water Pond

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

Runoff = 14.73 cfs @ 12.04 hrs,  Volume= 0.785 af,  Depth= 2.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Subcatchment 194S: Landfill Open Area

Runoff = 6.23 cfs @ 12.29 hrs,  Volume= 0.580 af,  Depth= 2.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 2.740 98 Allowable Open Area

2.740 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Pond 195P: Leachate/Surface Water Pond (25-yr Starting Elev.)

Inflow Area = 10.240 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 21.13 cfs @ 12.05 hrs,  Volume= 2.167 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.32'   Surf.Area= 51,527 sf   Storage= 103,328 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,593 sf   Storage= 197,716 cf   (94,388 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (94,319 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=3.790 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 188S: Mod 6
   Tc=20.0 min   CN=98   Runoff=10.58 cfs  0.994 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 189S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=18.06 cfs  0.973 af

Runoff Area=2.740 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 190S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=7.65 cfs  0.719 af

Peak Elev=796.97'  Storage=197,910 cf   Inflow=25.94 cfs  2.685 afPond 191P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.240 ac   Runoff Volume = 2.685 af   Average Runoff Depth = 3.15"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.240 ac
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MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"WPL Columbia_Mod 5_6 Leachate Pond Eval

  Printed  2/17/2021Prepared by SCS Engineers
Page 3HydroCAD® 10.00-25  s/n 05804  © 2019 HydroCAD Software Solutions LLC

Summary for Subcatchment 188S: Mod 6

Runoff = 10.58 cfs @ 12.29 hrs,  Volume= 0.994 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 3.790 98 Ash

3.790 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 189S: Leachate/Surface Water Pond

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

Runoff = 18.06 cfs @ 12.04 hrs,  Volume= 0.973 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Subcatchment 190S: Landfill Open Area

Runoff = 7.65 cfs @ 12.29 hrs,  Volume= 0.719 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 2.740 98 Allowable Open Area

2.740 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Pond 191P: Leachate/Surface Water Pond (25-yr Starting Elev.)

Inflow Area = 10.240 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 25.94 cfs @ 12.05 hrs,  Volume= 2.685 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.87'   Surf.Area= 47,981 sf   Storage= 80,939 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,608 sf   Storage= 197,910 cf   (116,972 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (116,709 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=3.790 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 184S: Mod 6
   Tc=20.0 min   CN=98   Runoff=12.47 cfs  1.180 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 185S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.27 cfs  1.155 af

Runoff Area=2.740 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 186S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=9.01 cfs  0.853 af

Peak Elev=796.97'  Storage=197,655 cf   Inflow=30.59 cfs  3.187 afPond 187P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 10.240 ac   Runoff Volume = 3.187 af   Average Runoff Depth = 3.74"
0.00% Pervious = 0.000 ac     100.00% Impervious = 10.240 ac
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Summary for Subcatchment 184S: Mod 6

Runoff = 12.47 cfs @ 12.29 hrs,  Volume= 1.180 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 3.790 98 Ash

3.790 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 185S: Leachate/Surface Water Pond

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

Runoff = 21.27 cfs @ 12.04 hrs,  Volume= 1.155 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Subcatchment 186S: Landfill Open Area

Runoff = 9.01 cfs @ 12.29 hrs,  Volume= 0.853 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 2.740 98 Allowable Open Area

2.740 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Pond 187P: Leachate/Surface Water Pond (25-yr Starting Elev.)

Inflow Area = 10.240 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 30.59 cfs @ 12.05 hrs,  Volume= 3.187 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.39'   Surf.Area= 44,199 sf   Storage= 58,815 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,588 sf   Storage= 197,655 cf   (138,840 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (138,832 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Summary for Pond 163P: Leachate/Surface Water Pond (25-yr Starting Elev.)

Inflow Area = 10.240 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 37.96 cfs @ 12.05 hrs,  Volume= 3.988 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 793.50'   Surf.Area= 31,107 sf   Storage= 24,119 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,602 sf   Storage= 197,830 cf   (173,712 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (173,529 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654



MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Subcatchment 172S: Mod 6

Runoff = 15.47 cfs @ 12.28 hrs,  Volume= 1.476 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 3.790 98 Ash

3.790 100.00% Impervious Area

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



MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Mod 5_6 Leachate Pond Eval
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Summary for Subcatchment 176S: Leachate/Surface Water Pond

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

Runoff = 26.38 cfs @ 12.04 hrs,  Volume= 1.445 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Subcatchment 180S: Landfill Open Area

Runoff = 11.18 cfs @ 12.28 hrs,  Volume= 1.067 af,  Depth= 4.67"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 2.740 98 Allowable Open Area

2.740 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Routing Diagram for WPL Columbia_Mod 5_6 Leachate Pond Evaluation
Prepared by SCS Engineers,  Printed 2/17/2021
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=6.450 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 200S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=21.22 cfs  2.008 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 201S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.27 cfs  1.155 af

Runoff Area=4.120 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 202S: Mod 5
   Tc=20.0 min   CN=98   Runoff=13.55 cfs  1.282 af

Peak Elev=796.95'  Storage=196,646 cf   Inflow=39.08 cfs  4.445 afPond 203P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 14.280 ac   Runoff Volume = 4.445 af   Average Runoff Depth = 3.74"
0.00% Pervious = 0.000 ac     100.00% Impervious = 14.280 ac
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Summary for Subcatchment 200S: Landfill Open Area

Runoff = 21.22 cfs @ 12.29 hrs,  Volume= 2.008 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 6.450 98 Mod 4 Open

6.450 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 201S: Leachate/Surface Water Pond

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

Runoff = 21.27 cfs @ 12.04 hrs,  Volume= 1.155 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Subcatchment 202S: Mod 5

Runoff = 13.55 cfs @ 12.29 hrs,  Volume= 1.282 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 4.120 98 Ash

4.120 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Pond 203P: Leachate/Surface Water Pond (6" Starting Elev.)

Inflow Area = 14.280 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 39.08 cfs @ 12.27 hrs,  Volume= 4.445 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 792.50'   Surf.Area= 11,070 sf   Storage= 3,030 cf
Peak Elev= 796.95' @ 25.15 hrs   Surf.Area= 61,509 sf   Storage= 196,646 cf   (193,616 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (194,617 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=6.450 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 205S: Landfill Open Area
   Tc=20.0 min   CN=98   Runoff=21.22 cfs  2.008 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 206S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.27 cfs  1.155 af

Runoff Area=4.120 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 207S: Mod 5
   Tc=20.0 min   CN=98   Runoff=13.55 cfs  1.282 af

Runoff Area=3.790 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 210S: Mod 6
   Tc=20.0 min   CN=98   Runoff=12.47 cfs  1.180 af

Peak Elev=797.76'  Storage=248,035 cf   Inflow=51.51 cfs  5.625 afPond 208P: Leachate/Surface Water 
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 18.070 ac   Runoff Volume = 5.625 af   Average Runoff Depth = 3.74"
0.00% Pervious = 0.000 ac     100.00% Impervious = 18.070 ac
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Summary for Subcatchment 205S: Landfill Open Area

Runoff = 21.22 cfs @ 12.29 hrs,  Volume= 2.008 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 6.450 98 Mod 4 Open

6.450 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 206S: Leachate/Surface Water Pond

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

Runoff = 21.27 cfs @ 12.04 hrs,  Volume= 1.155 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 
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Summary for Subcatchment 207S: Mod 5

Runoff = 13.55 cfs @ 12.29 hrs,  Volume= 1.282 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 4.120 98 Ash

4.120 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Subcatchment 210S: Mod 6

Runoff = 12.47 cfs @ 12.29 hrs,  Volume= 1.180 af,  Depth= 3.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 3.790 98 Ash

3.790 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated
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Summary for Pond 208P: Leachate/Surface Water Pond (6" Starting Elev.)

[58] Hint: Peaked 0.79' above defined flood level

Inflow Area = 18.070 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 51.51 cfs @ 12.28 hrs,  Volume= 5.625 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 792.50'   Surf.Area= 11,070 sf   Storage= 3,030 cf
Peak Elev= 797.76' @ 25.15 hrs   Surf.Area= 65,434 sf   Storage= 248,035 cf   (245,005 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (194,617 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' 263,654 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
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SHEET NO. 1  
Job No. 25220183.00 CALC. NO. 
Job: Columbia Energy Center REV. NO. 
Client WPL BY RJG DATE 05/25/22
Subject Module 10/11 - Leachate/Surface Water Pond Evaluation CHK’D. MT  DATE 05/25/22

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 maximum amount of open area during each filling phase in order to maintain the
peak water elevation resulting from the 25-year, 24-hour storm event at the maximum
allowable 796.97.

 The amount of open area allowable with pond closure filling in order to maintain the
peak water elevation resulting from the 25-year, 24-hour storm event at the maximum
allowable 796.97.

 Based on the amount of allowable open area determined from the above, determine the
maximum starting water elevations in the leachate/surface water pond to accommodate
1, 2, 5, and 10-year, 24-hour storm events without overtopping.

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

determined to be at elevation 796.97.
 Previous calculations submitted to the WDNR on January 30, 2018, evaluated the

leachate/surface water pond capacity based on the as-built pond liner elevation.
 A similar evaluation was performed for Module 3 and 4 construction and then Module

5 and 6 construction that produced a chart of maximum leachate/surface water pond
starting elevations vs. rainfall storage capacity.

 Portions of Modules 1, 2, 3, and 4 currently have final or intermediate cover in place
and Module 5 and 6 currently have rain cover (see Figure 1 through 4).

 Module 10 and 11 will be constructed in 2022.

Approach: 
 Use the previously developed HydroCAD storm water model to model the below four

filling scenarios.
1. Filling Phase 0 – Assumes portions of Module 2, 3, 4, 5, and 6 contributing to

the leachate/surface water pond while material is placed from the pond closure
and the plant. See Figure 1 for filling grades and contributing area

2. Filling Phase 1 – Assumes portions of Module 2, 3, 4, 5, and 6 contributing to
the leachate/surface water pond while material is placed from the pond closure
and the plant. See Figure 2 for filling grades and contributing area

3. Filling Phase 2 – Assumes portions of Module 2, 3, 4, 5, and 6 contributing to
the leachate/surface water pond while material is placed from the pond closure
and the plant. See Figure 3 for filling grades and contributing area.



SHEET NO. 2  
Job No. 25220183.00 CALC. NO. 
Job: Columbia Energy Center REV. NO. 
Client WPL BY RJG DATE 05/25/22
Subject Module 10/11 - Leachate/Surface Water Pond Evaluation CHK’D. MT      DATE 05/25/22

4. Filling Phase 3 – Assumes portions of Module 2, 3, 4, 5, and 6 contributing to
the leachate/surface water pond while material is placed from the pond closure
and the plant. See Figure 4 for filling grades and contributing area.

5. Filling Phase 4 – Assumes portions of Module 2, 3, 4, 5, 6, 10, and 11
contributing to the leachate/surface water pond while material is placed from
the pond closure and the plant. See Figure 5 for filling grades and contributing
area.

Assumptions: 
 Ash surfaces and intermediate cover areas were assumed to be impermeable (CN=98).
 The top of pond liner elevation is 796.97 (see Background section).
 Time of Concentration is 20 minutes for open areas.

Results: 
1. Maximum allowable open area during filling and prior to permeter grade/Module 10

and 11 construction is 7.78 acres.

2. Maximum allowable open area during filling and after perimeter grades/Module 10 and
11 base grades are completed is 8.51 acres.

3. Filling Phase 0:
 The contributing area of landfill to the leachate/surface water pond is 7.45 acres

for the leachate/surface water pond to accommodate the runoff from a 25-year,
24-hour storm without overtopping.

 The remainder of landfill would need to be closed/covered with final or
intermediate cover and routed away from the pond.

 Figure 1 shows a proposed filling sequence, and Figure 1a shows the various
operating levels of the leachate/surface water pond to accommodate the various
storm events with the additional cover in place.

4. Filling Phase 1:
 The contributing area of landfill to the leachate/surface water pond is 7.78 acres

for the leachate/surface water pond to accommodate the runoff from a 25-year,
24-hour storm without overtopping.

 The remainder of landfill would need to be closed/covered with final or
intermediate cover and routed away from the pond.

 Figure 2 shows a proposed filling sequence, and Figure 2a shows the various
operating levels of the leachate/surface water pond to accommodate the various
storm events with the additional cover in place.

5. Filling Phase 2:
 The contributing area of landfill to the leachate/surface water pond is 7.69 acres

for the leachate/surface water pond to accommodate the runoff from a 25-year,
24-hour storm without overtopping.



SHEET NO. 3  
Job No. 25220183.00 CALC. NO. 
Job: Columbia Energy Center REV. NO. 
Client WPL BY RJG DATE 05/25/22
Subject Module 10/11 - Leachate/Surface Water Pond Evaluation CHK’D. MT      DATE   05/25/22

 The remainder of landfill would need to be closed/covered with final or
intermediate cover and routed away from the pond.

 Figure 3 shows a proposed filling sequence, and Figure 3a shows the various
operating levels of the leachate/surface water pond to accommodate the various
storm events with the additional cover in place.

6. Filling Phase 3:
 The contributing area of landfill to the leachate/surface water pond is 7.64 acres

for the leachate/surface water pond to accommodate the runoff from a 25-year,
24-hour storm without overtopping.

 The remainder of landfill would need to be closed/covered with final or
intermediate cover and routed away from the pond.

 Figure 4 shows a proposed filling sequence, and Figure 4a shows the various
operating levels of the leachate/surface water pond to accommodate the various
storm events with the additional cover in place.

7. Filling Phase 4:
 The contributing area of landfill to the leachate/surface water pond is 8.44 acres

for the leachate/surface water pond to accommodate the runoff from a 25-year,
24-hour storm without overtopping.

 The remainder of landfill would need to be closed/covered with final or
intermediate cover and routed away from the pond.

 Figure 5 shows a proposed filling sequence, and Figure 5a shows the various
operating levels of the leachate/surface water pond to accommodate the various
storm events with the additional cover in place.

The HydroCAD reports for the maximum open contributing area, each scenario modeled are 
attached.   

I:\25220183.00\Data and Calculations\Leachate_Surface Water Pond Evaluation\Leachate_Surface Water Pond Evaluation_Mod 5_6 calc 
writeup.docx 



I
:
\
2

5
2

2
0

1
8

3
.
0

0
\
D

r
a

w
i
n

g
s
\
P

l
a

n
 
o

f
 
O

p
e

r
a

t
i
o

n
 
U

p
d

a
t
e

\
F

i
l
l
 
S

e
q

u
e

n
c
e

\
L

e
a

c
h

a
t
e

 
E

v
a

l
\
F

i
l
l
i
n

g
 
S

e
q

u
e

n
c
e

 
(
S

t
a

g
e

 
0

)
_

L
e

a
c
h

a
t
e

.
d

w
g

,

5
/
2

5
/
2

0
2

2
 
2

:
4

7
:
2

1
 
P

M



2.00

2.50

3.00

3.50

4.00

4.50

5.00

792.50 793.00 793.50 794.00 794.50 795.00 795.50 796.00

R
ai

n
fa

ll
 A

m
ou

n
t 

(I
n

ch
es

)

Leachate/Surface Water Pond Maximum Starting Water Elevation (ft)

Figure 1A
Columbia Energy Center

Phase 0 Filling- Open Landfill Area 
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (Figure 1):

‐ Landfill open area = 7.46 acres.
‐ Leachate/Surface Water Pond Area, 3.71 acres.

5. Maximum open area per HydroCAD model during filling is 7.78 acres.

I:\25220183.00\Data and Calculations\Leachate_Surface Water Pond Evaluation\Issued for Permitting_POO Update\
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Figure 2A
Columbia Energy Center

Phase 1 Filling- Open Landfill Area 
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (Figure 1):

‐ Landfill open area = 7.78 acres.
‐ Leachate/Surface Water Pond Area, 3.71 acres.

5. Maximum open area per HydroCAD model during filling is 7.78 acres.

I:\25220183.00\Data and Calculations\Leachate_Surface Water Pond Evaluation\Issued for Permitting_POO Update\
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Figure 3A
Columbia Energy Center

Phase 2 Filling- Open Landfill Area 
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (Figure 1):

‐ Landfill open area = 7.69 acres.
‐ Leachate/Surface Water Pond Area, 2.98 acres.

5. Maximum open area per HydroCAD model during filling is 8.51 acres.

I:\25220183.00\Data and Calculations\Leachate_Surface Water Pond Evaluation\Issued for Permitting_POO Update\
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Figure 4A
Columbia Energy Center

Phase 3 Filling- Open Landfill Area 
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (Figure 1):

‐ Landfill open area = 7.64 acres.
‐ Leachate/Surface Water Pond Area, 2.98 acres.

5. Maximum open area per HydroCAD model during filling is 8.51 acres.

I:\25220183.00\Data and Calculations\Leachate_Surface Water Pond Evaluation\Issued for Permitting_POO Update\
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Figure 5A
Columbia Energy Center

Phase 4 Filling- Open Landfill Area 
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (Figure 1):

‐ Landfill open area = 8.44 acres.
‐ Leachate/Surface Water Pond Area, 2.98 acres.

5. Maximum open area per HydroCAD model during filling is 8.51 acres.

I:\25220183.00\Data and Calculations\Leachate_Surface Water Pond Evaluation\Issued for Permitting_POO Update\



Maximum Open Area

Phase 2 Filling
Phase 1 Filling

Phase 3 Filling

Phase 4 Filling

Phase 0 Filling

2S

Landfill Open Area (Mod
 2-6)

3S

Leachate/Surface Water
 Pond

293S

Landfill Open Area (Mod
 2-6)

294S

Leachate/Surface Water
 Pond

4P

Leachate/Surface Water
 Pond

297P

Leachate/Surface Water
 Pond

Routing Diagram for WPL Columbia_Leachate Pond Evaluation_220525
Prepared by SCS Engineers,  Printed 5/25/2022

HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



COL POO Filling
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Leachate Pond Evaluation_2

  Printed  5/25/2022Prepared by SCS Engineers
Page 2HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=7.780 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 2S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=31.75 cfs  3.030 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 3S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=26.38 cfs  1.445 af

Runoff Area=8.510 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 293S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=34.73 cfs  3.314 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 294S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.19 cfs  1.161 af

Peak Elev=796.97'  Storage=197,946 cf   Inflow=40.23 cfs  4.475 afPond 4P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,946 cf   Inflow=39.03 cfs  4.475 afPond 297P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af



COL POO Filling
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Leachate Pond Evaluation_2

  Printed  5/25/2022Prepared by SCS Engineers
Page 3HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Summary for Subcatchment 2S: Landfill Open Area (Mod 2-6)

Runoff = 31.75 cfs @ 12.28 hrs,  Volume= 3.030 af,  Depth= 4.67"
     Routed to Pond 4P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 7.075 98 Mod 2 - 6 Open Area
* 0.705 98 Access Road

7.780 98 Weighted Average
7.780 100.00% Impervious Area

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

Summary for Subcatchment 3S: Leachate/Surface Water Pond

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

Runoff = 26.38 cfs @ 12.04 hrs,  Volume= 1.445 af,  Depth= 4.67"
     Routed to Pond 4P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 293S: Landfill Open Area (Mod 2-6)

Runoff = 34.73 cfs @ 12.28 hrs,  Volume= 3.314 af,  Depth= 4.67"
     Routed to Pond 297P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 8.510 98 Mod 2 - 11 Open Area

8.510 100.00% Impervious Area



COL POO Filling
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Leachate Pond Evaluation_2

  Printed  5/25/2022Prepared by SCS Engineers
Page 4HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

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

Summary for Subcatchment 294S: Leachate/Surface Water Pond

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

Runoff = 21.19 cfs @ 12.04 hrs,  Volume= 1.161 af,  Depth= 4.67"
     Routed to Pond 297P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Pond 4P: Leachate/Surface Water Pond

Inflow Area = 11.490 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 40.23 cfs @ 12.06 hrs,  Volume= 4.475 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 792.50'   Surf.Area= 11,070 sf   Storage= 3,030 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,611 sf   Storage= 197,946 cf   (194,915 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (194,617 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390



COL POO Filling
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Leachate Pond Evaluation_2

  Printed  5/25/2022Prepared by SCS Engineers
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Summary for Pond 297P: Leachate/Surface Water Pond

Inflow Area = 11.490 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 39.03 cfs @ 12.27 hrs,  Volume= 4.475 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 792.50'   Surf.Area= 11,070 sf   Storage= 3,030 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,611 sf   Storage= 197,946 cf   (194,915 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (194,617 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390



1-Year Storm Analysis

Phase 2 FillingPhase 1 Filling
Phase 3 Filling

Phase 4 Filling

Phase 0 Filling

354S

Landfill Open Area (Mod
 2-6)

356S

Landfill Open Area (Mod
 2-6)

357S

Leachate/Surface Water
 Pond

358S

Landfill Open Area (Mod
 2-6)

359S

Leachate/Surface Water
 Pond

360S

Landfill Open Area (Mod
 2-6)

361S

Leachate/Surface Water
 Pond

362S

Landfill Open Area (Mod
 2-6)

389S

Leachate/Surface Water
 Pond

390S

Leachate/Surface Water
 Pond

364P

Leachate/Surface Water
 Pond

365P

Leachate/Surface Water
 Pond

366P

Leachate/Surface Water
 Pond

367P

Leachate/Surface Water
 Pond

368P

Leachate/Surface Water
 Pond

Routing Diagram for WPL Columbia_Leachate Pond Evaluation_220525
Prepared by SCS Engineers,  Printed 5/25/2022

HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"WPL Columbia_Leachate Pond Evaluation_22

  Printed  5/25/2022Prepared by SCS Engineers
Page 2HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=339,047 sf   100.00% Impervious   Runoff Depth=2.21"Subcatchment 354S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=15.52 cfs  1.434 af

Runoff Area=335,031 sf   100.00% Impervious   Runoff Depth=2.21"Subcatchment 356S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=15.34 cfs  1.417 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 357S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=10.38 cfs  0.549 af

Runoff Area=332,594 sf   100.00% Impervious   Runoff Depth=2.21"Subcatchment 358S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=15.23 cfs  1.407 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 359S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=10.38 cfs  0.549 af

Runoff Area=367,758 sf   100.00% Impervious   Runoff Depth=2.21"Subcatchment 360S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=16.84 cfs  1.556 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 361S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=10.38 cfs  0.549 af

Runoff Area=324,737 sf   100.00% Impervious   Runoff Depth=2.21"Subcatchment 362S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=14.87 cfs  1.374 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 389S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=12.91 cfs  0.683 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 390S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=12.91 cfs  0.683 af

Peak Elev=796.97'  Storage=197,850 cf   Inflow=17.45 cfs  1.966 afPond 364P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,930 cf   Inflow=17.34 cfs  1.956 afPond 365P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,593 cf   Inflow=18.94 cfs  2.105 afPond 366P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,577 cf   Inflow=19.31 cfs  2.056 afPond 367P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,611 cf   Inflow=19.60 cfs  2.117 afPond 368P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af



COL POO Filling
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Summary for Subcatchment 354S: Landfill Open Area (Mod 2-6)

Runoff = 15.52 cfs @ 12.29 hrs,  Volume= 1.434 af,  Depth= 2.21"
     Routed to Pond 368P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (sf) CN Description
* 339,047 98 Mod 2 - 6 Open Area

339,047 100.00% Impervious Area

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

Summary for Subcatchment 356S: Landfill Open Area (Mod 2-6)

Runoff = 15.34 cfs @ 12.29 hrs,  Volume= 1.417 af,  Depth= 2.21"
     Routed to Pond 364P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (sf) CN Description
* 335,031 98 Mod 2 - 6 Open Area

335,031 100.00% Impervious Area

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

Summary for Subcatchment 357S: Leachate/Surface Water Pond

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

Runoff = 10.38 cfs @ 12.04 hrs,  Volume= 0.549 af,  Depth= 2.21"
     Routed to Pond 364P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.0 Direct Entry, 

Summary for Subcatchment 358S: Landfill Open Area (Mod 2-6)

Runoff = 15.23 cfs @ 12.29 hrs,  Volume= 1.407 af,  Depth= 2.21"
     Routed to Pond 365P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (sf) CN Description
* 332,594 98 Mod 2 - 6 Open Area

332,594 100.00% Impervious Area

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

Summary for Subcatchment 359S: Leachate/Surface Water Pond

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

Runoff = 10.38 cfs @ 12.04 hrs,  Volume= 0.549 af,  Depth= 2.21"
     Routed to Pond 365P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 360S: Landfill Open Area (Mod 2-6)

Runoff = 16.84 cfs @ 12.29 hrs,  Volume= 1.556 af,  Depth= 2.21"
     Routed to Pond 366P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"
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Area (sf) CN Description
* 367,758 98 Mod 2 - 11 Open Area

367,758 100.00% Impervious Area

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

Summary for Subcatchment 361S: Leachate/Surface Water Pond

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

Runoff = 10.38 cfs @ 12.04 hrs,  Volume= 0.549 af,  Depth= 2.21"
     Routed to Pond 366P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 362S: Landfill Open Area (Mod 2-6)

Runoff = 14.87 cfs @ 12.29 hrs,  Volume= 1.374 af,  Depth= 2.21"
     Routed to Pond 367P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (sf) CN Description
* 324,737 98 Mod 2 - 6 Open Area

324,737 100.00% Impervious Area

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

Summary for Subcatchment 389S: Leachate/Surface Water Pond

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

Runoff = 12.91 cfs @ 12.04 hrs,  Volume= 0.683 af,  Depth= 2.21"
     Routed to Pond 368P : Leachate/Surface Water Pond
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Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 390S: Leachate/Surface Water Pond

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

Runoff = 12.91 cfs @ 12.04 hrs,  Volume= 0.683 af,  Depth= 2.21"
     Routed to Pond 367P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Pond 364P: Leachate/Surface Water Pond

Inflow Area = 10.671 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 17.45 cfs @ 12.27 hrs,  Volume= 1.966 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.49'   Surf.Area= 52,866 sf   Storage= 112,201 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,604 sf   Storage= 197,850 cf   (85,648 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (85,446 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)
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Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 365P: Leachate/Surface Water Pond

Inflow Area = 10.615 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 17.34 cfs @ 12.27 hrs,  Volume= 1.956 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.50'   Surf.Area= 52,945 sf   Storage= 112,730 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,610 sf   Storage= 197,930 cf   (85,199 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (84,917 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 366P: Leachate/Surface Water Pond

Inflow Area = 11.423 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 18.94 cfs @ 12.27 hrs,  Volume= 2.105 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.37'   Surf.Area= 51,921 sf   Storage= 105,914 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,583 sf   Storage= 197,593 cf   (91,679 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (91,733 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 367P: Leachate/Surface Water Pond

Inflow Area = 11.161 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 19.31 cfs @ 12.05 hrs,  Volume= 2.056 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.41'   Surf.Area= 52,236 sf   Storage= 107,997 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,582 sf   Storage= 197,577 cf   (89,579 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (89,650 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 368P: Leachate/Surface Water Pond

Inflow Area = 11.489 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 19.60 cfs @ 12.06 hrs,  Volume= 2.117 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.36'   Surf.Area= 51,842 sf   Storage= 105,395 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,585 sf   Storage= 197,611 cf   (92,216 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (92,252 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=339,047 sf   100.00% Impervious   Runoff Depth=2.54"Subcatchment 369S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=17.70 cfs  1.647 af

Runoff Area=335,031 sf   100.00% Impervious   Runoff Depth=2.54"Subcatchment 371S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=17.49 cfs  1.628 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 372S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=11.83 cfs  0.631 af

Runoff Area=332,594 sf   100.00% Impervious   Runoff Depth=2.54"Subcatchment 373S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=17.37 cfs  1.616 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 374S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=11.83 cfs  0.631 af

Runoff Area=367,758 sf   100.00% Impervious   Runoff Depth=2.54"Subcatchment 375S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=19.20 cfs  1.787 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 376S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=11.83 cfs  0.631 af

Runoff Area=324,737 sf   100.00% Impervious   Runoff Depth=2.54"Subcatchment 377S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=16.96 cfs  1.578 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 387S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.72 cfs  0.784 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 388S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.72 cfs  0.784 af

Peak Elev=796.97'  Storage=197,593 cf   Inflow=19.90 cfs  2.258 afPond 379P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,587 cf   Inflow=19.77 cfs  2.246 afPond 380P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,471 cf   Inflow=21.61 cfs  2.417 afPond 381P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,558 cf   Inflow=22.04 cfs  2.362 afPond 382P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,589 cf   Inflow=22.37 cfs  2.431 afPond 383P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af
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Summary for Subcatchment 369S: Landfill Open Area (Mod 2-6)

Runoff = 17.70 cfs @ 12.29 hrs,  Volume= 1.647 af,  Depth= 2.54"
     Routed to Pond 383P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (sf) CN Description
* 339,047 98 Mod 2 - 6 Open Area

339,047 100.00% Impervious Area

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

Summary for Subcatchment 371S: Landfill Open Area (Mod 2-6)

Runoff = 17.49 cfs @ 12.29 hrs,  Volume= 1.628 af,  Depth= 2.54"
     Routed to Pond 379P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (sf) CN Description
* 335,031 98 Mod 2 - 6 Open Area

335,031 100.00% Impervious Area

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

Summary for Subcatchment 372S: Leachate/Surface Water Pond

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

Runoff = 11.83 cfs @ 12.04 hrs,  Volume= 0.631 af,  Depth= 2.54"
     Routed to Pond 379P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.0 Direct Entry, 

Summary for Subcatchment 373S: Landfill Open Area (Mod 2-6)

Runoff = 17.37 cfs @ 12.29 hrs,  Volume= 1.616 af,  Depth= 2.54"
     Routed to Pond 380P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (sf) CN Description
* 332,594 98 Mod 2 - 6 Open Area

332,594 100.00% Impervious Area

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

Summary for Subcatchment 374S: Leachate/Surface Water Pond

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

Runoff = 11.83 cfs @ 12.04 hrs,  Volume= 0.631 af,  Depth= 2.54"
     Routed to Pond 380P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 375S: Landfill Open Area (Mod 2-6)

Runoff = 19.20 cfs @ 12.29 hrs,  Volume= 1.787 af,  Depth= 2.54"
     Routed to Pond 381P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"



COL POO Filling
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"WPL Columbia_Leachate Pond Evaluation_22

  Printed  5/25/2022Prepared by SCS Engineers
Page 5HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Area (sf) CN Description
* 367,758 98 Mod 2 - 11 Open Area

367,758 100.00% Impervious Area

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

Summary for Subcatchment 376S: Leachate/Surface Water Pond

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

Runoff = 11.83 cfs @ 12.04 hrs,  Volume= 0.631 af,  Depth= 2.54"
     Routed to Pond 381P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 377S: Landfill Open Area (Mod 2-6)

Runoff = 16.96 cfs @ 12.29 hrs,  Volume= 1.578 af,  Depth= 2.54"
     Routed to Pond 382P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (sf) CN Description
* 324,737 98 Mod 2 - 6 Open Area

324,737 100.00% Impervious Area

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

Summary for Subcatchment 387S: Leachate/Surface Water Pond

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

Runoff = 14.72 cfs @ 12.04 hrs,  Volume= 0.784 af,  Depth= 2.54"
     Routed to Pond 383P : Leachate/Surface Water Pond
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Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 388S: Leachate/Surface Water Pond

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

Runoff = 14.72 cfs @ 12.04 hrs,  Volume= 0.784 af,  Depth= 2.54"
     Routed to Pond 382P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Pond 379P: Leachate/Surface Water Pond

Inflow Area = 10.671 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 19.90 cfs @ 12.27 hrs,  Volume= 2.258 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.24'   Surf.Area= 50,897 sf   Storage= 99,231 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,583 sf   Storage= 197,593 cf   (98,362 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (98,416 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)
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Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 380P: Leachate/Surface Water Pond

Inflow Area = 10.615 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 19.77 cfs @ 12.27 hrs,  Volume= 2.246 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.25'   Surf.Area= 50,975 sf   Storage= 99,740 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,583 sf   Storage= 197,587 cf   (97,847 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (97,907 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 381P: Leachate/Surface Water Pond

Inflow Area = 11.423 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 21.61 cfs @ 12.27 hrs,  Volume= 2.417 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.10'   Surf.Area= 49,793 sf   Storage= 92,183 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,574 sf   Storage= 197,471 cf   (105,288 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (105,464 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 382P: Leachate/Surface Water Pond

Inflow Area = 11.161 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 22.04 cfs @ 12.05 hrs,  Volume= 2.362 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.15'   Surf.Area= 50,187 sf   Storage= 94,682 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,581 sf   Storage= 197,558 cf   (102,876 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (102,965 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 383P: Leachate/Surface Water Pond

Inflow Area = 11.489 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 22.37 cfs @ 12.06 hrs,  Volume= 2.431 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.09'   Surf.Area= 49,715 sf   Storage= 91,685 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,583 sf   Storage= 197,589 cf   (105,904 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (105,962 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=339,047 sf   100.00% Impervious   Runoff Depth=3.15"Subcatchment 339S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=21.73 cfs  2.041 af

Runoff Area=335,031 sf   100.00% Impervious   Runoff Depth=3.15"Subcatchment 341S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=21.47 cfs  2.017 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 342S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.51 cfs  0.781 af

Runoff Area=332,594 sf   100.00% Impervious   Runoff Depth=3.15"Subcatchment 343S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=21.31 cfs  2.002 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 344S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.51 cfs  0.781 af

Runoff Area=367,758 sf   100.00% Impervious   Runoff Depth=3.15"Subcatchment 345S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=23.57 cfs  2.214 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 346S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.51 cfs  0.781 af

Runoff Area=324,737 sf   100.00% Impervious   Runoff Depth=3.15"Subcatchment 347S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=20.81 cfs  1.955 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 385S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=18.04 cfs  0.972 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 386S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=18.04 cfs  0.972 af

Peak Elev=796.97'  Storage=197,605 cf   Inflow=24.41 cfs  2.798 afPond 349P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,910 cf   Inflow=24.26 cfs  2.784 afPond 350P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,834 cf   Inflow=26.51 cfs  2.995 afPond 351P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,602 cf   Inflow=27.07 cfs  2.927 afPond 352P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,686 cf   Inflow=27.48 cfs  3.013 afPond 353P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af
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Summary for Subcatchment 339S: Landfill Open Area (Mod 2-6)

Runoff = 21.73 cfs @ 12.29 hrs,  Volume= 2.041 af,  Depth= 3.15"
     Routed to Pond 353P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (sf) CN Description
* 339,047 98 Mod 2 - 6 Open Area

339,047 100.00% Impervious Area

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

Summary for Subcatchment 341S: Landfill Open Area (Mod 2-6)

Runoff = 21.47 cfs @ 12.29 hrs,  Volume= 2.017 af,  Depth= 3.15"
     Routed to Pond 349P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (sf) CN Description
* 335,031 98 Mod 2 - 6 Open Area

335,031 100.00% Impervious Area

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

Summary for Subcatchment 342S: Leachate/Surface Water Pond

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

Runoff = 14.51 cfs @ 12.04 hrs,  Volume= 0.781 af,  Depth= 3.15"
     Routed to Pond 349P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.0 Direct Entry, 

Summary for Subcatchment 343S: Landfill Open Area (Mod 2-6)

Runoff = 21.31 cfs @ 12.29 hrs,  Volume= 2.002 af,  Depth= 3.15"
     Routed to Pond 350P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (sf) CN Description
* 332,594 98 Mod 2 - 6 Open Area

332,594 100.00% Impervious Area

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

Summary for Subcatchment 344S: Leachate/Surface Water Pond

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

Runoff = 14.51 cfs @ 12.04 hrs,  Volume= 0.781 af,  Depth= 3.15"
     Routed to Pond 350P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 345S: Landfill Open Area (Mod 2-6)

Runoff = 23.57 cfs @ 12.29 hrs,  Volume= 2.214 af,  Depth= 3.15"
     Routed to Pond 351P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"
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Area (sf) CN Description
* 367,758 98 Mod 2 - 11 Open Area

367,758 100.00% Impervious Area

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

Summary for Subcatchment 346S: Leachate/Surface Water Pond

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

Runoff = 14.51 cfs @ 12.04 hrs,  Volume= 0.781 af,  Depth= 3.15"
     Routed to Pond 351P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 347S: Landfill Open Area (Mod 2-6)

Runoff = 20.81 cfs @ 12.29 hrs,  Volume= 1.955 af,  Depth= 3.15"
     Routed to Pond 352P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (sf) CN Description
* 324,737 98 Mod 2 - 6 Open Area

324,737 100.00% Impervious Area

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

Summary for Subcatchment 385S: Leachate/Surface Water Pond

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

Runoff = 18.04 cfs @ 12.04 hrs,  Volume= 0.972 af,  Depth= 3.15"
     Routed to Pond 353P : Leachate/Surface Water Pond
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Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 386S: Leachate/Surface Water Pond

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

Runoff = 18.04 cfs @ 12.04 hrs,  Volume= 0.972 af,  Depth= 3.15"
     Routed to Pond 352P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Pond 349P: Leachate/Surface Water Pond

Inflow Area = 10.671 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 24.41 cfs @ 12.27 hrs,  Volume= 2.798 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.76'   Surf.Area= 47,114 sf   Storage= 75,708 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,584 sf   Storage= 197,605 cf   (121,897 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (121,939 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)
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Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 350P: Leachate/Surface Water Pond

Inflow Area = 10.615 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 24.26 cfs @ 12.27 hrs,  Volume= 2.784 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.78'   Surf.Area= 47,272 sf   Storage= 76,652 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,608 sf   Storage= 197,910 cf   (121,257 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (120,995 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 351P: Leachate/Surface Water Pond

Inflow Area = 11.423 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 26.51 cfs @ 12.27 hrs,  Volume= 2.995 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.58'   Surf.Area= 45,696 sf   Storage= 67,355 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,602 sf   Storage= 197,834 cf   (130,479 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (130,292 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 352P: Leachate/Surface Water Pond

Inflow Area = 11.161 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 27.07 cfs @ 12.05 hrs,  Volume= 2.927 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.64'   Surf.Area= 46,169 sf   Storage= 70,111 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,584 sf   Storage= 197,602 cf   (127,491 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (127,536 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 353P: Leachate/Surface Water Pond

Inflow Area = 11.489 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 27.48 cfs @ 12.06 hrs,  Volume= 3.013 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.56'   Surf.Area= 45,539 sf   Storage= 66,443 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,591 sf   Storage= 197,686 cf   (131,243 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (131,204 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390



Phase 2 Filling

10-Year Storm
 Analysis

Phase 1 Filling
Phase 3 Filling

Phase 4 Filling

Phase 0 Filling

324S

Landfill Open Area (Mod
 2-6)

325S

Leachate/Surface Water
 Pond

326S

Landfill Open Area (Mod
 2-6)

327S

Leachate/Surface Water
 Pond

328S

Landfill Open Area (Mod
 2-6)

329S

Leachate/Surface Water
 Pond

330S

Landfill Open Area (Mod
 2-6)

331S

Leachate/Surface Water
 Pond

332S

Landfill Open Area (Mod
 2-6)

333S

Leachate/Surface Water
 Pond

334P

Leachate/Surface Water
 Pond

335P

Leachate/Surface Water
 Pond

336P

Leachate/Surface Water
 Pond

337P

Leachate/Surface Water
 Pond

338P

Leachate/Surface Water
 Pond

Routing Diagram for WPL Columbia_Leachate Pond Evaluation_220525
Prepared by SCS Engineers,  Printed 5/25/2022

HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=339,047 sf   100.00% Impervious   Runoff Depth=3.74"Subcatchment 324S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=25.60 cfs  2.423 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 325S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.25 cfs  1.154 af

Runoff Area=335,031 sf   100.00% Impervious   Runoff Depth=3.74"Subcatchment 326S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=25.30 cfs  2.394 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 327S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=17.09 cfs  0.928 af

Runoff Area=332,594 sf   100.00% Impervious   Runoff Depth=3.74"Subcatchment 328S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=25.12 cfs  2.377 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 329S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=17.09 cfs  0.928 af

Runoff Area=367,758 sf   100.00% Impervious   Runoff Depth=3.74"Subcatchment 330S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=27.77 cfs  2.628 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 331S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=17.09 cfs  0.928 af

Runoff Area=324,737 sf   100.00% Impervious   Runoff Depth=3.74"Subcatchment 332S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=24.52 cfs  2.320 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 333S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.25 cfs  1.154 af

Peak Elev=796.97'  Storage=197,822 cf   Inflow=28.77 cfs  3.322 afPond 334P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,929 cf   Inflow=28.58 cfs  3.304 afPond 335P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,874 cf   Inflow=31.24 cfs  3.555 afPond 336P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,655 cf   Inflow=31.91 cfs  3.474 afPond 337P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,547 cf   Inflow=32.39 cfs  3.576 afPond 338P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af
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Summary for Subcatchment 324S: Landfill Open Area (Mod 2-6)

Runoff = 25.60 cfs @ 12.29 hrs,  Volume= 2.423 af,  Depth= 3.74"
     Routed to Pond 338P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (sf) CN Description
* 339,047 98 Mod 2 - 6 Open Area

339,047 100.00% Impervious Area

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

Summary for Subcatchment 325S: Leachate/Surface Water Pond

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

Runoff = 21.25 cfs @ 12.04 hrs,  Volume= 1.154 af,  Depth= 3.74"
     Routed to Pond 338P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 326S: Landfill Open Area (Mod 2-6)

Runoff = 25.30 cfs @ 12.29 hrs,  Volume= 2.394 af,  Depth= 3.74"
     Routed to Pond 334P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (sf) CN Description
* 335,031 98 Mod 2 - 6 Open Area

335,031 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated

Summary for Subcatchment 327S: Leachate/Surface Water Pond

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

Runoff = 17.09 cfs @ 12.04 hrs,  Volume= 0.928 af,  Depth= 3.74"
     Routed to Pond 334P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 328S: Landfill Open Area (Mod 2-6)

Runoff = 25.12 cfs @ 12.29 hrs,  Volume= 2.377 af,  Depth= 3.74"
     Routed to Pond 335P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (sf) CN Description
* 332,594 98 Mod 2 - 6 Open Area

332,594 100.00% Impervious Area

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

Summary for Subcatchment 329S: Leachate/Surface Water Pond

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

Runoff = 17.09 cfs @ 12.04 hrs,  Volume= 0.928 af,  Depth= 3.74"
     Routed to Pond 335P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"
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Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 330S: Landfill Open Area (Mod 2-6)

Runoff = 27.77 cfs @ 12.29 hrs,  Volume= 2.628 af,  Depth= 3.74"
     Routed to Pond 336P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (sf) CN Description
* 367,758 98 Mod 2 - 11 Open Area

367,758 100.00% Impervious Area

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

Summary for Subcatchment 331S: Leachate/Surface Water Pond

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

Runoff = 17.09 cfs @ 12.04 hrs,  Volume= 0.928 af,  Depth= 3.74"
     Routed to Pond 336P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 332S: Landfill Open Area (Mod 2-6)

Runoff = 24.52 cfs @ 12.29 hrs,  Volume= 2.320 af,  Depth= 3.74"
     Routed to Pond 337P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"
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Area (sf) CN Description
* 324,737 98 Mod 2 - 6 Open Area

324,737 100.00% Impervious Area

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

Summary for Subcatchment 333S: Leachate/Surface Water Pond

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

Runoff = 21.25 cfs @ 12.04 hrs,  Volume= 1.154 af,  Depth= 3.74"
     Routed to Pond 337P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Pond 334P: Leachate/Surface Water Pond

Inflow Area = 10.671 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 28.77 cfs @ 12.27 hrs,  Volume= 3.322 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.26'   Surf.Area= 43,175 sf   Storage= 53,136 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,601 sf   Storage= 197,822 cf   (144,686 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (144,511 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)
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Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 335P: Leachate/Surface Water Pond

Inflow Area = 10.615 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 28.58 cfs @ 12.27 hrs,  Volume= 3.304 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.28'   Surf.Area= 43,332 sf   Storage= 54,001 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,610 sf   Storage= 197,929 cf   (143,927 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (143,646 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 336P: Leachate/Surface Water Pond

Inflow Area = 11.423 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 31.24 cfs @ 12.27 hrs,  Volume= 3.555 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.02'   Surf.Area= 41,284 sf   Storage= 43,001 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,605 sf   Storage= 197,874 cf   (154,873 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (154,646 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 337P: Leachate/Surface Water Pond

Inflow Area = 11.161 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 31.91 cfs @ 12.05 hrs,  Volume= 3.474 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.10'   Surf.Area= 41,914 sf   Storage= 46,329 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,588 sf   Storage= 197,655 cf   (151,326 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (151,318 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 338P: Leachate/Surface Water Pond

Inflow Area = 11.489 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 32.39 cfs @ 12.06 hrs,  Volume= 3.576 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 793.99'   Surf.Area= 40,926 sf   Storage= 41,767 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,580 sf   Storage= 197,547 cf   (155,781 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (155,880 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390



25-Year Storm
 Analysis

Phase 1 Filling Phase 3 Filling
Phase 4 FillingPhase 2 FillingPhase 0 Filling

1

Landfill Open Area (Mod
 2-6)

2

Leachate/Surface Water
 Pond

6S

Landfill Open Area (Mod
 2-6)

7S

Leachate/Surface Water
 Pond

277S

Landfill Open Area (Mod
 2-6)

278S

Leachate/Surface Water
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=339,047 sf   100.00% Impervious   Runoff Depth=4.67"Subcatchment 1: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=31.77 cfs  3.031 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 2: Leachate/Surface Water 
   Tc=0.0 min   CN=98   Runoff=26.35 cfs  1.443 af

Runoff Area=335,031 sf   100.00% Impervious   Runoff Depth=4.67"Subcatchment 6S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=31.39 cfs  2.995 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 7S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.19 cfs  1.161 af

Runoff Area=332,594 sf   100.00% Impervious   Runoff Depth=4.67"Subcatchment 277S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=31.16 cfs  2.974 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 278S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.19 cfs  1.161 af

Runoff Area=367,758 sf   100.00% Impervious   Runoff Depth=4.67"Subcatchment 300S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=34.46 cfs  3.288 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 301S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.19 cfs  1.161 af

Runoff Area=324,737 sf   100.00% Impervious   Runoff Depth=4.67"Subcatchment 320S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=30.43 cfs  2.903 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 321S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=26.35 cfs  1.443 af

Peak Elev=796.97'  Storage=197,735 cf   Inflow=35.69 cfs  4.156 afPond 8P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,837 cf   Inflow=35.46 cfs  4.134 afPond 279P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,879 cf   Inflow=38.75 cfs  4.448 afPond 302P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,831 cf   Inflow=39.61 cfs  4.347 afPond 322P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,936 cf   Inflow=40.21 cfs  4.474 afPond P1: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af
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Summary for Subcatchment 1: Landfill Open Area (Mod 2-6)

Runoff = 31.77 cfs @ 12.28 hrs,  Volume= 3.031 af,  Depth= 4.67"
     Routed to Pond P1 : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (sf) CN Description
* 339,047 98 Mod 2 - 6 Open Area

339,047 100.00% Impervious Area

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

Summary for Subcatchment 2: Leachate/Surface Water Pond

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

Runoff = 26.35 cfs @ 12.04 hrs,  Volume= 1.443 af,  Depth= 4.67"
     Routed to Pond P1 : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 6S: Landfill Open Area (Mod 2-6)

Runoff = 31.39 cfs @ 12.28 hrs,  Volume= 2.995 af,  Depth= 4.67"
     Routed to Pond 8P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (sf) CN Description
* 335,031 98 Mod 2 - 6 Open Area

335,031 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated

Summary for Subcatchment 7S: Leachate/Surface Water Pond

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

Runoff = 21.19 cfs @ 12.04 hrs,  Volume= 1.161 af,  Depth= 4.67"
     Routed to Pond 8P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 277S: Landfill Open Area (Mod 2-6)

Runoff = 31.16 cfs @ 12.28 hrs,  Volume= 2.974 af,  Depth= 4.67"
     Routed to Pond 279P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (sf) CN Description
* 332,594 98 Mod 2 - 6 Open Area

332,594 100.00% Impervious Area

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

Summary for Subcatchment 278S: Leachate/Surface Water Pond

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

Runoff = 21.19 cfs @ 12.04 hrs,  Volume= 1.161 af,  Depth= 4.67"
     Routed to Pond 279P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"



COL POO Filling
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Leachate Pond Evaluation_2

  Printed  5/25/2022Prepared by SCS Engineers
Page 5HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 300S: Landfill Open Area (Mod 2-6)

Runoff = 34.46 cfs @ 12.28 hrs,  Volume= 3.288 af,  Depth= 4.67"
     Routed to Pond 302P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (sf) CN Description
* 367,758 98 Mod 2 - 11 Open Area

367,758 100.00% Impervious Area

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

Summary for Subcatchment 301S: Leachate/Surface Water Pond

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

Runoff = 21.19 cfs @ 12.04 hrs,  Volume= 1.161 af,  Depth= 4.67"
     Routed to Pond 302P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 320S: Landfill Open Area (Mod 2-6)

Runoff = 30.43 cfs @ 12.28 hrs,  Volume= 2.903 af,  Depth= 4.67"
     Routed to Pond 322P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"
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Area (sf) CN Description
* 324,737 98 Mod 2 - 6 Open Area

324,737 100.00% Impervious Area

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

Summary for Subcatchment 321S: Leachate/Surface Water Pond

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

Runoff = 26.35 cfs @ 12.04 hrs,  Volume= 1.443 af,  Depth= 4.67"
     Routed to Pond 322P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Pond 8P: Leachate/Surface Water Pond

Inflow Area = 10.671 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 35.69 cfs @ 12.27 hrs,  Volume= 4.156 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 793.24'   Surf.Area= 25,898 sf   Storage= 16,708 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,594 sf   Storage= 197,735 cf   (181,027 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (180,939 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)



COL POO Filling
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Leachate Pond Evaluation_2

  Printed  5/25/2022Prepared by SCS Engineers
Page 7HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 279P: Leachate/Surface Water Pond

Inflow Area = 10.615 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 35.46 cfs @ 12.27 hrs,  Volume= 4.134 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 793.28'   Surf.Area= 26,699 sf   Storage= 17,760 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,603 sf   Storage= 197,837 cf   (180,077 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (179,887 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 302P: Leachate/Surface Water Pond

Inflow Area = 11.423 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 38.75 cfs @ 12.27 hrs,  Volume= 4.448 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 792.59'   Surf.Area= 12,873 sf   Storage= 4,108 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,606 sf   Storage= 197,879 cf   (193,772 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (193,540 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 322P: Leachate/Surface Water Pond

Inflow Area = 11.161 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 39.61 cfs @ 12.05 hrs,  Volume= 4.347 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 792.87'   Surf.Area= 18,484 sf   Storage= 8,498 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,602 sf   Storage= 197,831 cf   (189,333 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (189,150 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond P1: Leachate/Surface Water Pond

Inflow Area = 11.489 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 40.21 cfs @ 12.06 hrs,  Volume= 4.474 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 792.50'   Surf.Area= 11,070 sf   Storage= 3,030 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,610 sf   Storage= 197,936 cf   (194,906 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (194,617 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390
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Storm Water Management Calculations 
 
Purpose: 
The purpose of the storm water runoff calculations is to demonstrate that the existing storm water 
sedimentation basin and proposed storm water management features included in the Modules 10 and 
11 Plan Modification Request can accommodate and safely convey the runoff from a 25-year, 24-hour 
storm event during post closure conditions. 
  
Items addressed in these calculations: 
 

 Sedimentation Basin 
 Swales 
 Culverts 
 Diversion Berms 
 Downslope Flumes & Energy Dissipaters 
 Rock Chutes 
 Discharge Aprons 

 
The proposed storm water management conditions are shown on Figure 1.  
 
The calculations support the capacity check of the following existing storm water management feature: 
 

Feature Purpose Design Method 
Sedimentation Basin To safely handle 25-year, 24-hour 

storm event without overtopping the 
100-year, 24-hour emergency spillway.  

HydroCAD runoff modeling  

Swales Convey storm water runoff from 
adjacent areas to Culvert C2 and offsite 
during post construction conditions 

HydroCAD runoff modeling and 
Swale Calculation 

Culverts Convey storm water from the final 
cover perimeter swales during post 
construction conditions 

HydroCAD runoff modeling and 
HY-8 Culvert Model 

Diversion Berms Reduce storm water runoff from long 
final cover slopes and to divert water to 
perimeter swales during post 
construction conditions 

HydroCAD runoff modeling and 
Diversion Berm Calculations 

Downslope Flumes & 
Energy Dissipators 

Convey storm water from diversion 
berms down slope to discharge 
locations during post construction 
conditions 

HydroCAD runoff modeling and 
Downslope Flume Calculations 

Rock Chutes Erosion protection and convey storm 
water from energy dissipators (Flume 1 
and Flume 2) to existing swale during 
post construction conditions 

HydroCAD runoff modeling and 
Rock Chute Calculation  

Discharge Aprons Erosion protection from culvert 
discharge at culverts  

HydroCAD runoff modeling and 
Riprap Apron Calculation 

 
Approach: 
Hydrograph Generation 
HydroCAD was used to model the storm water management system and develop the hydrographs 
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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 events from NOAA ATLAS 14, contributing drainage areas, runoff curve numbers, and 
time of concentration.  
 
Swale Sizing  
The proposed swales were sized for the 25-year, 24-hour storm event. A spreadsheet based on 
Manning’s equation was used to determine the depth of flow and velocity in the swales based on the 
swale geometry and peak flow in the swales (as determined by the Hydrograph Generation models). 
 
Culvert Sizing  
Culverts were sized for the 25-year, 24-hour storm event using the HY-8 computer model developed by 
the US Department of Transportation, Federal Highway Administration.  
 
Diversion Berms 
Diversion berms were sized for the 25-year, 24-hour storm event using the Manning’s Equation to 
determine the depth of flow and velocity in the swale based on the swale geometry and peak flow for 
the storm event (as determined by the Hydrograph Generation Calculations). 
 
Downslope Flumes and Energy Dissipaters Sizing 
Flumes and energy dissipaters were sized for the 25-year, 24-hour storm event. Manning’s equation 
and the orifice equation were used to size the flumes.  Energy dissipaters were sized using tables from 
the reference book “Hydraulic Design of Energy Dissipaters for Culverts and Channels” US Department 
of Transportation, Federal Highway Administration, July 2006. 
 
Rock Cute Sizing 
Rock chutes were sized for the 25-year, 24-hour storm event. Rock Chutes were sized based on the 
flow to each culvert location. The Iowa NRCS Rock Chute Design spreadsheet was used to size the 
chute and riprap.   
 
Discharge Apron Sizing 
Riprap aprons were sized for the 25-year, 24-hour storm event using equations in Section 5.2 – Riprap 
Blanket of WisDOT FDM 13-35-5. The riprap aprons were sized based on the flow to the culvert 
location. The riprap sizing was used to size the riprap discharge apron. 
 
Basin Sizing  
Route the proposed construction and existing drainage runoff through the sedimentation basin to 
confirm the basin can handle the 25-year, 24-hour storm event. HydroCAD was used to model the 
runoff flow through the basin outfall (as determined by the Hydrograph Generation model).   
 
Key Assumptions: 

 Drainage areas and time of concentration flow paths are as shown on Figure 1 for Post 
Construction Conditions.  

 An MSE4 rainfall distribution was used based on NRCS Wisconsin rainfall distribution regions. 
The precipitation depth for the 25-year, 24-hour storm was assumed to be 4.91 inches, based 
on NOAA ATLAS 14 Point Precipitation Frequency Estimates (NOAA’s National Weather 
Service Hydrometeorological Design Studies Center Precipitation Frequency Data Server). 

 
 Runoff curve numbers were based on tables presented in Urban Hydrology for Small 

Watersheds, and were assumed as follows and as listed in the modeling. 
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Cover Type CN 
Final Cover 69 – Pasture/grassland/range in good condition, 

hydrologic soil group (HSG) C/B (assumed mid value 
between each soil group) 

Pasture, grassland 
or range 

39 – Pasture/grassland/range, Good, HSG A 

Rain Cover 98 – Rain Cover (plastic smooth material) 
Pavement 98 – impervious HSG A 
Gravel 96 – Gravel, HSG A  

 
 Type A soil group for non-disturbed areas outside the landfill as soils are loamy sand. 
 Other assumptions are included with the calculations attached to this appendix. 

 
Results: 
Hydrograph Generation 
The hydrograph modeling results for the 25-year and 100-year, 24-hour storm events are included in 
the Post Construction Conditions Hydrograph Generation section.   
 
Basin Sizing  
The existing sedimentation basin has the capacity to safely contain the 25-year, 24-hour storm event 
and safely pass the 100-year, 24-hour storm event through the emergency spillway. Refer to the Basin 
Sizing section. 
 
Swale Sizing  
The proposed swales will be constructed as shown on the Drawings. The swales have the capacity to 
safely convey the both the 25-year, 24-hour storm events and maintain a minimum 0.5 foot of 
freeboard. Refer to the Swale Sizing section. 
Appropriate erosion control product was selected based on the velocities and shear stress in the 
swales. Refer to the Swale Sizing section below for the evaluation. 
 
Culvert Sizing 
Culverts will be as shown in the Drawings. The culverts have the capacity to safely convey the 25-year, 
24-hour storm event. Refer to the Culvert Sizing Section for the detailed calculations. 
 
Diversion Berm Sizing 
The proposed final berms will be constructed as shown on the Drawings. The diversion berms will 
contain the runoff from the 25-year, 24-hour storm event. Refer to the Diversion Berm Design section. 
 
Downslope Flume and Energy Dissipater Sizing 
The downslope flumes and energy dissipaters will be constructed as shown on the Drawings. The 
downslope flumes are designed to contain the runoff from the 25-year, 24-hour storm event. Energy 
dissipaters at the bottom of the downslope flumes have been designed to handle the peak velocities. 
Refer to the Downslope Flume and Energy Dissipater Sizing section below for detailed calculations. 
 
Rock Chute Sizing 
The proposed rock chutes will be constructed as shown in the Drawings. The rock chutes will 
accommodate the runoff from the 25-year, 24-hour storm event. Refer to the Rock Chute Sizing 
section. 



 
SHEET NO.  4 of 4 
CALC. NO.  
REV. NO.  

Job No. 25220183.00 Job Columbia Dry Ash Disposal   BY RJG DATE 4/7/22 
Client WPL Subject Storm Water Management  CHK’D. MRH DATE  4/8/22 
 
Discharge Apron Sizing 
The proposed riprap aprons will be constructed as shown in the Drawings. The aprons will 
accommodate the runoff from the 25-year, 24-hour storm event. Refer to Discharge Apron Sizing for 
design calculations. 
 

 
I:\25220183.00\Data and Calculations\Stormwater Landfill\Sed Basin Size Check\SWM Calcs_Writeup_Sed Basin_Draft.doc 
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Time span=0.00-40.00 hrs, dt=0.01 hrs, 4001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=1.288 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 1: Subcat AREA 1
   Flow Length=408'   Tc=2.6 min   CN=69   Runoff=4.58 cfs  0.203 af

Runoff Area=0.914 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 10: Subcat AREA 10
   Flow Length=500'   Tc=3.2 min   CN=69   Runoff=3.17 cfs  0.144 af

Runoff Area=0.949 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 11: Subcat AREA 11
   Flow Length=391'   Tc=4.6 min   CN=69   Runoff=3.10 cfs  0.150 af

Runoff Area=0.098 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 12: Subcat AREA 12
   Flow Length=92'   Tc=2.5 min   CN=69   Runoff=0.35 cfs  0.015 af

Runoff Area=0.890 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 13: Subcat AREA 13
   Flow Length=590'   Tc=4.6 min   CN=69   Runoff=2.91 cfs  0.140 af

Runoff Area=1.145 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 14: Subcat AREA 14
   Flow Length=625'   Tc=5.1 min   CN=69   Runoff=3.66 cfs  0.181 af

Runoff Area=0.512 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 15: Subcat AREA 15
   Flow Length=235'   Tc=4.2 min   CN=69   Runoff=1.71 cfs  0.081 af

Runoff Area=1.510 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 16: Subcat AREA 16
   Flow Length=522'   Tc=4.9 min   CN=69   Runoff=4.89 cfs  0.238 af

Runoff Area=1.228 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 17: Subcat AREA 17
   Flow Length=386'   Tc=4.7 min   CN=69   Runoff=4.00 cfs  0.194 af

Runoff Area=0.813 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 18: Subcat AREA 18
   Flow Length=383'   Tc=4.6 min   CN=69   Runoff=2.66 cfs  0.128 af

Runoff Area=0.847 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 19: Subcat AREA 19
   Flow Length=394'   Tc=4.6 min   CN=69   Runoff=2.77 cfs  0.134 af

Runoff Area=1.167 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 2: Subcat AREA 2
   Flow Length=613'   Tc=5.1 min   CN=69   Runoff=3.73 cfs  0.184 af

Runoff Area=1.054 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 20: Subcat AREA 20
   Flow Length=453'   Tc=4.7 min   CN=69   Runoff=3.43 cfs  0.166 af

Runoff Area=1.030 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 21: Subcat AREA 21
   Flow Length=448'   Tc=4.7 min   CN=69   Runoff=3.35 cfs  0.162 af

Runoff Area=1.030 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 22: Subcat AREA 22
   Flow Length=448'   Tc=4.7 min   CN=69   Runoff=3.35 cfs  0.162 af

Runoff Area=1.548 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 23: Subcat AREA 23
   Flow Length=715'   Tc=5.4 min   CN=69   Runoff=4.89 cfs  0.244 af
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Runoff Area=1.952 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 24: Subcat AREA 24
   Flow Length=889'   Tc=5.8 min   CN=69   Runoff=6.05 cfs  0.308 af

Runoff Area=1.515 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 25: Subcat AREA 25
   Flow Length=495'   Tc=3.9 min   CN=69   Runoff=5.13 cfs  0.239 af

Runoff Area=0.518 ac   0.00% Impervious   Runoff Depth=1.74"Subcatchment AREA 26: Subcat AREA 26
   Flow Length=216'   Tc=4.1 min   CN=67   Runoff=1.59 cfs  0.075 af

Runoff Area=4.140 ac   0.00% Impervious   Runoff Depth=0.55"Subcatchment AREA 27: Subcat AREA 27
   Flow Length=864'   Tc=12.0 min   CN=48   Runoff=1.68 cfs  0.191 af

Runoff Area=142,960 sf   0.00% Impervious   Runoff Depth=0.66"Subcatchment AREA 28: Subcat AREA 28
   Flow Length=573'   Tc=9.1 min   CN=50   Runoff=2.08 cfs  0.179 af

Runoff Area=0.423 ac   0.00% Impervious   Runoff Depth=0.60"Subcatchment AREA 28A: Subcat AREA 28A
   Flow Length=234'   Tc=9.1 min   CN=49   Runoff=0.23 cfs  0.021 af

Runoff Area=0.476 ac   0.00% Impervious   Runoff Depth=0.71"Subcatchment AREA 28B: Subcat AREA 28B
   Flow Length=211'   Tc=4.5 min   CN=51   Runoff=0.47 cfs  0.028 af

Runoff Area=2.792 ac   0.00% Impervious   Runoff Depth=0.22"Subcatchment AREA 29: Subcat AREA 29
   Flow Length=463'   Tc=14.8 min   CN=40   Runoff=0.16 cfs  0.050 af

Runoff Area=0.717 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 3: Subcat AREA 3
   Flow Length=409'   Tc=6.3 min   CN=69   Runoff=2.17 cfs  0.113 af

Runoff Area=1.415 ac   0.00% Impervious   Runoff Depth=0.18"Subcatchment AREA 30: Subcat AREA 30
   Flow Length=941'   Slope=0.0260 '/'   Tc=22.0 min   CN=39   Runoff=0.06 cfs  0.021 af

Runoff Area=0.698 ac   0.00% Impervious   Runoff Depth=0.18"Subcatchment AREA 31: Subcat AREA 31
   Flow Length=481'   Tc=4.4 min   CN=39   Runoff=0.03 cfs  0.011 af

Runoff Area=3.353 ac   0.00% Impervious   Runoff Depth=0.46"Subcatchment AREA 32: Subcat AREA 32
   Flow Length=663'   Tc=17.3 min   CN=46   Runoff=0.81 cfs  0.128 af

Runoff Area=38,914 sf   0.00% Impervious   Runoff Depth=0.60"Subcatchment AREA 33: Subcat AREA 33
   Flow Length=377'   Tc=16.0 min   CN=49   Runoff=0.37 cfs  0.045 af

Runoff Area=68,484 sf   0.00% Impervious   Runoff Depth=0.37"Subcatchment AREA 34: Subcat AREA 34
   Flow Length=488'   Tc=16.2 min   CN=44   Runoff=0.25 cfs  0.049 af

Runoff Area=0.375 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 35: Subcat AREA 35
   Flow Length=174'   Slope=0.2500 '/'   Tc=4.2 min   CN=69   Runoff=1.25 cfs  0.059 af

Runoff Area=0.487 ac   0.00% Impervious   Runoff Depth=1.82"Subcatchment AREA 36: Subcat AREA 36
   Flow Length=425'   Tc=4.4 min   CN=68   Runoff=1.54 cfs  0.074 af

Runoff Area=0.344 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 37: Subcat AREA 37
   Flow Length=510'   Tc=4.6 min   CN=69   Runoff=1.12 cfs  0.054 af
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Runoff Area=0.223 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 38: Subcat AREA 38
   Flow Length=590'   Tc=4.1 min   CN=69   Runoff=0.75 cfs  0.035 af

Runoff Area=0.656 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 39: Subcat AREA 39
   Flow Length=642'   Tc=5.3 min   CN=69   Runoff=2.08 cfs  0.103 af

Runoff Area=1.247 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 4: Subcat AREA 4
   Flow Length=478'   Tc=6.6 min   CN=69   Runoff=3.74 cfs  0.197 af

Runoff Area=1.618 ac   0.00% Impervious   Runoff Depth=1.18"Subcatchment AREA 40: Subcat AREA 40
   Flow Length=699'   Tc=5.2 min   CN=59   Runoff=3.05 cfs  0.160 af

Runoff Area=0.826 ac   0.00% Impervious   Runoff Depth=1.12"Subcatchment AREA 41: Subcat AREA 41
   Flow Length=722'   Tc=5.9 min   CN=58   Runoff=1.40 cfs  0.077 af

Runoff Area=2.177 ac   0.00% Impervious   Runoff Depth=0.18"Subcatchment AREA 42: Subcat AREA 42
   Flow Length=415'   Tc=9.1 min   CN=39   Runoff=0.09 cfs  0.033 af

Runoff Area=1.228 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 43: Subcat AREA 43
   Flow Length=778'   Tc=5.9 min   CN=69   Runoff=3.79 cfs  0.194 af

Runoff Area=5.227 ac   0.00% Impervious   Runoff Depth=0.18"Subcatchment AREA 44: Subcat AREA 44
   Flow Length=701'   Tc=7.9 min   CN=39   Runoff=0.22 cfs  0.079 af

Runoff Area=1.508 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment AREA 44A: Subcat AREA 
   Tc=0.0 min   CN=98   Runoff=10.70 cfs  0.587 af

Runoff Area=0.594 ac   0.00% Impervious   Runoff Depth=0.66"Subcatchment AREA 44B: Subcat AREA 44B
   Flow Length=147'   Slope=0.0544 '/'   Tc=7.6 min   CN=50   Runoff=0.41 cfs  0.032 af

Runoff Area=2.001 ac   0.00% Impervious   Runoff Depth=0.33"Subcatchment AREA 45: Subcat AREA 45
   Flow Length=681'   Tc=21.9 min   CN=43   Runoff=0.24 cfs  0.055 af

Runoff Area=7.367 ac   0.36% Impervious   Runoff Depth=1.18"Subcatchment AREA 46: Subcat AREA 46
   Flow Length=1,904'   Tc=9.2 min   CN=59   Runoff=11.31 cfs  0.727 af

Runoff Area=79,132 sf   8.81% Impervious   Runoff Depth=1.52"Subcatchment AREA 47: Subcat AREA 47
   Flow Length=582'   Tc=9.1 min   CN=64   Runoff=3.79 cfs  0.230 af

Runoff Area=57,540 sf   11.76% Impervious   Runoff Depth=1.32"Subcatchment AREA 48: Subcat AREA 48
   Flow Length=489'   Tc=5.4 min   CN=61   Runoff=2.79 cfs  0.145 af

Runoff Area=0.691 ac   0.00% Impervious   Runoff Depth=1.18"Subcatchment AREA 49: Subcat AREA 49
   Flow Length=522'   Tc=4.3 min   CN=59   Runoff=1.37 cfs  0.068 af

Runoff Area=1.195 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 5: Subcat AREA 5
   Flow Length=482'   Tc=6.6 min   CN=69   Runoff=3.58 cfs  0.188 af

Runoff Area=1.482 ac   0.00% Impervious   Runoff Depth=4.00"Subcatchment AREA 50: Subcat AREA 50
   Flow Length=570'   Tc=3.4 min   CN=92   Runoff=9.68 cfs  0.494 af
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Runoff Area=1.417 ac   0.00% Impervious   Runoff Depth=0.22"Subcatchment AREA 51: Subcat AREA 51
   Flow Length=884'   Tc=12.2 min   CN=40   Runoff=0.08 cfs  0.025 af

Runoff Area=197,330 sf   13.14% Impervious   Runoff Depth=0.51"Subcatchment AREA 52: Subcat AREA 52
   Flow Length=1,294'   Tc=6.3 min   CN=47   Runoff=2.06 cfs  0.191 af

Runoff Area=0.892 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 6: Subcat AREA 6
   Flow Length=415'   Tc=4.6 min   CN=69   Runoff=2.92 cfs  0.141 af

Runoff Area=1.017 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 7: Subcat AREA 7
   Flow Length=833'   Tc=5.8 min   CN=69   Runoff=3.15 cfs  0.160 af

Runoff Area=1.009 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 8: Subcat AREA 8
   Flow Length=409'   Tc=4.7 min   CN=69   Runoff=3.29 cfs  0.159 af

Runoff Area=1.047 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 9: Subcat AREA 9
   Flow Length=426'   Tc=4.8 min   CN=69   Runoff=3.40 cfs  0.165 af

Avg. Flow Depth=0.76'   Max Vel=2.58 fps   Inflow=22.03 cfs  1.077 afReach S1 R2: Swale S1 Reach 2
n=0.030   L=127.0'   S=0.0055 '/'   Capacity=140.64 cfs   Outflow=21.68 cfs  1.077 af

Avg. Flow Depth=0.88'   Max Vel=2.69 fps   Inflow=31.44 cfs  1.788 afReach S1 R3: Swale S1 Reach 3
n=0.030   L=578.0'   S=0.0051 '/'   Capacity=135.10 cfs   Outflow=27.38 cfs  1.788 af

Avg. Flow Depth=0.94'   Max Vel=3.19 fps   Inflow=35.79 cfs  2.233 afReach S1 R4: Swale S1 Reach 4
n=0.030   L=195.8'   S=0.0066 '/'   Capacity=154.36 cfs   Outflow=35.20 cfs  2.233 af

Avg. Flow Depth=0.97'   Max Vel=2.89 fps   Inflow=35.39 cfs  2.255 afReach S1 R5: Swale S1 Reach 5
n=0.030   L=411.6'   S=0.0053 '/'   Capacity=137.86 cfs   Outflow=33.17 cfs  2.255 af

Avg. Flow Depth=0.97'   Max Vel=2.87 fps   Inflow=35.21 cfs  2.484 afReach S1 R6: Swale S1 Reach 6
n=0.030   L=430.9'   S=0.0052 '/'   Capacity=136.28 cfs   Outflow=33.18 cfs  2.484 af

Avg. Flow Depth=1.18'   Max Vel=1.99 fps   Inflow=33.19 cfs  2.506 afReach S2 R1: Swale S2 Reach 1
n=0.030   L=472.0'   S=0.0020 '/'   Capacity=84.99 cfs   Outflow=29.93 cfs  2.506 af

Avg. Flow Depth=0.98'   Max Vel=3.41 fps   Inflow=48.80 cfs  4.314 afReach S2 R2: Swale S2 Reach 2
n=0.030   L=751.0'   S=0.0069 '/'   Capacity=182.04 cfs   Outflow=46.24 cfs  4.314 af

Avg. Flow Depth=0.63'   Max Vel=2.73 fps   Inflow=16.31 cfs  0.785 afReach S3 R1: Swale S3 Reach 1
n=0.030   L=215.0'   S=0.0070 '/'   Capacity=125.24 cfs   Outflow=15.87 cfs  0.785 af

Avg. Flow Depth=1.75'   Max Vel=3.61 fps   Inflow=27.94 cfs  1.419 afReach S3 R2: Swale S3 Reach 2
n=0.030   L=97.0'   S=0.0070 '/'   Capacity=71.57 cfs   Outflow=27.78 cfs  1.419 af

Avg. Flow Depth=0.73'   Max Vel=3.34 fps   Inflow=27.86 cfs  1.464 afReach S3 R3: Swale S3 Reach 3
n=0.030   L=353.0'   S=0.0097 '/'   Capacity=186.19 cfs   Outflow=26.59 cfs  1.464 af

Avg. Flow Depth=0.46'   Max Vel=2.23 fps   Inflow=14.04 cfs  0.716 afReach S4 R2: Swale S4 Reach 2
n=0.030   L=601.0'   S=0.0069 '/'   Capacity=174.20 cfs   Outflow=11.87 cfs  0.716 af
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Avg. Flow Depth=0.63'   Max Vel=2.42 fps   Inflow=23.93 cfs  1.374 afReach S4 R3: Swale S4 Reach 3
n=0.030   L=946.0'   S=0.0056 '/'   Capacity=156.53 cfs   Outflow=18.66 cfs  1.374 af

Avg. Flow Depth=1.27'   Max Vel=4.35 fps   Inflow=81.28 cfs  7.099 afReach S4 R4: Swale S4 Reach 4
n=0.030   L=483.0'   S=0.0082 '/'   Capacity=427.66 cfs   Outflow=80.05 cfs  7.099 af

   Inflow=2.06 cfs  0.191 afReach S5 R2: Swale S5 Reach 2
   Outflow=2.06 cfs  0.191 af

Peak Elev=791.59'  Storage=137,326 cf   Inflow=82.78 cfs  7.853 afPond Sed Pond: Sedimentation Basin
fs  5.880 af   Primary=9.42 cfs  1.973 af   Secondary=0.00 cfs  0.000 af   Tertiary=0.00 cfs  0.000 af   Outflow=14.75 cfs  7.854 af

   Inflow=2.06 cfs  0.191 afLink C1: Culvert C1
   Primary=2.06 cfs  0.191 af

   Inflow=9.68 cfs  0.520 afLink C2: Culvert C2
   Primary=9.68 cfs  0.520 af

   Inflow=27.38 cfs  1.788 afLink C3: Culvert C3
   Primary=27.38 cfs  1.788 af

   Inflow=35.39 cfs  2.255 afLink C4: Culvert C4
   Primary=35.39 cfs  2.255 af

   Inflow=35.21 cfs  2.434 afLink C5: Culvert C5
   Primary=35.21 cfs  2.434 af

   Inflow=27.86 cfs  1.464 afLink C6: Culvert C6
   Primary=27.86 cfs  1.464 af

   Inflow=52.15 cfs  4.999 afLink C7: Culvert C7
   Primary=52.15 cfs  4.999 af

   Inflow=8.32 cfs  0.566 afLink C8: Culvert C8
   Primary=8.32 cfs  0.566 af

   Inflow=13.17 cfs  0.658 afLink F1: Flume 1
   Primary=13.17 cfs  0.658 af

   Inflow=14.04 cfs  0.716 afLink F2: Flume 2
   Primary=14.04 cfs  0.716 af

   Inflow=19.08 cfs  0.934 afLink F3: Flume 3
   Primary=19.08 cfs  0.934 af

   Inflow=8.58 cfs  0.417 afLink F4: Flume 4
   Primary=8.58 cfs  0.417 af

   Inflow=15.06 cfs  0.725 afLink F5: Flume 5
   Primary=15.06 cfs  0.725 af
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   Inflow=12.11 cfs  0.586 afLink F6: Flume 6
   Primary=12.11 cfs  0.586 af

   Inflow=2.66 cfs  0.128 afLink F7: Existing East Flume
   Primary=2.66 cfs  0.128 af

   Inflow=9.73 cfs  0.492 afLink F8: Existing West Flume
   Primary=9.73 cfs  0.492 af

   Inflow=8.32 cfs  0.566 afLink North Area: North Area
   Primary=8.32 cfs  0.566 af

   Inflow=13.17 cfs  0.658 afLink RC1: Rock Chute 1
   Primary=13.17 cfs  0.658 af

   Inflow=14.04 cfs  0.716 afLink RC2: Rock Chute 2
   Primary=14.04 cfs  0.716 af

   Inflow=33.18 cfs  2.484 afLink Swale 1 R6: Swale S1 Reach 6
   Primary=33.18 cfs  2.484 af

   Inflow=1.37 cfs  0.068 afLink Swale S1 R1: Swale S1 Reach 1
   Primary=1.37 cfs  0.068 af

   Inflow=21.68 cfs  1.077 afLink Swale S1 R2: Swale S1 Reach 2
   Primary=21.68 cfs  1.077 af

   Inflow=27.38 cfs  1.788 afLink Swale S1 R3: Swale S1 Reach 3
   Primary=27.38 cfs  1.788 af

   Inflow=35.39 cfs  2.255 afLink Swale S1 R4: Swale S1 Reach 4
   Primary=35.39 cfs  2.255 af

   Inflow=35.21 cfs  2.434 afLink Swale S1 R5: Swale S1 Reach 5
   Primary=35.21 cfs  2.434 af

   Inflow=29.95 cfs  2.516 afLink Swale S2 R1: Swale S2 Reach 1
   Primary=29.95 cfs  2.516 af

   Inflow=52.15 cfs  4.999 afLink Swale S2 R2: Swale S2 Reach 2
   Primary=52.15 cfs  4.999 af

   Inflow=15.88 cfs  0.833 afLink Swale S3 R1: Swale S3 Reach 1
   Primary=15.88 cfs  0.833 af

   Inflow=27.86 cfs  1.464 afLink Swale S3 R2: Swale S3 Reach 2
   Primary=27.86 cfs  1.464 af

   Inflow=26.70 cfs  1.592 afLink Swale S3 R3: Swale S3 Reach 3
   Primary=26.70 cfs  1.592 af
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   Inflow=80.09 cfs  7.154 afLink Swale S4 R4: Swale S4 Reach 4
   Primary=80.09 cfs  7.154 af

   Inflow=2.06 cfs  0.191 afLink Swale S5 R1: Swale S5 Reach 1
   Primary=2.06 cfs  0.191 af

   Inflow=4.68 cfs  0.336 afLink Swale S5 R2: Swale S5 Reach 2
   Primary=4.68 cfs  0.336 af

   Inflow=3.79 cfs  0.230 afLink Swale S5 R3: Swale S5 Reach 3
   Primary=3.79 cfs  0.230 af

   Inflow=9.68 cfs  0.520 afLink Swale S6 R1: Swale S6 Reach 1
   Primary=9.68 cfs  0.520 af

   Inflow=9.42 cfs  1.973 afLink Wetland: Wetland
   Primary=9.42 cfs  1.973 af

Total Runoff Area = 82.060 ac   Runoff Volume = 8.419 af   Average Runoff Depth = 1.23"
97.02% Pervious = 79.615 ac     2.98% Impervious = 2.446 ac
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Summary for Subcatchment AREA 1: Subcat AREA 1

Runoff = 4.58 cfs @ 12.11 hrs,  Volume= 0.203 af,  Depth= 1.89"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.288 69 Pasture/grassland/range, Fair, HSG B
1.288 100.00% Pervious Area

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

1.7 37 0.2500 0.36 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.9 371 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

2.6 408 Total

Summary for Subcatchment AREA 10: Subcat AREA 10

Runoff = 3.17 cfs @ 12.11 hrs,  Volume= 0.144 af,  Depth= 1.89"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.914 69 Pasture/grassland/range, Fair, HSG B
0.914 100.00% Pervious Area

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

2.1 46 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.1 454 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

3.2 500 Total

Summary for Subcatchment AREA 11: Subcat AREA 11

Runoff = 3.10 cfs @ 12.12 hrs,  Volume= 0.150 af,  Depth= 1.89"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (ac) CN Description
0.949 69 Pasture/grassland/range, Fair, HSG B
0.949 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 14 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 277 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 391 Total

Summary for Subcatchment AREA 12: Subcat AREA 12

Runoff = 0.35 cfs @ 12.11 hrs,  Volume= 0.015 af,  Depth= 1.89"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.098 69 Pasture/grassland/range, Fair, HSG B
0.098 100.00% Pervious Area

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

2.4 56 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 36 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

2.5 92 Total

Summary for Subcatchment AREA 13: Subcat AREA 13

Runoff = 2.91 cfs @ 12.12 hrs,  Volume= 0.140 af,  Depth= 1.89"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (ac) CN Description
0.890 69 Pasture/grassland/range, Fair, HSG B
0.890 100.00% Pervious Area

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

3.4 87 0.2500 0.42 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.2 503 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 590 Total

Summary for Subcatchment AREA 14: Subcat AREA 14

Runoff = 3.66 cfs @ 12.13 hrs,  Volume= 0.181 af,  Depth= 1.89"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.145 69 Pasture/grassland/range, Fair, HSG B
1.145 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 27 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.2 498 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.1 625 Total

Summary for Subcatchment AREA 15: Subcat AREA 15

Runoff = 1.71 cfs @ 12.12 hrs,  Volume= 0.081 af,  Depth= 1.89"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.512 69 Pasture/grassland/range, Fair, HSG B
0.512 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.2 85 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.2 235 Total

Summary for Subcatchment AREA 16: Subcat AREA 16

Runoff = 4.89 cfs @ 12.13 hrs,  Volume= 0.238 af,  Depth= 1.89"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.510 69 Pasture/grassland/range, Fair, HSG B
1.510 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.9 372 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.9 522 Total

Summary for Subcatchment AREA 17: Subcat AREA 17

Runoff = 4.00 cfs @ 12.12 hrs,  Volume= 0.194 af,  Depth= 1.89"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.228 69 Pasture/grassland/range, Fair, HSG B
1.228 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.3 63 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 223 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 386 Total

Summary for Subcatchment AREA 18: Subcat AREA 18

Runoff = 2.66 cfs @ 12.12 hrs,  Volume= 0.128 af,  Depth= 1.89"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.813 69 Pasture/grassland/range, Fair, HSG B
0.813 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 48 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 235 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 383 Total

Summary for Subcatchment AREA 19: Subcat AREA 19

Runoff = 2.77 cfs @ 12.12 hrs,  Volume= 0.134 af,  Depth= 1.89"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.847 69 Pasture/grassland/range, Fair, HSG B
0.847 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 244 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 394 Total

Summary for Subcatchment AREA 2: Subcat AREA 2

Runoff = 3.73 cfs @ 12.13 hrs,  Volume= 0.184 af,  Depth= 1.89"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.167 69 Pasture/grassland/range, Fair, HSG B
1.167 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 18 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.2 495 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.1 613 Total

Summary for Subcatchment AREA 20: Subcat AREA 20

Runoff = 3.43 cfs @ 12.12 hrs,  Volume= 0.166 af,  Depth= 1.89"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.054 69 Pasture/grassland/range, Fair, HSG B
1.054 100.00% Pervious Area



COL POO FINAL CONDITIONS
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"COL_POO Closure Conditions-031722

  Printed  4/11/2022Prepared by SCS Engineers
Page 15HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 303 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 453 Total

Summary for Subcatchment AREA 21: Subcat AREA 21

Runoff = 3.35 cfs @ 12.12 hrs,  Volume= 0.162 af,  Depth= 1.89"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.030 69 Pasture/grassland/range, Fair, HSG B
1.030 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 298 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 448 Total

Summary for Subcatchment AREA 22: Subcat AREA 22

Runoff = 3.35 cfs @ 12.12 hrs,  Volume= 0.162 af,  Depth= 1.89"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.030 69 Pasture/grassland/range, Fair, HSG B
1.030 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 298 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 448 Total

Summary for Subcatchment AREA 23: Subcat AREA 23

Runoff = 4.89 cfs @ 12.13 hrs,  Volume= 0.244 af,  Depth= 1.89"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.548 69 Pasture/grassland/range, Fair, HSG B
1.548 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 24 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.5 591 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.4 715 Total

Summary for Subcatchment AREA 24: Subcat AREA 24

Runoff = 6.05 cfs @ 12.13 hrs,  Volume= 0.308 af,  Depth= 1.89"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.952 69 Pasture/grassland/range, Fair, HSG B
1.952 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 24 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.9 765 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.8 889 Total

Summary for Subcatchment AREA 25: Subcat AREA 25

Runoff = 5.13 cfs @ 12.12 hrs,  Volume= 0.239 af,  Depth= 1.89"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.515 69 Pasture/grassland/range, Fair, HSG B
1.515 100.00% Pervious Area

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

2.8 67 0.2500 0.40 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.1 428 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

3.9 495 Total

Summary for Subcatchment AREA 26: Subcat AREA 26

Runoff = 1.59 cfs @ 12.12 hrs,  Volume= 0.075 af,  Depth= 1.74"
     Routed to Reach S1 R2 : Swale S1 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.396 69 Pasture/grassland/range, Fair, HSG B
0.072 39 Pasture/grassland/range, Good, HSG A
0.049 96 Gravel surface, HSG A

* 0.000 0 Pasture/grassland/range, Fair
0.518 67 Weighted Average
0.518 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.6 93 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.5 123 0.0055 4.39 140.49 Trap/Vee/Rect Channel Flow, Swale 1 Reach 2
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

4.1 216 Total

Summary for Subcatchment AREA 27: Subcat AREA 27

Runoff = 1.68 cfs @ 12.25 hrs,  Volume= 0.191 af,  Depth= 0.55"
     Routed to Reach S1 R3 : Swale S1 Reach 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.651 69 Pasture/grassland/range, Fair, HSG B
2.758 39 Pasture/grassland/range, Good, HSG A
0.010 96 Gravel surface, HSG A
0.295 96 Gravel surface, HSG A
0.426 39 Pasture/grassland/range, Good, HSG A

* 0.000 0
* 0.000 0
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 Pasture/grassland/range, Good

4.140 48 Weighted Average
4.140 100.00% Pervious Area

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

7.3 100 0.0500 0.23 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.3 217 0.0500 1.57 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 20 0.0050 1.14 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.1 14 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

2.0 513 0.0051 4.23 135.28 Trap/Vee/Rect Channel Flow, Swale 1 Reach 3
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

12.0 864 Total
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Summary for Subcatchment AREA 28: Subcat AREA 28

Runoff = 2.08 cfs @ 12.19 hrs,  Volume= 0.179 af,  Depth= 0.66"
     Routed to Link Swale S1 R5 : Swale S1 Reach 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (sf) CN Description
30,267 69 Pasture/grassland/range, Fair, HSG B

100,859 39 Pasture/grassland/range, Good, HSG A
* 11,834 96 Gravel surface

142,960 50 Weighted Average
142,960 100.00% Pervious Area

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

5.9 78 0.0526 0.22 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.1 22 0.2500 0.32 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 24 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 23 0.0050 1.14 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.1 16 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.6 410 0.0053 4.31 137.91 Trap/Vee/Rect Channel Flow, Swale 1 Reach
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

9.1 573 Total

Summary for Subcatchment AREA 28A: Subcat AREA 28A

Runoff = 0.23 cfs @ 12.20 hrs,  Volume= 0.021 af,  Depth= 0.60"
     Routed to Link Swale S1 R4 : Swale S1 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.035 69 Pasture/grassland/range, Fair, HSG B
0.257 39 Pasture/grassland/range, Good, HSG A
0.075 39 Pasture/grassland/range, Good, HSG A
0.010 96 Gravel surface, HSG A
0.046 96 Gravel surface, HSG A
0.423 49 Weighted Average
0.423 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.3 82 0.0334 0.19 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.0 18 0.2500 0.31 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 34 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 20 0.0050 1.14 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.1 13 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.2 67 0.0069 4.92 157.36 Trap/Vee/Rect Channel Flow, 
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

9.1 234 Total

Summary for Subcatchment AREA 28B: Subcat AREA 28B

Runoff = 0.47 cfs @ 12.13 hrs,  Volume= 0.028 af,  Depth= 0.71"
     Routed to Reach S1 R4 : Swale S1 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.050 69 Pasture/grassland/range, Fair, HSG B
0.110 39 Pasture/grassland/range, Good, HSG A
0.240 39 Pasture/grassland/range, Good, HSG A
0.009 96 Gravel surface, HSG A
0.067 96 Gravel surface, HSG A
0.476 51 Weighted Average
0.476 100.00% Pervious Area

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

2.5 58 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.6 20 0.0050 0.53 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

1.0 18 0.2500 0.31 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 115 0.0055 4.39 140.49 Trap/Vee/Rect Channel Flow, 
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

4.5 211 Total
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Summary for Subcatchment AREA 29: Subcat AREA 29

Runoff = 0.16 cfs @ 12.58 hrs,  Volume= 0.050 af,  Depth= 0.22"
     Routed to Reach S1 R6 : Swale S1 Reach 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.056 96 Gravel surface, HSG A
2.735 39 Pasture/grassland/range, Good, HSG A

* 0.000 0 Gravel surface
2.792 40 Weighted Average
2.792 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
11.8 100 0.0150 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
1.9 100 0.0150 0.86 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.1 16 0.2500 3.50 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
1.0 247 0.0052 4.27 136.60 Trap/Vee/Rect Channel Flow, Swale S1 Reach 5

Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

14.8 463 Total

Summary for Subcatchment AREA 3: Subcat AREA 3

Runoff = 2.17 cfs @ 12.14 hrs,  Volume= 0.113 af,  Depth= 1.89"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.717 69 Pasture/grassland/range, Fair, HSG B
0.717 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.9 44 0.1000 0.26 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.4 56 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 76 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 233 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

6.3 409 Total

Summary for Subcatchment AREA 30: Subcat AREA 30

Runoff = 0.06 cfs @ 13.18 hrs,  Volume= 0.021 af,  Depth= 0.18"
     Routed to Reach S2 R1 : Swale S2 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.415 39 Pasture/grassland/range, Good, HSG A
1.415 100.00% Pervious Area

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

9.5 100 0.0260 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.9 194 0.0260 1.13 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

9.6 647 0.0260 1.13 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

22.0 941 Total

Summary for Subcatchment AREA 31: Subcat AREA 31

Runoff = 0.03 cfs @ 12.44 hrs,  Volume= 0.011 af,  Depth= 0.18"
     Routed to Link Swale S2 R1 : Swale S2 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.698 39 Pasture/grassland/range, Good, HSG A
0.698 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.6 34 0.2500 0.35 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.8 447 0.0020 2.65 84.72 Trap/Vee/Rect Channel Flow, Swale 2 Reach 1
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

4.4 481 Total

Summary for Subcatchment AREA 32: Subcat AREA 32

Runoff = 0.81 cfs @ 12.38 hrs,  Volume= 0.128 af,  Depth= 0.46"
     Routed to Link Swale S3 R3 : Swale S3 Reach 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.567 69 Pasture/grassland/range, Fair, HSG B
2.413 39 Pasture/grassland/range, Good, HSG A
0.099 96 Gravel surface, HSG A
0.274 39 Pasture/grassland/range, Good, HSG A
3.353 46 Weighted Average
3.353 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.1 100 0.0140 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
4.2 211 0.0140 0.83 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.1 23 0.1740 2.92 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.9 329 0.0097 5.83 186.57 Trap/Vee/Rect Channel Flow, Swale 3 Reach 3

Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

17.3 663 Total

Summary for Subcatchment AREA 33: Subcat AREA 33

Runoff = 0.37 cfs @ 12.32 hrs,  Volume= 0.045 af,  Depth= 0.60"
     Routed to Link Swale S3 R2 : Swale S3 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (sf) CN Description
4,079 96 Gravel surface, HSG A
1,422 96 Gravel surface, HSG A

30,707 39 Pasture/grassland/range, Good, HSG A
* 2,706 69 Pasture/grassland/range, Fair, HSG A

38,914 49 Weighted Average
38,914 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.1 100 0.0140 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
3.6 178 0.0140 0.83 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.0 12 0.4000 4.43 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.3 87 0.0070 5.23 125.44 Trap/Vee/Rect Channel Flow, Swale 3 Reach 2

Bot.W=8.00'  D=2.00'  Z= 2.0 '/'  Top.W=16.00'
n= 0.030  Earth, grassed & winding

16.0 377 Total

Summary for Subcatchment AREA 34: Subcat AREA 34

Runoff = 0.25 cfs @ 12.43 hrs,  Volume= 0.049 af,  Depth= 0.37"
     Routed to Link Swale S3 R1 : Swale S3 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (sf) CN Description
5,695 69 Pasture/grassland/range, Fair, HSG B
3,470 96 Gravel surface, HSG A

59,319 39 Pasture/grassland/range, Good, HSG A
68,484 44 Weighted Average
68,484 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.1 100 0.0140 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
3.4 170 0.0140 0.83 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.1 15 0.4000 4.43 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.6 203 0.0070 5.23 125.44 Trap/Vee/Rect Channel Flow, Swale 3 Reach 1

Bot.W=8.00'  D=2.00'  Z= 2.0 '/'  Top.W=16.00'
n= 0.030  Earth, grassed & winding

16.2 488 Total
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Summary for Subcatchment AREA 35: Subcat AREA 35

Runoff = 1.25 cfs @ 12.12 hrs,  Volume= 0.059 af,  Depth= 1.89"
     Routed to Reach S3 R1 : Swale S3 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.375 69 Pasture/grassland/range, Fair, HSG B
0.375 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 74 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

4.2 174 Total

Summary for Subcatchment AREA 36: Subcat AREA 36

Runoff = 1.54 cfs @ 12.12 hrs,  Volume= 0.074 af,  Depth= 1.82"
     Routed to Link F7 : Existing East Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.470 69 Pasture/grassland/range, Fair, HSG B
0.016 39 Pasture/grassland/range, Good, HSG A

* 0.000 0 Pasture/grassland/range, Good
0.487 68 Weighted Average
0.487 100.00% Pervious Area

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

3.5 90 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.7 201 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.2 134 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

4.4 425 Total
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Summary for Subcatchment AREA 37: Subcat AREA 37

Runoff = 1.12 cfs @ 12.12 hrs,  Volume= 0.054 af,  Depth= 1.89"
     Routed to Link F7 : Existing East Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.344 69 Pasture/grassland/range, Fair, HSG B
0.344 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 30 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.4 126 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.3 254 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

4.6 510 Total

Summary for Subcatchment AREA 38: Subcat AREA 38

Runoff = 0.75 cfs @ 12.12 hrs,  Volume= 0.035 af,  Depth= 1.89"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.223 69 Pasture/grassland/range, Fair, HSG B
0.223 100.00% Pervious Area

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

3.1 77 0.2500 0.41 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.5 156 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.5 357 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

4.1 590 Total
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Summary for Subcatchment AREA 39: Subcat AREA 39

Runoff = 2.08 cfs @ 12.13 hrs,  Volume= 0.103 af,  Depth= 1.89"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.656 69 Pasture/grassland/range, Fair, HSG B
0.656 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 11 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.1 314 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.3 217 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

5.3 642 Total

Summary for Subcatchment AREA 4: Subcat AREA 4

Runoff = 3.74 cfs @ 12.14 hrs,  Volume= 0.197 af,  Depth= 1.89"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.247 69 Pasture/grassland/range, Fair, HSG B
1.247 100.00% Pervious Area

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

3.5 57 0.1000 0.27 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.0 43 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 83 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 295 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

6.6 478 Total
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Summary for Subcatchment AREA 40: Subcat AREA 40

Runoff = 3.05 cfs @ 12.13 hrs,  Volume= 0.160 af,  Depth= 1.18"
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.079 69 Pasture/grassland/range, Fair, HSG B
0.539 39 Pasture/grassland/range, Good, HSG A

* 0.000 0 Pasture/grassland/range, Good
1.618 59 Weighted Average
1.618 100.00% Pervious Area

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

3.1 77 0.2500 0.41 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.8 237 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.3 70 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.0 315 0.0069 5.05 181.72 Trap/Vee/Rect Channel Flow, Swale S2 Reach 2
Bot.W=10.00'  D=2.00'  Z= 4.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

5.2 699 Total

Summary for Subcatchment AREA 41: Subcat AREA 41

Runoff = 1.40 cfs @ 12.14 hrs,  Volume= 0.077 af,  Depth= 1.12"
     Routed to Reach S2 R2 : Swale S2 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.520 69 Pasture/grassland/range, Fair, HSG B
0.306 39 Pasture/grassland/range, Good, HSG A
0.826 58 Weighted Average
0.826 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 26 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

2.0 596 0.0069 5.05 181.72 Trap/Vee/Rect Channel Flow, Swale S2 Reach 2
Bot.W=10.00'  D=2.00'  Z= 4.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

5.9 722 Total

Summary for Subcatchment AREA 42: Subcat AREA 42

Runoff = 0.09 cfs @ 12.55 hrs,  Volume= 0.033 af,  Depth= 0.18"
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
2.177 39 Pasture/grassland/range, Good, HSG A
2.177 100.00% Pervious Area

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

6.4 66 0.0303 0.17 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.6 34 0.2500 0.35 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 49 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.9 266 0.0069 5.05 181.72 Trap/Vee/Rect Channel Flow, Swale S2 Reach 2
Bot.W=10.00'  D=2.00'  Z= 4.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

9.1 415 Total

Summary for Subcatchment AREA 43: Subcat AREA 43

Runoff = 3.79 cfs @ 12.14 hrs,  Volume= 0.194 af,  Depth= 1.89"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.228 69 Pasture/grassland/range, Fair, HSG B
1.228 100.00% Pervious Area



COL POO FINAL CONDITIONS
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"COL_POO Closure Conditions-031722

  Printed  4/11/2022Prepared by SCS Engineers
Page 30HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.0 6 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.9 541 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.2 131 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

5.9 778 Total

Summary for Subcatchment AREA 44: Subcat AREA 44

Runoff = 0.22 cfs @ 12.54 hrs,  Volume= 0.079 af,  Depth= 0.18"
     Routed to Pond Sed Pond : Sedimentation Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
5.227 39 Pasture/grassland/range, Good, HSG A
5.227 100.00% Pervious Area

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

4.5 75 0.0933 0.28 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.3 25 0.2500 0.33 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.0 10 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.8 381 0.0265 7.85 109.92 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=2.00'  Z= 4.0 & 3.0 '/'  Top.W=14.00'
n= 0.030  Earth, grassed & winding

0.8 162 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.5 48 0.0500 1.57 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

7.9 701 Total

Summary for Subcatchment AREA 44A: Subcat AREA 44A

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

Runoff = 10.70 cfs @ 12.09 hrs,  Volume= 0.587 af,  Depth= 4.67"
     Routed to Pond Sed Pond : Sedimentation Basin
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Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.508 98 Water Surface, HSG A
1.508 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment AREA 44B: Subcat AREA 44B

Runoff = 0.41 cfs @ 12.17 hrs,  Volume= 0.032 af,  Depth= 0.66"
     Routed to Pond Sed Pond : Sedimentation Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.479 39 Pasture/grassland/range, Good, HSG A
0.115 96 Gravel surface, HSG A

* 0.000 0 , HSG A
* 0.000 0 , HSG A

0.594 50 Weighted Average
0.594 100.00% Pervious Area

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

7.1 100 0.0544 0.24 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.5 47 0.0544 1.63 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

7.6 147 Total

Summary for Subcatchment AREA 45: Subcat AREA 45

Runoff = 0.24 cfs @ 12.57 hrs,  Volume= 0.055 af,  Depth= 0.33"
     Routed to Link Swale S4 R4 : Swale S4 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (ac) CN Description
* 0.000 0 , HSG A

1.870 39 Pasture/grassland/range, Good, HSG A
0.000 96 Gravel surface, HSG A
0.130 96 Gravel surface, HSG A
2.001 43 Weighted Average
2.001 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
15.7 100 0.0074 0.11 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
4.7 169 0.0074 0.60 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.4 49 0.0800 1.98 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
1.1 363 0.0082 5.42 162.67 Trap/Vee/Rect Channel Flow, Swale S4 Reach 2

Bot.W=8.00'  D=2.00'  Z= 4.0 & 3.0 '/'  Top.W=22.00'
n= 0.030  Earth, grassed & winding

21.9 681 Total

Summary for Subcatchment AREA 46: Subcat AREA 46

Runoff = 11.31 cfs @ 12.18 hrs,  Volume= 0.727 af,  Depth= 1.18"
     Routed to Reach S4 R4 : Swale S4 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
3.081 69 Pasture/grassland/range, Fair, HSG B
0.590 96 Gravel surface, HSG B
3.264 39 Pasture/grassland/range, Good, HSG A
0.017 98 Paved parking, HSG A
0.009 98 Paved parking, HSG A
0.378 96 Gravel surface, HSG A
0.001 96 Gravel surface, HSG A
0.026 96 Gravel surface, HSG A

* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 Pasture/grassland/range, Fair

7.367 59 Weighted Average
7.340 99.64% Pervious Area
0.027 0.36% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 51 0.2500 0.38 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 16 0.2500 2.44 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.9 31 0.0050 0.58 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.4 47 0.0650 1.78 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

5.6 1,759 0.0073 5.26 178.68 Trap/Vee/Rect Channel Flow, Swale S4 Reach 1
Bot.W=10.00'  D=2.00'  Z= 3.0 & 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

9.2 1,904 Total

Summary for Subcatchment AREA 47: Subcat AREA 47

Runoff = 3.79 cfs @ 12.17 hrs,  Volume= 0.230 af,  Depth= 1.52"
     Routed to Link Swale S5 R3 : Swale S5 Reach 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (sf) CN Description
49,617 69 Pasture/grassland/range, Fair, HSG B

6,971 98 Paved parking, HSG A
1,619 96 Gravel surface, HSG A

20,925 39 Pasture/grassland/range, Good, HSG A
79,132 64 Weighted Average
72,161 91.19% Pervious Area

6,971 8.81% Impervious Area

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

2.0 43 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 11 0.1111 1.63 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.7 12 0.2500 0.28 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.9 28 0.0393 0.16 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

3.4 488 0.0024 2.40 52.81 Trap/Vee/Rect Channel Flow, Swale S5 Reach 3
Bot.W=0.00'  D=2.00'  Z= 5.0 & 6.0 '/'  Top.W=22.00'
n= 0.030  Earth, grassed & winding

9.1 582 Total
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Summary for Subcatchment AREA 48: Subcat AREA 48

Runoff = 2.79 cfs @ 12.13 hrs,  Volume= 0.145 af,  Depth= 1.32"
     Routed to Link Swale S5 R2 : Swale S5 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (sf) CN Description
24,597 69 Pasture/grassland/range, Fair, HSG B
24,117 39 Pasture/grassland/range, Good, HSG A

2,057 96 Gravel surface, HSG A
6,769 98 Paved parking, HSG A

57,540 61 Weighted Average
50,771 88.24% Pervious Area

6,769 11.76% Impervious Area

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

0.6 19 0.0050 0.53 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

1.7 29 0.1667 0.29 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

3.1 441 0.0024 2.38 40.39 Trap/Vee/Rect Channel Flow, Swale S5 Reach 2
Bot.W=0.00'  D=2.00'  Z= 2.5 & 6.0 '/'  Top.W=17.00'
n= 0.030  Earth, grassed & winding

5.4 489 Total

Summary for Subcatchment AREA 49: Subcat AREA 49

Runoff = 1.37 cfs @ 12.12 hrs,  Volume= 0.068 af,  Depth= 1.18"
     Routed to Link Swale S1 R1 : Swale S1 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.439 69 Pasture/grassland/range, Fair, HSG B
0.246 39 Pasture/grassland/range, Good, HSG A
0.006 96 Gravel surface, HSG A
0.691 59 Weighted Average
0.691 100.00% Pervious Area

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

2.5 59 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.8 463 0.0053 4.31 137.91 Trap/Vee/Rect Channel Flow, Swale S1 Reach 1
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding
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4.3 522 Total

Summary for Subcatchment AREA 5: Subcat AREA 5

Runoff = 3.58 cfs @ 12.14 hrs,  Volume= 0.188 af,  Depth= 1.89"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.195 69 Pasture/grassland/range, Fair, HSG B
1.195 100.00% Pervious Area

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

3.6 59 0.1000 0.27 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.9 41 0.2500 0.36 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 85 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 297 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

6.6 482 Total

Summary for Subcatchment AREA 50: Subcat AREA 50

Runoff = 9.68 cfs @ 12.11 hrs,  Volume= 0.494 af,  Depth= 4.00"
     Routed to Link Swale S6 R1 : Swale S6 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.100 39 Pasture/grassland/range, Good, HSG A
0.001 39 Pasture/grassland/range, Good, HSG A
1.382 96 Gravel surface, HSG A
1.482 92 Weighted Average
1.482 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.6 100 0.0119 1.04 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.4 47 0.0119 1.76 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.0 10 0.5000 4.95 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.4 413 0.0066 5.00 130.01 Trap/Vee/Rect Channel Flow, Swale S6 Reach 1
Bot.W=8.00'  D=2.00'  Z= 2.5 '/'  Top.W=18.00'
n= 0.030  Earth, grassed & winding

3.4 570 Total

Summary for Subcatchment AREA 51: Subcat AREA 51

Runoff = 0.08 cfs @ 12.54 hrs,  Volume= 0.025 af,  Depth= 0.22"
     Routed to Link Swale S6 R1 : Swale S6 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.396 39 Pasture/grassland/range, Good, HSG A
0.020 96 Gravel surface, HSG A
1.417 40 Weighted Average
1.417 100.00% Pervious Area

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

7.3 100 0.0500 0.23 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

3.2 302 0.0500 1.57 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 53 0.0313 2.85 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

1.4 429 0.0066 5.00 130.01 Trap/Vee/Rect Channel Flow, Swale S6 Reach 1
Bot.W=8.00'  D=2.00'  Z= 2.5 '/'  Top.W=18.00'
n= 0.030  Earth, grassed & winding

12.2 884 Total

Summary for Subcatchment AREA 52: Subcat AREA 52

Runoff = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af,  Depth= 0.51"
     Routed to Link Swale S5 R1 : Swale S5 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (sf) CN Description
169,213 39 Pasture/grassland/range, Good, HSG A

25,933 98 Paved parking, HSG A
2,184 96 Gravel surface, HSG A

197,330 47 Weighted Average
171,397 86.86% Pervious Area

25,933 13.14% Impervious Area

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

0.6 18 0.0050 0.52 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

1.4 21 0.1333 0.25 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

4.3 1,255 0.0096 4.82 125.20 Trap/Vee/Rect Channel Flow, Swale S5 Reach 1
Bot.W=0.00'  D=2.00'  Z= 6.0 & 7.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

6.3 1,294 Total

Summary for Subcatchment AREA 6: Subcat AREA 6

Runoff = 2.92 cfs @ 12.12 hrs,  Volume= 0.141 af,  Depth= 1.89"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.892 69 Pasture/grassland/range, Fair, HSG B
0.892 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.0 7 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.8 308 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 415 Total

Summary for Subcatchment AREA 7: Subcat AREA 7

Runoff = 3.15 cfs @ 12.13 hrs,  Volume= 0.160 af,  Depth= 1.89"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (ac) CN Description
1.017 69 Pasture/grassland/range, Fair, HSG B
1.017 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 18 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.5 419 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.4 296 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, 
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

5.8 833 Total

Summary for Subcatchment AREA 8: Subcat AREA 8

Runoff = 3.29 cfs @ 12.12 hrs,  Volume= 0.159 af,  Depth= 1.89"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.009 69 Pasture/grassland/range, Fair, HSG B
1.009 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.3 66 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 243 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 409 Total

Summary for Subcatchment AREA 9: Subcat AREA 9

Runoff = 3.40 cfs @ 12.13 hrs,  Volume= 0.165 af,  Depth= 1.89"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (ac) CN Description
1.047 69 Pasture/grassland/range, Fair, HSG B
1.047 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 76 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 250 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.8 426 Total

Summary for Reach S1 R2: Swale S1 Reach 2

Inflow Area = 7.131 ac, 0.00% Impervious,  Inflow Depth = 1.81"    for  25-yr, 24-hr event
Inflow = 22.03 cfs @ 12.12 hrs,  Volume= 1.077 af
Outflow = 21.68 cfs @ 12.13 hrs,  Volume= 1.077 af,  Atten= 2%,  Lag= 0.5 min
     Routed to Link Swale S1 R2 : Swale S1 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.58 fps,  Min. Travel Time= 0.8 min
Avg. Velocity = 0.69 fps,  Avg. Travel Time= 3.1 min

Peak Storage= 1,066 cf @ 12.13 hrs
Average Depth at Peak Storage= 0.76' , Surface Width= 14.08'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 140.64 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 127.0'   Slope= 0.0055 '/'
Inlet Invert= 814.81',  Outlet Invert= 814.11'

‡

Summary for Reach S1 R3: Swale S1 Reach 3

Inflow Area = 14.170 ac, 0.00% Impervious,  Inflow Depth = 1.51"    for  25-yr, 24-hr event
Inflow = 31.44 cfs @ 12.12 hrs,  Volume= 1.788 af
Outflow = 27.38 cfs @ 12.15 hrs,  Volume= 1.788 af,  Atten= 13%,  Lag= 1.6 min
     Routed to Link Swale S1 R3 : Swale S1 Reach 3
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Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.69 fps,  Min. Travel Time= 3.6 min
Avg. Velocity = 0.61 fps,  Avg. Travel Time= 15.9 min

Peak Storage= 5,875 cf @ 12.15 hrs
Average Depth at Peak Storage= 0.88' , Surface Width= 15.05'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 135.10 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 578.0'   Slope= 0.0051 '/'
Inlet Invert= 814.11',  Outlet Invert= 811.17'

‡

Summary for Reach S1 R4: Swale S1 Reach 4

Inflow Area = 17.292 ac, 0.00% Impervious,  Inflow Depth = 1.55"    for  25-yr, 24-hr event
Inflow = 35.79 cfs @ 12.14 hrs,  Volume= 2.233 af
Outflow = 35.20 cfs @ 12.15 hrs,  Volume= 2.233 af,  Atten= 2%,  Lag= 0.7 min
     Routed to Link Swale S1 R4 : Swale S1 Reach 4

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.19 fps,  Min. Travel Time= 1.0 min
Avg. Velocity = 0.70 fps,  Avg. Travel Time= 4.6 min

Peak Storage= 2,163 cf @ 12.15 hrs
Average Depth at Peak Storage= 0.94' , Surface Width= 15.52'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 154.36 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 195.8'   Slope= 0.0066 '/'
Inlet Invert= 811.17',  Outlet Invert= 809.87'

‡
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Summary for Reach S1 R5: Swale S1 Reach 5

Inflow Area = 17.714 ac, 0.00% Impervious,  Inflow Depth = 1.53"    for  25-yr, 24-hr event
Inflow = 35.39 cfs @ 12.15 hrs,  Volume= 2.255 af
Outflow = 33.17 cfs @ 12.18 hrs,  Volume= 2.255 af,  Atten= 6%,  Lag= 1.6 min
     Routed to Link Swale S1 R5 : Swale S1 Reach 5

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.89 fps,  Min. Travel Time= 2.4 min
Avg. Velocity = 0.64 fps,  Avg. Travel Time= 10.7 min

Peak Storage= 4,722 cf @ 12.18 hrs
Average Depth at Peak Storage= 0.97' , Surface Width= 15.73'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 137.86 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 411.6'   Slope= 0.0053 '/'
Inlet Invert= 809.77',  Outlet Invert= 807.59'

‡

Summary for Reach S1 R6: Swale S1 Reach 6

Inflow Area = 23.788 ac, 0.00% Impervious,  Inflow Depth = 1.25"    for  25-yr, 24-hr event
Inflow = 35.21 cfs @ 12.18 hrs,  Volume= 2.484 af
Outflow = 33.18 cfs @ 12.21 hrs,  Volume= 2.484 af,  Atten= 6%,  Lag= 1.8 min
     Routed to Link Swale 1 R6 : Swale S1 Reach 6

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.87 fps,  Min. Travel Time= 2.5 min
Avg. Velocity = 0.65 fps,  Avg. Travel Time= 11.0 min

Peak Storage= 4,986 cf @ 12.21 hrs
Average Depth at Peak Storage= 0.97' , Surface Width= 15.78'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 136.28 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 430.9'   Slope= 0.0052 '/'
Inlet Invert= 807.15',  Outlet Invert= 804.92'
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‡

Summary for Reach S2 R1: Swale S2 Reach 1

Inflow Area = 25.203 ac, 0.00% Impervious,  Inflow Depth = 1.19"    for  25-yr, 24-hr event
Inflow = 33.19 cfs @ 12.21 hrs,  Volume= 2.506 af
Outflow = 29.93 cfs @ 12.26 hrs,  Volume= 2.506 af,  Atten= 10%,  Lag= 3.0 min
     Routed to Link Swale S2 R1 : Swale S2 Reach 1

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 1.99 fps,  Min. Travel Time= 4.0 min
Avg. Velocity = 0.45 fps,  Avg. Travel Time= 17.6 min

Peak Storage= 7,099 cf @ 12.26 hrs
Average Depth at Peak Storage= 1.18' , Surface Width= 17.45'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 84.99 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 472.0'   Slope= 0.0020 '/'
Inlet Invert= 802.25',  Outlet Invert= 801.30'

‡

Summary for Reach S2 R2: Swale S2 Reach 2

Inflow Area = 42.068 ac, 0.00% Impervious,  Inflow Depth = 1.23"    for  25-yr, 24-hr event
Inflow = 48.80 cfs @ 12.18 hrs,  Volume= 4.314 af
Outflow = 46.24 cfs @ 12.25 hrs,  Volume= 4.314 af,  Atten= 5%,  Lag= 4.2 min
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.41 fps,  Min. Travel Time= 3.7 min
Avg. Velocity = 0.75 fps,  Avg. Travel Time= 16.7 min

Peak Storage= 10,190 cf @ 12.25 hrs
Average Depth at Peak Storage= 0.98' , Surface Width= 17.81'
Bank-Full Depth= 2.00'  Flow Area= 36.0 sf,  Capacity= 182.04 cfs
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10.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 26.00'
Length= 751.0'   Slope= 0.0069 '/'
Inlet Invert= 801.30',  Outlet Invert= 796.10'

‡

Summary for Reach S3 R1: Swale S3 Reach 1

Inflow Area = 4.976 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 16.31 cfs @ 12.12 hrs,  Volume= 0.785 af
Outflow = 15.87 cfs @ 12.13 hrs,  Volume= 0.785 af,  Atten= 3%,  Lag= 0.7 min
     Routed to Link Swale S3 R1 : Swale S3 Reach 1

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.73 fps,  Min. Travel Time= 1.3 min
Avg. Velocity = 0.67 fps,  Avg. Travel Time= 5.4 min

Peak Storage= 1,248 cf @ 12.13 hrs
Average Depth at Peak Storage= 0.63' , Surface Width= 10.51'
Bank-Full Depth= 2.00'  Flow Area= 24.0 sf,  Capacity= 125.24 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 2.0 '/'   Top Width= 16.00'
Length= 215.0'   Slope= 0.0070 '/'
Inlet Invert= 807.58',  Outlet Invert= 806.08'

‡

Summary for Reach S3 R2: Swale S3 Reach 2

Inflow Area = 10.265 ac, 0.00% Impervious,  Inflow Depth = 1.66"    for  25-yr, 24-hr event
Inflow = 27.94 cfs @ 12.13 hrs,  Volume= 1.419 af
Outflow = 27.78 cfs @ 12.13 hrs,  Volume= 1.419 af,  Atten= 1%,  Lag= 0.3 min
     Routed to Link Swale S3 R2 : Swale S3 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.61 fps,  Min. Travel Time= 0.4 min
Avg. Velocity = 1.31 fps,  Avg. Travel Time= 1.2 min
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Peak Storage= 745 cf @ 12.13 hrs
Average Depth at Peak Storage= 1.75' , Surface Width= 8.77'
Bank-Full Depth= 2.50'  Flow Area= 15.6 sf,  Capacity= 71.57 cfs

0.00'  x  2.50'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 2.5 '/'   Top Width= 12.50'
Length= 97.0'   Slope= 0.0070 '/'
Inlet Invert= 806.08',  Outlet Invert= 805.40'

Summary for Reach S3 R3: Swale S3 Reach 3

Inflow Area = 11.158 ac, 0.00% Impervious,  Inflow Depth = 1.57"    for  25-yr, 24-hr event
Inflow = 27.86 cfs @ 12.13 hrs,  Volume= 1.464 af
Outflow = 26.59 cfs @ 12.15 hrs,  Volume= 1.464 af,  Atten= 5%,  Lag= 1.0 min
     Routed to Link Swale S3 R3 : Swale S3 Reach 3

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.34 fps,  Min. Travel Time= 1.8 min
Avg. Velocity = 0.88 fps,  Avg. Travel Time= 6.7 min

Peak Storage= 2,810 cf @ 12.15 hrs
Average Depth at Peak Storage= 0.73' , Surface Width= 13.83'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 186.19 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 353.0'   Slope= 0.0097 '/'
Inlet Invert= 804.71',  Outlet Invert= 801.30'

‡

Summary for Reach S4 R2: Swale S4 Reach 2

Inflow Area = 4.541 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 14.04 cfs @ 12.13 hrs,  Volume= 0.716 af
Outflow = 11.87 cfs @ 12.17 hrs,  Volume= 0.716 af,  Atten= 15%,  Lag= 2.1 min
     Routed to Reach S4 R3 : Swale S4 Reach 3
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Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.23 fps,  Min. Travel Time= 4.5 min
Avg. Velocity = 0.55 fps,  Avg. Travel Time= 18.3 min

Peak Storage= 3,193 cf @ 12.17 hrs
Average Depth at Peak Storage= 0.46' , Surface Width= 13.21'
Bank-Full Depth= 2.00'  Flow Area= 34.0 sf,  Capacity= 174.20 cfs

10.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0  3.0 '/'   Top Width= 24.00'
Length= 601.0'   Slope= 0.0069 '/'
Inlet Invert= 806.43',  Outlet Invert= 802.26'

‡

Summary for Reach S4 R3: Swale S4 Reach 3

[62] Hint: Exceeded Reach S4 R2 OUTLET depth by 0.23' @ 12.28 hrs

Inflow Area = 8.711 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 23.93 cfs @ 12.14 hrs,  Volume= 1.374 af
Outflow = 18.66 cfs @ 12.20 hrs,  Volume= 1.374 af,  Atten= 22%,  Lag= 3.4 min
     Routed to Reach S4 R4 : Swale S4 Reach 4

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.42 fps,  Min. Travel Time= 6.5 min
Avg. Velocity = 0.57 fps,  Avg. Travel Time= 27.9 min

Peak Storage= 7,289 cf @ 12.20 hrs
Average Depth at Peak Storage= 0.63' , Surface Width= 14.42'
Bank-Full Depth= 2.00'  Flow Area= 34.0 sf,  Capacity= 156.53 cfs

10.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 3.0  4.0 '/'   Top Width= 24.00'
Length= 946.0'   Slope= 0.0056 '/'
Inlet Invert= 802.26',  Outlet Invert= 796.96'

‡
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Summary for Reach S4 R4: Swale S4 Reach 4

[62] Hint: Exceeded Reach S4 R3 OUTLET depth by 0.67' @ 12.27 hrs

Inflow Area = 65.063 ac, 0.04% Impervious,  Inflow Depth = 1.31"    for  25-yr, 24-hr event
Inflow = 81.28 cfs @ 12.20 hrs,  Volume= 7.099 af
Outflow = 80.05 cfs @ 12.23 hrs,  Volume= 7.099 af,  Atten= 2%,  Lag= 1.7 min
     Routed to Link Swale S4 R4 : Swale S4 Reach 4

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.35 fps,  Min. Travel Time= 1.9 min
Avg. Velocity = 0.97 fps,  Avg. Travel Time= 8.3 min

Peak Storage= 8,890 cf @ 12.23 hrs
Average Depth at Peak Storage= 1.27' , Surface Width= 18.91'
Bank-Full Depth= 3.00'  Flow Area= 61.5 sf,  Capacity= 427.66 cfs

10.00'  x  3.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 3.0  4.0 '/'   Top Width= 31.00'
Length= 483.0'   Slope= 0.0082 '/'
Inlet Invert= 796.96',  Outlet Invert= 793.00'

‡

Summary for Reach S5 R2: Swale S5 Reach 2

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 4.530 ac, 13.14% Impervious,  Inflow Depth = 0.51"    for  25-yr, 24-hr event
Inflow = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af
Outflow = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link Swale S5 R2 : Swale S5 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Pond Sed Pond: Sedimentation Basin

[87] Warning: Oscillations may require smaller dt or Finer Routing (severity=42)
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Inflow Area = 74.393 ac, 2.06% Impervious,  Inflow Depth = 1.27"    for  25-yr, 24-hr event
Inflow = 82.78 cfs @ 12.23 hrs,  Volume= 7.853 af
Outflow = 14.75 cfs @ 13.29 hrs,  Volume= 7.854 af,  Atten= 82%,  Lag= 64.1 min
Discarded = 5.33 cfs @ 13.29 hrs,  Volume= 5.880 af
Primary = 9.42 cfs @ 13.29 hrs,  Volume= 1.973 af
     Routed to Link Wetland : Wetland
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
     Routed to Link Wetland : Wetland
Tertiary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
     Routed to Link Wetland : Wetland

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Peak Elev= 791.59' @ 13.29 hrs   Surf.Area= 63,986 sf   Storage= 137,326 cf
Flood Elev= 794.00'   Surf.Area= 75,797 sf   Storage= 304,443 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 184.8 min ( 1,043.0 - 858.2 )

Volume Invert Avail.Storage Storage Description
#1 789.00' 304,443 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

789.00 27,325 0 0
790.00 55,972 41,649 41,649
791.00 61,532 58,752 100,401
792.00 65,703 63,618 164,018
793.00 69,675 67,689 231,707
794.00 75,797 72,736 304,443

Device Routing     Invert Outlet Devices
#1 Primary 787.70' 15.0"  Round Culvert   

L= 40.0'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 787.70' / 787.50'   S= 0.0050 '/'   Cc= 0.900   
n= 0.011  Concrete pipe, straight & clean,  Flow Area= 1.23 sf   

#2 Device 1 791.00' 30.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 790.50' 0.8" Vert. Orifice/Grate X 4.00    C= 0.600   
Limited to weir flow at low heads   

#4 Device 1 790.00' 0.8" Vert. Orifice/Grate X 4.00    C= 0.600   
Limited to weir flow at low heads   

#5 Device 1 789.00' 0.5" Vert. Orifice/Grate X 14.00 columns   
X 6 rows with 6.0" cc spacing C= 0.600   
Limited to weir flow at low heads   

#6 Secondary 792.50' 20.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#7 Tertiary 793.00' 158.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#8 Discarded 789.00' 3.600 in/hr Exfiltration over Surface area   
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Discarded OutFlow  Max=5.33 cfs @ 13.29 hrs  HW=791.59'   (Free Discharge)
8=Exfiltration  (Exfiltration Controls 5.33 cfs)

Primary OutFlow  Max=9.42 cfs @ 13.29 hrs  HW=791.59'  TW=0.00'   (Dynamic Tailwater)
1=Culvert  (Inlet Controls 9.42 cfs @ 7.67 fps)

2=Orifice/Grate  (Passes < 11.59 cfs potential flow)
3=Orifice/Grate  (Passes < 0.07 cfs potential flow)
4=Orifice/Grate  (Passes < 0.08 cfs potential flow)
5=Orifice/Grate  (Passes < 0.58 cfs potential flow)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=789.00'  TW=0.00'   (Dynamic Tailwater)
6=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

Tertiary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=789.00'  TW=0.00'   (Dynamic Tailwater)
7=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

Summary for Link C1: Culvert C1

Inflow Area = 4.530 ac, 13.14% Impervious,  Inflow Depth = 0.51"    for  25-yr, 24-hr event
Inflow = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af
Primary = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S5 R2 : Swale S5 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C2: Culvert C2

Inflow Area = 2.899 ac, 0.00% Impervious,  Inflow Depth = 2.15"    for  25-yr, 24-hr event
Inflow = 9.68 cfs @ 12.11 hrs,  Volume= 0.520 af
Primary = 9.68 cfs @ 12.11 hrs,  Volume= 0.520 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R3 : Swale S1 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C3: Culvert C3

Inflow Area = 14.170 ac, 0.00% Impervious,  Inflow Depth = 1.51"    for  25-yr, 24-hr event
Inflow = 27.38 cfs @ 12.15 hrs,  Volume= 1.788 af
Primary = 27.38 cfs @ 12.15 hrs,  Volume= 1.788 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R4 : Swale S1 Reach 4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link C4: Culvert C4

Inflow Area = 17.714 ac, 0.00% Impervious,  Inflow Depth = 1.53"    for  25-yr, 24-hr event
Inflow = 35.39 cfs @ 12.15 hrs,  Volume= 2.255 af
Primary = 35.39 cfs @ 12.15 hrs,  Volume= 2.255 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R5 : Swale S1 Reach 5

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C5: Culvert C5

Inflow Area = 20.996 ac, 0.00% Impervious,  Inflow Depth = 1.39"    for  25-yr, 24-hr event
Inflow = 35.21 cfs @ 12.18 hrs,  Volume= 2.434 af
Primary = 35.21 cfs @ 12.18 hrs,  Volume= 2.434 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R6 : Swale S1 Reach 6

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C6: Culvert C6

Inflow Area = 11.158 ac, 0.00% Impervious,  Inflow Depth = 1.57"    for  25-yr, 24-hr event
Inflow = 27.86 cfs @ 12.13 hrs,  Volume= 1.464 af
Primary = 27.86 cfs @ 12.13 hrs,  Volume= 1.464 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R3 : Swale S3 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C7: Culvert C7

Inflow Area = 48.985 ac, 0.00% Impervious,  Inflow Depth = 1.22"    for  25-yr, 24-hr event
Inflow = 52.15 cfs @ 12.23 hrs,  Volume= 4.999 af
Primary = 52.15 cfs @ 12.23 hrs,  Volume= 4.999 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S4 R4 : Swale S4 Reach 4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C8: Culvert C8

Inflow Area = 7.668 ac, 11.88% Impervious,  Inflow Depth = 0.89"    for  25-yr, 24-hr event
Inflow = 8.32 cfs @ 12.15 hrs,  Volume= 0.566 af
Primary = 8.32 cfs @ 12.15 hrs,  Volume= 0.566 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link North Area : North Area

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link F1: Flume 1

Inflow Area = 4.170 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 13.17 cfs @ 12.13 hrs,  Volume= 0.658 af
Primary = 13.17 cfs @ 12.13 hrs,  Volume= 0.658 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link RC1 : Rock Chute 1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F2: Flume 2

Inflow Area = 4.541 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 14.04 cfs @ 12.13 hrs,  Volume= 0.716 af
Primary = 14.04 cfs @ 12.13 hrs,  Volume= 0.716 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link RC2 : Rock Chute 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F3: Flume 3

Inflow Area = 5.923 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 19.08 cfs @ 12.12 hrs,  Volume= 0.934 af
Primary = 19.08 cfs @ 12.12 hrs,  Volume= 0.934 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R2 : Swale S1 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F4: Flume 4

Inflow Area = 2.645 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 8.58 cfs @ 12.12 hrs,  Volume= 0.417 af
Primary = 8.58 cfs @ 12.12 hrs,  Volume= 0.417 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R4 : Swale S1 Reach 4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F5: Flume 5

Inflow Area = 4.601 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 15.06 cfs @ 12.12 hrs,  Volume= 0.725 af
Primary = 15.06 cfs @ 12.12 hrs,  Volume= 0.725 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R1 : Swale S3 Reach 1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link F6: Flume 6

Inflow Area = 3.717 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 12.11 cfs @ 12.12 hrs,  Volume= 0.586 af
Primary = 12.11 cfs @ 12.12 hrs,  Volume= 0.586 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R2 : Swale S3 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F7: Existing East Flume

Inflow Area = 0.830 ac, 0.00% Impervious,  Inflow Depth = 1.85"    for  25-yr, 24-hr event
Inflow = 2.66 cfs @ 12.12 hrs,  Volume= 0.128 af
Primary = 2.66 cfs @ 12.12 hrs,  Volume= 0.128 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F8: Existing West Flume

Inflow Area = 3.122 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 9.73 cfs @ 12.13 hrs,  Volume= 0.492 af
Primary = 9.73 cfs @ 12.13 hrs,  Volume= 0.492 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link North Area: North Area

Inflow Area = 7.668 ac, 11.88% Impervious,  Inflow Depth = 0.89"    for  25-yr, 24-hr event
Inflow = 8.32 cfs @ 12.15 hrs,  Volume= 0.566 af
Primary = 8.32 cfs @ 12.15 hrs,  Volume= 0.566 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link RC1: Rock Chute 1

Inflow Area = 4.170 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 13.17 cfs @ 12.13 hrs,  Volume= 0.658 af
Primary = 13.17 cfs @ 12.13 hrs,  Volume= 0.658 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S4 R3 : Swale S4 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link RC2: Rock Chute 2

Inflow Area = 4.541 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 14.04 cfs @ 12.13 hrs,  Volume= 0.716 af
Primary = 14.04 cfs @ 12.13 hrs,  Volume= 0.716 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S4 R2 : Swale S4 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale 1 R6: Swale S1 Reach 6

Inflow Area = 23.788 ac, 0.00% Impervious,  Inflow Depth = 1.25"    for  25-yr, 24-hr event
Inflow = 33.18 cfs @ 12.21 hrs,  Volume= 2.484 af
Primary = 33.18 cfs @ 12.21 hrs,  Volume= 2.484 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R1 : Swale S2 Reach 1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R1: Swale S1 Reach 1

Inflow Area = 0.691 ac, 0.00% Impervious,  Inflow Depth = 1.18"    for  25-yr, 24-hr event
Inflow = 1.37 cfs @ 12.12 hrs,  Volume= 0.068 af
Primary = 1.37 cfs @ 12.12 hrs,  Volume= 0.068 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R2 : Swale S1 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R2: Swale S1 Reach 2

Inflow Area = 7.131 ac, 0.00% Impervious,  Inflow Depth = 1.81"    for  25-yr, 24-hr event
Inflow = 21.68 cfs @ 12.13 hrs,  Volume= 1.077 af
Primary = 21.68 cfs @ 12.13 hrs,  Volume= 1.077 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R3 : Swale S1 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R3: Swale S1 Reach 3

Inflow Area = 14.170 ac, 0.00% Impervious,  Inflow Depth = 1.51"    for  25-yr, 24-hr event
Inflow = 27.38 cfs @ 12.15 hrs,  Volume= 1.788 af
Primary = 27.38 cfs @ 12.15 hrs,  Volume= 1.788 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C3 : Culvert C3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link Swale S1 R4: Swale S1 Reach 4

Inflow Area = 17.714 ac, 0.00% Impervious,  Inflow Depth = 1.53"    for  25-yr, 24-hr event
Inflow = 35.39 cfs @ 12.15 hrs,  Volume= 2.255 af
Primary = 35.39 cfs @ 12.15 hrs,  Volume= 2.255 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C4 : Culvert C4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R5: Swale S1 Reach 5

Inflow Area = 20.996 ac, 0.00% Impervious,  Inflow Depth = 1.39"    for  25-yr, 24-hr event
Inflow = 35.21 cfs @ 12.18 hrs,  Volume= 2.434 af
Primary = 35.21 cfs @ 12.18 hrs,  Volume= 2.434 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C5 : Culvert C5

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S2 R1: Swale S2 Reach 1

Inflow Area = 25.901 ac, 0.00% Impervious,  Inflow Depth = 1.17"    for  25-yr, 24-hr event
Inflow = 29.95 cfs @ 12.26 hrs,  Volume= 2.516 af
Primary = 29.95 cfs @ 12.26 hrs,  Volume= 2.516 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S2 R2: Swale S2 Reach 2

Inflow Area = 48.985 ac, 0.00% Impervious,  Inflow Depth = 1.22"    for  25-yr, 24-hr event
Inflow = 52.15 cfs @ 12.23 hrs,  Volume= 4.999 af
Primary = 52.15 cfs @ 12.23 hrs,  Volume= 4.999 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C7 : Culvert C7

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S3 R1: Swale S3 Reach 1

Inflow Area = 6.548 ac, 0.00% Impervious,  Inflow Depth = 1.53"    for  25-yr, 24-hr event
Inflow = 15.88 cfs @ 12.13 hrs,  Volume= 0.833 af
Primary = 15.88 cfs @ 12.13 hrs,  Volume= 0.833 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R2 : Swale S3 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link Swale S3 R2: Swale S3 Reach 2

Inflow Area = 11.158 ac, 0.00% Impervious,  Inflow Depth = 1.57"    for  25-yr, 24-hr event
Inflow = 27.86 cfs @ 12.13 hrs,  Volume= 1.464 af
Primary = 27.86 cfs @ 12.13 hrs,  Volume= 1.464 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C6 : Culvert C6

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S3 R3: Swale S3 Reach 3

Inflow Area = 14.511 ac, 0.00% Impervious,  Inflow Depth = 1.32"    for  25-yr, 24-hr event
Inflow = 26.70 cfs @ 12.15 hrs,  Volume= 1.592 af
Primary = 26.70 cfs @ 12.15 hrs,  Volume= 1.592 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S4 R4: Swale S4 Reach 4

Inflow Area = 67.064 ac, 0.04% Impervious,  Inflow Depth = 1.28"    for  25-yr, 24-hr event
Inflow = 80.09 cfs @ 12.23 hrs,  Volume= 7.154 af
Primary = 80.09 cfs @ 12.23 hrs,  Volume= 7.154 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Pond Sed Pond : Sedimentation Basin

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S5 R1: Swale S5 Reach 1

Inflow Area = 4.530 ac, 13.14% Impervious,  Inflow Depth = 0.51"    for  25-yr, 24-hr event
Inflow = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af
Primary = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C1 : Culvert C1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S5 R2: Swale S5 Reach 2

Inflow Area = 5.851 ac, 12.83% Impervious,  Inflow Depth = 0.69"    for  25-yr, 24-hr event
Inflow = 4.68 cfs @ 12.15 hrs,  Volume= 0.336 af
Primary = 4.68 cfs @ 12.15 hrs,  Volume= 0.336 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C8 : Culvert C8

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link Swale S5 R3: Swale S5 Reach 3

Inflow Area = 1.817 ac, 8.81% Impervious,  Inflow Depth = 1.52"    for  25-yr, 24-hr event
Inflow = 3.79 cfs @ 12.17 hrs,  Volume= 0.230 af
Primary = 3.79 cfs @ 12.17 hrs,  Volume= 0.230 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C8 : Culvert C8

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S6 R1: Swale S6 Reach 1

Inflow Area = 2.899 ac, 0.00% Impervious,  Inflow Depth = 2.15"    for  25-yr, 24-hr event
Inflow = 9.68 cfs @ 12.11 hrs,  Volume= 0.520 af
Primary = 9.68 cfs @ 12.11 hrs,  Volume= 0.520 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C2 : Culvert C2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Wetland: Wetland

Inflow Area = 74.393 ac, 2.06% Impervious,  Inflow Depth = 0.32"    for  25-yr, 24-hr event
Inflow = 9.42 cfs @ 13.29 hrs,  Volume= 1.973 af
Primary = 9.42 cfs @ 13.29 hrs,  Volume= 1.973 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs



COL POO FINAL CONDITIONS
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"COL_POO Closure Conditions-031722

  Printed  4/11/2022Prepared by SCS Engineers
Page 56HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Time span=0.00-40.00 hrs, dt=0.01 hrs, 4001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=1.288 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 1: Subcat AREA 1
   Flow Length=408'   Tc=2.6 min   CN=69   Runoff=7.63 cfs  0.342 af

Runoff Area=0.914 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 10: Subcat AREA 10
   Flow Length=500'   Tc=3.2 min   CN=69   Runoff=5.29 cfs  0.242 af

Runoff Area=0.949 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 11: Subcat AREA 11
   Flow Length=391'   Tc=4.6 min   CN=69   Runoff=5.21 cfs  0.251 af

Runoff Area=0.098 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 12: Subcat AREA 12
   Flow Length=92'   Tc=2.5 min   CN=69   Runoff=0.58 cfs  0.026 af

Runoff Area=0.890 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 13: Subcat AREA 13
   Flow Length=590'   Tc=4.6 min   CN=69   Runoff=4.89 cfs  0.236 af

Runoff Area=1.145 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 14: Subcat AREA 14
   Flow Length=625'   Tc=5.1 min   CN=69   Runoff=6.17 cfs  0.303 af

Runoff Area=0.512 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 15: Subcat AREA 15
   Flow Length=235'   Tc=4.2 min   CN=69   Runoff=2.86 cfs  0.136 af

Runoff Area=1.510 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 16: Subcat AREA 16
   Flow Length=522'   Tc=4.9 min   CN=69   Runoff=8.20 cfs  0.400 af

Runoff Area=1.228 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 17: Subcat AREA 17
   Flow Length=386'   Tc=4.7 min   CN=69   Runoff=6.72 cfs  0.326 af

Runoff Area=0.813 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 18: Subcat AREA 18
   Flow Length=383'   Tc=4.6 min   CN=69   Runoff=4.47 cfs  0.215 af

Runoff Area=0.847 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 19: Subcat AREA 19
   Flow Length=394'   Tc=4.6 min   CN=69   Runoff=4.66 cfs  0.225 af

Runoff Area=1.167 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 2: Subcat AREA 2
   Flow Length=613'   Tc=5.1 min   CN=69   Runoff=6.28 cfs  0.309 af

Runoff Area=1.054 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 20: Subcat AREA 20
   Flow Length=453'   Tc=4.7 min   CN=69   Runoff=5.77 cfs  0.279 af

Runoff Area=1.030 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 21: Subcat AREA 21
   Flow Length=448'   Tc=4.7 min   CN=69   Runoff=5.64 cfs  0.273 af

Runoff Area=1.030 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 22: Subcat AREA 22
   Flow Length=448'   Tc=4.7 min   CN=69   Runoff=5.64 cfs  0.273 af

Runoff Area=1.548 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 23: Subcat AREA 23
   Flow Length=715'   Tc=5.4 min   CN=69   Runoff=8.23 cfs  0.410 af
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Runoff Area=1.952 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 24: Subcat AREA 24
   Flow Length=889'   Tc=5.8 min   CN=69   Runoff=10.20 cfs  0.517 af

Runoff Area=1.515 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 25: Subcat AREA 25
   Flow Length=495'   Tc=3.9 min   CN=69   Runoff=8.59 cfs  0.402 af

Runoff Area=0.518 ac   0.00% Impervious   Runoff Depth=2.98"Subcatchment AREA 26: Subcat AREA 26
   Flow Length=216'   Tc=4.1 min   CN=67   Runoff=2.74 cfs  0.129 af

Runoff Area=4.140 ac   0.00% Impervious   Runoff Depth=1.28"Subcatchment AREA 27: Subcat AREA 27
   Flow Length=864'   Tc=12.0 min   CN=48   Runoff=5.63 cfs  0.442 af

Runoff Area=142,960 sf   0.00% Impervious   Runoff Depth=1.44"Subcatchment AREA 28: Subcat AREA 28
   Flow Length=573'   Tc=9.1 min   CN=50   Runoff=5.98 cfs  0.395 af

Runoff Area=0.423 ac   0.00% Impervious   Runoff Depth=1.36"Subcatchment AREA 28A: Subcat AREA 28A
   Flow Length=234'   Tc=9.1 min   CN=49   Runoff=0.71 cfs  0.048 af

Runoff Area=0.476 ac   0.00% Impervious   Runoff Depth=1.53"Subcatchment AREA 28B: Subcat AREA 28B
   Flow Length=211'   Tc=4.5 min   CN=51   Runoff=1.20 cfs  0.061 af

Runoff Area=2.792 ac   0.00% Impervious   Runoff Depth=0.69"Subcatchment AREA 29: Subcat AREA 29
   Flow Length=463'   Tc=14.8 min   CN=40   Runoff=1.21 cfs  0.161 af

Runoff Area=0.717 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 3: Subcat AREA 3
   Flow Length=409'   Tc=6.3 min   CN=69   Runoff=3.66 cfs  0.190 af

Runoff Area=1.415 ac   0.00% Impervious   Runoff Depth=0.63"Subcatchment AREA 30: Subcat AREA 30
   Flow Length=941'   Slope=0.0260 '/'   Tc=22.0 min   CN=39   Runoff=0.43 cfs  0.074 af

Runoff Area=0.698 ac   0.00% Impervious   Runoff Depth=0.63"Subcatchment AREA 31: Subcat AREA 31
   Flow Length=481'   Tc=4.4 min   CN=39   Runoff=0.42 cfs  0.036 af

Runoff Area=3.353 ac   0.00% Impervious   Runoff Depth=1.13"Subcatchment AREA 32: Subcat AREA 32
   Flow Length=663'   Tc=17.3 min   CN=46   Runoff=3.11 cfs  0.315 af

Runoff Area=38,914 sf   0.00% Impervious   Runoff Depth=1.36"Subcatchment AREA 33: Subcat AREA 33
   Flow Length=377'   Tc=16.0 min   CN=49   Runoff=1.14 cfs  0.101 af

Runoff Area=68,484 sf   0.00% Impervious   Runoff Depth=0.98"Subcatchment AREA 34: Subcat AREA 34
   Flow Length=488'   Tc=16.2 min   CN=44   Runoff=1.20 cfs  0.128 af

Runoff Area=0.375 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 35: Subcat AREA 35
   Flow Length=174'   Slope=0.2500 '/'   Tc=4.2 min   CN=69   Runoff=2.10 cfs  0.099 af

Runoff Area=0.487 ac   0.00% Impervious   Runoff Depth=3.08"Subcatchment AREA 36: Subcat AREA 36
   Flow Length=425'   Tc=4.4 min   CN=68   Runoff=2.62 cfs  0.125 af

Runoff Area=0.344 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 37: Subcat AREA 37
   Flow Length=510'   Tc=4.6 min   CN=69   Runoff=1.89 cfs  0.091 af
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Runoff Area=0.223 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 38: Subcat AREA 38
   Flow Length=590'   Tc=4.1 min   CN=69   Runoff=1.25 cfs  0.059 af

Runoff Area=0.656 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 39: Subcat AREA 39
   Flow Length=642'   Tc=5.3 min   CN=69   Runoff=3.50 cfs  0.174 af

Runoff Area=1.247 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 4: Subcat AREA 4
   Flow Length=478'   Tc=6.6 min   CN=69   Runoff=6.31 cfs  0.331 af

Runoff Area=1.618 ac   0.00% Impervious   Runoff Depth=2.23"Subcatchment AREA 40: Subcat AREA 40
   Flow Length=699'   Tc=5.2 min   CN=59   Runoff=6.03 cfs  0.300 af

Runoff Area=0.826 ac   0.00% Impervious   Runoff Depth=2.13"Subcatchment AREA 41: Subcat AREA 41
   Flow Length=722'   Tc=5.9 min   CN=58   Runoff=2.84 cfs  0.147 af

Runoff Area=2.177 ac   0.00% Impervious   Runoff Depth=0.63"Subcatchment AREA 42: Subcat AREA 42
   Flow Length=415'   Tc=9.1 min   CN=39   Runoff=0.93 cfs  0.114 af

Runoff Area=1.228 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 43: Subcat AREA 43
   Flow Length=778'   Tc=5.9 min   CN=69   Runoff=6.39 cfs  0.325 af

Runoff Area=5.227 ac   0.00% Impervious   Runoff Depth=0.63"Subcatchment AREA 44: Subcat AREA 44
   Flow Length=701'   Tc=7.9 min   CN=39   Runoff=2.38 cfs  0.273 af

Runoff Area=1.508 ac   100.00% Impervious   Runoff Depth=6.35"Subcatchment AREA 44A: Subcat AREA 
   Tc=0.0 min   CN=98   Runoff=14.38 cfs  0.798 af

Runoff Area=0.594 ac   0.00% Impervious   Runoff Depth=1.44"Subcatchment AREA 44B: Subcat AREA 44B
   Flow Length=147'   Slope=0.0544 '/'   Tc=7.6 min   CN=50   Runoff=1.17 cfs  0.071 af

Runoff Area=2.001 ac   0.00% Impervious   Runoff Depth=0.90"Subcatchment AREA 45: Subcat AREA 45
   Flow Length=681'   Tc=21.9 min   CN=43   Runoff=1.16 cfs  0.150 af

Runoff Area=7.367 ac   0.36% Impervious   Runoff Depth=2.23"Subcatchment AREA 46: Subcat AREA 46
   Flow Length=1,904'   Tc=9.2 min   CN=59   Runoff=22.74 cfs  1.366 af

Runoff Area=79,132 sf   8.81% Impervious   Runoff Depth=2.69"Subcatchment AREA 47: Subcat AREA 47
   Flow Length=582'   Tc=9.1 min   CN=64   Runoff=6.90 cfs  0.408 af

Runoff Area=57,540 sf   11.76% Impervious   Runoff Depth=2.41"Subcatchment AREA 48: Subcat AREA 48
   Flow Length=489'   Tc=5.4 min   CN=61   Runoff=5.30 cfs  0.265 af

Runoff Area=0.691 ac   0.00% Impervious   Runoff Depth=2.23"Subcatchment AREA 49: Subcat AREA 49
   Flow Length=522'   Tc=4.3 min   CN=59   Runoff=2.68 cfs  0.128 af

Runoff Area=1.195 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 5: Subcat AREA 5
   Flow Length=482'   Tc=6.6 min   CN=69   Runoff=6.05 cfs  0.317 af

Runoff Area=1.482 ac   0.00% Impervious   Runoff Depth=5.65"Subcatchment AREA 50: Subcat AREA 50
   Flow Length=570'   Tc=3.4 min   CN=92   Runoff=13.35 cfs  0.698 af
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Runoff Area=1.417 ac   0.00% Impervious   Runoff Depth=0.69"Subcatchment AREA 51: Subcat AREA 51
   Flow Length=884'   Tc=12.2 min   CN=40   Runoff=0.67 cfs  0.082 af

Runoff Area=197,330 sf   13.14% Impervious   Runoff Depth=1.20"Subcatchment AREA 52: Subcat AREA 52
   Flow Length=1,294'   Tc=6.3 min   CN=47   Runoff=7.48 cfs  0.454 af

Runoff Area=0.892 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 6: Subcat AREA 6
   Flow Length=415'   Tc=4.6 min   CN=69   Runoff=4.90 cfs  0.236 af

Runoff Area=1.017 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 7: Subcat AREA 7
   Flow Length=833'   Tc=5.8 min   CN=69   Runoff=5.31 cfs  0.269 af

Runoff Area=1.009 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 8: Subcat AREA 8
   Flow Length=409'   Tc=4.7 min   CN=69   Runoff=5.52 cfs  0.268 af

Runoff Area=1.047 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 9: Subcat AREA 9
   Flow Length=426'   Tc=4.8 min   CN=69   Runoff=5.71 cfs  0.278 af

Avg. Flow Depth=1.01'   Max Vel=3.03 fps   Inflow=37.51 cfs  1.827 afReach S1 R2: Swale S1 Reach 2
n=0.030   L=127.0'   S=0.0055 '/'   Capacity=140.64 cfs   Outflow=37.05 cfs  1.827 af

Avg. Flow Depth=1.18'   Max Vel=3.17 fps   Inflow=53.22 cfs  3.049 afReach S1 R3: Swale S1 Reach 3
n=0.030   L=578.0'   S=0.0051 '/'   Capacity=135.10 cfs   Outflow=47.76 cfs  3.049 af

Avg. Flow Depth=1.26'   Max Vel=3.74 fps   Inflow=62.37 cfs  3.811 afReach S1 R4: Swale S1 Reach 4
n=0.030   L=195.8'   S=0.0066 '/'   Capacity=154.36 cfs   Outflow=61.58 cfs  3.811 af

Avg. Flow Depth=1.31'   Max Vel=3.42 fps   Inflow=62.23 cfs  3.859 afReach S1 R5: Swale S1 Reach 5
n=0.030   L=411.6'   S=0.0053 '/'   Capacity=137.86 cfs   Outflow=59.21 cfs  3.859 af

Avg. Flow Depth=1.36'   Max Vel=3.44 fps   Inflow=65.66 cfs  4.415 afReach S1 R6: Swale S1 Reach 6
n=0.030   L=430.9'   S=0.0052 '/'   Capacity=136.28 cfs   Outflow=62.73 cfs  4.415 af

Avg. Flow Depth=1.65'   Max Vel=2.39 fps   Inflow=62.82 cfs  4.489 afReach S2 R1: Swale S2 Reach 1
n=0.030   L=472.0'   S=0.0020 '/'   Capacity=84.99 cfs   Outflow=57.87 cfs  4.489 af

Avg. Flow Depth=1.40'   Max Vel=4.16 fps   Inflow=95.28 cfs  7.736 afReach S2 R2: Swale S2 Reach 2
n=0.030   L=751.0'   S=0.0069 '/'   Capacity=182.04 cfs   Outflow=90.88 cfs  7.736 af

Avg. Flow Depth=0.85'   Max Vel=3.26 fps   Inflow=27.41 cfs  1.319 afReach S3 R1: Swale S3 Reach 1
n=0.030   L=215.0'   S=0.0070 '/'   Capacity=125.24 cfs   Outflow=26.88 cfs  1.319 af

Avg. Flow Depth=2.14'   Max Vel=4.13 fps   Inflow=47.52 cfs  2.432 afReach S3 R2: Swale S3 Reach 2
n=0.030   L=97.0'   S=0.0070 '/'   Capacity=71.57 cfs   Outflow=47.32 cfs  2.432 af

Avg. Flow Depth=0.98'   Max Vel=3.94 fps   Inflow=47.83 cfs  2.533 afReach S3 R3: Swale S3 Reach 3
n=0.030   L=353.0'   S=0.0097 '/'   Capacity=186.19 cfs   Outflow=46.22 cfs  2.533 af

Avg. Flow Depth=0.63'   Max Vel=2.70 fps   Inflow=23.68 cfs  1.204 afReach S4 R2: Swale S4 Reach 2
n=0.030   L=601.0'   S=0.0069 '/'   Capacity=174.20 cfs   Outflow=20.91 cfs  1.204 af
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Avg. Flow Depth=0.89'   Max Vel=2.94 fps   Inflow=41.60 cfs  2.309 afReach S4 R3: Swale S4 Reach 3
n=0.030   L=946.0'   S=0.0056 '/'   Capacity=156.53 cfs   Outflow=34.31 cfs  2.309 af

Avg. Flow Depth=1.82'   Max Vel=5.29 fps   Inflow=159.67 cfs  12.653 afReach S4 R4: Swale S4 Reach 4
n=0.030   L=483.0'   S=0.0082 '/'   Capacity=427.66 cfs   Outflow=157.44 cfs  12.653 af

   Inflow=7.48 cfs  0.454 afReach S5 R2: Swale S5 Reach 2
   Outflow=7.48 cfs  0.454 af

Peak Elev=793.06'  Storage=236,005 cf   Inflow=164.77 cfs  13.946 afPond Sed Pond: Sedimentation Basin
.167 af   Primary=11.35 cfs  4.914 af   Secondary=22.50 cfs  1.762 af   Tertiary=6.00 cfs  0.104 af   Outflow=45.68 cfs  13.947 af

   Inflow=7.48 cfs  0.454 afLink C1: Culvert C1
   Primary=7.48 cfs  0.454 af

   Inflow=13.45 cfs  0.780 afLink C2: Culvert C2
   Primary=13.45 cfs  0.780 af

   Inflow=47.76 cfs  3.049 afLink C3: Culvert C3
   Primary=47.76 cfs  3.049 af

   Inflow=62.23 cfs  3.859 afLink C4: Culvert C4
   Primary=62.23 cfs  3.859 af

   Inflow=65.15 cfs  4.254 afLink C5: Culvert C5
   Primary=65.15 cfs  4.254 af

   Inflow=47.83 cfs  2.533 afLink C6: Culvert C6
   Primary=47.83 cfs  2.533 af

   Inflow=103.37 cfs  8.978 afLink C7: Culvert C7
   Primary=103.37 cfs  8.978 af

   Inflow=19.20 cfs  1.127 afLink C8: Culvert C8
   Primary=19.20 cfs  1.127 af

   Inflow=22.19 cfs  1.105 afLink F1: Flume 1
   Primary=22.19 cfs  1.105 af

   Inflow=23.68 cfs  1.204 afLink F2: Flume 2
   Primary=23.68 cfs  1.204 af

   Inflow=32.10 cfs  1.570 afLink F3: Flume 3
   Primary=32.10 cfs  1.570 af

   Inflow=14.43 cfs  0.701 afLink F4: Flume 4
   Primary=14.43 cfs  0.701 af

   Inflow=25.31 cfs  1.219 afLink F5: Flume 5
   Primary=25.31 cfs  1.219 af
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   Inflow=20.36 cfs  0.985 afLink F6: Flume 6
   Primary=20.36 cfs  0.985 af

   Inflow=4.50 cfs  0.216 afLink F7: Existing East Flume
   Primary=4.50 cfs  0.216 af

   Inflow=16.40 cfs  0.828 afLink F8: Existing West Flume
   Primary=16.40 cfs  0.828 af

   Inflow=19.20 cfs  1.127 afLink North Area: North Area
   Primary=19.20 cfs  1.127 af

   Inflow=22.19 cfs  1.105 afLink RC1: Rock Chute 1
   Primary=22.19 cfs  1.105 af

   Inflow=23.68 cfs  1.204 afLink RC2: Rock Chute 2
   Primary=23.68 cfs  1.204 af

   Inflow=62.73 cfs  4.415 afLink Swale 1 R6: Swale S1 Reach 6
   Primary=62.73 cfs  4.415 af

   Inflow=2.68 cfs  0.128 afLink Swale S1 R1: Swale S1 Reach 1
   Primary=2.68 cfs  0.128 af

   Inflow=37.05 cfs  1.827 afLink Swale S1 R2: Swale S1 Reach 2
   Primary=37.05 cfs  1.827 af

   Inflow=47.76 cfs  3.049 afLink Swale S1 R3: Swale S1 Reach 3
   Primary=47.76 cfs  3.049 af

   Inflow=62.23 cfs  3.859 afLink Swale S1 R4: Swale S1 Reach 4
   Primary=62.23 cfs  3.859 af

   Inflow=65.15 cfs  4.254 afLink Swale S1 R5: Swale S1 Reach 5
   Primary=65.15 cfs  4.254 af

   Inflow=58.13 cfs  4.525 afLink Swale S2 R1: Swale S2 Reach 1
   Primary=58.13 cfs  4.525 af

   Inflow=103.37 cfs  8.978 afLink Swale S2 R2: Swale S2 Reach 2
   Primary=103.37 cfs  8.978 af

   Inflow=27.22 cfs  1.447 afLink Swale S3 R1: Swale S3 Reach 1
   Primary=27.22 cfs  1.447 af

   Inflow=47.83 cfs  2.533 afLink Swale S3 R2: Swale S3 Reach 2
   Primary=47.83 cfs  2.533 af

   Inflow=47.45 cfs  2.848 afLink Swale S3 R3: Swale S3 Reach 3
   Primary=47.45 cfs  2.848 af
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   Inflow=157.92 cfs  12.803 afLink Swale S4 R4: Swale S4 Reach 4
   Primary=157.92 cfs  12.803 af

   Inflow=7.48 cfs  0.454 afLink Swale S5 R1: Swale S5 Reach 1
   Primary=7.48 cfs  0.454 af

   Inflow=12.65 cfs  0.720 afLink Swale S5 R2: Swale S5 Reach 2
   Primary=12.65 cfs  0.720 af

   Inflow=6.90 cfs  0.408 afLink Swale S5 R3: Swale S5 Reach 3
   Primary=6.90 cfs  0.408 af

   Inflow=13.45 cfs  0.780 afLink Swale S6 R1: Swale S6 Reach 1
   Primary=13.45 cfs  0.780 af

   Inflow=39.85 cfs  6.780 afLink Wetland: Wetland
   Primary=39.85 cfs  6.780 af

Total Runoff Area = 82.060 ac   Runoff Volume = 15.074 af   Average Runoff Depth = 2.20"
97.02% Pervious = 79.615 ac     2.98% Impervious = 2.446 ac
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Summary for Subcatchment AREA 1: Subcat AREA 1

Runoff = 7.63 cfs @ 12.11 hrs,  Volume= 0.342 af,  Depth= 3.18"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.288 69 Pasture/grassland/range, Fair, HSG B
1.288 100.00% Pervious Area

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

1.7 37 0.2500 0.36 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.9 371 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

2.6 408 Total

Summary for Subcatchment AREA 10: Subcat AREA 10

Runoff = 5.29 cfs @ 12.11 hrs,  Volume= 0.242 af,  Depth= 3.18"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.914 69 Pasture/grassland/range, Fair, HSG B
0.914 100.00% Pervious Area

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

2.1 46 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.1 454 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

3.2 500 Total

Summary for Subcatchment AREA 11: Subcat AREA 11

Runoff = 5.21 cfs @ 12.12 hrs,  Volume= 0.251 af,  Depth= 3.18"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (ac) CN Description
0.949 69 Pasture/grassland/range, Fair, HSG B
0.949 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 14 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 277 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 391 Total

Summary for Subcatchment AREA 12: Subcat AREA 12

Runoff = 0.58 cfs @ 12.11 hrs,  Volume= 0.026 af,  Depth= 3.18"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.098 69 Pasture/grassland/range, Fair, HSG B
0.098 100.00% Pervious Area

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

2.4 56 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 36 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

2.5 92 Total

Summary for Subcatchment AREA 13: Subcat AREA 13

Runoff = 4.89 cfs @ 12.12 hrs,  Volume= 0.236 af,  Depth= 3.18"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (ac) CN Description
0.890 69 Pasture/grassland/range, Fair, HSG B
0.890 100.00% Pervious Area

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

3.4 87 0.2500 0.42 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.2 503 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 590 Total

Summary for Subcatchment AREA 14: Subcat AREA 14

Runoff = 6.17 cfs @ 12.13 hrs,  Volume= 0.303 af,  Depth= 3.18"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.145 69 Pasture/grassland/range, Fair, HSG B
1.145 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 27 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.2 498 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.1 625 Total

Summary for Subcatchment AREA 15: Subcat AREA 15

Runoff = 2.86 cfs @ 12.12 hrs,  Volume= 0.136 af,  Depth= 3.18"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.512 69 Pasture/grassland/range, Fair, HSG B
0.512 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.2 85 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.2 235 Total

Summary for Subcatchment AREA 16: Subcat AREA 16

Runoff = 8.20 cfs @ 12.12 hrs,  Volume= 0.400 af,  Depth= 3.18"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.510 69 Pasture/grassland/range, Fair, HSG B
1.510 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.9 372 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.9 522 Total

Summary for Subcatchment AREA 17: Subcat AREA 17

Runoff = 6.72 cfs @ 12.12 hrs,  Volume= 0.326 af,  Depth= 3.18"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.228 69 Pasture/grassland/range, Fair, HSG B
1.228 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.3 63 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 223 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 386 Total

Summary for Subcatchment AREA 18: Subcat AREA 18

Runoff = 4.47 cfs @ 12.12 hrs,  Volume= 0.215 af,  Depth= 3.18"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.813 69 Pasture/grassland/range, Fair, HSG B
0.813 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 48 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 235 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 383 Total

Summary for Subcatchment AREA 19: Subcat AREA 19

Runoff = 4.66 cfs @ 12.12 hrs,  Volume= 0.225 af,  Depth= 3.18"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.847 69 Pasture/grassland/range, Fair, HSG B
0.847 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 244 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 394 Total

Summary for Subcatchment AREA 2: Subcat AREA 2

Runoff = 6.28 cfs @ 12.13 hrs,  Volume= 0.309 af,  Depth= 3.18"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.167 69 Pasture/grassland/range, Fair, HSG B
1.167 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 18 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.2 495 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.1 613 Total

Summary for Subcatchment AREA 20: Subcat AREA 20

Runoff = 5.77 cfs @ 12.12 hrs,  Volume= 0.279 af,  Depth= 3.18"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.054 69 Pasture/grassland/range, Fair, HSG B
1.054 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 303 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 453 Total

Summary for Subcatchment AREA 21: Subcat AREA 21

Runoff = 5.64 cfs @ 12.12 hrs,  Volume= 0.273 af,  Depth= 3.18"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.030 69 Pasture/grassland/range, Fair, HSG B
1.030 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 298 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 448 Total

Summary for Subcatchment AREA 22: Subcat AREA 22

Runoff = 5.64 cfs @ 12.12 hrs,  Volume= 0.273 af,  Depth= 3.18"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.030 69 Pasture/grassland/range, Fair, HSG B
1.030 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 298 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 448 Total

Summary for Subcatchment AREA 23: Subcat AREA 23

Runoff = 8.23 cfs @ 12.13 hrs,  Volume= 0.410 af,  Depth= 3.18"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.548 69 Pasture/grassland/range, Fair, HSG B
1.548 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 24 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.5 591 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.4 715 Total

Summary for Subcatchment AREA 24: Subcat AREA 24

Runoff = 10.20 cfs @ 12.13 hrs,  Volume= 0.517 af,  Depth= 3.18"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.952 69 Pasture/grassland/range, Fair, HSG B
1.952 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 24 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.9 765 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.8 889 Total

Summary for Subcatchment AREA 25: Subcat AREA 25

Runoff = 8.59 cfs @ 12.12 hrs,  Volume= 0.402 af,  Depth= 3.18"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.515 69 Pasture/grassland/range, Fair, HSG B
1.515 100.00% Pervious Area

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

2.8 67 0.2500 0.40 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.1 428 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

3.9 495 Total

Summary for Subcatchment AREA 26: Subcat AREA 26

Runoff = 2.74 cfs @ 12.12 hrs,  Volume= 0.129 af,  Depth= 2.98"
     Routed to Reach S1 R2 : Swale S1 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.396 69 Pasture/grassland/range, Fair, HSG B
0.072 39 Pasture/grassland/range, Good, HSG A
0.049 96 Gravel surface, HSG A

* 0.000 0 Pasture/grassland/range, Fair
0.518 67 Weighted Average
0.518 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.6 93 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.5 123 0.0055 4.39 140.49 Trap/Vee/Rect Channel Flow, Swale 1 Reach 2
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

4.1 216 Total

Summary for Subcatchment AREA 27: Subcat AREA 27

Runoff = 5.63 cfs @ 12.22 hrs,  Volume= 0.442 af,  Depth= 1.28"
     Routed to Reach S1 R3 : Swale S1 Reach 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.651 69 Pasture/grassland/range, Fair, HSG B
2.758 39 Pasture/grassland/range, Good, HSG A
0.010 96 Gravel surface, HSG A
0.295 96 Gravel surface, HSG A
0.426 39 Pasture/grassland/range, Good, HSG A

* 0.000 0
* 0.000 0
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 Pasture/grassland/range, Good

4.140 48 Weighted Average
4.140 100.00% Pervious Area

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

7.3 100 0.0500 0.23 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.3 217 0.0500 1.57 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 20 0.0050 1.14 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.1 14 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

2.0 513 0.0051 4.23 135.28 Trap/Vee/Rect Channel Flow, Swale 1 Reach 3
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

12.0 864 Total
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Summary for Subcatchment AREA 28: Subcat AREA 28

Runoff = 5.98 cfs @ 12.18 hrs,  Volume= 0.395 af,  Depth= 1.44"
     Routed to Link Swale S1 R5 : Swale S1 Reach 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (sf) CN Description
30,267 69 Pasture/grassland/range, Fair, HSG B

100,859 39 Pasture/grassland/range, Good, HSG A
* 11,834 96 Gravel surface

142,960 50 Weighted Average
142,960 100.00% Pervious Area

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

5.9 78 0.0526 0.22 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.1 22 0.2500 0.32 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 24 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 23 0.0050 1.14 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.1 16 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.6 410 0.0053 4.31 137.91 Trap/Vee/Rect Channel Flow, Swale 1 Reach
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

9.1 573 Total

Summary for Subcatchment AREA 28A: Subcat AREA 28A

Runoff = 0.71 cfs @ 12.18 hrs,  Volume= 0.048 af,  Depth= 1.36"
     Routed to Link Swale S1 R4 : Swale S1 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.035 69 Pasture/grassland/range, Fair, HSG B
0.257 39 Pasture/grassland/range, Good, HSG A
0.075 39 Pasture/grassland/range, Good, HSG A
0.010 96 Gravel surface, HSG A
0.046 96 Gravel surface, HSG A
0.423 49 Weighted Average
0.423 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.3 82 0.0334 0.19 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.0 18 0.2500 0.31 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 34 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 20 0.0050 1.14 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.1 13 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.2 67 0.0069 4.92 157.36 Trap/Vee/Rect Channel Flow, 
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

9.1 234 Total

Summary for Subcatchment AREA 28B: Subcat AREA 28B

Runoff = 1.20 cfs @ 12.13 hrs,  Volume= 0.061 af,  Depth= 1.53"
     Routed to Reach S1 R4 : Swale S1 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.050 69 Pasture/grassland/range, Fair, HSG B
0.110 39 Pasture/grassland/range, Good, HSG A
0.240 39 Pasture/grassland/range, Good, HSG A
0.009 96 Gravel surface, HSG A
0.067 96 Gravel surface, HSG A
0.476 51 Weighted Average
0.476 100.00% Pervious Area

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

2.5 58 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.6 20 0.0050 0.53 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

1.0 18 0.2500 0.31 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 115 0.0055 4.39 140.49 Trap/Vee/Rect Channel Flow, 
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

4.5 211 Total
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Summary for Subcatchment AREA 29: Subcat AREA 29

Runoff = 1.21 cfs @ 12.31 hrs,  Volume= 0.161 af,  Depth= 0.69"
     Routed to Reach S1 R6 : Swale S1 Reach 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.056 96 Gravel surface, HSG A
2.735 39 Pasture/grassland/range, Good, HSG A

* 0.000 0 Gravel surface
2.792 40 Weighted Average
2.792 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
11.8 100 0.0150 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
1.9 100 0.0150 0.86 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.1 16 0.2500 3.50 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
1.0 247 0.0052 4.27 136.60 Trap/Vee/Rect Channel Flow, Swale S1 Reach 5

Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

14.8 463 Total

Summary for Subcatchment AREA 3: Subcat AREA 3

Runoff = 3.66 cfs @ 12.14 hrs,  Volume= 0.190 af,  Depth= 3.18"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.717 69 Pasture/grassland/range, Fair, HSG B
0.717 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.9 44 0.1000 0.26 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.4 56 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 76 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 233 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

6.3 409 Total

Summary for Subcatchment AREA 30: Subcat AREA 30

Runoff = 0.43 cfs @ 12.46 hrs,  Volume= 0.074 af,  Depth= 0.63"
     Routed to Reach S2 R1 : Swale S2 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.415 39 Pasture/grassland/range, Good, HSG A
1.415 100.00% Pervious Area

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

9.5 100 0.0260 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.9 194 0.0260 1.13 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

9.6 647 0.0260 1.13 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

22.0 941 Total

Summary for Subcatchment AREA 31: Subcat AREA 31

Runoff = 0.42 cfs @ 12.14 hrs,  Volume= 0.036 af,  Depth= 0.63"
     Routed to Link Swale S2 R1 : Swale S2 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.698 39 Pasture/grassland/range, Good, HSG A
0.698 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.6 34 0.2500 0.35 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.8 447 0.0020 2.65 84.72 Trap/Vee/Rect Channel Flow, Swale 2 Reach 1
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

4.4 481 Total

Summary for Subcatchment AREA 32: Subcat AREA 32

Runoff = 3.11 cfs @ 12.31 hrs,  Volume= 0.315 af,  Depth= 1.13"
     Routed to Link Swale S3 R3 : Swale S3 Reach 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.567 69 Pasture/grassland/range, Fair, HSG B
2.413 39 Pasture/grassland/range, Good, HSG A
0.099 96 Gravel surface, HSG A
0.274 39 Pasture/grassland/range, Good, HSG A
3.353 46 Weighted Average
3.353 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.1 100 0.0140 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
4.2 211 0.0140 0.83 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.1 23 0.1740 2.92 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.9 329 0.0097 5.83 186.57 Trap/Vee/Rect Channel Flow, Swale 3 Reach 3

Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

17.3 663 Total

Summary for Subcatchment AREA 33: Subcat AREA 33

Runoff = 1.14 cfs @ 12.28 hrs,  Volume= 0.101 af,  Depth= 1.36"
     Routed to Link Swale S3 R2 : Swale S3 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (sf) CN Description
4,079 96 Gravel surface, HSG A
1,422 96 Gravel surface, HSG A

30,707 39 Pasture/grassland/range, Good, HSG A
* 2,706 69 Pasture/grassland/range, Fair, HSG A

38,914 49 Weighted Average
38,914 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.1 100 0.0140 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
3.6 178 0.0140 0.83 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.0 12 0.4000 4.43 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.3 87 0.0070 5.23 125.44 Trap/Vee/Rect Channel Flow, Swale 3 Reach 2

Bot.W=8.00'  D=2.00'  Z= 2.0 '/'  Top.W=16.00'
n= 0.030  Earth, grassed & winding

16.0 377 Total

Summary for Subcatchment AREA 34: Subcat AREA 34

Runoff = 1.20 cfs @ 12.30 hrs,  Volume= 0.128 af,  Depth= 0.98"
     Routed to Link Swale S3 R1 : Swale S3 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (sf) CN Description
5,695 69 Pasture/grassland/range, Fair, HSG B
3,470 96 Gravel surface, HSG A

59,319 39 Pasture/grassland/range, Good, HSG A
68,484 44 Weighted Average
68,484 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.1 100 0.0140 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
3.4 170 0.0140 0.83 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.1 15 0.4000 4.43 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.6 203 0.0070 5.23 125.44 Trap/Vee/Rect Channel Flow, Swale 3 Reach 1

Bot.W=8.00'  D=2.00'  Z= 2.0 '/'  Top.W=16.00'
n= 0.030  Earth, grassed & winding

16.2 488 Total
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Summary for Subcatchment AREA 35: Subcat AREA 35

Runoff = 2.10 cfs @ 12.12 hrs,  Volume= 0.099 af,  Depth= 3.18"
     Routed to Reach S3 R1 : Swale S3 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.375 69 Pasture/grassland/range, Fair, HSG B
0.375 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 74 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

4.2 174 Total

Summary for Subcatchment AREA 36: Subcat AREA 36

Runoff = 2.62 cfs @ 12.12 hrs,  Volume= 0.125 af,  Depth= 3.08"
     Routed to Link F7 : Existing East Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.470 69 Pasture/grassland/range, Fair, HSG B
0.016 39 Pasture/grassland/range, Good, HSG A

* 0.000 0 Pasture/grassland/range, Good
0.487 68 Weighted Average
0.487 100.00% Pervious Area

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

3.5 90 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.7 201 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.2 134 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

4.4 425 Total
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Summary for Subcatchment AREA 37: Subcat AREA 37

Runoff = 1.89 cfs @ 12.12 hrs,  Volume= 0.091 af,  Depth= 3.18"
     Routed to Link F7 : Existing East Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.344 69 Pasture/grassland/range, Fair, HSG B
0.344 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 30 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.4 126 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.3 254 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

4.6 510 Total

Summary for Subcatchment AREA 38: Subcat AREA 38

Runoff = 1.25 cfs @ 12.12 hrs,  Volume= 0.059 af,  Depth= 3.18"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.223 69 Pasture/grassland/range, Fair, HSG B
0.223 100.00% Pervious Area

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

3.1 77 0.2500 0.41 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.5 156 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.5 357 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

4.1 590 Total
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Summary for Subcatchment AREA 39: Subcat AREA 39

Runoff = 3.50 cfs @ 12.13 hrs,  Volume= 0.174 af,  Depth= 3.18"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.656 69 Pasture/grassland/range, Fair, HSG B
0.656 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 11 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.1 314 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.3 217 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

5.3 642 Total

Summary for Subcatchment AREA 4: Subcat AREA 4

Runoff = 6.31 cfs @ 12.14 hrs,  Volume= 0.331 af,  Depth= 3.18"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.247 69 Pasture/grassland/range, Fair, HSG B
1.247 100.00% Pervious Area

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

3.5 57 0.1000 0.27 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.0 43 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 83 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 295 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

6.6 478 Total
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Summary for Subcatchment AREA 40: Subcat AREA 40

Runoff = 6.03 cfs @ 12.13 hrs,  Volume= 0.300 af,  Depth= 2.23"
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.079 69 Pasture/grassland/range, Fair, HSG B
0.539 39 Pasture/grassland/range, Good, HSG A

* 0.000 0 Pasture/grassland/range, Good
1.618 59 Weighted Average
1.618 100.00% Pervious Area

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

3.1 77 0.2500 0.41 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.8 237 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.3 70 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.0 315 0.0069 5.05 181.72 Trap/Vee/Rect Channel Flow, Swale S2 Reach 2
Bot.W=10.00'  D=2.00'  Z= 4.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

5.2 699 Total

Summary for Subcatchment AREA 41: Subcat AREA 41

Runoff = 2.84 cfs @ 12.14 hrs,  Volume= 0.147 af,  Depth= 2.13"
     Routed to Reach S2 R2 : Swale S2 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.520 69 Pasture/grassland/range, Fair, HSG B
0.306 39 Pasture/grassland/range, Good, HSG A
0.826 58 Weighted Average
0.826 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 26 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

2.0 596 0.0069 5.05 181.72 Trap/Vee/Rect Channel Flow, Swale S2 Reach 2
Bot.W=10.00'  D=2.00'  Z= 4.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

5.9 722 Total

Summary for Subcatchment AREA 42: Subcat AREA 42

Runoff = 0.93 cfs @ 12.22 hrs,  Volume= 0.114 af,  Depth= 0.63"
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
2.177 39 Pasture/grassland/range, Good, HSG A
2.177 100.00% Pervious Area

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

6.4 66 0.0303 0.17 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.6 34 0.2500 0.35 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 49 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.9 266 0.0069 5.05 181.72 Trap/Vee/Rect Channel Flow, Swale S2 Reach 2
Bot.W=10.00'  D=2.00'  Z= 4.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

9.1 415 Total

Summary for Subcatchment AREA 43: Subcat AREA 43

Runoff = 6.39 cfs @ 12.13 hrs,  Volume= 0.325 af,  Depth= 3.18"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.228 69 Pasture/grassland/range, Fair, HSG B
1.228 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.0 6 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.9 541 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.2 131 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

5.9 778 Total

Summary for Subcatchment AREA 44: Subcat AREA 44

Runoff = 2.38 cfs @ 12.19 hrs,  Volume= 0.273 af,  Depth= 0.63"
     Routed to Pond Sed Pond : Sedimentation Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
5.227 39 Pasture/grassland/range, Good, HSG A
5.227 100.00% Pervious Area

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

4.5 75 0.0933 0.28 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.3 25 0.2500 0.33 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.0 10 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.8 381 0.0265 7.85 109.92 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=2.00'  Z= 4.0 & 3.0 '/'  Top.W=14.00'
n= 0.030  Earth, grassed & winding

0.8 162 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.5 48 0.0500 1.57 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

7.9 701 Total

Summary for Subcatchment AREA 44A: Subcat AREA 44A

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

Runoff = 14.38 cfs @ 12.09 hrs,  Volume= 0.798 af,  Depth= 6.35"
     Routed to Pond Sed Pond : Sedimentation Basin
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Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.508 98 Water Surface, HSG A
1.508 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment AREA 44B: Subcat AREA 44B

Runoff = 1.17 cfs @ 12.16 hrs,  Volume= 0.071 af,  Depth= 1.44"
     Routed to Pond Sed Pond : Sedimentation Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.479 39 Pasture/grassland/range, Good, HSG A
0.115 96 Gravel surface, HSG A

* 0.000 0 , HSG A
* 0.000 0 , HSG A

0.594 50 Weighted Average
0.594 100.00% Pervious Area

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

7.1 100 0.0544 0.24 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.5 47 0.0544 1.63 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

7.6 147 Total

Summary for Subcatchment AREA 45: Subcat AREA 45

Runoff = 1.16 cfs @ 12.41 hrs,  Volume= 0.150 af,  Depth= 0.90"
     Routed to Link Swale S4 R4 : Swale S4 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (ac) CN Description
* 0.000 0 , HSG A

1.870 39 Pasture/grassland/range, Good, HSG A
0.000 96 Gravel surface, HSG A
0.130 96 Gravel surface, HSG A
2.001 43 Weighted Average
2.001 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
15.7 100 0.0074 0.11 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
4.7 169 0.0074 0.60 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.4 49 0.0800 1.98 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
1.1 363 0.0082 5.42 162.67 Trap/Vee/Rect Channel Flow, Swale S4 Reach 2

Bot.W=8.00'  D=2.00'  Z= 4.0 & 3.0 '/'  Top.W=22.00'
n= 0.030  Earth, grassed & winding

21.9 681 Total

Summary for Subcatchment AREA 46: Subcat AREA 46

Runoff = 22.74 cfs @ 12.17 hrs,  Volume= 1.366 af,  Depth= 2.23"
     Routed to Reach S4 R4 : Swale S4 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
3.081 69 Pasture/grassland/range, Fair, HSG B
0.590 96 Gravel surface, HSG B
3.264 39 Pasture/grassland/range, Good, HSG A
0.017 98 Paved parking, HSG A
0.009 98 Paved parking, HSG A
0.378 96 Gravel surface, HSG A
0.001 96 Gravel surface, HSG A
0.026 96 Gravel surface, HSG A

* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 Pasture/grassland/range, Fair

7.367 59 Weighted Average
7.340 99.64% Pervious Area
0.027 0.36% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 51 0.2500 0.38 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 16 0.2500 2.44 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.9 31 0.0050 0.58 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.4 47 0.0650 1.78 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

5.6 1,759 0.0073 5.26 178.68 Trap/Vee/Rect Channel Flow, Swale S4 Reach 1
Bot.W=10.00'  D=2.00'  Z= 3.0 & 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

9.2 1,904 Total

Summary for Subcatchment AREA 47: Subcat AREA 47

Runoff = 6.90 cfs @ 12.17 hrs,  Volume= 0.408 af,  Depth= 2.69"
     Routed to Link Swale S5 R3 : Swale S5 Reach 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (sf) CN Description
49,617 69 Pasture/grassland/range, Fair, HSG B

6,971 98 Paved parking, HSG A
1,619 96 Gravel surface, HSG A

20,925 39 Pasture/grassland/range, Good, HSG A
79,132 64 Weighted Average
72,161 91.19% Pervious Area

6,971 8.81% Impervious Area

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

2.0 43 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 11 0.1111 1.63 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.7 12 0.2500 0.28 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.9 28 0.0393 0.16 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

3.4 488 0.0024 2.40 52.81 Trap/Vee/Rect Channel Flow, Swale S5 Reach 3
Bot.W=0.00'  D=2.00'  Z= 5.0 & 6.0 '/'  Top.W=22.00'
n= 0.030  Earth, grassed & winding

9.1 582 Total
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Summary for Subcatchment AREA 48: Subcat AREA 48

Runoff = 5.30 cfs @ 12.13 hrs,  Volume= 0.265 af,  Depth= 2.41"
     Routed to Link Swale S5 R2 : Swale S5 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (sf) CN Description
24,597 69 Pasture/grassland/range, Fair, HSG B
24,117 39 Pasture/grassland/range, Good, HSG A

2,057 96 Gravel surface, HSG A
6,769 98 Paved parking, HSG A

57,540 61 Weighted Average
50,771 88.24% Pervious Area

6,769 11.76% Impervious Area

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

0.6 19 0.0050 0.53 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

1.7 29 0.1667 0.29 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

3.1 441 0.0024 2.38 40.39 Trap/Vee/Rect Channel Flow, Swale S5 Reach 2
Bot.W=0.00'  D=2.00'  Z= 2.5 & 6.0 '/'  Top.W=17.00'
n= 0.030  Earth, grassed & winding

5.4 489 Total

Summary for Subcatchment AREA 49: Subcat AREA 49

Runoff = 2.68 cfs @ 12.12 hrs,  Volume= 0.128 af,  Depth= 2.23"
     Routed to Link Swale S1 R1 : Swale S1 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.439 69 Pasture/grassland/range, Fair, HSG B
0.246 39 Pasture/grassland/range, Good, HSG A
0.006 96 Gravel surface, HSG A
0.691 59 Weighted Average
0.691 100.00% Pervious Area

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

2.5 59 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.8 463 0.0053 4.31 137.91 Trap/Vee/Rect Channel Flow, Swale S1 Reach 1
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding
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4.3 522 Total

Summary for Subcatchment AREA 5: Subcat AREA 5

Runoff = 6.05 cfs @ 12.14 hrs,  Volume= 0.317 af,  Depth= 3.18"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.195 69 Pasture/grassland/range, Fair, HSG B
1.195 100.00% Pervious Area

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

3.6 59 0.1000 0.27 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.9 41 0.2500 0.36 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 85 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 297 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

6.6 482 Total

Summary for Subcatchment AREA 50: Subcat AREA 50

Runoff = 13.35 cfs @ 12.11 hrs,  Volume= 0.698 af,  Depth= 5.65"
     Routed to Link Swale S6 R1 : Swale S6 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.100 39 Pasture/grassland/range, Good, HSG A
0.001 39 Pasture/grassland/range, Good, HSG A
1.382 96 Gravel surface, HSG A
1.482 92 Weighted Average
1.482 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.6 100 0.0119 1.04 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.4 47 0.0119 1.76 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.0 10 0.5000 4.95 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.4 413 0.0066 5.00 130.01 Trap/Vee/Rect Channel Flow, Swale S6 Reach 1
Bot.W=8.00'  D=2.00'  Z= 2.5 '/'  Top.W=18.00'
n= 0.030  Earth, grassed & winding

3.4 570 Total

Summary for Subcatchment AREA 51: Subcat AREA 51

Runoff = 0.67 cfs @ 12.27 hrs,  Volume= 0.082 af,  Depth= 0.69"
     Routed to Link Swale S6 R1 : Swale S6 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.396 39 Pasture/grassland/range, Good, HSG A
0.020 96 Gravel surface, HSG A
1.417 40 Weighted Average
1.417 100.00% Pervious Area

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

7.3 100 0.0500 0.23 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

3.2 302 0.0500 1.57 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 53 0.0313 2.85 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

1.4 429 0.0066 5.00 130.01 Trap/Vee/Rect Channel Flow, Swale S6 Reach 1
Bot.W=8.00'  D=2.00'  Z= 2.5 '/'  Top.W=18.00'
n= 0.030  Earth, grassed & winding

12.2 884 Total

Summary for Subcatchment AREA 52: Subcat AREA 52

Runoff = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af,  Depth= 1.20"
     Routed to Link Swale S5 R1 : Swale S5 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (sf) CN Description
169,213 39 Pasture/grassland/range, Good, HSG A

25,933 98 Paved parking, HSG A
2,184 96 Gravel surface, HSG A

197,330 47 Weighted Average
171,397 86.86% Pervious Area

25,933 13.14% Impervious Area

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

0.6 18 0.0050 0.52 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

1.4 21 0.1333 0.25 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

4.3 1,255 0.0096 4.82 125.20 Trap/Vee/Rect Channel Flow, Swale S5 Reach 1
Bot.W=0.00'  D=2.00'  Z= 6.0 & 7.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

6.3 1,294 Total

Summary for Subcatchment AREA 6: Subcat AREA 6

Runoff = 4.90 cfs @ 12.12 hrs,  Volume= 0.236 af,  Depth= 3.18"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.892 69 Pasture/grassland/range, Fair, HSG B
0.892 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.0 7 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.8 308 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 415 Total

Summary for Subcatchment AREA 7: Subcat AREA 7

Runoff = 5.31 cfs @ 12.13 hrs,  Volume= 0.269 af,  Depth= 3.18"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (ac) CN Description
1.017 69 Pasture/grassland/range, Fair, HSG B
1.017 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 18 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.5 419 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.4 296 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, 
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

5.8 833 Total

Summary for Subcatchment AREA 8: Subcat AREA 8

Runoff = 5.52 cfs @ 12.12 hrs,  Volume= 0.268 af,  Depth= 3.18"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.009 69 Pasture/grassland/range, Fair, HSG B
1.009 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.3 66 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 243 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 409 Total

Summary for Subcatchment AREA 9: Subcat AREA 9

Runoff = 5.71 cfs @ 12.12 hrs,  Volume= 0.278 af,  Depth= 3.18"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (ac) CN Description
1.047 69 Pasture/grassland/range, Fair, HSG B
1.047 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 76 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 250 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.8 426 Total

Summary for Reach S1 R2: Swale S1 Reach 2

Inflow Area = 7.131 ac, 0.00% Impervious,  Inflow Depth = 3.07"    for  100-yr, 24-hr event
Inflow = 37.51 cfs @ 12.12 hrs,  Volume= 1.827 af
Outflow = 37.05 cfs @ 12.12 hrs,  Volume= 1.827 af,  Atten= 1%,  Lag= 0.4 min
     Routed to Link Swale S1 R2 : Swale S1 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.03 fps,  Min. Travel Time= 0.7 min
Avg. Velocity = 0.80 fps,  Avg. Travel Time= 2.7 min

Peak Storage= 1,553 cf @ 12.12 hrs
Average Depth at Peak Storage= 1.01' , Surface Width= 16.12'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 140.64 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 127.0'   Slope= 0.0055 '/'
Inlet Invert= 814.81',  Outlet Invert= 814.11'

‡

Summary for Reach S1 R3: Swale S1 Reach 3

Inflow Area = 14.170 ac, 0.00% Impervious,  Inflow Depth = 2.58"    for  100-yr, 24-hr event
Inflow = 53.22 cfs @ 12.12 hrs,  Volume= 3.049 af
Outflow = 47.76 cfs @ 12.15 hrs,  Volume= 3.049 af,  Atten= 10%,  Lag= 1.5 min
     Routed to Link Swale S1 R3 : Swale S1 Reach 3
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Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.17 fps,  Min. Travel Time= 3.0 min
Avg. Velocity = 0.70 fps,  Avg. Travel Time= 13.8 min

Peak Storage= 8,716 cf @ 12.15 hrs
Average Depth at Peak Storage= 1.18' , Surface Width= 17.47'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 135.10 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 578.0'   Slope= 0.0051 '/'
Inlet Invert= 814.11',  Outlet Invert= 811.17'

‡

Summary for Reach S1 R4: Swale S1 Reach 4

Inflow Area = 17.292 ac, 0.00% Impervious,  Inflow Depth = 2.64"    for  100-yr, 24-hr event
Inflow = 62.37 cfs @ 12.14 hrs,  Volume= 3.811 af
Outflow = 61.58 cfs @ 12.15 hrs,  Volume= 3.811 af,  Atten= 1%,  Lag= 0.6 min
     Routed to Link Swale S1 R4 : Swale S1 Reach 4

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.74 fps,  Min. Travel Time= 0.9 min
Avg. Velocity = 0.81 fps,  Avg. Travel Time= 4.0 min

Peak Storage= 3,220 cf @ 12.15 hrs
Average Depth at Peak Storage= 1.26' , Surface Width= 18.09'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 154.36 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 195.8'   Slope= 0.0066 '/'
Inlet Invert= 811.17',  Outlet Invert= 809.87'

‡
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Summary for Reach S1 R5: Swale S1 Reach 5

Inflow Area = 17.714 ac, 0.00% Impervious,  Inflow Depth = 2.61"    for  100-yr, 24-hr event
Inflow = 62.23 cfs @ 12.15 hrs,  Volume= 3.859 af
Outflow = 59.21 cfs @ 12.17 hrs,  Volume= 3.859 af,  Atten= 5%,  Lag= 1.3 min
     Routed to Link Swale S1 R5 : Swale S1 Reach 5

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.42 fps,  Min. Travel Time= 2.0 min
Avg. Velocity = 0.74 fps,  Avg. Travel Time= 9.2 min

Peak Storage= 7,135 cf @ 12.17 hrs
Average Depth at Peak Storage= 1.31' , Surface Width= 18.48'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 137.86 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 411.6'   Slope= 0.0053 '/'
Inlet Invert= 809.77',  Outlet Invert= 807.59'

‡

Summary for Reach S1 R6: Swale S1 Reach 6

Inflow Area = 23.788 ac, 0.00% Impervious,  Inflow Depth = 2.23"    for  100-yr, 24-hr event
Inflow = 65.66 cfs @ 12.17 hrs,  Volume= 4.415 af
Outflow = 62.73 cfs @ 12.20 hrs,  Volume= 4.415 af,  Atten= 4%,  Lag= 1.5 min
     Routed to Link Swale 1 R6 : Swale S1 Reach 6

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.44 fps,  Min. Travel Time= 2.1 min
Avg. Velocity = 0.76 fps,  Avg. Travel Time= 9.4 min

Peak Storage= 7,852 cf @ 12.20 hrs
Average Depth at Peak Storage= 1.36' , Surface Width= 18.86'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 136.28 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 430.9'   Slope= 0.0052 '/'
Inlet Invert= 807.15',  Outlet Invert= 804.92'
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‡

Summary for Reach S2 R1: Swale S2 Reach 1

Inflow Area = 25.203 ac, 0.00% Impervious,  Inflow Depth = 2.14"    for  100-yr, 24-hr event
Inflow = 62.82 cfs @ 12.20 hrs,  Volume= 4.489 af
Outflow = 57.87 cfs @ 12.24 hrs,  Volume= 4.489 af,  Atten= 8%,  Lag= 2.5 min
     Routed to Link Swale S2 R1 : Swale S2 Reach 1

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.39 fps,  Min. Travel Time= 3.3 min
Avg. Velocity = 0.52 fps,  Avg. Travel Time= 15.1 min

Peak Storage= 11,415 cf @ 12.24 hrs
Average Depth at Peak Storage= 1.65' , Surface Width= 21.24'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 84.99 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 472.0'   Slope= 0.0020 '/'
Inlet Invert= 802.25',  Outlet Invert= 801.30'

‡

Summary for Reach S2 R2: Swale S2 Reach 2

Inflow Area = 42.068 ac, 0.00% Impervious,  Inflow Depth = 2.21"    for  100-yr, 24-hr event
Inflow = 95.28 cfs @ 12.17 hrs,  Volume= 7.736 af
Outflow = 90.88 cfs @ 12.23 hrs,  Volume= 7.736 af,  Atten= 5%,  Lag= 3.1 min
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.16 fps,  Min. Travel Time= 3.0 min
Avg. Velocity = 0.88 fps,  Avg. Travel Time= 14.3 min

Peak Storage= 16,407 cf @ 12.23 hrs
Average Depth at Peak Storage= 1.40' , Surface Width= 21.20'
Bank-Full Depth= 2.00'  Flow Area= 36.0 sf,  Capacity= 182.04 cfs
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10.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 26.00'
Length= 751.0'   Slope= 0.0069 '/'
Inlet Invert= 801.30',  Outlet Invert= 796.10'

‡

Summary for Reach S3 R1: Swale S3 Reach 1

Inflow Area = 4.976 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 27.41 cfs @ 12.12 hrs,  Volume= 1.319 af
Outflow = 26.88 cfs @ 12.13 hrs,  Volume= 1.319 af,  Atten= 2%,  Lag= 0.6 min
     Routed to Link Swale S3 R1 : Swale S3 Reach 1

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.26 fps,  Min. Travel Time= 1.1 min
Avg. Velocity = 0.77 fps,  Avg. Travel Time= 4.7 min

Peak Storage= 1,774 cf @ 12.13 hrs
Average Depth at Peak Storage= 0.85' , Surface Width= 11.40'
Bank-Full Depth= 2.00'  Flow Area= 24.0 sf,  Capacity= 125.24 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 2.0 '/'   Top Width= 16.00'
Length= 215.0'   Slope= 0.0070 '/'
Inlet Invert= 807.58',  Outlet Invert= 806.08'

‡

Summary for Reach S3 R2: Swale S3 Reach 2

Inflow Area = 10.265 ac, 0.00% Impervious,  Inflow Depth = 2.84"    for  100-yr, 24-hr event
Inflow = 47.52 cfs @ 12.13 hrs,  Volume= 2.432 af
Outflow = 47.32 cfs @ 12.13 hrs,  Volume= 2.432 af,  Atten= 0%,  Lag= 0.3 min
     Routed to Link Swale S3 R2 : Swale S3 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.13 fps,  Min. Travel Time= 0.4 min
Avg. Velocity = 1.45 fps,  Avg. Travel Time= 1.1 min
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Peak Storage= 1,111 cf @ 12.13 hrs
Average Depth at Peak Storage= 2.14' , Surface Width= 10.70'
Bank-Full Depth= 2.50'  Flow Area= 15.6 sf,  Capacity= 71.57 cfs

0.00'  x  2.50'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 2.5 '/'   Top Width= 12.50'
Length= 97.0'   Slope= 0.0070 '/'
Inlet Invert= 806.08',  Outlet Invert= 805.40'

Summary for Reach S3 R3: Swale S3 Reach 3

Inflow Area = 11.158 ac, 0.00% Impervious,  Inflow Depth = 2.72"    for  100-yr, 24-hr event
Inflow = 47.83 cfs @ 12.13 hrs,  Volume= 2.533 af
Outflow = 46.22 cfs @ 12.15 hrs,  Volume= 2.533 af,  Atten= 3%,  Lag= 0.9 min
     Routed to Link Swale S3 R3 : Swale S3 Reach 3

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.94 fps,  Min. Travel Time= 1.5 min
Avg. Velocity = 1.02 fps,  Avg. Travel Time= 5.8 min

Peak Storage= 4,140 cf @ 12.15 hrs
Average Depth at Peak Storage= 0.98' , Surface Width= 15.86'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 186.19 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 353.0'   Slope= 0.0097 '/'
Inlet Invert= 804.71',  Outlet Invert= 801.30'

‡

Summary for Reach S4 R2: Swale S4 Reach 2

Inflow Area = 4.541 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 23.68 cfs @ 12.13 hrs,  Volume= 1.204 af
Outflow = 20.91 cfs @ 12.16 hrs,  Volume= 1.204 af,  Atten= 12%,  Lag= 1.8 min
     Routed to Reach S4 R3 : Swale S4 Reach 3
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Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.70 fps,  Min. Travel Time= 3.7 min
Avg. Velocity = 0.63 fps,  Avg. Travel Time= 16.0 min

Peak Storage= 4,652 cf @ 12.16 hrs
Average Depth at Peak Storage= 0.63' , Surface Width= 14.44'
Bank-Full Depth= 2.00'  Flow Area= 34.0 sf,  Capacity= 174.20 cfs

10.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0  3.0 '/'   Top Width= 24.00'
Length= 601.0'   Slope= 0.0069 '/'
Inlet Invert= 806.43',  Outlet Invert= 802.26'

‡

Summary for Reach S4 R3: Swale S4 Reach 3

[62] Hint: Exceeded Reach S4 R2 OUTLET depth by 0.32' @ 12.25 hrs

Inflow Area = 8.711 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 41.60 cfs @ 12.14 hrs,  Volume= 2.309 af
Outflow = 34.31 cfs @ 12.18 hrs,  Volume= 2.309 af,  Atten= 18%,  Lag= 2.7 min
     Routed to Reach S4 R4 : Swale S4 Reach 4

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.94 fps,  Min. Travel Time= 5.4 min
Avg. Velocity = 0.64 fps,  Avg. Travel Time= 24.5 min

Peak Storage= 11,027 cf @ 12.18 hrs
Average Depth at Peak Storage= 0.89' , Surface Width= 16.22'
Bank-Full Depth= 2.00'  Flow Area= 34.0 sf,  Capacity= 156.53 cfs

10.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 3.0  4.0 '/'   Top Width= 24.00'
Length= 946.0'   Slope= 0.0056 '/'
Inlet Invert= 802.26',  Outlet Invert= 796.96'

‡
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Summary for Reach S4 R4: Swale S4 Reach 4

[62] Hint: Exceeded Reach S4 R3 OUTLET depth by 0.96' @ 12.25 hrs

Inflow Area = 65.063 ac, 0.04% Impervious,  Inflow Depth = 2.33"    for  100-yr, 24-hr event
Inflow = 159.67 cfs @ 12.19 hrs,  Volume= 12.653 af
Outflow = 157.44 cfs @ 12.21 hrs,  Volume= 12.653 af,  Atten= 1%,  Lag= 1.3 min
     Routed to Link Swale S4 R4 : Swale S4 Reach 4

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 5.29 fps,  Min. Travel Time= 1.5 min
Avg. Velocity = 1.12 fps,  Avg. Travel Time= 7.2 min

Peak Storage= 14,379 cf @ 12.21 hrs
Average Depth at Peak Storage= 1.82' , Surface Width= 22.73'
Bank-Full Depth= 3.00'  Flow Area= 61.5 sf,  Capacity= 427.66 cfs

10.00'  x  3.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 3.0  4.0 '/'   Top Width= 31.00'
Length= 483.0'   Slope= 0.0082 '/'
Inlet Invert= 796.96',  Outlet Invert= 793.00'

‡

Summary for Reach S5 R2: Swale S5 Reach 2

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 4.530 ac, 13.14% Impervious,  Inflow Depth = 1.20"    for  100-yr, 24-hr event
Inflow = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af
Outflow = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link Swale S5 R2 : Swale S5 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Pond Sed Pond: Sedimentation Basin
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Inflow Area = 74.393 ac, 2.06% Impervious,  Inflow Depth = 2.25"    for  100-yr, 24-hr event
Inflow = 164.77 cfs @ 12.20 hrs,  Volume= 13.946 af
Outflow = 45.68 cfs @ 12.70 hrs,  Volume= 13.947 af,  Atten= 72%,  Lag= 30.2 min
Discarded = 5.84 cfs @ 12.70 hrs,  Volume= 7.167 af
Primary = 11.35 cfs @ 12.70 hrs,  Volume= 4.914 af
     Routed to Link Wetland : Wetland
Secondary = 22.50 cfs @ 12.70 hrs,  Volume= 1.762 af
     Routed to Link Wetland : Wetland
Tertiary = 6.00 cfs @ 12.70 hrs,  Volume= 0.104 af
     Routed to Link Wetland : Wetland

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Peak Elev= 793.06' @ 12.70 hrs   Surf.Area= 70,052 sf   Storage= 236,005 cf
Flood Elev= 794.00'   Surf.Area= 75,797 sf   Storage= 304,443 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 169.7 min ( 1,014.6 - 845.0 )

Volume Invert Avail.Storage Storage Description
#1 789.00' 304,443 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

789.00 27,325 0 0
790.00 55,972 41,649 41,649
791.00 61,532 58,752 100,401
792.00 65,703 63,618 164,018
793.00 69,675 67,689 231,707
794.00 75,797 72,736 304,443

Device Routing     Invert Outlet Devices
#1 Primary 787.70' 15.0"  Round Culvert   

L= 40.0'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 787.70' / 787.50'   S= 0.0050 '/'   Cc= 0.900   
n= 0.011  Concrete pipe, straight & clean,  Flow Area= 1.23 sf   

#2 Device 1 791.00' 30.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 790.50' 0.8" Vert. Orifice/Grate X 4.00    C= 0.600   
Limited to weir flow at low heads   

#4 Device 1 790.00' 0.8" Vert. Orifice/Grate X 4.00    C= 0.600   
Limited to weir flow at low heads   

#5 Device 1 789.00' 0.5" Vert. Orifice/Grate X 14.00 columns   
X 6 rows with 6.0" cc spacing C= 0.600   
Limited to weir flow at low heads   

#6 Secondary 792.50' 20.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#7 Tertiary 793.00' 158.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#8 Discarded 789.00' 3.600 in/hr Exfiltration over Surface area   
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Discarded OutFlow  Max=5.84 cfs @ 12.70 hrs  HW=793.06'   (Free Discharge)
8=Exfiltration  (Exfiltration Controls 5.84 cfs)

Primary OutFlow  Max=11.35 cfs @ 12.70 hrs  HW=793.06'  TW=0.00'   (Dynamic Tailwater)
1=Culvert  (Inlet Controls 11.35 cfs @ 9.25 fps)

2=Orifice/Grate  (Passes < 33.94 cfs potential flow)
3=Orifice/Grate  (Passes < 0.11 cfs potential flow)
4=Orifice/Grate  (Passes < 0.12 cfs potential flow)
5=Orifice/Grate  (Passes < 0.91 cfs potential flow)

Secondary OutFlow  Max=22.49 cfs @ 12.70 hrs  HW=793.06'  TW=0.00'   (Dynamic Tailwater)
6=Broad-Crested Rectangular Weir  (Weir Controls 22.49 cfs @ 2.00 fps)

Tertiary OutFlow  Max=5.99 cfs @ 12.70 hrs  HW=793.06'  TW=0.00'   (Dynamic Tailwater)
7=Broad-Crested Rectangular Weir  (Weir Controls 5.99 cfs @ 0.62 fps)

Summary for Link C1: Culvert C1

Inflow Area = 4.530 ac, 13.14% Impervious,  Inflow Depth = 1.20"    for  100-yr, 24-hr event
Inflow = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af
Primary = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S5 R2 : Swale S5 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C2: Culvert C2

Inflow Area = 2.899 ac, 0.00% Impervious,  Inflow Depth = 3.23"    for  100-yr, 24-hr event
Inflow = 13.45 cfs @ 12.11 hrs,  Volume= 0.780 af
Primary = 13.45 cfs @ 12.11 hrs,  Volume= 0.780 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R3 : Swale S1 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C3: Culvert C3

Inflow Area = 14.170 ac, 0.00% Impervious,  Inflow Depth = 2.58"    for  100-yr, 24-hr event
Inflow = 47.76 cfs @ 12.15 hrs,  Volume= 3.049 af
Primary = 47.76 cfs @ 12.15 hrs,  Volume= 3.049 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R4 : Swale S1 Reach 4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs



COL POO FINAL CONDITIONS
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"COL_POO Closure Conditions-031722

  Printed  4/11/2022Prepared by SCS Engineers
Page 103HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Summary for Link C4: Culvert C4

Inflow Area = 17.714 ac, 0.00% Impervious,  Inflow Depth = 2.61"    for  100-yr, 24-hr event
Inflow = 62.23 cfs @ 12.15 hrs,  Volume= 3.859 af
Primary = 62.23 cfs @ 12.15 hrs,  Volume= 3.859 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R5 : Swale S1 Reach 5

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C5: Culvert C5

Inflow Area = 20.996 ac, 0.00% Impervious,  Inflow Depth = 2.43"    for  100-yr, 24-hr event
Inflow = 65.15 cfs @ 12.17 hrs,  Volume= 4.254 af
Primary = 65.15 cfs @ 12.17 hrs,  Volume= 4.254 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R6 : Swale S1 Reach 6

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C6: Culvert C6

Inflow Area = 11.158 ac, 0.00% Impervious,  Inflow Depth = 2.72"    for  100-yr, 24-hr event
Inflow = 47.83 cfs @ 12.13 hrs,  Volume= 2.533 af
Primary = 47.83 cfs @ 12.13 hrs,  Volume= 2.533 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R3 : Swale S3 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C7: Culvert C7

Inflow Area = 48.985 ac, 0.00% Impervious,  Inflow Depth = 2.20"    for  100-yr, 24-hr event
Inflow = 103.37 cfs @ 12.20 hrs,  Volume= 8.978 af
Primary = 103.37 cfs @ 12.20 hrs,  Volume= 8.978 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S4 R4 : Swale S4 Reach 4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C8: Culvert C8

Inflow Area = 7.668 ac, 11.88% Impervious,  Inflow Depth = 1.76"    for  100-yr, 24-hr event
Inflow = 19.20 cfs @ 12.15 hrs,  Volume= 1.127 af
Primary = 19.20 cfs @ 12.15 hrs,  Volume= 1.127 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link North Area : North Area

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link F1: Flume 1

Inflow Area = 4.170 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 22.19 cfs @ 12.13 hrs,  Volume= 1.105 af
Primary = 22.19 cfs @ 12.13 hrs,  Volume= 1.105 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link RC1 : Rock Chute 1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F2: Flume 2

Inflow Area = 4.541 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 23.68 cfs @ 12.13 hrs,  Volume= 1.204 af
Primary = 23.68 cfs @ 12.13 hrs,  Volume= 1.204 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link RC2 : Rock Chute 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F3: Flume 3

Inflow Area = 5.923 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 32.10 cfs @ 12.12 hrs,  Volume= 1.570 af
Primary = 32.10 cfs @ 12.12 hrs,  Volume= 1.570 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R2 : Swale S1 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F4: Flume 4

Inflow Area = 2.645 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 14.43 cfs @ 12.12 hrs,  Volume= 0.701 af
Primary = 14.43 cfs @ 12.12 hrs,  Volume= 0.701 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R4 : Swale S1 Reach 4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F5: Flume 5

Inflow Area = 4.601 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 25.31 cfs @ 12.12 hrs,  Volume= 1.219 af
Primary = 25.31 cfs @ 12.12 hrs,  Volume= 1.219 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R1 : Swale S3 Reach 1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link F6: Flume 6

Inflow Area = 3.717 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 20.36 cfs @ 12.12 hrs,  Volume= 0.985 af
Primary = 20.36 cfs @ 12.12 hrs,  Volume= 0.985 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R2 : Swale S3 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F7: Existing East Flume

Inflow Area = 0.830 ac, 0.00% Impervious,  Inflow Depth = 3.12"    for  100-yr, 24-hr event
Inflow = 4.50 cfs @ 12.12 hrs,  Volume= 0.216 af
Primary = 4.50 cfs @ 12.12 hrs,  Volume= 0.216 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F8: Existing West Flume

Inflow Area = 3.122 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 16.40 cfs @ 12.13 hrs,  Volume= 0.828 af
Primary = 16.40 cfs @ 12.13 hrs,  Volume= 0.828 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link North Area: North Area

Inflow Area = 7.668 ac, 11.88% Impervious,  Inflow Depth = 1.76"    for  100-yr, 24-hr event
Inflow = 19.20 cfs @ 12.15 hrs,  Volume= 1.127 af
Primary = 19.20 cfs @ 12.15 hrs,  Volume= 1.127 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link RC1: Rock Chute 1

Inflow Area = 4.170 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 22.19 cfs @ 12.13 hrs,  Volume= 1.105 af
Primary = 22.19 cfs @ 12.13 hrs,  Volume= 1.105 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S4 R3 : Swale S4 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link RC2: Rock Chute 2

Inflow Area = 4.541 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 23.68 cfs @ 12.13 hrs,  Volume= 1.204 af
Primary = 23.68 cfs @ 12.13 hrs,  Volume= 1.204 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S4 R2 : Swale S4 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale 1 R6: Swale S1 Reach 6

Inflow Area = 23.788 ac, 0.00% Impervious,  Inflow Depth = 2.23"    for  100-yr, 24-hr event
Inflow = 62.73 cfs @ 12.20 hrs,  Volume= 4.415 af
Primary = 62.73 cfs @ 12.20 hrs,  Volume= 4.415 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R1 : Swale S2 Reach 1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R1: Swale S1 Reach 1

Inflow Area = 0.691 ac, 0.00% Impervious,  Inflow Depth = 2.23"    for  100-yr, 24-hr event
Inflow = 2.68 cfs @ 12.12 hrs,  Volume= 0.128 af
Primary = 2.68 cfs @ 12.12 hrs,  Volume= 0.128 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R2 : Swale S1 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R2: Swale S1 Reach 2

Inflow Area = 7.131 ac, 0.00% Impervious,  Inflow Depth = 3.07"    for  100-yr, 24-hr event
Inflow = 37.05 cfs @ 12.12 hrs,  Volume= 1.827 af
Primary = 37.05 cfs @ 12.12 hrs,  Volume= 1.827 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R3 : Swale S1 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R3: Swale S1 Reach 3

Inflow Area = 14.170 ac, 0.00% Impervious,  Inflow Depth = 2.58"    for  100-yr, 24-hr event
Inflow = 47.76 cfs @ 12.15 hrs,  Volume= 3.049 af
Primary = 47.76 cfs @ 12.15 hrs,  Volume= 3.049 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C3 : Culvert C3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link Swale S1 R4: Swale S1 Reach 4

Inflow Area = 17.714 ac, 0.00% Impervious,  Inflow Depth = 2.61"    for  100-yr, 24-hr event
Inflow = 62.23 cfs @ 12.15 hrs,  Volume= 3.859 af
Primary = 62.23 cfs @ 12.15 hrs,  Volume= 3.859 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C4 : Culvert C4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R5: Swale S1 Reach 5

Inflow Area = 20.996 ac, 0.00% Impervious,  Inflow Depth = 2.43"    for  100-yr, 24-hr event
Inflow = 65.15 cfs @ 12.17 hrs,  Volume= 4.254 af
Primary = 65.15 cfs @ 12.17 hrs,  Volume= 4.254 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C5 : Culvert C5

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S2 R1: Swale S2 Reach 1

Inflow Area = 25.901 ac, 0.00% Impervious,  Inflow Depth = 2.10"    for  100-yr, 24-hr event
Inflow = 58.13 cfs @ 12.24 hrs,  Volume= 4.525 af
Primary = 58.13 cfs @ 12.24 hrs,  Volume= 4.525 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S2 R2: Swale S2 Reach 2

Inflow Area = 48.985 ac, 0.00% Impervious,  Inflow Depth = 2.20"    for  100-yr, 24-hr event
Inflow = 103.37 cfs @ 12.20 hrs,  Volume= 8.978 af
Primary = 103.37 cfs @ 12.20 hrs,  Volume= 8.978 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C7 : Culvert C7

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S3 R1: Swale S3 Reach 1

Inflow Area = 6.548 ac, 0.00% Impervious,  Inflow Depth = 2.65"    for  100-yr, 24-hr event
Inflow = 27.22 cfs @ 12.13 hrs,  Volume= 1.447 af
Primary = 27.22 cfs @ 12.13 hrs,  Volume= 1.447 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R2 : Swale S3 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link Swale S3 R2: Swale S3 Reach 2

Inflow Area = 11.158 ac, 0.00% Impervious,  Inflow Depth = 2.72"    for  100-yr, 24-hr event
Inflow = 47.83 cfs @ 12.13 hrs,  Volume= 2.533 af
Primary = 47.83 cfs @ 12.13 hrs,  Volume= 2.533 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C6 : Culvert C6

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S3 R3: Swale S3 Reach 3

Inflow Area = 14.511 ac, 0.00% Impervious,  Inflow Depth = 2.36"    for  100-yr, 24-hr event
Inflow = 47.45 cfs @ 12.15 hrs,  Volume= 2.848 af
Primary = 47.45 cfs @ 12.15 hrs,  Volume= 2.848 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S4 R4: Swale S4 Reach 4

Inflow Area = 67.064 ac, 0.04% Impervious,  Inflow Depth = 2.29"    for  100-yr, 24-hr event
Inflow = 157.92 cfs @ 12.21 hrs,  Volume= 12.803 af
Primary = 157.92 cfs @ 12.21 hrs,  Volume= 12.803 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Pond Sed Pond : Sedimentation Basin

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S5 R1: Swale S5 Reach 1

Inflow Area = 4.530 ac, 13.14% Impervious,  Inflow Depth = 1.20"    for  100-yr, 24-hr event
Inflow = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af
Primary = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C1 : Culvert C1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S5 R2: Swale S5 Reach 2

Inflow Area = 5.851 ac, 12.83% Impervious,  Inflow Depth = 1.48"    for  100-yr, 24-hr event
Inflow = 12.65 cfs @ 12.14 hrs,  Volume= 0.720 af
Primary = 12.65 cfs @ 12.14 hrs,  Volume= 0.720 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C8 : Culvert C8

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link Swale S5 R3: Swale S5 Reach 3

Inflow Area = 1.817 ac, 8.81% Impervious,  Inflow Depth = 2.69"    for  100-yr, 24-hr event
Inflow = 6.90 cfs @ 12.17 hrs,  Volume= 0.408 af
Primary = 6.90 cfs @ 12.17 hrs,  Volume= 0.408 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C8 : Culvert C8

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S6 R1: Swale S6 Reach 1

Inflow Area = 2.899 ac, 0.00% Impervious,  Inflow Depth = 3.23"    for  100-yr, 24-hr event
Inflow = 13.45 cfs @ 12.11 hrs,  Volume= 0.780 af
Primary = 13.45 cfs @ 12.11 hrs,  Volume= 0.780 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C2 : Culvert C2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Wetland: Wetland

Inflow Area = 74.393 ac, 2.06% Impervious,  Inflow Depth = 1.09"    for  100-yr, 24-hr event
Inflow = 39.85 cfs @ 12.70 hrs,  Volume= 6.780 af
Primary = 39.85 cfs @ 12.70 hrs,  Volume= 6.780 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/23/22

Client: WPL Subject:  Swale Sizing Chk'd: MJT Date: 4/5/22

Purpose:

To size the proposed swale along Module 10 and 11 to accommodate the 25-year, 24-hour storm event and determine

required rolled erosion control product. To confirm capacity of existing swale during closure condition.

References:

1. WisDOT Facilities Development Manual Chapter 13, Section 30-15 - Grass Lined Channels.

2. Design of Roadside Channels with Flexible Linings, HEC-15, USDOT FHWA.

3. HydroCAD Report_POO Landfill Closure

4. Table 7E-5.01: Typical Rolled Erosion Control Product Properties and Uses, Iowa SUDAS Design and Specifications Manual.

Approach:

Use the HydroCAD Model results to obtain the peak flow during a  25-year, 24-hour storm event.

Use Grass Lined Channel Design WisDOT Spreadsheet, FDM 13-30 Attachment 15.2 (from Reference #1) to size the 

  swale for each design swale cross section.  The WisDOT spreadsheet incorporates the design guidelines and equations described 

  in "Design of Roadside Channels with Flexible Linings", HEC-15, USDOT FHWA (Reference #2).

Confirm the swale is stable and has enough capacity for the design flow rate.

Use Table 7E-5.01 (see Reference #4) to select appropriate erosion control mat based on shear stress and application.

Assumptions:

1. Swales geometry shown on the drawing set. 

2. Assume the following parameters per Section 15.2 - Grass Lining Properties from Reference #1:

Vegetation Retardance Class = C for Swales

Vegetation Condition = Good

Vegetation Growth Form = Turf

3. Assume cohesive soil type with ASTM Soil Class SC and a Plasticity Index (PI) of 16.

Calculations:

From the HydroCAD Report, the 25-year, 24-hour peak discharge rates in the swales are 

Swales: 25-year 100 25-year 25-year

Swale S1 Reach 1= 1.37 cfs Swale S2 Reach 2= 52.2 cfs Swale S4 Reach 4= 80.1 cfs

Swale S1 Reach 2= 21.7 cfs Swale S3 Reach 1= 15.9 cfs Swale S5 Reach 1= 2.1 cfs

Swale S1 Reach 3= 27.4 cfs Swale S3 Reach 2= 27.9 cfs Swale S5 Reach 2= 4.7 cfs

Swale S1 Reach 4= 35.4 cfs Swale S3 Reach 3= 26.7 cfs Swale S5 Reach 3= 3.8 cfs

Swale S1 Reach 5= 35.2 cfs Swale S4 Reach 1*= cfs Swale S6 Reach 1= 9.7 cfs

Swale S1 Reach 6= 33.2 cfs Swale S4 Reach 2*= cfs

Swale S2 Reach 1= 30.0 cfs Swale S4 Reach 3*= cfs

   Use max. flow from Swale S1 reaches to confirm swale works since slope is constant. 

   *Use full Swale S4 Reach 4 for swale flow in Swale S4 reaches.

Use the WisDOT Grass Swale Design Spreadsheet (Page 2) to determine the flow depth, velocity and shear stress in the

swales.

Results:

The swales are adequately designed to accommodate the flows from the 25-year, 24-hour storm event. 

The swales are stable at the design flow rates.  

Use Class I, Type B erosion mat. 

I:\25220183.00\Data and Calculations\Stormwater POO Update\_Issued for Permitting\Swales\Swale Sizing Calc_Grass Lined_Swales_
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/23/22
Client: WPL Subject:  Swale Sizing Chk'd: MJT Date: 4/5/22

100-yr 100-yr 100-yr 100-yr

Channel/Ditch Geometry Swale S1
Swale S1
Reach 1

Swale S1
Reach 2

Swale S1
Reach 3

Swale S1
Reach 4

Swale S1
Reach 5

Swale S1
Reach 6

Swale S2 
Reach 1

Swale S2 
Reach 2

Swale S3 
Reach 1

Swale S3 
Reach 2

Swale S3 
Reach 3

Swale S4 
Reach 1

Swale S4 
Reach 2

Swale S4 
Reach 3

Swale S4 
Reach 4

Swale S5 
Reach 1

Swale S5 
Reach 2

Swale S5 
Reach 3

Swale S6 
Reach 1

Channel Slope, So (ft/ft) 0.0055 0.0053 0.0055 0.0051 0.0069 0.0053 0.0084 0.0020 0.0069 0.0070 0.0070 0.0097 0.0155 0.0069 0.0056 0.0082 0.0096 0.0024 0.0024 0.0066
Channel Bottom Width, B (ft) 8 8 8 8 8 8 8 8 10 8 8 0 10 10 10 10 0 0 0 8
Channel Side Slope, z1 4 4 4 4 4 4 4 4 4 2 2 4 4 4 4 4 6 6 6 2.5
Channel Side Slope, z2 4 4 4 4 4 4 4 4 4 2 2 4 3 3 3 3 7 2.5 2.5 2.5
Flow Depth, d (ft)    Solve iteratively 1.59 0.37 1.30 1.47 1.46 1.61 1.32 2.18 1.61 1.07 1.39 1.81 1.42 1.97 2.13 1.85 0.67 1.51 1.41 0.85
Safety Factor, SF 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Vegetation/Soil Parameters
Vegetation Retardance Class C C C C C C C C C C C C C C C C C C C C
Vegetation Condition good good good good good good good good good good good good good good good good good good good good
Vegetation Growth Form turf turf turf turf turf turf turf turf turf turf turf turf turf turf turf turf turf turf turf turf
Soil Type cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive
D75 (in)   (Set at 0.00 for cohesive soils)

ASTM Soil Class SC SC SC SC SC SC SC SC SC SC SC SC SC SC SC SC SC SC SC SC
Plasticity Index, PI 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16

Results Summary
Design Q (ft3/s) 35.4 1.4 21.7 27.4 35.4 35.2 33.2 30.0 52.2 15.9 27.9 26.7 80.1 80.1 80.1 80.1 2.1 4.7 3.8 9.7
1. Swales geometry  shown on the drawing set. 35.4 1.4 22.1 27.4 35.4 35.2 33.5 29.8 52.5 16.0 28.0 27.1 79.6 80.5 79.5 81.6 2.1 4.7 3.8 9.6

Difference Between Design & Calc. Flow (%) 0.2% 0.2% 1.9% 0.0% 0.1% 0.0% 1.0% -0.4% 0.6% 0.5% 0.6% 1.6% -0.6% 0.5% -0.7% 1.8% 0.0% -0.3% 0.2% -0.5%

Stable (Yes or No) YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES

Channel Parameters
Vegetation Height, h (ft) 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
Grass Roughness Coefficient, Cn 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238
Cover Factor, Cf 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

Noncohesive Soil
Soil Grain Roughness, ns 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016

Permissible Soil Shear Stress,p (lb/ft2) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Cohesive Soil

Porosity, e 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Soil Coefficient 1, c1 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700
Soil Coefficient 2, c2 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30
Soil Coefficient 3, c3 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700
Soil Coefficient 4, c4 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42
Soil Coefficient 5, c5 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61
Soil Coefficient 6, c6 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010

Permissible Soil Shear Stress,p (lb/ft2) 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080

Total Permissible Shear Stress, p (lb/ft2) 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080

Cross Sectional Area, A (ft2) 22.832 3.453 17.160 20.404 20.206 23.248 17.530 36.450 26.468 10.850 14.984 13.104 21.257 33.283 37.179 30.479 2.874 9.690 8.449 8.606
Wetted Perimeter, P (ft) 21.11 11.01 18.72 20.12 20.04 21.28 18.88 25.98 23.28 12.79 14.22 14.93 20.35 24.35 25.52 23.48 8.75 13.25 12.37 12.58
Hydraulic Radius, R (ft) 1.082 0.314 0.917 1.014 1.008 1.093 0.928 1.403 1.137 0.849 1.054 0.878 1.045 1.367 1.457 1.298 0.329 0.731 0.683 0.684
Top Width, T (ft) 20.72 10.92 18.40 19.76 19.68 20.88 18.56 25.44 22.88 12.28 13.56 14.48 19.94 23.79 24.91 22.95 8.65 12.84 11.99 12.25
Hydraulic Depth, D (ft) 1.102 0.316 0.933 1.033 1.027 1.113 0.944 1.433 1.157 0.884 1.105 0.905 1.066 1.399 1.493 1.328 0.333 0.755 0.705 0.703
Froude Number (Q design) 0.261 0.125 0.235 0.233 0.305 0.253 0.347 0.121 0.325 0.276 0.314 0.383 0.639 0.360 0.309 0.409 0.219 0.098 0.094 0.235

Channel Shear Stresso (lb/ft2) 0.37 0.10 0.31 0.32 0.43 0.36 0.49 0.18 0.49 0.37 0.46 0.53 1.01 0.59 0.51 0.66 0.20 0.11 0.10 0.28

Actual Sheer Stressd (lb/ft2) 0.55 0.12 0.45 0.47 0.63 0.53 0.69 0.27 0.69 0.47 0.61 1.10 1.37 0.85 0.74 0.95 0.40 0.23 0.21 0.35
Mannings n 0.075 0.126 0.081 0.080 0.071 0.076 0.068 0.102 0.068 0.076 0.069 0.065 0.051 0.063 0.067 0.060 0.097 0.123 0.126 0.084
Average Velocity, V (ft/s) 1.55 0.40 1.26 1.34 1.75 1.51 1.89 0.82 1.97 1.46 1.86 2.04 3.77 2.41 2.15 2.63 0.72 0.48 0.45 1.12

Calculated Flow, Q (ft3/s) 35.4 1.4 22.1 27.4 35.4 35.2 33.5 29.8 52.5 16.0 28.0 27.1 79.6 80.5 79.5 81.6 2.1 4.7 3.8 9.6

Difference Between Design & Calc. Flow (%) 0.2% 0.2% 1.9% 0.0% 0.1% 0.0% 1.0% -0.4% 0.6% 0.5% 0.6% 1.6% -0.6% 0.5% -0.7% 1.8% 0.0% -0.3% 0.2% -0.5%

Effective Shear on Soil Surface, e (lb/ft2) 0.002 0.000 0.002 0.002 0.003 0.002 0.004 0.001 0.004 0.002 0.003 0.007 0.014 0.005 0.004 0.007 0.001 0.000 0.000 0.001

Total Permissible Shear on Veg., p,veg (lb/ft2) 17.60 49.69 20.53 20.03 15.78 18.08 14.47 32.56 14.47 18.08 14.90 13.22 8.14 12.42 14.05 11.27 29.45 47.35 49.69 22.08
Stable (Y or N) YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES

Source:  Grass Lined Channel Design WisDOT Spreadsheet, FDM 13-30 Attachment 15.2

version 070228 2 4/7/2022
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Calc. No.

Rev. No.

Job No.  25220183.00 Job:  COL - POO By: RJG Date:  4/7/22

Client: WPL Subject: Culvert Sizing Chk'd:  MJT Date:  

Purpose:

To size the post closure culverts to accommodate the 25-year, 24-hour storm event.

References:

1. HY-8 7.40 Computer Model

2. HydroCAD Report_Post Construction and HydroCAD Report_Post Construction Temporary Culvert

3. Figure 1 - Storm Water Post Construction

Approach:

1. Create culvert crossing in HY-8 and input data from Reference #2 and #3.

2. Adjust diameter size and number of culverts in model until design flow does not over top berm/road crossing. 

Assumptions:
1. Assume the tailwater channel data is a based on discharge swale or rock chute geometry (Reference #2). 
2. Culverts are circular, PE Pipe with smooth interior, and with square edge with headwall.
3. Culvert elevatons,lengths, and slopes based on Figure 1 (Reference #3).
4. Roadwa data for crossing based on Figure 1 (Reference #3).
5. Discharge flows from HydroCAD report (Refence #2).

Calculations:

See attached HY-8 Model output reports.

Results:

The culverts are adequately designed to accommodate the flows from the 25-year, 24-hour storm event.

0.73 100C8 2 1 807.54 806.81

0.61 105

C7 3.5 2 796.64 796.34 0.50 60

C6 2 2 805.40 804.76

0.26 50

C5 2.5 2 807.57 807.15 0.84 50

C4 2.5 2 809.87 809.74

# of 
Barrels

1

2

2

Upstream 
Invert (ft)

815.70

814.40

811.17

Downstream 
Invert (ft)

Dia. 
(ft)

2C1

Culvert

C2

C3

1.5

2.5

814.55

814.20

811.16

Length 
(ft)

52

41

50

Slope 
(%)

2.22

0.49

0.02
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HY-8 Culvert Analysis Report _ Culvert C1 

Site Data - Culvert C1 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  815.70 ft 

Outlet Station:  51.88 ft 

Outlet Elevation:  814.55 ft 

Number of Barrels:  1 

Culvert Data Summary - Culvert C1 

Barrel Shape:  Circular 

Barrel Diameter:  2.00 ft 

Barrel Material:  Smooth HDPE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 2.06 cfs 

Design Flow: 2.06 cfs 

Maximum Flow: 7.48 cfs 

Tailwater Channel Data - Culvert C1 

Tailwater Channel Option:  Triangular Channel 

Side Slope (H:V):  6.00 (_:1) 

Channel Slope:  0.0300 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  815.32 ft 



Table 1 - Culvert Summary Table: Culvert C1 

* Full Flow Headwater elevation is below inlet invert. 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 815.70 ft,    Outlet Elevation (invert): 814.55 ft 

Culvert Length: 51.89 ft,    Culvert Slope: 0.0222 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 2.06 2.06 816.37 0.670 0.0* 1-JS1t 0.321 0.498 1.127 0.357 1.129 2.695   

 2.60 2.60 816.46 0.758 0.031 1-JS1t 0.361 0.562 1.160 0.390 1.378 2.857   

 3.14 3.14 816.54 0.838 0.070 1-JS1t 0.396 0.619 1.188 0.418 1.616 2.995   

 3.69 3.69 816.61 0.912 0.108 1-JS1t 0.428 0.672 1.214 0.444 1.847 3.117   

 4.23 4.23 816.68 0.982 0.145 1-JS1t 0.459 0.722 1.237 0.467 2.072 3.226   

 4.77 4.77 816.76 1.058 0.182 1-S2n 0.487 0.768 0.503 0.489 7.698 3.324   

 5.31 5.31 816.83 1.134 0.220 1-S2n 0.515 0.813 0.533 0.509 7.895 3.415   

 5.85 5.85 816.91 1.206 0.258 1-S2n 0.541 0.855 0.562 0.528 8.081 3.499   

 6.40 6.40 816.98 1.275 0.298 1-S2n 0.566 0.895 0.590 0.546 8.262 3.577   

 6.94 6.94 817.04 1.342 0.338 1-S2n 0.590 0.934 0.617 0.563 8.416 3.651   

 7.48 7.48 817.11 1.406 0.379 1-S2n 0.614 0.972 0.643 0.579 8.566 3.720   



Table 2 - Summary of Culvert Flows at Crossing: Culvert C1 

 

Headwater Elevation 
(ft) Total Discharge (cfs) Culvert C1 Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 
  

 816.37 2.06 2.06 0.00 1   

 816.46 2.60 2.60 0.00 1   

 816.54 3.14 3.14 0.00 1   

 816.61 3.69 3.69 0.00 1   

 816.68 4.23 4.23 0.00 1   

 816.76 4.77 4.77 0.00 1   

 816.83 5.31 5.31 0.00 1   

 816.91 5.85 5.85 0.00 1   

 816.98 6.40 6.40 0.00 1   

 817.04 6.94 6.94 0.00 1   

 817.11 7.48 7.48 0.00 1   

 819.06 22.61 22.61 0.00 Overtopping   



HY-8 Culvert Analysis Report _ Culvert C2 

Site Data - C2 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  814.40 ft 

Outlet Station:  41.00 ft 

Outlet Elevation:  814.20 ft 

Number of Barrels:  2 

Culvert Data Summary - C2 

Barrel Shape:  Circular 

Barrel Diameter:  1.50 ft 

Barrel Material:  Smooth HDPE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Tailwater Channel Data - Culvert C2 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  8.00 ft 

Side Slope (H:V):  4.00 (_:1) 

Channel Slope:  0.0050 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  814.10 ft 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 9.68 cfs 

Design Flow: 9.68 cfs 

Maximum Flow: 13.45 cfs 



Table 1 - Culvert Summary Table: C2 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

 9.68 9.68 815.67 1.271 0.199 1-S2n 0.767 0.842 0.767 0.499 4.728 1.939 
 10.06 10.06 815.70 1.302 0.926 1-S2n 0.786 0.858 0.786 0.510 4.769 1.963 
 10.43 10.43 815.73 1.333 0.966 1-S2n 0.805 0.877 0.805 0.521 4.807 1.987 
 10.81 10.81 815.76 1.364 1.003 1-S2n 0.824 0.893 0.824 0.531 4.842 2.010 
 11.19 11.19 815.79 1.395 1.041 1-S2n 0.843 0.909 0.843 0.542 4.871 2.032 
 11.57 11.57 815.83 1.426 1.079 1-S2n 0.863 0.924 0.863 0.552 4.899 2.053 
 11.94 11.94 815.86 1.457 1.117 1-S2n 0.882 0.939 0.882 0.562 4.943 2.074 
 12.32 12.32 815.89 1.489 1.156 1-S2n 0.902 0.954 0.902 0.572 4.973 2.095 
 12.70 12.70 815.92 1.521 1.196 5-S2n 0.921 0.968 0.921 0.581 5.001 2.115 
 13.07 13.07 815.95 1.553 1.240 5-S2n 0.941 0.987 0.941 0.591 5.028 2.134 
 13.45 13.45 815.99 1.586 1.281 5-S2n 0.962 1.001 0.962 0.600 5.048 2.153 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 814.40 ft,    Outlet Elevation (invert): 814.20 ft 

Culvert Length: 41.00 ft,    Culvert Slope: 0.0049 

******************************************************************************** 



Table 2 - Summary of Culvert Flows at Crossing: Culvert C2 

Headwater Elevation 
(ft) Total Discharge (cfs) C2 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 

 815.67 9.68 9.68 0.00 1 
 815.70 10.06 10.06 0.00 1 
 815.73 10.43 10.43 0.00 1 
 815.76 10.81 10.81 0.00 1 
 815.79 11.19 11.19 0.00 1 
 815.83 11.57 11.57 0.00 1 
 815.86 11.94 11.94 0.00 1 
 815.89 12.32 12.32 0.00 1 
 815.92 12.70 12.70 0.00 1 
 815.95 13.07 13.07 0.00 1 
 815.99 13.45 13.45 0.00 1 
 816.90 21.79 21.79 0.00 Overtopping 

 



HY-8 Culvert Analysis Report _ Culvert C3 

Site Data - C3 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  811.17 ft 

Outlet Station:  50.00 ft 

Outlet Elevation:  811.16 ft 

Number of Barrels:  2 

Culvert Data Summary - C3 

Barrel Shape:  Circular 

Barrel Diameter:  2.50 ft 

Barrel Material:  Smooth HDPE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Tailwater Channel Data - Culvert C3 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  8.00 ft 

Side Slope (H:V):  4.00 (_:1) 

Channel Slope:  0.0050 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  811.17 ft 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 27.38 cfs 

Design Flow: 27.38 cfs 

Maximum Flow: 47.76 cfs 



Table 1 - Culvert Summary Table: C3 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 811.17 ft,    Outlet Elevation (invert): 811.16 ft 

Culvert Length: 50.00 ft,    Culvert Slope: 0.0002 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 27.38 27.38 813.15 1.836 1.981 7-H2c -1.000 1.245 1.245 0.886 5.607 2.677   

 29.42 29.42 813.23 1.918 2.064 7-H2c -1.000 1.292 1.292 0.921 5.745 2.735   

 31.46 31.46 813.32 1.998 2.147 7-H2c -1.000 1.339 1.339 0.954 5.878 2.789   

 33.49 33.49 813.40 2.077 2.228 7-H2c -1.000 1.383 1.383 0.987 6.009 2.841   

 35.53 35.53 813.48 2.155 2.308 7-H2c -1.000 1.427 1.427 1.018 6.137 2.891   

 37.57 37.46 813.55 2.229 2.384 7-H2c -1.000 1.467 1.467 1.049 6.257 2.938   

 39.61 38.68 813.60 2.276 2.431 7-H2c -1.000 1.492 1.492 1.078 6.332 2.983   

 41.65 39.64 813.64 2.312 2.468 7-H2c -1.000 1.511 1.511 1.107 6.391 3.027   

 43.68 40.50 813.67 2.345 2.502 7-H2c -1.000 1.528 1.528 1.135 6.443 3.068   

 45.72 41.26 813.70 2.374 2.531 7-H2c -1.000 1.543 1.543 1.163 6.490 3.109   

 47.76 42.00 813.73 2.403 2.559 7-H2c -1.000 1.557 1.557 1.189 6.534 3.148   



Table 2 - Summary of Culvert Flows at Crossing: Culvert C3 

 

Headwater Elevation 
(ft) Total Discharge (cfs) C3 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 
  

 813.15 27.38 27.38 0.00 1   

 813.23 29.42 29.42 0.00 1   

 813.32 31.46 31.46 0.00 1   

 813.40 33.49 33.49 0.00 1   

 813.48 35.53 35.53 0.00 1   

 813.55 37.57 37.46 0.02 10   

 813.60 39.61 38.68 0.85 6   

 813.64 41.65 39.64 1.94 5   

 813.67 43.68 40.50 3.15 5   

 813.70 45.72 41.26 4.38 4   

 813.73 47.76 42.00 5.71 4   

 813.55 37.37 37.37 0.00 Overtopping   



HY-8 Culvert Analysis Report _ Culvert C4 

Site Data - C4 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  809.87 ft 

Outlet Station:  50.00 ft 

Outlet Elevation:  809.74 ft 

Number of Barrels:  2 

Culvert Data Summary - C4 

Barrel Shape:  Circular 

Barrel Diameter:  2.50 ft 

Barrel Material:  Smooth HDPE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Tailwater Channel Data - Culvert C4 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  8.00 ft 

Side Slope (H:V):  4.00 (_:1) 

Channel Slope:  0.0070 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  809.87 ft 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 35.39 cfs 

Design Flow: 35.39 cfs 

Maximum Flow: 62.23 cfs 



Table 1 - Culvert Summary Table: C4 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 809.87 ft,    Outlet Elevation (invert): 809.74 ft 

Culvert Length: 50.00 ft,    Culvert Slope: 0.0026 

******************************************************************************** 

 

  

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 35.39 35.39 812.13 2.147 2.263 2-M2c 1.660 1.424 1.424 0.929 6.128 3.252   

 38.07 38.07 812.24 2.249 2.365 2-M2c 1.752 1.479 1.479 0.966 6.295 3.322   

 40.76 40.41 812.32 2.338 2.454 2-M2c 1.837 1.526 1.526 1.002 6.438 3.389   

 43.44 41.81 812.38 2.392 2.507 7-M2c 1.891 1.553 1.553 1.036 6.523 3.453   

 46.13 42.96 812.42 2.437 2.550 7-M2c 1.938 1.575 1.575 1.069 6.593 3.513   

 48.81 44.01 812.46 2.478 2.589 7-M2c 1.983 1.595 1.595 1.102 6.656 3.571   

 51.49 44.95 812.49 2.515 2.624 7-M2c 2.027 1.613 1.613 1.133 6.713 3.627   

 54.18 45.85 812.53 2.550 2.658 7-M2c 2.073 1.629 1.629 1.163 6.767 3.680   

 56.86 46.71 812.56 2.585 2.691 7-M2c 2.121 1.645 1.645 1.193 6.819 3.731   

 59.55 47.53 812.59 2.617 2.721 7-M2c 2.174 1.660 1.660 1.222 6.868 3.781   

 62.23 48.31 812.62 2.649 2.751 7-M2c 2.500 1.674 1.674 1.250 6.915 3.828   



Table 2 - Summary of Culvert Flows at Crossing: Culvert C4 

 

Headwater Elevation 
(ft) Total Discharge (cfs) C4 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 
  

 812.13 35.39 35.39 0.00 1   

 812.24 38.07 38.07 0.00 1   

 812.32 40.76 40.41 0.26 9   

 812.38 43.44 41.81 1.56 6   

 812.42 46.13 42.96 3.08 5   

 812.46 48.81 44.01 4.75 5   

 812.49 51.49 44.95 6.46 4   

 812.53 54.18 45.85 8.25 4   

 812.56 56.86 46.71 10.10 4   

 812.59 59.55 47.53 11.98 4   

 812.62 62.23 48.31 13.89 4   

 812.30 39.78 39.78 0.00 Overtopping   



HY-8 Culvert Analysis Report _ Culvert C5 

Site Data - C5 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  807.57 ft 

Outlet Station:  50.00 ft 

Outlet Elevation:  807.15 ft 

Number of Barrels:  2 

Culvert Data Summary - C5 

Barrel Shape:  Circular 

Barrel Diameter:  2.50 ft 

Barrel Material:  Smooth HDPE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Tailwater Channel Data - Culvert C5 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  8.00 ft 

Side Slope (H:V):  4.00 (_:1) 

Channel Slope:  0.0050 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  807.59 ft 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 35.21 cfs 

Design Flow: 35.21 cfs 

Maximum Flow: 65.15 cfs 



Table 1 - Culvert Summary Table: C5 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 807.57 ft,    Outlet Elevation (invert): 807.15 ft 

Culvert Length: 50.00 ft,    Culvert Slope: 0.0084 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 35.21 35.21 809.70 2.133 1.411 1-S2n 1.148 1.420 1.190 1.013 7.642 2.883   

 38.20 38.20 809.82 2.247 1.523 1-S2n 1.203 1.482 1.248 1.058 7.801 2.952   

 41.20 41.20 809.93 2.362 1.638 1-S2n 1.257 1.541 1.305 1.101 7.950 3.017   

 44.19 44.19 810.05 2.478 1.773 1-S2n 1.311 1.598 1.360 1.142 8.093 3.079   

 47.19 47.19 810.17 2.596 1.912 5-S2n 1.364 1.654 1.415 1.182 8.230 3.137   

 50.18 50.18 810.29 2.719 2.054 5-S2n 1.417 1.707 1.470 1.220 8.362 3.193   

 53.17 53.17 810.42 2.846 2.199 5-S2n 1.470 1.758 1.523 1.257 8.490 3.246   

 56.17 55.74 810.53 2.959 2.326 5-S2n 1.516 1.800 1.569 1.294 8.595 3.296   

 59.16 57.10 810.59 3.021 2.395 5-S2n 1.541 1.822 1.593 1.329 8.650 3.345   

 62.16 58.20 810.64 3.072 2.451 5-S2n 1.561 1.839 1.613 1.363 8.693 3.391   

 65.15 59.19 810.69 3.118 2.501 5-S2n 1.578 1.854 1.630 1.396 8.732 3.436   



Table 24 - Summary of Culvert Flows at Crossing: Culvert C5 

  

Headwater Elevation 
(ft) Total Discharge (cfs) C5 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 
  

 809.70 35.21 35.21 0.00 1   

 809.82 38.20 38.20 0.00 1   

 809.93 41.20 41.20 0.00 1   

 810.05 44.19 44.19 0.00 1   

 810.17 47.19 47.19 0.00 1   

 810.29 50.18 50.18 0.00 1   

 810.42 53.17 53.17 0.00 1   

 810.53 56.17 55.74 0.36 10   

 810.59 59.16 57.10 1.98 6   

 810.64 62.16 58.20 3.88 5   

 810.69 65.15 59.19 5.92 5   

 810.50 55.08 55.08 0.00 Overtopping   



HY-8 Culvert Analysis Report _ Culvert C6 

Site Data - C6 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  805.40 ft 

Outlet Station:  104.56 ft 

Outlet Elevation:  804.76 ft 

Number of Barrels:  2 

Culvert Data Summary - C6 

Barrel Shape:  Circular 

Barrel Diameter:  2.00 ft 

Barrel Material:  Smooth HDPE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Mitered to Conform to Slope 

Inlet Depression:  None 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 27.86 cfs 

Design Flow: 27.86 cfs 

Maximum Flow: 47.83 cfs 

Tailwater Channel Data - Culvert C6 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  10.00 ft 

Side Slope (H:V):  2.00 (_:1) 

Channel Slope:  0.0070 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  804.56 ft 



Table 1 - Culvert Summary Table: C6 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 805.40 ft,    Outlet Elevation (invert): 804.76 ft 

Culvert Length: 104.56 ft,    Culvert Slope: 0.0061 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 
  

 27.86 27.86 807.61 2.214 1.559 5-S2n 1.263 1.344 1.263 0.769 6.666 3.141   

 29.86 29.86 807.76 2.362 1.734 5-S2n 1.325 1.392 1.325 0.800 6.758 3.216   

 31.85 31.85 807.92 2.520 1.916 5-S2n 1.390 1.439 1.391 0.831 6.829 3.287   

 33.85 33.85 808.09 2.689 2.105 5-S2n 1.458 1.483 1.458 0.861 6.901 3.355   

 35.85 35.85 808.27 2.869 2.806 7-M2c 1.531 1.525 1.525 0.890 6.973 3.420   

 37.84 37.84 808.46 3.061 2.896 7-M2c 1.613 1.565 1.565 0.918 7.174 3.483   

 39.84 39.00 808.58 3.176 2.950 7-M2c 1.669 1.587 1.587 0.946 7.293 3.543   

 41.84 39.67 808.64 3.245 2.982 7-M2c 1.705 1.600 1.600 0.973 7.363 3.601   

 43.84 40.22 808.70 3.302 3.010 7-M2c 1.740 1.610 1.610 0.999 7.421 3.656   

 45.83 40.73 808.76 3.356 3.038 7-M2c 1.780 1.619 1.619 1.025 7.474 3.710   

 47.83 41.19 808.80 3.404 3.064 7-M2c 2.000 1.627 1.627 1.051 7.523 3.762   



Table 2 - Summary of Culvert Flows at Crossing: Culvert C6 

 

Headwater Elevation 
(ft) Total Discharge (cfs) C6 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 
  

 807.61 27.86 27.86 0.00 1   

 807.76 29.86 29.86 0.00 1   

 807.92 31.85 31.85 0.00 1   

 808.09 33.85 33.85 0.00 1   

 808.27 35.85 35.85 0.00 1   

 808.46 37.84 37.84 0.00 1   

 808.58 39.84 39.00 0.80 8   

 808.64 41.84 39.67 2.13 6   

 808.70 43.84 40.22 3.56 5   

 808.76 45.83 40.73 5.07 5   

 808.80 47.83 41.19 6.62 5   

 808.50 38.24 38.24 0.00 Overtopping   



HY-8 Culvert Analysis Report _ Culvert C7 

Site Data - C7 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  796.64 ft 

Outlet Station:  60.20 ft 

Outlet Elevation:  796.34 ft 

Number of Barrels:  2 

Culvert Data Summary - C7 

Barrel Shape:  Circular 

Barrel Diameter:  3.50 ft 

Barrel Material:  Corrugated Steel 

Embedment:  0.00 in 

Barrel Manning's n:  0.0240 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Tailwater Channel Data - Culvert C7 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  10.00 ft 

Side Slope (H:V):  4.00 (_:1) 

Channel Slope:  0.0100 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  795.60 ft 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 52.15 cfs 

Design Flow: 52.15 cfs 

Maximum Flow: 103.37 cfs 



Table 1 - Culvert Summary Table: C7 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 796.64 ft,    Outlet Elevation (invert): 796.34 ft 

Culvert Length: 60.20 ft,    Culvert Slope: 0.0050 

******************************************************************************** 

 

 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 52.15 52.15 799.12 2.228 2.484 2-M2c 2.109 1.572 1.572 0.943 6.224 4.017   

 57.27 57.27 799.26 2.356 2.622 2-M2c 2.247 1.651 1.651 0.992 6.414 4.133   

 62.39 62.39 799.40 2.481 2.756 2-M2c 2.389 1.727 1.727 1.039 6.596 4.241   

 67.52 67.52 799.53 2.604 2.889 2-M2c 2.539 1.800 1.800 1.084 6.773 4.342   

 72.64 72.64 799.66 2.725 3.019 2-M2c 2.703 1.870 1.870 1.128 6.945 4.438   

 77.76 77.76 799.79 2.846 3.148 2-M2c 2.898 1.938 1.938 1.170 7.112 4.528   

 82.88 82.88 799.92 2.966 3.277 2-M2c 3.500 2.004 2.004 1.210 7.277 4.614   

 88.00 88.00 800.04 3.086 3.405 2-M2c 3.500 2.067 2.067 1.250 7.439 4.696   

 93.13 93.13 800.17 3.207 3.534 7-M2c 3.500 2.129 2.129 1.288 7.599 4.774   

 98.25 98.25 800.30 3.330 3.663 7-M2c 3.500 2.189 2.189 1.324 7.758 4.849   

 103.37 103.37 800.43 3.454 3.794 7-M2c 3.500 2.248 2.248 1.360 7.916 4.921   



Table 15 - Summary of Culvert Flows at Crossing: Culvert C7 

 

Headwater Elevation 
(ft) Total Discharge (cfs) C7 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 
  

 799.12 52.15 52.15 0.00 1   

 799.26 57.27 57.27 0.00 1   

 799.40 62.39 62.39 0.00 1   

 799.53 67.52 67.52 0.00 1   

 799.66 72.64 72.64 0.00 1   

 799.79 77.76 77.76 0.00 1   

 799.92 82.88 82.88 0.00 1   

 800.04 88.00 88.00 0.00 1   

 800.17 93.13 93.13 0.00 1   

 800.30 98.25 98.25 0.00 1   

 800.43 103.37 103.37 0.00 1   

 802.50 162.85 162.85 0.00 Overtopping   



HY-8 Culvert Analysis Report _ Culvert C8 

Site Data - C8 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  807.54 ft 

Outlet Station:  99.86 ft 

Outlet Elevation:  806.81 ft 

Number of Barrels:  1 

Culvert Data Summary - C8 

Barrel Shape:  Circular 

Barrel Diameter:  2.00 ft 

Barrel Material:  Corrugated Steel 

Embedment:  0.00 in 

Barrel Manning's n:  0.0240 

Culvert Type:  Straight 

Inlet Configuration:  Thin Edge Projecting 

Inlet Depression:  None 

Tailwater Channel Data - Culvert C8 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  12.00 ft 

Side Slope (H:V):  4.00 (_:1) 

Channel Slope:  0.0560 

Channel Manning's n:  0.0450 

Channel Invert Elevation:  807.44 ft 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 8.32 cfs 

Design Flow: 8.32 cfs 

Maximum Flow: 19.2 cfs 



Table 1 - Culvert Summary Table: C8 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 807.54 ft,    Outlet Elevation (invert): 806.81 ft 

Culvert Length: 99.86 ft,    Culvert Slope: 0.0073 

******************************************************************************** 

 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 8.32 8.32 809.29 1.614 1.747 2-M2c 1.344 1.028 1.028 0.230 5.117 2.797   

 9.41 9.41 809.43 1.751 1.891 2-M2c 1.478 1.096 1.096 0.248 5.339 2.926   

 10.50 10.50 809.58 1.890 2.038 7-M2c 1.639 1.160 1.160 0.264 5.553 3.045   

 11.58 11.58 809.74 2.033 2.199 7-M2c 2.000 1.222 1.222 0.280 5.762 3.156   

 12.67 12.67 809.92 2.182 2.381 7-M2c 2.000 1.280 1.280 0.295 5.968 3.260   

 13.76 13.76 810.22 2.338 2.679 7-M2c 2.000 1.336 1.336 0.310 6.173 3.357   

 14.85 14.85 810.57 2.504 3.026 7-M2c 2.000 1.389 1.389 0.324 6.378 3.451   

 15.94 15.94 810.93 2.679 3.391 7-M2c 2.000 1.439 1.439 0.337 6.585 3.538   

 17.02 17.02 811.32 2.866 3.776 7-M2c 2.000 1.487 1.487 0.351 6.796 3.622   

 18.11 18.11 811.72 3.066 4.183 7-M2c 2.000 1.533 1.533 0.364 7.011 3.703   

 19.20 19.20 812.15 3.279 4.611 7-M2c 2.000 1.576 1.576 0.376 7.231 3.780   



Table 2 - Summary of Culvert Flows at Crossing: Culvert C8 

 

Headwater Elevation 
(ft) Total Discharge (cfs) C8 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 
  

 809.29 8.32 8.32 0.00 1   

 809.43 9.41 9.41 0.00 1   

 809.58 10.50 10.50 0.00 1   

 809.74 11.58 11.58 0.00 1   

 809.92 12.67 12.67 0.00 1   

 810.22 13.76 13.76 0.00 1   

 810.57 14.85 14.85 0.00 1   

 810.93 15.94 15.94 0.00 1   

 811.32 17.02 17.02 0.00 1   

 811.72 18.11 18.11 0.00 1   

 812.15 19.20 19.20 0.00 1   

 812.40 19.87 19.87 0.00 Overtopping   
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Job No. 25220183.00 Job: Columbia POO Update By: RJG Date: 2/15/22

Client: WPL Subject:  Diversion Berm Spacing Calculation Chk'd: MJT Date: 4/1/22

Purpose:

Determine the spacing between diversion berms on the landfill final cover, with the goal of maintaining ≤ 3 ton/acre of soil loss

along the final cover.

References

1. "Predicting Rainfall Erosion Losses," USDA Agriculture Handbook Number 537, 1978.

(Figure 1 on Sheet 2 and Tables 10 and 13 on Sheet 4).

2. Erosion and Sediment Control Handbook," Goldman, Jackson, & Bursztynsky, 1986.

(Table 5.5 on Sheet 5).

3. Rainfed retention probabilities computed for different cropping tillage systems. Agricultural Water Management, A.W. Mills & 

G.W. Thomas, 1985. Table 5.10 on Sheet 3)

4. Colombia Energy Center POO Update Drawings

Approach:

Use the Universal Soil Loss Equation (USLE) to determine diversion berm spacing. Longest flow length is 401 feet.

USLE Equation: A = R * K * LS * C * P

where: A = Average annual soil loss, tons/acre

R = Rainfall and runoff erosivity index

K = Soil erodibility factor, tons/acre 

LS = Slope length and steepness factor

C = Cover management factor 

P = Practice factor

or LS = A

R x K x C x P

Assumptions:

A = tons/acre

R = see Figure 1 on Sheet 2 (Reference #1)

K = see Table 5.10 on Sheet 3 for Loamy Very Fine Sand (Reference #3)

C = see Table 10 on Sheet 4, assuming 90% cover (Reference #1)

P = assume no support practice used

Calculation:

LS = A = 3 =

R x K x C x P 145 x 0.38 x 0.0064 x 1.0

 

From the LS Values Table (Sheet 5), based on the 4:1 final cover slope, the slope distance is between 200 and 250 feet. 

Use linear interpolation between the LS values for 200 and 250 feet to determine the slope length value for the 4:1 slope.

Slope Length @ ft LS= 8.33

Slope Length @ ft LS= 9.31

Slope length for the calculate LS factor = ft

Results:

The maximum distance between diversion berms along the final cover to maintain less than 3 tons/acre soil loss is 209 ft.
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3. Colombia Energy Center POO Update Drawings

Use the Universal Soil Loss Equation (USLE) to determine diversion berm spacing. Longest flow length is 475 feet.

see Figure 1 on Sheet 2 (Reference #1)

see Table 1 on Sheet 3 for Silt Loam (Reference #1)

Source: Erosion and Sediment Control Handbook," Goldman, Jackson, & Bursztynsky, 1986.
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Job No. 25220183.00 Project: Columbia Energy Center POO Update By: RJG Date:  2/23/22

Client: WPL Subject: Diversion Berm Sizing Chk'd:  MJT Date:  4/1/22

Purpose:

To size the post closure diversion berms on the final cover to accommodate the 25-year, 24-hour storm event.

References:

1. WisDOT Facilities Development Manual Chapter 13, Section 30-15 - Grass Lined Channels.

2. Design of Roadside Channels with Flexible Linings, HEC-15, USDOT FHWA.

3. HydroCAD Report_Post Construction

Approach:

Use the Post Closure HydroCAD Model results to obtain the peak flow during a  25-year, 24-hour storm event 

  along the diversion berms.

Use Grass Lined Channel Design WisDOT Spreadsheet, FDM 13-30 Attachment 15.2 (from Reference #1) to size the 

  swale for each design swale cross section.  The WisDOT spreadsheet incorporates the design guidelines and equations 

  described in "Design of Roadside Channels with Flexible Linings", HEC-15, USDOT FHWA (Reference #2).

Confirm the swale is stable and has enough capacity for the design flow rate.

Assumptions:

1. Assume the channel geometry is a v-notch swale with one sideslope at 4:1 and one sideslope at 2:1
and a depth of 2.0 ft.

2. Assume 2.0% slope along the flowpath of the diversion swale.
3. Assume the following parameters per Section 15.2 - Grass Lining Properties from Reference #1:

Vegetation Retardance Class = C for Swales
Vegetation Condition = Good
Vegetation Growth Form = Turf

4. Assume cohesive soil type with ASTM Soil Class SC and a Plasticity Index (PI) of 16.

Calculations:

From the HydroCAD Report, the peak flow rate along the diversion berms are as follows:

Areas Areas Areas Areas

1 cfs 8 cfs 14 3.66 cfs 20 cfs

2 cfs 9 cfs 15 1.71 cfs 21 cfs

3 cfs 10 cfs 16 4.89 cfs 22 cfs
4 cfs 11 cfs 17 4.00 cfs 23 cfs

5 cfs 12 cfs 18 2.66 cfs 24 cfs

6 cfs 13 cfs 19 2.77 cfs 25 cfs

Use highest flow to confirm diversion berm functions. 

Use the Grass Swale Design Spreadsheet (Page 2) to determine the flow depth, velocity and shear stress in the

swales.

Results:

The diversion berms are adequately designed to accommodate the flows from the 25-year, 24-hour storm event.

The diversion berms are stable at the design flow rates.  The design flow depth of 2.0 feet maintains at least 

0.5 ft of freeboard during the 25-year, 24-hour storm event.
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3.10

0.35

2.91

4.58
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3.74
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3.35

3.35
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I:\25220183.00\Data and Calculations\Stormwater POO Update\_Issued for Permitting\Diversion Berms\Diversion Berm Sizing Calc



Sheet No: 2/2
Calc. No.
Rev. No.

Job No. 25220183.00 Project: Columbia Energy Center POO Update By: RJG Date:  2/23/22
Client: WPL Subject: Diversion Berm Sizing Chk'd:  MJT Date:  4/1/22

Channel/Ditch Geometry Area 24

Channel Slope, So (ft/ft) 0.02
Channel Bottom Width, B (ft) 0
Channel Side Slope, z1 4
Channel Side Slope, z2 2
Flow Depth, d (ft)    Solve iteratively 1.00
Safety Factor, SF 1.0

Vegetation/Soil Parameters
Vegetation Retardance Class C
Vegetation Condition good
Vegetation Growth Form turf
Soil Type cohesive
D75 (in)   (Set at 0.00 for cohesive soils)

ASTM Soil Class SC
Plasticity Index, PI 16

Results Summary
Design Q (ft3/s) 6.1

Calculated Q (ft3/s) 6.1

Difference Between Design & Calc. Flow (%) 0.5%

Stable (Yes or No) YES

Channel Parameters
Vegetation Height, h (ft) 0.67
Grass Roughness Coefficient, Cn 0.238
Cover Factor, Cf 0.90

Noncohesive Soil
Soil Grain Roughness, ns 0.016

Permissible Soil Shear Stress,p (lb/ft2) N/A
Cohesive Soil

Porosity, e 0.35
Soil Coefficient 1, c1 1.0700
Soil Coefficient 2, c2 14.30
Soil Coefficient 3, c3 47.700
Soil Coefficient 4, c4 1.42
Soil Coefficient 5, c5 -0.61
Soil Coefficient 6, c6 0.00010

Permissible Soil Shear Stress,p (lb/ft2) 0.080

Total Permissible Shear Stress, p (lb/ft2) 0.080

Cross Sectional Area, A (ft2) 3.000
Wetted Perimeter, P (ft) 6.36
Hydraulic Radius, R (ft) 0.472
Top Width, T (ft) 6.00
Hydraulic Depth, D (ft) 0.500
Froude Number (Q design) 0.505

Channel Shear Stresso (lb/ft2) 0.59

Actual Sheer Stressd (lb/ft2) 1.25
Mannings n 0.063
Average Velocity, V (ft/s) 2.02

Calculated Flow, Q (ft3/s) 6.1

Difference Between Design & Calc. Flow (%) 0.5%

Effective Shear on Soil Surface, e (lb/ft2) 0.008

Total Permissible Shear on Veg., p,veg (lb/ft2) 12.42
Stable (Y or N) YES

Source:  Grass Lined Channel Design WisDOT Spreadsheet, FDM 13-30 Attachment 15.2

version 070228 2 4/7/2022
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/23/22

Client: WPL Subject:  Downslope Pipe and Inlet Sizing Chk'd: MJT Date:  04/04/22

Purpose:

To size the downslope pipe and inlet to accommodate the 25-year, 24-hour storm event.

References:

1.  HydroCAD Report_POO Landfill Closure

Approach:

Use the orifice equation to size the downslope pipe inlet.  Size the inlet for the largest diversion berm flow rate and 
apply that inlet size to all downslope pipe inlets.  Confirm the head (h) acting on the orifice will not overtop the diversion
berm depth of 2.0 ft.

Use Manning's equation to size the downslope pipe based on the largest diversion berm flow rate.  
Confirm the pipe has capacity for the design flow under open channel flow conditions.

Assumptions:
1. Orifice coefficient = 
2. Assume the orifice head (h) acts on the centerline of the inlet pipe.
3. Manning's n = (For smooth walled HDPE pipe: http://www.engineeringtoolbox.com/mannings-roughness-d_799.html)
4. Size flumes under the vegetated cover condition.

Calculations:

Size the downslope pipe inlet:

From the HydroCAD report (Reference #1), the maximum 25-year, 24-hour flow along a diversion berm is 6.1 cfs 

  in HydroCAD model). Flume 3 Area 24

Orifice Equation:   Q = C * A * (2 * g * h)0.5

where: Q = flow rate (cfs) = 6.1 (From above)

C = orifice coefficient = 0.63 (See assumption #1)

A = orifice area (sf) =  1.77 (area of 18" diameter pipe) Actual Pipe Diameter = 18 inches

g =  gravity (ft/sec2)= 32.2

h = orifice head acting on centerline (ft)

h = (Q/(C * A))2/(2 * g) = 0.5 ft

Given Assumption #2, depth of flow along diversion berm = h + D/2/12 = ft

Results:

Based on the inlet sizing calculation, an 18" diameter inlet will convey the stormwater runoff from the largest flow rate to a flume.

Based on the Manning's calculation for flow within the pipe, the 12" diameter downslope pipe will accommodate the design flow

under open channel flow conditions. Although the flow for the downslope pipes can be handled by 12" dia. pipes, for ease of

construction, all downslope pipes will be 18" dia.

0.63

0.012

1.21

I:\25220183.00\Data and Calculations\Stormwater POO Update\_Issued for Permitting\Downslope Flumes\Downslope Pipe and Inlet Sizing Calc_
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/23/22

Client: WPL Subject:  Downslope Pipe and Inlet Sizing Chk'd: MJT Date:  04/04/22

Calculations (Continued):

The diversion swale depth of 2 ft is sufficient to prevent overtopping at the downslope pipe inlet locations.

The depth of the diversion berm increases at the entrance of the down slope pipes due to mounding of the soil 

over the pipe.

Size the downslope flume pipe:

Use Manning's equation to size the downslope pipe. 

Manning's Equation: Q = (1.49/n) x A x R^(2/3) x S^(1/2)

where: Q = Flow Rate, cfs

n = Manning's Roughness Coefficient

A = Flow Area, sf

R = Hydraulic Radius, ft (= A/P)

S = Channel Slope, ft/ft

From the HydroCAD Report (Reference 1) , the peak discharge to each downslope flume resulting from a 25-year, 24-hour

 storm is as follows:

Flume 1 3.58 cfs Flume 2 4.89 cfs Flume 3 6.05 cfs Flume 4 3.66 cfs Flume 5 4.89 cfs

Area 5 Area 3 Area 1 Area 12 Area 10

Area 6 Area 4 Area 2 Area 13 Area 11

Area 20 Area 22 Area 24 Area 14 Area 16

Area 21 Area 23 Area 25 Area 15 Area 17

Total =

Flume 6 3.40 cfs

Area 8

Area 9

Area 18

Area 19

Total =

For flow rates < 20 cfs, assume a 12" diameter downslope flume:

Use cfs to Flume 3 to check sizing (max flow to a flume that is < 20 cfs)

Design Criteria

Pipe Diameter (in) = D = 12

Pipe Slope (ft/ft) = S =

Manning's Roughness Coefficient = n =

See Downslope Flume 3 pipe flow calculator on Sheet 3

0.25

0.012

3.58 2.17 4.58 0.35 3.17

2.92 3.74 3.73 2.91 3.10

3.43 3.35 6.05 3.66 4.89

3.35 4.89 5.13 1.71 4.00

13.28 14.15 19.49 8.63 15.16

19.49

3.29

3.40

2.66

2.77

12.12
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/23/22

Client: WPL Subject:  Downslope Pipe and Inlet Sizing Chk'd: MJT Date:  04/04/22

Calculations (Continued):

Inputs:

Pipe Diameter, dₒ 12.00 in

Manning Roughness, 

n 0.0120

Pressure slope 

(possibly equal to 

pipe slope), S₀  0.2500 slope

Percent of (or ratio 

to) full depth (100% 

or 1 if flowing full) 0.8290 fraction

Results:

Flow, Q 19.4905 ft^3/s

Velocity, v 27.9991 ft/s

Velocity head, hv 12.1838 ft

Flow Area, A 0.6961 ft^2

Wetted Perimeter, P 2.2890 ft

Hydraulic Radius 0.3041 ft

Top Width, T 0.7530 ft

Froude Number, F 5.21
Shear Stress (tractive 

force), τ 12.9373 psf

Manning Formula Uniform Pipe Flow at Given Slope and Depth

Version 2.0 (20 June 2017)

HawsEDC Calculators
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/23/22

Client: WPL Subject:  Downslope Pipe and Inlet Sizing Chk'd: MJT Date:  04/04/22

Calculations (Continued):

Inputs:

Pipe Diameter, dₒ 18.00 in

Manning Roughness, 

n 0.0120

Pressure slope 

(possibly equal to 

pipe slope), S₀  0.2500 slope

Percent of (or ratio 

to) full depth (100% 

or 1 if flowing full) 0.4037 fraction

Results:

Flow, Q 19.4983 ft^3/s

Velocity, v 29.1783 ft/s

Velocity head, hv 13.2317 ft

Flow Area, A 0.6682 ft^2

Wetted Perimeter, P 2.0655 ft

Hydraulic Radius 0.3235 ft

Top Width, T 1.4719 ft

Froude Number, F 7.75
Shear Stress (tractive 

force), τ 9.4502 psf

Manning Formula Uniform Pipe Flow at Given Slope and Depth

Version 2.0 (20 June 2017)

HawsEDC Calculators
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By:  RJG Date:  2/23/22

Client: WPL Subject:  Energy Dissipator Sizing Chk'd:  MJT Date:  4/1/22

Purpose:

To size an energy dissipator structure and riprap apron at the outlet of the downslope flume pipes.

References:
1. "Hydraulic Design of Energy Dissipators for Culverts and Channels," HEC-14, Third Edition, July 2006, USDOT FHWA.

2. Downslope Pipe and Inlet Sizing calculation (for pipe size, flow rate, and pipe velocity).

3. HydroCAD Model_POO Landfill Closure

4. Facilities Development Manual Chapter 13, Section 13-30 - Rock Riprap Lined Chutes.

Approach:

Use the downslope pipe outlet velocity to size an energy dissipator structure (USBR Type VI Impact Basin) following the

design approach outlined in Section 9.4 of Reference #1.

Use Rock Chute Data Spreadsheet, FDM 13-30-30 Attachment 30.1 (from Reference #5) to design the rock chute.  

For construction purposes use the maximum flow to size all dissipators and riprap apron. 

Assumptions:

1. Riprap specific gravity = 2.65 

2. From the HydroCAD Report, the 25-year, 24-hour peak discharge to each downslope flume is as follows:

Flume 1 3.58 cfs Flume 2 4.89 cfs Flume 3 6.05 cfs Flume 4 3.66 cfs Flume 5 4.89 cfs

Area 5 Area 3 Area 1 Area 12 Area 10

Area 6 Area 4 Area 2 Area 13 Area 11

Area 20 Area 22 Area 24 Area 14 Area 16

Area 21 Area 23 Area 25 Area 15 Area 17

Total =

Flume 6 3.40 cfs

Area 8

Area 9

Area 18

Area 19

Total =

Using Figure 9.14 (See Sheet 4), enter the Froude Number and the Energy from Step 2 to determine the

  from the downslope flume pipe and inlet sizing calculation.

Results:

The energy dissipator structures for the 18" dia. downslope flume pipes will consist of dissipator
structures with widths (WB) of 6 feet, with the remaining dimensions from Table 9.2 on Sheets 5 and 6.

Riprap at the Flume 3, 4, 5 and 6 energy dissipator outlets will consist of WisDOT Light Riprap (D50= 5.5 inches) (See Page 3). 

The riprap apron footprint will be based on the energy dissipator width and the outlet swale geometry.

Riprap at Flume 1 and 2 energy dissipator outlets will consist of WisDOT Light Riprap (D50= 5.8 and 3.6 inches). The 

riprap apron footprint will be 6 feet wide (based on rock chute calcs for RC1 and RC2) and extend down to the existing 

swale (Swale S4).

4.58

3.73

15.168.63

1.71

4.89

4.00

6.05

5.13

3.17

3.10

0.35

2.91

3.66

12.12

2.66

2.77

13.28 19.4914.15

3.29

3.40

2.17

3.74

3.35

3.35

4.89

3.43

3.58

2.92

I:\25220183.00\Data and Calculations\Stormwater POO Update\_Issued for Permitting\Downslope Flumes\Energy Dissipater and Riprap Design Calc
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By:  RJG Date:  2/23/22

Client: WPL Subject:  Energy Dissipator Sizing Chk'd:  MJT Date:  4/1/22

Calculations:

For 18" dia. downslope flume pipes

From Reference #2:

Flow rate (Q) = 19.5 cfs

Pipe velocity (V) = 8.9 ft/s

Flow area (A) = Q/V = 2.19 sf

Design procedure from pg. 9-40 of Reference #1:

Step 1: Compute the Equivalent Depth of Flow Entering Dissipator:
Ye = (A/2)1/2

where:  Ye = Equivalent depth

A = Area (from above)
Ye = 1.05 ft

Step 2: Compute the Froude Number and the energy at the end of the pipe:
Fr = V/[(g*Ye)

1/2] where:  Fr = Froude Number

V = Velocity (from above)

g = Gravity constant (32.2 ft/sec2)
Fr = 1.5 Ye = Equivalent depth (from Step 1 above)

Ho = Ye+V2/2g where:  Ho = Energy at the end of the pipe

Ye = Equivalent depth (from above)

V = Velocity (from above)

Ho = 2.3 ft g = Gravity constant (32.2 ft/sec2)

Step 3: Determine Ho/WB and calculate the required width of the energy dissipator:

Using Figure 9.14 (See Sheet 4), enter the Froude Number and the Energy from Step 2 to determine the

 width of the energy dissipator.

From Figure 9.14, Ho/WB = 

WB = Ho/(Ho/WB) WB = 5.7 ft.

Use WB = 6.0 ft.

Step 4: Obtain the remaining energy dissipator dimensions from Table 9.2 from Reference #1 (see Sheets 5 and 6)

Step 5: Size the riprap at the structure outlet

From Reference #5, use Rock Chute Design spreadsheet (see Sheet 3)

0.40
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Project: County:
Designer: Checked by:

Date: Date: 04/05/22

Bottom Width = 6.0 Bottom Width = 6.0 Bottom Width = 6.0
Side slopes = 1.0 Factor of safety = 1.20 1.2 Min Side slopes = 2.0

Mannings n value = 0.012 Side slopes = 2.0 2.0:1 max. Mannings n value = 0.030
Bed slope = 0.0001 Bed slope  = 0.2500 3.0:1 max.  Bed slope = 0.0050

Note: Use procedures 13-30-15 or 13-30-25 for Freeboard = 1.0  
    upstream and downstream Mannings n Outlet apron depth, d = 1.0 Base flow = 0.0

818.0 816.0 1 ft.)        Note: The total required capacity is routed
Degree of angularity = 1         through the chute (principal spillway) or 

Qhigh = Runoff from design storm 1 --> 50% angular, 50% rounded         in combination with an auxiliary spillway.

Q5 = Runoff from a 5-year,24-hour storm 2 --> 100 % rounded        Input tailwater (Tw): 0.25 1.20

Qhigh= 19.5 High flow storm through chute Tw (ft.) = Program

Qlow = 19.5 Low flow storm through chute Tw (ft.) = Program

3+00.0 Notes:
hpv = 0.16 ft. (0.16 ft.) 1) Output given as High Flow (Low Flow) values.

Hpe = 1.04 ft. 0.27 ft. (0.27 ft.) 2) Tailwater depth plus d must be at or above the 

Energy Grade Line        Hce = 0.91 ft.      hydraulic jump height for the chute to function.

3) Critical depth occurs 2yc - 4yc upstream of crest.

0.715yc = 0.46 ft.

Hp = 0.88 ft. (0.46 ft.)

(0.88 ft.) 0.64 ft. d1 = 0.38 ft.

MJT

Flow and Elevation Data:

Input Geometry:

Profile and Cross Section (Output):
Starting Station =

Rock Chute Design Data

          Upstream Channel         Chute          Downstream Channel

(Version WI-April-2005, Based on Design of Rock Chutes by Robinson, Rice, Kadavy, ASAE, 1998)
 Revised for WisDOT 9/2010

COL - POO Landfill Closure 
RJG

Columbia

February 23, 2022

 (0.64 ft.) (0.38 ft.)    Height, d2 =  0.99 ft. (0.99 ft.)
Inlet Apron 

yn = 1.75 ft.      6 ft. Tw+d = 1.9 ft. - Tw o.k.

   Slope = 0.0001 ft./ft.

(1.75 ft.)  1 ft. (1.9 ft.) - Tw o.k.
n

      21 ft.
1.43 fps radius     0.9 ft. (0.9 ft.)
at normal depth

OK

n = 0.05 (0.05) 
Critical Slope check upstream is Slope = 0.005 ft./ft.

    Note: When the normal depth (yn) in the inlet       4 Outlet Apron
 channel is less than the weir head (Hp), ie., the weir capacity is less   10 ft. d = 1 ft. {1 ft. minimum

 than the channel capacity, restricted flow or ponding will occur.  This  15(D50)(Fs)

 reduces velocity and prevents erosion upstream of the inlet apron. 2.77 fps
at normal depth

Typical Cross Section 2.9 cfs/ft. Equivalent unit discharge

Freeboard = 1 ft. SF = 1.20 Factor of safety (multiplier)
d1 = 0.38 ft. Normal depth in chute

n-value = 0.05 Manning's roughness coefficient
D50(SF) = 7.6 in. Minimum Design D50*

1 2(D50)(SF) = 15.3 in. Rock chute thickness
z = 2    Tw + d = 1.9 ft. Tailwater above outlet apron

6 ft. 15.3 in. d2 = 0.99 ft. Hydraulic jump height

*** The outlet will function adequately
B' = 6.8 ft.

High Flow Storm Information

   Hp

Profile Along Centerline of Chute

Slope  0.005 ft./ft.

Berm

Inlet

Outlet

Channel

Channel

Hdrop =

1

40*Design D50 =

Geotextile

yc =

hcv =

1

1

Velocityinlet  =

Velocityoutlet  =

10yc =

Use Hp along chute 
but not less than d2.

*

*

Geotextile

suggested}

ft.

cfs

ft./ft.

(m:1)
ft.

ft.

ft./ft
(z:1) 

ft.

ft.
ft./ft.

(m:1) (SF)

cfs

cfs

Rock thickness =

2.5
1

Apron elev. --- Inlet =

Hydraulic Jump

ft. ------- Outlet ft. --- (Hdrop =
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By:  RJG Date:  2/23/22

Client: WPL Subject:  Energy Dissipator Sizing Chk'd:  MJT Date:  4/1/22
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By:  RJG Date:  2/23/22

Client: WPL Subject:  Energy Dissipator Sizing Chk'd:  MJT Date:  4/1/22

Using Figure 9.14 (S
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By:  RJG Date:  2/23/22

Client: WPL Subject:  Energy Dissipator Sizing Chk'd:  MJT Date:  4/1/22

Using Figure 9.14 (S
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill ClosureBy:  RJG Date: 2/4/21
Client: WPL Subject:  Energy Dissipator Sizing Chk'd:  MJT Date:  4/1/22

Calculations (Continued):

Inputs:

Pipe Diameter, dₒ 18 in

Manning Roughness, 

n 0.0120

Pressure slope  0.2500 slope
Percent of (or ratio 
to) full depth (100% 
or 1 if flowing full) 0.4037 fraction

Results:

Flow, Q 19.4983 ft^3/s
Velocity, v 8.8936 m/s
Velocity head, hv 4.0330 m
Flow Area, A 0.0621 m^2

Wetted Perimeter, P 0.6296 m
Hydraulic Radius 0.0986 m
Top Width, T 0.4486 m
Froude Number, F 7.75
Shear Stress (tractive 
force), τ 452.4774 N/m^2

Manning Formula Uniform Pipe Flow at Given Slope and Depth

Version 2.0 (20 June 2017)

HawsEDC Calculators

Downslope Flume 3 ‐ Velocity Calculator (Q = 19.49 cfs)
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Job No.  25220183.00 Job:  COL - POO By: RJG Date:  4/11/22

Client: WPL Subject: Rock Chute Sizing & Riprap Size Chk'd:  MJT Date: 4/13/22

Purpose:

To size the rock chutes to accommodate the 25-year, 24-hour storm event.

References:

1. Rock Chute Design Data spreadsheet Version WI-April-2005, Based on Design of Rock Chutes by Robinson, 

Rice, Kadavy, ASAE, 1998.

2. HydroCAD Report_Post Construction

3. Figure 1 - Storm Water Post Construction

4. Stable 25.1 Typical Particle Sizes of Native Sands at 75 Percent Passing (D75) from WisDOT Facilities.
Development Manual (FDM).

Approach:

1. Enter Inlet Channel data based on culvert apron or swale geometry Reference #2 and #3.

2. Enter Chute data based on slope from Reference #3, start the width, Bw equal to inlet channel Bw. 
3. Enter Outlet Channel data based on Reference #3, start the width, Bw equal to inlet channel Bw.  
4. Enter drainage area, apron elevations, flow (Q), and rainfall.
5. Adjust Bw for Chute and Outlet Channel until spreadsheet shows the rock chute "will" function adequately.
6. Determine rip rap classification based on D50 weight per Reference #4.

Assumptions:
1. Assume side slopes of chute and outlet channel are 2:1. 
2. Assume Factor of Safey is 1.2.
3. n-value is based on proposed conditions at the channel.
4. Assume Outlet apron depth, d is 1.0 ft.
5. Freeboard is 1.0 ft.
6. Use 25-year, 24-hour storm event flow (Reference #2) for Qhigh and Qlow.
7. Classification of riprap is based on weight (Reference #4).

Calculations:

See attached spreadsheet calcs for each rock chute.

Results:

The rock chutes are adequately designed to accommodate the flows from the 25-year, 24-hour storm event.

D50 

(in)

5.8

WisDOT Rip Rap 
Classification

Light Riprap Type R

Thickness 
(in)

RC1

Rock 
Chute

RC2 6

6

6

Width 
(ft)

6 12

8

Apron 
Width (ft)

Light Riprap Type R

Apron 
Length (ft)

7

5 3.6

I:\25220183.00\Data and Calculations\Stormwater POO Update\_Issued for Permitting\Rock Chutes\2204XX_Rock Chute Sizing Calc
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Project: County:
Designer: Checked by:

Date: Date: 04/13/22

Bottom Width = 6.0 Bottom Width = 6.0 Bottom Width = 6.0
Side slopes = 1.0 Factor of safety = 1.20 1.2 Min Side slopes = 2.0

Mannings n value = 0.012 Side slopes = 2.0 2.0:1 max. Mannings n value = 0.030
Bed slope = 0.0001 Bed slope  = 0.1967 3.0:1 max.  Bed slope = 0.0050

Note: Use procedures 13-30-15 or 13-30-25 for Freeboard = 1.0
    upstream and downstream Mannings n Outlet apron depth, d = 1.0 Base flow = 0.0

822.8 802.4 19.4 ft.)        Note: The total required capacity is routed
Degree of angularity = 1         through the chute (principal spillway) or 

Qhigh = Runoff from design storm 1 --> 50% angular, 50% rounded         in combination with an auxiliary spillway.

Q5 = Runoff from a 5-year,24-hour storm 2 --> 100 % rounded        Input tailwater (Tw): 0.20 1.20

Qhigh= 13.2 High flow storm through chute Tw (ft.) = Program

Qlow = 13.2 Low flow storm through chute Tw (ft.) = Program

3+00.0 Notes:
hpv = 0.13 ft. (0.13 ft.) 1) Output given as High Flow (Low Flow) values.

Hpe = 0.81 ft. 0.22 ft. (0.22 ft.) 2) Tailwater depth plus d must be at or above the

Energy Grade Line        Hce = 0.72 ft. hydraulic jump height for the chute to function.

3) Critical depth occurs 2yc - 4yc upstream of crest.

0.715yc = 0.36 ft.

Hp = 0.68 ft. (0.36 ft.)

(0.68 ft.) 0.5 ft. d1 = 0.31 ft.

Rock Chute Design Data

          Upstream Channel         Chute          Downstream Channel

(Version WI-April-2005, Based on Design of Rock Chutes by Robinson, Rice, Kadavy, ASAE, 1998)
 Revised for WisDOT 9/2010

COL - POO Landfill Closure RC1  
RJG

Columbia

April 11, 2022
MJT

Flow and Elevation Data:

Input Geometry:

Profile and Cross Section (Output):
Starting Station =

 (0.5 ft.) (0.31 ft.)    Height, d2 =  0.75 ft. (0.75 ft.)
Inlet Apron 

yn = 1.4 ft.      5 ft. Tw+d = 1.72 ft. - Tw o.k.

Slope = 0.0001 ft./ft.

(1.4 ft.)  19.4 ft. (1.72 ft.) - Tw o.k.n =      16 ft.
1.27 fps radius     0.72 ft. (0.72 ft.)
at normal depth

OK

n = 0.047 (0.047) Critical Slope check upstream is Slope = 0.005 ft./ft.
   Note: When the normal depth (yn) in the inlet       5.1 Outlet Apron
 channel is less than the weir head (Hp), ie., the weir capacity is less   7 ft. d = 1 ft. {1 ft. minimum

 than the channel capacity, restricted flow or ponding will occur.  This  15(D50)(Fs)

 reduces velocity and prevents erosion upstream of the inlet apron. 2.45 fps
at normal depth

Typical Cross Section 2.01 cfs/ft. Equivalent unit discharge

Freeboard = 1 ft. SF = 1.20 Factor of safety (multiplier)
d1 = 0.31 ft. Normal depth in chute

n-value = 0.047 Manning's roughness coefficient
D50(SF) = 5.8 in. Minimum Design D50*

1 2(D50)(SF) = 11.7 in. Rock chute thickness
z = 2    Tw + d = 1.72 ft. Tailwater above outlet apron

6 ft. 11.7 in. d2 = 0.75 ft. Hydraulic jump height

*** The outlet will function adequately
B' = 6.8 ft.

High Flow Storm Information

   Hp

Profile Along Centerline of Chute

Slope  0.005 ft./ft.

Berm

Inlet

Outlet

Channel

Channel

Hdrop =

1

40*Design D50 =

Geotextile

yc =

hcv =

1

1

Velocityinlet  =

Velocityoutlet  =

10yc =

Use Hp along chute 
but not less than d2.

*

*

Geotextile

suggested}

ft.

cfs

ft./ft.

(m:1)
ft.

ft.

ft./ft
(z:1) 

ft.

ft.
ft./ft.

(m:1) (SF)

cfs

cfs

Rock thickness =

2.5
1

Apron elev. --- Inlet =

Hydraulic Jump

ft. ------- Outlet ft. --- (Hdrop =



Page  4

Project: County:
Designer: Checked by:

Date: Date: 04/13/22

Bottom Width = 6.0 Bottom Width = 6.0 Bottom Width = 6.0
Side slopes = 1.0 Factor of safety = 1.20 1.2 Min Side slopes = 2.0

Mannings n value = 0.012 Side slopes = 2.0 2.0:1 max. Mannings n value = 0.030
Bed slope = 0.0001 Bed slope  = 0.0690 3.0:1 max.  Bed slope = 0.0050

Note: Use procedures 13-30-15 or 13-30-25 for Freeboard = 1.0
    upstream and downstream Mannings n Outlet apron depth, d = 1.0 Base flow = 0.0

815.8 808.4 6.4 ft.)        Note: The total required capacity is routed
Degree of angularity = 1         through the chute (principal spillway) or 

Qhigh = Runoff from design storm 1 --> 50% angular, 50% rounded         in combination with an auxiliary spillway.

Q5 = Runoff from a 5-year,24-hour storm 2 --> 100 % rounded        Input tailwater (Tw): 0.07 1.20

Qhigh= 14.0 High flow storm through chute Tw (ft.) = Program

Qlow = 14.0 Low flow storm through chute Tw (ft.) = Program

3+00.0 Notes:
hpv = 0.14 ft. (0.14 ft.) 1) Output given as High Flow (Low Flow) values.

Hpe = 0.84 ft. 0.23 ft. (0.23 ft.) 2) Tailwater depth plus d must be at or above the

Energy Grade Line        Hce = 0.75 ft. hydraulic jump height for the chute to function.

3) Critical depth occurs 2yc - 4yc upstream of crest.

0.715yc = 0.37 ft.

Hp = 0.71 ft. (0.37 ft.)

(0.71 ft.) 0.52 ft. d1 = 0.39 ft.

Rock Chute Design Data

          Upstream Channel         Chute          Downstream Channel

(Version WI-April-2005, Based on Design of Rock Chutes by Robinson, Rice, Kadavy, ASAE, 1998)
 Revised for WisDOT 9/2010

COL - POO Landfill Closure RC2  
RJG

Columbia

April 11, 2022
MJT

Flow and Elevation Data:

Input Geometry:

Profile and Cross Section (Output):
Starting Station =

 (0.52 ft.) (0.39 ft.)    Height, d2 =  0.68 ft. (0.68 ft.)
Inlet Apron 

yn = 1.45 ft.      5 ft. Tw+d = 1.75 ft. - Tw o.k.

Slope = 0.0001 ft./ft.

(1.45 ft.)  6.4 ft. (1.75 ft.) - Tw o.k.n =      10 ft.
1.3 fps radius     0.75 ft. (0.75 ft.)
at normal depth

OK

n = 0.037 (0.037) Critical Slope check upstream is Slope = 0.005 ft./ft.
   Note: When the normal depth (yn) in the inlet       14.5 Outlet Apron
 channel is less than the weir head (Hp), ie., the weir capacity is less   5 ft. d = 1 ft. {1 ft. minimum

 than the channel capacity, restricted flow or ponding will occur.  This  15(D50)(Fs)

 reduces velocity and prevents erosion upstream of the inlet apron. 2.5 fps
at normal depth

Typical Cross Section 2.14 cfs/ft. Equivalent unit discharge

Freeboard = 1 ft. SF = 1.20 Factor of safety (multiplier)
d1 = 0.39 ft. Normal depth in chute

n-value = 0.037 Manning's roughness coefficient
D50(SF) = 3.6 in. Minimum Design D50*

1 2(D50)(SF) = 7.3 in. Rock chute thickness
z = 2    Tw + d = 1.75 ft. Tailwater above outlet apron

6 ft. 7.3 in. d2 = 0.68 ft. Hydraulic jump height

*** The outlet will function adequately
B' = 6.8 ft.

High Flow Storm Information

   Hp

Profile Along Centerline of Chute

Slope  0.005 ft./ft.

Berm

Inlet

Outlet

Channel

Channel

Hdrop =

1

40*Design D50 =

Geotextile

yc =

hcv =

1

1

Velocityinlet  =

Velocityoutlet  =

10yc =

Use Hp along chute 
but not less than d2.

*

*

Geotextile

suggested}

ft.

cfs

ft./ft.

(m:1)
ft.

ft.

ft./ft
(z:1) 

ft.

ft.
ft./ft.

(m:1) (SF)

cfs

cfs

Rock thickness =

2.5
1

Apron elev. --- Inlet =

Hydraulic Jump

ft. ------- Outlet ft. --- (Hdrop =



 

Discharge Apron Sizing 
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Job No. 25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/21/22

Client: WPL Subject:  Riprap Sizing at Culvert Outlet Chk'd: MJT Date: 4/5/22

Purpose:  

To size the riprap apron dimensions at culvert C2, C3, C4, and C5 based on a 25-year, 24 hour storm event:

References:

1. "Energy Dissipators," Wisconsin Department of Transportation (WisDOT), Facilities Development Manual (FDM) 13-35-5.

2. Post Construction Condition HydroCAD Model.  

3. "Rock Riprap Lined Channels," WisDOT FDM 13-30-25.

4. Culvert Sizing Calculation.

5. WisDOT FDM Chapter 13, Section 30 - Rock Riprap Lined Chutes

Approach:
Use the equations in Section 5.2 - Riprap Blanket of WisDOT FDM 13-35-5 (Energy Dissipators) to determine the average size of stone (d50) and

riprap apron length.  Round up the calculated d50 to the nearest WisDOT standard riprap size.

Use WisDOT FDM 13-35 Attachment 5.2 to determine the width of the riprap apron for discharges to a flat area.  For discharges to channels,

extend riprap across the channel bottom and up the sides.

Assumptions:
Assume riprap apron thickness (T) is 2 * d50 to protect against washout and undercutting of the riprap.

Assume tailwater depth, TW = 0.40 * Do

Assume max TW conditions for the riprap apron width.

Assume that when there are multiple culverts, the total discharge to the culverts is distributed evenly through each barrel.

Calculation:

From WisDOT Section 5.2 - Riprap Blanket:

 

Or:
d50 = 0.02 x (Do/TW) x (Q/Do

5/2)4/3 x Do

Lsp = (1.7 (Q/Do
5/2) + 8) x Do

where: Do = Diameter or width of culvert (ft) 

Q = Flow rate (cfs) (discharge rate through culvert, from Worst Case Condition HydroCAD Model (Reference #2))

TW = Tail water depth (ft) 
d50 = Average size of stone (ft)

Lsp = Length of stone protection (Apron Length) (ft) 

Do (ft) TW (ft)

1.5 0.60

2.5 1.00

2.5 1.00

2.5 1.00

Results:
Below is a summary of the d50 , thickness (T), and configuration of the riprap apron.  Also refer to WisDOT FDM Attachment 5.2 (Sheet 2) for

details on apron layout. Use WisDOT Light Riprap at culvert discharge. 

d50 (in)* T (in) Lsp (ft)

10.0 20 16

10.0 20 26

10.0 20 28

10.0 20 28

1. For discharges to channels, place riprap along channel bottom and up side of channel.

*Per Table 25.1 on Sheet 2 for standard WisDOT riprap sizes use Light Riprap.

Culvert C4 See Note 1

Culvert C5 See Note 1

28

Culvert C5 35.21 2 0.27 0.83 28

Culvert C3 See Note 1

17.6

17.7

16

Location Wsp (ft)

Culvert C2 See Note 1

Culvert C3 27.38 2 0.19 0.83 26

Culvert C4 35.39 2 0.27 0.83

Lspd50 calculated

13.7

4.8

Location d50 DesignTotal Flow (Q, cfs) Q (cfs)

Culvert C2 9.68 2 0.16 0.83

Number of Pipes
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Job No. 25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/21/22
Client: WPL Subject:  Riprap Sizing at Culvert Outlet Chk'd: MJT Date: 4/5/22

Source:  Table 25.1 from WisDOT FDM.
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GSE Environmental 
19103 Gundle Rd 
Houston, TX  77073 
 (832) 657-4857 
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November 23, 2015 
 
Phillip Gearing 
Geological Engineer 
 

SCS ENGINEERS 
2830 Dairy Drive 
Madison, WI 53718 
608.224.2830 
Direct: 608.216.7324 • Cell: 608.316.5452 
www.scsengineers.com 
 
RE: GSE CAR GCL Compatibility Test – Coal Ash Resistant  

Alliant Energy – Columbia Energy Center 
 
Dear Mr. Phillip Gearing, 
 
This letter summarizes the testing GSE performed on the coal combustion residual 
(CCR) samples that were supplied by Alliant Energy from their Columbia Energy 
Center. Alliant Energy supplied samples of dry fly ash from its operating coal-fired 
facility at Columbia Energy Center. The samples were used to generate a leachate for 
the GCL chemical compatibility testing. Based on the chemical constituents in the 
leachate, GSE selected the BentoLiner CAR GCL product for compatibility testing per 
ASTM D 6766 Scenario 2.  
 
Leachate was derived by the following methods:  
• The samples of CCR fly ash were received in buckets at the testing lab.  
• The CCR fly ash samples were then leached with de-ionized water to produce 
sufficient leachate for the chemical compatibility testing using ASTM D 6141 procedure 
for generating a test liquid from a soil.  
• The resulting leachate was analyzed for chemical constituents.  
• GSE selected a polymer enhanced CAR (Coal Ash Resistant) Series Geosynthetic 
Clay Liner product deemed to be compatible based on chemical analysis of the 
leachate. 
• JLT laboratories performed Hydraulic Conductivity testing per ASTM D6766 using the 
site generated leachates from above. GSE used scenario 2 which calls for permeation 
using the site specific leachate, not deionized water. This places the GCL with leachate 
as opposed to the deionized water prior to start of the compatibility test.   
• The ASTM D 6766 Scenario 2 compatibility test for GCL ran uninterrupted for a 
period of 6 months. The test terminated at 6 months with test parameters and results 
listed below. 
• The CAR GCL had a permeability of 3.4 x 10 -10 cm/s after 180 days of testing when 
tested against the site specific leachate produced from Columbia Energy Center ash. 
This value is greater (less permeable) than the GSE certified GCL permeability of 3 x 
10 -9 cm/s.   
• The CAR GCL meets or exceeds the Federal CCR Rule CCL Hydraulic Flux 
Equivalence (found in Section 40 CFR 257.70) per Table 1 below.  
 
 
 
 
 
 

http://www.scsengineers.com/


 

Table 1: Hydraulic Equivalency Calculation GCL vs. CCL 
Compacted Clay Liner Calculated Flux with 60 cm (2 ft.) Thickness 

Compacted Clay Liner 
Thickness 

thickness 
water 
head gradient  

hydraulic 
conductivity Flux 

T H i=(H/T)+1 k q =ki 
cm cm   cm/s cm/s 

CCL - 2 ft. 60 30 1.50 1.0E-07 1.5E-07 
      

GCL Equivalency with GCL Thickness of 6 mm 

GCL Type 

thickness 
water 
head gradient  

hydraulic 
conductivity Flux 

T H i=(H/T)+1 k q =ki 
cm cm   cm/s cm/s 

GSE CAR BentoLiner GCL 6 
mm thickness 0.6 30 51.00 3.0E-9 1.5E-07 

 
As required by the Federal CCR Rule, the liquid flow rate of BentoLiner CAR Series GCL, as manufactured by 
GSE Environmental, LLC, is less than the liquid flow rate for a 2-feet thick layer of compacted clay liner with a 
maximum hydraulic conductivity of 1E-7 cm/sec.  
 
 
 
The purpose of this test is to demonstrate geosynthetic clay liner (GCL) liquid flow rate equivalency to 
compacted clay liner per Federal CCR Rule (published version posted to the US EPA website December 19, 
2014).  The Federal CCR Rule is found in Section 40 CFR 257.70.   
 
GSE BentoLiner CAR NSL GCL is deemed chemically compatible with the leachate that will be encountered in 
the CCR waste management liner system at Columbia Energy Center.   
 
Please review the results and contact me with any questions.  
 
Respectfully, 
 
Vincent Diviacchi  
Technical Manager – Canada & Midwest USA 
M: 832-657-4857 
E: vdiviacchi@gseworld.com 
W: www.gseworld.com  
 

mailto:vdiviacchi@gseworld.com
http://www.gseworld.com/




19103 Gundle Road 

Houston, Texas 77073 
 

 281.443.8564 

 281.875.6010 

 800.435.2008 

 

 

 

5/18/2015 
 
Phillip Gearing 

Geological Engineer 
 

SCS ENGINEERS 
2830 Dairy Drive 

Madison, WI 53718 

608.224.2830 

Direct: 608.216.7324 • Cell: 608.316.5452 

www.scsengineers.com 

 
RE: GCL Compatibility Analysis  
 Alliant Energy – Columbia Power Plant in Wisconsin 
 
Dear Mr. Phillip Gearing, 
 
As requested, the purpose of this correspondence is to confirm suitability of GSE 
geosynthetic clay liner (GCL) for FGD waste at the Alliant Energy Columbia Power 
Plant. This analysis is based on FGD being shipped to GSE for leaching. The leached 
solution was then analyzed for chemical constituents so GSE can assess the need and 
use of polymer enhancement in the GCL.  
 
GCL is an active barrier system which relies on the swelling capacity of the sodium 
bentonite to decrease flow through the liner. Different chemical ions in the leachate can 
affect the GCL negatively and increase its permeability through cation exchange. GSE 
can modify our GCL products with polymers to resist this exchange and maintain the 
GCL impermeability.  
 
Based on the chemical constituents identified in the Columbia Power Plant ash 
received by GSE, our CAR Series of GCL is recommended for use on site as an 
effective containment barrier.  
 
GSE will run a permeability test per ASTM D 6766 Scenario 2 with the site specific 
leachate for an extended period of time. Ideally this time period will exceed 6 months 
so we have solid data to monitor the leachate interaction with the polymer enhanced 
GCL.  
 
Should you wish to discuss or need additional information, please contact me at 832-
657-4857.  
 
Respectfully, 
 
 
Vincent Diviacchi 
Technical Manager – Midwest USA & Canada 
C: 832-657-4857 
E: vdiviacchi@gseworld.com 
www.gseworld.com  

http://www.scsengineers.com/
mailto:vdiviacchi@gseworld.com
http://www.gseworld.com/


19103 Gundle Road 

Houston, Texas 77073 
 

 281.443.8564 

 281.875.6010 

 800.435.2008 

 

 

JGY150007 

May 7, 2015 
 
Vince Diviacchi 
GSE Environmental 
19103 Gundle Road 
Houston, TX 77073 
 
RE: Alliant Columbia FGD Leachate Analysis Summary for GCL Compatibility 
Test 
 
Dear Mr. Diviacchi, 
 
The ash that was sent to GSE was leached with Deionized water, and samples 
of the solution were sent to a third party lab for analysis.  I have listed the key 
chemical constituents that will affect GCL performance in table below. 
 

Chemical Ions Bottom Ash Leachate (mg/l) 

Calcium 1,000 

Magnesium ND 

Potassium 110 

Sodium 120 

Chlorides 380 

Sulfates 410 

pH 12.5 

*ND – Not Detected 
 
Please feel free to contact me with any questions. 
 

Thank You,  

 
Jimmy Youngblood 

GSE Technical Support Manager 

(800) 435-2008 ext. 2523 

jyoungblood@gseworld.com 

mailto:jyoungblood@gseworld.com
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/04/22

Client:  WPL Subject:  Pipe Strength Calculations Chk'd:  DLN Date:  04/13/22

Purpose: To evaluate the pipe strength of 6-in. dia., SDR 11 HDPE leachate collection piping in the base system of the 

Columbia Dry Ash Disposal Facility Modules 10 and 11 using designed properties and parameters.

Approach: Use referenced formulas to determine the maximum height waste can be placed above the leachate piping

and the specific physical pipe properties necessary to perform adequately.

References: 1. Plastics Pipe Institute, 2nd Edition Handbook of PE Pipe, Buried PE Pipe Design (Attachment 1)

2. ISCO Industries, Typical Physical Properties and Dimension Charts, www.isco-pipe.com (Attachment 2)

3. "Soil Reaction for Buried Flexible Pipe", Amster K. Howard, U.S. Bureau of Reclamation

4. Plan of Operation, Metro Landfill Western Expansion, Appendix F - "Report on Metro Landfill - Pipe Design",

Watkins, 1989

5. U.S. Department of Transportation, Federal Highway Administration, Recycled Materials, Coal Ash User's Guide

6. "HDPE Leachate Collection Pipe Design by Fundamentals of Mechanics", Harrison and Watkins, 1996,

     Nineteenth International Madison Waste Conference.

7. SCS Engineers, Plan of Operation Update, Dry Ash Disposal Facility - Columbia Energy Center , 

Base / Final Grades Plan Sheets, April 2022

Assumptions: 1. Waste above the piping is assumed to be wet.

2. Wet waste unit weight is a conservative 135 pcf from research and typical project experience values.

3. Live loads are negligible above the piping. The maximum fill height over an 6-in SDR 11 HDPE pipe will 

be 104 feet for the current design. 

4. Leachate collection pipes will be 6-in., SDR 11 HDPE in Modules 10 and 11.

5. Allowable compressive stress for HDPE pipe is 1,000 psi (Plastic Pipe Institute, Attachment 1).

Calculations: Pipe Loading, Py

where,

Dead Load, DL

where, γ = Fill Unit Weight, lb/ft3 = (waste unit weight)

H = Height of cover, ft = (max. waste height)

DL = Dead Load, lb/in2 =

In our case the live load = 0, due to limited live loads above the piping after placement.

So,   Py  =  DL  = lb/in2

Assuming, 6 inch SDR 11 HDPE for leachate collection piping

Outer Diameter of Pipe (OD) = in. (From Attachment 2)

Min. Pipe wall thickness (t) = in. (From Attachment 2)

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Pipe Strength Calcs\[220301_COL Pipe Strength.xls]Calc 1

98

104

135

98

0.602

6.625
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/04/22

Client:  WPL Subject:  Pipe Strength Calculations Chk'd:  DLN Date:  04/13/22

Calculations: Deflection
(cont.)

Wall Crushing

where,

Wall Thrust,  T

SDR 11 HDPE Piping
where, Py = Vertical Fill Pressure lb/in2

= (Previously Calculated)

D0 = Outside Diameter, in = (SDR 11, 6-inch)

T = Wall Thrust, lb/in =

A = Area of Pipe Wall, in2/in = (Solid=Thickness)

So, =

Result:

Leachate Collection Piping Maximum Height - SDR 11 HDPE

For Py = Vertical Fill Pressure lb/in2
=

D0 = Outside Diameter, in = (SDR 11, 6-inch)

T = Wall Thrust, lb/in =

A = Area of Pipe Wall, in2/in = (Solid=Thickness)

So, =

Maximum Height (feet) = Py*(144)/ɣ =

Result:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Pipe Strength Calcs\[220301_COL Pipe Strength.xls]Calc 2

A deflection of 5 to 7.5% has become the standard for limiting deflection in flexible pipes. Based on Figure 
7.16 in Uni-Bell (1991) and Watkins (1989) a vertical strain of greater than 5% will never be reached for 
flexible pipe bedded in compacted gravel, independent of vertical soil pressure.  At 90% compaction the 
vertical strain will always be less than 2%.  The height of fill over the pipe is not a factor when the pipe is 
well bedded in gravel.  These findings are consistent for HDPE piping with the Harrison and Watkins (1996) 
paper.

194

The allowable compressive strength of HDPE pipe is approximately 1,000 psi, so the calculated compressive 
stress values are acceptable and wall crushing of the pipe will be avoided when the pipe is at least SDR 
11, 6-inch diameter for the leachate collection pipe.

98

6.625

323

0.602

536

The maximum height of fill above the 6-inch SDR 11 HDPE piping is 194 feet for a fill unit weight of 135 

lb/ft3 to maintain the required minimum factor of safety against wall crushing. Wall crushing controls the 
maximum fill height that can be placed above the leachate collection pipes. The maximum fill height above 
the 6-inch diameter piping when Modules 10 and 11 are filled will be approximately 104 feet, which is 
lower than the maximum allowable fill height.

182

6.625

602

0.602

1,000
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/04/22

Client:  WPL Subject:  Pipe Strength Calculations Chk'd:  DLN Date:  04/13/22

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Pipe Strength Calcs\[220301_COL Pipe Strength.xls]Attach 1

Attachment 1

From the Handbook of PE Pipe 2008, Second Edition by the Plastics Pipe Institute
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/04/22

Client:  WPL Subject:  Pipe Strength Calculations Chk'd:  DLN Date:  04/13/22

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Pipe Strength Calcs\[220301_COL Pipe Strength.xls]Attach 2

Attachment 2

From the ISCO Product Catalog dated Q4 2020
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/14/22

Client:  WPL Subject:  Pipe Strength Calculations - Sump Chk'd:  DLN Date:  04/19/22

Purpose: To evaluate the pipe strength of 18-in. dia., SDR 17 HDPE sump riser piping in the base system of the 

Columbia Dry Ash Disposal Facility Modules 10 and 11 using designed properties and parameters.

Approach: Use referenced formulas to determine the maximum height waste can be placed above the sump riser piping

and the specific physical pipe properties necessary to perform adequately.

References: 1. Plastics Pipe Institute, 2nd Edition Handbook of PE Pipe, Buried PE Pipe Design (Attachment 1)

2. ISCO Industries, Typical Physical Properties and Dimension Charts, www.isco-pipe.com (Attachment 2)

3. "Soil Reaction for Buried Flexible Pipe", Amster K. Howard, U.S. Bureau of Reclamation

4. Plan of Operation, Metro Landfill Western Expansion, Appendix F - "Report on Metro Landfill - Pipe Design",

Watkins, 1989

5. U.S. Department of Transportation, Federal Highway Administration, Recycled Materials, Coal Ash User's Guide

6. "HDPE Leachate Collection Pipe Design by Fundamentals of Mechanics", Harrison and Watkins, 1996,

     Nineteenth International Madison Waste Conference.

7. SCS Engineers, Plan of Operation Update, Dry Ash Disposal Facility - Columbia Energy Center , 

Base / Final Grades Plan Sheets, April 2022

Assumptions: 1. Waste above the piping is assumed to be wet.

2. Wet waste unit weight is a conservative 135 pcf from research and typical project experience values.

3. Live loads are negligible above the piping. The maximum fill height over an 18-in SDR 17 HDPE pipe will 

be 35 feet for the current design. 

4. Sump riser pipes will be 18-in., SDR 17 HDPE in Modules 10 and 11.

5. Allowable compressive stress for HDPE pipe is 1,000 psi (Plastic Pipe Institute, Attachment 1).

Calculations: Pipe Loading, Py

where,

Dead Load, DL

where, γ = Fill Unit Weight, lb/ft3 = (waste unit weight)

H = Height of cover, ft = (max. waste height)

DL = Dead Load, lb/in2 =

In our case the live load = 0, due to limited live loads above the piping after placement.

So,   Py  =  DL  = lb/in2

Assuming, 18 inch SDR 17 HDPE for leachate sump riser piping

Outer Diameter of Pipe (OD) = in. (From Attachment 2)

Min. Pipe wall thickness (t) = in. (From Attachment 2)

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Pipe Strength Calcs\[220414_COL Pipe Strength - Sump.xls]Calc 1

33

35

135

33

1.059

18
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/14/22

Client:  WPL Subject:  Pipe Strength Calculations - Sump Chk'd:  DLN Date:  04/19/22

Calculations: Deflection
(cont.)

Wall Crushing

where,

Wall Thrust,  T

SDR 17 HDPE Piping
where, Py = Vertical Fill Pressure lb/in2

= (Previously Calculated)

D0 = Outside Diameter, in = (SDR 17, 18-inch)

T = Wall Thrust, lb/in =

A = Area of Pipe Wall, in2/in = (Solid=Thickness)

So, =

Result:

Sump Riser Piping Maximum Height - SDR 17 HDPE

For Py = Vertical Fill Pressure lb/in2
=

D0 = Outside Diameter, in = (SDR 17, 18-inch)

T = Wall Thrust, lb/in =

A = Area of Pipe Wall, in2/in = (Solid=Thickness)

So, =

Maximum Height (feet) = Py*(144)/ɣ =

Result:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Pipe Strength Calcs\[220414_COL Pipe Strength - Sump.xls]Calc 2

The maximum height of fill above the 18-inch SDR 17 HDPE piping is 126 feet for a fill unit weight of 135 

lb/ft3 to maintain the required minimum factor of safety against wall crushing. Wall crushing controls the 
maximum fill height that can be placed above the sump riser pipes. The maximum fill height above the 18-
inch diameter piping when Modules 10 and 11 are filled will be approximately 35 feet, which is lower than 
the maximum allowable fill height.

118

18.000

1,059

1.059

1,000

A deflection of 5 to 7.5% has become the standard for limiting deflection in flexible pipes. Based on Figure 
7.16 in Uni-Bell (1991) and Watkins (1989) a vertical strain of greater than 5% will never be reached for 
flexible pipe bedded in compacted gravel, independent of vertical soil pressure.  At 90% compaction the 
vertical strain will always be less than 2%.  The height of fill over the pipe is not a factor when the pipe is 
well bedded in gravel.  These findings are consistent for HDPE piping with the Harrison and Watkins (1996) 
paper.

126

The allowable compressive strength of HDPE pipe is approximately 1,000 psi, so the calculated compressive 
stress values are acceptable and wall crushing of the pipe will be avoided when the pipe is at least SDR 
17, 18-inch diameter for the sump riser pipe.

33

18.000

295

1.059

279



Sheet No. 3 of 4

Calc. No.

Rev. No.

Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/14/22

Client:  WPL Subject:  Pipe Strength Calculations - Sump Chk'd:  DLN Date:  04/19/22

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Pipe Strength Calcs\[220414_COL Pipe Strength - Sump.xls]Attach 1

Attachment 1

From the Handbook of PE Pipe 2008, Second Edition by the Plastics Pipe Institute



Sheet No. 4 of 4

Calc. No.

Rev. No.

Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/14/22

Client:  WPL Subject:  Pipe Strength Calculations - Sump Chk'd:  DLN Date:  04/19/22

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Pipe Strength Calcs\[220414_COL Pipe Strength - Sump.xls]Attach 2

Attachment 2

From the ISCO Product Catalog dated Q4 2020



 

Plan of Operation Modification Request WDNR CCR Code Update www.scsengineers.com 
 

Appendix B5 

Liner Flow Rate Calculation 

  

http://www.scsengineers.com/


Sheet No. 1 of 2

Calc. No.
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Job No. 25217156.01 Job: Columbia Ash Generation Landfill By: BSS Date: 1/29/18

Client: Alliant Subject: GCL Liner Equivalency Chk'd: DN Date:  1/29/18

Purpose:  To determine that the liquid flow rate through a combined geosynthetic clay liner (GCL) and 

clay liner system is equivalent to just a clay liner.

References: 1. GSE Environmental, BentoLiner CAR-NWL35 GCL product specifications.

2. Columbia Energy Center, Construction Quality Assuracnce Plan, December 2017

3. JLT Laboratories, Inc., Fexible Wall Permeability Compatibility Test Results, September 2015 

4. 40 CRF 257.70, Design criteria for new CCR landfills and any lateral expansion of a CCR

landfill, 2017 

5. Permeability of Stratifed Deposits, NPTEL website, December 2009

Approach: The following equation will be used to calcuate the flow rate per unit area (q) based on the

liner thickness (H), hydaulic conductivity (k), and hydrualic head above the liner (h).  

For the combined GCL and clay liner, an average hydraulic conductivity (kv) will be calculated

uing the following equation: 

Where kv is the average hydraulic conductvity for the system, H is the total thickness of the

combined liner system, k1 and k2 are the hydraulic conductivity of the clay liner and the GCL

respectivitly, and H1 and H2 is the thickness of the clay liner and the GCL respectively.

Assumptions: 1. The clay liner hydraulic conducivity (k1) is 1x10-7 cm/sec.

2. The hydraulic conductivity (k2) for the GCL, 5x10-9 cm/sec was used based on the maximum

allowable from the CQA Plan.

3. A hydraulic head (h) of 30 cm was assumed above the liner.

4. GCL thickness (H2) of 0.74 cm was based on typical manufactured product thickness.

I:\25217156.00\Deliverables\Liner and LCS Design Compliance\Appendices\D-Liner Flow Rate Calculation\D1_GCL 
Equivalency Calc_180125 Sheet 1
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Job No. 25217156.01 Job: Columbia Ash Generation Landfill By: BSS Date: 1/25/18

Client: Alliant Subject: GCL Liner Equivalency Chk'd:  DN Date:  1/29/18

Calculations:

Calculation for clay liner

H1 = cm (2 ft x 30.48cm/ft = 60.96 cm)

h = cm

k1 = cm/sec

q = k1*(h/H1 + 1) = cm/sec

Calculation for clay liner with a geosynthetic clay liner (GCL)

H2 = cm

h = cm

k2 = cm/sec

H = H1 + H2 = cm

kv = H / ((H1/k1) + (H2/k2)) = cm/sec

q = kv*(h/H + 1) = cm/sec

Clay Liner Flow Rate (cm/sec) Combined GCL and Clay Liner Flow Rate (cm/sec)

Conclusion: A combined GCL and clay liner system has an equivalent or lower flow rate per unit area to 

just a clay liner.

1.21E-071.49E-07 >

0.74

30

61.70

8.14E-08

60.96

30

1E-07

1.49E-07

1.21E-07

5.00E-09

I:\25217156.00\Deliverables\Liner and LCS Design Compliance\Appendices\D-Liner Flow Rate Calculation\D1_GCL 
Equivalency Calc_180125 Sheet 2
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Water Levels 
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Raw Data MW-1AR MW-4 MW-5R MW-33AR MW-33BR MW-34A MW-34B MW-37A MW-83 MW-84A MW-84B MW-86 MW-91AR MW-91B MW-92A MW-92B MW-93A MW-93B MW-312 LS-1 LS-3R LH-2 LH-3 LH-4
Measurement Date

October 2, 2012 39.14 36.04 20.48 25.91 26.16 22.92 23.06 30.38 dry 30.44 30.32 40.98 24.94 24.55 23.98 24.35 NI NI NI 16.90 16.64 dry -- --
April 15, 2013 37.11 35.72 19.35 24.13 24.25 21.21 21.26 29.17 23.47 28.45 28.50 39.57 23.89 23.44 22.72 23.07 NI NI NI 8.94 dry dry -- --

October 8, 2013 23.37 23.03 22.5 22.89 NI NI NI -- --
October 15, 2013 NM NM NM NM NM NM NM NM NM NM NM NM 23.37 23.03 22.5 22.89 NI NI NI 9.15 dry (4) -- --

April 14, 2014 37.60 35.65 19.81 24.55 24.48 21.32 21.35 29.59 24.23 28.70 28.74 39.83 23.99 23.49 22.48 22.87 NI NI NI 9.61 dry 0.2 -- --
October 2-3, 2014 37.52 34.35 19.36 23.92 24.11 21.38 21.51 28.48 dry 29.04 29.08 39.60 23.56 23.17 22.72 23.08 NI NI NI 9.06 dry 0.3 -- --
April 13-14, 2015 38.59 36.11 20.19 25.28 25.65 22.30 22.10 30.17 dry 29.85 29.75 40.62 24.55 24.08 23.40 23.75 NI NI NI dry 9.62 dry -- --

October 6-7, 2015 38.27 35.30 19.72 24.61 25.06 21.90 22.03 29.38 24.31 29.48 29.5 40.13 24.14 23.75 23.27 23.65 NI NI NI broken dry 14.8 inches -- --
April 4-6, 2016 36.73 aband 18.42 23.00 23.32 20.32 20.38 28.28 22.53 27.91 28.00 38.90 22.98 22.50 21.86 22.20 NI NI NI broken dry 15.9" -- --

October 11-13, 2016 35.91 aband 17.44 20.93 21.93 19.50 19.73 26.64 21.15 27.06 27.15 37.83 21.86 21.64 20.79 21.16 NI NI NI 13.00 dry 0.8" 1.4" --
April 10-13, 2017 35.59 aband 17.31 21.90 22.40 19.65 19.77 26.70 21.73 27.12 27.20 37.83 21.79 21.42 20.57 20.81 NI NI NI 13.10 dry -0.3 1.4'' --

October 3-5, 2017 37.07 aband 18.78 23.78 24.17 21.28 21.42 28.18 23.67 NM 27.77 39.21 22.95 22.62 22.00 22.39 NI NI NI 13.26 dry NM NM --
October 9-10, 2017 -- aband NM NM NM NM NM NM NM 28.72 (6) NM NM NM NM NM NM NI NI NI NM NM 1.4'' (5) 1.6'' (5) --
February 21, 2018 38.58 aband NM NM NM NM NM NM NM -- NM NM 24.35 23.99 NM NM NI NI NI NM NM NM NM --
April 23-25, 2018 38.56 aband 20.08 25.20 22.03 24.18 25.26 29.76 24.64 28.40 29.35 42.25 24.32 23.92 23.24 23.60 NI NI NI 13.26 NM NM NM --

October 23-25, 2018 34.30 aband 15.73 19.52 20.43 18.07 18.32 25.42 19.70 25.96 26.07 36.58 20.44 20.14 19.15 19.54 NI NI NI dry 13.59 4.6 4 --
April 1-4, 2019 35.50 aband 16.80 21.66 21.85 19.13 19.13 26.57 21.18 26.93 26.92 37.63 21.58 21.27 20.43 20.78 NI NI NI 13.51 dry 42.0 4 169

October 7-9, 2019 35.29 aband 16.21 20.03 20.75 18.03 18.31 26.27 19.06 26.49 26.53 37.35 21.25 20.83 19.84 20.24 NI NI NI 13.60 dry -0.1" 11.7" 13.1"
May 27-28, 2020 35.63 aband 17.10 22.28 22.64 19.97 20.06 26.82 21.93 27.26 27.27 37.85 21.77 21.40 20.61 20.94 NI NI NI 13.62 dry -0.1 2.40 2.4

October 7-8, 2020 36.60 aband 17.68 22.38 22.94 20.25 20.37 27.52 22.24 28.18 28.20 38.69 22.48 22.12 21.62 22.03 NI NI NI 13.62 dry -0.1 2.70 2.4
February 25, 2021 NM aband NM NM NM 21.20 NM NM NM NM NM NM NM NM NM NM NI NI NI NM NM -0.1 2.70 2.6

April 14, 2021 44.43 aband 18.15 24.02 24.34 21.18 21.28 28.58 23.62 28.44 28.45 39.19 23.17 22.76 22.00 22.35 NI NI NI 13.71 dry -0.1" 2.8" 2.6"
June 11, 2021 NM aband NM 24.10 NM 21.29 NM NM NM NM NM NM NM NM NM NM NI NI NI

October 11-12, 14, 2021 38.08 aband 18.66 24.56 24.79 21.53 21.64 29.16 24.09 29.32 29.38 40.00 23.89 23.51 22.92 23.30 NI NI NI 13.71 dry
October 17, 2021 NM aband NM NM NM NM NM NM NM NM NM NM NM NM NM NM NI NI NI NM NM -0.1" 3.1" 2.8"

April 1, 2022 aband aband NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM -"0.1" 3.1" 2.9"
April 11-13, 2022 aband aband 19.92 25.02 24.94 21.65 21.63 29.78 24.18 29.26 29.26 40.09 24.20 23.73 23.02 23.39 43.90 43.74 43.06 13.60 dry NM NM NM

October 24-28, 2022 aband aband 20.01 26.35 26.78 22.34 22.44 30.76 dry 29.71 29.72 40.41 24.39 23.98 23.42 23.79 44.15 44.95 43.29 13.78 dry NM NM NM

Well Number MW-1AR MW-4 MW-5R MW-33AR MW-33BR MW-34A MW-34B MW-37A MW-83 MW-84A MW-84B MW-86 MW-91AR MW-91B MW-92A MW-92B MW-93A MW-93B MW-312 LS-1 LS-3R LH-2 LH-3 LH-4
Top of Casing Elevation (feet amsl) 822.55 819.74 805.44 808.29 808.39 805.95 806.05 813.04 807.96 814.28 814.26 824.79 809.03 808.45 808.47 808.41 827.89 827.71 826.79

Screen Length (ft) 10 5 10
Total Depth (ft from top of casing) 44.40 39.58 25.97 31.08 57.50 35.43 56.95 31.80 25.42 40.21 52.02 45.43 32.90 52.38 28.94 51.75 50.7 82.5 52.5 17.42 17.10 19.90
Top of Well Screen Elevation (ft) 778.15 780.16 779.47 777.21 750.89 770.52 749.10 781.24 782.54 774.07 762.24 779.36 776.13 756.07 779.53 756.66 787.19 750.21 784.29 NM NM NM

Measurement Date
October 2, 2012 783.41 783.70 784.96 782.38 782.23 783.03 782.99 782.66 dry 783.84 783.94 783.81 784.09 783.90 784.49 784.06 NI NI NI dry --

April 15, 2013 785.44 784.02 786.09 784.16 784.14 784.74 784.79 783.87 784.49 785.83 785.76 785.22 785.14 785.01 785.75 785.34 NI NI NI NM dry dry --
October 8, 2013 785.66 785.42 785.97 785.52 NI NI NI NM NM NM --
October 15, 2013 NM NM NM NM NM NM NM NM NM NM NM NM 785.66 785.42 785.97 785.52 NI NI NI --

April 14, 2014 784.95 784.09 785.63 783.74 783.91 784.63 784.70 783.45 783.73 785.58 785.52 784.96 785.04 784.96 785.99 785.54 NI NI NI NM dry leachate depth = 0.2 in. --
October 2-3, 2014 785.03 785.39 786.08 784.37 784.28 784.57 784.54 784.56 dry 785.24 785.18 785.19 785.47 785.28 785.75 785.33 NI NI NI NM dry leachate depth = 0.3 in. --
April 13-14, 2015 783.96 783.63 785.25 783.01 782.74 783.65 783.95 782.87 dry 784.43 784.51 784.17 784.48 784.37 785.07 784.66 NI NI NI dry -- dry --

October 6-7, 2015 784.28 784.44 785.72 783.68 783.33 784.05 784.02 783.66 dry 784.80 784.76 784.66 784.89 784.70 785.20 784.76 NI NI NI broken dry leachate depth = 14.8 in. --
April 4-6, 2016 785.82 aband 787.02 785.29 785.07 785.63 785.67 784.76 785.43 786.37 786.26 785.89 786.05 785.95 786.61 786.21 NI NI NI broken dry 15.9" --

October 11-13, 2016 786.64 aband 788.00 787.36 786.46 786.45 786.32 786.40 786.81 787.22 787.11 786.96 787.17 786.81 787.68 787.25 NI NI NI liquid depth = 3.5' dry 0.8" 1.4"
April 10-13, 2017 786.96 aband 788.13 786.39 785.99 786.30 786.28 786.34 786.23 787.16 787.06 786.96 787.24 787.03 787.90 787.60 NI NI NI liquid depth = 3.0' dry -0.3 1.4''

October 3-5, 2017 785.48 aband 786.66 784.51 784.22 784.67 784.63 784.86 784.29 NM 786.49 785.58 786.08 785.83 786.47 786.02 NI NI NI liquid depth = 2.7' dry NM NM
October 9-10, 2017 NM aband NM NM NM NM NM NM NM 785.56 (6) NM NM NM NM NM NM NI NI NI NM NM 1.4'' (5) 1.6'' (5)

February 21, 2018 783.97 aband NM NM NM NM NM NM NM NM NM NM 784.68 784.46 NM NM NI NI NI NM NM NM NM
April 23-25, 2018 783.99 aband 785.36 783.09 786.36 781.77 780.79 783.28 783.32 785.88 784.91 782.54 784.71 784.53 785.23 784.81 NI NI NI liquid depth = 2.7' NM NM NM

October 23-25, 2018 788.25 aband 789.71 788.77 787.96 787.88 787.73 787.62 788.26 788.32 788.19 788.21 788.59 788.31 789.32 788.87 NI NI NI dry liquid depth = 2.4' 4.6 4 --
April 1-4, 2019 787.05 aband 788.64 786.63 786.54 786.82 786.92 786.47 786.78 787.35 787.34 787.16 787.45 787.18 788.04 787.63 NI NI NI liquid depth = 3.9' dry -- --

October 7-9, 2019 787.26 aband 789.23 788.26 787.64 787.92 787.74 786.77 788.90 787.79 787.73 787.44 787.78 787.62 788.63 788.17 NI NI NI liquid depth = 3.8' dry -0.1" 11.7" 13.1"
May 27-28, 2020 786.92 aband 788.34 786.01 785.75 785.98 785.99 786.22 786.03 787.02 786.99 786.94 787.26 787.05 787.86 787.47 NI NI NI liquid depth = 3.8' dry -0.1 2.4 2.4

October 7-8, 2020 785.95 aband 787.76 785.91 785.45 785.70 785.68 785.52 785.72 786.10 786.06 786.10 786.55 786.33 786.85 786.38 NI NI NI liquid depth = 3.8' dry -0.1 2.7 2.4
February 25, 2021 NM aband NM NM NM 784.75 NM NM NM NM NM NM NM NM NM NM NI NI NI NM NM -0.1 2.7 2.6

April 14, 2021 778.12 aband 787.29 784.27 784.05 784.77 784.77 784.46 c 785.84 785.81 785.60 785.86 785.69 786.47 786.06 NI NI NI liquid depth = 3.7' -- 0.233333333 0.216666667
June 11, 2021 NM aband NM 784.19 NM 784.66 NM NM NM NM NM NM NM NM NM NM NI NI NI NM NM NM NM NM

October 11-12, 14, 2021 784.47 adand 786.78 783.73 783.60 784.42 784.41 783.88 783.87 784.96 784.88 784.79 785.14 784.94 785.55 785.11 NI NI NI liquid depth = 3.7' --
October 17, 2021 NM adand NM NM NM NM NM NM NM NM NM NM NM NM NM NM NI NI NI NM NM -0.01 0.26 0.23

April 1, 2022 aband aband NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM -"0.1" 3.1" 2.9"
April 11-13, 2022 aband adand 785.52 783.27 783.45 784.30 784.42 783.26 783.78 785.02 785.00 784.70 784.83 784.72 785.45 785.02 783.99 783.97 783.73 liquid depth = 3.8' dry NM NM NM

October 24-28, 2022 aband aband 785.43 781.94 781.61 783.61 783.61 782.28 dry 784.57 784.54 784.38 784.64 784.47 785.05 784.62 783.74 782.76 783.50 liquid depth = 3.6' dry NM NM NM
Bottom of Well Elevation (ft) 778.15 780.16 779.47 777.21 750.89 770.52 749.10 781.24 782.54 774.07 762.24 779.36 776.13 756.07 779.53 756.66 777.19 745.21 774.29 NM NM NM NM

Table 3. Groundwater Elevation - State Monitoring Program and CCR Well Network 
Columbia Dry Ash and Ash Pond Disposal Facilities / SCS Engineers Project #25222067.00

Dry Ash 
Facility 

(Facility ID 
#03025)
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Table 3. Groundwater Elevation - State Monitoring Program and CCR Well Network 
Columbia Dry Ash and Ash Pond Disposal Facilities / SCS Engineers Project #25222067.00

Raw Data M-3 M-4R MW-39A MW-39B MW-48A MW-48B MW-57 MW-59 MW-216R MW-217 MW-220RR SG-1 SG-2 SG-3 SG-4
Measurement Date

October 2, 2012 8.10 19.34 28.13 28.16 46.83 46.91 5.71 35.60 32.30 10.60 12.35 2.92 1.40 dry dry
April 15, 2013 3.07 17.71 25.65 25.50 45.09 45.06 1.60 31.82 30.12 6.80 7.88 (1) NM(2) dry dry

October 8, 2013 7.01 19.43 NM NM 45.17 45.26 NM NM 30.82 9.28 10.54 (3) 3.92 (3) dry
October 15, 2013 NM NM 26.68 26.69 NM NM 3.82 31.99 NM NM NM NM NM NM NM

April 14, 2014 2.19 17.14 26.05 25.82 45.30 45.27 0.78 32.07 30.48 6.30 7.03 788.90 NM NM NM
October 1-3, 2014 7.07 18.55 26.20 26.18 44.81 44.90 3.97 31.93 30.42 8.92 9.87 cannot read dry dry dry
April 13-14, 2015 5.15 19.27 26.85 26.82 46.06 46.02 3.48 32.65 31.28 8.21 9.48 (1) 3.55 dry dry

October 6-7, 2015 7.57 19.98 26.65 26.69 45.76 45.83 4.47 32.23 31.03 9.6 10.64 NM 3.67 dry dry
April 4-6, 2016 4.02 17.01 24.35 24.23 44.07 44.08 3.08 30.51 28.53 6.53 8.54 From NS 1.85 dry dry

October 11-13, 2016 6.35 18.22 23.87 23.98 43.13 43.23 3.17 28.97 28.05 7.80 8.81 From NS 2.73 dry dry
April 10-13, 2017 5.29 18.15 24.18 24.30 43.04 43.15 3.52 29.39 28.26 7.26 8.81 From NS 1.40 dry dry

October 3-5, 2017 7.30 19.06 26.27 26.32 44.56 44.65 3.92 31.25 30.32 9.07 10.29 From NS 1.8 dry dry
April 23-25, 2018 5.34 15.67 26.76 26.63 45.72 45.75 3.25 32.46 30.98 8.29 9.45 From NS above gauge dry dry

October 23-25, 2018 5.28 17.63 22.50 22.62 41.74 41.85 2.81 27.75 26.72 6.65 8.38 From NS 2.00 dry dry
April 1-4, 2019 2.55 16.66 23.34 23.19 42.30 42.39 1.02 28.09 27.68 5.22 7.44 From BC 0.65 dry dry

October 7-9, 2019 2.90 15.45 22.52 22.48 42.18 42.19 1.00 28.80 27.14 5.54 7.48 From BC 0.05 dry dry
May 27-29, 2020 6.43 18.37 24.50 24.58 43.12 43.25 3.18 29.59 28.61 8.14 9.01 From BC above gauge dry dry

October 7-8 &17, 2020 6.81 18.36 24.88 24.86 43.83 43.88 3.46 30.05 29.11 8.49 9.41 From BC 1.93 dry NM
April 12, 2021 5.93 19.76 25.96 25.85 44.73 44.76 3.50 31.40 30.24 8.40 9.41 From BC 1.80 below gauge dry

October 11-12, 14, 2021 7.20 19.77 26.68 26.65 45.77 45.81 4.35 32.37 31.17 9.40 10.24 From BC 0.12 dry dry
April 11-13, 2022 4.28 17.84 26.25 26.16 45.76 45.74 NM 32.49 30.81 7.62 9.07 From BC 0.60 dry dry

June 3, 2022 NM NM NM NM NM NM 4.16 NM NM NM NM NM NM NM NM
October 25, 26, 28, 2022 7.82 22.25 28.86 28.84 49.29 49.29 7.06 36.50 35.60 11.22 11.41 NM 0.04 dry dry

Well Number M-3 M-4R MW-39A MW-39B MW-48A MW-48B MW-57 MW-59 MW-216R MW-217 MW-220RR SG-1 SG-2 SG-3 SG-4
Top of Casing Elevation (feet amsl) 788.23 806.10 809.62 809.50 828.86 828.84 786.29 815.48 814.21 791.55 792.90 792.06 795.25 808.60 805.36

Screen Length (ft)
Total Depth (ft from top of casing) 16.90 25.55 34.80 76.07 51.88 75.80 14.40 38.50 37.85 37.37 18.96 -- -- -- --
Top of Well Screen Elevation (ft) 771.33 780.55 774.82 733.43 776.98 753.04 771.89 776.98 776.36 754.18 773.94 -- -- -- --

Measurement Date
October 2, 2012 780.13 786.76 781.49 781.34 782.03 781.93 780.58 779.88 781.91 780.95 780.55 789.14 793.85 dry dry

April 15, 2013 785.16 788.39 783.97 784.00 783.77 783.78 784.69 783.66 784.09 784.75 785.02 789.5(1) NM dry dry

October 8, 2013 781.22 786.67 NM NM 783.69 783.58 NM NM 783.39 782.27 782.36 789.5(1) 791.33 dry dry
October 15, 2013 NM NM 782.94 782.81 NM NM 782.47 783.49 NM NM NM NM NM NM NM

April 14, 2014 786.04 788.96 783.57 783.68 783.56 783.57 785.51 783.41 783.73 785.25 785.87 788.90 dry dry dry
October 1-3, 2014 781.16 787.55 783.42 783.32 784.05 783.94 782.32 783.55 783.79 782.63 783.03 NM dry dry dry
April 13-14, 2015 783.08 786.83 782.77 782.68 782.80 782.82 782.81 782.83 782.93 783.34 783.42 789.3 791.70 dry dry

October 6-7, 2015 780.66 786.12 782.97 782.81 783.10 783.01 781.82 783.25 783.18 781.95 782.26 788.48 791.58 dry dry
April 4-6, 2016 784.21 789.09 785.27 785.27 784.79 784.76 783.21 784.97 785.68 785.02 784.36 NM 793.40 dry dry

October 11-13, 2016 781.88 787.88 785.75 785.52 785.73 785.61 783.12 786.51 786.16 783.75 784.09 788.32 792.52 dry dry
April 10-13, 2017 782.94 787.95 785.44 785.20 785.82 785.69 782.77 786.09 785.95 784.29 784.09 788.31 793.85 dry dry

October 3-5, 2017 780.93 787.04 783.35 783.18 784.30 784.19 782.37 784.23 783.89 782.48 782.61 788.3 793.45 dry dry
April 23-25, 2018 782.89 790.43 782.86 782.87 783.14 783.09 783.04 783.02 783.23 783.26 783.45 788.38 >795.25 dry dry

October 23-25, 2018 782.95 788.47 787.12 786.88 787.12 786.99 783.48 787.73 787.49 784.90 784.52 787.76 793.25 dry dry
April 1-4, 2019 785.68 789.44 786.28 786.31 786.56 786.45 785.27 787.39 786.53 786.33 785.46 788.40 794.60 dry dry

October 7-9, 2019 785.33 790.65 787.10 787.02 786.68 786.65 785.29 786.68 787.07 786.01 785.42 748.48 795.20 dry dry
May 27-29, 2020 781.80 787.73 785.12 784.92 785.74 785.59 783.11 785.89 785.60 783.41 783.89 748.48 >795.25 dry dry

October 7-8 &17, 2020 781.42 787.74 784.74 784.64 785.03 784.96 782.83 785.43 785.10 783.06 783.49 788.34 793.32 dry NM
April 12, 2021 782.30 786.34 783.66 783.65 784.13 784.08 782.79 784.08 783.97 783.15 783.49 788.03 793.45 below gauge dry

October 11-12, 14, 2021 781.03 786.33 782.94 782.85 783.09 783.03 781.94 783.11 783.04 782.15 782.66 788.59 795.13 dry dry
April 11-13, 2022 783.95 788.26 783.37 783.34 783.10 783.10 NM 782.99 783.40 783.93 783.83 788.4 794.65 dry dry

June 3, 2022 NM NM NM NM NM NM 782.13 NM NM NM NM NM NM NM NM
October 25, 26, 28, 2022 780.41 783.85 780.76 780.66 779.57 779.55 779.23 778.98 778.61 780.33 781.49 NM 795.21 dry dry

Bottom of Well Elevation (ft) 771.33 780.55 774.82 733.43 776.98 753.04 771.89 776.98 776.36 754.18 773.94 -- -- -- --

Ash Pond 
Facility 

(Facility ID 
#02325)
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Table 3. Groundwater Elevation - State Monitoring Program and CCR Well Network 
Columbia Dry Ash and Ash Pond Disposal Facilities / SCS Engineers Project #25222067.00

Raw Data MW-301 MW-302 MW-303 MW-304 MW-305 M-4R MW-33AR MW-34A MW-84A MW-306 MW-307 MW-308 MW-309 MW-310 MW-311
Measurement Date

December 21-22, 2015 21.33 28.22 27.41 19.29 17.36 18.52 24.52 22.45 28.97 NI NI NI NI NI NI
April 4-5, 2016 20.11 27.19 26.04 17.34 16.71 17.01 23.00 20.32 27.91 NI NI NI NI NI NI
July 7-8, 2016 20.58 26.72 26.92 18.06 17.06 18.67 23.10 20.90 28.39 NI NI NI NI NI NI
July 28, 2016 NM NM 27.17 NM NM NM NM 21.09 28.67 NI NI NI NI NI NI

October 11-13, 2016 19.25 25.24 25.34 17.24 16.54 18.22 20.93 19.50 27.06 NI NI NI NI NI NI
December 29, 2016 19.52 25.95 NM NM NM NM 22.63 20.23 27.65 NI NI NI NI NI NI
January 25-26, 2017 19.62 26.11 26.24 16.08 16.96 16.46 22.41 19.97 27.58 22.13 21.53 21.17 NI NI NI
April 10 & 11, 2017 19.00 25.45 25.52 17.20 16.75 18.15 21.9 19.65 27.12 21.41 21.25 20.39 NI NI NI

June 6, 2017 18.64 24.63 25.03 16.84 16.53 18.27 21.02 19.29 26.65 20.78 20.82 20.44 NI NI NI
August 7-9, 2017 19.55 25.45 26.10 15.90 17.02 17.56 22.18 20.14 27.60 21.94 21.70 21.53 NI NI NI

October 23-24, 2017 21.00 27.06 27.60 16.45 18.18 18.10 24.16 21.45 28.96 23.66 22.10 22.73 NI NI NI
February 21, 2018 NM NM NM NM NM NM NM NM NM NM NM NM 30.08 30.57 26.72
March 23, 2018 NM NM NM NM NM NM NM NM NM NM NM NM 30.17 30.52 26.74
April 23-25, 2018 21.60 28.63 28.25 15.73 18.65 15.67 25.20 24.18 28.40 24.39 23.24 24.25 30.20 30.65 27.91

May 24, 2018 NM NM NM NM NM NM NM NM NM 21.84 21.80 NM 27.82 27.65 23.63
June 23, 2018 NM NM NM NM NM NM NM NM NM NM NM NM 27.24 26.98 23.27
July 23, 2018 NM NM NM NM NM NM NM NM NM NM NM NM 27.00 27.27 23.19

August 7, 2018 19.83 NM 26.32 17.17 17.76 18.47 NM NM 27.73 NM NM NM NM NM NM
August 22, 2018 NM NM NM NM NM NM NM NM NM NM NM NM 27.73 28.22 24.28

September 21, 2018 NM 24.63 25.02 NM NM NM 20.39 18.94 NM NM NM NM 26.19 26.38 22.08
October 22-24,  2018 17.91 23.84 24.01 16.37 16.28 17.63 19.52 18.07 25.96 19.97 20.32 19.09 25.28 25.44 21.10

April 1-4, 2019 19.85 25.44 25.00 15.70 16.25 16.66 21.66 19.13 26.93 20.91 20.18 19.37 26.97 27.24 23.36
June 12, 2019 NM NM NM NM NM NM NM NM NM NM NM NM NM 26.37 NM
June 19, 2019 NM NM 24.71 NM NM NM NM NM NM NM NM NM NM NM NM

October  7-9, 2019 18.42 24.69 24.50 15.01 15.96 15.45 NM NM NM 20.16 19.90 19.72 26.01 25.68 22.10
December 13, 2019 NM NM NM NM NM NM NM NM NM 20.60 21.21 20.47 NM NM NM
December 23, 2019 NM NM NM NM NM NM NM NM NM NM NM NM NM 38.40 NM

January 17, 2020 NM NM 25.94 NM NM NM NM NM NM NM NM NM NM NM NM
February 3, 2020 19.65 NM -- NM NM NM NM NM 27.78 21.86 21.32 20.42 NM NM NM
May 27-29, 2020 19.12 25.71 25.96 16.12 18.54 18.37 22.28 19.97 27.26 21.86 21.54 20.62 27.29 27.81 23.89

June 30, 2020 NM NM NM NM NM NM NM NM NM NM NM NM 27.09 NM NM
August 6, 2020 NM NM NM NM NM NM NM NM NM NM NM NM 27.34 NM NM

October 7-8, 2020 20.36 26.26 26.36 16.90 18.36 18.36 22.38 20.25 28.18 22.24 22.18 21.22 27.80 28.06 23.91
December 11, 2020 NM NM NM NM 18.13 NM NM NM NM NM NM NM 28.01 28.36 NM
February 25, 2021 NM NM 27.25 NM 17.96 NM NM 21.20 NM NM NM NM NM NM NM

April 12, 2021 20.39 27.23 27.45 17.43 18.21 19.76 24.02 21.18 28.44 23.31 22.68 21.35 28.98 29.38 25.59
June 11, 2021 NM NM NM NM NM NM 24.10 21.29 NM NM NM NM 29.07 29.57 NM
July 20, 2021 NM NM 27.88 NM 17.93 NM NM NM NM NM NM NM NM NM NM

October 11-12, 14, 2021 21.61 27.91 28.43 17.64 18.57 19.77 24.56 21.53 29.32 24.70 24.45 23.14 29.62 30.14 26.26
December 21, 2021 NM NM NM NM NM NM NM NM NM NM NM NM 30.34 NM NM
February 24, 2022 NM NM 29.18 NM 19.83 NM NM NM NM NM NM NM NM NM NM
April 11-13, 2022 21.45 28.58 28.12 17.22 18.45 17.84 25.02 21.65 29.26 24.52 23.57 22.71 30.13 30.43 26.70

July 27, 2022 NM NM 28.45 NM 19.29 NM NM NM NM NM NM NM NM NM NM
October 25-27, 2022 21.98 28.38 36.78 23.63 21.35 22.25 26.35 22.34 29.71 29.31 29.00 22.74 31.77 32.66 28.51
November 30, 2022 NM NM NM NM NM NM NM NM NM NM NM NM 31.65 32.48 28.59
December 2, 2022 21.77 28.52 NM 21.45 NM NM 26.38 22.24 29.52 29.11 27.35 NM NM NM NM

CCR Rule 
Wells
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Table 3. Groundwater Elevation - State Monitoring Program and CCR Well Network 
Columbia Dry Ash and Ash Pond Disposal Facilities / SCS Engineers Project #25222067.00

Well Number MW-301 MW-302 MW-303 MW-304 MW-305 M-4R MW-33AR MW-34A MW-84A MW-306 MW-307 MW-308 MW-309 MW-310 MW-311
Top of Casing Elevation (feet amsl) 806.89 813.00 815.72 805.42 806.32 806.10 808.29 805.95 814.28 807.63 806.89 806.9 813.27 813.62 809.74

Screen Length (ft) 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Total Depth (ft from top of casing) 29.40 33.6 35.80 25.7 25.6 39.58 31.08 35.43 40.21 27 26.5 28 37.67 38.41 36.19
Top of Well Screen Elevation (ft) 787.49 789.40 785.72 789.72 790.72 776.52 787.21 780.52 784.07 790.63 790.39 788.90 785.60 785.21 783.55

Measurement Date
December 21-22, 2015 785.56 784.78 784.11 786.13 788.96 787.58 783.77 783.50 785.31 NI NI NI NI NI NI

April 4-5, 2016 786.78 785.81 785.48 788.08 789.61 789.09 785.29 785.63 786.37 -- -- -- -- -- --
July 7-8, 2016 786.31 786.28 784.60 787.36 789.26 787.43 785.19 785.05 785.89 -- -- -- -- -- --
July 28, 2016 NM NM 784.35 NM NM NM NM 784.86 785.61 -- -- -- -- -- --

October 11-13, 2016 787.64 787.76 786.18 788.18 789.78 787.88 787.36 786.45 787.22 -- -- -- -- -- --
December 29, 2016 787.37 787.05 NM NM NM NM 785.66 785.72 786.63 -- -- -- -- -- --
January 25-26, 2017 787.27 786.89 785.28 789.34 789.36 789.64 785.88 785.98 786.70 785.50 785.36 785.73 -- -- --
April 10 & 11, 2017 787.89 787.55 786.00 788.22 789.57 787.95 786.39 786.30 787.16 786.22 785.64 786.51 -- -- --

June 6, 2017 788.25 788.37 786.49 788.58 789.79 787.83 787.27 786.66 787.63 786.85 786.07 786.46 -- -- --
August 7-9, 2017 787.34 787.55 785.42 789.52 789.30 788.54 786.11 785.81 786.68 785.69 785.19 785.37 -- -- --

October 23-24, 2017 785.89 785.94 783.92 788.97 788.14 788.00 784.13 784.50 785.32 783.97 784.79 784.17 -- -- --
February 21, 2018 NM NM NM NM NM NM NM NM NM NM NM NM 783.19 783.05 783.02
March 23, 2018 NM NM NM NM NM NM NM NM NM NM NM NM 783.10 783.10 783.00
April 23-25, 2018 785.29 784.37 783.27 789.69 787.67 790.43 783.09 781.77 785.88 783.24 783.65 782.65 783.07 782.97 781.83

May 24, 2018 NM NM NM NM NM NM NM NM NM 785.79 785.09 NM 785.45 785.97 786.11
June 23, 2018 NM NM NM NM NM NM NM NM NM NM NM NM 786.03 786.64 786.47
July 23, 2018 NM NM NM NM NM NM NM NM NM NM NM NM 786.27 786.35 786.55

August 7, 2018 787.06 NM 785.20 788.25 788.56 787.63 NM NM 786.55 NM NM NM NM NM NM
August 22, 2018 NM NM NM NM NM NM NM NM NM NM NM NM 785.54 785.40 785.46

September 21, 2018 NM 788.37 786.50 NM NM NM 787.90 787.01 NM NM NM NM 787.08 787.24 787.66
October 22-24,  2018 788.98 789.16 787.51 789.05 790.04 788.47 788.77 787.88 788.32 787.66 786.57 787.81 787.99 788.18 788.64

April 1-4, 2019 787.04 787.56 786.52 789.72 790.07 789.44 786.63 786.82 787.35 786.72 786.71 787.53 786.30 786.38 786.38
June 12, 2019 NM NM NM NM NM NM NM NM NM NM NM NM NM 787.25 NM
June 19, 2019 NM NM 786.81 NM NM NM NM NM NM NM NM NM NM NM NM

October  7-9, 2019 788.47 788.31 787.02 790.41 790.36 790.65 NM NM NM 787.47 786.99 787.18 787.26 787.94 787.64
December 13, 2019 -- -- -- -- -- -- -- -- -- 787.03 785.68 786.43 -- -- --
December 23, 2019 -- -- -- -- -- -- -- -- -- -- -- -- -- 775.22 --

January 17, 2020 -- -- 785.58 -- -- -- -- -- -- -- -- -- -- -- --
February 3, 2020 787.24 NM NM NM NM NM NM NM 786.50 785.77 785.57 786.48 NM NM NM
May 27-29, 2020 787.77 787.29 785.56 789.30 787.78 787.73 786.01 785.98 787.02 785.77 785.35 786.28 785.98 785.81 785.85

June 30, 2020 NM NM NM NM NM NM NM NM NM NM NM NM 786.18 NM NM
August 6, 2020 NM NM NM NM NM NM NM NM NM NM NM NM 785.93 NM NM

October 7-8, 2020 786.53 786.74 785.16 788.52 787.96 787.74 785.91 785.70 786.10 785.39 784.71 785.68 785.47 785.56 785.83
December 11, 2020 NM NM NM NM 788.19 NM NM NM NM NM NM NM 785.26 785.26 NM
February 25, 2021 NM NM 784.27 NM 788.36 NM NM 784.75 NM NM NM NM NM NM NM

April 12, 2021 786.50 785.77 784.07 787.99 788.11 786.34 784.27 784.77 785.84 784.32 784.21 785.55 784.29 784.24 784.15
June 11, 2021 NM NM NM NM NM NM 784.19 784.66 NM NM NM NM 784.20 784.05 NM
July 20, 2021 NM NM 783.64 NM 788.39 NM NM NM NM NM NM NM NM NM NM

October 11-12, 14, 2021 785.28 785.09 783.09 787.78 787.75 786.33 783.73 784.42 784.96 782.93 782.44 783.76 783.65 783.48 783.48
December 21, 2021 NM NM NM NM NM NM NM NM NM NM NM NM 782.93 NM NM
February 24, 2022 NM NM 782.34 NM 786.49 NM NM NM NM NM NM NM NM NM NM
April 11-13, 2022 785.44 784.42 783.40 788.20 787.87 788.26 783.27 784.30 785.02 783.11 783.32 784.19 783.14 783.19 783.04

July 27, 2022 NM NM 783.07 NM 787.03 NM NM NM NM NM NM NM NM NM NM
October 25-27, 2022 784.91 784.62 778.94 781.79 784.97 783.85 781.94 783.61 784.57 778.32 777.89 784.16 781.50 780.96 781.23
November 30, 2022 NM NM NM NM NM NM NM NM NM NM NM NM 781.62 781.14 781.15
December 2, 2022 785.12 784.48 NM 783.97 NM NM 781.91 783.71 784.76 778.52 779.54 NM NM NM NM

Bottom of Well Elevation (ft) 777.49 779.40 775.72 779.72 780.72 766.52 777.21 770.52 774.07 780.63 780.39 778.90 775.60 775.21 773.55

Notes: Created by: MDB Date: 5/6/2013
NM = not measured Last revision by: JR Date: 12/13/2022

Checked by: RM Date: 12/23/2022

(1) The elevation for SG-1 is read off of the staff gauge (rather than measured from the top of the gauge).
(2) SG-2 could not be located during the April 2013 event.
(3) SG-3 could not be located during the October 2013 event. SG-1 could not be safely accessed during the October 2013 event.
(4) LH-2 measurements are given as leachate depth, measured by a transducer.
(5) LH-2 and LH-3 measurements were collected by WPL staff on October 9, 2017.
(6) The depth to water at MW-84A was not measured prior to purging for sampling during the October 3-5 sampling event.  The level was allowed to return to static and was measured on 10/10/2017.
(7) BC = Brian Clepper; NS= Nate Sievers - Columbia Site employees.
(8) MW-303 was extended in 2022 due to regrading. Prior to October 2022, the TOC elevation was 811.52'. For events in October 2022 and later, the TOC elevation is 815.72'.

I:\25222260.00\Deliverables\Plan Modification\Appendices\B_Design Demonstration\[B7_wlstat_Columbia_2012-Dec 2022.xls]levels

CCR Rule 
Wells
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Sheet No. 1 of 2

Calc. No.

Rev. No.

Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  03/31/22

Client:  WPL Subject:  Sand Drainage Layer - Unit Gradient Chk'd:  DLN Date:  05/04/22

Purpose:

Approach: Use the unit gradient method to determine the maximum slope length.

References: 1. Landfilldesign.com

2. "GRI-GC8, Determination of the Allowable Flow Rate of a Drainage Geocomposite". Geosynthetics

Research Institute, 2001

3. "Beyond a factor-of-safety value, i.e., the proabability of failure". GRI Newsletter/Report, Vol. 15, no. 3

4. "Designing with Geosynthetics". R.M. Koerner, Prentice Hall Publishing Co., Englewood Cliffs, NJ, 1998

5. "Hydraulic Design of Geosynthetic and Granular Liquid Collection Layers". J. P. Giroud, J. G. Zornberg and 

A. Zhao, Geosynthetics International, Vol. 7, Nos 4-5

6. "Lateral Drainage Design update - part 2". G. N. Richardson, J. P. Giroud and A. Zhao, Geotechnical 

Fabrics Report, March 2002

7. HELP Model "User's Guide", Table 4: Default Soil, Waste, and Geosynthetic Characteristics

8. SCS Engineers, Plan Modification Request/Plan of Operation Update, Dry Ash Disposal Facility, 

COL Energy Center, Final Grades Plan Sheet, May 2022

With Darcy's Law:

Q = k X i X A

Inflow of water in the Drainage Material

Qin = =

Outflow of water from the geocomposite at the toe of the slope

Qout = =

This results in a required kdrain of:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Cover Unit Gradient\[220304_COL Cover Unit Gradient - Sand.xls]Calc 1

kveg  X  Lh

t  X  sinβ
X FS

To determine the maximum length of slope that the final cover drainage layer (sand) can carry infiltrating water 
and remain stable. 

kdrain  X  i  X  A

kveg  X  1  X  Lh X 1kveg  X  i  X  A

kdrain  X  t  X  sinβ

=kdrain
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Calc. No.

Rev. No.

Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  03/31/22

Client:  WPL Subject:  Sand Drainage Layer - Unit Gradient Chk'd:  DLN Date:  05/04/22

Assumptions: 1. Soil hydraulic gradient i  = 1.0.

2. Top soil will be clay. Soil permeability is 4.2 x 10 -5 cm/sec for a CL clay from HELP model user's guide.

3. Drainage Layer hydraulic gradient = sinβ where β=14˚ (4:1 horizontal/vertical final cover slope).

4. Maximum horizontal final cover slope length from crest to toe drain is 368 feet as shown in

   Module 1 on the final grades plan sheet.

5. The minimum hydraulic conductivity (kdrain,ave) is 1.0 x 10 -2 cm/s for the sand.

6. Cover drainage layer thickness t = 1 foot.

Calculation: Constants

Lh = =

kveg = = cm/sec

S = = b = 14˚

FSslope = =

δreq'd = = = degrees

Determine the maximum slope length for the given minimum required drainage layer permeability

Design

Conclusions:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Cover Unit Gradient\[220304_COL Cover Unit Gradient - Sand.xls]Calc 2

(feet) (meter)

9.1 7.69E-03

See Below

0.000042

25%

1.5

(cm/s)

Drainage pipe spacing or length of slope measured horizontally

Permeability of the vegetative supporting soil

Minimum interface friction angle

Minimum factor of safety against sliding, for 

drainage layer/geomembrane interface

tan-1(FS*tan(b))

The liner's slope, S = tan b

The design has an intermediate pipe every 30 feet spaced evenly up the slope. The intermediate pipe spacing 
design with the sand material has a factor of safety of 1.95.

20.6

Lh Lh kdrain, req 

30
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Cover Unit Gradient for Alternative Final Cover 
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Calc. No.

Rev. No.

Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/06/22

Client:  WPL Subject:  Unit Gradient - Converging Flow Area Chk'd:  DLN Date:  05/02/22

Purpose:

Approach:

References: 1. Landfilldesign.com - Lateral Drainage System - Single Slope, Unit Gradient Method

2. "GRI-GC8, Determination of the Allowable Flow Rate of a Drainage Geocomposite". Geosynthetics

Research Institute, 2001.

3. "Beyond a factor-of-safety value, i.e., the proabability of failure". GRI Newsletter/Report, Vol. 15, no. 3.

4. "Designing with Geosynthetics". R.M. Koerner, Prentice Hall Publishing Co., Englewood Cliffs, NJ, 1998.

5. "Hydraulic Design of Geosynthetic and Granular Liquid Collection Layers". J. P. Giroud, J. G. Zornberg and 

A. Zhao, Geosynthetics International, Vol. 7, Nos 4-5.

6. "Lateral Drainage Design update - part 2". G. N. Richardson, J. P. Giroud and A. Zhao, Geotechnical 

Fabrics Report, March 2002.

7. Giroud, Zornberg, and Zhao, 2000, "Hydraulic Design of Liquid Collection Layers", Geosynthetics International

8. SCS Engineers, Plan Modification Request/Plan of Operation Update, Dry Ash Disposal Facility, 

COL Energy Center, Final Grades Plan Sheet, April 2022

9. HELP Model "User's Guide" in conjunction with GRI report #19, pages 34-37 (Leachate Collection System)

= θ*į*1 where θ = kcomp * t

(minimum allowable outflow to 

keep head within geocomposite)

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Cover Unit Gradient - Converging Flow\[220406_COL Cover Unit Gradient_Geocomposite.xlsx]Calc 1

To determine the geocomposite drainage requirements in the final cover where flow converges in the north and 
south corners of Modules 10 and 11so the final cover drainage geocomposite can carry infiltrating water and 
remain stable. Also to determine the recommended minimum interface friction angle for final cover stability.

Use the unit gradient method and flow path geometry to determine the geocomposite transmissivity required at 
locations within the converging flow area.
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/06/22

Client:  WPL Subject:  Unit Gradient - Converging Flow Area Chk'd:  DLN Date:  05/02/22

Assumptions: 1. Soil hydraulic gradient i  = 1.0.

2. Top soil will be clay. Soil permeability is 4.2 x 10 -5 cm/sec for a CL clay from HELP model user's guide.

3. Geocomposite hydraulic gradient = sinβ where β=14˚ (4:1 horizontal/vertical final cover slope).

4. Factor of safety and transmissivity reduction factors are from recommended values in 

    GRI report #19 (Leachate collection system example) and HELP model "Users Guide"

5. Flow paths A-E and F-J are as shown on attached drawing.  Assume circular arc with radius measured

    from the corner of the toe drain.

6. Intermediate drainage piping will be used at 3 locations along the slope in each area to divert flow from 

    the drainage layer to the diversion berms and downslope flume.

Calculation: Constants

Lh = =

kveg = = cm/sec

S = = b = 14˚

FSslope = =

δreq'd = = = degrees

FSd = =

RFin = =

RFcr = =

RFcc = =

RFbc = =

w = Geocomposite width at drainage outlet

A = Final cover plan area upslope of geocomposite drainage outlet

Determine the maximum slope length for a given ultimate transmissivity

Min. Өreq = A  X  kveg  /  ( w  X  sinβ )
For the outlet at the corner, use minimum 5 foot width and 2 foot width of geocomposite to connect 

the toe drain to drain the converging flow area:

For converging flow in a circular arc, from radius R-top to radius R-bottom:

L = R-top - R-bottom

w-bot = w-top * (R-bot/R-top)

A = L* ( 1+ (R-bot/R-top))/2 (assuming unit width at top and trapezoid vs arc to simplify)

Өult-bot = (Өult calculated for L) * R-top/R-bot * ( 1+ (R-bot/R-top))/2

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Cover Unit Gradient - Converging Flow\[220406_COL Cover Unit Gradient_Geocomposite.xlsx]Calc 2

420 1.00E-031.81E-041.52

See Below

0.000042

25%

1.5

(meter)

Drainage pipe spacing or length of slope measured horizontally

Permeability of the vegetative supporting soil

The liner's slope, S = tan b

Minimum factor of safety against sliding, for soil/geocomposite or

geocomposite/geomembrane interfaces

A

(sq. feet)

20.6

Overall factor of safety for drainage

Intrusion Reduction Factor

2.0

1.1

Minimum interface friction angle tan-1(FS*tan(b))

The toe drainage areas, Area 1 and Area 4, include only converging flow below the lowest intermediate 
drainage piping, as flow above this area is diverted. There are intermediate drainage pipes in Areas 1 and 4 
which divert flow from the outlet corner to the downslope flume. 

w

Creep Reduction Factor

Chemical Clogging Reduction Factor

Biological Clogging Reduction Factor

5

Area

1

4 70 2 0.61 7.53E-05

Min. Өult Proposed Өult

(m2/sec)

1.00E-03

w

(feet)

1.2

1.1

1.4

(m2/sec)
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C3 419 286 133 40 3.48E-04 1.00E-03

328A3

B3 357 294

1.00E-034.39E-05622306

63 19 1.49E-04 1.00E-03

9.10E-05 1.00E-03

E3 285 270 15 4 2.91E-05 1.00E-03

D3 319 278 41 12

270 122 148 45

5.34E-04 1.00E-03

D2 278 126 152 46 5.21E-04 1.00E-03

C2 286 129 157 47

32 7.47E-04

138 26

1.00E-03

For the southern area proposed design with intermediate slope outlets and a toe-of-slope drainage outlet, 
placement of geocomposite with the required transmissivities to the minimum lengths/areas shown in the table 
above and on the attached drawing will provide adequate drainage for the converging flow.

E1 122 20 102 31 7.77E-04

Area 2

A2 306 138 168 51 5.79E-04 1.00E-03

5.11E-04 1.00E-03

Area 3

E2

132 162 49

A1

Flow

B1

Path

Proposed Өult

(m2/sec)

1.00E-03

Area 1

1.00E-03

132 24 108 32 7.34E-04

(feet) (meters) (m2/sec)

C1 129 23 106

112 34 7.57E-04 1.00E-03

A minimum interface friction angle of 20.6 degrees for the geocomposite, geomembrane, and GCL interfaces is 
required to achieve a minimum recommended final cover slope stability safety factor of 1.5.

For the southern convergence area, flow paths A-E, calculate Өult for selected R-bot values to determine 
appropriate geocomposite products as flow converges down the slope:

R-top R-bot Lh Lh Өult

(feet) (feet)

7.91E-04 1.00E-03D1 126 21 105 32

5.58E-04 1.00E-03B2 294
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For the northern area proposed design with intermediate slope outlets and a toe-of-slope drainage outlet, 
placement of geocomposite with the required transmissivities to the minimum lengths/areas shown in the table 
above and on the attached drawing will provide adequate drainage for the converging flow.

A minimum interface friction angle of 20.6 degrees for the geocomposite, geomembrane, and GCL interfaces is 
required to achieve a minimum recommended final cover slope stability safety factor of 1.5.

1.00E-03

J6 365 227 138 42 3.87E-04 1.00E-03

I6 368 231 137 41 3.75E-04

1.00E-03

H6 395 237 158 48 4.52E-04 1.00E-03

G6 289 245 44 13 1.00E-04

Area 6

F6 268 254 14 4 2.90E-05 1.00E-03

1.00E-03

J5 227 83 144 43 5.67E-04 1.00E-03

I5 231 84 147 44 5.83E-04

1.00E-03

H5 237 86 151 46 6.10E-04 1.00E-03

G5 245 87 158 48 6.47E-04

Area 5

F5 254 91 163 49 6.56E-04 1.00E-03

1.00E-03

J4 83 9 74 22 7.94E-04 1.00E-03

I4 84 9 75 22 8.03E-04

1.00E-03

H4 86 9 77 23 8.57E-04 1.00E-03

G4 87 10 77 23 7.88E-04

Area 4

F4 91 11 80 24 7.86E-04 1.00E-03

Path (feet) (feet) (feet) (meters) (m2/sec)

For the northern convergence area, flow paths F-J, calculate Өult for selected R-bot values to determine 
appropriate geocomposite products as flow converges down the slope:

Flow R-top R-bot Lh Lh Өult Proposed Өult

(m2/sec)
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Geocomposite Drainage Layer 
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Sheet No. 1 of 2

Calc. No.

Rev. No.

Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  3/14/22

Client:  WPL Subject:  Geocomposite Unit Gradient Chk'd:  DLN Date:  4/19/22

Purpose:

Approach: Use the unit gradient method to determine the maximum slope length.

References: 1. Landfilldesign.com - Lateral Drainage System - Single Slope, Unit Gradient Method

2. "GRI-GC8, Determination of the Allowable Flow Rate of a Drainage Geocomposite". Geosynthetics

Research Institute, 2001.

3. "Beyond a factor-of-safety value, i.e., the proabability of failure". GRI Newsletter/Report, Vol. 15, no. 3.

4. "Designing with Geosynthetics". R.M. Koerner, Prentice Hall Publishing Co., Englewood Cliffs, NJ, 1998.

5. "Hydraulic Design of Geosynthetic and Granular Liquid Collection Layers". J. P. Giroud, J. G. Zornberg and 

A. Zhao, Geosynthetics International, Vol. 7, Nos 4-5.

6. "Lateral Drainage Design update - part 2". G. N. Richardson, J. P. Giroud and A. Zhao, Geotechnical 

Fabrics Report, March 2002.

7. Giroud, Zornberg, and Zhao, 2000, "Hydraulic Design of Liquid Collection Layers", Geosynthetics International

8. SCS Engineers, Plan Modification Request/Plan of Operation Update, Dry Ash Disposal Facility, 

COL Energy Center, Final Grades Plan Sheet, May 2022

9. HELP Model "User's Guide" in conjunction with GRI report #19, pages 34-37 (Leachate Collection System)

= θ*į*1 where θ = kcomp * t

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Geocomposite Drainage Layer\[220303_COL Cover Unit Gradient.xls]Calc 1

To determine the maximum length of slope that the final cover drainage geocomposite can carry infiltrating 
water and remain stable.  Also determine the recommended minimum friction angle for final cover side slope 
stability. Note:  This calculation does not include the flow convergence areas where a separate calculation is 
required.
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Calc. No.

Rev. No.

Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  3/14/22

Client:  WPL Subject:  Geocomposite Unit Gradient Chk'd:  DLN Date:  4/19/22

Assumptions: 1. Soil hydraulic gradient i  = 1.0.

2. Top soil will be clay. Soil permeability is 4.2 x 10 -5 cm/sec for a CL clay from HELP model user's guide.

3. Geocomposite hydraulic gradient = sinβ where β=14˚ (4:1 horizontal/vertical final cover slope).

4. Factor of safety and transmissivity reduction factors are from recommended values in 

    GRI report #19 (Leachate collection system example) and HELP model "Users Guide"

5. Maximum horizontal final cover slope length from crest to toe drain is 397 feet as shown on

    Module 10 and 11 Final Grades plan sheet. This includes 58' of 10:1 slope length at the peak.

Calculation: Constants

Lh = =

kveg = = cm/sec

S = = b = 14˚

FSslope = =

δreq'd = = = degrees

FSd = =

RFin = =

RFcr = =

RFcc = =

RFbc = =

Determine the maximum slope length for a given ultimate transmissivity

Determine the ultimate transmissivity based on a given slope length

~ Total slope length

~ 1/2 of total slope length

~ 1/3 of total slope length

Conclusions:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Geocomposite Drainage Layer\[220303_COL Cover Unit Gradient.xls]Calc 2

A minimum interface friction angle of 20.6 degrees between cover soil and geocomposite is required to achieve 
a minimum recommended final cover slope stability safety factor of 1.5.

8.55E-04

4.27E-04

2.85E-04

Өult

(m2/sec)

If no intermediate drainage outlets were constructed on the final cover, a minimum transmissivity of 

8.55 x 10 -4 m2/sec would need to be obtained.  

(feet)

397

199

Creep Reduction Factor

Chemical Clogging Reduction Factor

Biological Clogging Reduction Factor

2.0

1.1

1.2

1.1

1.4

141.7 465

Minimum interface friction angle tan-1(FS*tan(b)) 20.6

Overall factor of safety for drainage

Intrusion Reduction Factor

Өult Lh Lh 

Lh Lh 

See Below

0.000042

25%

1.5

(m2/sec)

1.00E-03

(meter) (feet)

132

(meter)

121.0

60.5

40.3

Drainage pipe spacing or length of slope measured horizontally

Permeability of the vegetative supporting soil

The liner's slope, S = tan b

Minimum factor of safety against sliding, for soil/geocomposite or

geocomposite/geomembrane interfaces
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GCL Cover Strength 
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Sheet No. 1 of 1

Calc. No.

Rev. No.

Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/25/22

Client:  WPL Subject:  GCL Internal Shear on Final Cover Chk'd:  DLN Date:  04/26/22

Purpose:

Approach: Use maximum shear stress formula and assumed values.

References:

Calculation: The maximum shear stress acting on the GCL can be calculated as follows:

τact = WT sin β 

β = ˚
WT = γ X h

Where: γ = = pcf

h = = ft

WT = psf

τact = psf

τresist = FS X = X = psf

Assumptions: Slope angle, β = 14˚ (4:1 horizontal / vertical final cover slope)

Soil unit weight, γ = 120 pcf

Conclusion:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\GCL Cover Strength\[220425_COL GCL Internal Shear.xls]Calc 1

72.6

Determine the maximum shear stress acting on a Geosynthetic Clay Liner (GCL) and the GCL internal shear 
strength required to provide a minimum slope stability safety factor (FS) of 1.5 for the final cover.

Design of GCL Barrier for Final Cover Side Slope Applications, Gregory N. Richardson, Ph.D., P.E., Geosynthetics 
'97-541

FS =
τresist

τact
=

14

Soil Unit Weight

109

For a total weight of the final cover system of 300 psf and a slope angle of 4:1, the maximum shear stress 
will be 72.6 psf. A minimum GCL internal shear strength of 109 psf is required to provide a slope stability 
safety factor of 1.5.

Cover Thickness 2.5

120

300

1.5

τact 1.5 72.6
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Fugitive Dust Control Plan 
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Wisconsin Power and Light Company 

Columbia Energy Center (COL) 

 

Coal Combustion Residuals (CCR) Fugitive Dust Control Plan 

 

February 1, 2023 

 

 

The procedures in this plan apply to the following CCR units at this facility: 

 

CCR Surface Impoundments 

COL Primary Ash Pond 

COL Secondary Ash Pond 

 

CCR Landfill 

COL Dry Ash Disposal Facility Module 1 

COL Dry Ash Disposal Facility Module 2 

COL Dry Ash Disposal Facility Module 3 

COL Dry Ash Disposal Facility Module 4 

COL Dry Ash Disposal Facility Module 5 

COL Dry Ash Disposal Facility Module 6 

COL Dry Ash Disposal Facility Module 10 

COL Dry Ash Disposal Facility Module 11 

 

 



Coal Combustion Residuals (CCR) Fugitive Dust Control Plan for 
CCR Landfills 

February 1, 2023 
 

Purpose of CCR Fugitive Dust Control Plan 

This plan describes the measures used to minimize fugitive CCR dust from facilities with CCR 
landfills1, the procedure for logging citizen complaints involving CCR fugitive dust events, and 
the procedure for periodic review of this plan. This plan has been developed in accordance with 
40 CFR 257.80(b) and NR 514.07(10)(a). 
 
Measures for Controlling Fugitive Dust 
 
The following measures are appropriate for minimizing CCR from becoming airborne at this 
facility: 

• Establishing and enforcing a vehicle speed limit of 10 mph or less. Reduced speeds 
minimize fugitive dust generated from vehicle traffic. 

• Covering all open-bodied vehicles that are transporting CCR to minimize the 
generation of fugitive dust during transport of CCR. 

• Minimizing fall distances when handling or transferring CCR. The facility uses best 
practices when handling CCR with end loaders, and other best management practices, 
to minimize the generation of fugitive dust. 

• Promptly collecting CCR that is observed in vehicle loading/unloading areas to 
minimize the potential for CCR to become airborne. 

• Applying water directly to CCR using a water truck or irrigation system. Moistened 
CCR is less likely to become airborne. 

• Suspending CCR management activities, including placement of CCR, during 
excessively windy conditions to minimize CCR from becoming airborne. 

• Placement of soil and/or vegetated cover to minimize exposure of CCR in inactive 
landfill areas to conditions that could lead to fugitive dust. 

These measures are applicable to the CCR managed at this facility and appropriate for the 
conditions at this site because they are compatible with current operations and they effectively 
minimize the generation of fugitive dust. 

Procedure for Conditioning CCR Prior to Placement 

CCR is routinely conditioned with water prior to placement to prevent wind dispersal. 
Conditioning of scrubber by-products occurs through the use of a pug mill within an enclosed 
building. Conditioning may also occur by wetting with a water truck as material is placed in the 
CCR landfill. Conditioning will not result in free liquids. 

  

                                                           
1 “CCR” and “CCR landfill” are defined at 40 CFR 257.53 and NR 500.03. 



Procedure for Logging Citizen Complaints 

Citizen complaints pertaining to fugitive dust will be managed in accordance with Alliant 
Corporate Policy ENV-107. Specifically, the complaint must be reported to Environmental Services 
(1) via phone call and (2) in writing by submitting a completed Environmental Incident Report to 
Environmental Services within 10 business days. Citizen complaints will be tracked within the Alliant 
Environmental Management Information System (“ENVIANCE”). 
 
Visual Inspections 

In accordance with NR 514.07(10)(a)(3), the owner/operator will perform visual inspections of the 
landfill surface at least every 7 days. If fugitive dust concerns are observed during the inspection, 
action will be taken to remedy the situation. Visual fugitive dust inspections will not be performed 
if the CCR disposal area is covered by intermediate or final cover and there is no potential for CCR 
to become airborne.  
 
Procedure for Periodic Review of CCR Fugitive Dust Control Plan 

The CCR Fugitive Dust Control Plan will be reviewed annually, and updated as necessary, in 
conjunction with preparation of the Annual CCR Fugitive Dust Control Report [40 CFR 257.80(c) 
and NR 514.07(10)(a)(5)]. The Annual CCR Fugitive Dust Control Report will be included in the 
annual report in accordance with NR 506.20(3)(a) and include a description of the actions taken 
by the owner or operator to control CCR fugitive dust, a record of all citizen complaints, and a 
summary of any corrective measures taken. 

During the periodic review, staff will evaluate each measure for controlling fugitive dust to ensure 
that it is still appropriate for minimizing CCR from becoming airborne at the facility, will verify 
that the procedures for conditioning CCR prior to landfilling and the procedure for logging 
complaints are sufficient, and will evaluate other operations changes at the facility to determine 
whether additional dust control measures should be added.  

In accordance with NR 514.07(10)(a)(4), the CCR Fugitive Dust Control Plan will be modified in 
accordance with NR 514.04(6) whenever there is a change in conditions that may substantially 
affect the plan of operation. 

- END -  



P.E. Certification

I, Phillip Gearing, hereby certify that I am a licensed professional engineer in the State of 

document has been prepared in accordance with the Rules of Professional Cond

document is correct and the document was prepared in compliance with all applicable 
requirements in chs. NR 500 to 538, Wis. Adm. Code. 

Specifically,

• This CCR Fugitive Dust Control Plan was prepared by me or under my direct supervision 
and meets the requirements of 40 CFR 257.80(b) and NR 514.07 (10)(a)

 

 

________________________________ 
Signature  

 

 

February 1, 2023  
Date

License number  E-45115 

My license renewal date is  July 31, 2024 .
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Phillip E. Gearing 

PE CERTIFICATION

 
I, Phillip Gearing, hereby certify that I am a licensed professional engineer 
in the State of Wisconsin in accordance 
4, Wis. Adm. Code; that this document has been prepared in accordance 
with the Rules of s. Adm. Code; and 
that, to the best of my knowledge, all information contained in this 
document is correct and the document was prepared in compliance with 

 Code. 

Specifically,

 This Run-On and Run-Off Control Plan Update was prepared by me 
or under my direct supervision and meets the requirements of 40 

 

 

 

License number _____E-45115_____________

My license renewal date is __July 31, 2024___. 

Pages or sheets covered by this seal: 
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 INTRODUCTION AND PROJECT SUMMARY 
The Columbia Dry Ash Disposal Facility includes an active coal combustion residual (CCR) landfill, 
which currently consists of the following modules, located in Phase 1 and Phase 2 of the facility. 

• Phase 1, Module 1 – This module has received final cover over completed outer 
sideslope areas that will no longer receive additional CCR; intermediate cover has been 
placed over remaining areas.  

• Phase 1, Module 2 – This module has received intermediate cover over a majority of the 
in-place CCR. 

• Phase 1, Module 3 – This module has received intermediate cover over a majority of the 
in-place CCR. 

• Phase 1, Module 4 – This module is currently being filled.  
• Phase 1, Module 5 – This module was constructed in 2021 and is approved by 

Wisconsin Department of Natural Resources (WDNR) to receive CCR. 
• Phase 1, Module 6 – This module was constructed in 2021 and is approved by WDNR to 

receive CCR. 
• Phase 2, Module 10 – Module 10 liner construction began in 2022. The new module will 

be used for disposal following approval of the liner Construction Documentation Report, 
which will be submitted for WDNR review in 2023. 

• Phase 2, Module 11 – Module 11 liner construction began in 2022. The new module will 
be used for disposal following approval of the liner Construction Documentation Report, 
which will be submitted for WDNR review in 2023. 

Phase 1, Modules 1-3 were previously described as separate existing CCR landfills although they are 
contiguous and are managed as a single landfill by the facility and by the WDNR. WPL clarified that 
Modules 1-3 are one existing CCR landfill under the federal CCR Rule. Phase 1, Modules 4-6 are 
considered a new CCR landfill that initiated construction after October 19, 2015, and are therefore 
managed as a separate CCR unit under the federal CCR Rule even though they are contiguous to 
Modules 1-3. In addition, the new CCR landfill will include Phase 2, Modules 10 and 11, which is 
near completion and will begin receiving CCR in 2023 after full WDNR approval. 

Phase 2, Modules 7-9 and 12-13 are permitted with the WDNR, but have not been developed. If 
developed, the units will also be part of the new CCR landfill, as defined at 40 CFR 257.53 and 
NR 500.03. Construction of additional modules is not currently planned prior to retirement of the 
Columbia Energy Center, which is currently scheduled to occur no later than June 1, 2026. 

Figure 1 shows the site location. Figure 2 shows the run-on and run-off drainage areas. 

On behalf of Wisconsin Power and Light Company (WPL), SCS Engineers (SCS) has prepared this 
Run-On and Run-Off Control Plan Update for the Columbia (COL) Dry Ash Disposal Facility in 
accordance with 40 CFR 257.81(c)(1) and NR 514.07(10)(b) as follows. 

40 CFR 257.81(c)(4). “The owner or operator of the CCR unit must prepare periodic run-on and 
run-off control system plans required by paragraph (c)(1) of this section every five years. The date of 
completing the initial plan is the basis for establishing the deadline to complete the first subsequent 
plan. The owner or operator may complete any required plan prior to the required deadline provided 
the owner or operator places the completed plan into the facility's operating record within a 
reasonable amount of time. In all cases, the deadline for completing a subsequent plan is based on 
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the date of completing the previous plan. For purposes of this paragraph (c)(4), the owner or 
operator has completed a periodic run-on and run-off control system plan when the plan has been 
placed in the facility's operating record as required by §257.105(g)(3).” 

NR 514.07(10)(b)(4). “Modification every 5 years from the date of the most recent plan approval or 
whenever there is a change in conditions that may substantially affect the written plan in effect. The 
modification shall be requested by the owner or operator in accordance with s. NR 514.04 (6) prior 
to the 5-year deadline.” 

The initial Run-On and Run-Off Control Plan was completed in 2016, and updates were completed in 
2018 prior to receipt of CCR in Phase 1, Module 4 and in 2021, prior to receipt of CCR in Phase 1, 
Modules 5 and 6. 

 PERIODIC PLAN UPDATES 
The following items have been updated in this plan prior to receipt of CCR in Phase 2, Modules 10 
and 11: 

• Run-On and Run-Off Drainage Areas – Figure 2 has been updated to show topographic 
data for active landfill areas obtained during the most recent survey of the existing 
landfill in January 2023 and construction of Phase 2, Modules 10 and 11 in 2022. 
Additional intermediate cover has been placed in Modules 3, 4, 5, and 6 since the latest 
survey reducing the area contributing run-off as contact water. Modules 5 and 6 no 
longer have a temporary rain cover; however, rain cover may be used in the future to 
reduce the area contributing run-off as contact water (refer to Section 2.0). Additional 
intermediate cover will be added to active landfill areas as Modules 10 and 11 begin 
receiving CCR to maintain contributing run-off area. 

• Storm Water Calculations – Additional storm water calculations were completed for 
Modules 10 and 11 as described in Section 2.0. 

• Primary Ash Pond – The Primary Ash Pond will no longer accept contact water from the 
landfill. As needed, contact water will be transported to the plant for discharge through 
Outfall 003 rather than disposal at the Primary Ash Pond. 

• No other changes impacting the run-on and run-off controls have been identified with this 
update. 

• This update also incorporates the requirements of NR 514.07(10)(b), which became 
effective August 1, 2022. 

 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.” 
 

NR 514.07(10)(b).  “A run−on and run−off control system plan that includes all of the following: 

http://www.scsengineers.com/
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(1) A run−on and run−off control system designed in accordance with the requirements under s. 
NR 504.12 (2).” 

NR 504.12 (2).  “An existing or new CCR landfill or any lateral expansion of a CCR landfill shall be 
designed, constructed, operated, and maintained with a run−off and run−on control system in 
accordance with the requirements under s. NR 504.09 (1) (f) and (g) and all of the following:  

(a) A run−on control system shall prevent flow onto the active portion of the CCR landfill 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 and further 
described below. 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. 

40 CFR 257.81(a)(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.” 

NR 504.12 (2)(b) “A run−off control system from the active portion of the CCR landfill shall 
collect and control, at a minimum, the water volume resulting from a 24−hour, 25−year storm.” 

Run-off from the active portions of the facility is handled as leachate and is collected by a leachate 
collection system and internal swales, which route the contact water run-off to the Leachate/Surface 
Water Pond. Modules 4-6 and all module fills going forward will have intermediate cover added to 
reduce contact water that is directed to the pond. 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 generating station where it may be discharged through Outfall 003 inside the plant in 
accordance with a Wisconsin Pollutant Discharge Elimination System (WPDES) permit.  

Run-off from areas outside existing CCR units and areas of the existing CCR units where final or 
intermediate cover is in place is diverted into the perimeter drainage swales, which drain to the 
South Sedimentation Basin and a lower are north of the landfill. Intermediate swales/berms and 
downslope channels on the final cover help minimize erosion of the final cover and 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 may be installed to limit leachate and contact 
water production when needed. Storm water collected on the rain cover will be diverted to perimeter 
swales. 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 the developed modules, and all water inside the lined waste 
limits will be managed as contact water.  

 DESIGN CRITERIA 
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) and NR 504.12(2)(a) and (b). 
Storm water run-off calculations were updated in 2022. The calculations were performed assuming a 
25-year, 24-hour precipitation depth of 4.91 inches, based on National Oceanic and Atmospheric 
Administration (NOAA) Atlas 14 precipitation data published in April 2013. The 
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detention/sedimentation basin and associated basin outlet structures are designed to safely pass 
run-off from a 100-year, 24-hour storm event. 

Table 1. Storm Water Updates 

Year 
Conducted Description of Update Included in 

Appendix A 
Run-On and Run-Off   

2000 

Run-on calculations performed as part of the 2000 Plan of 
Operation Update; performed assuming 25-year, 24-hour 
precipitation depth of 4.7 inches, based on Technical Paper-40  
(TP-40) precipitation data published in May 1961. 

Yes, Included 
in Appendix A 

2010 

Run-off calculations performed as part of the 2010 Plan of 
Operation Update; performed assuming 25-year, 24-hour 
precipitation depth of 4.7 inches, based on TP-40 precipitation 
data published in May 1961. 

Superseded 
by Phase 1, 

Modules 5 & 6 

2015 

Update to leachate/surface water pond calculations; 
performed assuming 25-year, 24-hour precipitation depth of 
4.9 inches, based on NOAA Atlas 14 precipitation data 
published in April 2013. 

Superseded 
by Phase 1, 
Module 4 

2016 

Update to run-on to a ditch along the north end of Module 3; 
performed assuming 25-year, 24-hour precipitation depth of 
4.9 inches, based on NOAA Atlas 14 precipitation data 
published in April 2013. 

Superseded 
by Phase 1, 
Module 4 

2016 

Calculations to evaluate installation of a rain cover in Module 3; 
performed assuming 25-year, 24-hour precipitation depth of  
4.9 inches, based on NOAA Atlas 14 precipitation data 
published in April 2013. 

Superseded 
by Phase 1, 
Module 4 

2017 

Update to leachate/surface water pond calculations with 
consideration of Phase 1, Module 4 construction; performed 
assuming 25-year, 24-hour precipitation depth of 4.9 inches, 
based on NOAA Atlas 14 precipitation data published in 
April 2013. 

Superseded 
by Phase 1, 

Modules 5 & 6 

2018 

Calculations to evaluate installation of a rain cover in Module 4; 
performed assuming 25-year, 24-hour precipitation depth of  
4.9 inches, based on NOAA Atlas 14 precipitation data 
published in April 2013. 

Superseded 
by Phase 1, 

Modules 5 & 6 

2018 

Calculations to size swales and culverts to divert run-on as part 
of construction of Module 4, performed assuming 25-year, 
24-hour precipitation depth of 4.9 inches, based on NOAA 
Atlas 14 precipitation data published in April 2013. 

Superseded 
by Phase 1, 

Modules 5 & 6 

2021 

Update to leachate/surface water pond calculations with 
consideration of Phase 1, Modules 5 and 6 construction; 
performed assuming 25-year, 24-hour precipitation depth of 
4.9 inches, based on NOAA Atlas 14 precipitation data 
published in April 2013. 

Superseded 
by Phase 2, 

Modules 10 & 
11 

2021 

Calculations to size swales and culverts to divert run-on as part 
of construction of Modules 5 and 6, performed assuming 
25-year, 24-hour precipitation depth of 4.9 inches, based on 
NOAA Atlas 14 precipitation data published in April 2013. 

Superseded 
by Phase 2, 

Modules 10 & 
11 
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Year 
Conducted Description of Update Included in 

Appendix A 
Run-On and Run-Off   

2021 

Calculations to confirm South Sedimentation Basin can handle 
storm water after construction of Modules 5 and 6, performed 
assuming 25-year, 24-hour precipitation depth of 4.9 inches, 
based on NOAA Atlas 14 precipitation data published in 
April 2013.  

Superseded 
by Phase 2, 

Modules 10 & 
11 

2022 

Update to leachate/surface water pond calculations with 
consideration of Phase 2, Modules 10 and 11 construction; 
performed assuming 25-year, 24-hour precipitation depth of 
4.9 inches, based on NOAA Atlas 14 precipitation data 
published in April 2013. 

 Yes, Included 
in Appendix A 

2022 

Calculations to size swales and culverts to divert run-on as part 
of construction of Modules 10 and 11, performed assuming 
25-year, 24-hour precipitation depth of 4.9 inches, based on 
NOAA Atlas 14 precipitation data published in April 2013. 

 Yes, Included 
in Appendix A 

2022 

Calculations to confirm South Sedimentation Basin can handle 
storm water after construction of Modules 10 and 11, performed 
assuming 25-year, 24-hour precipitation depth of 4.9 inches, 
based on NOAA Atlas 14 precipitation data published in 
April 2013.  

 Yes, Included 
in Appendix A 

 

 DESIGN WITH CALCULATIONS 
Storm water management design calculations are contained in Appendix A, as required by 40 CFR 
257.81(c)(1) and NR 514.07(10)(b)(2). As described in Section 2.1, the calculations from the 2000 
Plan of Operation Update and the 2022 calculations 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 2022 
calculations also 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. 

 CONSTRUCTION 
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. Any future construction features will have been previously 
approved. 
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 CERTIFICATIONS 
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.” 

Phillip Gearing, 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. 

 RECORDKEEPING AND PERIODIC UPDATES 
40 CFR 257.81(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 plan updates will be completed at least every 5 years per 
40 CFR 257.81(c)(4) and NR 514.07(10)(b)(4). 

WPL will notify the State Director when this Run-On and Run-Off Control Plan, and all subsequent 
updates, 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) and NR 506.17(2) and (3). 
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Figures 

1 Site Location Map 
2 Run-On and Run-Off Control Plan 
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Storm Water Design Calculations 
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2000 Plan of Operations Update 
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Appendix A2 

Leachate/Surface Water Pond Capacity Evaluation  
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SHEET NO. 1  
Job No. 25220183.00 CALC. NO. 
Job: Columbia Energy Center REV. NO. 
Client WPL BY RJG DATE 05/25/22
Subject Module 10/11 - Leachate/Surface Water Pond Evaluation CHK’D. MT  DATE 05/25/22

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 maximum amount of open area during each filling phase in order to maintain the
peak water elevation resulting from the 25-year, 24-hour storm event at the maximum
allowable 796.97.

 The amount of open area allowable with pond closure filling in order to maintain the
peak water elevation resulting from the 25-year, 24-hour storm event at the maximum
allowable 796.97.

 Based on the amount of allowable open area determined from the above, determine the
maximum starting water elevations in the leachate/surface water pond to accommodate
1, 2, 5, and 10-year, 24-hour storm events without overtopping.

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

determined to be at elevation 796.97.
 Previous calculations submitted to the WDNR on January 30, 2018, evaluated the

leachate/surface water pond capacity based on the as-built pond liner elevation.
 A similar evaluation was performed for Module 3 and 4 construction and then Module

5 and 6 construction that produced a chart of maximum leachate/surface water pond
starting elevations vs. rainfall storage capacity.

 Portions of Modules 1, 2, 3, and 4 currently have final or intermediate cover in place
and Module 5 and 6 currently have rain cover (see Figure 1 through 4).

 Module 10 and 11 will be constructed in 2022.

Approach: 
 Use the previously developed HydroCAD storm water model to model the below four

filling scenarios.
1. Filling Phase 0 – Assumes portions of Module 2, 3, 4, 5, and 6 contributing to

the leachate/surface water pond while material is placed from the pond closure
and the plant. See Figure 1 for filling grades and contributing area

2. Filling Phase 1 – Assumes portions of Module 2, 3, 4, 5, and 6 contributing to
the leachate/surface water pond while material is placed from the pond closure
and the plant. See Figure 2 for filling grades and contributing area

3. Filling Phase 2 – Assumes portions of Module 2, 3, 4, 5, and 6 contributing to
the leachate/surface water pond while material is placed from the pond closure
and the plant. See Figure 3 for filling grades and contributing area.



SHEET NO. 2  
Job No. 25220183.00 CALC. NO. 
Job: Columbia Energy Center REV. NO. 
Client WPL BY RJG DATE 05/25/22
Subject Module 10/11 - Leachate/Surface Water Pond Evaluation CHK’D. MT      DATE 05/25/22

4. Filling Phase 3 – Assumes portions of Module 2, 3, 4, 5, and 6 contributing to
the leachate/surface water pond while material is placed from the pond closure
and the plant. See Figure 4 for filling grades and contributing area.

5. Filling Phase 4 – Assumes portions of Module 2, 3, 4, 5, 6, 10, and 11
contributing to the leachate/surface water pond while material is placed from
the pond closure and the plant. See Figure 5 for filling grades and contributing
area.

Assumptions: 
 Ash surfaces and intermediate cover areas were assumed to be impermeable (CN=98).
 The top of pond liner elevation is 796.97 (see Background section).
 Time of Concentration is 20 minutes for open areas.

Results: 
1. Maximum allowable open area during filling and prior to permeter grade/Module 10

and 11 construction is 7.78 acres.

2. Maximum allowable open area during filling and after perimeter grades/Module 10 and
11 base grades are completed is 8.51 acres.

3. Filling Phase 0:
 The contributing area of landfill to the leachate/surface water pond is 7.45 acres

for the leachate/surface water pond to accommodate the runoff from a 25-year,
24-hour storm without overtopping.

 The remainder of landfill would need to be closed/covered with final or
intermediate cover and routed away from the pond.

 Figure 1 shows a proposed filling sequence, and Figure 1a shows the various
operating levels of the leachate/surface water pond to accommodate the various
storm events with the additional cover in place.

4. Filling Phase 1:
 The contributing area of landfill to the leachate/surface water pond is 7.78 acres

for the leachate/surface water pond to accommodate the runoff from a 25-year,
24-hour storm without overtopping.

 The remainder of landfill would need to be closed/covered with final or
intermediate cover and routed away from the pond.

 Figure 2 shows a proposed filling sequence, and Figure 2a shows the various
operating levels of the leachate/surface water pond to accommodate the various
storm events with the additional cover in place.

5. Filling Phase 2:
 The contributing area of landfill to the leachate/surface water pond is 7.69 acres

for the leachate/surface water pond to accommodate the runoff from a 25-year,
24-hour storm without overtopping.



SHEET NO. 3  
Job No. 25220183.00 CALC. NO. 
Job: Columbia Energy Center REV. NO. 
Client WPL BY RJG DATE 05/25/22
Subject Module 10/11 - Leachate/Surface Water Pond Evaluation CHK’D. MT      DATE   05/25/22

 The remainder of landfill would need to be closed/covered with final or
intermediate cover and routed away from the pond.

 Figure 3 shows a proposed filling sequence, and Figure 3a shows the various
operating levels of the leachate/surface water pond to accommodate the various
storm events with the additional cover in place.

6. Filling Phase 3:
 The contributing area of landfill to the leachate/surface water pond is 7.64 acres

for the leachate/surface water pond to accommodate the runoff from a 25-year,
24-hour storm without overtopping.

 The remainder of landfill would need to be closed/covered with final or
intermediate cover and routed away from the pond.

 Figure 4 shows a proposed filling sequence, and Figure 4a shows the various
operating levels of the leachate/surface water pond to accommodate the various
storm events with the additional cover in place.

7. Filling Phase 4:
 The contributing area of landfill to the leachate/surface water pond is 8.44 acres

for the leachate/surface water pond to accommodate the runoff from a 25-year,
24-hour storm without overtopping.

 The remainder of landfill would need to be closed/covered with final or
intermediate cover and routed away from the pond.

 Figure 5 shows a proposed filling sequence, and Figure 5a shows the various
operating levels of the leachate/surface water pond to accommodate the various
storm events with the additional cover in place.

The HydroCAD reports for the maximum open contributing area, each scenario modeled are 
attached.   

I:\25220183.00\Data and Calculations\Leachate_Surface Water Pond Evaluation\Leachate_Surface Water Pond Evaluation_Mod 5_6 calc 
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Figure 1A
Columbia Energy Center

Phase 0 Filling- Open Landfill Area 
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (Figure 1):

‐ Landfill open area = 7.46 acres.
‐ Leachate/Surface Water Pond Area, 3.71 acres.

5. Maximum open area per HydroCAD model during filling is 7.78 acres.
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Figure 2A
Columbia Energy Center

Phase 1 Filling- Open Landfill Area 
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (Figure 1):

‐ Landfill open area = 7.78 acres.
‐ Leachate/Surface Water Pond Area, 3.71 acres.

5. Maximum open area per HydroCAD model during filling is 7.78 acres.
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Figure 3A
Columbia Energy Center

Phase 2 Filling- Open Landfill Area 
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (Figure 1):

‐ Landfill open area = 7.69 acres.
‐ Leachate/Surface Water Pond Area, 2.98 acres.

5. Maximum open area per HydroCAD model during filling is 8.51 acres.
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Figure 4A
Columbia Energy Center

Phase 3 Filling- Open Landfill Area 
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (Figure 1):

‐ Landfill open area = 7.64 acres.
‐ Leachate/Surface Water Pond Area, 2.98 acres.

5. Maximum open area per HydroCAD model during filling is 8.51 acres.

I:\25220183.00\Data and Calculations\Leachate_Surface Water Pond Evaluation\Issued for Permitting_POO Update\
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Figure 5A
Columbia Energy Center

Phase 4 Filling- Open Landfill Area 
Leachate/Surface Water Pond Maximum Starting Water Elevation

5‐yr storm
= 3.38"

2‐yr storm
= 2.77"

1‐yr storm
= 2.44"

10‐yr storm
= 3.97"

25‐yr storm
= 4.91"

Notes/Assumptions:
1. Maximum starting water elevations based on  2011 Mod 2 as‐built survey which determined the top of pond liner elevation  = 796.97.
2.  Maximum starting water elevation assumes no freeboard.
3.  Previously developed HydroCAD model utilized with curve number for intermediate cover areas and ash surfaces assumed at CN = 98.
4.  HydroCAD model assumes drainage areas contributing to pond include (Figure 1):

‐ Landfill open area = 8.44 acres.
‐ Leachate/Surface Water Pond Area, 2.98 acres.

5. Maximum open area per HydroCAD model during filling is 8.51 acres.
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Maximum Open Area

Phase 2 Filling
Phase 1 Filling

Phase 3 Filling

Phase 4 Filling

Phase 0 Filling

2S

Landfill Open Area (Mod
 2-6)

3S

Leachate/Surface Water
 Pond

293S

Landfill Open Area (Mod
 2-6)

294S

Leachate/Surface Water
 Pond

4P

Leachate/Surface Water
 Pond

297P

Leachate/Surface Water
 Pond

Routing Diagram for WPL Columbia_Leachate Pond Evaluation_220525
Prepared by SCS Engineers,  Printed 5/25/2022

HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"WPL Columbia_Leachate Pond Evaluation_2
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=7.780 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 2S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=31.75 cfs  3.030 af

Runoff Area=3.710 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 3S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=26.38 cfs  1.445 af

Runoff Area=8.510 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 293S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=34.73 cfs  3.314 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 294S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.19 cfs  1.161 af

Peak Elev=796.97'  Storage=197,946 cf   Inflow=40.23 cfs  4.475 afPond 4P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,946 cf   Inflow=39.03 cfs  4.475 afPond 297P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af
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Summary for Subcatchment 2S: Landfill Open Area (Mod 2-6)

Runoff = 31.75 cfs @ 12.28 hrs,  Volume= 3.030 af,  Depth= 4.67"
     Routed to Pond 4P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 7.075 98 Mod 2 - 6 Open Area
* 0.705 98 Access Road

7.780 98 Weighted Average
7.780 100.00% Impervious Area

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

Summary for Subcatchment 3S: Leachate/Surface Water Pond

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

Runoff = 26.38 cfs @ 12.04 hrs,  Volume= 1.445 af,  Depth= 4.67"
     Routed to Pond 4P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 3.710 98 Leachate Surface Water Pond

3.710 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 293S: Landfill Open Area (Mod 2-6)

Runoff = 34.73 cfs @ 12.28 hrs,  Volume= 3.314 af,  Depth= 4.67"
     Routed to Pond 297P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 8.510 98 Mod 2 - 11 Open Area

8.510 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated

Summary for Subcatchment 294S: Leachate/Surface Water Pond

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

Runoff = 21.19 cfs @ 12.04 hrs,  Volume= 1.161 af,  Depth= 4.67"
     Routed to Pond 297P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Pond 4P: Leachate/Surface Water Pond

Inflow Area = 11.490 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 40.23 cfs @ 12.06 hrs,  Volume= 4.475 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 792.50'   Surf.Area= 11,070 sf   Storage= 3,030 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,611 sf   Storage= 197,946 cf   (194,915 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (194,617 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390
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Summary for Pond 297P: Leachate/Surface Water Pond

Inflow Area = 11.490 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 39.03 cfs @ 12.27 hrs,  Volume= 4.475 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 792.50'   Surf.Area= 11,070 sf   Storage= 3,030 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,611 sf   Storage= 197,946 cf   (194,915 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (194,617 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390



1-Year Storm Analysis

Phase 2 FillingPhase 1 Filling
Phase 3 Filling

Phase 4 Filling

Phase 0 Filling

354S

Landfill Open Area (Mod
 2-6)

356S

Landfill Open Area (Mod
 2-6)

357S

Leachate/Surface Water
 Pond

358S

Landfill Open Area (Mod
 2-6)

359S

Leachate/Surface Water
 Pond

360S

Landfill Open Area (Mod
 2-6)

361S

Leachate/Surface Water
 Pond

362S

Landfill Open Area (Mod
 2-6)

389S

Leachate/Surface Water
 Pond

390S

Leachate/Surface Water
 Pond

364P

Leachate/Surface Water
 Pond

365P

Leachate/Surface Water
 Pond

366P

Leachate/Surface Water
 Pond

367P

Leachate/Surface Water
 Pond

368P

Leachate/Surface Water
 Pond

Routing Diagram for WPL Columbia_Leachate Pond Evaluation_220525
Prepared by SCS Engineers,  Printed 5/25/2022

HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=339,047 sf   100.00% Impervious   Runoff Depth=2.21"Subcatchment 354S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=15.52 cfs  1.434 af

Runoff Area=335,031 sf   100.00% Impervious   Runoff Depth=2.21"Subcatchment 356S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=15.34 cfs  1.417 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 357S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=10.38 cfs  0.549 af

Runoff Area=332,594 sf   100.00% Impervious   Runoff Depth=2.21"Subcatchment 358S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=15.23 cfs  1.407 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 359S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=10.38 cfs  0.549 af

Runoff Area=367,758 sf   100.00% Impervious   Runoff Depth=2.21"Subcatchment 360S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=16.84 cfs  1.556 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 361S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=10.38 cfs  0.549 af

Runoff Area=324,737 sf   100.00% Impervious   Runoff Depth=2.21"Subcatchment 362S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=14.87 cfs  1.374 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 389S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=12.91 cfs  0.683 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=2.21"Subcatchment 390S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=12.91 cfs  0.683 af

Peak Elev=796.97'  Storage=197,850 cf   Inflow=17.45 cfs  1.966 afPond 364P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,930 cf   Inflow=17.34 cfs  1.956 afPond 365P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,593 cf   Inflow=18.94 cfs  2.105 afPond 366P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,577 cf   Inflow=19.31 cfs  2.056 afPond 367P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,611 cf   Inflow=19.60 cfs  2.117 afPond 368P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af
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Summary for Subcatchment 354S: Landfill Open Area (Mod 2-6)

Runoff = 15.52 cfs @ 12.29 hrs,  Volume= 1.434 af,  Depth= 2.21"
     Routed to Pond 368P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (sf) CN Description
* 339,047 98 Mod 2 - 6 Open Area

339,047 100.00% Impervious Area

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

Summary for Subcatchment 356S: Landfill Open Area (Mod 2-6)

Runoff = 15.34 cfs @ 12.29 hrs,  Volume= 1.417 af,  Depth= 2.21"
     Routed to Pond 364P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (sf) CN Description
* 335,031 98 Mod 2 - 6 Open Area

335,031 100.00% Impervious Area

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

Summary for Subcatchment 357S: Leachate/Surface Water Pond

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

Runoff = 10.38 cfs @ 12.04 hrs,  Volume= 0.549 af,  Depth= 2.21"
     Routed to Pond 364P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.0 Direct Entry, 

Summary for Subcatchment 358S: Landfill Open Area (Mod 2-6)

Runoff = 15.23 cfs @ 12.29 hrs,  Volume= 1.407 af,  Depth= 2.21"
     Routed to Pond 365P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (sf) CN Description
* 332,594 98 Mod 2 - 6 Open Area

332,594 100.00% Impervious Area

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

Summary for Subcatchment 359S: Leachate/Surface Water Pond

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

Runoff = 10.38 cfs @ 12.04 hrs,  Volume= 0.549 af,  Depth= 2.21"
     Routed to Pond 365P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 360S: Landfill Open Area (Mod 2-6)

Runoff = 16.84 cfs @ 12.29 hrs,  Volume= 1.556 af,  Depth= 2.21"
     Routed to Pond 366P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"
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Area (sf) CN Description
* 367,758 98 Mod 2 - 11 Open Area

367,758 100.00% Impervious Area

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

Summary for Subcatchment 361S: Leachate/Surface Water Pond

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

Runoff = 10.38 cfs @ 12.04 hrs,  Volume= 0.549 af,  Depth= 2.21"
     Routed to Pond 366P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 362S: Landfill Open Area (Mod 2-6)

Runoff = 14.87 cfs @ 12.29 hrs,  Volume= 1.374 af,  Depth= 2.21"
     Routed to Pond 367P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (sf) CN Description
* 324,737 98 Mod 2 - 6 Open Area

324,737 100.00% Impervious Area

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

Summary for Subcatchment 389S: Leachate/Surface Water Pond

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

Runoff = 12.91 cfs @ 12.04 hrs,  Volume= 0.683 af,  Depth= 2.21"
     Routed to Pond 368P : Leachate/Surface Water Pond
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Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 390S: Leachate/Surface Water Pond

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

Runoff = 12.91 cfs @ 12.04 hrs,  Volume= 0.683 af,  Depth= 2.21"
     Routed to Pond 367P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  1-yr, 24-hr storm Rainfall=2.44"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Pond 364P: Leachate/Surface Water Pond

Inflow Area = 10.671 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 17.45 cfs @ 12.27 hrs,  Volume= 1.966 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.49'   Surf.Area= 52,866 sf   Storage= 112,201 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,604 sf   Storage= 197,850 cf   (85,648 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (85,446 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)
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Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 365P: Leachate/Surface Water Pond

Inflow Area = 10.615 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 17.34 cfs @ 12.27 hrs,  Volume= 1.956 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.50'   Surf.Area= 52,945 sf   Storage= 112,730 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,610 sf   Storage= 197,930 cf   (85,199 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (84,917 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 366P: Leachate/Surface Water Pond

Inflow Area = 11.423 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 18.94 cfs @ 12.27 hrs,  Volume= 2.105 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.37'   Surf.Area= 51,921 sf   Storage= 105,914 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,583 sf   Storage= 197,593 cf   (91,679 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (91,733 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 367P: Leachate/Surface Water Pond

Inflow Area = 11.161 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 19.31 cfs @ 12.05 hrs,  Volume= 2.056 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.41'   Surf.Area= 52,236 sf   Storage= 107,997 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,582 sf   Storage= 197,577 cf   (89,579 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (89,650 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 368P: Leachate/Surface Water Pond

Inflow Area = 11.489 ac,100.00% Impervious,  Inflow Depth = 2.21"    for  1-yr, 24-hr storm event
Inflow = 19.60 cfs @ 12.06 hrs,  Volume= 2.117 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.36'   Surf.Area= 51,842 sf   Storage= 105,395 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,585 sf   Storage= 197,611 cf   (92,216 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (92,252 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=339,047 sf   100.00% Impervious   Runoff Depth=2.54"Subcatchment 369S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=17.70 cfs  1.647 af

Runoff Area=335,031 sf   100.00% Impervious   Runoff Depth=2.54"Subcatchment 371S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=17.49 cfs  1.628 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 372S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=11.83 cfs  0.631 af

Runoff Area=332,594 sf   100.00% Impervious   Runoff Depth=2.54"Subcatchment 373S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=17.37 cfs  1.616 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 374S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=11.83 cfs  0.631 af

Runoff Area=367,758 sf   100.00% Impervious   Runoff Depth=2.54"Subcatchment 375S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=19.20 cfs  1.787 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 376S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=11.83 cfs  0.631 af

Runoff Area=324,737 sf   100.00% Impervious   Runoff Depth=2.54"Subcatchment 377S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=16.96 cfs  1.578 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 387S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.72 cfs  0.784 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=2.54"Subcatchment 388S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.72 cfs  0.784 af

Peak Elev=796.97'  Storage=197,593 cf   Inflow=19.90 cfs  2.258 afPond 379P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,587 cf   Inflow=19.77 cfs  2.246 afPond 380P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,471 cf   Inflow=21.61 cfs  2.417 afPond 381P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,558 cf   Inflow=22.04 cfs  2.362 afPond 382P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,589 cf   Inflow=22.37 cfs  2.431 afPond 383P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af
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Summary for Subcatchment 369S: Landfill Open Area (Mod 2-6)

Runoff = 17.70 cfs @ 12.29 hrs,  Volume= 1.647 af,  Depth= 2.54"
     Routed to Pond 383P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (sf) CN Description
* 339,047 98 Mod 2 - 6 Open Area

339,047 100.00% Impervious Area

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

Summary for Subcatchment 371S: Landfill Open Area (Mod 2-6)

Runoff = 17.49 cfs @ 12.29 hrs,  Volume= 1.628 af,  Depth= 2.54"
     Routed to Pond 379P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (sf) CN Description
* 335,031 98 Mod 2 - 6 Open Area

335,031 100.00% Impervious Area

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

Summary for Subcatchment 372S: Leachate/Surface Water Pond

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

Runoff = 11.83 cfs @ 12.04 hrs,  Volume= 0.631 af,  Depth= 2.54"
     Routed to Pond 379P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.0 Direct Entry, 

Summary for Subcatchment 373S: Landfill Open Area (Mod 2-6)

Runoff = 17.37 cfs @ 12.29 hrs,  Volume= 1.616 af,  Depth= 2.54"
     Routed to Pond 380P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (sf) CN Description
* 332,594 98 Mod 2 - 6 Open Area

332,594 100.00% Impervious Area

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

Summary for Subcatchment 374S: Leachate/Surface Water Pond

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

Runoff = 11.83 cfs @ 12.04 hrs,  Volume= 0.631 af,  Depth= 2.54"
     Routed to Pond 380P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 375S: Landfill Open Area (Mod 2-6)

Runoff = 19.20 cfs @ 12.29 hrs,  Volume= 1.787 af,  Depth= 2.54"
     Routed to Pond 381P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"
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Area (sf) CN Description
* 367,758 98 Mod 2 - 11 Open Area

367,758 100.00% Impervious Area

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

Summary for Subcatchment 376S: Leachate/Surface Water Pond

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

Runoff = 11.83 cfs @ 12.04 hrs,  Volume= 0.631 af,  Depth= 2.54"
     Routed to Pond 381P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 377S: Landfill Open Area (Mod 2-6)

Runoff = 16.96 cfs @ 12.29 hrs,  Volume= 1.578 af,  Depth= 2.54"
     Routed to Pond 382P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (sf) CN Description
* 324,737 98 Mod 2 - 6 Open Area

324,737 100.00% Impervious Area

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

Summary for Subcatchment 387S: Leachate/Surface Water Pond

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

Runoff = 14.72 cfs @ 12.04 hrs,  Volume= 0.784 af,  Depth= 2.54"
     Routed to Pond 383P : Leachate/Surface Water Pond
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Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 388S: Leachate/Surface Water Pond

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

Runoff = 14.72 cfs @ 12.04 hrs,  Volume= 0.784 af,  Depth= 2.54"
     Routed to Pond 382P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  2-yr, 24-hr storm Rainfall=2.77"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Pond 379P: Leachate/Surface Water Pond

Inflow Area = 10.671 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 19.90 cfs @ 12.27 hrs,  Volume= 2.258 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.24'   Surf.Area= 50,897 sf   Storage= 99,231 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,583 sf   Storage= 197,593 cf   (98,362 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (98,416 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)
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Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 380P: Leachate/Surface Water Pond

Inflow Area = 10.615 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 19.77 cfs @ 12.27 hrs,  Volume= 2.246 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.25'   Surf.Area= 50,975 sf   Storage= 99,740 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,583 sf   Storage= 197,587 cf   (97,847 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (97,907 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 381P: Leachate/Surface Water Pond

Inflow Area = 11.423 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 21.61 cfs @ 12.27 hrs,  Volume= 2.417 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.10'   Surf.Area= 49,793 sf   Storage= 92,183 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,574 sf   Storage= 197,471 cf   (105,288 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (105,464 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 382P: Leachate/Surface Water Pond

Inflow Area = 11.161 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 22.04 cfs @ 12.05 hrs,  Volume= 2.362 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.15'   Surf.Area= 50,187 sf   Storage= 94,682 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,581 sf   Storage= 197,558 cf   (102,876 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (102,965 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 383P: Leachate/Surface Water Pond

Inflow Area = 11.489 ac,100.00% Impervious,  Inflow Depth = 2.54"    for  2-yr, 24-hr storm event
Inflow = 22.37 cfs @ 12.06 hrs,  Volume= 2.431 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 795.09'   Surf.Area= 49,715 sf   Storage= 91,685 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,583 sf   Storage= 197,589 cf   (105,904 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (105,962 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=339,047 sf   100.00% Impervious   Runoff Depth=3.15"Subcatchment 339S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=21.73 cfs  2.041 af

Runoff Area=335,031 sf   100.00% Impervious   Runoff Depth=3.15"Subcatchment 341S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=21.47 cfs  2.017 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 342S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.51 cfs  0.781 af

Runoff Area=332,594 sf   100.00% Impervious   Runoff Depth=3.15"Subcatchment 343S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=21.31 cfs  2.002 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 344S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.51 cfs  0.781 af

Runoff Area=367,758 sf   100.00% Impervious   Runoff Depth=3.15"Subcatchment 345S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=23.57 cfs  2.214 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 346S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=14.51 cfs  0.781 af

Runoff Area=324,737 sf   100.00% Impervious   Runoff Depth=3.15"Subcatchment 347S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=20.81 cfs  1.955 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 385S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=18.04 cfs  0.972 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=3.15"Subcatchment 386S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=18.04 cfs  0.972 af

Peak Elev=796.97'  Storage=197,605 cf   Inflow=24.41 cfs  2.798 afPond 349P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,910 cf   Inflow=24.26 cfs  2.784 afPond 350P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,834 cf   Inflow=26.51 cfs  2.995 afPond 351P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,602 cf   Inflow=27.07 cfs  2.927 afPond 352P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,686 cf   Inflow=27.48 cfs  3.013 afPond 353P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af
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Summary for Subcatchment 339S: Landfill Open Area (Mod 2-6)

Runoff = 21.73 cfs @ 12.29 hrs,  Volume= 2.041 af,  Depth= 3.15"
     Routed to Pond 353P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (sf) CN Description
* 339,047 98 Mod 2 - 6 Open Area

339,047 100.00% Impervious Area

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

Summary for Subcatchment 341S: Landfill Open Area (Mod 2-6)

Runoff = 21.47 cfs @ 12.29 hrs,  Volume= 2.017 af,  Depth= 3.15"
     Routed to Pond 349P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (sf) CN Description
* 335,031 98 Mod 2 - 6 Open Area

335,031 100.00% Impervious Area

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

Summary for Subcatchment 342S: Leachate/Surface Water Pond

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

Runoff = 14.51 cfs @ 12.04 hrs,  Volume= 0.781 af,  Depth= 3.15"
     Routed to Pond 349P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.0 Direct Entry, 

Summary for Subcatchment 343S: Landfill Open Area (Mod 2-6)

Runoff = 21.31 cfs @ 12.29 hrs,  Volume= 2.002 af,  Depth= 3.15"
     Routed to Pond 350P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (sf) CN Description
* 332,594 98 Mod 2 - 6 Open Area

332,594 100.00% Impervious Area

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

Summary for Subcatchment 344S: Leachate/Surface Water Pond

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

Runoff = 14.51 cfs @ 12.04 hrs,  Volume= 0.781 af,  Depth= 3.15"
     Routed to Pond 350P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 345S: Landfill Open Area (Mod 2-6)

Runoff = 23.57 cfs @ 12.29 hrs,  Volume= 2.214 af,  Depth= 3.15"
     Routed to Pond 351P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"
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Area (sf) CN Description
* 367,758 98 Mod 2 - 11 Open Area

367,758 100.00% Impervious Area

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

Summary for Subcatchment 346S: Leachate/Surface Water Pond

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

Runoff = 14.51 cfs @ 12.04 hrs,  Volume= 0.781 af,  Depth= 3.15"
     Routed to Pond 351P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 347S: Landfill Open Area (Mod 2-6)

Runoff = 20.81 cfs @ 12.29 hrs,  Volume= 1.955 af,  Depth= 3.15"
     Routed to Pond 352P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (sf) CN Description
* 324,737 98 Mod 2 - 6 Open Area

324,737 100.00% Impervious Area

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

Summary for Subcatchment 385S: Leachate/Surface Water Pond

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

Runoff = 18.04 cfs @ 12.04 hrs,  Volume= 0.972 af,  Depth= 3.15"
     Routed to Pond 353P : Leachate/Surface Water Pond
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Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 386S: Leachate/Surface Water Pond

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

Runoff = 18.04 cfs @ 12.04 hrs,  Volume= 0.972 af,  Depth= 3.15"
     Routed to Pond 352P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  5-yr, 24-hr storm Rainfall=3.38"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Pond 349P: Leachate/Surface Water Pond

Inflow Area = 10.671 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 24.41 cfs @ 12.27 hrs,  Volume= 2.798 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.76'   Surf.Area= 47,114 sf   Storage= 75,708 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,584 sf   Storage= 197,605 cf   (121,897 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (121,939 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)
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Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 350P: Leachate/Surface Water Pond

Inflow Area = 10.615 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 24.26 cfs @ 12.27 hrs,  Volume= 2.784 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.78'   Surf.Area= 47,272 sf   Storage= 76,652 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,608 sf   Storage= 197,910 cf   (121,257 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (120,995 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 351P: Leachate/Surface Water Pond

Inflow Area = 11.423 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 26.51 cfs @ 12.27 hrs,  Volume= 2.995 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.58'   Surf.Area= 45,696 sf   Storage= 67,355 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,602 sf   Storage= 197,834 cf   (130,479 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (130,292 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 352P: Leachate/Surface Water Pond

Inflow Area = 11.161 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 27.07 cfs @ 12.05 hrs,  Volume= 2.927 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.64'   Surf.Area= 46,169 sf   Storage= 70,111 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,584 sf   Storage= 197,602 cf   (127,491 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (127,536 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 353P: Leachate/Surface Water Pond

Inflow Area = 11.489 ac,100.00% Impervious,  Inflow Depth = 3.15"    for  5-yr, 24-hr storm event
Inflow = 27.48 cfs @ 12.06 hrs,  Volume= 3.013 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.56'   Surf.Area= 45,539 sf   Storage= 66,443 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,591 sf   Storage= 197,686 cf   (131,243 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (131,204 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390
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Subcat Reach Pond Link
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=339,047 sf   100.00% Impervious   Runoff Depth=3.74"Subcatchment 324S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=25.60 cfs  2.423 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 325S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.25 cfs  1.154 af

Runoff Area=335,031 sf   100.00% Impervious   Runoff Depth=3.74"Subcatchment 326S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=25.30 cfs  2.394 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 327S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=17.09 cfs  0.928 af

Runoff Area=332,594 sf   100.00% Impervious   Runoff Depth=3.74"Subcatchment 328S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=25.12 cfs  2.377 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 329S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=17.09 cfs  0.928 af

Runoff Area=367,758 sf   100.00% Impervious   Runoff Depth=3.74"Subcatchment 330S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=27.77 cfs  2.628 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 331S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=17.09 cfs  0.928 af

Runoff Area=324,737 sf   100.00% Impervious   Runoff Depth=3.74"Subcatchment 332S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=24.52 cfs  2.320 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=3.74"Subcatchment 333S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.25 cfs  1.154 af

Peak Elev=796.97'  Storage=197,822 cf   Inflow=28.77 cfs  3.322 afPond 334P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,929 cf   Inflow=28.58 cfs  3.304 afPond 335P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,874 cf   Inflow=31.24 cfs  3.555 afPond 336P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,655 cf   Inflow=31.91 cfs  3.474 afPond 337P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,547 cf   Inflow=32.39 cfs  3.576 afPond 338P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af
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Summary for Subcatchment 324S: Landfill Open Area (Mod 2-6)

Runoff = 25.60 cfs @ 12.29 hrs,  Volume= 2.423 af,  Depth= 3.74"
     Routed to Pond 338P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (sf) CN Description
* 339,047 98 Mod 2 - 6 Open Area

339,047 100.00% Impervious Area

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

Summary for Subcatchment 325S: Leachate/Surface Water Pond

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

Runoff = 21.25 cfs @ 12.04 hrs,  Volume= 1.154 af,  Depth= 3.74"
     Routed to Pond 338P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 326S: Landfill Open Area (Mod 2-6)

Runoff = 25.30 cfs @ 12.29 hrs,  Volume= 2.394 af,  Depth= 3.74"
     Routed to Pond 334P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (sf) CN Description
* 335,031 98 Mod 2 - 6 Open Area

335,031 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated

Summary for Subcatchment 327S: Leachate/Surface Water Pond

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

Runoff = 17.09 cfs @ 12.04 hrs,  Volume= 0.928 af,  Depth= 3.74"
     Routed to Pond 334P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 328S: Landfill Open Area (Mod 2-6)

Runoff = 25.12 cfs @ 12.29 hrs,  Volume= 2.377 af,  Depth= 3.74"
     Routed to Pond 335P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (sf) CN Description
* 332,594 98 Mod 2 - 6 Open Area

332,594 100.00% Impervious Area

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

Summary for Subcatchment 329S: Leachate/Surface Water Pond

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

Runoff = 17.09 cfs @ 12.04 hrs,  Volume= 0.928 af,  Depth= 3.74"
     Routed to Pond 335P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"
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Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 330S: Landfill Open Area (Mod 2-6)

Runoff = 27.77 cfs @ 12.29 hrs,  Volume= 2.628 af,  Depth= 3.74"
     Routed to Pond 336P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (sf) CN Description
* 367,758 98 Mod 2 - 11 Open Area

367,758 100.00% Impervious Area

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

Summary for Subcatchment 331S: Leachate/Surface Water Pond

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

Runoff = 17.09 cfs @ 12.04 hrs,  Volume= 0.928 af,  Depth= 3.74"
     Routed to Pond 336P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 332S: Landfill Open Area (Mod 2-6)

Runoff = 24.52 cfs @ 12.29 hrs,  Volume= 2.320 af,  Depth= 3.74"
     Routed to Pond 337P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"
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Area (sf) CN Description
* 324,737 98 Mod 2 - 6 Open Area

324,737 100.00% Impervious Area

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

Summary for Subcatchment 333S: Leachate/Surface Water Pond

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

Runoff = 21.25 cfs @ 12.04 hrs,  Volume= 1.154 af,  Depth= 3.74"
     Routed to Pond 337P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  10-yr, 24-hr storm Rainfall=3.97"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Pond 334P: Leachate/Surface Water Pond

Inflow Area = 10.671 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 28.77 cfs @ 12.27 hrs,  Volume= 3.322 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.26'   Surf.Area= 43,175 sf   Storage= 53,136 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,601 sf   Storage= 197,822 cf   (144,686 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (144,511 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)
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Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 335P: Leachate/Surface Water Pond

Inflow Area = 10.615 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 28.58 cfs @ 12.27 hrs,  Volume= 3.304 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.28'   Surf.Area= 43,332 sf   Storage= 54,001 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,610 sf   Storage= 197,929 cf   (143,927 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (143,646 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 336P: Leachate/Surface Water Pond

Inflow Area = 11.423 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 31.24 cfs @ 12.27 hrs,  Volume= 3.555 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.02'   Surf.Area= 41,284 sf   Storage= 43,001 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,605 sf   Storage= 197,874 cf   (154,873 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (154,646 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 337P: Leachate/Surface Water Pond

Inflow Area = 11.161 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 31.91 cfs @ 12.05 hrs,  Volume= 3.474 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 794.10'   Surf.Area= 41,914 sf   Storage= 46,329 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,588 sf   Storage= 197,655 cf   (151,326 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (151,318 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 338P: Leachate/Surface Water Pond

Inflow Area = 11.489 ac,100.00% Impervious,  Inflow Depth = 3.74"    for  10-yr, 24-hr storm event
Inflow = 32.39 cfs @ 12.06 hrs,  Volume= 3.576 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 793.99'   Surf.Area= 40,926 sf   Storage= 41,767 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,580 sf   Storage= 197,547 cf   (155,781 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (155,880 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390
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Time span=0.00-33.00 hrs, dt=0.05 hrs, 661 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=339,047 sf   100.00% Impervious   Runoff Depth=4.67"Subcatchment 1: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=31.77 cfs  3.031 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 2: Leachate/Surface Water 
   Tc=0.0 min   CN=98   Runoff=26.35 cfs  1.443 af

Runoff Area=335,031 sf   100.00% Impervious   Runoff Depth=4.67"Subcatchment 6S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=31.39 cfs  2.995 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 7S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.19 cfs  1.161 af

Runoff Area=332,594 sf   100.00% Impervious   Runoff Depth=4.67"Subcatchment 277S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=31.16 cfs  2.974 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 278S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.19 cfs  1.161 af

Runoff Area=367,758 sf   100.00% Impervious   Runoff Depth=4.67"Subcatchment 300S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=34.46 cfs  3.288 af

Runoff Area=2.980 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 301S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=21.19 cfs  1.161 af

Runoff Area=324,737 sf   100.00% Impervious   Runoff Depth=4.67"Subcatchment 320S: Landfill Open Area 
   Tc=20.0 min   CN=98   Runoff=30.43 cfs  2.903 af

Runoff Area=3.706 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment 321S: Leachate/Surface 
   Tc=0.0 min   CN=98   Runoff=26.35 cfs  1.443 af

Peak Elev=796.97'  Storage=197,735 cf   Inflow=35.69 cfs  4.156 afPond 8P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,837 cf   Inflow=35.46 cfs  4.134 afPond 279P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,879 cf   Inflow=38.75 cfs  4.448 afPond 302P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,831 cf   Inflow=39.61 cfs  4.347 afPond 322P: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af

Peak Elev=796.97'  Storage=197,936 cf   Inflow=40.21 cfs  4.474 afPond P1: Leachate/Surface Water Pond
   Outflow=0.00 cfs  0.000 af
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Summary for Subcatchment 1: Landfill Open Area (Mod 2-6)

Runoff = 31.77 cfs @ 12.28 hrs,  Volume= 3.031 af,  Depth= 4.67"
     Routed to Pond P1 : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (sf) CN Description
* 339,047 98 Mod 2 - 6 Open Area

339,047 100.00% Impervious Area

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

Summary for Subcatchment 2: Leachate/Surface Water Pond

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

Runoff = 26.35 cfs @ 12.04 hrs,  Volume= 1.443 af,  Depth= 4.67"
     Routed to Pond P1 : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 6S: Landfill Open Area (Mod 2-6)

Runoff = 31.39 cfs @ 12.28 hrs,  Volume= 2.995 af,  Depth= 4.67"
     Routed to Pond 8P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (sf) CN Description
* 335,031 98 Mod 2 - 6 Open Area

335,031 100.00% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, Estimated

Summary for Subcatchment 7S: Leachate/Surface Water Pond

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

Runoff = 21.19 cfs @ 12.04 hrs,  Volume= 1.161 af,  Depth= 4.67"
     Routed to Pond 8P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 277S: Landfill Open Area (Mod 2-6)

Runoff = 31.16 cfs @ 12.28 hrs,  Volume= 2.974 af,  Depth= 4.67"
     Routed to Pond 279P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (sf) CN Description
* 332,594 98 Mod 2 - 6 Open Area

332,594 100.00% Impervious Area

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

Summary for Subcatchment 278S: Leachate/Surface Water Pond

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

Runoff = 21.19 cfs @ 12.04 hrs,  Volume= 1.161 af,  Depth= 4.67"
     Routed to Pond 279P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"
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Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 300S: Landfill Open Area (Mod 2-6)

Runoff = 34.46 cfs @ 12.28 hrs,  Volume= 3.288 af,  Depth= 4.67"
     Routed to Pond 302P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (sf) CN Description
* 367,758 98 Mod 2 - 11 Open Area

367,758 100.00% Impervious Area

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

Summary for Subcatchment 301S: Leachate/Surface Water Pond

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

Runoff = 21.19 cfs @ 12.04 hrs,  Volume= 1.161 af,  Depth= 4.67"
     Routed to Pond 302P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 2.980 98 Leachate Surface Water Pond

2.980 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment 320S: Landfill Open Area (Mod 2-6)

Runoff = 30.43 cfs @ 12.28 hrs,  Volume= 2.903 af,  Depth= 4.67"
     Routed to Pond 322P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"
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Area (sf) CN Description
* 324,737 98 Mod 2 - 6 Open Area

324,737 100.00% Impervious Area

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

Summary for Subcatchment 321S: Leachate/Surface Water Pond

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

Runoff = 26.35 cfs @ 12.04 hrs,  Volume= 1.443 af,  Depth= 4.67"
     Routed to Pond 322P : Leachate/Surface Water Pond

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-33.00 hrs, dt= 0.05 hrs
MSE 24-hr 4  25-yr, 24-hr storm Rainfall=4.91"

Area (ac) CN Description
* 3.706 98 Leachate Surface Water Pond

3.706 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Pond 8P: Leachate/Surface Water Pond

Inflow Area = 10.671 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 35.69 cfs @ 12.27 hrs,  Volume= 4.156 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 793.24'   Surf.Area= 25,898 sf   Storage= 16,708 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,594 sf   Storage= 197,735 cf   (181,027 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (180,939 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)
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Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 279P: Leachate/Surface Water Pond

Inflow Area = 10.615 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 35.46 cfs @ 12.27 hrs,  Volume= 4.134 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 793.28'   Surf.Area= 26,699 sf   Storage= 17,760 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,603 sf   Storage= 197,837 cf   (180,077 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (179,887 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 302P: Leachate/Surface Water Pond

Inflow Area = 11.423 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 38.75 cfs @ 12.27 hrs,  Volume= 4.448 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 792.59'   Surf.Area= 12,873 sf   Storage= 4,108 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,606 sf   Storage= 197,879 cf   (193,772 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (193,540 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond 322P: Leachate/Surface Water Pond

Inflow Area = 11.161 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 39.61 cfs @ 12.05 hrs,  Volume= 4.347 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 792.87'   Surf.Area= 18,484 sf   Storage= 8,498 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,602 sf   Storage= 197,831 cf   (189,333 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (189,150 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' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390

Summary for Pond P1: Leachate/Surface Water Pond

Inflow Area = 11.489 ac,100.00% Impervious,  Inflow Depth = 4.67"    for  25-yr, 24-hr storm event
Inflow = 40.21 cfs @ 12.06 hrs,  Volume= 4.474 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= 0.00-33.00 hrs, dt= 0.05 hrs
Starting Elev= 792.50'   Surf.Area= 11,070 sf   Storage= 3,030 cf
Peak Elev= 796.97' @ 25.15 hrs   Surf.Area= 61,610 sf   Storage= 197,936 cf   (194,906 cf above start)
Flood Elev= 796.97'   Surf.Area= 61,588 sf   Storage= 197,647 cf   (194,617 cf above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)
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Volume Invert Avail.Storage Storage Description
#1 792.00' 405,390 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

792.00 1,051 0 0
794.00 41,126 42,177 42,177
796.00 56,885 98,011 140,188
798.00 66,581 123,466 263,654
800.00 75,155 141,736 405,390
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Storm Water Management Calculations 
 
Purpose: 
The purpose of the storm water runoff calculations is to demonstrate that the existing storm water 
sedimentation basin and proposed storm water management features included in the Modules 10 and 
11 Plan Modification Request can accommodate and safely convey the runoff from a 25-year, 24-hour 
storm event during post closure conditions. 
  
Items addressed in these calculations: 
 

 Sedimentation Basin 
 Swales 
 Culverts 
 Diversion Berms 
 Downslope Flumes & Energy Dissipaters 
 Rock Chutes 
 Discharge Aprons 

 
The proposed storm water management conditions are shown on Figure 1.  
 
The calculations support the capacity check of the following existing storm water management feature: 
 

Feature Purpose Design Method 
Sedimentation Basin To safely handle 25-year, 24-hour 

storm event without overtopping the 
100-year, 24-hour emergency spillway.  

HydroCAD runoff modeling  

Swales Convey storm water runoff from 
adjacent areas to Culvert C2 and offsite 
during post construction conditions 

HydroCAD runoff modeling and 
Swale Calculation 

Culverts Convey storm water from the final 
cover perimeter swales during post 
construction conditions 

HydroCAD runoff modeling and 
HY-8 Culvert Model 

Diversion Berms Reduce storm water runoff from long 
final cover slopes and to divert water to 
perimeter swales during post 
construction conditions 

HydroCAD runoff modeling and 
Diversion Berm Calculations 

Downslope Flumes & 
Energy Dissipators 

Convey storm water from diversion 
berms down slope to discharge 
locations during post construction 
conditions 

HydroCAD runoff modeling and 
Downslope Flume Calculations 

Rock Chutes Erosion protection and convey storm 
water from energy dissipators (Flume 1 
and Flume 2) to existing swale during 
post construction conditions 

HydroCAD runoff modeling and 
Rock Chute Calculation  

Discharge Aprons Erosion protection from culvert 
discharge at culverts  

HydroCAD runoff modeling and 
Riprap Apron Calculation 

 
Approach: 
Hydrograph Generation 
HydroCAD was used to model the storm water management system and develop the hydrographs 
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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 events from NOAA ATLAS 14, contributing drainage areas, runoff curve numbers, and 
time of concentration.  
 
Swale Sizing  
The proposed swales were sized for the 25-year, 24-hour storm event. A spreadsheet based on 
Manning’s equation was used to determine the depth of flow and velocity in the swales based on the 
swale geometry and peak flow in the swales (as determined by the Hydrograph Generation models). 
 
Culvert Sizing  
Culverts were sized for the 25-year, 24-hour storm event using the HY-8 computer model developed by 
the US Department of Transportation, Federal Highway Administration.  
 
Diversion Berms 
Diversion berms were sized for the 25-year, 24-hour storm event using the Manning’s Equation to 
determine the depth of flow and velocity in the swale based on the swale geometry and peak flow for 
the storm event (as determined by the Hydrograph Generation Calculations). 
 
Downslope Flumes and Energy Dissipaters Sizing 
Flumes and energy dissipaters were sized for the 25-year, 24-hour storm event. Manning’s equation 
and the orifice equation were used to size the flumes.  Energy dissipaters were sized using tables from 
the reference book “Hydraulic Design of Energy Dissipaters for Culverts and Channels” US Department 
of Transportation, Federal Highway Administration, July 2006. 
 
Rock Cute Sizing 
Rock chutes were sized for the 25-year, 24-hour storm event. Rock Chutes were sized based on the 
flow to each culvert location. The Iowa NRCS Rock Chute Design spreadsheet was used to size the 
chute and riprap.   
 
Discharge Apron Sizing 
Riprap aprons were sized for the 25-year, 24-hour storm event using equations in Section 5.2 – Riprap 
Blanket of WisDOT FDM 13-35-5. The riprap aprons were sized based on the flow to the culvert 
location. The riprap sizing was used to size the riprap discharge apron. 
 
Basin Sizing  
Route the proposed construction and existing drainage runoff through the sedimentation basin to 
confirm the basin can handle the 25-year, 24-hour storm event. HydroCAD was used to model the 
runoff flow through the basin outfall (as determined by the Hydrograph Generation model).   
 
Key Assumptions: 

 Drainage areas and time of concentration flow paths are as shown on Figure 1 for Post 
Construction Conditions.  

 An MSE4 rainfall distribution was used based on NRCS Wisconsin rainfall distribution regions. 
The precipitation depth for the 25-year, 24-hour storm was assumed to be 4.91 inches, based 
on NOAA ATLAS 14 Point Precipitation Frequency Estimates (NOAA’s National Weather 
Service Hydrometeorological Design Studies Center Precipitation Frequency Data Server). 

 
 Runoff curve numbers were based on tables presented in Urban Hydrology for Small 

Watersheds, and were assumed as follows and as listed in the modeling. 
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Cover Type CN 
Final Cover 69 – Pasture/grassland/range in good condition, 

hydrologic soil group (HSG) C/B (assumed mid value 
between each soil group) 

Pasture, grassland 
or range 

39 – Pasture/grassland/range, Good, HSG A 

Rain Cover 98 – Rain Cover (plastic smooth material) 
Pavement 98 – impervious HSG A 
Gravel 96 – Gravel, HSG A  

 
 Type A soil group for non-disturbed areas outside the landfill as soils are loamy sand. 
 Other assumptions are included with the calculations attached to this appendix. 

 
Results: 
Hydrograph Generation 
The hydrograph modeling results for the 25-year and 100-year, 24-hour storm events are included in 
the Post Construction Conditions Hydrograph Generation section.   
 
Basin Sizing  
The existing sedimentation basin has the capacity to safely contain the 25-year, 24-hour storm event 
and safely pass the 100-year, 24-hour storm event through the emergency spillway. Refer to the Basin 
Sizing section. 
 
Swale Sizing  
The proposed swales will be constructed as shown on the Drawings. The swales have the capacity to 
safely convey the both the 25-year, 24-hour storm events and maintain a minimum 0.5 foot of 
freeboard. Refer to the Swale Sizing section. 
Appropriate erosion control product was selected based on the velocities and shear stress in the 
swales. Refer to the Swale Sizing section below for the evaluation. 
 
Culvert Sizing 
Culverts will be as shown in the Drawings. The culverts have the capacity to safely convey the 25-year, 
24-hour storm event. Refer to the Culvert Sizing Section for the detailed calculations. 
 
Diversion Berm Sizing 
The proposed final berms will be constructed as shown on the Drawings. The diversion berms will 
contain the runoff from the 25-year, 24-hour storm event. Refer to the Diversion Berm Design section. 
 
Downslope Flume and Energy Dissipater Sizing 
The downslope flumes and energy dissipaters will be constructed as shown on the Drawings. The 
downslope flumes are designed to contain the runoff from the 25-year, 24-hour storm event. Energy 
dissipaters at the bottom of the downslope flumes have been designed to handle the peak velocities. 
Refer to the Downslope Flume and Energy Dissipater Sizing section below for detailed calculations. 
 
Rock Chute Sizing 
The proposed rock chutes will be constructed as shown in the Drawings. The rock chutes will 
accommodate the runoff from the 25-year, 24-hour storm event. Refer to the Rock Chute Sizing 
section. 
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Discharge Apron Sizing 
The proposed riprap aprons will be constructed as shown in the Drawings. The aprons will 
accommodate the runoff from the 25-year, 24-hour storm event. Refer to Discharge Apron Sizing for 
design calculations. 
 

 
I:\25220183.00\Data and Calculations\Stormwater Landfill\Sed Basin Size Check\SWM Calcs_Writeup_Sed Basin_Draft.doc 
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Time span=0.00-40.00 hrs, dt=0.01 hrs, 4001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=1.288 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 1: Subcat AREA 1
   Flow Length=408'   Tc=2.6 min   CN=69   Runoff=4.58 cfs  0.203 af

Runoff Area=0.914 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 10: Subcat AREA 10
   Flow Length=500'   Tc=3.2 min   CN=69   Runoff=3.17 cfs  0.144 af

Runoff Area=0.949 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 11: Subcat AREA 11
   Flow Length=391'   Tc=4.6 min   CN=69   Runoff=3.10 cfs  0.150 af

Runoff Area=0.098 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 12: Subcat AREA 12
   Flow Length=92'   Tc=2.5 min   CN=69   Runoff=0.35 cfs  0.015 af

Runoff Area=0.890 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 13: Subcat AREA 13
   Flow Length=590'   Tc=4.6 min   CN=69   Runoff=2.91 cfs  0.140 af

Runoff Area=1.145 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 14: Subcat AREA 14
   Flow Length=625'   Tc=5.1 min   CN=69   Runoff=3.66 cfs  0.181 af

Runoff Area=0.512 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 15: Subcat AREA 15
   Flow Length=235'   Tc=4.2 min   CN=69   Runoff=1.71 cfs  0.081 af

Runoff Area=1.510 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 16: Subcat AREA 16
   Flow Length=522'   Tc=4.9 min   CN=69   Runoff=4.89 cfs  0.238 af

Runoff Area=1.228 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 17: Subcat AREA 17
   Flow Length=386'   Tc=4.7 min   CN=69   Runoff=4.00 cfs  0.194 af

Runoff Area=0.813 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 18: Subcat AREA 18
   Flow Length=383'   Tc=4.6 min   CN=69   Runoff=2.66 cfs  0.128 af

Runoff Area=0.847 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 19: Subcat AREA 19
   Flow Length=394'   Tc=4.6 min   CN=69   Runoff=2.77 cfs  0.134 af

Runoff Area=1.167 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 2: Subcat AREA 2
   Flow Length=613'   Tc=5.1 min   CN=69   Runoff=3.73 cfs  0.184 af

Runoff Area=1.054 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 20: Subcat AREA 20
   Flow Length=453'   Tc=4.7 min   CN=69   Runoff=3.43 cfs  0.166 af

Runoff Area=1.030 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 21: Subcat AREA 21
   Flow Length=448'   Tc=4.7 min   CN=69   Runoff=3.35 cfs  0.162 af

Runoff Area=1.030 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 22: Subcat AREA 22
   Flow Length=448'   Tc=4.7 min   CN=69   Runoff=3.35 cfs  0.162 af

Runoff Area=1.548 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 23: Subcat AREA 23
   Flow Length=715'   Tc=5.4 min   CN=69   Runoff=4.89 cfs  0.244 af
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Runoff Area=1.952 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 24: Subcat AREA 24
   Flow Length=889'   Tc=5.8 min   CN=69   Runoff=6.05 cfs  0.308 af

Runoff Area=1.515 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 25: Subcat AREA 25
   Flow Length=495'   Tc=3.9 min   CN=69   Runoff=5.13 cfs  0.239 af

Runoff Area=0.518 ac   0.00% Impervious   Runoff Depth=1.74"Subcatchment AREA 26: Subcat AREA 26
   Flow Length=216'   Tc=4.1 min   CN=67   Runoff=1.59 cfs  0.075 af

Runoff Area=4.140 ac   0.00% Impervious   Runoff Depth=0.55"Subcatchment AREA 27: Subcat AREA 27
   Flow Length=864'   Tc=12.0 min   CN=48   Runoff=1.68 cfs  0.191 af

Runoff Area=142,960 sf   0.00% Impervious   Runoff Depth=0.66"Subcatchment AREA 28: Subcat AREA 28
   Flow Length=573'   Tc=9.1 min   CN=50   Runoff=2.08 cfs  0.179 af

Runoff Area=0.423 ac   0.00% Impervious   Runoff Depth=0.60"Subcatchment AREA 28A: Subcat AREA 28A
   Flow Length=234'   Tc=9.1 min   CN=49   Runoff=0.23 cfs  0.021 af

Runoff Area=0.476 ac   0.00% Impervious   Runoff Depth=0.71"Subcatchment AREA 28B: Subcat AREA 28B
   Flow Length=211'   Tc=4.5 min   CN=51   Runoff=0.47 cfs  0.028 af

Runoff Area=2.792 ac   0.00% Impervious   Runoff Depth=0.22"Subcatchment AREA 29: Subcat AREA 29
   Flow Length=463'   Tc=14.8 min   CN=40   Runoff=0.16 cfs  0.050 af

Runoff Area=0.717 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 3: Subcat AREA 3
   Flow Length=409'   Tc=6.3 min   CN=69   Runoff=2.17 cfs  0.113 af

Runoff Area=1.415 ac   0.00% Impervious   Runoff Depth=0.18"Subcatchment AREA 30: Subcat AREA 30
   Flow Length=941'   Slope=0.0260 '/'   Tc=22.0 min   CN=39   Runoff=0.06 cfs  0.021 af

Runoff Area=0.698 ac   0.00% Impervious   Runoff Depth=0.18"Subcatchment AREA 31: Subcat AREA 31
   Flow Length=481'   Tc=4.4 min   CN=39   Runoff=0.03 cfs  0.011 af

Runoff Area=3.353 ac   0.00% Impervious   Runoff Depth=0.46"Subcatchment AREA 32: Subcat AREA 32
   Flow Length=663'   Tc=17.3 min   CN=46   Runoff=0.81 cfs  0.128 af

Runoff Area=38,914 sf   0.00% Impervious   Runoff Depth=0.60"Subcatchment AREA 33: Subcat AREA 33
   Flow Length=377'   Tc=16.0 min   CN=49   Runoff=0.37 cfs  0.045 af

Runoff Area=68,484 sf   0.00% Impervious   Runoff Depth=0.37"Subcatchment AREA 34: Subcat AREA 34
   Flow Length=488'   Tc=16.2 min   CN=44   Runoff=0.25 cfs  0.049 af

Runoff Area=0.375 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 35: Subcat AREA 35
   Flow Length=174'   Slope=0.2500 '/'   Tc=4.2 min   CN=69   Runoff=1.25 cfs  0.059 af

Runoff Area=0.487 ac   0.00% Impervious   Runoff Depth=1.82"Subcatchment AREA 36: Subcat AREA 36
   Flow Length=425'   Tc=4.4 min   CN=68   Runoff=1.54 cfs  0.074 af

Runoff Area=0.344 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 37: Subcat AREA 37
   Flow Length=510'   Tc=4.6 min   CN=69   Runoff=1.12 cfs  0.054 af
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Runoff Area=0.223 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 38: Subcat AREA 38
   Flow Length=590'   Tc=4.1 min   CN=69   Runoff=0.75 cfs  0.035 af

Runoff Area=0.656 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 39: Subcat AREA 39
   Flow Length=642'   Tc=5.3 min   CN=69   Runoff=2.08 cfs  0.103 af

Runoff Area=1.247 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 4: Subcat AREA 4
   Flow Length=478'   Tc=6.6 min   CN=69   Runoff=3.74 cfs  0.197 af

Runoff Area=1.618 ac   0.00% Impervious   Runoff Depth=1.18"Subcatchment AREA 40: Subcat AREA 40
   Flow Length=699'   Tc=5.2 min   CN=59   Runoff=3.05 cfs  0.160 af

Runoff Area=0.826 ac   0.00% Impervious   Runoff Depth=1.12"Subcatchment AREA 41: Subcat AREA 41
   Flow Length=722'   Tc=5.9 min   CN=58   Runoff=1.40 cfs  0.077 af

Runoff Area=2.177 ac   0.00% Impervious   Runoff Depth=0.18"Subcatchment AREA 42: Subcat AREA 42
   Flow Length=415'   Tc=9.1 min   CN=39   Runoff=0.09 cfs  0.033 af

Runoff Area=1.228 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 43: Subcat AREA 43
   Flow Length=778'   Tc=5.9 min   CN=69   Runoff=3.79 cfs  0.194 af

Runoff Area=5.227 ac   0.00% Impervious   Runoff Depth=0.18"Subcatchment AREA 44: Subcat AREA 44
   Flow Length=701'   Tc=7.9 min   CN=39   Runoff=0.22 cfs  0.079 af

Runoff Area=1.508 ac   100.00% Impervious   Runoff Depth=4.67"Subcatchment AREA 44A: Subcat AREA 
   Tc=0.0 min   CN=98   Runoff=10.70 cfs  0.587 af

Runoff Area=0.594 ac   0.00% Impervious   Runoff Depth=0.66"Subcatchment AREA 44B: Subcat AREA 44B
   Flow Length=147'   Slope=0.0544 '/'   Tc=7.6 min   CN=50   Runoff=0.41 cfs  0.032 af

Runoff Area=2.001 ac   0.00% Impervious   Runoff Depth=0.33"Subcatchment AREA 45: Subcat AREA 45
   Flow Length=681'   Tc=21.9 min   CN=43   Runoff=0.24 cfs  0.055 af

Runoff Area=7.367 ac   0.36% Impervious   Runoff Depth=1.18"Subcatchment AREA 46: Subcat AREA 46
   Flow Length=1,904'   Tc=9.2 min   CN=59   Runoff=11.31 cfs  0.727 af

Runoff Area=79,132 sf   8.81% Impervious   Runoff Depth=1.52"Subcatchment AREA 47: Subcat AREA 47
   Flow Length=582'   Tc=9.1 min   CN=64   Runoff=3.79 cfs  0.230 af

Runoff Area=57,540 sf   11.76% Impervious   Runoff Depth=1.32"Subcatchment AREA 48: Subcat AREA 48
   Flow Length=489'   Tc=5.4 min   CN=61   Runoff=2.79 cfs  0.145 af

Runoff Area=0.691 ac   0.00% Impervious   Runoff Depth=1.18"Subcatchment AREA 49: Subcat AREA 49
   Flow Length=522'   Tc=4.3 min   CN=59   Runoff=1.37 cfs  0.068 af

Runoff Area=1.195 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 5: Subcat AREA 5
   Flow Length=482'   Tc=6.6 min   CN=69   Runoff=3.58 cfs  0.188 af

Runoff Area=1.482 ac   0.00% Impervious   Runoff Depth=4.00"Subcatchment AREA 50: Subcat AREA 50
   Flow Length=570'   Tc=3.4 min   CN=92   Runoff=9.68 cfs  0.494 af
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Runoff Area=1.417 ac   0.00% Impervious   Runoff Depth=0.22"Subcatchment AREA 51: Subcat AREA 51
   Flow Length=884'   Tc=12.2 min   CN=40   Runoff=0.08 cfs  0.025 af

Runoff Area=197,330 sf   13.14% Impervious   Runoff Depth=0.51"Subcatchment AREA 52: Subcat AREA 52
   Flow Length=1,294'   Tc=6.3 min   CN=47   Runoff=2.06 cfs  0.191 af

Runoff Area=0.892 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 6: Subcat AREA 6
   Flow Length=415'   Tc=4.6 min   CN=69   Runoff=2.92 cfs  0.141 af

Runoff Area=1.017 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 7: Subcat AREA 7
   Flow Length=833'   Tc=5.8 min   CN=69   Runoff=3.15 cfs  0.160 af

Runoff Area=1.009 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 8: Subcat AREA 8
   Flow Length=409'   Tc=4.7 min   CN=69   Runoff=3.29 cfs  0.159 af

Runoff Area=1.047 ac   0.00% Impervious   Runoff Depth=1.89"Subcatchment AREA 9: Subcat AREA 9
   Flow Length=426'   Tc=4.8 min   CN=69   Runoff=3.40 cfs  0.165 af

Avg. Flow Depth=0.76'   Max Vel=2.58 fps   Inflow=22.03 cfs  1.077 afReach S1 R2: Swale S1 Reach 2
n=0.030   L=127.0'   S=0.0055 '/'   Capacity=140.64 cfs   Outflow=21.68 cfs  1.077 af

Avg. Flow Depth=0.88'   Max Vel=2.69 fps   Inflow=31.44 cfs  1.788 afReach S1 R3: Swale S1 Reach 3
n=0.030   L=578.0'   S=0.0051 '/'   Capacity=135.10 cfs   Outflow=27.38 cfs  1.788 af

Avg. Flow Depth=0.94'   Max Vel=3.19 fps   Inflow=35.79 cfs  2.233 afReach S1 R4: Swale S1 Reach 4
n=0.030   L=195.8'   S=0.0066 '/'   Capacity=154.36 cfs   Outflow=35.20 cfs  2.233 af

Avg. Flow Depth=0.97'   Max Vel=2.89 fps   Inflow=35.39 cfs  2.255 afReach S1 R5: Swale S1 Reach 5
n=0.030   L=411.6'   S=0.0053 '/'   Capacity=137.86 cfs   Outflow=33.17 cfs  2.255 af

Avg. Flow Depth=0.97'   Max Vel=2.87 fps   Inflow=35.21 cfs  2.484 afReach S1 R6: Swale S1 Reach 6
n=0.030   L=430.9'   S=0.0052 '/'   Capacity=136.28 cfs   Outflow=33.18 cfs  2.484 af

Avg. Flow Depth=1.18'   Max Vel=1.99 fps   Inflow=33.19 cfs  2.506 afReach S2 R1: Swale S2 Reach 1
n=0.030   L=472.0'   S=0.0020 '/'   Capacity=84.99 cfs   Outflow=29.93 cfs  2.506 af

Avg. Flow Depth=0.98'   Max Vel=3.41 fps   Inflow=48.80 cfs  4.314 afReach S2 R2: Swale S2 Reach 2
n=0.030   L=751.0'   S=0.0069 '/'   Capacity=182.04 cfs   Outflow=46.24 cfs  4.314 af

Avg. Flow Depth=0.63'   Max Vel=2.73 fps   Inflow=16.31 cfs  0.785 afReach S3 R1: Swale S3 Reach 1
n=0.030   L=215.0'   S=0.0070 '/'   Capacity=125.24 cfs   Outflow=15.87 cfs  0.785 af

Avg. Flow Depth=1.75'   Max Vel=3.61 fps   Inflow=27.94 cfs  1.419 afReach S3 R2: Swale S3 Reach 2
n=0.030   L=97.0'   S=0.0070 '/'   Capacity=71.57 cfs   Outflow=27.78 cfs  1.419 af

Avg. Flow Depth=0.73'   Max Vel=3.34 fps   Inflow=27.86 cfs  1.464 afReach S3 R3: Swale S3 Reach 3
n=0.030   L=353.0'   S=0.0097 '/'   Capacity=186.19 cfs   Outflow=26.59 cfs  1.464 af

Avg. Flow Depth=0.46'   Max Vel=2.23 fps   Inflow=14.04 cfs  0.716 afReach S4 R2: Swale S4 Reach 2
n=0.030   L=601.0'   S=0.0069 '/'   Capacity=174.20 cfs   Outflow=11.87 cfs  0.716 af
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Avg. Flow Depth=0.63'   Max Vel=2.42 fps   Inflow=23.93 cfs  1.374 afReach S4 R3: Swale S4 Reach 3
n=0.030   L=946.0'   S=0.0056 '/'   Capacity=156.53 cfs   Outflow=18.66 cfs  1.374 af

Avg. Flow Depth=1.27'   Max Vel=4.35 fps   Inflow=81.28 cfs  7.099 afReach S4 R4: Swale S4 Reach 4
n=0.030   L=483.0'   S=0.0082 '/'   Capacity=427.66 cfs   Outflow=80.05 cfs  7.099 af

   Inflow=2.06 cfs  0.191 afReach S5 R2: Swale S5 Reach 2
   Outflow=2.06 cfs  0.191 af

Peak Elev=791.59'  Storage=137,326 cf   Inflow=82.78 cfs  7.853 afPond Sed Pond: Sedimentation Basin
fs  5.880 af   Primary=9.42 cfs  1.973 af   Secondary=0.00 cfs  0.000 af   Tertiary=0.00 cfs  0.000 af   Outflow=14.75 cfs  7.854 af

   Inflow=2.06 cfs  0.191 afLink C1: Culvert C1
   Primary=2.06 cfs  0.191 af

   Inflow=9.68 cfs  0.520 afLink C2: Culvert C2
   Primary=9.68 cfs  0.520 af

   Inflow=27.38 cfs  1.788 afLink C3: Culvert C3
   Primary=27.38 cfs  1.788 af

   Inflow=35.39 cfs  2.255 afLink C4: Culvert C4
   Primary=35.39 cfs  2.255 af

   Inflow=35.21 cfs  2.434 afLink C5: Culvert C5
   Primary=35.21 cfs  2.434 af

   Inflow=27.86 cfs  1.464 afLink C6: Culvert C6
   Primary=27.86 cfs  1.464 af

   Inflow=52.15 cfs  4.999 afLink C7: Culvert C7
   Primary=52.15 cfs  4.999 af

   Inflow=8.32 cfs  0.566 afLink C8: Culvert C8
   Primary=8.32 cfs  0.566 af

   Inflow=13.17 cfs  0.658 afLink F1: Flume 1
   Primary=13.17 cfs  0.658 af

   Inflow=14.04 cfs  0.716 afLink F2: Flume 2
   Primary=14.04 cfs  0.716 af

   Inflow=19.08 cfs  0.934 afLink F3: Flume 3
   Primary=19.08 cfs  0.934 af

   Inflow=8.58 cfs  0.417 afLink F4: Flume 4
   Primary=8.58 cfs  0.417 af

   Inflow=15.06 cfs  0.725 afLink F5: Flume 5
   Primary=15.06 cfs  0.725 af
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   Inflow=12.11 cfs  0.586 afLink F6: Flume 6
   Primary=12.11 cfs  0.586 af

   Inflow=2.66 cfs  0.128 afLink F7: Existing East Flume
   Primary=2.66 cfs  0.128 af

   Inflow=9.73 cfs  0.492 afLink F8: Existing West Flume
   Primary=9.73 cfs  0.492 af

   Inflow=8.32 cfs  0.566 afLink North Area: North Area
   Primary=8.32 cfs  0.566 af

   Inflow=13.17 cfs  0.658 afLink RC1: Rock Chute 1
   Primary=13.17 cfs  0.658 af

   Inflow=14.04 cfs  0.716 afLink RC2: Rock Chute 2
   Primary=14.04 cfs  0.716 af

   Inflow=33.18 cfs  2.484 afLink Swale 1 R6: Swale S1 Reach 6
   Primary=33.18 cfs  2.484 af

   Inflow=1.37 cfs  0.068 afLink Swale S1 R1: Swale S1 Reach 1
   Primary=1.37 cfs  0.068 af

   Inflow=21.68 cfs  1.077 afLink Swale S1 R2: Swale S1 Reach 2
   Primary=21.68 cfs  1.077 af

   Inflow=27.38 cfs  1.788 afLink Swale S1 R3: Swale S1 Reach 3
   Primary=27.38 cfs  1.788 af

   Inflow=35.39 cfs  2.255 afLink Swale S1 R4: Swale S1 Reach 4
   Primary=35.39 cfs  2.255 af

   Inflow=35.21 cfs  2.434 afLink Swale S1 R5: Swale S1 Reach 5
   Primary=35.21 cfs  2.434 af

   Inflow=29.95 cfs  2.516 afLink Swale S2 R1: Swale S2 Reach 1
   Primary=29.95 cfs  2.516 af

   Inflow=52.15 cfs  4.999 afLink Swale S2 R2: Swale S2 Reach 2
   Primary=52.15 cfs  4.999 af

   Inflow=15.88 cfs  0.833 afLink Swale S3 R1: Swale S3 Reach 1
   Primary=15.88 cfs  0.833 af

   Inflow=27.86 cfs  1.464 afLink Swale S3 R2: Swale S3 Reach 2
   Primary=27.86 cfs  1.464 af

   Inflow=26.70 cfs  1.592 afLink Swale S3 R3: Swale S3 Reach 3
   Primary=26.70 cfs  1.592 af
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   Inflow=80.09 cfs  7.154 afLink Swale S4 R4: Swale S4 Reach 4
   Primary=80.09 cfs  7.154 af

   Inflow=2.06 cfs  0.191 afLink Swale S5 R1: Swale S5 Reach 1
   Primary=2.06 cfs  0.191 af

   Inflow=4.68 cfs  0.336 afLink Swale S5 R2: Swale S5 Reach 2
   Primary=4.68 cfs  0.336 af

   Inflow=3.79 cfs  0.230 afLink Swale S5 R3: Swale S5 Reach 3
   Primary=3.79 cfs  0.230 af

   Inflow=9.68 cfs  0.520 afLink Swale S6 R1: Swale S6 Reach 1
   Primary=9.68 cfs  0.520 af

   Inflow=9.42 cfs  1.973 afLink Wetland: Wetland
   Primary=9.42 cfs  1.973 af

Total Runoff Area = 82.060 ac   Runoff Volume = 8.419 af   Average Runoff Depth = 1.23"
97.02% Pervious = 79.615 ac     2.98% Impervious = 2.446 ac
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Summary for Subcatchment AREA 1: Subcat AREA 1

Runoff = 4.58 cfs @ 12.11 hrs,  Volume= 0.203 af,  Depth= 1.89"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.288 69 Pasture/grassland/range, Fair, HSG B
1.288 100.00% Pervious Area

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

1.7 37 0.2500 0.36 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.9 371 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

2.6 408 Total

Summary for Subcatchment AREA 10: Subcat AREA 10

Runoff = 3.17 cfs @ 12.11 hrs,  Volume= 0.144 af,  Depth= 1.89"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.914 69 Pasture/grassland/range, Fair, HSG B
0.914 100.00% Pervious Area

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

2.1 46 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.1 454 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

3.2 500 Total

Summary for Subcatchment AREA 11: Subcat AREA 11

Runoff = 3.10 cfs @ 12.12 hrs,  Volume= 0.150 af,  Depth= 1.89"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (ac) CN Description
0.949 69 Pasture/grassland/range, Fair, HSG B
0.949 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 14 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 277 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 391 Total

Summary for Subcatchment AREA 12: Subcat AREA 12

Runoff = 0.35 cfs @ 12.11 hrs,  Volume= 0.015 af,  Depth= 1.89"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.098 69 Pasture/grassland/range, Fair, HSG B
0.098 100.00% Pervious Area

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

2.4 56 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 36 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

2.5 92 Total

Summary for Subcatchment AREA 13: Subcat AREA 13

Runoff = 2.91 cfs @ 12.12 hrs,  Volume= 0.140 af,  Depth= 1.89"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (ac) CN Description
0.890 69 Pasture/grassland/range, Fair, HSG B
0.890 100.00% Pervious Area

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

3.4 87 0.2500 0.42 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.2 503 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 590 Total

Summary for Subcatchment AREA 14: Subcat AREA 14

Runoff = 3.66 cfs @ 12.13 hrs,  Volume= 0.181 af,  Depth= 1.89"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.145 69 Pasture/grassland/range, Fair, HSG B
1.145 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 27 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.2 498 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.1 625 Total

Summary for Subcatchment AREA 15: Subcat AREA 15

Runoff = 1.71 cfs @ 12.12 hrs,  Volume= 0.081 af,  Depth= 1.89"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.512 69 Pasture/grassland/range, Fair, HSG B
0.512 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.2 85 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.2 235 Total

Summary for Subcatchment AREA 16: Subcat AREA 16

Runoff = 4.89 cfs @ 12.13 hrs,  Volume= 0.238 af,  Depth= 1.89"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.510 69 Pasture/grassland/range, Fair, HSG B
1.510 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.9 372 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.9 522 Total

Summary for Subcatchment AREA 17: Subcat AREA 17

Runoff = 4.00 cfs @ 12.12 hrs,  Volume= 0.194 af,  Depth= 1.89"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.228 69 Pasture/grassland/range, Fair, HSG B
1.228 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.3 63 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 223 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 386 Total

Summary for Subcatchment AREA 18: Subcat AREA 18

Runoff = 2.66 cfs @ 12.12 hrs,  Volume= 0.128 af,  Depth= 1.89"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.813 69 Pasture/grassland/range, Fair, HSG B
0.813 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 48 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 235 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 383 Total

Summary for Subcatchment AREA 19: Subcat AREA 19

Runoff = 2.77 cfs @ 12.12 hrs,  Volume= 0.134 af,  Depth= 1.89"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.847 69 Pasture/grassland/range, Fair, HSG B
0.847 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 244 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 394 Total

Summary for Subcatchment AREA 2: Subcat AREA 2

Runoff = 3.73 cfs @ 12.13 hrs,  Volume= 0.184 af,  Depth= 1.89"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.167 69 Pasture/grassland/range, Fair, HSG B
1.167 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 18 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.2 495 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.1 613 Total

Summary for Subcatchment AREA 20: Subcat AREA 20

Runoff = 3.43 cfs @ 12.12 hrs,  Volume= 0.166 af,  Depth= 1.89"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.054 69 Pasture/grassland/range, Fair, HSG B
1.054 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 303 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 453 Total

Summary for Subcatchment AREA 21: Subcat AREA 21

Runoff = 3.35 cfs @ 12.12 hrs,  Volume= 0.162 af,  Depth= 1.89"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.030 69 Pasture/grassland/range, Fair, HSG B
1.030 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 298 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 448 Total

Summary for Subcatchment AREA 22: Subcat AREA 22

Runoff = 3.35 cfs @ 12.12 hrs,  Volume= 0.162 af,  Depth= 1.89"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.030 69 Pasture/grassland/range, Fair, HSG B
1.030 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 298 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 448 Total

Summary for Subcatchment AREA 23: Subcat AREA 23

Runoff = 4.89 cfs @ 12.13 hrs,  Volume= 0.244 af,  Depth= 1.89"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.548 69 Pasture/grassland/range, Fair, HSG B
1.548 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 24 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.5 591 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.4 715 Total

Summary for Subcatchment AREA 24: Subcat AREA 24

Runoff = 6.05 cfs @ 12.13 hrs,  Volume= 0.308 af,  Depth= 1.89"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.952 69 Pasture/grassland/range, Fair, HSG B
1.952 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 24 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.9 765 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.8 889 Total

Summary for Subcatchment AREA 25: Subcat AREA 25

Runoff = 5.13 cfs @ 12.12 hrs,  Volume= 0.239 af,  Depth= 1.89"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.515 69 Pasture/grassland/range, Fair, HSG B
1.515 100.00% Pervious Area

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

2.8 67 0.2500 0.40 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.1 428 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

3.9 495 Total

Summary for Subcatchment AREA 26: Subcat AREA 26

Runoff = 1.59 cfs @ 12.12 hrs,  Volume= 0.075 af,  Depth= 1.74"
     Routed to Reach S1 R2 : Swale S1 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.396 69 Pasture/grassland/range, Fair, HSG B
0.072 39 Pasture/grassland/range, Good, HSG A
0.049 96 Gravel surface, HSG A

* 0.000 0 Pasture/grassland/range, Fair
0.518 67 Weighted Average
0.518 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.6 93 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.5 123 0.0055 4.39 140.49 Trap/Vee/Rect Channel Flow, Swale 1 Reach 2
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

4.1 216 Total

Summary for Subcatchment AREA 27: Subcat AREA 27

Runoff = 1.68 cfs @ 12.25 hrs,  Volume= 0.191 af,  Depth= 0.55"
     Routed to Reach S1 R3 : Swale S1 Reach 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.651 69 Pasture/grassland/range, Fair, HSG B
2.758 39 Pasture/grassland/range, Good, HSG A
0.010 96 Gravel surface, HSG A
0.295 96 Gravel surface, HSG A
0.426 39 Pasture/grassland/range, Good, HSG A

* 0.000 0
* 0.000 0
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 Pasture/grassland/range, Good

4.140 48 Weighted Average
4.140 100.00% Pervious Area

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

7.3 100 0.0500 0.23 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.3 217 0.0500 1.57 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 20 0.0050 1.14 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.1 14 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

2.0 513 0.0051 4.23 135.28 Trap/Vee/Rect Channel Flow, Swale 1 Reach 3
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

12.0 864 Total
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Summary for Subcatchment AREA 28: Subcat AREA 28

Runoff = 2.08 cfs @ 12.19 hrs,  Volume= 0.179 af,  Depth= 0.66"
     Routed to Link Swale S1 R5 : Swale S1 Reach 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (sf) CN Description
30,267 69 Pasture/grassland/range, Fair, HSG B

100,859 39 Pasture/grassland/range, Good, HSG A
* 11,834 96 Gravel surface

142,960 50 Weighted Average
142,960 100.00% Pervious Area

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

5.9 78 0.0526 0.22 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.1 22 0.2500 0.32 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 24 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 23 0.0050 1.14 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.1 16 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.6 410 0.0053 4.31 137.91 Trap/Vee/Rect Channel Flow, Swale 1 Reach
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

9.1 573 Total

Summary for Subcatchment AREA 28A: Subcat AREA 28A

Runoff = 0.23 cfs @ 12.20 hrs,  Volume= 0.021 af,  Depth= 0.60"
     Routed to Link Swale S1 R4 : Swale S1 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.035 69 Pasture/grassland/range, Fair, HSG B
0.257 39 Pasture/grassland/range, Good, HSG A
0.075 39 Pasture/grassland/range, Good, HSG A
0.010 96 Gravel surface, HSG A
0.046 96 Gravel surface, HSG A
0.423 49 Weighted Average
0.423 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.3 82 0.0334 0.19 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.0 18 0.2500 0.31 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 34 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 20 0.0050 1.14 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.1 13 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.2 67 0.0069 4.92 157.36 Trap/Vee/Rect Channel Flow, 
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

9.1 234 Total

Summary for Subcatchment AREA 28B: Subcat AREA 28B

Runoff = 0.47 cfs @ 12.13 hrs,  Volume= 0.028 af,  Depth= 0.71"
     Routed to Reach S1 R4 : Swale S1 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.050 69 Pasture/grassland/range, Fair, HSG B
0.110 39 Pasture/grassland/range, Good, HSG A
0.240 39 Pasture/grassland/range, Good, HSG A
0.009 96 Gravel surface, HSG A
0.067 96 Gravel surface, HSG A
0.476 51 Weighted Average
0.476 100.00% Pervious Area

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

2.5 58 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.6 20 0.0050 0.53 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

1.0 18 0.2500 0.31 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 115 0.0055 4.39 140.49 Trap/Vee/Rect Channel Flow, 
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

4.5 211 Total
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Summary for Subcatchment AREA 29: Subcat AREA 29

Runoff = 0.16 cfs @ 12.58 hrs,  Volume= 0.050 af,  Depth= 0.22"
     Routed to Reach S1 R6 : Swale S1 Reach 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.056 96 Gravel surface, HSG A
2.735 39 Pasture/grassland/range, Good, HSG A

* 0.000 0 Gravel surface
2.792 40 Weighted Average
2.792 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
11.8 100 0.0150 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
1.9 100 0.0150 0.86 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.1 16 0.2500 3.50 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
1.0 247 0.0052 4.27 136.60 Trap/Vee/Rect Channel Flow, Swale S1 Reach 5

Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

14.8 463 Total

Summary for Subcatchment AREA 3: Subcat AREA 3

Runoff = 2.17 cfs @ 12.14 hrs,  Volume= 0.113 af,  Depth= 1.89"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.717 69 Pasture/grassland/range, Fair, HSG B
0.717 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.9 44 0.1000 0.26 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.4 56 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 76 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 233 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

6.3 409 Total

Summary for Subcatchment AREA 30: Subcat AREA 30

Runoff = 0.06 cfs @ 13.18 hrs,  Volume= 0.021 af,  Depth= 0.18"
     Routed to Reach S2 R1 : Swale S2 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.415 39 Pasture/grassland/range, Good, HSG A
1.415 100.00% Pervious Area

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

9.5 100 0.0260 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.9 194 0.0260 1.13 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

9.6 647 0.0260 1.13 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

22.0 941 Total

Summary for Subcatchment AREA 31: Subcat AREA 31

Runoff = 0.03 cfs @ 12.44 hrs,  Volume= 0.011 af,  Depth= 0.18"
     Routed to Link Swale S2 R1 : Swale S2 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.698 39 Pasture/grassland/range, Good, HSG A
0.698 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.6 34 0.2500 0.35 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.8 447 0.0020 2.65 84.72 Trap/Vee/Rect Channel Flow, Swale 2 Reach 1
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

4.4 481 Total

Summary for Subcatchment AREA 32: Subcat AREA 32

Runoff = 0.81 cfs @ 12.38 hrs,  Volume= 0.128 af,  Depth= 0.46"
     Routed to Link Swale S3 R3 : Swale S3 Reach 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.567 69 Pasture/grassland/range, Fair, HSG B
2.413 39 Pasture/grassland/range, Good, HSG A
0.099 96 Gravel surface, HSG A
0.274 39 Pasture/grassland/range, Good, HSG A
3.353 46 Weighted Average
3.353 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.1 100 0.0140 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
4.2 211 0.0140 0.83 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.1 23 0.1740 2.92 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.9 329 0.0097 5.83 186.57 Trap/Vee/Rect Channel Flow, Swale 3 Reach 3

Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

17.3 663 Total

Summary for Subcatchment AREA 33: Subcat AREA 33

Runoff = 0.37 cfs @ 12.32 hrs,  Volume= 0.045 af,  Depth= 0.60"
     Routed to Link Swale S3 R2 : Swale S3 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (sf) CN Description
4,079 96 Gravel surface, HSG A
1,422 96 Gravel surface, HSG A

30,707 39 Pasture/grassland/range, Good, HSG A
* 2,706 69 Pasture/grassland/range, Fair, HSG A

38,914 49 Weighted Average
38,914 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.1 100 0.0140 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
3.6 178 0.0140 0.83 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.0 12 0.4000 4.43 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.3 87 0.0070 5.23 125.44 Trap/Vee/Rect Channel Flow, Swale 3 Reach 2

Bot.W=8.00'  D=2.00'  Z= 2.0 '/'  Top.W=16.00'
n= 0.030  Earth, grassed & winding

16.0 377 Total

Summary for Subcatchment AREA 34: Subcat AREA 34

Runoff = 0.25 cfs @ 12.43 hrs,  Volume= 0.049 af,  Depth= 0.37"
     Routed to Link Swale S3 R1 : Swale S3 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (sf) CN Description
5,695 69 Pasture/grassland/range, Fair, HSG B
3,470 96 Gravel surface, HSG A

59,319 39 Pasture/grassland/range, Good, HSG A
68,484 44 Weighted Average
68,484 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.1 100 0.0140 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
3.4 170 0.0140 0.83 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.1 15 0.4000 4.43 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.6 203 0.0070 5.23 125.44 Trap/Vee/Rect Channel Flow, Swale 3 Reach 1

Bot.W=8.00'  D=2.00'  Z= 2.0 '/'  Top.W=16.00'
n= 0.030  Earth, grassed & winding

16.2 488 Total
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Summary for Subcatchment AREA 35: Subcat AREA 35

Runoff = 1.25 cfs @ 12.12 hrs,  Volume= 0.059 af,  Depth= 1.89"
     Routed to Reach S3 R1 : Swale S3 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.375 69 Pasture/grassland/range, Fair, HSG B
0.375 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 74 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

4.2 174 Total

Summary for Subcatchment AREA 36: Subcat AREA 36

Runoff = 1.54 cfs @ 12.12 hrs,  Volume= 0.074 af,  Depth= 1.82"
     Routed to Link F7 : Existing East Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.470 69 Pasture/grassland/range, Fair, HSG B
0.016 39 Pasture/grassland/range, Good, HSG A

* 0.000 0 Pasture/grassland/range, Good
0.487 68 Weighted Average
0.487 100.00% Pervious Area

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

3.5 90 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.7 201 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.2 134 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

4.4 425 Total
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Summary for Subcatchment AREA 37: Subcat AREA 37

Runoff = 1.12 cfs @ 12.12 hrs,  Volume= 0.054 af,  Depth= 1.89"
     Routed to Link F7 : Existing East Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.344 69 Pasture/grassland/range, Fair, HSG B
0.344 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 30 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.4 126 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.3 254 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

4.6 510 Total

Summary for Subcatchment AREA 38: Subcat AREA 38

Runoff = 0.75 cfs @ 12.12 hrs,  Volume= 0.035 af,  Depth= 1.89"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.223 69 Pasture/grassland/range, Fair, HSG B
0.223 100.00% Pervious Area

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

3.1 77 0.2500 0.41 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.5 156 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.5 357 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

4.1 590 Total
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Summary for Subcatchment AREA 39: Subcat AREA 39

Runoff = 2.08 cfs @ 12.13 hrs,  Volume= 0.103 af,  Depth= 1.89"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.656 69 Pasture/grassland/range, Fair, HSG B
0.656 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 11 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.1 314 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.3 217 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

5.3 642 Total

Summary for Subcatchment AREA 4: Subcat AREA 4

Runoff = 3.74 cfs @ 12.14 hrs,  Volume= 0.197 af,  Depth= 1.89"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.247 69 Pasture/grassland/range, Fair, HSG B
1.247 100.00% Pervious Area

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

3.5 57 0.1000 0.27 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.0 43 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 83 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 295 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

6.6 478 Total
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Summary for Subcatchment AREA 40: Subcat AREA 40

Runoff = 3.05 cfs @ 12.13 hrs,  Volume= 0.160 af,  Depth= 1.18"
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.079 69 Pasture/grassland/range, Fair, HSG B
0.539 39 Pasture/grassland/range, Good, HSG A

* 0.000 0 Pasture/grassland/range, Good
1.618 59 Weighted Average
1.618 100.00% Pervious Area

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

3.1 77 0.2500 0.41 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.8 237 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.3 70 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.0 315 0.0069 5.05 181.72 Trap/Vee/Rect Channel Flow, Swale S2 Reach 2
Bot.W=10.00'  D=2.00'  Z= 4.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

5.2 699 Total

Summary for Subcatchment AREA 41: Subcat AREA 41

Runoff = 1.40 cfs @ 12.14 hrs,  Volume= 0.077 af,  Depth= 1.12"
     Routed to Reach S2 R2 : Swale S2 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.520 69 Pasture/grassland/range, Fair, HSG B
0.306 39 Pasture/grassland/range, Good, HSG A
0.826 58 Weighted Average
0.826 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 26 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

2.0 596 0.0069 5.05 181.72 Trap/Vee/Rect Channel Flow, Swale S2 Reach 2
Bot.W=10.00'  D=2.00'  Z= 4.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

5.9 722 Total

Summary for Subcatchment AREA 42: Subcat AREA 42

Runoff = 0.09 cfs @ 12.55 hrs,  Volume= 0.033 af,  Depth= 0.18"
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
2.177 39 Pasture/grassland/range, Good, HSG A
2.177 100.00% Pervious Area

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

6.4 66 0.0303 0.17 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.6 34 0.2500 0.35 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 49 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.9 266 0.0069 5.05 181.72 Trap/Vee/Rect Channel Flow, Swale S2 Reach 2
Bot.W=10.00'  D=2.00'  Z= 4.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

9.1 415 Total

Summary for Subcatchment AREA 43: Subcat AREA 43

Runoff = 3.79 cfs @ 12.14 hrs,  Volume= 0.194 af,  Depth= 1.89"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.228 69 Pasture/grassland/range, Fair, HSG B
1.228 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.0 6 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.9 541 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.2 131 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

5.9 778 Total

Summary for Subcatchment AREA 44: Subcat AREA 44

Runoff = 0.22 cfs @ 12.54 hrs,  Volume= 0.079 af,  Depth= 0.18"
     Routed to Pond Sed Pond : Sedimentation Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
5.227 39 Pasture/grassland/range, Good, HSG A
5.227 100.00% Pervious Area

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

4.5 75 0.0933 0.28 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.3 25 0.2500 0.33 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.0 10 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.8 381 0.0265 7.85 109.92 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=2.00'  Z= 4.0 & 3.0 '/'  Top.W=14.00'
n= 0.030  Earth, grassed & winding

0.8 162 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.5 48 0.0500 1.57 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

7.9 701 Total

Summary for Subcatchment AREA 44A: Subcat AREA 44A

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

Runoff = 10.70 cfs @ 12.09 hrs,  Volume= 0.587 af,  Depth= 4.67"
     Routed to Pond Sed Pond : Sedimentation Basin
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Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.508 98 Water Surface, HSG A
1.508 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment AREA 44B: Subcat AREA 44B

Runoff = 0.41 cfs @ 12.17 hrs,  Volume= 0.032 af,  Depth= 0.66"
     Routed to Pond Sed Pond : Sedimentation Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.479 39 Pasture/grassland/range, Good, HSG A
0.115 96 Gravel surface, HSG A

* 0.000 0 , HSG A
* 0.000 0 , HSG A

0.594 50 Weighted Average
0.594 100.00% Pervious Area

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

7.1 100 0.0544 0.24 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.5 47 0.0544 1.63 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

7.6 147 Total

Summary for Subcatchment AREA 45: Subcat AREA 45

Runoff = 0.24 cfs @ 12.57 hrs,  Volume= 0.055 af,  Depth= 0.33"
     Routed to Link Swale S4 R4 : Swale S4 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"



COL POO FINAL CONDITIONS
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"COL_POO Closure Conditions-031722

  Printed  4/11/2022Prepared by SCS Engineers
Page 32HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Area (ac) CN Description
* 0.000 0 , HSG A

1.870 39 Pasture/grassland/range, Good, HSG A
0.000 96 Gravel surface, HSG A
0.130 96 Gravel surface, HSG A
2.001 43 Weighted Average
2.001 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
15.7 100 0.0074 0.11 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
4.7 169 0.0074 0.60 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.4 49 0.0800 1.98 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
1.1 363 0.0082 5.42 162.67 Trap/Vee/Rect Channel Flow, Swale S4 Reach 2

Bot.W=8.00'  D=2.00'  Z= 4.0 & 3.0 '/'  Top.W=22.00'
n= 0.030  Earth, grassed & winding

21.9 681 Total

Summary for Subcatchment AREA 46: Subcat AREA 46

Runoff = 11.31 cfs @ 12.18 hrs,  Volume= 0.727 af,  Depth= 1.18"
     Routed to Reach S4 R4 : Swale S4 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
3.081 69 Pasture/grassland/range, Fair, HSG B
0.590 96 Gravel surface, HSG B
3.264 39 Pasture/grassland/range, Good, HSG A
0.017 98 Paved parking, HSG A
0.009 98 Paved parking, HSG A
0.378 96 Gravel surface, HSG A
0.001 96 Gravel surface, HSG A
0.026 96 Gravel surface, HSG A

* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 Pasture/grassland/range, Fair

7.367 59 Weighted Average
7.340 99.64% Pervious Area
0.027 0.36% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 51 0.2500 0.38 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 16 0.2500 2.44 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.9 31 0.0050 0.58 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.4 47 0.0650 1.78 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

5.6 1,759 0.0073 5.26 178.68 Trap/Vee/Rect Channel Flow, Swale S4 Reach 1
Bot.W=10.00'  D=2.00'  Z= 3.0 & 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

9.2 1,904 Total

Summary for Subcatchment AREA 47: Subcat AREA 47

Runoff = 3.79 cfs @ 12.17 hrs,  Volume= 0.230 af,  Depth= 1.52"
     Routed to Link Swale S5 R3 : Swale S5 Reach 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (sf) CN Description
49,617 69 Pasture/grassland/range, Fair, HSG B

6,971 98 Paved parking, HSG A
1,619 96 Gravel surface, HSG A

20,925 39 Pasture/grassland/range, Good, HSG A
79,132 64 Weighted Average
72,161 91.19% Pervious Area

6,971 8.81% Impervious Area

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

2.0 43 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 11 0.1111 1.63 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.7 12 0.2500 0.28 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.9 28 0.0393 0.16 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

3.4 488 0.0024 2.40 52.81 Trap/Vee/Rect Channel Flow, Swale S5 Reach 3
Bot.W=0.00'  D=2.00'  Z= 5.0 & 6.0 '/'  Top.W=22.00'
n= 0.030  Earth, grassed & winding

9.1 582 Total
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Summary for Subcatchment AREA 48: Subcat AREA 48

Runoff = 2.79 cfs @ 12.13 hrs,  Volume= 0.145 af,  Depth= 1.32"
     Routed to Link Swale S5 R2 : Swale S5 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (sf) CN Description
24,597 69 Pasture/grassland/range, Fair, HSG B
24,117 39 Pasture/grassland/range, Good, HSG A

2,057 96 Gravel surface, HSG A
6,769 98 Paved parking, HSG A

57,540 61 Weighted Average
50,771 88.24% Pervious Area

6,769 11.76% Impervious Area

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

0.6 19 0.0050 0.53 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

1.7 29 0.1667 0.29 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

3.1 441 0.0024 2.38 40.39 Trap/Vee/Rect Channel Flow, Swale S5 Reach 2
Bot.W=0.00'  D=2.00'  Z= 2.5 & 6.0 '/'  Top.W=17.00'
n= 0.030  Earth, grassed & winding

5.4 489 Total

Summary for Subcatchment AREA 49: Subcat AREA 49

Runoff = 1.37 cfs @ 12.12 hrs,  Volume= 0.068 af,  Depth= 1.18"
     Routed to Link Swale S1 R1 : Swale S1 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.439 69 Pasture/grassland/range, Fair, HSG B
0.246 39 Pasture/grassland/range, Good, HSG A
0.006 96 Gravel surface, HSG A
0.691 59 Weighted Average
0.691 100.00% Pervious Area

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

2.5 59 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.8 463 0.0053 4.31 137.91 Trap/Vee/Rect Channel Flow, Swale S1 Reach 1
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding
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4.3 522 Total

Summary for Subcatchment AREA 5: Subcat AREA 5

Runoff = 3.58 cfs @ 12.14 hrs,  Volume= 0.188 af,  Depth= 1.89"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.195 69 Pasture/grassland/range, Fair, HSG B
1.195 100.00% Pervious Area

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

3.6 59 0.1000 0.27 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.9 41 0.2500 0.36 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 85 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 297 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

6.6 482 Total

Summary for Subcatchment AREA 50: Subcat AREA 50

Runoff = 9.68 cfs @ 12.11 hrs,  Volume= 0.494 af,  Depth= 4.00"
     Routed to Link Swale S6 R1 : Swale S6 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.100 39 Pasture/grassland/range, Good, HSG A
0.001 39 Pasture/grassland/range, Good, HSG A
1.382 96 Gravel surface, HSG A
1.482 92 Weighted Average
1.482 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.6 100 0.0119 1.04 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.4 47 0.0119 1.76 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.0 10 0.5000 4.95 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.4 413 0.0066 5.00 130.01 Trap/Vee/Rect Channel Flow, Swale S6 Reach 1
Bot.W=8.00'  D=2.00'  Z= 2.5 '/'  Top.W=18.00'
n= 0.030  Earth, grassed & winding

3.4 570 Total

Summary for Subcatchment AREA 51: Subcat AREA 51

Runoff = 0.08 cfs @ 12.54 hrs,  Volume= 0.025 af,  Depth= 0.22"
     Routed to Link Swale S6 R1 : Swale S6 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.396 39 Pasture/grassland/range, Good, HSG A
0.020 96 Gravel surface, HSG A
1.417 40 Weighted Average
1.417 100.00% Pervious Area

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

7.3 100 0.0500 0.23 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

3.2 302 0.0500 1.57 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 53 0.0313 2.85 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

1.4 429 0.0066 5.00 130.01 Trap/Vee/Rect Channel Flow, Swale S6 Reach 1
Bot.W=8.00'  D=2.00'  Z= 2.5 '/'  Top.W=18.00'
n= 0.030  Earth, grassed & winding

12.2 884 Total

Summary for Subcatchment AREA 52: Subcat AREA 52

Runoff = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af,  Depth= 0.51"
     Routed to Link Swale S5 R1 : Swale S5 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (sf) CN Description
169,213 39 Pasture/grassland/range, Good, HSG A

25,933 98 Paved parking, HSG A
2,184 96 Gravel surface, HSG A

197,330 47 Weighted Average
171,397 86.86% Pervious Area

25,933 13.14% Impervious Area

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

0.6 18 0.0050 0.52 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

1.4 21 0.1333 0.25 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

4.3 1,255 0.0096 4.82 125.20 Trap/Vee/Rect Channel Flow, Swale S5 Reach 1
Bot.W=0.00'  D=2.00'  Z= 6.0 & 7.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

6.3 1,294 Total

Summary for Subcatchment AREA 6: Subcat AREA 6

Runoff = 2.92 cfs @ 12.12 hrs,  Volume= 0.141 af,  Depth= 1.89"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
0.892 69 Pasture/grassland/range, Fair, HSG B
0.892 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.0 7 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.8 308 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 415 Total

Summary for Subcatchment AREA 7: Subcat AREA 7

Runoff = 3.15 cfs @ 12.13 hrs,  Volume= 0.160 af,  Depth= 1.89"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (ac) CN Description
1.017 69 Pasture/grassland/range, Fair, HSG B
1.017 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 18 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.5 419 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.4 296 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, 
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

5.8 833 Total

Summary for Subcatchment AREA 8: Subcat AREA 8

Runoff = 3.29 cfs @ 12.12 hrs,  Volume= 0.159 af,  Depth= 1.89"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"

Area (ac) CN Description
1.009 69 Pasture/grassland/range, Fair, HSG B
1.009 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.3 66 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 243 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 409 Total

Summary for Subcatchment AREA 9: Subcat AREA 9

Runoff = 3.40 cfs @ 12.13 hrs,  Volume= 0.165 af,  Depth= 1.89"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"
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Area (ac) CN Description
1.047 69 Pasture/grassland/range, Fair, HSG B
1.047 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 76 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 250 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.8 426 Total

Summary for Reach S1 R2: Swale S1 Reach 2

Inflow Area = 7.131 ac, 0.00% Impervious,  Inflow Depth = 1.81"    for  25-yr, 24-hr event
Inflow = 22.03 cfs @ 12.12 hrs,  Volume= 1.077 af
Outflow = 21.68 cfs @ 12.13 hrs,  Volume= 1.077 af,  Atten= 2%,  Lag= 0.5 min
     Routed to Link Swale S1 R2 : Swale S1 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.58 fps,  Min. Travel Time= 0.8 min
Avg. Velocity = 0.69 fps,  Avg. Travel Time= 3.1 min

Peak Storage= 1,066 cf @ 12.13 hrs
Average Depth at Peak Storage= 0.76' , Surface Width= 14.08'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 140.64 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 127.0'   Slope= 0.0055 '/'
Inlet Invert= 814.81',  Outlet Invert= 814.11'

‡

Summary for Reach S1 R3: Swale S1 Reach 3

Inflow Area = 14.170 ac, 0.00% Impervious,  Inflow Depth = 1.51"    for  25-yr, 24-hr event
Inflow = 31.44 cfs @ 12.12 hrs,  Volume= 1.788 af
Outflow = 27.38 cfs @ 12.15 hrs,  Volume= 1.788 af,  Atten= 13%,  Lag= 1.6 min
     Routed to Link Swale S1 R3 : Swale S1 Reach 3
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Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.69 fps,  Min. Travel Time= 3.6 min
Avg. Velocity = 0.61 fps,  Avg. Travel Time= 15.9 min

Peak Storage= 5,875 cf @ 12.15 hrs
Average Depth at Peak Storage= 0.88' , Surface Width= 15.05'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 135.10 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 578.0'   Slope= 0.0051 '/'
Inlet Invert= 814.11',  Outlet Invert= 811.17'

‡

Summary for Reach S1 R4: Swale S1 Reach 4

Inflow Area = 17.292 ac, 0.00% Impervious,  Inflow Depth = 1.55"    for  25-yr, 24-hr event
Inflow = 35.79 cfs @ 12.14 hrs,  Volume= 2.233 af
Outflow = 35.20 cfs @ 12.15 hrs,  Volume= 2.233 af,  Atten= 2%,  Lag= 0.7 min
     Routed to Link Swale S1 R4 : Swale S1 Reach 4

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.19 fps,  Min. Travel Time= 1.0 min
Avg. Velocity = 0.70 fps,  Avg. Travel Time= 4.6 min

Peak Storage= 2,163 cf @ 12.15 hrs
Average Depth at Peak Storage= 0.94' , Surface Width= 15.52'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 154.36 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 195.8'   Slope= 0.0066 '/'
Inlet Invert= 811.17',  Outlet Invert= 809.87'

‡
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Summary for Reach S1 R5: Swale S1 Reach 5

Inflow Area = 17.714 ac, 0.00% Impervious,  Inflow Depth = 1.53"    for  25-yr, 24-hr event
Inflow = 35.39 cfs @ 12.15 hrs,  Volume= 2.255 af
Outflow = 33.17 cfs @ 12.18 hrs,  Volume= 2.255 af,  Atten= 6%,  Lag= 1.6 min
     Routed to Link Swale S1 R5 : Swale S1 Reach 5

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.89 fps,  Min. Travel Time= 2.4 min
Avg. Velocity = 0.64 fps,  Avg. Travel Time= 10.7 min

Peak Storage= 4,722 cf @ 12.18 hrs
Average Depth at Peak Storage= 0.97' , Surface Width= 15.73'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 137.86 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 411.6'   Slope= 0.0053 '/'
Inlet Invert= 809.77',  Outlet Invert= 807.59'

‡

Summary for Reach S1 R6: Swale S1 Reach 6

Inflow Area = 23.788 ac, 0.00% Impervious,  Inflow Depth = 1.25"    for  25-yr, 24-hr event
Inflow = 35.21 cfs @ 12.18 hrs,  Volume= 2.484 af
Outflow = 33.18 cfs @ 12.21 hrs,  Volume= 2.484 af,  Atten= 6%,  Lag= 1.8 min
     Routed to Link Swale 1 R6 : Swale S1 Reach 6

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.87 fps,  Min. Travel Time= 2.5 min
Avg. Velocity = 0.65 fps,  Avg. Travel Time= 11.0 min

Peak Storage= 4,986 cf @ 12.21 hrs
Average Depth at Peak Storage= 0.97' , Surface Width= 15.78'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 136.28 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 430.9'   Slope= 0.0052 '/'
Inlet Invert= 807.15',  Outlet Invert= 804.92'
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‡

Summary for Reach S2 R1: Swale S2 Reach 1

Inflow Area = 25.203 ac, 0.00% Impervious,  Inflow Depth = 1.19"    for  25-yr, 24-hr event
Inflow = 33.19 cfs @ 12.21 hrs,  Volume= 2.506 af
Outflow = 29.93 cfs @ 12.26 hrs,  Volume= 2.506 af,  Atten= 10%,  Lag= 3.0 min
     Routed to Link Swale S2 R1 : Swale S2 Reach 1

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 1.99 fps,  Min. Travel Time= 4.0 min
Avg. Velocity = 0.45 fps,  Avg. Travel Time= 17.6 min

Peak Storage= 7,099 cf @ 12.26 hrs
Average Depth at Peak Storage= 1.18' , Surface Width= 17.45'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 84.99 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 472.0'   Slope= 0.0020 '/'
Inlet Invert= 802.25',  Outlet Invert= 801.30'

‡

Summary for Reach S2 R2: Swale S2 Reach 2

Inflow Area = 42.068 ac, 0.00% Impervious,  Inflow Depth = 1.23"    for  25-yr, 24-hr event
Inflow = 48.80 cfs @ 12.18 hrs,  Volume= 4.314 af
Outflow = 46.24 cfs @ 12.25 hrs,  Volume= 4.314 af,  Atten= 5%,  Lag= 4.2 min
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.41 fps,  Min. Travel Time= 3.7 min
Avg. Velocity = 0.75 fps,  Avg. Travel Time= 16.7 min

Peak Storage= 10,190 cf @ 12.25 hrs
Average Depth at Peak Storage= 0.98' , Surface Width= 17.81'
Bank-Full Depth= 2.00'  Flow Area= 36.0 sf,  Capacity= 182.04 cfs
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10.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 26.00'
Length= 751.0'   Slope= 0.0069 '/'
Inlet Invert= 801.30',  Outlet Invert= 796.10'

‡

Summary for Reach S3 R1: Swale S3 Reach 1

Inflow Area = 4.976 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 16.31 cfs @ 12.12 hrs,  Volume= 0.785 af
Outflow = 15.87 cfs @ 12.13 hrs,  Volume= 0.785 af,  Atten= 3%,  Lag= 0.7 min
     Routed to Link Swale S3 R1 : Swale S3 Reach 1

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.73 fps,  Min. Travel Time= 1.3 min
Avg. Velocity = 0.67 fps,  Avg. Travel Time= 5.4 min

Peak Storage= 1,248 cf @ 12.13 hrs
Average Depth at Peak Storage= 0.63' , Surface Width= 10.51'
Bank-Full Depth= 2.00'  Flow Area= 24.0 sf,  Capacity= 125.24 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 2.0 '/'   Top Width= 16.00'
Length= 215.0'   Slope= 0.0070 '/'
Inlet Invert= 807.58',  Outlet Invert= 806.08'

‡

Summary for Reach S3 R2: Swale S3 Reach 2

Inflow Area = 10.265 ac, 0.00% Impervious,  Inflow Depth = 1.66"    for  25-yr, 24-hr event
Inflow = 27.94 cfs @ 12.13 hrs,  Volume= 1.419 af
Outflow = 27.78 cfs @ 12.13 hrs,  Volume= 1.419 af,  Atten= 1%,  Lag= 0.3 min
     Routed to Link Swale S3 R2 : Swale S3 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.61 fps,  Min. Travel Time= 0.4 min
Avg. Velocity = 1.31 fps,  Avg. Travel Time= 1.2 min



COL POO FINAL CONDITIONS
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"COL_POO Closure Conditions-031722

  Printed  4/11/2022Prepared by SCS Engineers
Page 44HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Peak Storage= 745 cf @ 12.13 hrs
Average Depth at Peak Storage= 1.75' , Surface Width= 8.77'
Bank-Full Depth= 2.50'  Flow Area= 15.6 sf,  Capacity= 71.57 cfs

0.00'  x  2.50'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 2.5 '/'   Top Width= 12.50'
Length= 97.0'   Slope= 0.0070 '/'
Inlet Invert= 806.08',  Outlet Invert= 805.40'

Summary for Reach S3 R3: Swale S3 Reach 3

Inflow Area = 11.158 ac, 0.00% Impervious,  Inflow Depth = 1.57"    for  25-yr, 24-hr event
Inflow = 27.86 cfs @ 12.13 hrs,  Volume= 1.464 af
Outflow = 26.59 cfs @ 12.15 hrs,  Volume= 1.464 af,  Atten= 5%,  Lag= 1.0 min
     Routed to Link Swale S3 R3 : Swale S3 Reach 3

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.34 fps,  Min. Travel Time= 1.8 min
Avg. Velocity = 0.88 fps,  Avg. Travel Time= 6.7 min

Peak Storage= 2,810 cf @ 12.15 hrs
Average Depth at Peak Storage= 0.73' , Surface Width= 13.83'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 186.19 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 353.0'   Slope= 0.0097 '/'
Inlet Invert= 804.71',  Outlet Invert= 801.30'

‡

Summary for Reach S4 R2: Swale S4 Reach 2

Inflow Area = 4.541 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 14.04 cfs @ 12.13 hrs,  Volume= 0.716 af
Outflow = 11.87 cfs @ 12.17 hrs,  Volume= 0.716 af,  Atten= 15%,  Lag= 2.1 min
     Routed to Reach S4 R3 : Swale S4 Reach 3
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Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.23 fps,  Min. Travel Time= 4.5 min
Avg. Velocity = 0.55 fps,  Avg. Travel Time= 18.3 min

Peak Storage= 3,193 cf @ 12.17 hrs
Average Depth at Peak Storage= 0.46' , Surface Width= 13.21'
Bank-Full Depth= 2.00'  Flow Area= 34.0 sf,  Capacity= 174.20 cfs

10.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0  3.0 '/'   Top Width= 24.00'
Length= 601.0'   Slope= 0.0069 '/'
Inlet Invert= 806.43',  Outlet Invert= 802.26'

‡

Summary for Reach S4 R3: Swale S4 Reach 3

[62] Hint: Exceeded Reach S4 R2 OUTLET depth by 0.23' @ 12.28 hrs

Inflow Area = 8.711 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 23.93 cfs @ 12.14 hrs,  Volume= 1.374 af
Outflow = 18.66 cfs @ 12.20 hrs,  Volume= 1.374 af,  Atten= 22%,  Lag= 3.4 min
     Routed to Reach S4 R4 : Swale S4 Reach 4

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.42 fps,  Min. Travel Time= 6.5 min
Avg. Velocity = 0.57 fps,  Avg. Travel Time= 27.9 min

Peak Storage= 7,289 cf @ 12.20 hrs
Average Depth at Peak Storage= 0.63' , Surface Width= 14.42'
Bank-Full Depth= 2.00'  Flow Area= 34.0 sf,  Capacity= 156.53 cfs

10.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 3.0  4.0 '/'   Top Width= 24.00'
Length= 946.0'   Slope= 0.0056 '/'
Inlet Invert= 802.26',  Outlet Invert= 796.96'

‡
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Summary for Reach S4 R4: Swale S4 Reach 4

[62] Hint: Exceeded Reach S4 R3 OUTLET depth by 0.67' @ 12.27 hrs

Inflow Area = 65.063 ac, 0.04% Impervious,  Inflow Depth = 1.31"    for  25-yr, 24-hr event
Inflow = 81.28 cfs @ 12.20 hrs,  Volume= 7.099 af
Outflow = 80.05 cfs @ 12.23 hrs,  Volume= 7.099 af,  Atten= 2%,  Lag= 1.7 min
     Routed to Link Swale S4 R4 : Swale S4 Reach 4

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.35 fps,  Min. Travel Time= 1.9 min
Avg. Velocity = 0.97 fps,  Avg. Travel Time= 8.3 min

Peak Storage= 8,890 cf @ 12.23 hrs
Average Depth at Peak Storage= 1.27' , Surface Width= 18.91'
Bank-Full Depth= 3.00'  Flow Area= 61.5 sf,  Capacity= 427.66 cfs

10.00'  x  3.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 3.0  4.0 '/'   Top Width= 31.00'
Length= 483.0'   Slope= 0.0082 '/'
Inlet Invert= 796.96',  Outlet Invert= 793.00'

‡

Summary for Reach S5 R2: Swale S5 Reach 2

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 4.530 ac, 13.14% Impervious,  Inflow Depth = 0.51"    for  25-yr, 24-hr event
Inflow = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af
Outflow = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link Swale S5 R2 : Swale S5 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Pond Sed Pond: Sedimentation Basin

[87] Warning: Oscillations may require smaller dt or Finer Routing (severity=42)
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Inflow Area = 74.393 ac, 2.06% Impervious,  Inflow Depth = 1.27"    for  25-yr, 24-hr event
Inflow = 82.78 cfs @ 12.23 hrs,  Volume= 7.853 af
Outflow = 14.75 cfs @ 13.29 hrs,  Volume= 7.854 af,  Atten= 82%,  Lag= 64.1 min
Discarded = 5.33 cfs @ 13.29 hrs,  Volume= 5.880 af
Primary = 9.42 cfs @ 13.29 hrs,  Volume= 1.973 af
     Routed to Link Wetland : Wetland
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
     Routed to Link Wetland : Wetland
Tertiary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
     Routed to Link Wetland : Wetland

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Peak Elev= 791.59' @ 13.29 hrs   Surf.Area= 63,986 sf   Storage= 137,326 cf
Flood Elev= 794.00'   Surf.Area= 75,797 sf   Storage= 304,443 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 184.8 min ( 1,043.0 - 858.2 )

Volume Invert Avail.Storage Storage Description
#1 789.00' 304,443 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

789.00 27,325 0 0
790.00 55,972 41,649 41,649
791.00 61,532 58,752 100,401
792.00 65,703 63,618 164,018
793.00 69,675 67,689 231,707
794.00 75,797 72,736 304,443

Device Routing     Invert Outlet Devices
#1 Primary 787.70' 15.0"  Round Culvert   

L= 40.0'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 787.70' / 787.50'   S= 0.0050 '/'   Cc= 0.900   
n= 0.011  Concrete pipe, straight & clean,  Flow Area= 1.23 sf   

#2 Device 1 791.00' 30.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 790.50' 0.8" Vert. Orifice/Grate X 4.00    C= 0.600   
Limited to weir flow at low heads   

#4 Device 1 790.00' 0.8" Vert. Orifice/Grate X 4.00    C= 0.600   
Limited to weir flow at low heads   

#5 Device 1 789.00' 0.5" Vert. Orifice/Grate X 14.00 columns   
X 6 rows with 6.0" cc spacing C= 0.600   
Limited to weir flow at low heads   

#6 Secondary 792.50' 20.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#7 Tertiary 793.00' 158.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#8 Discarded 789.00' 3.600 in/hr Exfiltration over Surface area   
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Discarded OutFlow  Max=5.33 cfs @ 13.29 hrs  HW=791.59'   (Free Discharge)
8=Exfiltration  (Exfiltration Controls 5.33 cfs)

Primary OutFlow  Max=9.42 cfs @ 13.29 hrs  HW=791.59'  TW=0.00'   (Dynamic Tailwater)
1=Culvert  (Inlet Controls 9.42 cfs @ 7.67 fps)

2=Orifice/Grate  (Passes < 11.59 cfs potential flow)
3=Orifice/Grate  (Passes < 0.07 cfs potential flow)
4=Orifice/Grate  (Passes < 0.08 cfs potential flow)
5=Orifice/Grate  (Passes < 0.58 cfs potential flow)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=789.00'  TW=0.00'   (Dynamic Tailwater)
6=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

Tertiary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=789.00'  TW=0.00'   (Dynamic Tailwater)
7=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

Summary for Link C1: Culvert C1

Inflow Area = 4.530 ac, 13.14% Impervious,  Inflow Depth = 0.51"    for  25-yr, 24-hr event
Inflow = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af
Primary = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S5 R2 : Swale S5 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C2: Culvert C2

Inflow Area = 2.899 ac, 0.00% Impervious,  Inflow Depth = 2.15"    for  25-yr, 24-hr event
Inflow = 9.68 cfs @ 12.11 hrs,  Volume= 0.520 af
Primary = 9.68 cfs @ 12.11 hrs,  Volume= 0.520 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R3 : Swale S1 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C3: Culvert C3

Inflow Area = 14.170 ac, 0.00% Impervious,  Inflow Depth = 1.51"    for  25-yr, 24-hr event
Inflow = 27.38 cfs @ 12.15 hrs,  Volume= 1.788 af
Primary = 27.38 cfs @ 12.15 hrs,  Volume= 1.788 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R4 : Swale S1 Reach 4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs



COL POO FINAL CONDITIONS
MSE 24-hr 4  25-yr, 24-hr Rainfall=4.91"COL_POO Closure Conditions-031722

  Printed  4/11/2022Prepared by SCS Engineers
Page 49HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Summary for Link C4: Culvert C4

Inflow Area = 17.714 ac, 0.00% Impervious,  Inflow Depth = 1.53"    for  25-yr, 24-hr event
Inflow = 35.39 cfs @ 12.15 hrs,  Volume= 2.255 af
Primary = 35.39 cfs @ 12.15 hrs,  Volume= 2.255 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R5 : Swale S1 Reach 5

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C5: Culvert C5

Inflow Area = 20.996 ac, 0.00% Impervious,  Inflow Depth = 1.39"    for  25-yr, 24-hr event
Inflow = 35.21 cfs @ 12.18 hrs,  Volume= 2.434 af
Primary = 35.21 cfs @ 12.18 hrs,  Volume= 2.434 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R6 : Swale S1 Reach 6

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C6: Culvert C6

Inflow Area = 11.158 ac, 0.00% Impervious,  Inflow Depth = 1.57"    for  25-yr, 24-hr event
Inflow = 27.86 cfs @ 12.13 hrs,  Volume= 1.464 af
Primary = 27.86 cfs @ 12.13 hrs,  Volume= 1.464 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R3 : Swale S3 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C7: Culvert C7

Inflow Area = 48.985 ac, 0.00% Impervious,  Inflow Depth = 1.22"    for  25-yr, 24-hr event
Inflow = 52.15 cfs @ 12.23 hrs,  Volume= 4.999 af
Primary = 52.15 cfs @ 12.23 hrs,  Volume= 4.999 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S4 R4 : Swale S4 Reach 4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C8: Culvert C8

Inflow Area = 7.668 ac, 11.88% Impervious,  Inflow Depth = 0.89"    for  25-yr, 24-hr event
Inflow = 8.32 cfs @ 12.15 hrs,  Volume= 0.566 af
Primary = 8.32 cfs @ 12.15 hrs,  Volume= 0.566 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link North Area : North Area

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link F1: Flume 1

Inflow Area = 4.170 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 13.17 cfs @ 12.13 hrs,  Volume= 0.658 af
Primary = 13.17 cfs @ 12.13 hrs,  Volume= 0.658 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link RC1 : Rock Chute 1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F2: Flume 2

Inflow Area = 4.541 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 14.04 cfs @ 12.13 hrs,  Volume= 0.716 af
Primary = 14.04 cfs @ 12.13 hrs,  Volume= 0.716 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link RC2 : Rock Chute 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F3: Flume 3

Inflow Area = 5.923 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 19.08 cfs @ 12.12 hrs,  Volume= 0.934 af
Primary = 19.08 cfs @ 12.12 hrs,  Volume= 0.934 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R2 : Swale S1 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F4: Flume 4

Inflow Area = 2.645 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 8.58 cfs @ 12.12 hrs,  Volume= 0.417 af
Primary = 8.58 cfs @ 12.12 hrs,  Volume= 0.417 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R4 : Swale S1 Reach 4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F5: Flume 5

Inflow Area = 4.601 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 15.06 cfs @ 12.12 hrs,  Volume= 0.725 af
Primary = 15.06 cfs @ 12.12 hrs,  Volume= 0.725 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R1 : Swale S3 Reach 1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link F6: Flume 6

Inflow Area = 3.717 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 12.11 cfs @ 12.12 hrs,  Volume= 0.586 af
Primary = 12.11 cfs @ 12.12 hrs,  Volume= 0.586 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R2 : Swale S3 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F7: Existing East Flume

Inflow Area = 0.830 ac, 0.00% Impervious,  Inflow Depth = 1.85"    for  25-yr, 24-hr event
Inflow = 2.66 cfs @ 12.12 hrs,  Volume= 0.128 af
Primary = 2.66 cfs @ 12.12 hrs,  Volume= 0.128 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F8: Existing West Flume

Inflow Area = 3.122 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 9.73 cfs @ 12.13 hrs,  Volume= 0.492 af
Primary = 9.73 cfs @ 12.13 hrs,  Volume= 0.492 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link North Area: North Area

Inflow Area = 7.668 ac, 11.88% Impervious,  Inflow Depth = 0.89"    for  25-yr, 24-hr event
Inflow = 8.32 cfs @ 12.15 hrs,  Volume= 0.566 af
Primary = 8.32 cfs @ 12.15 hrs,  Volume= 0.566 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link RC1: Rock Chute 1

Inflow Area = 4.170 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 13.17 cfs @ 12.13 hrs,  Volume= 0.658 af
Primary = 13.17 cfs @ 12.13 hrs,  Volume= 0.658 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S4 R3 : Swale S4 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link RC2: Rock Chute 2

Inflow Area = 4.541 ac, 0.00% Impervious,  Inflow Depth = 1.89"    for  25-yr, 24-hr event
Inflow = 14.04 cfs @ 12.13 hrs,  Volume= 0.716 af
Primary = 14.04 cfs @ 12.13 hrs,  Volume= 0.716 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S4 R2 : Swale S4 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale 1 R6: Swale S1 Reach 6

Inflow Area = 23.788 ac, 0.00% Impervious,  Inflow Depth = 1.25"    for  25-yr, 24-hr event
Inflow = 33.18 cfs @ 12.21 hrs,  Volume= 2.484 af
Primary = 33.18 cfs @ 12.21 hrs,  Volume= 2.484 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R1 : Swale S2 Reach 1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R1: Swale S1 Reach 1

Inflow Area = 0.691 ac, 0.00% Impervious,  Inflow Depth = 1.18"    for  25-yr, 24-hr event
Inflow = 1.37 cfs @ 12.12 hrs,  Volume= 0.068 af
Primary = 1.37 cfs @ 12.12 hrs,  Volume= 0.068 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R2 : Swale S1 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R2: Swale S1 Reach 2

Inflow Area = 7.131 ac, 0.00% Impervious,  Inflow Depth = 1.81"    for  25-yr, 24-hr event
Inflow = 21.68 cfs @ 12.13 hrs,  Volume= 1.077 af
Primary = 21.68 cfs @ 12.13 hrs,  Volume= 1.077 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R3 : Swale S1 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R3: Swale S1 Reach 3

Inflow Area = 14.170 ac, 0.00% Impervious,  Inflow Depth = 1.51"    for  25-yr, 24-hr event
Inflow = 27.38 cfs @ 12.15 hrs,  Volume= 1.788 af
Primary = 27.38 cfs @ 12.15 hrs,  Volume= 1.788 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C3 : Culvert C3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link Swale S1 R4: Swale S1 Reach 4

Inflow Area = 17.714 ac, 0.00% Impervious,  Inflow Depth = 1.53"    for  25-yr, 24-hr event
Inflow = 35.39 cfs @ 12.15 hrs,  Volume= 2.255 af
Primary = 35.39 cfs @ 12.15 hrs,  Volume= 2.255 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C4 : Culvert C4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R5: Swale S1 Reach 5

Inflow Area = 20.996 ac, 0.00% Impervious,  Inflow Depth = 1.39"    for  25-yr, 24-hr event
Inflow = 35.21 cfs @ 12.18 hrs,  Volume= 2.434 af
Primary = 35.21 cfs @ 12.18 hrs,  Volume= 2.434 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C5 : Culvert C5

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S2 R1: Swale S2 Reach 1

Inflow Area = 25.901 ac, 0.00% Impervious,  Inflow Depth = 1.17"    for  25-yr, 24-hr event
Inflow = 29.95 cfs @ 12.26 hrs,  Volume= 2.516 af
Primary = 29.95 cfs @ 12.26 hrs,  Volume= 2.516 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S2 R2: Swale S2 Reach 2

Inflow Area = 48.985 ac, 0.00% Impervious,  Inflow Depth = 1.22"    for  25-yr, 24-hr event
Inflow = 52.15 cfs @ 12.23 hrs,  Volume= 4.999 af
Primary = 52.15 cfs @ 12.23 hrs,  Volume= 4.999 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C7 : Culvert C7

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S3 R1: Swale S3 Reach 1

Inflow Area = 6.548 ac, 0.00% Impervious,  Inflow Depth = 1.53"    for  25-yr, 24-hr event
Inflow = 15.88 cfs @ 12.13 hrs,  Volume= 0.833 af
Primary = 15.88 cfs @ 12.13 hrs,  Volume= 0.833 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R2 : Swale S3 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link Swale S3 R2: Swale S3 Reach 2

Inflow Area = 11.158 ac, 0.00% Impervious,  Inflow Depth = 1.57"    for  25-yr, 24-hr event
Inflow = 27.86 cfs @ 12.13 hrs,  Volume= 1.464 af
Primary = 27.86 cfs @ 12.13 hrs,  Volume= 1.464 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C6 : Culvert C6

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S3 R3: Swale S3 Reach 3

Inflow Area = 14.511 ac, 0.00% Impervious,  Inflow Depth = 1.32"    for  25-yr, 24-hr event
Inflow = 26.70 cfs @ 12.15 hrs,  Volume= 1.592 af
Primary = 26.70 cfs @ 12.15 hrs,  Volume= 1.592 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S4 R4: Swale S4 Reach 4

Inflow Area = 67.064 ac, 0.04% Impervious,  Inflow Depth = 1.28"    for  25-yr, 24-hr event
Inflow = 80.09 cfs @ 12.23 hrs,  Volume= 7.154 af
Primary = 80.09 cfs @ 12.23 hrs,  Volume= 7.154 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Pond Sed Pond : Sedimentation Basin

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S5 R1: Swale S5 Reach 1

Inflow Area = 4.530 ac, 13.14% Impervious,  Inflow Depth = 0.51"    for  25-yr, 24-hr event
Inflow = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af
Primary = 2.06 cfs @ 12.16 hrs,  Volume= 0.191 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C1 : Culvert C1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S5 R2: Swale S5 Reach 2

Inflow Area = 5.851 ac, 12.83% Impervious,  Inflow Depth = 0.69"    for  25-yr, 24-hr event
Inflow = 4.68 cfs @ 12.15 hrs,  Volume= 0.336 af
Primary = 4.68 cfs @ 12.15 hrs,  Volume= 0.336 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C8 : Culvert C8

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link Swale S5 R3: Swale S5 Reach 3

Inflow Area = 1.817 ac, 8.81% Impervious,  Inflow Depth = 1.52"    for  25-yr, 24-hr event
Inflow = 3.79 cfs @ 12.17 hrs,  Volume= 0.230 af
Primary = 3.79 cfs @ 12.17 hrs,  Volume= 0.230 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C8 : Culvert C8

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S6 R1: Swale S6 Reach 1

Inflow Area = 2.899 ac, 0.00% Impervious,  Inflow Depth = 2.15"    for  25-yr, 24-hr event
Inflow = 9.68 cfs @ 12.11 hrs,  Volume= 0.520 af
Primary = 9.68 cfs @ 12.11 hrs,  Volume= 0.520 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C2 : Culvert C2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Wetland: Wetland

Inflow Area = 74.393 ac, 2.06% Impervious,  Inflow Depth = 0.32"    for  25-yr, 24-hr event
Inflow = 9.42 cfs @ 13.29 hrs,  Volume= 1.973 af
Primary = 9.42 cfs @ 13.29 hrs,  Volume= 1.973 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Time span=0.00-40.00 hrs, dt=0.01 hrs, 4001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=1.288 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 1: Subcat AREA 1
   Flow Length=408'   Tc=2.6 min   CN=69   Runoff=7.63 cfs  0.342 af

Runoff Area=0.914 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 10: Subcat AREA 10
   Flow Length=500'   Tc=3.2 min   CN=69   Runoff=5.29 cfs  0.242 af

Runoff Area=0.949 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 11: Subcat AREA 11
   Flow Length=391'   Tc=4.6 min   CN=69   Runoff=5.21 cfs  0.251 af

Runoff Area=0.098 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 12: Subcat AREA 12
   Flow Length=92'   Tc=2.5 min   CN=69   Runoff=0.58 cfs  0.026 af

Runoff Area=0.890 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 13: Subcat AREA 13
   Flow Length=590'   Tc=4.6 min   CN=69   Runoff=4.89 cfs  0.236 af

Runoff Area=1.145 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 14: Subcat AREA 14
   Flow Length=625'   Tc=5.1 min   CN=69   Runoff=6.17 cfs  0.303 af

Runoff Area=0.512 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 15: Subcat AREA 15
   Flow Length=235'   Tc=4.2 min   CN=69   Runoff=2.86 cfs  0.136 af

Runoff Area=1.510 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 16: Subcat AREA 16
   Flow Length=522'   Tc=4.9 min   CN=69   Runoff=8.20 cfs  0.400 af

Runoff Area=1.228 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 17: Subcat AREA 17
   Flow Length=386'   Tc=4.7 min   CN=69   Runoff=6.72 cfs  0.326 af

Runoff Area=0.813 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 18: Subcat AREA 18
   Flow Length=383'   Tc=4.6 min   CN=69   Runoff=4.47 cfs  0.215 af

Runoff Area=0.847 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 19: Subcat AREA 19
   Flow Length=394'   Tc=4.6 min   CN=69   Runoff=4.66 cfs  0.225 af

Runoff Area=1.167 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 2: Subcat AREA 2
   Flow Length=613'   Tc=5.1 min   CN=69   Runoff=6.28 cfs  0.309 af

Runoff Area=1.054 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 20: Subcat AREA 20
   Flow Length=453'   Tc=4.7 min   CN=69   Runoff=5.77 cfs  0.279 af

Runoff Area=1.030 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 21: Subcat AREA 21
   Flow Length=448'   Tc=4.7 min   CN=69   Runoff=5.64 cfs  0.273 af

Runoff Area=1.030 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 22: Subcat AREA 22
   Flow Length=448'   Tc=4.7 min   CN=69   Runoff=5.64 cfs  0.273 af

Runoff Area=1.548 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 23: Subcat AREA 23
   Flow Length=715'   Tc=5.4 min   CN=69   Runoff=8.23 cfs  0.410 af
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Runoff Area=1.952 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 24: Subcat AREA 24
   Flow Length=889'   Tc=5.8 min   CN=69   Runoff=10.20 cfs  0.517 af

Runoff Area=1.515 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 25: Subcat AREA 25
   Flow Length=495'   Tc=3.9 min   CN=69   Runoff=8.59 cfs  0.402 af

Runoff Area=0.518 ac   0.00% Impervious   Runoff Depth=2.98"Subcatchment AREA 26: Subcat AREA 26
   Flow Length=216'   Tc=4.1 min   CN=67   Runoff=2.74 cfs  0.129 af

Runoff Area=4.140 ac   0.00% Impervious   Runoff Depth=1.28"Subcatchment AREA 27: Subcat AREA 27
   Flow Length=864'   Tc=12.0 min   CN=48   Runoff=5.63 cfs  0.442 af

Runoff Area=142,960 sf   0.00% Impervious   Runoff Depth=1.44"Subcatchment AREA 28: Subcat AREA 28
   Flow Length=573'   Tc=9.1 min   CN=50   Runoff=5.98 cfs  0.395 af

Runoff Area=0.423 ac   0.00% Impervious   Runoff Depth=1.36"Subcatchment AREA 28A: Subcat AREA 28A
   Flow Length=234'   Tc=9.1 min   CN=49   Runoff=0.71 cfs  0.048 af

Runoff Area=0.476 ac   0.00% Impervious   Runoff Depth=1.53"Subcatchment AREA 28B: Subcat AREA 28B
   Flow Length=211'   Tc=4.5 min   CN=51   Runoff=1.20 cfs  0.061 af

Runoff Area=2.792 ac   0.00% Impervious   Runoff Depth=0.69"Subcatchment AREA 29: Subcat AREA 29
   Flow Length=463'   Tc=14.8 min   CN=40   Runoff=1.21 cfs  0.161 af

Runoff Area=0.717 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 3: Subcat AREA 3
   Flow Length=409'   Tc=6.3 min   CN=69   Runoff=3.66 cfs  0.190 af

Runoff Area=1.415 ac   0.00% Impervious   Runoff Depth=0.63"Subcatchment AREA 30: Subcat AREA 30
   Flow Length=941'   Slope=0.0260 '/'   Tc=22.0 min   CN=39   Runoff=0.43 cfs  0.074 af

Runoff Area=0.698 ac   0.00% Impervious   Runoff Depth=0.63"Subcatchment AREA 31: Subcat AREA 31
   Flow Length=481'   Tc=4.4 min   CN=39   Runoff=0.42 cfs  0.036 af

Runoff Area=3.353 ac   0.00% Impervious   Runoff Depth=1.13"Subcatchment AREA 32: Subcat AREA 32
   Flow Length=663'   Tc=17.3 min   CN=46   Runoff=3.11 cfs  0.315 af

Runoff Area=38,914 sf   0.00% Impervious   Runoff Depth=1.36"Subcatchment AREA 33: Subcat AREA 33
   Flow Length=377'   Tc=16.0 min   CN=49   Runoff=1.14 cfs  0.101 af

Runoff Area=68,484 sf   0.00% Impervious   Runoff Depth=0.98"Subcatchment AREA 34: Subcat AREA 34
   Flow Length=488'   Tc=16.2 min   CN=44   Runoff=1.20 cfs  0.128 af

Runoff Area=0.375 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 35: Subcat AREA 35
   Flow Length=174'   Slope=0.2500 '/'   Tc=4.2 min   CN=69   Runoff=2.10 cfs  0.099 af

Runoff Area=0.487 ac   0.00% Impervious   Runoff Depth=3.08"Subcatchment AREA 36: Subcat AREA 36
   Flow Length=425'   Tc=4.4 min   CN=68   Runoff=2.62 cfs  0.125 af

Runoff Area=0.344 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 37: Subcat AREA 37
   Flow Length=510'   Tc=4.6 min   CN=69   Runoff=1.89 cfs  0.091 af
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Runoff Area=0.223 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 38: Subcat AREA 38
   Flow Length=590'   Tc=4.1 min   CN=69   Runoff=1.25 cfs  0.059 af

Runoff Area=0.656 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 39: Subcat AREA 39
   Flow Length=642'   Tc=5.3 min   CN=69   Runoff=3.50 cfs  0.174 af

Runoff Area=1.247 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 4: Subcat AREA 4
   Flow Length=478'   Tc=6.6 min   CN=69   Runoff=6.31 cfs  0.331 af

Runoff Area=1.618 ac   0.00% Impervious   Runoff Depth=2.23"Subcatchment AREA 40: Subcat AREA 40
   Flow Length=699'   Tc=5.2 min   CN=59   Runoff=6.03 cfs  0.300 af

Runoff Area=0.826 ac   0.00% Impervious   Runoff Depth=2.13"Subcatchment AREA 41: Subcat AREA 41
   Flow Length=722'   Tc=5.9 min   CN=58   Runoff=2.84 cfs  0.147 af

Runoff Area=2.177 ac   0.00% Impervious   Runoff Depth=0.63"Subcatchment AREA 42: Subcat AREA 42
   Flow Length=415'   Tc=9.1 min   CN=39   Runoff=0.93 cfs  0.114 af

Runoff Area=1.228 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 43: Subcat AREA 43
   Flow Length=778'   Tc=5.9 min   CN=69   Runoff=6.39 cfs  0.325 af

Runoff Area=5.227 ac   0.00% Impervious   Runoff Depth=0.63"Subcatchment AREA 44: Subcat AREA 44
   Flow Length=701'   Tc=7.9 min   CN=39   Runoff=2.38 cfs  0.273 af

Runoff Area=1.508 ac   100.00% Impervious   Runoff Depth=6.35"Subcatchment AREA 44A: Subcat AREA 
   Tc=0.0 min   CN=98   Runoff=14.38 cfs  0.798 af

Runoff Area=0.594 ac   0.00% Impervious   Runoff Depth=1.44"Subcatchment AREA 44B: Subcat AREA 44B
   Flow Length=147'   Slope=0.0544 '/'   Tc=7.6 min   CN=50   Runoff=1.17 cfs  0.071 af

Runoff Area=2.001 ac   0.00% Impervious   Runoff Depth=0.90"Subcatchment AREA 45: Subcat AREA 45
   Flow Length=681'   Tc=21.9 min   CN=43   Runoff=1.16 cfs  0.150 af

Runoff Area=7.367 ac   0.36% Impervious   Runoff Depth=2.23"Subcatchment AREA 46: Subcat AREA 46
   Flow Length=1,904'   Tc=9.2 min   CN=59   Runoff=22.74 cfs  1.366 af

Runoff Area=79,132 sf   8.81% Impervious   Runoff Depth=2.69"Subcatchment AREA 47: Subcat AREA 47
   Flow Length=582'   Tc=9.1 min   CN=64   Runoff=6.90 cfs  0.408 af

Runoff Area=57,540 sf   11.76% Impervious   Runoff Depth=2.41"Subcatchment AREA 48: Subcat AREA 48
   Flow Length=489'   Tc=5.4 min   CN=61   Runoff=5.30 cfs  0.265 af

Runoff Area=0.691 ac   0.00% Impervious   Runoff Depth=2.23"Subcatchment AREA 49: Subcat AREA 49
   Flow Length=522'   Tc=4.3 min   CN=59   Runoff=2.68 cfs  0.128 af

Runoff Area=1.195 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 5: Subcat AREA 5
   Flow Length=482'   Tc=6.6 min   CN=69   Runoff=6.05 cfs  0.317 af

Runoff Area=1.482 ac   0.00% Impervious   Runoff Depth=5.65"Subcatchment AREA 50: Subcat AREA 50
   Flow Length=570'   Tc=3.4 min   CN=92   Runoff=13.35 cfs  0.698 af
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Runoff Area=1.417 ac   0.00% Impervious   Runoff Depth=0.69"Subcatchment AREA 51: Subcat AREA 51
   Flow Length=884'   Tc=12.2 min   CN=40   Runoff=0.67 cfs  0.082 af

Runoff Area=197,330 sf   13.14% Impervious   Runoff Depth=1.20"Subcatchment AREA 52: Subcat AREA 52
   Flow Length=1,294'   Tc=6.3 min   CN=47   Runoff=7.48 cfs  0.454 af

Runoff Area=0.892 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 6: Subcat AREA 6
   Flow Length=415'   Tc=4.6 min   CN=69   Runoff=4.90 cfs  0.236 af

Runoff Area=1.017 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 7: Subcat AREA 7
   Flow Length=833'   Tc=5.8 min   CN=69   Runoff=5.31 cfs  0.269 af

Runoff Area=1.009 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 8: Subcat AREA 8
   Flow Length=409'   Tc=4.7 min   CN=69   Runoff=5.52 cfs  0.268 af

Runoff Area=1.047 ac   0.00% Impervious   Runoff Depth=3.18"Subcatchment AREA 9: Subcat AREA 9
   Flow Length=426'   Tc=4.8 min   CN=69   Runoff=5.71 cfs  0.278 af

Avg. Flow Depth=1.01'   Max Vel=3.03 fps   Inflow=37.51 cfs  1.827 afReach S1 R2: Swale S1 Reach 2
n=0.030   L=127.0'   S=0.0055 '/'   Capacity=140.64 cfs   Outflow=37.05 cfs  1.827 af

Avg. Flow Depth=1.18'   Max Vel=3.17 fps   Inflow=53.22 cfs  3.049 afReach S1 R3: Swale S1 Reach 3
n=0.030   L=578.0'   S=0.0051 '/'   Capacity=135.10 cfs   Outflow=47.76 cfs  3.049 af

Avg. Flow Depth=1.26'   Max Vel=3.74 fps   Inflow=62.37 cfs  3.811 afReach S1 R4: Swale S1 Reach 4
n=0.030   L=195.8'   S=0.0066 '/'   Capacity=154.36 cfs   Outflow=61.58 cfs  3.811 af

Avg. Flow Depth=1.31'   Max Vel=3.42 fps   Inflow=62.23 cfs  3.859 afReach S1 R5: Swale S1 Reach 5
n=0.030   L=411.6'   S=0.0053 '/'   Capacity=137.86 cfs   Outflow=59.21 cfs  3.859 af

Avg. Flow Depth=1.36'   Max Vel=3.44 fps   Inflow=65.66 cfs  4.415 afReach S1 R6: Swale S1 Reach 6
n=0.030   L=430.9'   S=0.0052 '/'   Capacity=136.28 cfs   Outflow=62.73 cfs  4.415 af

Avg. Flow Depth=1.65'   Max Vel=2.39 fps   Inflow=62.82 cfs  4.489 afReach S2 R1: Swale S2 Reach 1
n=0.030   L=472.0'   S=0.0020 '/'   Capacity=84.99 cfs   Outflow=57.87 cfs  4.489 af

Avg. Flow Depth=1.40'   Max Vel=4.16 fps   Inflow=95.28 cfs  7.736 afReach S2 R2: Swale S2 Reach 2
n=0.030   L=751.0'   S=0.0069 '/'   Capacity=182.04 cfs   Outflow=90.88 cfs  7.736 af

Avg. Flow Depth=0.85'   Max Vel=3.26 fps   Inflow=27.41 cfs  1.319 afReach S3 R1: Swale S3 Reach 1
n=0.030   L=215.0'   S=0.0070 '/'   Capacity=125.24 cfs   Outflow=26.88 cfs  1.319 af

Avg. Flow Depth=2.14'   Max Vel=4.13 fps   Inflow=47.52 cfs  2.432 afReach S3 R2: Swale S3 Reach 2
n=0.030   L=97.0'   S=0.0070 '/'   Capacity=71.57 cfs   Outflow=47.32 cfs  2.432 af

Avg. Flow Depth=0.98'   Max Vel=3.94 fps   Inflow=47.83 cfs  2.533 afReach S3 R3: Swale S3 Reach 3
n=0.030   L=353.0'   S=0.0097 '/'   Capacity=186.19 cfs   Outflow=46.22 cfs  2.533 af

Avg. Flow Depth=0.63'   Max Vel=2.70 fps   Inflow=23.68 cfs  1.204 afReach S4 R2: Swale S4 Reach 2
n=0.030   L=601.0'   S=0.0069 '/'   Capacity=174.20 cfs   Outflow=20.91 cfs  1.204 af
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Avg. Flow Depth=0.89'   Max Vel=2.94 fps   Inflow=41.60 cfs  2.309 afReach S4 R3: Swale S4 Reach 3
n=0.030   L=946.0'   S=0.0056 '/'   Capacity=156.53 cfs   Outflow=34.31 cfs  2.309 af

Avg. Flow Depth=1.82'   Max Vel=5.29 fps   Inflow=159.67 cfs  12.653 afReach S4 R4: Swale S4 Reach 4
n=0.030   L=483.0'   S=0.0082 '/'   Capacity=427.66 cfs   Outflow=157.44 cfs  12.653 af

   Inflow=7.48 cfs  0.454 afReach S5 R2: Swale S5 Reach 2
   Outflow=7.48 cfs  0.454 af

Peak Elev=793.06'  Storage=236,005 cf   Inflow=164.77 cfs  13.946 afPond Sed Pond: Sedimentation Basin
.167 af   Primary=11.35 cfs  4.914 af   Secondary=22.50 cfs  1.762 af   Tertiary=6.00 cfs  0.104 af   Outflow=45.68 cfs  13.947 af

   Inflow=7.48 cfs  0.454 afLink C1: Culvert C1
   Primary=7.48 cfs  0.454 af

   Inflow=13.45 cfs  0.780 afLink C2: Culvert C2
   Primary=13.45 cfs  0.780 af

   Inflow=47.76 cfs  3.049 afLink C3: Culvert C3
   Primary=47.76 cfs  3.049 af

   Inflow=62.23 cfs  3.859 afLink C4: Culvert C4
   Primary=62.23 cfs  3.859 af

   Inflow=65.15 cfs  4.254 afLink C5: Culvert C5
   Primary=65.15 cfs  4.254 af

   Inflow=47.83 cfs  2.533 afLink C6: Culvert C6
   Primary=47.83 cfs  2.533 af

   Inflow=103.37 cfs  8.978 afLink C7: Culvert C7
   Primary=103.37 cfs  8.978 af

   Inflow=19.20 cfs  1.127 afLink C8: Culvert C8
   Primary=19.20 cfs  1.127 af

   Inflow=22.19 cfs  1.105 afLink F1: Flume 1
   Primary=22.19 cfs  1.105 af

   Inflow=23.68 cfs  1.204 afLink F2: Flume 2
   Primary=23.68 cfs  1.204 af

   Inflow=32.10 cfs  1.570 afLink F3: Flume 3
   Primary=32.10 cfs  1.570 af

   Inflow=14.43 cfs  0.701 afLink F4: Flume 4
   Primary=14.43 cfs  0.701 af

   Inflow=25.31 cfs  1.219 afLink F5: Flume 5
   Primary=25.31 cfs  1.219 af
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   Inflow=20.36 cfs  0.985 afLink F6: Flume 6
   Primary=20.36 cfs  0.985 af

   Inflow=4.50 cfs  0.216 afLink F7: Existing East Flume
   Primary=4.50 cfs  0.216 af

   Inflow=16.40 cfs  0.828 afLink F8: Existing West Flume
   Primary=16.40 cfs  0.828 af

   Inflow=19.20 cfs  1.127 afLink North Area: North Area
   Primary=19.20 cfs  1.127 af

   Inflow=22.19 cfs  1.105 afLink RC1: Rock Chute 1
   Primary=22.19 cfs  1.105 af

   Inflow=23.68 cfs  1.204 afLink RC2: Rock Chute 2
   Primary=23.68 cfs  1.204 af

   Inflow=62.73 cfs  4.415 afLink Swale 1 R6: Swale S1 Reach 6
   Primary=62.73 cfs  4.415 af

   Inflow=2.68 cfs  0.128 afLink Swale S1 R1: Swale S1 Reach 1
   Primary=2.68 cfs  0.128 af

   Inflow=37.05 cfs  1.827 afLink Swale S1 R2: Swale S1 Reach 2
   Primary=37.05 cfs  1.827 af

   Inflow=47.76 cfs  3.049 afLink Swale S1 R3: Swale S1 Reach 3
   Primary=47.76 cfs  3.049 af

   Inflow=62.23 cfs  3.859 afLink Swale S1 R4: Swale S1 Reach 4
   Primary=62.23 cfs  3.859 af

   Inflow=65.15 cfs  4.254 afLink Swale S1 R5: Swale S1 Reach 5
   Primary=65.15 cfs  4.254 af

   Inflow=58.13 cfs  4.525 afLink Swale S2 R1: Swale S2 Reach 1
   Primary=58.13 cfs  4.525 af

   Inflow=103.37 cfs  8.978 afLink Swale S2 R2: Swale S2 Reach 2
   Primary=103.37 cfs  8.978 af

   Inflow=27.22 cfs  1.447 afLink Swale S3 R1: Swale S3 Reach 1
   Primary=27.22 cfs  1.447 af

   Inflow=47.83 cfs  2.533 afLink Swale S3 R2: Swale S3 Reach 2
   Primary=47.83 cfs  2.533 af

   Inflow=47.45 cfs  2.848 afLink Swale S3 R3: Swale S3 Reach 3
   Primary=47.45 cfs  2.848 af
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   Inflow=157.92 cfs  12.803 afLink Swale S4 R4: Swale S4 Reach 4
   Primary=157.92 cfs  12.803 af

   Inflow=7.48 cfs  0.454 afLink Swale S5 R1: Swale S5 Reach 1
   Primary=7.48 cfs  0.454 af

   Inflow=12.65 cfs  0.720 afLink Swale S5 R2: Swale S5 Reach 2
   Primary=12.65 cfs  0.720 af

   Inflow=6.90 cfs  0.408 afLink Swale S5 R3: Swale S5 Reach 3
   Primary=6.90 cfs  0.408 af

   Inflow=13.45 cfs  0.780 afLink Swale S6 R1: Swale S6 Reach 1
   Primary=13.45 cfs  0.780 af

   Inflow=39.85 cfs  6.780 afLink Wetland: Wetland
   Primary=39.85 cfs  6.780 af

Total Runoff Area = 82.060 ac   Runoff Volume = 15.074 af   Average Runoff Depth = 2.20"
97.02% Pervious = 79.615 ac     2.98% Impervious = 2.446 ac
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Summary for Subcatchment AREA 1: Subcat AREA 1

Runoff = 7.63 cfs @ 12.11 hrs,  Volume= 0.342 af,  Depth= 3.18"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.288 69 Pasture/grassland/range, Fair, HSG B
1.288 100.00% Pervious Area

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

1.7 37 0.2500 0.36 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.9 371 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

2.6 408 Total

Summary for Subcatchment AREA 10: Subcat AREA 10

Runoff = 5.29 cfs @ 12.11 hrs,  Volume= 0.242 af,  Depth= 3.18"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.914 69 Pasture/grassland/range, Fair, HSG B
0.914 100.00% Pervious Area

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

2.1 46 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.1 454 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

3.2 500 Total

Summary for Subcatchment AREA 11: Subcat AREA 11

Runoff = 5.21 cfs @ 12.12 hrs,  Volume= 0.251 af,  Depth= 3.18"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (ac) CN Description
0.949 69 Pasture/grassland/range, Fair, HSG B
0.949 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 14 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 277 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 391 Total

Summary for Subcatchment AREA 12: Subcat AREA 12

Runoff = 0.58 cfs @ 12.11 hrs,  Volume= 0.026 af,  Depth= 3.18"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.098 69 Pasture/grassland/range, Fair, HSG B
0.098 100.00% Pervious Area

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

2.4 56 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 36 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

2.5 92 Total

Summary for Subcatchment AREA 13: Subcat AREA 13

Runoff = 4.89 cfs @ 12.12 hrs,  Volume= 0.236 af,  Depth= 3.18"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (ac) CN Description
0.890 69 Pasture/grassland/range, Fair, HSG B
0.890 100.00% Pervious Area

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

3.4 87 0.2500 0.42 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.2 503 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 590 Total

Summary for Subcatchment AREA 14: Subcat AREA 14

Runoff = 6.17 cfs @ 12.13 hrs,  Volume= 0.303 af,  Depth= 3.18"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.145 69 Pasture/grassland/range, Fair, HSG B
1.145 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 27 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.2 498 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.1 625 Total

Summary for Subcatchment AREA 15: Subcat AREA 15

Runoff = 2.86 cfs @ 12.12 hrs,  Volume= 0.136 af,  Depth= 3.18"
     Routed to Link F4 : Flume 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.512 69 Pasture/grassland/range, Fair, HSG B
0.512 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.2 85 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.2 235 Total

Summary for Subcatchment AREA 16: Subcat AREA 16

Runoff = 8.20 cfs @ 12.12 hrs,  Volume= 0.400 af,  Depth= 3.18"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.510 69 Pasture/grassland/range, Fair, HSG B
1.510 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.9 372 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.9 522 Total

Summary for Subcatchment AREA 17: Subcat AREA 17

Runoff = 6.72 cfs @ 12.12 hrs,  Volume= 0.326 af,  Depth= 3.18"
     Routed to Link F5 : Flume 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.228 69 Pasture/grassland/range, Fair, HSG B
1.228 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.3 63 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 223 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 386 Total

Summary for Subcatchment AREA 18: Subcat AREA 18

Runoff = 4.47 cfs @ 12.12 hrs,  Volume= 0.215 af,  Depth= 3.18"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.813 69 Pasture/grassland/range, Fair, HSG B
0.813 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 48 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 235 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 383 Total

Summary for Subcatchment AREA 19: Subcat AREA 19

Runoff = 4.66 cfs @ 12.12 hrs,  Volume= 0.225 af,  Depth= 3.18"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.847 69 Pasture/grassland/range, Fair, HSG B
0.847 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 244 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 394 Total

Summary for Subcatchment AREA 2: Subcat AREA 2

Runoff = 6.28 cfs @ 12.13 hrs,  Volume= 0.309 af,  Depth= 3.18"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.167 69 Pasture/grassland/range, Fair, HSG B
1.167 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 18 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.2 495 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.1 613 Total

Summary for Subcatchment AREA 20: Subcat AREA 20

Runoff = 5.77 cfs @ 12.12 hrs,  Volume= 0.279 af,  Depth= 3.18"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.054 69 Pasture/grassland/range, Fair, HSG B
1.054 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 303 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 453 Total

Summary for Subcatchment AREA 21: Subcat AREA 21

Runoff = 5.64 cfs @ 12.12 hrs,  Volume= 0.273 af,  Depth= 3.18"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.030 69 Pasture/grassland/range, Fair, HSG B
1.030 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 298 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 448 Total

Summary for Subcatchment AREA 22: Subcat AREA 22

Runoff = 5.64 cfs @ 12.12 hrs,  Volume= 0.273 af,  Depth= 3.18"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.030 69 Pasture/grassland/range, Fair, HSG B
1.030 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 50 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 298 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 448 Total

Summary for Subcatchment AREA 23: Subcat AREA 23

Runoff = 8.23 cfs @ 12.13 hrs,  Volume= 0.410 af,  Depth= 3.18"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.548 69 Pasture/grassland/range, Fair, HSG B
1.548 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 24 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.5 591 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.4 715 Total

Summary for Subcatchment AREA 24: Subcat AREA 24

Runoff = 10.20 cfs @ 12.13 hrs,  Volume= 0.517 af,  Depth= 3.18"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.952 69 Pasture/grassland/range, Fair, HSG B
1.952 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 24 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.9 765 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

5.8 889 Total

Summary for Subcatchment AREA 25: Subcat AREA 25

Runoff = 8.59 cfs @ 12.12 hrs,  Volume= 0.402 af,  Depth= 3.18"
     Routed to Link F3 : Flume 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.515 69 Pasture/grassland/range, Fair, HSG B
1.515 100.00% Pervious Area

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

2.8 67 0.2500 0.40 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.1 428 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

3.9 495 Total

Summary for Subcatchment AREA 26: Subcat AREA 26

Runoff = 2.74 cfs @ 12.12 hrs,  Volume= 0.129 af,  Depth= 2.98"
     Routed to Reach S1 R2 : Swale S1 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.396 69 Pasture/grassland/range, Fair, HSG B
0.072 39 Pasture/grassland/range, Good, HSG A
0.049 96 Gravel surface, HSG A

* 0.000 0 Pasture/grassland/range, Fair
0.518 67 Weighted Average
0.518 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.6 93 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.5 123 0.0055 4.39 140.49 Trap/Vee/Rect Channel Flow, Swale 1 Reach 2
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

4.1 216 Total

Summary for Subcatchment AREA 27: Subcat AREA 27

Runoff = 5.63 cfs @ 12.22 hrs,  Volume= 0.442 af,  Depth= 1.28"
     Routed to Reach S1 R3 : Swale S1 Reach 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.651 69 Pasture/grassland/range, Fair, HSG B
2.758 39 Pasture/grassland/range, Good, HSG A
0.010 96 Gravel surface, HSG A
0.295 96 Gravel surface, HSG A
0.426 39 Pasture/grassland/range, Good, HSG A

* 0.000 0
* 0.000 0
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 Pasture/grassland/range, Good

4.140 48 Weighted Average
4.140 100.00% Pervious Area

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

7.3 100 0.0500 0.23 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.3 217 0.0500 1.57 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 20 0.0050 1.14 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.1 14 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

2.0 513 0.0051 4.23 135.28 Trap/Vee/Rect Channel Flow, Swale 1 Reach 3
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

12.0 864 Total
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Summary for Subcatchment AREA 28: Subcat AREA 28

Runoff = 5.98 cfs @ 12.18 hrs,  Volume= 0.395 af,  Depth= 1.44"
     Routed to Link Swale S1 R5 : Swale S1 Reach 5

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (sf) CN Description
30,267 69 Pasture/grassland/range, Fair, HSG B

100,859 39 Pasture/grassland/range, Good, HSG A
* 11,834 96 Gravel surface

142,960 50 Weighted Average
142,960 100.00% Pervious Area

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

5.9 78 0.0526 0.22 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.1 22 0.2500 0.32 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 24 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 23 0.0050 1.14 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.1 16 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.6 410 0.0053 4.31 137.91 Trap/Vee/Rect Channel Flow, Swale 1 Reach
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

9.1 573 Total

Summary for Subcatchment AREA 28A: Subcat AREA 28A

Runoff = 0.71 cfs @ 12.18 hrs,  Volume= 0.048 af,  Depth= 1.36"
     Routed to Link Swale S1 R4 : Swale S1 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.035 69 Pasture/grassland/range, Fair, HSG B
0.257 39 Pasture/grassland/range, Good, HSG A
0.075 39 Pasture/grassland/range, Good, HSG A
0.010 96 Gravel surface, HSG A
0.046 96 Gravel surface, HSG A
0.423 49 Weighted Average
0.423 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.3 82 0.0334 0.19 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.0 18 0.2500 0.31 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 34 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 20 0.0050 1.14 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.1 13 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.2 67 0.0069 4.92 157.36 Trap/Vee/Rect Channel Flow, 
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

9.1 234 Total

Summary for Subcatchment AREA 28B: Subcat AREA 28B

Runoff = 1.20 cfs @ 12.13 hrs,  Volume= 0.061 af,  Depth= 1.53"
     Routed to Reach S1 R4 : Swale S1 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.050 69 Pasture/grassland/range, Fair, HSG B
0.110 39 Pasture/grassland/range, Good, HSG A
0.240 39 Pasture/grassland/range, Good, HSG A
0.009 96 Gravel surface, HSG A
0.067 96 Gravel surface, HSG A
0.476 51 Weighted Average
0.476 100.00% Pervious Area

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

2.5 58 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.6 20 0.0050 0.53 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

1.0 18 0.2500 0.31 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 115 0.0055 4.39 140.49 Trap/Vee/Rect Channel Flow, 
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

4.5 211 Total
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Summary for Subcatchment AREA 29: Subcat AREA 29

Runoff = 1.21 cfs @ 12.31 hrs,  Volume= 0.161 af,  Depth= 0.69"
     Routed to Reach S1 R6 : Swale S1 Reach 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.056 96 Gravel surface, HSG A
2.735 39 Pasture/grassland/range, Good, HSG A

* 0.000 0 Gravel surface
2.792 40 Weighted Average
2.792 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
11.8 100 0.0150 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
1.9 100 0.0150 0.86 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.1 16 0.2500 3.50 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
1.0 247 0.0052 4.27 136.60 Trap/Vee/Rect Channel Flow, Swale S1 Reach 5

Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

14.8 463 Total

Summary for Subcatchment AREA 3: Subcat AREA 3

Runoff = 3.66 cfs @ 12.14 hrs,  Volume= 0.190 af,  Depth= 3.18"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.717 69 Pasture/grassland/range, Fair, HSG B
0.717 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.9 44 0.1000 0.26 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.4 56 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 76 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 233 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

6.3 409 Total

Summary for Subcatchment AREA 30: Subcat AREA 30

Runoff = 0.43 cfs @ 12.46 hrs,  Volume= 0.074 af,  Depth= 0.63"
     Routed to Reach S2 R1 : Swale S2 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.415 39 Pasture/grassland/range, Good, HSG A
1.415 100.00% Pervious Area

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

9.5 100 0.0260 0.18 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.9 194 0.0260 1.13 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

9.6 647 0.0260 1.13 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

22.0 941 Total

Summary for Subcatchment AREA 31: Subcat AREA 31

Runoff = 0.42 cfs @ 12.14 hrs,  Volume= 0.036 af,  Depth= 0.63"
     Routed to Link Swale S2 R1 : Swale S2 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.698 39 Pasture/grassland/range, Good, HSG A
0.698 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.6 34 0.2500 0.35 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.8 447 0.0020 2.65 84.72 Trap/Vee/Rect Channel Flow, Swale 2 Reach 1
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

4.4 481 Total

Summary for Subcatchment AREA 32: Subcat AREA 32

Runoff = 3.11 cfs @ 12.31 hrs,  Volume= 0.315 af,  Depth= 1.13"
     Routed to Link Swale S3 R3 : Swale S3 Reach 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.567 69 Pasture/grassland/range, Fair, HSG B
2.413 39 Pasture/grassland/range, Good, HSG A
0.099 96 Gravel surface, HSG A
0.274 39 Pasture/grassland/range, Good, HSG A
3.353 46 Weighted Average
3.353 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.1 100 0.0140 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
4.2 211 0.0140 0.83 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.1 23 0.1740 2.92 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.9 329 0.0097 5.83 186.57 Trap/Vee/Rect Channel Flow, Swale 3 Reach 3

Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

17.3 663 Total

Summary for Subcatchment AREA 33: Subcat AREA 33

Runoff = 1.14 cfs @ 12.28 hrs,  Volume= 0.101 af,  Depth= 1.36"
     Routed to Link Swale S3 R2 : Swale S3 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (sf) CN Description
4,079 96 Gravel surface, HSG A
1,422 96 Gravel surface, HSG A

30,707 39 Pasture/grassland/range, Good, HSG A
* 2,706 69 Pasture/grassland/range, Fair, HSG A

38,914 49 Weighted Average
38,914 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.1 100 0.0140 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
3.6 178 0.0140 0.83 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.0 12 0.4000 4.43 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.3 87 0.0070 5.23 125.44 Trap/Vee/Rect Channel Flow, Swale 3 Reach 2

Bot.W=8.00'  D=2.00'  Z= 2.0 '/'  Top.W=16.00'
n= 0.030  Earth, grassed & winding

16.0 377 Total

Summary for Subcatchment AREA 34: Subcat AREA 34

Runoff = 1.20 cfs @ 12.30 hrs,  Volume= 0.128 af,  Depth= 0.98"
     Routed to Link Swale S3 R1 : Swale S3 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (sf) CN Description
5,695 69 Pasture/grassland/range, Fair, HSG B
3,470 96 Gravel surface, HSG A

59,319 39 Pasture/grassland/range, Good, HSG A
68,484 44 Weighted Average
68,484 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.1 100 0.0140 0.14 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
3.4 170 0.0140 0.83 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.1 15 0.4000 4.43 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.6 203 0.0070 5.23 125.44 Trap/Vee/Rect Channel Flow, Swale 3 Reach 1

Bot.W=8.00'  D=2.00'  Z= 2.0 '/'  Top.W=16.00'
n= 0.030  Earth, grassed & winding

16.2 488 Total
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Summary for Subcatchment AREA 35: Subcat AREA 35

Runoff = 2.10 cfs @ 12.12 hrs,  Volume= 0.099 af,  Depth= 3.18"
     Routed to Reach S3 R1 : Swale S3 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.375 69 Pasture/grassland/range, Fair, HSG B
0.375 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 74 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

4.2 174 Total

Summary for Subcatchment AREA 36: Subcat AREA 36

Runoff = 2.62 cfs @ 12.12 hrs,  Volume= 0.125 af,  Depth= 3.08"
     Routed to Link F7 : Existing East Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.470 69 Pasture/grassland/range, Fair, HSG B
0.016 39 Pasture/grassland/range, Good, HSG A

* 0.000 0 Pasture/grassland/range, Good
0.487 68 Weighted Average
0.487 100.00% Pervious Area

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

3.5 90 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.7 201 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.2 134 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

4.4 425 Total
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Summary for Subcatchment AREA 37: Subcat AREA 37

Runoff = 1.89 cfs @ 12.12 hrs,  Volume= 0.091 af,  Depth= 3.18"
     Routed to Link F7 : Existing East Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.344 69 Pasture/grassland/range, Fair, HSG B
0.344 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 30 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.4 126 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.3 254 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

4.6 510 Total

Summary for Subcatchment AREA 38: Subcat AREA 38

Runoff = 1.25 cfs @ 12.12 hrs,  Volume= 0.059 af,  Depth= 3.18"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.223 69 Pasture/grassland/range, Fair, HSG B
0.223 100.00% Pervious Area

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

3.1 77 0.2500 0.41 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.5 156 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.5 357 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

4.1 590 Total
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Summary for Subcatchment AREA 39: Subcat AREA 39

Runoff = 3.50 cfs @ 12.13 hrs,  Volume= 0.174 af,  Depth= 3.18"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.656 69 Pasture/grassland/range, Fair, HSG B
0.656 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 11 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.1 314 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.3 217 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

5.3 642 Total

Summary for Subcatchment AREA 4: Subcat AREA 4

Runoff = 6.31 cfs @ 12.14 hrs,  Volume= 0.331 af,  Depth= 3.18"
     Routed to Link F2 : Flume 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.247 69 Pasture/grassland/range, Fair, HSG B
1.247 100.00% Pervious Area

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

3.5 57 0.1000 0.27 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.0 43 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 83 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 295 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

6.6 478 Total
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Summary for Subcatchment AREA 40: Subcat AREA 40

Runoff = 6.03 cfs @ 12.13 hrs,  Volume= 0.300 af,  Depth= 2.23"
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.079 69 Pasture/grassland/range, Fair, HSG B
0.539 39 Pasture/grassland/range, Good, HSG A

* 0.000 0 Pasture/grassland/range, Good
1.618 59 Weighted Average
1.618 100.00% Pervious Area

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

3.1 77 0.2500 0.41 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.8 237 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.3 70 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.0 315 0.0069 5.05 181.72 Trap/Vee/Rect Channel Flow, Swale S2 Reach 2
Bot.W=10.00'  D=2.00'  Z= 4.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

5.2 699 Total

Summary for Subcatchment AREA 41: Subcat AREA 41

Runoff = 2.84 cfs @ 12.14 hrs,  Volume= 0.147 af,  Depth= 2.13"
     Routed to Reach S2 R2 : Swale S2 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.520 69 Pasture/grassland/range, Fair, HSG B
0.306 39 Pasture/grassland/range, Good, HSG A
0.826 58 Weighted Average
0.826 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 26 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

2.0 596 0.0069 5.05 181.72 Trap/Vee/Rect Channel Flow, Swale S2 Reach 2
Bot.W=10.00'  D=2.00'  Z= 4.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

5.9 722 Total

Summary for Subcatchment AREA 42: Subcat AREA 42

Runoff = 0.93 cfs @ 12.22 hrs,  Volume= 0.114 af,  Depth= 0.63"
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
2.177 39 Pasture/grassland/range, Good, HSG A
2.177 100.00% Pervious Area

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

6.4 66 0.0303 0.17 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.6 34 0.2500 0.35 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.2 49 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.9 266 0.0069 5.05 181.72 Trap/Vee/Rect Channel Flow, Swale S2 Reach 2
Bot.W=10.00'  D=2.00'  Z= 4.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

9.1 415 Total

Summary for Subcatchment AREA 43: Subcat AREA 43

Runoff = 6.39 cfs @ 12.13 hrs,  Volume= 0.325 af,  Depth= 3.18"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.228 69 Pasture/grassland/range, Fair, HSG B
1.228 100.00% Pervious Area



COL POO FINAL CONDITIONS
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"COL_POO Closure Conditions-031722

  Printed  4/11/2022Prepared by SCS Engineers
Page 84HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.0 6 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.9 541 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.2 131 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, Riprap Flume
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

5.9 778 Total

Summary for Subcatchment AREA 44: Subcat AREA 44

Runoff = 2.38 cfs @ 12.19 hrs,  Volume= 0.273 af,  Depth= 0.63"
     Routed to Pond Sed Pond : Sedimentation Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
5.227 39 Pasture/grassland/range, Good, HSG A
5.227 100.00% Pervious Area

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

4.5 75 0.0933 0.28 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.3 25 0.2500 0.33 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.0 10 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.8 381 0.0265 7.85 109.92 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=2.00'  Z= 4.0 & 3.0 '/'  Top.W=14.00'
n= 0.030  Earth, grassed & winding

0.8 162 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.5 48 0.0500 1.57 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

7.9 701 Total

Summary for Subcatchment AREA 44A: Subcat AREA 44A

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

Runoff = 14.38 cfs @ 12.09 hrs,  Volume= 0.798 af,  Depth= 6.35"
     Routed to Pond Sed Pond : Sedimentation Basin
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Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.508 98 Water Surface, HSG A
1.508 100.00% Impervious Area

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

0.0 Direct Entry, 

Summary for Subcatchment AREA 44B: Subcat AREA 44B

Runoff = 1.17 cfs @ 12.16 hrs,  Volume= 0.071 af,  Depth= 1.44"
     Routed to Pond Sed Pond : Sedimentation Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.479 39 Pasture/grassland/range, Good, HSG A
0.115 96 Gravel surface, HSG A

* 0.000 0 , HSG A
* 0.000 0 , HSG A

0.594 50 Weighted Average
0.594 100.00% Pervious Area

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

7.1 100 0.0544 0.24 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.5 47 0.0544 1.63 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

7.6 147 Total

Summary for Subcatchment AREA 45: Subcat AREA 45

Runoff = 1.16 cfs @ 12.41 hrs,  Volume= 0.150 af,  Depth= 0.90"
     Routed to Link Swale S4 R4 : Swale S4 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"



COL POO FINAL CONDITIONS
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"COL_POO Closure Conditions-031722

  Printed  4/11/2022Prepared by SCS Engineers
Page 86HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Area (ac) CN Description
* 0.000 0 , HSG A

1.870 39 Pasture/grassland/range, Good, HSG A
0.000 96 Gravel surface, HSG A
0.130 96 Gravel surface, HSG A
2.001 43 Weighted Average
2.001 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
15.7 100 0.0074 0.11 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.77"
4.7 169 0.0074 0.60 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
0.4 49 0.0800 1.98 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
1.1 363 0.0082 5.42 162.67 Trap/Vee/Rect Channel Flow, Swale S4 Reach 2

Bot.W=8.00'  D=2.00'  Z= 4.0 & 3.0 '/'  Top.W=22.00'
n= 0.030  Earth, grassed & winding

21.9 681 Total

Summary for Subcatchment AREA 46: Subcat AREA 46

Runoff = 22.74 cfs @ 12.17 hrs,  Volume= 1.366 af,  Depth= 2.23"
     Routed to Reach S4 R4 : Swale S4 Reach 4

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
3.081 69 Pasture/grassland/range, Fair, HSG B
0.590 96 Gravel surface, HSG B
3.264 39 Pasture/grassland/range, Good, HSG A
0.017 98 Paved parking, HSG A
0.009 98 Paved parking, HSG A
0.378 96 Gravel surface, HSG A
0.001 96 Gravel surface, HSG A
0.026 96 Gravel surface, HSG A

* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 , HSG A
* 0.000 0 Pasture/grassland/range, Fair

7.367 59 Weighted Average
7.340 99.64% Pervious Area
0.027 0.36% Impervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 51 0.2500 0.38 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 16 0.2500 2.44 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.9 31 0.0050 0.58 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.4 47 0.0650 1.78 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

5.6 1,759 0.0073 5.26 178.68 Trap/Vee/Rect Channel Flow, Swale S4 Reach 1
Bot.W=10.00'  D=2.00'  Z= 3.0 & 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding

9.2 1,904 Total

Summary for Subcatchment AREA 47: Subcat AREA 47

Runoff = 6.90 cfs @ 12.17 hrs,  Volume= 0.408 af,  Depth= 2.69"
     Routed to Link Swale S5 R3 : Swale S5 Reach 3

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (sf) CN Description
49,617 69 Pasture/grassland/range, Fair, HSG B

6,971 98 Paved parking, HSG A
1,619 96 Gravel surface, HSG A

20,925 39 Pasture/grassland/range, Good, HSG A
79,132 64 Weighted Average
72,161 91.19% Pervious Area

6,971 8.81% Impervious Area

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

2.0 43 0.2500 0.37 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 11 0.1111 1.63 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.7 12 0.2500 0.28 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

2.9 28 0.0393 0.16 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

3.4 488 0.0024 2.40 52.81 Trap/Vee/Rect Channel Flow, Swale S5 Reach 3
Bot.W=0.00'  D=2.00'  Z= 5.0 & 6.0 '/'  Top.W=22.00'
n= 0.030  Earth, grassed & winding

9.1 582 Total
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Summary for Subcatchment AREA 48: Subcat AREA 48

Runoff = 5.30 cfs @ 12.13 hrs,  Volume= 0.265 af,  Depth= 2.41"
     Routed to Link Swale S5 R2 : Swale S5 Reach 2

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (sf) CN Description
24,597 69 Pasture/grassland/range, Fair, HSG B
24,117 39 Pasture/grassland/range, Good, HSG A

2,057 96 Gravel surface, HSG A
6,769 98 Paved parking, HSG A

57,540 61 Weighted Average
50,771 88.24% Pervious Area

6,769 11.76% Impervious Area

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

0.6 19 0.0050 0.53 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

1.7 29 0.1667 0.29 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

3.1 441 0.0024 2.38 40.39 Trap/Vee/Rect Channel Flow, Swale S5 Reach 2
Bot.W=0.00'  D=2.00'  Z= 2.5 & 6.0 '/'  Top.W=17.00'
n= 0.030  Earth, grassed & winding

5.4 489 Total

Summary for Subcatchment AREA 49: Subcat AREA 49

Runoff = 2.68 cfs @ 12.12 hrs,  Volume= 0.128 af,  Depth= 2.23"
     Routed to Link Swale S1 R1 : Swale S1 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.439 69 Pasture/grassland/range, Fair, HSG B
0.246 39 Pasture/grassland/range, Good, HSG A
0.006 96 Gravel surface, HSG A
0.691 59 Weighted Average
0.691 100.00% Pervious Area

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

2.5 59 0.2500 0.39 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.8 463 0.0053 4.31 137.91 Trap/Vee/Rect Channel Flow, Swale S1 Reach 1
Bot.W=8.00'  D=2.00'  Z= 4.0 '/'  Top.W=24.00'
n= 0.030  Earth, grassed & winding
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4.3 522 Total

Summary for Subcatchment AREA 5: Subcat AREA 5

Runoff = 6.05 cfs @ 12.14 hrs,  Volume= 0.317 af,  Depth= 3.18"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.195 69 Pasture/grassland/range, Fair, HSG B
1.195 100.00% Pervious Area

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

3.6 59 0.1000 0.27 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

1.9 41 0.2500 0.36 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 85 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.7 297 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

6.6 482 Total

Summary for Subcatchment AREA 50: Subcat AREA 50

Runoff = 13.35 cfs @ 12.11 hrs,  Volume= 0.698 af,  Depth= 5.65"
     Routed to Link Swale S6 R1 : Swale S6 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.100 39 Pasture/grassland/range, Good, HSG A
0.001 39 Pasture/grassland/range, Good, HSG A
1.382 96 Gravel surface, HSG A
1.482 92 Weighted Average
1.482 100.00% Pervious Area
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Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

1.6 100 0.0119 1.04 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

0.4 47 0.0119 1.76 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

0.0 10 0.5000 4.95 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.4 413 0.0066 5.00 130.01 Trap/Vee/Rect Channel Flow, Swale S6 Reach 1
Bot.W=8.00'  D=2.00'  Z= 2.5 '/'  Top.W=18.00'
n= 0.030  Earth, grassed & winding

3.4 570 Total

Summary for Subcatchment AREA 51: Subcat AREA 51

Runoff = 0.67 cfs @ 12.27 hrs,  Volume= 0.082 af,  Depth= 0.69"
     Routed to Link Swale S6 R1 : Swale S6 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.396 39 Pasture/grassland/range, Good, HSG A
0.020 96 Gravel surface, HSG A
1.417 40 Weighted Average
1.417 100.00% Pervious Area

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

7.3 100 0.0500 0.23 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

3.2 302 0.0500 1.57 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.3 53 0.0313 2.85 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

1.4 429 0.0066 5.00 130.01 Trap/Vee/Rect Channel Flow, Swale S6 Reach 1
Bot.W=8.00'  D=2.00'  Z= 2.5 '/'  Top.W=18.00'
n= 0.030  Earth, grassed & winding

12.2 884 Total

Summary for Subcatchment AREA 52: Subcat AREA 52

Runoff = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af,  Depth= 1.20"
     Routed to Link Swale S5 R1 : Swale S5 Reach 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (sf) CN Description
169,213 39 Pasture/grassland/range, Good, HSG A

25,933 98 Paved parking, HSG A
2,184 96 Gravel surface, HSG A

197,330 47 Weighted Average
171,397 86.86% Pervious Area

25,933 13.14% Impervious Area

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

0.6 18 0.0050 0.52 Sheet Flow, 
Smooth surfaces   n= 0.011   P2= 2.77"

1.4 21 0.1333 0.25 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

4.3 1,255 0.0096 4.82 125.20 Trap/Vee/Rect Channel Flow, Swale S5 Reach 1
Bot.W=0.00'  D=2.00'  Z= 6.0 & 7.0 '/'  Top.W=26.00'
n= 0.030  Earth, grassed & winding

6.3 1,294 Total

Summary for Subcatchment AREA 6: Subcat AREA 6

Runoff = 4.90 cfs @ 12.12 hrs,  Volume= 0.236 af,  Depth= 3.18"
     Routed to Link F1 : Flume 1

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
0.892 69 Pasture/grassland/range, Fair, HSG B
0.892 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.0 7 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.8 308 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.6 415 Total

Summary for Subcatchment AREA 7: Subcat AREA 7

Runoff = 5.31 cfs @ 12.13 hrs,  Volume= 0.269 af,  Depth= 3.18"
     Routed to Link F8 : Existing West Flume

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (ac) CN Description
1.017 69 Pasture/grassland/range, Fair, HSG B
1.017 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.1 18 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

1.5 419 0.0200 4.80 23.38 Trap/Vee/Rect Channel Flow, Existing Diversion Berm
Bot.W=0.00'  D=1.18'  Z= 4.0 & 3.0 '/'  Top.W=8.26'
n= 0.030  Earth, grassed & winding

0.4 296 0.2500 12.26 441.43 Trap/Vee/Rect Channel Flow, 
Bot.W=12.00'  D=2.00'  Z= 3.0 '/'  Top.W=24.00'
n= 0.078  Riprap, 12-inch

5.8 833 Total

Summary for Subcatchment AREA 8: Subcat AREA 8

Runoff = 5.52 cfs @ 12.12 hrs,  Volume= 0.268 af,  Depth= 3.18"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"

Area (ac) CN Description
1.009 69 Pasture/grassland/range, Fair, HSG B
1.009 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.3 66 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 243 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.7 409 Total

Summary for Subcatchment AREA 9: Subcat AREA 9

Runoff = 5.71 cfs @ 12.12 hrs,  Volume= 0.278 af,  Depth= 3.18"
     Routed to Link F6 : Flume 6

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"
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Area (ac) CN Description
1.047 69 Pasture/grassland/range, Fair, HSG B
1.047 100.00% Pervious Area

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

3.8 100 0.2500 0.43 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.77"

0.4 76 0.2500 3.50 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.6 250 0.0200 6.74 80.87 Trap/Vee/Rect Channel Flow, Diversion Berm
Bot.W=0.00'  D=2.00'  Z= 4.0 & 2.0 '/'  Top.W=12.00'
n= 0.030  Earth, grassed & winding

4.8 426 Total

Summary for Reach S1 R2: Swale S1 Reach 2

Inflow Area = 7.131 ac, 0.00% Impervious,  Inflow Depth = 3.07"    for  100-yr, 24-hr event
Inflow = 37.51 cfs @ 12.12 hrs,  Volume= 1.827 af
Outflow = 37.05 cfs @ 12.12 hrs,  Volume= 1.827 af,  Atten= 1%,  Lag= 0.4 min
     Routed to Link Swale S1 R2 : Swale S1 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.03 fps,  Min. Travel Time= 0.7 min
Avg. Velocity = 0.80 fps,  Avg. Travel Time= 2.7 min

Peak Storage= 1,553 cf @ 12.12 hrs
Average Depth at Peak Storage= 1.01' , Surface Width= 16.12'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 140.64 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 127.0'   Slope= 0.0055 '/'
Inlet Invert= 814.81',  Outlet Invert= 814.11'

‡

Summary for Reach S1 R3: Swale S1 Reach 3

Inflow Area = 14.170 ac, 0.00% Impervious,  Inflow Depth = 2.58"    for  100-yr, 24-hr event
Inflow = 53.22 cfs @ 12.12 hrs,  Volume= 3.049 af
Outflow = 47.76 cfs @ 12.15 hrs,  Volume= 3.049 af,  Atten= 10%,  Lag= 1.5 min
     Routed to Link Swale S1 R3 : Swale S1 Reach 3
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Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.17 fps,  Min. Travel Time= 3.0 min
Avg. Velocity = 0.70 fps,  Avg. Travel Time= 13.8 min

Peak Storage= 8,716 cf @ 12.15 hrs
Average Depth at Peak Storage= 1.18' , Surface Width= 17.47'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 135.10 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 578.0'   Slope= 0.0051 '/'
Inlet Invert= 814.11',  Outlet Invert= 811.17'

‡

Summary for Reach S1 R4: Swale S1 Reach 4

Inflow Area = 17.292 ac, 0.00% Impervious,  Inflow Depth = 2.64"    for  100-yr, 24-hr event
Inflow = 62.37 cfs @ 12.14 hrs,  Volume= 3.811 af
Outflow = 61.58 cfs @ 12.15 hrs,  Volume= 3.811 af,  Atten= 1%,  Lag= 0.6 min
     Routed to Link Swale S1 R4 : Swale S1 Reach 4

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.74 fps,  Min. Travel Time= 0.9 min
Avg. Velocity = 0.81 fps,  Avg. Travel Time= 4.0 min

Peak Storage= 3,220 cf @ 12.15 hrs
Average Depth at Peak Storage= 1.26' , Surface Width= 18.09'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 154.36 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 195.8'   Slope= 0.0066 '/'
Inlet Invert= 811.17',  Outlet Invert= 809.87'

‡
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Summary for Reach S1 R5: Swale S1 Reach 5

Inflow Area = 17.714 ac, 0.00% Impervious,  Inflow Depth = 2.61"    for  100-yr, 24-hr event
Inflow = 62.23 cfs @ 12.15 hrs,  Volume= 3.859 af
Outflow = 59.21 cfs @ 12.17 hrs,  Volume= 3.859 af,  Atten= 5%,  Lag= 1.3 min
     Routed to Link Swale S1 R5 : Swale S1 Reach 5

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.42 fps,  Min. Travel Time= 2.0 min
Avg. Velocity = 0.74 fps,  Avg. Travel Time= 9.2 min

Peak Storage= 7,135 cf @ 12.17 hrs
Average Depth at Peak Storage= 1.31' , Surface Width= 18.48'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 137.86 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 411.6'   Slope= 0.0053 '/'
Inlet Invert= 809.77',  Outlet Invert= 807.59'

‡

Summary for Reach S1 R6: Swale S1 Reach 6

Inflow Area = 23.788 ac, 0.00% Impervious,  Inflow Depth = 2.23"    for  100-yr, 24-hr event
Inflow = 65.66 cfs @ 12.17 hrs,  Volume= 4.415 af
Outflow = 62.73 cfs @ 12.20 hrs,  Volume= 4.415 af,  Atten= 4%,  Lag= 1.5 min
     Routed to Link Swale 1 R6 : Swale S1 Reach 6

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.44 fps,  Min. Travel Time= 2.1 min
Avg. Velocity = 0.76 fps,  Avg. Travel Time= 9.4 min

Peak Storage= 7,852 cf @ 12.20 hrs
Average Depth at Peak Storage= 1.36' , Surface Width= 18.86'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 136.28 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 430.9'   Slope= 0.0052 '/'
Inlet Invert= 807.15',  Outlet Invert= 804.92'
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‡

Summary for Reach S2 R1: Swale S2 Reach 1

Inflow Area = 25.203 ac, 0.00% Impervious,  Inflow Depth = 2.14"    for  100-yr, 24-hr event
Inflow = 62.82 cfs @ 12.20 hrs,  Volume= 4.489 af
Outflow = 57.87 cfs @ 12.24 hrs,  Volume= 4.489 af,  Atten= 8%,  Lag= 2.5 min
     Routed to Link Swale S2 R1 : Swale S2 Reach 1

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.39 fps,  Min. Travel Time= 3.3 min
Avg. Velocity = 0.52 fps,  Avg. Travel Time= 15.1 min

Peak Storage= 11,415 cf @ 12.24 hrs
Average Depth at Peak Storage= 1.65' , Surface Width= 21.24'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 84.99 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 472.0'   Slope= 0.0020 '/'
Inlet Invert= 802.25',  Outlet Invert= 801.30'

‡

Summary for Reach S2 R2: Swale S2 Reach 2

Inflow Area = 42.068 ac, 0.00% Impervious,  Inflow Depth = 2.21"    for  100-yr, 24-hr event
Inflow = 95.28 cfs @ 12.17 hrs,  Volume= 7.736 af
Outflow = 90.88 cfs @ 12.23 hrs,  Volume= 7.736 af,  Atten= 5%,  Lag= 3.1 min
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.16 fps,  Min. Travel Time= 3.0 min
Avg. Velocity = 0.88 fps,  Avg. Travel Time= 14.3 min

Peak Storage= 16,407 cf @ 12.23 hrs
Average Depth at Peak Storage= 1.40' , Surface Width= 21.20'
Bank-Full Depth= 2.00'  Flow Area= 36.0 sf,  Capacity= 182.04 cfs
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10.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 26.00'
Length= 751.0'   Slope= 0.0069 '/'
Inlet Invert= 801.30',  Outlet Invert= 796.10'

‡

Summary for Reach S3 R1: Swale S3 Reach 1

Inflow Area = 4.976 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 27.41 cfs @ 12.12 hrs,  Volume= 1.319 af
Outflow = 26.88 cfs @ 12.13 hrs,  Volume= 1.319 af,  Atten= 2%,  Lag= 0.6 min
     Routed to Link Swale S3 R1 : Swale S3 Reach 1

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.26 fps,  Min. Travel Time= 1.1 min
Avg. Velocity = 0.77 fps,  Avg. Travel Time= 4.7 min

Peak Storage= 1,774 cf @ 12.13 hrs
Average Depth at Peak Storage= 0.85' , Surface Width= 11.40'
Bank-Full Depth= 2.00'  Flow Area= 24.0 sf,  Capacity= 125.24 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 2.0 '/'   Top Width= 16.00'
Length= 215.0'   Slope= 0.0070 '/'
Inlet Invert= 807.58',  Outlet Invert= 806.08'

‡

Summary for Reach S3 R2: Swale S3 Reach 2

Inflow Area = 10.265 ac, 0.00% Impervious,  Inflow Depth = 2.84"    for  100-yr, 24-hr event
Inflow = 47.52 cfs @ 12.13 hrs,  Volume= 2.432 af
Outflow = 47.32 cfs @ 12.13 hrs,  Volume= 2.432 af,  Atten= 0%,  Lag= 0.3 min
     Routed to Link Swale S3 R2 : Swale S3 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.13 fps,  Min. Travel Time= 0.4 min
Avg. Velocity = 1.45 fps,  Avg. Travel Time= 1.1 min
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Peak Storage= 1,111 cf @ 12.13 hrs
Average Depth at Peak Storage= 2.14' , Surface Width= 10.70'
Bank-Full Depth= 2.50'  Flow Area= 15.6 sf,  Capacity= 71.57 cfs

0.00'  x  2.50'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 2.5 '/'   Top Width= 12.50'
Length= 97.0'   Slope= 0.0070 '/'
Inlet Invert= 806.08',  Outlet Invert= 805.40'

Summary for Reach S3 R3: Swale S3 Reach 3

Inflow Area = 11.158 ac, 0.00% Impervious,  Inflow Depth = 2.72"    for  100-yr, 24-hr event
Inflow = 47.83 cfs @ 12.13 hrs,  Volume= 2.533 af
Outflow = 46.22 cfs @ 12.15 hrs,  Volume= 2.533 af,  Atten= 3%,  Lag= 0.9 min
     Routed to Link Swale S3 R3 : Swale S3 Reach 3

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.94 fps,  Min. Travel Time= 1.5 min
Avg. Velocity = 1.02 fps,  Avg. Travel Time= 5.8 min

Peak Storage= 4,140 cf @ 12.15 hrs
Average Depth at Peak Storage= 0.98' , Surface Width= 15.86'
Bank-Full Depth= 2.00'  Flow Area= 32.0 sf,  Capacity= 186.19 cfs

8.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0 '/'   Top Width= 24.00'
Length= 353.0'   Slope= 0.0097 '/'
Inlet Invert= 804.71',  Outlet Invert= 801.30'

‡

Summary for Reach S4 R2: Swale S4 Reach 2

Inflow Area = 4.541 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 23.68 cfs @ 12.13 hrs,  Volume= 1.204 af
Outflow = 20.91 cfs @ 12.16 hrs,  Volume= 1.204 af,  Atten= 12%,  Lag= 1.8 min
     Routed to Reach S4 R3 : Swale S4 Reach 3
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Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.70 fps,  Min. Travel Time= 3.7 min
Avg. Velocity = 0.63 fps,  Avg. Travel Time= 16.0 min

Peak Storage= 4,652 cf @ 12.16 hrs
Average Depth at Peak Storage= 0.63' , Surface Width= 14.44'
Bank-Full Depth= 2.00'  Flow Area= 34.0 sf,  Capacity= 174.20 cfs

10.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 4.0  3.0 '/'   Top Width= 24.00'
Length= 601.0'   Slope= 0.0069 '/'
Inlet Invert= 806.43',  Outlet Invert= 802.26'

‡

Summary for Reach S4 R3: Swale S4 Reach 3

[62] Hint: Exceeded Reach S4 R2 OUTLET depth by 0.32' @ 12.25 hrs

Inflow Area = 8.711 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 41.60 cfs @ 12.14 hrs,  Volume= 2.309 af
Outflow = 34.31 cfs @ 12.18 hrs,  Volume= 2.309 af,  Atten= 18%,  Lag= 2.7 min
     Routed to Reach S4 R4 : Swale S4 Reach 4

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.94 fps,  Min. Travel Time= 5.4 min
Avg. Velocity = 0.64 fps,  Avg. Travel Time= 24.5 min

Peak Storage= 11,027 cf @ 12.18 hrs
Average Depth at Peak Storage= 0.89' , Surface Width= 16.22'
Bank-Full Depth= 2.00'  Flow Area= 34.0 sf,  Capacity= 156.53 cfs

10.00'  x  2.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 3.0  4.0 '/'   Top Width= 24.00'
Length= 946.0'   Slope= 0.0056 '/'
Inlet Invert= 802.26',  Outlet Invert= 796.96'

‡
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Summary for Reach S4 R4: Swale S4 Reach 4

[62] Hint: Exceeded Reach S4 R3 OUTLET depth by 0.96' @ 12.25 hrs

Inflow Area = 65.063 ac, 0.04% Impervious,  Inflow Depth = 2.33"    for  100-yr, 24-hr event
Inflow = 159.67 cfs @ 12.19 hrs,  Volume= 12.653 af
Outflow = 157.44 cfs @ 12.21 hrs,  Volume= 12.653 af,  Atten= 1%,  Lag= 1.3 min
     Routed to Link Swale S4 R4 : Swale S4 Reach 4

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Max. Velocity= 5.29 fps,  Min. Travel Time= 1.5 min
Avg. Velocity = 1.12 fps,  Avg. Travel Time= 7.2 min

Peak Storage= 14,379 cf @ 12.21 hrs
Average Depth at Peak Storage= 1.82' , Surface Width= 22.73'
Bank-Full Depth= 3.00'  Flow Area= 61.5 sf,  Capacity= 427.66 cfs

10.00'  x  3.00'  deep channel,  n= 0.030  Earth, grassed & winding
Side Slope Z-value= 3.0  4.0 '/'   Top Width= 31.00'
Length= 483.0'   Slope= 0.0082 '/'
Inlet Invert= 796.96',  Outlet Invert= 793.00'

‡

Summary for Reach S5 R2: Swale S5 Reach 2

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 4.530 ac, 13.14% Impervious,  Inflow Depth = 1.20"    for  100-yr, 24-hr event
Inflow = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af
Outflow = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link Swale S5 R2 : Swale S5 Reach 2

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Pond Sed Pond: Sedimentation Basin



COL POO FINAL CONDITIONS
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"COL_POO Closure Conditions-031722

  Printed  4/11/2022Prepared by SCS Engineers
Page 101HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Inflow Area = 74.393 ac, 2.06% Impervious,  Inflow Depth = 2.25"    for  100-yr, 24-hr event
Inflow = 164.77 cfs @ 12.20 hrs,  Volume= 13.946 af
Outflow = 45.68 cfs @ 12.70 hrs,  Volume= 13.947 af,  Atten= 72%,  Lag= 30.2 min
Discarded = 5.84 cfs @ 12.70 hrs,  Volume= 7.167 af
Primary = 11.35 cfs @ 12.70 hrs,  Volume= 4.914 af
     Routed to Link Wetland : Wetland
Secondary = 22.50 cfs @ 12.70 hrs,  Volume= 1.762 af
     Routed to Link Wetland : Wetland
Tertiary = 6.00 cfs @ 12.70 hrs,  Volume= 0.104 af
     Routed to Link Wetland : Wetland

Routing by Dyn-Stor-Ind method, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
Peak Elev= 793.06' @ 12.70 hrs   Surf.Area= 70,052 sf   Storage= 236,005 cf
Flood Elev= 794.00'   Surf.Area= 75,797 sf   Storage= 304,443 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 169.7 min ( 1,014.6 - 845.0 )

Volume Invert Avail.Storage Storage Description
#1 789.00' 304,443 cf Custom Stage Data (Prismatic) Listed below (Recalc)

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

789.00 27,325 0 0
790.00 55,972 41,649 41,649
791.00 61,532 58,752 100,401
792.00 65,703 63,618 164,018
793.00 69,675 67,689 231,707
794.00 75,797 72,736 304,443

Device Routing     Invert Outlet Devices
#1 Primary 787.70' 15.0"  Round Culvert   

L= 40.0'   RCP, mitered to conform to fill,  Ke= 0.700   
Inlet / Outlet Invert= 787.70' / 787.50'   S= 0.0050 '/'   Cc= 0.900   
n= 0.011  Concrete pipe, straight & clean,  Flow Area= 1.23 sf   

#2 Device 1 791.00' 30.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 790.50' 0.8" Vert. Orifice/Grate X 4.00    C= 0.600   
Limited to weir flow at low heads   

#4 Device 1 790.00' 0.8" Vert. Orifice/Grate X 4.00    C= 0.600   
Limited to weir flow at low heads   

#5 Device 1 789.00' 0.5" Vert. Orifice/Grate X 14.00 columns   
X 6 rows with 6.0" cc spacing C= 0.600   
Limited to weir flow at low heads   

#6 Secondary 792.50' 20.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#7 Tertiary 793.00' 158.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#8 Discarded 789.00' 3.600 in/hr Exfiltration over Surface area   
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Discarded OutFlow  Max=5.84 cfs @ 12.70 hrs  HW=793.06'   (Free Discharge)
8=Exfiltration  (Exfiltration Controls 5.84 cfs)

Primary OutFlow  Max=11.35 cfs @ 12.70 hrs  HW=793.06'  TW=0.00'   (Dynamic Tailwater)
1=Culvert  (Inlet Controls 11.35 cfs @ 9.25 fps)

2=Orifice/Grate  (Passes < 33.94 cfs potential flow)
3=Orifice/Grate  (Passes < 0.11 cfs potential flow)
4=Orifice/Grate  (Passes < 0.12 cfs potential flow)
5=Orifice/Grate  (Passes < 0.91 cfs potential flow)

Secondary OutFlow  Max=22.49 cfs @ 12.70 hrs  HW=793.06'  TW=0.00'   (Dynamic Tailwater)
6=Broad-Crested Rectangular Weir  (Weir Controls 22.49 cfs @ 2.00 fps)

Tertiary OutFlow  Max=5.99 cfs @ 12.70 hrs  HW=793.06'  TW=0.00'   (Dynamic Tailwater)
7=Broad-Crested Rectangular Weir  (Weir Controls 5.99 cfs @ 0.62 fps)

Summary for Link C1: Culvert C1

Inflow Area = 4.530 ac, 13.14% Impervious,  Inflow Depth = 1.20"    for  100-yr, 24-hr event
Inflow = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af
Primary = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S5 R2 : Swale S5 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C2: Culvert C2

Inflow Area = 2.899 ac, 0.00% Impervious,  Inflow Depth = 3.23"    for  100-yr, 24-hr event
Inflow = 13.45 cfs @ 12.11 hrs,  Volume= 0.780 af
Primary = 13.45 cfs @ 12.11 hrs,  Volume= 0.780 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R3 : Swale S1 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C3: Culvert C3

Inflow Area = 14.170 ac, 0.00% Impervious,  Inflow Depth = 2.58"    for  100-yr, 24-hr event
Inflow = 47.76 cfs @ 12.15 hrs,  Volume= 3.049 af
Primary = 47.76 cfs @ 12.15 hrs,  Volume= 3.049 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R4 : Swale S1 Reach 4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link C4: Culvert C4

Inflow Area = 17.714 ac, 0.00% Impervious,  Inflow Depth = 2.61"    for  100-yr, 24-hr event
Inflow = 62.23 cfs @ 12.15 hrs,  Volume= 3.859 af
Primary = 62.23 cfs @ 12.15 hrs,  Volume= 3.859 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R5 : Swale S1 Reach 5

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C5: Culvert C5

Inflow Area = 20.996 ac, 0.00% Impervious,  Inflow Depth = 2.43"    for  100-yr, 24-hr event
Inflow = 65.15 cfs @ 12.17 hrs,  Volume= 4.254 af
Primary = 65.15 cfs @ 12.17 hrs,  Volume= 4.254 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R6 : Swale S1 Reach 6

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C6: Culvert C6

Inflow Area = 11.158 ac, 0.00% Impervious,  Inflow Depth = 2.72"    for  100-yr, 24-hr event
Inflow = 47.83 cfs @ 12.13 hrs,  Volume= 2.533 af
Primary = 47.83 cfs @ 12.13 hrs,  Volume= 2.533 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R3 : Swale S3 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C7: Culvert C7

Inflow Area = 48.985 ac, 0.00% Impervious,  Inflow Depth = 2.20"    for  100-yr, 24-hr event
Inflow = 103.37 cfs @ 12.20 hrs,  Volume= 8.978 af
Primary = 103.37 cfs @ 12.20 hrs,  Volume= 8.978 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S4 R4 : Swale S4 Reach 4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link C8: Culvert C8

Inflow Area = 7.668 ac, 11.88% Impervious,  Inflow Depth = 1.76"    for  100-yr, 24-hr event
Inflow = 19.20 cfs @ 12.15 hrs,  Volume= 1.127 af
Primary = 19.20 cfs @ 12.15 hrs,  Volume= 1.127 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link North Area : North Area

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs



COL POO FINAL CONDITIONS
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"COL_POO Closure Conditions-031722

  Printed  4/11/2022Prepared by SCS Engineers
Page 104HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Summary for Link F1: Flume 1

Inflow Area = 4.170 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 22.19 cfs @ 12.13 hrs,  Volume= 1.105 af
Primary = 22.19 cfs @ 12.13 hrs,  Volume= 1.105 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link RC1 : Rock Chute 1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F2: Flume 2

Inflow Area = 4.541 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 23.68 cfs @ 12.13 hrs,  Volume= 1.204 af
Primary = 23.68 cfs @ 12.13 hrs,  Volume= 1.204 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link RC2 : Rock Chute 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F3: Flume 3

Inflow Area = 5.923 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 32.10 cfs @ 12.12 hrs,  Volume= 1.570 af
Primary = 32.10 cfs @ 12.12 hrs,  Volume= 1.570 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R2 : Swale S1 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F4: Flume 4

Inflow Area = 2.645 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 14.43 cfs @ 12.12 hrs,  Volume= 0.701 af
Primary = 14.43 cfs @ 12.12 hrs,  Volume= 0.701 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R4 : Swale S1 Reach 4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F5: Flume 5

Inflow Area = 4.601 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 25.31 cfs @ 12.12 hrs,  Volume= 1.219 af
Primary = 25.31 cfs @ 12.12 hrs,  Volume= 1.219 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R1 : Swale S3 Reach 1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link F6: Flume 6

Inflow Area = 3.717 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 20.36 cfs @ 12.12 hrs,  Volume= 0.985 af
Primary = 20.36 cfs @ 12.12 hrs,  Volume= 0.985 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R2 : Swale S3 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F7: Existing East Flume

Inflow Area = 0.830 ac, 0.00% Impervious,  Inflow Depth = 3.12"    for  100-yr, 24-hr event
Inflow = 4.50 cfs @ 12.12 hrs,  Volume= 0.216 af
Primary = 4.50 cfs @ 12.12 hrs,  Volume= 0.216 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link F8: Existing West Flume

Inflow Area = 3.122 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 16.40 cfs @ 12.13 hrs,  Volume= 0.828 af
Primary = 16.40 cfs @ 12.13 hrs,  Volume= 0.828 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link Swale S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link North Area: North Area

Inflow Area = 7.668 ac, 11.88% Impervious,  Inflow Depth = 1.76"    for  100-yr, 24-hr event
Inflow = 19.20 cfs @ 12.15 hrs,  Volume= 1.127 af
Primary = 19.20 cfs @ 12.15 hrs,  Volume= 1.127 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link RC1: Rock Chute 1

Inflow Area = 4.170 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 22.19 cfs @ 12.13 hrs,  Volume= 1.105 af
Primary = 22.19 cfs @ 12.13 hrs,  Volume= 1.105 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S4 R3 : Swale S4 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link RC2: Rock Chute 2

Inflow Area = 4.541 ac, 0.00% Impervious,  Inflow Depth = 3.18"    for  100-yr, 24-hr event
Inflow = 23.68 cfs @ 12.13 hrs,  Volume= 1.204 af
Primary = 23.68 cfs @ 12.13 hrs,  Volume= 1.204 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S4 R2 : Swale S4 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale 1 R6: Swale S1 Reach 6

Inflow Area = 23.788 ac, 0.00% Impervious,  Inflow Depth = 2.23"    for  100-yr, 24-hr event
Inflow = 62.73 cfs @ 12.20 hrs,  Volume= 4.415 af
Primary = 62.73 cfs @ 12.20 hrs,  Volume= 4.415 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R1 : Swale S2 Reach 1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R1: Swale S1 Reach 1

Inflow Area = 0.691 ac, 0.00% Impervious,  Inflow Depth = 2.23"    for  100-yr, 24-hr event
Inflow = 2.68 cfs @ 12.12 hrs,  Volume= 0.128 af
Primary = 2.68 cfs @ 12.12 hrs,  Volume= 0.128 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R2 : Swale S1 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R2: Swale S1 Reach 2

Inflow Area = 7.131 ac, 0.00% Impervious,  Inflow Depth = 3.07"    for  100-yr, 24-hr event
Inflow = 37.05 cfs @ 12.12 hrs,  Volume= 1.827 af
Primary = 37.05 cfs @ 12.12 hrs,  Volume= 1.827 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S1 R3 : Swale S1 Reach 3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R3: Swale S1 Reach 3

Inflow Area = 14.170 ac, 0.00% Impervious,  Inflow Depth = 2.58"    for  100-yr, 24-hr event
Inflow = 47.76 cfs @ 12.15 hrs,  Volume= 3.049 af
Primary = 47.76 cfs @ 12.15 hrs,  Volume= 3.049 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C3 : Culvert C3

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link Swale S1 R4: Swale S1 Reach 4

Inflow Area = 17.714 ac, 0.00% Impervious,  Inflow Depth = 2.61"    for  100-yr, 24-hr event
Inflow = 62.23 cfs @ 12.15 hrs,  Volume= 3.859 af
Primary = 62.23 cfs @ 12.15 hrs,  Volume= 3.859 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C4 : Culvert C4

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S1 R5: Swale S1 Reach 5

Inflow Area = 20.996 ac, 0.00% Impervious,  Inflow Depth = 2.43"    for  100-yr, 24-hr event
Inflow = 65.15 cfs @ 12.17 hrs,  Volume= 4.254 af
Primary = 65.15 cfs @ 12.17 hrs,  Volume= 4.254 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C5 : Culvert C5

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S2 R1: Swale S2 Reach 1

Inflow Area = 25.901 ac, 0.00% Impervious,  Inflow Depth = 2.10"    for  100-yr, 24-hr event
Inflow = 58.13 cfs @ 12.24 hrs,  Volume= 4.525 af
Primary = 58.13 cfs @ 12.24 hrs,  Volume= 4.525 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S2 R2: Swale S2 Reach 2

Inflow Area = 48.985 ac, 0.00% Impervious,  Inflow Depth = 2.20"    for  100-yr, 24-hr event
Inflow = 103.37 cfs @ 12.20 hrs,  Volume= 8.978 af
Primary = 103.37 cfs @ 12.20 hrs,  Volume= 8.978 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C7 : Culvert C7

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S3 R1: Swale S3 Reach 1

Inflow Area = 6.548 ac, 0.00% Impervious,  Inflow Depth = 2.65"    for  100-yr, 24-hr event
Inflow = 27.22 cfs @ 12.13 hrs,  Volume= 1.447 af
Primary = 27.22 cfs @ 12.13 hrs,  Volume= 1.447 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S3 R2 : Swale S3 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Summary for Link Swale S3 R2: Swale S3 Reach 2

Inflow Area = 11.158 ac, 0.00% Impervious,  Inflow Depth = 2.72"    for  100-yr, 24-hr event
Inflow = 47.83 cfs @ 12.13 hrs,  Volume= 2.533 af
Primary = 47.83 cfs @ 12.13 hrs,  Volume= 2.533 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C6 : Culvert C6

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S3 R3: Swale S3 Reach 3

Inflow Area = 14.511 ac, 0.00% Impervious,  Inflow Depth = 2.36"    for  100-yr, 24-hr event
Inflow = 47.45 cfs @ 12.15 hrs,  Volume= 2.848 af
Primary = 47.45 cfs @ 12.15 hrs,  Volume= 2.848 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach S2 R2 : Swale S2 Reach 2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S4 R4: Swale S4 Reach 4

Inflow Area = 67.064 ac, 0.04% Impervious,  Inflow Depth = 2.29"    for  100-yr, 24-hr event
Inflow = 157.92 cfs @ 12.21 hrs,  Volume= 12.803 af
Primary = 157.92 cfs @ 12.21 hrs,  Volume= 12.803 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Pond Sed Pond : Sedimentation Basin

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S5 R1: Swale S5 Reach 1

Inflow Area = 4.530 ac, 13.14% Impervious,  Inflow Depth = 1.20"    for  100-yr, 24-hr event
Inflow = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af
Primary = 7.48 cfs @ 12.15 hrs,  Volume= 0.454 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C1 : Culvert C1

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S5 R2: Swale S5 Reach 2

Inflow Area = 5.851 ac, 12.83% Impervious,  Inflow Depth = 1.48"    for  100-yr, 24-hr event
Inflow = 12.65 cfs @ 12.14 hrs,  Volume= 0.720 af
Primary = 12.65 cfs @ 12.14 hrs,  Volume= 0.720 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C8 : Culvert C8

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs



COL POO FINAL CONDITIONS
MSE 24-hr 4  100-yr, 24-hr Rainfall=6.59"COL_POO Closure Conditions-031722

  Printed  4/11/2022Prepared by SCS Engineers
Page 109HydroCAD® 10.10-7a  s/n 05804  © 2021 HydroCAD Software Solutions LLC

Summary for Link Swale S5 R3: Swale S5 Reach 3

Inflow Area = 1.817 ac, 8.81% Impervious,  Inflow Depth = 2.69"    for  100-yr, 24-hr event
Inflow = 6.90 cfs @ 12.17 hrs,  Volume= 0.408 af
Primary = 6.90 cfs @ 12.17 hrs,  Volume= 0.408 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C8 : Culvert C8

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Swale S6 R1: Swale S6 Reach 1

Inflow Area = 2.899 ac, 0.00% Impervious,  Inflow Depth = 3.23"    for  100-yr, 24-hr event
Inflow = 13.45 cfs @ 12.11 hrs,  Volume= 0.780 af
Primary = 13.45 cfs @ 12.11 hrs,  Volume= 0.780 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Link C2 : Culvert C2

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs

Summary for Link Wetland: Wetland

Inflow Area = 74.393 ac, 2.06% Impervious,  Inflow Depth = 1.09"    for  100-yr, 24-hr event
Inflow = 39.85 cfs @ 12.70 hrs,  Volume= 6.780 af
Primary = 39.85 cfs @ 12.70 hrs,  Volume= 6.780 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-40.00 hrs, dt= 0.01 hrs
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/23/22

Client: WPL Subject:  Swale Sizing Chk'd: MJT Date: 4/5/22

Purpose:

To size the proposed swale along Module 10 and 11 to accommodate the 25-year, 24-hour storm event and determine

required rolled erosion control product. To confirm capacity of existing swale during closure condition.

References:

1. WisDOT Facilities Development Manual Chapter 13, Section 30-15 - Grass Lined Channels.

2. Design of Roadside Channels with Flexible Linings, HEC-15, USDOT FHWA.

3. HydroCAD Report_POO Landfill Closure

4. Table 7E-5.01: Typical Rolled Erosion Control Product Properties and Uses, Iowa SUDAS Design and Specifications Manual.

Approach:

Use the HydroCAD Model results to obtain the peak flow during a  25-year, 24-hour storm event.

Use Grass Lined Channel Design WisDOT Spreadsheet, FDM 13-30 Attachment 15.2 (from Reference #1) to size the 

  swale for each design swale cross section.  The WisDOT spreadsheet incorporates the design guidelines and equations described 

  in "Design of Roadside Channels with Flexible Linings", HEC-15, USDOT FHWA (Reference #2).

Confirm the swale is stable and has enough capacity for the design flow rate.

Use Table 7E-5.01 (see Reference #4) to select appropriate erosion control mat based on shear stress and application.

Assumptions:

1. Swales geometry shown on the drawing set. 

2. Assume the following parameters per Section 15.2 - Grass Lining Properties from Reference #1:

Vegetation Retardance Class = C for Swales

Vegetation Condition = Good

Vegetation Growth Form = Turf

3. Assume cohesive soil type with ASTM Soil Class SC and a Plasticity Index (PI) of 16.

Calculations:

From the HydroCAD Report, the 25-year, 24-hour peak discharge rates in the swales are 

Swales: 25-year 100 25-year 25-year

Swale S1 Reach 1= 1.37 cfs Swale S2 Reach 2= 52.2 cfs Swale S4 Reach 4= 80.1 cfs

Swale S1 Reach 2= 21.7 cfs Swale S3 Reach 1= 15.9 cfs Swale S5 Reach 1= 2.1 cfs

Swale S1 Reach 3= 27.4 cfs Swale S3 Reach 2= 27.9 cfs Swale S5 Reach 2= 4.7 cfs

Swale S1 Reach 4= 35.4 cfs Swale S3 Reach 3= 26.7 cfs Swale S5 Reach 3= 3.8 cfs

Swale S1 Reach 5= 35.2 cfs Swale S4 Reach 1*= cfs Swale S6 Reach 1= 9.7 cfs

Swale S1 Reach 6= 33.2 cfs Swale S4 Reach 2*= cfs

Swale S2 Reach 1= 30.0 cfs Swale S4 Reach 3*= cfs

   Use max. flow from Swale S1 reaches to confirm swale works since slope is constant. 

   *Use full Swale S4 Reach 4 for swale flow in Swale S4 reaches.

Use the WisDOT Grass Swale Design Spreadsheet (Page 2) to determine the flow depth, velocity and shear stress in the

swales.

Results:

The swales are adequately designed to accommodate the flows from the 25-year, 24-hour storm event. 

The swales are stable at the design flow rates.  

Use Class I, Type B erosion mat. 

I:\25220183.00\Data and Calculations\Stormwater POO Update\_Issued for Permitting\Swales\Swale Sizing Calc_Grass Lined_Swales_
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/23/22
Client: WPL Subject:  Swale Sizing Chk'd: MJT Date: 4/5/22

100-yr 100-yr 100-yr 100-yr

Channel/Ditch Geometry Swale S1
Swale S1
Reach 1

Swale S1
Reach 2

Swale S1
Reach 3

Swale S1
Reach 4

Swale S1
Reach 5

Swale S1
Reach 6

Swale S2 
Reach 1

Swale S2 
Reach 2

Swale S3 
Reach 1

Swale S3 
Reach 2

Swale S3 
Reach 3

Swale S4 
Reach 1

Swale S4 
Reach 2

Swale S4 
Reach 3

Swale S4 
Reach 4

Swale S5 
Reach 1

Swale S5 
Reach 2

Swale S5 
Reach 3

Swale S6 
Reach 1

Channel Slope, So (ft/ft) 0.0055 0.0053 0.0055 0.0051 0.0069 0.0053 0.0084 0.0020 0.0069 0.0070 0.0070 0.0097 0.0155 0.0069 0.0056 0.0082 0.0096 0.0024 0.0024 0.0066
Channel Bottom Width, B (ft) 8 8 8 8 8 8 8 8 10 8 8 0 10 10 10 10 0 0 0 8
Channel Side Slope, z1 4 4 4 4 4 4 4 4 4 2 2 4 4 4 4 4 6 6 6 2.5
Channel Side Slope, z2 4 4 4 4 4 4 4 4 4 2 2 4 3 3 3 3 7 2.5 2.5 2.5
Flow Depth, d (ft)    Solve iteratively 1.59 0.37 1.30 1.47 1.46 1.61 1.32 2.18 1.61 1.07 1.39 1.81 1.42 1.97 2.13 1.85 0.67 1.51 1.41 0.85
Safety Factor, SF 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Vegetation/Soil Parameters
Vegetation Retardance Class C C C C C C C C C C C C C C C C C C C C
Vegetation Condition good good good good good good good good good good good good good good good good good good good good
Vegetation Growth Form turf turf turf turf turf turf turf turf turf turf turf turf turf turf turf turf turf turf turf turf
Soil Type cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive cohesive
D75 (in)   (Set at 0.00 for cohesive soils)

ASTM Soil Class SC SC SC SC SC SC SC SC SC SC SC SC SC SC SC SC SC SC SC SC
Plasticity Index, PI 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16

Results Summary
Design Q (ft3/s) 35.4 1.4 21.7 27.4 35.4 35.2 33.2 30.0 52.2 15.9 27.9 26.7 80.1 80.1 80.1 80.1 2.1 4.7 3.8 9.7
1. Swales geometry  shown on the drawing set. 35.4 1.4 22.1 27.4 35.4 35.2 33.5 29.8 52.5 16.0 28.0 27.1 79.6 80.5 79.5 81.6 2.1 4.7 3.8 9.6

Difference Between Design & Calc. Flow (%) 0.2% 0.2% 1.9% 0.0% 0.1% 0.0% 1.0% -0.4% 0.6% 0.5% 0.6% 1.6% -0.6% 0.5% -0.7% 1.8% 0.0% -0.3% 0.2% -0.5%

Stable (Yes or No) YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES

Channel Parameters
Vegetation Height, h (ft) 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
Grass Roughness Coefficient, Cn 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238 0.238
Cover Factor, Cf 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

Noncohesive Soil
Soil Grain Roughness, ns 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016

Permissible Soil Shear Stress,p (lb/ft2) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Cohesive Soil

Porosity, e 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Soil Coefficient 1, c1 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700 1.0700
Soil Coefficient 2, c2 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30 14.30
Soil Coefficient 3, c3 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700 47.700
Soil Coefficient 4, c4 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42 1.42
Soil Coefficient 5, c5 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61 -0.61
Soil Coefficient 6, c6 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010

Permissible Soil Shear Stress,p (lb/ft2) 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080

Total Permissible Shear Stress, p (lb/ft2) 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080

Cross Sectional Area, A (ft2) 22.832 3.453 17.160 20.404 20.206 23.248 17.530 36.450 26.468 10.850 14.984 13.104 21.257 33.283 37.179 30.479 2.874 9.690 8.449 8.606
Wetted Perimeter, P (ft) 21.11 11.01 18.72 20.12 20.04 21.28 18.88 25.98 23.28 12.79 14.22 14.93 20.35 24.35 25.52 23.48 8.75 13.25 12.37 12.58
Hydraulic Radius, R (ft) 1.082 0.314 0.917 1.014 1.008 1.093 0.928 1.403 1.137 0.849 1.054 0.878 1.045 1.367 1.457 1.298 0.329 0.731 0.683 0.684
Top Width, T (ft) 20.72 10.92 18.40 19.76 19.68 20.88 18.56 25.44 22.88 12.28 13.56 14.48 19.94 23.79 24.91 22.95 8.65 12.84 11.99 12.25
Hydraulic Depth, D (ft) 1.102 0.316 0.933 1.033 1.027 1.113 0.944 1.433 1.157 0.884 1.105 0.905 1.066 1.399 1.493 1.328 0.333 0.755 0.705 0.703
Froude Number (Q design) 0.261 0.125 0.235 0.233 0.305 0.253 0.347 0.121 0.325 0.276 0.314 0.383 0.639 0.360 0.309 0.409 0.219 0.098 0.094 0.235

Channel Shear Stresso (lb/ft2) 0.37 0.10 0.31 0.32 0.43 0.36 0.49 0.18 0.49 0.37 0.46 0.53 1.01 0.59 0.51 0.66 0.20 0.11 0.10 0.28

Actual Sheer Stressd (lb/ft2) 0.55 0.12 0.45 0.47 0.63 0.53 0.69 0.27 0.69 0.47 0.61 1.10 1.37 0.85 0.74 0.95 0.40 0.23 0.21 0.35
Mannings n 0.075 0.126 0.081 0.080 0.071 0.076 0.068 0.102 0.068 0.076 0.069 0.065 0.051 0.063 0.067 0.060 0.097 0.123 0.126 0.084
Average Velocity, V (ft/s) 1.55 0.40 1.26 1.34 1.75 1.51 1.89 0.82 1.97 1.46 1.86 2.04 3.77 2.41 2.15 2.63 0.72 0.48 0.45 1.12

Calculated Flow, Q (ft3/s) 35.4 1.4 22.1 27.4 35.4 35.2 33.5 29.8 52.5 16.0 28.0 27.1 79.6 80.5 79.5 81.6 2.1 4.7 3.8 9.6

Difference Between Design & Calc. Flow (%) 0.2% 0.2% 1.9% 0.0% 0.1% 0.0% 1.0% -0.4% 0.6% 0.5% 0.6% 1.6% -0.6% 0.5% -0.7% 1.8% 0.0% -0.3% 0.2% -0.5%

Effective Shear on Soil Surface, e (lb/ft2) 0.002 0.000 0.002 0.002 0.003 0.002 0.004 0.001 0.004 0.002 0.003 0.007 0.014 0.005 0.004 0.007 0.001 0.000 0.000 0.001

Total Permissible Shear on Veg., p,veg (lb/ft2) 17.60 49.69 20.53 20.03 15.78 18.08 14.47 32.56 14.47 18.08 14.90 13.22 8.14 12.42 14.05 11.27 29.45 47.35 49.69 22.08
Stable (Y or N) YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES

Source:  Grass Lined Channel Design WisDOT Spreadsheet, FDM 13-30 Attachment 15.2

version 070228 2 4/7/2022



Sheet No: 4 of  4
Calc. No.
Rev. No. 0

Job No.  25220183.00 Job:  Col Job:  Columbia Energy Center By: RJG Date: 2/23/22
Client: WPL Subject:  Subject:  Swale Sizing Chk'd: MJT Date: 4/5/22



 

Culvert Sizing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Sheet No: 1/7

Calc. No.

Rev. No.

Job No.  25220183.00 Job:  COL - POO By: RJG Date:  4/7/22

Client: WPL Subject: Culvert Sizing Chk'd:  MJT Date:  

Purpose:

To size the post closure culverts to accommodate the 25-year, 24-hour storm event.

References:

1. HY-8 7.40 Computer Model

2. HydroCAD Report_Post Construction and HydroCAD Report_Post Construction Temporary Culvert

3. Figure 1 - Storm Water Post Construction

Approach:

1. Create culvert crossing in HY-8 and input data from Reference #2 and #3.

2. Adjust diameter size and number of culverts in model until design flow does not over top berm/road crossing. 

Assumptions:
1. Assume the tailwater channel data is a based on discharge swale or rock chute geometry (Reference #2). 
2. Culverts are circular, PE Pipe with smooth interior, and with square edge with headwall.
3. Culvert elevatons,lengths, and slopes based on Figure 1 (Reference #3).
4. Roadwa data for crossing based on Figure 1 (Reference #3).
5. Discharge flows from HydroCAD report (Refence #2).

Calculations:

See attached HY-8 Model output reports.

Results:

The culverts are adequately designed to accommodate the flows from the 25-year, 24-hour storm event.

0.73 100C8 2 1 807.54 806.81

0.61 105

C7 3.5 2 796.64 796.34 0.50 60

C6 2 2 805.40 804.76

0.26 50

C5 2.5 2 807.57 807.15 0.84 50

C4 2.5 2 809.87 809.74
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2
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1.5
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814.20
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2.22
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0.02
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HY-8 Culvert Analysis Report _ Culvert C1 

Site Data - Culvert C1 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  815.70 ft 

Outlet Station:  51.88 ft 

Outlet Elevation:  814.55 ft 

Number of Barrels:  1 

Culvert Data Summary - Culvert C1 

Barrel Shape:  Circular 

Barrel Diameter:  2.00 ft 

Barrel Material:  Smooth HDPE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 2.06 cfs 

Design Flow: 2.06 cfs 

Maximum Flow: 7.48 cfs 

Tailwater Channel Data - Culvert C1 

Tailwater Channel Option:  Triangular Channel 

Side Slope (H:V):  6.00 (_:1) 

Channel Slope:  0.0300 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  815.32 ft 



Table 1 - Culvert Summary Table: Culvert C1 

* Full Flow Headwater elevation is below inlet invert. 

******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 815.70 ft,    Outlet Elevation (invert): 814.55 ft 

Culvert Length: 51.89 ft,    Culvert Slope: 0.0222 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 2.06 2.06 816.37 0.670 0.0* 1-JS1t 0.321 0.498 1.127 0.357 1.129 2.695   

 2.60 2.60 816.46 0.758 0.031 1-JS1t 0.361 0.562 1.160 0.390 1.378 2.857   

 3.14 3.14 816.54 0.838 0.070 1-JS1t 0.396 0.619 1.188 0.418 1.616 2.995   

 3.69 3.69 816.61 0.912 0.108 1-JS1t 0.428 0.672 1.214 0.444 1.847 3.117   

 4.23 4.23 816.68 0.982 0.145 1-JS1t 0.459 0.722 1.237 0.467 2.072 3.226   

 4.77 4.77 816.76 1.058 0.182 1-S2n 0.487 0.768 0.503 0.489 7.698 3.324   

 5.31 5.31 816.83 1.134 0.220 1-S2n 0.515 0.813 0.533 0.509 7.895 3.415   

 5.85 5.85 816.91 1.206 0.258 1-S2n 0.541 0.855 0.562 0.528 8.081 3.499   

 6.40 6.40 816.98 1.275 0.298 1-S2n 0.566 0.895 0.590 0.546 8.262 3.577   

 6.94 6.94 817.04 1.342 0.338 1-S2n 0.590 0.934 0.617 0.563 8.416 3.651   

 7.48 7.48 817.11 1.406 0.379 1-S2n 0.614 0.972 0.643 0.579 8.566 3.720   



Table 2 - Summary of Culvert Flows at Crossing: Culvert C1 

 

Headwater Elevation 
(ft) Total Discharge (cfs) Culvert C1 Discharge 

(cfs) 
Roadway Discharge 

(cfs) Iterations 
  

 816.37 2.06 2.06 0.00 1   

 816.46 2.60 2.60 0.00 1   

 816.54 3.14 3.14 0.00 1   

 816.61 3.69 3.69 0.00 1   

 816.68 4.23 4.23 0.00 1   

 816.76 4.77 4.77 0.00 1   

 816.83 5.31 5.31 0.00 1   

 816.91 5.85 5.85 0.00 1   

 816.98 6.40 6.40 0.00 1   

 817.04 6.94 6.94 0.00 1   

 817.11 7.48 7.48 0.00 1   

 819.06 22.61 22.61 0.00 Overtopping   



HY-8 Culvert Analysis Report _ Culvert C2 

Site Data - C2 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  814.40 ft 

Outlet Station:  41.00 ft 

Outlet Elevation:  814.20 ft 

Number of Barrels:  2 

Culvert Data Summary - C2 

Barrel Shape:  Circular 

Barrel Diameter:  1.50 ft 

Barrel Material:  Smooth HDPE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Tailwater Channel Data - Culvert C2 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  8.00 ft 

Side Slope (H:V):  4.00 (_:1) 

Channel Slope:  0.0050 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  814.10 ft 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 9.68 cfs 

Design Flow: 9.68 cfs 

Maximum Flow: 13.45 cfs 



Table 1 - Culvert Summary Table: C2 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

 9.68 9.68 815.67 1.271 0.199 1-S2n 0.767 0.842 0.767 0.499 4.728 1.939 
 10.06 10.06 815.70 1.302 0.926 1-S2n 0.786 0.858 0.786 0.510 4.769 1.963 
 10.43 10.43 815.73 1.333 0.966 1-S2n 0.805 0.877 0.805 0.521 4.807 1.987 
 10.81 10.81 815.76 1.364 1.003 1-S2n 0.824 0.893 0.824 0.531 4.842 2.010 
 11.19 11.19 815.79 1.395 1.041 1-S2n 0.843 0.909 0.843 0.542 4.871 2.032 
 11.57 11.57 815.83 1.426 1.079 1-S2n 0.863 0.924 0.863 0.552 4.899 2.053 
 11.94 11.94 815.86 1.457 1.117 1-S2n 0.882 0.939 0.882 0.562 4.943 2.074 
 12.32 12.32 815.89 1.489 1.156 1-S2n 0.902 0.954 0.902 0.572 4.973 2.095 
 12.70 12.70 815.92 1.521 1.196 5-S2n 0.921 0.968 0.921 0.581 5.001 2.115 
 13.07 13.07 815.95 1.553 1.240 5-S2n 0.941 0.987 0.941 0.591 5.028 2.134 
 13.45 13.45 815.99 1.586 1.281 5-S2n 0.962 1.001 0.962 0.600 5.048 2.153 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 814.40 ft,    Outlet Elevation (invert): 814.20 ft 

Culvert Length: 41.00 ft,    Culvert Slope: 0.0049 

******************************************************************************** 



Table 2 - Summary of Culvert Flows at Crossing: Culvert C2 

Headwater Elevation 
(ft) Total Discharge (cfs) C2 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 

 815.67 9.68 9.68 0.00 1 
 815.70 10.06 10.06 0.00 1 
 815.73 10.43 10.43 0.00 1 
 815.76 10.81 10.81 0.00 1 
 815.79 11.19 11.19 0.00 1 
 815.83 11.57 11.57 0.00 1 
 815.86 11.94 11.94 0.00 1 
 815.89 12.32 12.32 0.00 1 
 815.92 12.70 12.70 0.00 1 
 815.95 13.07 13.07 0.00 1 
 815.99 13.45 13.45 0.00 1 
 816.90 21.79 21.79 0.00 Overtopping 

 



HY-8 Culvert Analysis Report _ Culvert C3 

Site Data - C3 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  811.17 ft 

Outlet Station:  50.00 ft 

Outlet Elevation:  811.16 ft 

Number of Barrels:  2 

Culvert Data Summary - C3 

Barrel Shape:  Circular 

Barrel Diameter:  2.50 ft 

Barrel Material:  Smooth HDPE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Tailwater Channel Data - Culvert C3 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  8.00 ft 

Side Slope (H:V):  4.00 (_:1) 

Channel Slope:  0.0050 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  811.17 ft 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 27.38 cfs 

Design Flow: 27.38 cfs 

Maximum Flow: 47.76 cfs 



Table 1 - Culvert Summary Table: C3 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 811.17 ft,    Outlet Elevation (invert): 811.16 ft 

Culvert Length: 50.00 ft,    Culvert Slope: 0.0002 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 27.38 27.38 813.15 1.836 1.981 7-H2c -1.000 1.245 1.245 0.886 5.607 2.677   

 29.42 29.42 813.23 1.918 2.064 7-H2c -1.000 1.292 1.292 0.921 5.745 2.735   

 31.46 31.46 813.32 1.998 2.147 7-H2c -1.000 1.339 1.339 0.954 5.878 2.789   

 33.49 33.49 813.40 2.077 2.228 7-H2c -1.000 1.383 1.383 0.987 6.009 2.841   

 35.53 35.53 813.48 2.155 2.308 7-H2c -1.000 1.427 1.427 1.018 6.137 2.891   

 37.57 37.46 813.55 2.229 2.384 7-H2c -1.000 1.467 1.467 1.049 6.257 2.938   

 39.61 38.68 813.60 2.276 2.431 7-H2c -1.000 1.492 1.492 1.078 6.332 2.983   

 41.65 39.64 813.64 2.312 2.468 7-H2c -1.000 1.511 1.511 1.107 6.391 3.027   

 43.68 40.50 813.67 2.345 2.502 7-H2c -1.000 1.528 1.528 1.135 6.443 3.068   

 45.72 41.26 813.70 2.374 2.531 7-H2c -1.000 1.543 1.543 1.163 6.490 3.109   

 47.76 42.00 813.73 2.403 2.559 7-H2c -1.000 1.557 1.557 1.189 6.534 3.148   



Table 2 - Summary of Culvert Flows at Crossing: Culvert C3 

 

Headwater Elevation 
(ft) Total Discharge (cfs) C3 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 
  

 813.15 27.38 27.38 0.00 1   

 813.23 29.42 29.42 0.00 1   

 813.32 31.46 31.46 0.00 1   

 813.40 33.49 33.49 0.00 1   

 813.48 35.53 35.53 0.00 1   

 813.55 37.57 37.46 0.02 10   

 813.60 39.61 38.68 0.85 6   

 813.64 41.65 39.64 1.94 5   

 813.67 43.68 40.50 3.15 5   

 813.70 45.72 41.26 4.38 4   

 813.73 47.76 42.00 5.71 4   

 813.55 37.37 37.37 0.00 Overtopping   



HY-8 Culvert Analysis Report _ Culvert C4 

Site Data - C4 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  809.87 ft 

Outlet Station:  50.00 ft 

Outlet Elevation:  809.74 ft 

Number of Barrels:  2 

Culvert Data Summary - C4 

Barrel Shape:  Circular 

Barrel Diameter:  2.50 ft 

Barrel Material:  Smooth HDPE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Tailwater Channel Data - Culvert C4 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  8.00 ft 

Side Slope (H:V):  4.00 (_:1) 

Channel Slope:  0.0070 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  809.87 ft 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 35.39 cfs 

Design Flow: 35.39 cfs 

Maximum Flow: 62.23 cfs 



Table 1 - Culvert Summary Table: C4 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 809.87 ft,    Outlet Elevation (invert): 809.74 ft 

Culvert Length: 50.00 ft,    Culvert Slope: 0.0026 

******************************************************************************** 

 

  

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 35.39 35.39 812.13 2.147 2.263 2-M2c 1.660 1.424 1.424 0.929 6.128 3.252   

 38.07 38.07 812.24 2.249 2.365 2-M2c 1.752 1.479 1.479 0.966 6.295 3.322   

 40.76 40.41 812.32 2.338 2.454 2-M2c 1.837 1.526 1.526 1.002 6.438 3.389   

 43.44 41.81 812.38 2.392 2.507 7-M2c 1.891 1.553 1.553 1.036 6.523 3.453   

 46.13 42.96 812.42 2.437 2.550 7-M2c 1.938 1.575 1.575 1.069 6.593 3.513   

 48.81 44.01 812.46 2.478 2.589 7-M2c 1.983 1.595 1.595 1.102 6.656 3.571   

 51.49 44.95 812.49 2.515 2.624 7-M2c 2.027 1.613 1.613 1.133 6.713 3.627   

 54.18 45.85 812.53 2.550 2.658 7-M2c 2.073 1.629 1.629 1.163 6.767 3.680   

 56.86 46.71 812.56 2.585 2.691 7-M2c 2.121 1.645 1.645 1.193 6.819 3.731   

 59.55 47.53 812.59 2.617 2.721 7-M2c 2.174 1.660 1.660 1.222 6.868 3.781   

 62.23 48.31 812.62 2.649 2.751 7-M2c 2.500 1.674 1.674 1.250 6.915 3.828   



Table 2 - Summary of Culvert Flows at Crossing: Culvert C4 

 

Headwater Elevation 
(ft) Total Discharge (cfs) C4 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 
  

 812.13 35.39 35.39 0.00 1   

 812.24 38.07 38.07 0.00 1   

 812.32 40.76 40.41 0.26 9   

 812.38 43.44 41.81 1.56 6   

 812.42 46.13 42.96 3.08 5   

 812.46 48.81 44.01 4.75 5   

 812.49 51.49 44.95 6.46 4   

 812.53 54.18 45.85 8.25 4   

 812.56 56.86 46.71 10.10 4   

 812.59 59.55 47.53 11.98 4   

 812.62 62.23 48.31 13.89 4   

 812.30 39.78 39.78 0.00 Overtopping   



HY-8 Culvert Analysis Report _ Culvert C5 

Site Data - C5 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  807.57 ft 

Outlet Station:  50.00 ft 

Outlet Elevation:  807.15 ft 

Number of Barrels:  2 

Culvert Data Summary - C5 

Barrel Shape:  Circular 

Barrel Diameter:  2.50 ft 

Barrel Material:  Smooth HDPE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Tailwater Channel Data - Culvert C5 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  8.00 ft 

Side Slope (H:V):  4.00 (_:1) 

Channel Slope:  0.0050 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  807.59 ft 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 35.21 cfs 

Design Flow: 35.21 cfs 

Maximum Flow: 65.15 cfs 



Table 1 - Culvert Summary Table: C5 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 807.57 ft,    Outlet Elevation (invert): 807.15 ft 

Culvert Length: 50.00 ft,    Culvert Slope: 0.0084 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 35.21 35.21 809.70 2.133 1.411 1-S2n 1.148 1.420 1.190 1.013 7.642 2.883   

 38.20 38.20 809.82 2.247 1.523 1-S2n 1.203 1.482 1.248 1.058 7.801 2.952   

 41.20 41.20 809.93 2.362 1.638 1-S2n 1.257 1.541 1.305 1.101 7.950 3.017   

 44.19 44.19 810.05 2.478 1.773 1-S2n 1.311 1.598 1.360 1.142 8.093 3.079   

 47.19 47.19 810.17 2.596 1.912 5-S2n 1.364 1.654 1.415 1.182 8.230 3.137   

 50.18 50.18 810.29 2.719 2.054 5-S2n 1.417 1.707 1.470 1.220 8.362 3.193   

 53.17 53.17 810.42 2.846 2.199 5-S2n 1.470 1.758 1.523 1.257 8.490 3.246   

 56.17 55.74 810.53 2.959 2.326 5-S2n 1.516 1.800 1.569 1.294 8.595 3.296   

 59.16 57.10 810.59 3.021 2.395 5-S2n 1.541 1.822 1.593 1.329 8.650 3.345   

 62.16 58.20 810.64 3.072 2.451 5-S2n 1.561 1.839 1.613 1.363 8.693 3.391   

 65.15 59.19 810.69 3.118 2.501 5-S2n 1.578 1.854 1.630 1.396 8.732 3.436   



Table 24 - Summary of Culvert Flows at Crossing: Culvert C5 

  

Headwater Elevation 
(ft) Total Discharge (cfs) C5 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 
  

 809.70 35.21 35.21 0.00 1   

 809.82 38.20 38.20 0.00 1   

 809.93 41.20 41.20 0.00 1   

 810.05 44.19 44.19 0.00 1   

 810.17 47.19 47.19 0.00 1   

 810.29 50.18 50.18 0.00 1   

 810.42 53.17 53.17 0.00 1   

 810.53 56.17 55.74 0.36 10   

 810.59 59.16 57.10 1.98 6   

 810.64 62.16 58.20 3.88 5   

 810.69 65.15 59.19 5.92 5   

 810.50 55.08 55.08 0.00 Overtopping   



HY-8 Culvert Analysis Report _ Culvert C6 

Site Data - C6 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  805.40 ft 

Outlet Station:  104.56 ft 

Outlet Elevation:  804.76 ft 

Number of Barrels:  2 

Culvert Data Summary - C6 

Barrel Shape:  Circular 

Barrel Diameter:  2.00 ft 

Barrel Material:  Smooth HDPE 

Embedment:  0.00 in 

Barrel Manning's n:  0.0120 

Culvert Type:  Straight 

Inlet Configuration:  Mitered to Conform to Slope 

Inlet Depression:  None 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 27.86 cfs 

Design Flow: 27.86 cfs 

Maximum Flow: 47.83 cfs 

Tailwater Channel Data - Culvert C6 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  10.00 ft 

Side Slope (H:V):  2.00 (_:1) 

Channel Slope:  0.0070 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  804.56 ft 



Table 1 - Culvert Summary Table: C6 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 805.40 ft,    Outlet Elevation (invert): 804.76 ft 

Culvert Length: 104.56 ft,    Culvert Slope: 0.0061 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 
  

 27.86 27.86 807.61 2.214 1.559 5-S2n 1.263 1.344 1.263 0.769 6.666 3.141   

 29.86 29.86 807.76 2.362 1.734 5-S2n 1.325 1.392 1.325 0.800 6.758 3.216   

 31.85 31.85 807.92 2.520 1.916 5-S2n 1.390 1.439 1.391 0.831 6.829 3.287   

 33.85 33.85 808.09 2.689 2.105 5-S2n 1.458 1.483 1.458 0.861 6.901 3.355   

 35.85 35.85 808.27 2.869 2.806 7-M2c 1.531 1.525 1.525 0.890 6.973 3.420   

 37.84 37.84 808.46 3.061 2.896 7-M2c 1.613 1.565 1.565 0.918 7.174 3.483   

 39.84 39.00 808.58 3.176 2.950 7-M2c 1.669 1.587 1.587 0.946 7.293 3.543   

 41.84 39.67 808.64 3.245 2.982 7-M2c 1.705 1.600 1.600 0.973 7.363 3.601   

 43.84 40.22 808.70 3.302 3.010 7-M2c 1.740 1.610 1.610 0.999 7.421 3.656   

 45.83 40.73 808.76 3.356 3.038 7-M2c 1.780 1.619 1.619 1.025 7.474 3.710   

 47.83 41.19 808.80 3.404 3.064 7-M2c 2.000 1.627 1.627 1.051 7.523 3.762   



Table 2 - Summary of Culvert Flows at Crossing: Culvert C6 

 

Headwater Elevation 
(ft) Total Discharge (cfs) C6 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 
  

 807.61 27.86 27.86 0.00 1   

 807.76 29.86 29.86 0.00 1   

 807.92 31.85 31.85 0.00 1   

 808.09 33.85 33.85 0.00 1   

 808.27 35.85 35.85 0.00 1   

 808.46 37.84 37.84 0.00 1   

 808.58 39.84 39.00 0.80 8   

 808.64 41.84 39.67 2.13 6   

 808.70 43.84 40.22 3.56 5   

 808.76 45.83 40.73 5.07 5   

 808.80 47.83 41.19 6.62 5   

 808.50 38.24 38.24 0.00 Overtopping   



HY-8 Culvert Analysis Report _ Culvert C7 

Site Data - C7 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  796.64 ft 

Outlet Station:  60.20 ft 

Outlet Elevation:  796.34 ft 

Number of Barrels:  2 

Culvert Data Summary - C7 

Barrel Shape:  Circular 

Barrel Diameter:  3.50 ft 

Barrel Material:  Corrugated Steel 

Embedment:  0.00 in 

Barrel Manning's n:  0.0240 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge with Headwall 

Inlet Depression:  None 

Tailwater Channel Data - Culvert C7 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  10.00 ft 

Side Slope (H:V):  4.00 (_:1) 

Channel Slope:  0.0100 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  795.60 ft 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 52.15 cfs 

Design Flow: 52.15 cfs 

Maximum Flow: 103.37 cfs 



Table 1 - Culvert Summary Table: C7 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 796.64 ft,    Outlet Elevation (invert): 796.34 ft 

Culvert Length: 60.20 ft,    Culvert Slope: 0.0050 

******************************************************************************** 

 

 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 52.15 52.15 799.12 2.228 2.484 2-M2c 2.109 1.572 1.572 0.943 6.224 4.017   

 57.27 57.27 799.26 2.356 2.622 2-M2c 2.247 1.651 1.651 0.992 6.414 4.133   

 62.39 62.39 799.40 2.481 2.756 2-M2c 2.389 1.727 1.727 1.039 6.596 4.241   

 67.52 67.52 799.53 2.604 2.889 2-M2c 2.539 1.800 1.800 1.084 6.773 4.342   

 72.64 72.64 799.66 2.725 3.019 2-M2c 2.703 1.870 1.870 1.128 6.945 4.438   

 77.76 77.76 799.79 2.846 3.148 2-M2c 2.898 1.938 1.938 1.170 7.112 4.528   

 82.88 82.88 799.92 2.966 3.277 2-M2c 3.500 2.004 2.004 1.210 7.277 4.614   

 88.00 88.00 800.04 3.086 3.405 2-M2c 3.500 2.067 2.067 1.250 7.439 4.696   

 93.13 93.13 800.17 3.207 3.534 7-M2c 3.500 2.129 2.129 1.288 7.599 4.774   

 98.25 98.25 800.30 3.330 3.663 7-M2c 3.500 2.189 2.189 1.324 7.758 4.849   

 103.37 103.37 800.43 3.454 3.794 7-M2c 3.500 2.248 2.248 1.360 7.916 4.921   



Table 15 - Summary of Culvert Flows at Crossing: Culvert C7 

 

Headwater Elevation 
(ft) Total Discharge (cfs) C7 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 
  

 799.12 52.15 52.15 0.00 1   

 799.26 57.27 57.27 0.00 1   

 799.40 62.39 62.39 0.00 1   

 799.53 67.52 67.52 0.00 1   

 799.66 72.64 72.64 0.00 1   

 799.79 77.76 77.76 0.00 1   

 799.92 82.88 82.88 0.00 1   

 800.04 88.00 88.00 0.00 1   

 800.17 93.13 93.13 0.00 1   

 800.30 98.25 98.25 0.00 1   

 800.43 103.37 103.37 0.00 1   

 802.50 162.85 162.85 0.00 Overtopping   



HY-8 Culvert Analysis Report _ Culvert C8 

Site Data - C8 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  807.54 ft 

Outlet Station:  99.86 ft 

Outlet Elevation:  806.81 ft 

Number of Barrels:  1 

Culvert Data Summary - C8 

Barrel Shape:  Circular 

Barrel Diameter:  2.00 ft 

Barrel Material:  Corrugated Steel 

Embedment:  0.00 in 

Barrel Manning's n:  0.0240 

Culvert Type:  Straight 

Inlet Configuration:  Thin Edge Projecting 

Inlet Depression:  None 

Tailwater Channel Data - Culvert C8 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  12.00 ft 

Side Slope (H:V):  4.00 (_:1) 

Channel Slope:  0.0560 

Channel Manning's n:  0.0450 

Channel Invert Elevation:  807.44 ft 

Crossing Discharge Data 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 8.32 cfs 

Design Flow: 8.32 cfs 

Maximum Flow: 19.2 cfs 



Table 1 - Culvert Summary Table: C8 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 807.54 ft,    Outlet Elevation (invert): 806.81 ft 

Culvert Length: 99.86 ft,    Culvert Slope: 0.0073 

******************************************************************************** 

 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

  

 8.32 8.32 809.29 1.614 1.747 2-M2c 1.344 1.028 1.028 0.230 5.117 2.797   

 9.41 9.41 809.43 1.751 1.891 2-M2c 1.478 1.096 1.096 0.248 5.339 2.926   

 10.50 10.50 809.58 1.890 2.038 7-M2c 1.639 1.160 1.160 0.264 5.553 3.045   

 11.58 11.58 809.74 2.033 2.199 7-M2c 2.000 1.222 1.222 0.280 5.762 3.156   

 12.67 12.67 809.92 2.182 2.381 7-M2c 2.000 1.280 1.280 0.295 5.968 3.260   

 13.76 13.76 810.22 2.338 2.679 7-M2c 2.000 1.336 1.336 0.310 6.173 3.357   

 14.85 14.85 810.57 2.504 3.026 7-M2c 2.000 1.389 1.389 0.324 6.378 3.451   

 15.94 15.94 810.93 2.679 3.391 7-M2c 2.000 1.439 1.439 0.337 6.585 3.538   

 17.02 17.02 811.32 2.866 3.776 7-M2c 2.000 1.487 1.487 0.351 6.796 3.622   

 18.11 18.11 811.72 3.066 4.183 7-M2c 2.000 1.533 1.533 0.364 7.011 3.703   

 19.20 19.20 812.15 3.279 4.611 7-M2c 2.000 1.576 1.576 0.376 7.231 3.780   



Table 2 - Summary of Culvert Flows at Crossing: Culvert C8 

 

Headwater Elevation 
(ft) Total Discharge (cfs) C8 Discharge (cfs) Roadway Discharge 

(cfs) Iterations 
  

 809.29 8.32 8.32 0.00 1   

 809.43 9.41 9.41 0.00 1   

 809.58 10.50 10.50 0.00 1   

 809.74 11.58 11.58 0.00 1   

 809.92 12.67 12.67 0.00 1   

 810.22 13.76 13.76 0.00 1   

 810.57 14.85 14.85 0.00 1   

 810.93 15.94 15.94 0.00 1   

 811.32 17.02 17.02 0.00 1   

 811.72 18.11 18.11 0.00 1   

 812.15 19.20 19.20 0.00 1   

 812.40 19.87 19.87 0.00 Overtopping   



 

Diversion Berm Sizing 
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Job No. 25220183.00 Job: Columbia POO Update By: RJG Date: 2/15/22

Client: WPL Subject:  Diversion Berm Spacing Calculation Chk'd: MJT Date: 4/1/22

Purpose:

Determine the spacing between diversion berms on the landfill final cover, with the goal of maintaining ≤ 3 ton/acre of soil loss

along the final cover.

References

1. "Predicting Rainfall Erosion Losses," USDA Agriculture Handbook Number 537, 1978.

(Figure 1 on Sheet 2 and Tables 10 and 13 on Sheet 4).

2. Erosion and Sediment Control Handbook," Goldman, Jackson, & Bursztynsky, 1986.

(Table 5.5 on Sheet 5).

3. Rainfed retention probabilities computed for different cropping tillage systems. Agricultural Water Management, A.W. Mills & 

G.W. Thomas, 1985. Table 5.10 on Sheet 3)

4. Colombia Energy Center POO Update Drawings

Approach:

Use the Universal Soil Loss Equation (USLE) to determine diversion berm spacing. Longest flow length is 401 feet.

USLE Equation: A = R * K * LS * C * P

where: A = Average annual soil loss, tons/acre

R = Rainfall and runoff erosivity index

K = Soil erodibility factor, tons/acre 

LS = Slope length and steepness factor

C = Cover management factor 

P = Practice factor

or LS = A

R x K x C x P

Assumptions:

A = tons/acre

R = see Figure 1 on Sheet 2 (Reference #1)

K = see Table 5.10 on Sheet 3 for Loamy Very Fine Sand (Reference #3)

C = see Table 10 on Sheet 4, assuming 90% cover (Reference #1)

P = assume no support practice used

Calculation:

LS = A = 3 =

R x K x C x P 145 x 0.38 x 0.0064 x 1.0

 

From the LS Values Table (Sheet 5), based on the 4:1 final cover slope, the slope distance is between 200 and 250 feet. 

Use linear interpolation between the LS values for 200 and 250 feet to determine the slope length value for the 4:1 slope.

Slope Length @ ft LS= 8.33

Slope Length @ ft LS= 9.31

Slope length for the calculate LS factor = ft

Results:

The maximum distance between diversion berms along the final cover to maintain less than 3 tons/acre soil loss is 209 ft.

I:\25220183.00\Data and Calculations\Stormwater POO Update\_Issued for Permitting\Diversion Berms\[Diversion Berm Spacing Calc_update.xlsx]Diversion Swale Spacing Calc
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Client: WPL Subject:  Diversion Berm Spacing Calculation Chk'd: MJT Date: 4/1/22

Source:  "Predicting Rainfall Erosion Losses," USDA Agriculture Handbook Number 537, 1978.
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Source:  "Predicting Rainfall Erosion Losses," USDA Agriculture Handbook Number 537, 1978.
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Job No. 25220183.00 Job: Columbia POO Update By: RJG Date: 2/15/22

Client: WPL Subject:  Diversion Berm Spacing Calculation Chk'd: MJT Date: 4/1/22

3. Colombia Energy Center POO Update Drawings

Use the Universal Soil Loss Equation (USLE) to determine diversion berm spacing. Longest flow length is 475 feet.

see Figure 1 on Sheet 2 (Reference #1)

see Table 1 on Sheet 3 for Silt Loam (Reference #1)

Source: Erosion and Sediment Control Handbook," Goldman, Jackson, & Bursztynsky, 1986.
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Job No. 25220183.00 Project: Columbia Energy Center POO Update By: RJG Date:  2/23/22

Client: WPL Subject: Diversion Berm Sizing Chk'd:  MJT Date:  4/1/22

Purpose:

To size the post closure diversion berms on the final cover to accommodate the 25-year, 24-hour storm event.

References:

1. WisDOT Facilities Development Manual Chapter 13, Section 30-15 - Grass Lined Channels.

2. Design of Roadside Channels with Flexible Linings, HEC-15, USDOT FHWA.

3. HydroCAD Report_Post Construction

Approach:

Use the Post Closure HydroCAD Model results to obtain the peak flow during a  25-year, 24-hour storm event 

  along the diversion berms.

Use Grass Lined Channel Design WisDOT Spreadsheet, FDM 13-30 Attachment 15.2 (from Reference #1) to size the 

  swale for each design swale cross section.  The WisDOT spreadsheet incorporates the design guidelines and equations 

  described in "Design of Roadside Channels with Flexible Linings", HEC-15, USDOT FHWA (Reference #2).

Confirm the swale is stable and has enough capacity for the design flow rate.

Assumptions:

1. Assume the channel geometry is a v-notch swale with one sideslope at 4:1 and one sideslope at 2:1
and a depth of 2.0 ft.

2. Assume 2.0% slope along the flowpath of the diversion swale.
3. Assume the following parameters per Section 15.2 - Grass Lining Properties from Reference #1:

Vegetation Retardance Class = C for Swales
Vegetation Condition = Good
Vegetation Growth Form = Turf

4. Assume cohesive soil type with ASTM Soil Class SC and a Plasticity Index (PI) of 16.

Calculations:

From the HydroCAD Report, the peak flow rate along the diversion berms are as follows:

Areas Areas Areas Areas

1 cfs 8 cfs 14 3.66 cfs 20 cfs

2 cfs 9 cfs 15 1.71 cfs 21 cfs

3 cfs 10 cfs 16 4.89 cfs 22 cfs
4 cfs 11 cfs 17 4.00 cfs 23 cfs

5 cfs 12 cfs 18 2.66 cfs 24 cfs

6 cfs 13 cfs 19 2.77 cfs 25 cfs

Use highest flow to confirm diversion berm functions. 

Use the Grass Swale Design Spreadsheet (Page 2) to determine the flow depth, velocity and shear stress in the

swales.

Results:

The diversion berms are adequately designed to accommodate the flows from the 25-year, 24-hour storm event.

The diversion berms are stable at the design flow rates.  The design flow depth of 2.0 feet maintains at least 

0.5 ft of freeboard during the 25-year, 24-hour storm event.

5.13

3.43

2.92

3.29

3.40

3.17
3.10

0.35

2.91

4.58

3.73

2.17
3.74

3.58

3.35

3.35
4.89

6.05
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Client: WPL Subject: Diversion Berm Sizing Chk'd:  MJT Date:  4/1/22

Channel/Ditch Geometry Area 24

Channel Slope, So (ft/ft) 0.02
Channel Bottom Width, B (ft) 0
Channel Side Slope, z1 4
Channel Side Slope, z2 2
Flow Depth, d (ft)    Solve iteratively 1.00
Safety Factor, SF 1.0

Vegetation/Soil Parameters
Vegetation Retardance Class C
Vegetation Condition good
Vegetation Growth Form turf
Soil Type cohesive
D75 (in)   (Set at 0.00 for cohesive soils)

ASTM Soil Class SC
Plasticity Index, PI 16

Results Summary
Design Q (ft3/s) 6.1

Calculated Q (ft3/s) 6.1

Difference Between Design & Calc. Flow (%) 0.5%

Stable (Yes or No) YES

Channel Parameters
Vegetation Height, h (ft) 0.67
Grass Roughness Coefficient, Cn 0.238
Cover Factor, Cf 0.90

Noncohesive Soil
Soil Grain Roughness, ns 0.016

Permissible Soil Shear Stress,p (lb/ft2) N/A
Cohesive Soil

Porosity, e 0.35
Soil Coefficient 1, c1 1.0700
Soil Coefficient 2, c2 14.30
Soil Coefficient 3, c3 47.700
Soil Coefficient 4, c4 1.42
Soil Coefficient 5, c5 -0.61
Soil Coefficient 6, c6 0.00010

Permissible Soil Shear Stress,p (lb/ft2) 0.080

Total Permissible Shear Stress, p (lb/ft2) 0.080

Cross Sectional Area, A (ft2) 3.000
Wetted Perimeter, P (ft) 6.36
Hydraulic Radius, R (ft) 0.472
Top Width, T (ft) 6.00
Hydraulic Depth, D (ft) 0.500
Froude Number (Q design) 0.505

Channel Shear Stresso (lb/ft2) 0.59

Actual Sheer Stressd (lb/ft2) 1.25
Mannings n 0.063
Average Velocity, V (ft/s) 2.02

Calculated Flow, Q (ft3/s) 6.1

Difference Between Design & Calc. Flow (%) 0.5%

Effective Shear on Soil Surface, e (lb/ft2) 0.008

Total Permissible Shear on Veg., p,veg (lb/ft2) 12.42
Stable (Y or N) YES

Source:  Grass Lined Channel Design WisDOT Spreadsheet, FDM 13-30 Attachment 15.2

version 070228 2 4/7/2022
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/23/22

Client: WPL Subject:  Downslope Pipe and Inlet Sizing Chk'd: MJT Date:  04/04/22

Purpose:

To size the downslope pipe and inlet to accommodate the 25-year, 24-hour storm event.

References:

1.  HydroCAD Report_POO Landfill Closure

Approach:

Use the orifice equation to size the downslope pipe inlet.  Size the inlet for the largest diversion berm flow rate and 
apply that inlet size to all downslope pipe inlets.  Confirm the head (h) acting on the orifice will not overtop the diversion
berm depth of 2.0 ft.

Use Manning's equation to size the downslope pipe based on the largest diversion berm flow rate.  
Confirm the pipe has capacity for the design flow under open channel flow conditions.

Assumptions:
1. Orifice coefficient = 
2. Assume the orifice head (h) acts on the centerline of the inlet pipe.
3. Manning's n = (For smooth walled HDPE pipe: http://www.engineeringtoolbox.com/mannings-roughness-d_799.html)
4. Size flumes under the vegetated cover condition.

Calculations:

Size the downslope pipe inlet:

From the HydroCAD report (Reference #1), the maximum 25-year, 24-hour flow along a diversion berm is 6.1 cfs 

  in HydroCAD model). Flume 3 Area 24

Orifice Equation:   Q = C * A * (2 * g * h)0.5

where: Q = flow rate (cfs) = 6.1 (From above)

C = orifice coefficient = 0.63 (See assumption #1)

A = orifice area (sf) =  1.77 (area of 18" diameter pipe) Actual Pipe Diameter = 18 inches

g =  gravity (ft/sec2)= 32.2

h = orifice head acting on centerline (ft)

h = (Q/(C * A))2/(2 * g) = 0.5 ft

Given Assumption #2, depth of flow along diversion berm = h + D/2/12 = ft

Results:

Based on the inlet sizing calculation, an 18" diameter inlet will convey the stormwater runoff from the largest flow rate to a flume.

Based on the Manning's calculation for flow within the pipe, the 12" diameter downslope pipe will accommodate the design flow

under open channel flow conditions. Although the flow for the downslope pipes can be handled by 12" dia. pipes, for ease of

construction, all downslope pipes will be 18" dia.

0.63

0.012

1.21
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/23/22

Client: WPL Subject:  Downslope Pipe and Inlet Sizing Chk'd: MJT Date:  04/04/22

Calculations (Continued):

The diversion swale depth of 2 ft is sufficient to prevent overtopping at the downslope pipe inlet locations.

The depth of the diversion berm increases at the entrance of the down slope pipes due to mounding of the soil 

over the pipe.

Size the downslope flume pipe:

Use Manning's equation to size the downslope pipe. 

Manning's Equation: Q = (1.49/n) x A x R^(2/3) x S^(1/2)

where: Q = Flow Rate, cfs

n = Manning's Roughness Coefficient

A = Flow Area, sf

R = Hydraulic Radius, ft (= A/P)

S = Channel Slope, ft/ft

From the HydroCAD Report (Reference 1) , the peak discharge to each downslope flume resulting from a 25-year, 24-hour

 storm is as follows:

Flume 1 3.58 cfs Flume 2 4.89 cfs Flume 3 6.05 cfs Flume 4 3.66 cfs Flume 5 4.89 cfs

Area 5 Area 3 Area 1 Area 12 Area 10

Area 6 Area 4 Area 2 Area 13 Area 11

Area 20 Area 22 Area 24 Area 14 Area 16

Area 21 Area 23 Area 25 Area 15 Area 17

Total =

Flume 6 3.40 cfs

Area 8

Area 9

Area 18

Area 19

Total =

For flow rates < 20 cfs, assume a 12" diameter downslope flume:

Use cfs to Flume 3 to check sizing (max flow to a flume that is < 20 cfs)

Design Criteria

Pipe Diameter (in) = D = 12

Pipe Slope (ft/ft) = S =

Manning's Roughness Coefficient = n =

See Downslope Flume 3 pipe flow calculator on Sheet 3

0.25

0.012

3.58 2.17 4.58 0.35 3.17

2.92 3.74 3.73 2.91 3.10

3.43 3.35 6.05 3.66 4.89

3.35 4.89 5.13 1.71 4.00

13.28 14.15 19.49 8.63 15.16

19.49

3.29

3.40

2.66

2.77

12.12
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/23/22

Client: WPL Subject:  Downslope Pipe and Inlet Sizing Chk'd: MJT Date:  04/04/22

Calculations (Continued):

Inputs:

Pipe Diameter, dₒ 12.00 in

Manning Roughness, 

n 0.0120

Pressure slope 

(possibly equal to 

pipe slope), S₀  0.2500 slope

Percent of (or ratio 

to) full depth (100% 

or 1 if flowing full) 0.8290 fraction

Results:

Flow, Q 19.4905 ft^3/s

Velocity, v 27.9991 ft/s

Velocity head, hv 12.1838 ft

Flow Area, A 0.6961 ft^2

Wetted Perimeter, P 2.2890 ft

Hydraulic Radius 0.3041 ft

Top Width, T 0.7530 ft

Froude Number, F 5.21
Shear Stress (tractive 

force), τ 12.9373 psf

Manning Formula Uniform Pipe Flow at Given Slope and Depth

Version 2.0 (20 June 2017)

HawsEDC Calculators
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/23/22

Client: WPL Subject:  Downslope Pipe and Inlet Sizing Chk'd: MJT Date:  04/04/22

Calculations (Continued):

Inputs:

Pipe Diameter, dₒ 18.00 in

Manning Roughness, 

n 0.0120

Pressure slope 

(possibly equal to 

pipe slope), S₀  0.2500 slope

Percent of (or ratio 

to) full depth (100% 

or 1 if flowing full) 0.4037 fraction

Results:

Flow, Q 19.4983 ft^3/s

Velocity, v 29.1783 ft/s

Velocity head, hv 13.2317 ft

Flow Area, A 0.6682 ft^2

Wetted Perimeter, P 2.0655 ft

Hydraulic Radius 0.3235 ft

Top Width, T 1.4719 ft

Froude Number, F 7.75
Shear Stress (tractive 

force), τ 9.4502 psf

Manning Formula Uniform Pipe Flow at Given Slope and Depth

Version 2.0 (20 June 2017)

HawsEDC Calculators
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By:  RJG Date:  2/23/22

Client: WPL Subject:  Energy Dissipator Sizing Chk'd:  MJT Date:  4/1/22

Purpose:

To size an energy dissipator structure and riprap apron at the outlet of the downslope flume pipes.

References:
1. "Hydraulic Design of Energy Dissipators for Culverts and Channels," HEC-14, Third Edition, July 2006, USDOT FHWA.

2. Downslope Pipe and Inlet Sizing calculation (for pipe size, flow rate, and pipe velocity).

3. HydroCAD Model_POO Landfill Closure

4. Facilities Development Manual Chapter 13, Section 13-30 - Rock Riprap Lined Chutes.

Approach:

Use the downslope pipe outlet velocity to size an energy dissipator structure (USBR Type VI Impact Basin) following the

design approach outlined in Section 9.4 of Reference #1.

Use Rock Chute Data Spreadsheet, FDM 13-30-30 Attachment 30.1 (from Reference #5) to design the rock chute.  

For construction purposes use the maximum flow to size all dissipators and riprap apron. 

Assumptions:

1. Riprap specific gravity = 2.65 

2. From the HydroCAD Report, the 25-year, 24-hour peak discharge to each downslope flume is as follows:

Flume 1 3.58 cfs Flume 2 4.89 cfs Flume 3 6.05 cfs Flume 4 3.66 cfs Flume 5 4.89 cfs

Area 5 Area 3 Area 1 Area 12 Area 10

Area 6 Area 4 Area 2 Area 13 Area 11

Area 20 Area 22 Area 24 Area 14 Area 16

Area 21 Area 23 Area 25 Area 15 Area 17

Total =

Flume 6 3.40 cfs

Area 8

Area 9

Area 18

Area 19

Total =

Using Figure 9.14 (See Sheet 4), enter the Froude Number and the Energy from Step 2 to determine the

  from the downslope flume pipe and inlet sizing calculation.

Results:

The energy dissipator structures for the 18" dia. downslope flume pipes will consist of dissipator
structures with widths (WB) of 6 feet, with the remaining dimensions from Table 9.2 on Sheets 5 and 6.

Riprap at the Flume 3, 4, 5 and 6 energy dissipator outlets will consist of WisDOT Light Riprap (D50= 5.5 inches) (See Page 3). 

The riprap apron footprint will be based on the energy dissipator width and the outlet swale geometry.

Riprap at Flume 1 and 2 energy dissipator outlets will consist of WisDOT Light Riprap (D50= 5.8 and 3.6 inches). The 

riprap apron footprint will be 6 feet wide (based on rock chute calcs for RC1 and RC2) and extend down to the existing 

swale (Swale S4).

4.58

3.73

15.168.63

1.71

4.89

4.00

6.05

5.13

3.17

3.10

0.35

2.91

3.66

12.12

2.66

2.77

13.28 19.4914.15

3.29

3.40

2.17

3.74

3.35

3.35

4.89

3.43

3.58

2.92

I:\25220183.00\Data and Calculations\Stormwater POO Update\_Issued for Permitting\Downslope Flumes\Energy Dissipater and Riprap Design Calc



Sheet No. 2 of 7

Calc. No.

Rev. No.

Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By:  RJG Date:  2/23/22

Client: WPL Subject:  Energy Dissipator Sizing Chk'd:  MJT Date:  4/1/22

Calculations:

For 18" dia. downslope flume pipes

From Reference #2:

Flow rate (Q) = 19.5 cfs

Pipe velocity (V) = 8.9 ft/s

Flow area (A) = Q/V = 2.19 sf

Design procedure from pg. 9-40 of Reference #1:

Step 1: Compute the Equivalent Depth of Flow Entering Dissipator:
Ye = (A/2)1/2

where:  Ye = Equivalent depth

A = Area (from above)
Ye = 1.05 ft

Step 2: Compute the Froude Number and the energy at the end of the pipe:
Fr = V/[(g*Ye)

1/2] where:  Fr = Froude Number

V = Velocity (from above)

g = Gravity constant (32.2 ft/sec2)
Fr = 1.5 Ye = Equivalent depth (from Step 1 above)

Ho = Ye+V2/2g where:  Ho = Energy at the end of the pipe

Ye = Equivalent depth (from above)

V = Velocity (from above)

Ho = 2.3 ft g = Gravity constant (32.2 ft/sec2)

Step 3: Determine Ho/WB and calculate the required width of the energy dissipator:

Using Figure 9.14 (See Sheet 4), enter the Froude Number and the Energy from Step 2 to determine the

 width of the energy dissipator.

From Figure 9.14, Ho/WB = 

WB = Ho/(Ho/WB) WB = 5.7 ft.

Use WB = 6.0 ft.

Step 4: Obtain the remaining energy dissipator dimensions from Table 9.2 from Reference #1 (see Sheets 5 and 6)

Step 5: Size the riprap at the structure outlet

From Reference #5, use Rock Chute Design spreadsheet (see Sheet 3)

0.40

I:\25220183.00\Data and Calculations\Stormwater POO Update\_Issued for Permitting\Downslope Flumes\Energy Dissipater and Riprap Design Calc
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Project: County:
Designer: Checked by:

Date: Date: 04/05/22

Bottom Width = 6.0 Bottom Width = 6.0 Bottom Width = 6.0
Side slopes = 1.0 Factor of safety = 1.20 1.2 Min Side slopes = 2.0

Mannings n value = 0.012 Side slopes = 2.0 2.0:1 max. Mannings n value = 0.030
Bed slope = 0.0001 Bed slope  = 0.2500 3.0:1 max.  Bed slope = 0.0050

Note: Use procedures 13-30-15 or 13-30-25 for Freeboard = 1.0  
    upstream and downstream Mannings n Outlet apron depth, d = 1.0 Base flow = 0.0

818.0 816.0 1 ft.)        Note: The total required capacity is routed
Degree of angularity = 1         through the chute (principal spillway) or 

Qhigh = Runoff from design storm 1 --> 50% angular, 50% rounded         in combination with an auxiliary spillway.

Q5 = Runoff from a 5-year,24-hour storm 2 --> 100 % rounded        Input tailwater (Tw): 0.25 1.20

Qhigh= 19.5 High flow storm through chute Tw (ft.) = Program

Qlow = 19.5 Low flow storm through chute Tw (ft.) = Program

3+00.0 Notes:
hpv = 0.16 ft. (0.16 ft.) 1) Output given as High Flow (Low Flow) values.

Hpe = 1.04 ft. 0.27 ft. (0.27 ft.) 2) Tailwater depth plus d must be at or above the 

Energy Grade Line        Hce = 0.91 ft.      hydraulic jump height for the chute to function.

3) Critical depth occurs 2yc - 4yc upstream of crest.

0.715yc = 0.46 ft.

Hp = 0.88 ft. (0.46 ft.)

(0.88 ft.) 0.64 ft. d1 = 0.38 ft.

MJT

Flow and Elevation Data:

Input Geometry:

Profile and Cross Section (Output):
Starting Station =

Rock Chute Design Data

          Upstream Channel         Chute          Downstream Channel

(Version WI-April-2005, Based on Design of Rock Chutes by Robinson, Rice, Kadavy, ASAE, 1998)
 Revised for WisDOT 9/2010

COL - POO Landfill Closure 
RJG

Columbia

February 23, 2022

 (0.64 ft.) (0.38 ft.)    Height, d2 =  0.99 ft. (0.99 ft.)
Inlet Apron 

yn = 1.75 ft.      6 ft. Tw+d = 1.9 ft. - Tw o.k.

   Slope = 0.0001 ft./ft.

(1.75 ft.)  1 ft. (1.9 ft.) - Tw o.k.
n

      21 ft.
1.43 fps radius     0.9 ft. (0.9 ft.)
at normal depth

OK

n = 0.05 (0.05) 
Critical Slope check upstream is Slope = 0.005 ft./ft.

    Note: When the normal depth (yn) in the inlet       4 Outlet Apron
 channel is less than the weir head (Hp), ie., the weir capacity is less   10 ft. d = 1 ft. {1 ft. minimum

 than the channel capacity, restricted flow or ponding will occur.  This  15(D50)(Fs)

 reduces velocity and prevents erosion upstream of the inlet apron. 2.77 fps
at normal depth

Typical Cross Section 2.9 cfs/ft. Equivalent unit discharge

Freeboard = 1 ft. SF = 1.20 Factor of safety (multiplier)
d1 = 0.38 ft. Normal depth in chute

n-value = 0.05 Manning's roughness coefficient
D50(SF) = 7.6 in. Minimum Design D50*

1 2(D50)(SF) = 15.3 in. Rock chute thickness
z = 2    Tw + d = 1.9 ft. Tailwater above outlet apron

6 ft. 15.3 in. d2 = 0.99 ft. Hydraulic jump height

*** The outlet will function adequately
B' = 6.8 ft.

High Flow Storm Information

   Hp

Profile Along Centerline of Chute

Slope  0.005 ft./ft.

Berm

Inlet

Outlet

Channel

Channel

Hdrop =

1

40*Design D50 =

Geotextile

yc =

hcv =

1

1

Velocityinlet  =

Velocityoutlet  =

10yc =

Use Hp along chute 
but not less than d2.

*

*

Geotextile

suggested}

ft.

cfs

ft./ft.

(m:1)
ft.

ft.

ft./ft
(z:1) 

ft.

ft.
ft./ft.

(m:1) (SF)

cfs

cfs

Rock thickness =

2.5
1

Apron elev. --- Inlet =

Hydraulic Jump

ft. ------- Outlet ft. --- (Hdrop =
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By:  RJG Date:  2/23/22

Client: WPL Subject:  Energy Dissipator Sizing Chk'd:  MJT Date:  4/1/22
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By:  RJG Date:  2/23/22

Client: WPL Subject:  Energy Dissipator Sizing Chk'd:  MJT Date:  4/1/22

Using Figure 9.14 (S
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill Closure By:  RJG Date:  2/23/22

Client: WPL Subject:  Energy Dissipator Sizing Chk'd:  MJT Date:  4/1/22

Using Figure 9.14 (S
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Job No.  25220183.00 Job:  Columbia Energy Center POO Landfill ClosureBy:  RJG Date: 2/4/21
Client: WPL Subject:  Energy Dissipator Sizing Chk'd:  MJT Date:  4/1/22

Calculations (Continued):

Inputs:

Pipe Diameter, dₒ 18 in

Manning Roughness, 

n 0.0120

Pressure slope  0.2500 slope
Percent of (or ratio 
to) full depth (100% 
or 1 if flowing full) 0.4037 fraction

Results:

Flow, Q 19.4983 ft^3/s
Velocity, v 8.8936 m/s
Velocity head, hv 4.0330 m
Flow Area, A 0.0621 m^2

Wetted Perimeter, P 0.6296 m
Hydraulic Radius 0.0986 m
Top Width, T 0.4486 m
Froude Number, F 7.75
Shear Stress (tractive 
force), τ 452.4774 N/m^2

Manning Formula Uniform Pipe Flow at Given Slope and Depth

Version 2.0 (20 June 2017)

HawsEDC Calculators

Downslope Flume 3 ‐ Velocity Calculator (Q = 19.49 cfs)



 

Rock Chute 
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Job No.  25220183.00 Job:  COL - POO By: RJG Date:  4/11/22

Client: WPL Subject: Rock Chute Sizing & Riprap Size Chk'd:  MJT Date: 4/13/22

Purpose:

To size the rock chutes to accommodate the 25-year, 24-hour storm event.

References:

1. Rock Chute Design Data spreadsheet Version WI-April-2005, Based on Design of Rock Chutes by Robinson, 

Rice, Kadavy, ASAE, 1998.

2. HydroCAD Report_Post Construction

3. Figure 1 - Storm Water Post Construction

4. Stable 25.1 Typical Particle Sizes of Native Sands at 75 Percent Passing (D75) from WisDOT Facilities.
Development Manual (FDM).

Approach:

1. Enter Inlet Channel data based on culvert apron or swale geometry Reference #2 and #3.

2. Enter Chute data based on slope from Reference #3, start the width, Bw equal to inlet channel Bw. 
3. Enter Outlet Channel data based on Reference #3, start the width, Bw equal to inlet channel Bw.  
4. Enter drainage area, apron elevations, flow (Q), and rainfall.
5. Adjust Bw for Chute and Outlet Channel until spreadsheet shows the rock chute "will" function adequately.
6. Determine rip rap classification based on D50 weight per Reference #4.

Assumptions:
1. Assume side slopes of chute and outlet channel are 2:1. 
2. Assume Factor of Safey is 1.2.
3. n-value is based on proposed conditions at the channel.
4. Assume Outlet apron depth, d is 1.0 ft.
5. Freeboard is 1.0 ft.
6. Use 25-year, 24-hour storm event flow (Reference #2) for Qhigh and Qlow.
7. Classification of riprap is based on weight (Reference #4).

Calculations:

See attached spreadsheet calcs for each rock chute.

Results:

The rock chutes are adequately designed to accommodate the flows from the 25-year, 24-hour storm event.

D50 

(in)

5.8

WisDOT Rip Rap 
Classification

Light Riprap Type R

Thickness 
(in)

RC1

Rock 
Chute

RC2 6

6

6

Width 
(ft)

6 12

8

Apron 
Width (ft)

Light Riprap Type R

Apron 
Length (ft)

7

5 3.6

I:\25220183.00\Data and Calculations\Stormwater POO Update\_Issued for Permitting\Rock Chutes\2204XX_Rock Chute Sizing Calc
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Project: County:
Designer: Checked by:

Date: Date: 04/13/22

Bottom Width = 6.0 Bottom Width = 6.0 Bottom Width = 6.0
Side slopes = 1.0 Factor of safety = 1.20 1.2 Min Side slopes = 2.0

Mannings n value = 0.012 Side slopes = 2.0 2.0:1 max. Mannings n value = 0.030
Bed slope = 0.0001 Bed slope  = 0.1967 3.0:1 max.  Bed slope = 0.0050

Note: Use procedures 13-30-15 or 13-30-25 for Freeboard = 1.0
    upstream and downstream Mannings n Outlet apron depth, d = 1.0 Base flow = 0.0

822.8 802.4 19.4 ft.)        Note: The total required capacity is routed
Degree of angularity = 1         through the chute (principal spillway) or 

Qhigh = Runoff from design storm 1 --> 50% angular, 50% rounded         in combination with an auxiliary spillway.

Q5 = Runoff from a 5-year,24-hour storm 2 --> 100 % rounded        Input tailwater (Tw): 0.20 1.20

Qhigh= 13.2 High flow storm through chute Tw (ft.) = Program

Qlow = 13.2 Low flow storm through chute Tw (ft.) = Program

3+00.0 Notes:
hpv = 0.13 ft. (0.13 ft.) 1) Output given as High Flow (Low Flow) values.

Hpe = 0.81 ft. 0.22 ft. (0.22 ft.) 2) Tailwater depth plus d must be at or above the

Energy Grade Line        Hce = 0.72 ft. hydraulic jump height for the chute to function.

3) Critical depth occurs 2yc - 4yc upstream of crest.

0.715yc = 0.36 ft.

Hp = 0.68 ft. (0.36 ft.)

(0.68 ft.) 0.5 ft. d1 = 0.31 ft.

Rock Chute Design Data

          Upstream Channel         Chute          Downstream Channel

(Version WI-April-2005, Based on Design of Rock Chutes by Robinson, Rice, Kadavy, ASAE, 1998)
 Revised for WisDOT 9/2010

COL - POO Landfill Closure RC1  
RJG

Columbia

April 11, 2022
MJT

Flow and Elevation Data:

Input Geometry:

Profile and Cross Section (Output):
Starting Station =

 (0.5 ft.) (0.31 ft.)    Height, d2 =  0.75 ft. (0.75 ft.)
Inlet Apron 

yn = 1.4 ft.      5 ft. Tw+d = 1.72 ft. - Tw o.k.

Slope = 0.0001 ft./ft.

(1.4 ft.)  19.4 ft. (1.72 ft.) - Tw o.k.n =      16 ft.
1.27 fps radius     0.72 ft. (0.72 ft.)
at normal depth

OK

n = 0.047 (0.047) Critical Slope check upstream is Slope = 0.005 ft./ft.
   Note: When the normal depth (yn) in the inlet       5.1 Outlet Apron
 channel is less than the weir head (Hp), ie., the weir capacity is less   7 ft. d = 1 ft. {1 ft. minimum

 than the channel capacity, restricted flow or ponding will occur.  This  15(D50)(Fs)

 reduces velocity and prevents erosion upstream of the inlet apron. 2.45 fps
at normal depth

Typical Cross Section 2.01 cfs/ft. Equivalent unit discharge

Freeboard = 1 ft. SF = 1.20 Factor of safety (multiplier)
d1 = 0.31 ft. Normal depth in chute

n-value = 0.047 Manning's roughness coefficient
D50(SF) = 5.8 in. Minimum Design D50*

1 2(D50)(SF) = 11.7 in. Rock chute thickness
z = 2    Tw + d = 1.72 ft. Tailwater above outlet apron

6 ft. 11.7 in. d2 = 0.75 ft. Hydraulic jump height

*** The outlet will function adequately
B' = 6.8 ft.

High Flow Storm Information

   Hp

Profile Along Centerline of Chute

Slope  0.005 ft./ft.

Berm

Inlet

Outlet

Channel

Channel

Hdrop =

1

40*Design D50 =

Geotextile

yc =

hcv =

1

1

Velocityinlet  =

Velocityoutlet  =

10yc =

Use Hp along chute 
but not less than d2.

*

*

Geotextile

suggested}

ft.

cfs

ft./ft.

(m:1)
ft.

ft.

ft./ft
(z:1) 

ft.

ft.
ft./ft.

(m:1) (SF)

cfs

cfs

Rock thickness =

2.5
1

Apron elev. --- Inlet =

Hydraulic Jump

ft. ------- Outlet ft. --- (Hdrop =



Page  4

Project: County:
Designer: Checked by:

Date: Date: 04/13/22

Bottom Width = 6.0 Bottom Width = 6.0 Bottom Width = 6.0
Side slopes = 1.0 Factor of safety = 1.20 1.2 Min Side slopes = 2.0

Mannings n value = 0.012 Side slopes = 2.0 2.0:1 max. Mannings n value = 0.030
Bed slope = 0.0001 Bed slope  = 0.0690 3.0:1 max.  Bed slope = 0.0050

Note: Use procedures 13-30-15 or 13-30-25 for Freeboard = 1.0
    upstream and downstream Mannings n Outlet apron depth, d = 1.0 Base flow = 0.0

815.8 808.4 6.4 ft.)        Note: The total required capacity is routed
Degree of angularity = 1         through the chute (principal spillway) or 

Qhigh = Runoff from design storm 1 --> 50% angular, 50% rounded         in combination with an auxiliary spillway.

Q5 = Runoff from a 5-year,24-hour storm 2 --> 100 % rounded        Input tailwater (Tw): 0.07 1.20

Qhigh= 14.0 High flow storm through chute Tw (ft.) = Program

Qlow = 14.0 Low flow storm through chute Tw (ft.) = Program

3+00.0 Notes:
hpv = 0.14 ft. (0.14 ft.) 1) Output given as High Flow (Low Flow) values.

Hpe = 0.84 ft. 0.23 ft. (0.23 ft.) 2) Tailwater depth plus d must be at or above the

Energy Grade Line        Hce = 0.75 ft. hydraulic jump height for the chute to function.

3) Critical depth occurs 2yc - 4yc upstream of crest.

0.715yc = 0.37 ft.

Hp = 0.71 ft. (0.37 ft.)

(0.71 ft.) 0.52 ft. d1 = 0.39 ft.

Rock Chute Design Data

          Upstream Channel         Chute          Downstream Channel

(Version WI-April-2005, Based on Design of Rock Chutes by Robinson, Rice, Kadavy, ASAE, 1998)
 Revised for WisDOT 9/2010

COL - POO Landfill Closure RC2  
RJG

Columbia

April 11, 2022
MJT

Flow and Elevation Data:

Input Geometry:

Profile and Cross Section (Output):
Starting Station =

 (0.52 ft.) (0.39 ft.)    Height, d2 =  0.68 ft. (0.68 ft.)
Inlet Apron 

yn = 1.45 ft.      5 ft. Tw+d = 1.75 ft. - Tw o.k.

Slope = 0.0001 ft./ft.

(1.45 ft.)  6.4 ft. (1.75 ft.) - Tw o.k.n =      10 ft.
1.3 fps radius     0.75 ft. (0.75 ft.)
at normal depth

OK

n = 0.037 (0.037) Critical Slope check upstream is Slope = 0.005 ft./ft.
   Note: When the normal depth (yn) in the inlet       14.5 Outlet Apron
 channel is less than the weir head (Hp), ie., the weir capacity is less   5 ft. d = 1 ft. {1 ft. minimum

 than the channel capacity, restricted flow or ponding will occur.  This  15(D50)(Fs)

 reduces velocity and prevents erosion upstream of the inlet apron. 2.5 fps
at normal depth

Typical Cross Section 2.14 cfs/ft. Equivalent unit discharge

Freeboard = 1 ft. SF = 1.20 Factor of safety (multiplier)
d1 = 0.39 ft. Normal depth in chute

n-value = 0.037 Manning's roughness coefficient
D50(SF) = 3.6 in. Minimum Design D50*

1 2(D50)(SF) = 7.3 in. Rock chute thickness
z = 2    Tw + d = 1.75 ft. Tailwater above outlet apron

6 ft. 7.3 in. d2 = 0.68 ft. Hydraulic jump height

*** The outlet will function adequately
B' = 6.8 ft.

High Flow Storm Information

   Hp

Profile Along Centerline of Chute

Slope  0.005 ft./ft.

Berm

Inlet

Outlet

Channel

Channel

Hdrop =

1

40*Design D50 =

Geotextile

yc =

hcv =

1

1

Velocityinlet  =

Velocityoutlet  =

10yc =

Use Hp along chute 
but not less than d2.

*

*

Geotextile

suggested}

ft.

cfs

ft./ft.

(m:1)
ft.

ft.

ft./ft
(z:1) 

ft.

ft.
ft./ft.

(m:1) (SF)

cfs

cfs

Rock thickness =

2.5
1

Apron elev. --- Inlet =

Hydraulic Jump

ft. ------- Outlet ft. --- (Hdrop =



 

Discharge Apron Sizing 
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Job No. 25220183.00 Job:  Columbia Energy Center POO Landfill Closure By: RJG Date: 2/21/22

Client: WPL Subject:  Riprap Sizing at Culvert Outlet Chk'd: MJT Date: 4/5/22

Purpose:  

To size the riprap apron dimensions at culvert C2, C3, C4, and C5 based on a 25-year, 24 hour storm event:

References:

1. "Energy Dissipators," Wisconsin Department of Transportation (WisDOT), Facilities Development Manual (FDM) 13-35-5.

2. Post Construction Condition HydroCAD Model.  

3. "Rock Riprap Lined Channels," WisDOT FDM 13-30-25.

4. Culvert Sizing Calculation.

5. WisDOT FDM Chapter 13, Section 30 - Rock Riprap Lined Chutes

Approach:
Use the equations in Section 5.2 - Riprap Blanket of WisDOT FDM 13-35-5 (Energy Dissipators) to determine the average size of stone (d50) and

riprap apron length.  Round up the calculated d50 to the nearest WisDOT standard riprap size.

Use WisDOT FDM 13-35 Attachment 5.2 to determine the width of the riprap apron for discharges to a flat area.  For discharges to channels,

extend riprap across the channel bottom and up the sides.

Assumptions:
Assume riprap apron thickness (T) is 2 * d50 to protect against washout and undercutting of the riprap.

Assume tailwater depth, TW = 0.40 * Do

Assume max TW conditions for the riprap apron width.

Assume that when there are multiple culverts, the total discharge to the culverts is distributed evenly through each barrel.

Calculation:

From WisDOT Section 5.2 - Riprap Blanket:

 

Or:
d50 = 0.02 x (Do/TW) x (Q/Do

5/2)4/3 x Do

Lsp = (1.7 (Q/Do
5/2) + 8) x Do

where: Do = Diameter or width of culvert (ft) 

Q = Flow rate (cfs) (discharge rate through culvert, from Worst Case Condition HydroCAD Model (Reference #2))

TW = Tail water depth (ft) 
d50 = Average size of stone (ft)

Lsp = Length of stone protection (Apron Length) (ft) 

Do (ft) TW (ft)

1.5 0.60

2.5 1.00

2.5 1.00

2.5 1.00

Results:
Below is a summary of the d50 , thickness (T), and configuration of the riprap apron.  Also refer to WisDOT FDM Attachment 5.2 (Sheet 2) for

details on apron layout. Use WisDOT Light Riprap at culvert discharge. 

d50 (in)* T (in) Lsp (ft)

10.0 20 16

10.0 20 26

10.0 20 28

10.0 20 28

1. For discharges to channels, place riprap along channel bottom and up side of channel.

*Per Table 25.1 on Sheet 2 for standard WisDOT riprap sizes use Light Riprap.

Culvert C4 See Note 1

Culvert C5 See Note 1

28

Culvert C5 35.21 2 0.27 0.83 28

Culvert C3 See Note 1

17.6

17.7

16

Location Wsp (ft)

Culvert C2 See Note 1

Culvert C3 27.38 2 0.19 0.83 26

Culvert C4 35.39 2 0.27 0.83

Lspd50 calculated

13.7

4.8

Location d50 DesignTotal Flow (Q, cfs) Q (cfs)

Culvert C2 9.68 2 0.16 0.83

Number of Pipes
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February 1, 2023

Phillip E. Gearing

PE CERTIFICATION

I, Phillip Gearing, hereby certify that I am a licensed professional 
engineer in the State of Wisconsin in accordance with the 

been prepared in accordance with the Rules of Professional 

knowledge, all information contained in this document is correct 
and the document was prepared in compliance with all applicable 
requirements in chs. NR 500 to 538, Wis. Adm. Code. 

Specifically, 

 This Closure Plan was prepared by me or under my direct 
supervision and meets the requirements of 

CFR  
 

(signature) (date) 

(printed or typed name)

License number ____E- ______________ 

My license renewal date is ___July 31, 202 _________. 

Pages or sheets covered by this seal: 

ALL
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 INTRODUCTION AND PROJECT SUMMARY 
On behalf of Wisconsin Power and Light Company (WPL), SCS Engineers (SCS) has prepared this 
Closure Plan for the Columbia (COL) Dry Ash Disposal Facility Phase 1, Modules 1 through 6 and 
Phase 2, Modules 10 and 11 as required by 40 Code of Federal Regulations (CFR) 257.102(b) and 
Wisconsin Administrative Code NR 514.07(10)(c), as stated below.  

40 CFR 257.102(b) “Written closure plan – (1) Content of the plan. The owner or operator of a CCR 
unit must prepare a written closure plan that describes the steps necessary to close the CCR unit at 
any point during the active life of the CCR unit consistent with recognized and generally accepted 
good engineering practices. The written closure plan must include, at a minimum, the information 
specified in paragraphs (b)(1)(i) through (vi) of this section.” 

NR 517.07(10)(c) “A written closure plan in accordance with the requirements under s. NR 
514.06 (10) and all of the following: (1) A narrative description of how the CCR landfill will be closed, 
including a description of the steps necessary to close the CCR unit at any point during the active life 
of the CCR unit, consistent with recognized and generally accepted good engineering practices.” 

The COL facility includes an active coal combustion residual (CCR) landfill, which currently consists of 
the following modules, located in Phase 1 and Phase 2 of the facility. 

• Phase 1, Module 1 – This module has received final cover over outer sideslope areas 
that will no longer receive additional CCR; intermediate cover has been placed over 
remaining areas. The final cover placed complies with the CCR Rule.  

• Phase 1, Module 2 – This module has received intermediate cover over a majority of the 
in-place CCR. 

• Phase 1, Module 3 – This module has received intermediate cover over a majority of the 
in-place CCR. 

• Phase 1, Module 4 – This module is currently being filled and also has received 
intermediate cover over areas of the in-place CCR.  

• Phase 1, Module 5 – This module is currently being filled and has received intermediate 
cover over areas of the in-place CCR. 

• Phase 1, Module 6 – This module is currently being filled and has received intermediate 
cover over areas of the in-place CCR. 

• Phase 2, Module 10 – Construction of the Module 10 liner began in 2022. The new 
module will be used for disposal following approval of the liner Construction 
Documentation Report, which will be submitted for WDNR review early in 2023. Filling is 
anticipated to begin in 2023. 

• Phase 2, Module 11 – Construction of the Module 11 liner began in 2022. The new 
module will be used for disposal following approval of the liner Construction 
Documentation Report, which will be submitted for WDNR review early in 2023. Filling is 
anticipated to begin in 2023. 
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Phase 1, Modules 1-3 were previously described as separate existing CCR landfills although they are 
contiguous and are managed as a single landfill by the facility and by the WDNR. WPL has clarified in 
the operating record for the Columbia facility that Modules 1-3 are one existing CCR landfill as 
defined in 40 CFR 257.53 of the federal CCR Rule. Phase 1, Modules 4-6 are considered to be a new 
CCR landfill that initiated construction after October 19, 2015, and is therefore managed as a 
separate CCR unit under the CCR Rule even though they are contiguous to the existing CCR landfill 
(Modules 1-3). In addition, the new CCR landfill will include Phase 2, Modules 10 and 11, once the 
liner construction documentation is approved by the WDNR in 2023. Construction of additional 
modules is not currently planned prior to retirement of the Columbia Energy Center, which is 
currently scheduled to occur no later than June 1, 2026.  

Figure 1 shows the site location. Figure 2 shows the closure areas. A detail of the final cover system 
is shown on Figure 3. 

 PROPOSED CLOSURE PLAN NARRATIVE 
40 CFR 257.102(b)(1)(i) “A narrative description of how the CCR unit will be closed in accordance 
with this section.” 

NR 517.07(10)(c)(1) “A narrative description of how the CCR landfill will be closed, including a 
description of the steps necessary to close the CCR unit at any point during the active life of the CCR 
unit, consistent with recognized and generally accepted good engineering practices.” 

When CCR placement is completed in the CCR unit, or if early closure is required, the unit will be 
closed by covering the CCR with the final cover system described in Section 3.0. Prior to final cover 
system construction, the CCR surfaces will be graded and compacted to establish a firm subgrade 
for final cover construction. In addition, all required notifications will be submitted to the Wisconsin 
Department of Natural Resources (WDNR, or “Department”), and WPL will obtain all additional 
necessary permits (for example, general permit coverage for construction storm water management). 
WPL may also engage in procurement activities to secure services for installing the final cover 
system. 

The timing for completion of CCR placement in the units that are addressed with this closure plan 
will depend on CCR generation and disposal rates. Future CCR unit development will also impact the 
timing of closure. Each of the existing CCR units is designed to receive additional CCR once adjacent 
units are constructed and overlay airspace is available for filling. Based on the current CCR units 
alone, if early closure of all units is required, final cover will be placed in the active landfill areas 
shown on Figure 2. A closure schedule is discussed in Section 6.0 and presented in Appendix B.  

The initiation of closure activities will commence no later than 30 days after the known final receipt 
of CCR as required by 40 CFR 257.102(e)(1) and NR 506.083(2)(a), or in accordance with 
40 CFR 257.102(e)(2) and NR 506.083(2)(b). 
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 FINAL COVER SYSTEM AND PERFORMANCE 
40 CFR 257.102(b)(1)(iii) “If closure of the CCR unit will be accomplished by leaving CCR in place, a 
description of the final cover system, designed in accordance with paragraph (d) of this section, and 
the methods and procedures to be used to install the final cover. The closure plan must also discuss 
how the final cover system will achieve the performance standards specified in paragraph (d) of this 
section.” 

40 CFR 257.102(d) “Closure performance standard when leaving CCR in place.”  

40 CFR 257.102(d)(1) “The owner or operator of a CCR unit must ensure that, at a minimum, the 
CCR unit is closed in a manner that will:” 

40 CFR 257.102(d)(1)(i) “Control, minimize or eliminate, to the maximum extent feasible, 
post-closure infiltration of liquids into the waste and releases of CCR, leachate, or 
contaminated run-off to the ground or surface waters or to the atmosphere;” 

NR 514.07(10)(c)(3) “A demonstration, including a narrative discussion, of how final closure will 
meet the performance standards under s. NR 506.083(6).” 

NR 506.083(6) “Closure performance standards when leaving CCR in place. An owner or operator of 
a CCR landfill shall ensure that, at a minimum the CCR landfill is closed in a manner that will achieve 
all of the following performance standards:” 

NR 506.083(6)(a) “Control, minimization or elimination, to the maximum extent feasible, of 
post-closure infiltration of liquids into the waste and of releases of CCR, leachate, or 
contaminated run-off to the ground or surface waters or to the atmosphere.” 

The final cover system design will minimize or eliminate infiltration, as further described below. 

40 CFR 257.102(d)(1)(ii) “Preclude the probability of future impoundment of water, 
sediment, or slurry;” 

NR 506.083(6)(b) “Prevention of the impoundment of water, sediment or slurry.” 

The final cover system will meet these criteria, as further described below. 

40 CFR 257.102(d)(1)(iii) “Include measures that provide for major slope stability to prevent 
the sloughing or movement of the final cover system during the closure and post-closure 
care period;” 

NR 506.083(6)(c) “Slope stability to prevent the sloughing or movement of the final cover 
system during the closure and long-term care period. 

The final cover system is designed to provide slope stability and to prevent sloughing or movement 
during the closure and post-closure care period. Stability of the final cover system was assessed as 
part of the WDNR landfill permitting process and is further addressed below. 

40 CFR 257.102(d)(1)(iv) “Minimize the need for further maintenance of the CCR unit; and” 

NR 506.083(6)(d) “Minimization of the need for long-term maintenance of the CCR landfill.” 
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Maintenance of the final cover will be minimized by the establishment of vegetative cover and the 
erosion control systems, which are further described below. 

40 CFR 257.102(d)(1)(v) “Be completed in the shortest amount of time consistent with 
recognized and generally accepted good engineering practices.” 

NR 506.083(6)(e) “Complete closure in the shortest amount of time consistent with 
recognized and generally accepted good engineering practices.” 

All closure activities for the CCR units will be completed within 6 months, as stated in Section 7.0 
below. 

40 CFR 257.102(d)(2) “Drainage and stabilization of CCR surface impoundments.” 

This does not apply to the COL CCR landfill units. 

40 CFR 257.102(d)(3) “Final cover system” 

NR 517.07(10)(c)(2) “A description of the final cover system, designed in accordance with s. 
NR 504.07, and the methods and procedures to be used to install the final cover.” 

NR 504.12(4)(b) “The owner or operator of a new or existing CCR landfill or a lateral expansion of a 
CCR landfill may propose an alternative final cover system design within a written closure plan in 
accordance with s. NR 504.10 and all of the following:” 

The alternative final cover design has been developed to meet the requirements of NR 504.12(4)(b) 
and is discussed in detail below. 

The existing final cover system (see Figure 3 for details) in place on part of Module 1 will be 
extended to cover the remaining portion of Module 1. The Module 1 final cover system is as follows 
from the bottom up: 

• 3-inch grading layer 
• Geosynthetic clay liner (GCL) 
• 40-millimeters (mil) linear low-density polyethylene (LLDPE) geomembrane 
• 12 inches of drainage material 
• 12 inches of rooting zone 
• 6 inches of topsoil 

This final cover meets and exceeds the minimum requirements of 40 CFR 257.102(d)(3)(i)(A) 
through (D) and NR 504.12(4)(b)(1) through (4) as follows: 

• Per 257.102(d)(3)(i)(A) and NR 504.12(4)(b)(1), the permeability of the final cover 
system is less than or equal to the permeability of the bottom liner system and is less 
than 1x10-5 centimeters per second (cm/sec) required by the rule. The COL cover system 
contains a GCL with a permeability of 5x10-9 cm/sec. The geomembrane above the GCL 
makes the cover system even less permeable. 
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The bottom liner system for the existing CCR landfill in Module 1 is as follows: 

• Phase 1, Module 1 South: 
– GCL 
– 40-mil high density polyethylene (HDPE) geomembrane 
– The layers of the liner system are less than the cover system layers; therefore, 

infiltration will be more than the cover system. 

• Phase 1, Module 1 North: 
– 3 feet of compacted ash 
– The liner here does not include a geomembrane, and therefore the infiltration 

through the cover system will be less than this base liner. 

An alternate final cover system will be installed in future remaining areas of final cover north of 
Module 1 (Phase 1, Modules 2, 3, 4, 5, and 6 and Phase 2, Modules 10 and 11). The alternate cover 
consists of the following components, from bottom to top: 

• 3-inch-thick grading layer 
• GCL 
• 40-mil polyethylene geomembrane 
• Geocomposite drainage layer 
• 24-inch-thick rooting zone layer 
• 6-inch-thick topsoil layer 

This alternative final cover meets and exceeds the minimum requirements of 40 CFR 
257.102(d)(3)(i)(A) through (D) and NR 504.12(4)(b)(1) through (4) as follows: 

• Per 257.102(d)(3)(ii)(A), 257.102(d)(3)(i)(A), and NR 504.12(4)(b)(1), the permeability of 
the final cover system is less than or equal to the permeability of the bottom liner system 
and is less than 1x10-5 centimeters per second (cm/sec) required by the rule. The COL 
cover system contains a GCL with a permeability of 5x10-9 cm/sec. The geomembrane 
above the GCL makes the cover system even less permeable. 

The bottom liner system for the existing CCR landfill is as follows: 

• Phase 1, Modules 2 and 3: 
– 2 feet of compacted clay 
– GCL 
– 60-mil HDPE geomembrane 

The bottom liner system for the new CCR landfill is as follows: 

• Phase 1, Modules 4, 5, and 6 and Phase 2, Modules 10 and 11: 
– 2 feet of compacted clay 
– GCL 
– 60-mil HDPE geomembrane 

Based on a comparison of the design slopes and drainage system components in the liner system 
and final cover system (described in greater detail below), the final cover system is at least 
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equivalent in permeability when compared to the liner system in Phase 1, Modules 1, 2, 3, 4, 5, and 
6 and Phase 2, Modules 10 and 11. 

• Per 257.102(d)(3)(i)(B), the existing final cover system includes 2.5 feet of soil, which is 
greater than the 18 inches of earthen material required to minimize infiltration. 

• Per 257.102(d)(3)(ii)(A) and 257.102(d)(3)(i)(B), the alternative final cover system 
includes 2.5 feet of soil, which is greater than the 18 inches of earthen material required 
to minimize infiltration. 

• Per NR 504.12(4)(b)(2), the proposed final cover contains a GCL infiltration layer. Water 
infiltrating the final cover will be contained in the drainage layers (sand, geocomposite, 
and high capacity geocomposite), which will limit infiltration further through the final 
cover system. Based on our understanding of the regulations, it is unclear if the WDNR 
will require a soil barrier layer to be added below the final cover GCL. Further discussions 
with the WDNR will be needed to determine if the current final cover design is acceptable 
or if updates to the design are required. 

• Per 257.102(d)(3)(i)(C) and NR 504.12(4)(b)(3), erosion of the existing final cover system 
is minimized with a vegetative support layer consisting of 12 inches of uncompacted 
rooting zone material and 6 inches of topsoil. This provides more than the required 
6-inch thickness for plant growth. 

• Per 257.102(d)(3)(ii)(B), 257.102(d)(3)(i)(C), and NR 504.12(4)(b)(3), erosion of the 
alternative final cover system is minimized with a vegetative support layer consisting of 
24 inches of uncompacted rooting zone material and 6 inches of topsoil. This provides 
more than the required 6-inch thickness for plant growth. 

Also, the existing final cover system and alternative final cover system limits infiltration while 
promoting surface water run-off in a controlled manner to minimize erosion and promote stability. 
The surface layer of 18 inches (existing) or 30 inches (alternative) of soil supports vegetation that 
assists with erosion control. Water that infiltrates will be collected by the 12-inch drainage layer 
(existing) or geocomposite drainage layer (alternate) and will be routed to the perimeter drainage 
system.  

In addition, the surface has intermediate drainage swales to reduce the flow lengths down the final 
cover slope, also aiding in erosion control. Where needed, the intermediate drainage swales are 
connected to downslope channels to control storm water runoff and prevent erosion of the final 
cover. 

• Per 257.102(d)(3)(i)(D) and NR 504.12(4)(b)(4), the design of the existing final cover 
system minimizes disruptions to the final cover system. Stability of the final cover system 
was assessed as part of the WDNR landfill permitting process. The stability calculations 
are included in Appendix A1.  

• Per 257.102(d)(3)(ii)(C) and NR 504.12(4)(b)(4), the design of the alternative final cover 
system minimizes disruptions to the final cover system. Stability of the final cover system 
was assessed as part of the WDNR landfill permitting process. The stability calculations 
are included in Appendix A2.  
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The design of the final cover system accommodates settling and subsidence of the CCR fill below the 
cover. The CCR at COL is placed dry and is compacted in place. CCR continues to consolidate and 
gain strength as filling progresses prior to final cover placement. The final cover system is designed 
with a maximum slope of 25 percent (4 horizontal to 1 vertical). Because the final cover has a 
relatively large positive slope and the CCR has been gaining strength over time, the final cover is 
expected to easily accommodate the remaining relatively minor settlement potential of the CCR fill 
when fill placement ends and the landfill is closed. 

All final cover materials will be tested to confirm they meet specifications, and construction will be 
overseen and documented by a licensed engineer. Rooting zone and topsoil layers will be checked 
for thickness. All areas will be restored after final cover is placed. Vegetation will be monitored and 
maintained. 

 MAXIMUM INVENTORY OF CCR 
40 CFR 257.102(b)(1)(iv) “An estimate of the maximum inventory of CCR ever on-site over the active 
life of the CCR unit.” 

NR 514.07(10)(c)(4) “An estimate of the maximum volume in cubic yards of CCR that will be 
disposed on−site over the active life of the CCR landfill.” 

The following table reflects the estimated maximum volume of CCR disposed on site at the COL 
facility. 

Area Maximum 
Capacity (cy) 

Phase 1, Modules 1-6,  
Phase 2, Modules 10-11 2,583,692 

 

The estimated maximum inventory of CCR ever on site over the active life of the CCR landfill units is 
based on the design capacity of the landfill. The maximum design capacity was submitted in the 
WDNR approved 2022 Plan of Operation Update. 

 LARGEST AREA OF CCR UNIT REQUIRING FINAL COVER 
40 CFR 257.102(b)(1)(v) “An estimate of the largest area of the CCR unit ever requiring a final cover 
as required by paragraph (d) of this section at any time during the CCR unit’s active life.” 

NR 514.07(10)(c)(5) “An estimate of the largest area of the CCR landfill that will require a final cover 
at any time during the CCR landfill’s active life.” 

The largest area of each CCR unit requiring final cover is the open area shown on Figure 2, with 
areas as follows: 
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Areas Requiring Final Cover (acres) 

Phase 1, Modules 1- 3 12.9 
Phase 1, Modules 4-6 12.0 

Phase 2, Modules 10-11 7.3 
Total 32.2 

 SCHEDULE OF SEQUENTIAL CLOSURE ACTIVITIES 
40 CFR 257.102(b)(1)(vi) “A schedule for completing all activities necessary to satisfy the closure 
criteria in this section, including an estimate of the year in which all closure activities for the CCR 
unit will be completed.” 

NR 514.07(10)(c)(6) “A schedule for completion of all closure activities, including an estimate of the 
year in which all closure activities for the CCR landfill will be completed.” 

CCR placement is anticipated to permanently end at this facility following retirement of the Columbia 
Generating Station by June 2026, as announced by WPL. Some CCR disposal activity may be 
necessary following retirement of Columbia as part of decommissioning efforts (for example, 
cleaning of ducts and other equipment that may contain CCR following retirement). Closure activities 
are expected to be complete by the end of 2027.The potential schedule for closure of the existing 
CCR modules is provided in Appendix B. 

 COMPLETION OF CLOSURE ACTIVITIES 
40 CFR 257.102(f)(1) “Except as provided for in paragraph (f)(2) of this section, the owner or 
operator must complete closure of the CCR unit: 

(i) For existing and new CCR landfills and any lateral expansion of a CCR landfill, within six 
months of commencing closure activities.” 

NR 506.083(3)(a) “The owner or operator shall complete closure of the CCR landfill within 6 months 
of commencing closure activities.” 

As shown on the enclosed schedule, closure of each CCR unit will be completed within 6 months of 
commencing closure activities.  

40 CFR 257.102(f)(3) “Upon completion, the owner or operator of the CCR unit must obtain a 
certification from a qualified professional engineer verifying that closure has been completed in 
accordance with the closure plan specified in paragraph (b) of this section and the requirements of 
this section.” 

NR 506.083(1)(b) “Within 30 days following completion of closure of a CCR landfill under sub. (3), 
the owner or operator shall prepare and submit a notification of closure to the department and 
place a copy in the facility’s operating record. The notification shall include the certification required 
under s. NR 516.04(3)(d).” 

A qualified licensed engineer will oversee the final cover construction. The engineer will verify final 
cover materials and methods and oversee material testing. At the end of construction, the engineer 
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will provide a report summarizing and documenting construction and will certify compliance with the 
requirements. 

 CERTIFICATION 
40 CFR 257.102(b)(4) “The owner or operator of the CCR unit must obtain a written certification 
from a qualified professional engineer that the initial and any amendment of the written closure plan 
meets the requirement of this section.” 

NR 500.05 “Unless otherwise specified, all submittals for review and approval of any initial site 
report, feasibility report, plan of operation site investigation report, remedial action options report, 
construction documentation report, or closure plan, or any modifications to those plans, shall 
include all of the following: 

(4)  CERTIFICATION. (a) The reports and plan sheets shall be under the seal of a licensed 
professional engineer.” 

Phillip Gearing, PE, a licensed professional engineer in the State of Wisconsin has overseen the 
preparation of this Closure Plan. A certification statement is provided on page iii of this plan. 

40 CFR 257.102(d)(2)(iii) “The owner or operator of the CCR unit must obtain a written certification 
from a qualified professional engineer that the design of the final cover system meets the 
requirement of this section.” 

Phillip Gearing, PE, a licensed professional engineer in the State of Wisconsin has overseen the 
design of the final cover system and certifies that the design meets the requirements of 
40 CFR 257.102(d). The certification statement is provided on page iii of this plan.  

 RECORDKEEPING AND REPORTING 
40 CFR 257.102(b)(vi)(2)(iii) “The owner or operator has completed the written closure plan when 
the plan including the certification required by paragraph (b)(4) of this section, has been placed in 
the facility’s operating record as required by Section 257.105(i)(4).” 

NR 506.17(2)(e) “The written operating record shall contain the plan of operation, plan 
modifications, construction documentation, department approvals, annual reports, inspection 
records, monitoring and corrective action records, notifications to the department, and records of 
public comments received during any public comment period.” 

The Closure Plan will be placed in the facility’s operating record and on Alliant Energy’s CCR Rule 
Compliance Data and Information website. 

Amendments to the written Closure Plan will be done when a new module is constructed, when there 
is a change in the operation of the CCR unit that affects the plan, or when unanticipated events 
warrant revision to the written Closure Plan as required by 40 CFR 257.102(b)(3) and 
NR 514.07(10)(c)(7).  

WPL will provide notification as follows: 

• Intent to initiate closure 
• Closure completion 
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• Availability of the written Closure Plan and any amendments 

All notifications will be placed in the facility’s operating record and on the website per 
40 CFR 257.105(i), 257.106(i), 257.107(i), and NR 506.17(2). 
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Stability Calculations 
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Existing Final Cover Stability Calculations 
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Calc. No.

Rev. No.

Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  03/31/22

Client:  WPL Subject:  Sand Drainage Layer - Unit Gradient Chk'd:  DLN Date:  05/04/22

Purpose:

Approach: Use the unit gradient method to determine the maximum slope length.

References: 1. Landfilldesign.com

2. "GRI-GC8, Determination of the Allowable Flow Rate of a Drainage Geocomposite". Geosynthetics

Research Institute, 2001

3. "Beyond a factor-of-safety value, i.e., the proabability of failure". GRI Newsletter/Report, Vol. 15, no. 3

4. "Designing with Geosynthetics". R.M. Koerner, Prentice Hall Publishing Co., Englewood Cliffs, NJ, 1998

5. "Hydraulic Design of Geosynthetic and Granular Liquid Collection Layers". J. P. Giroud, J. G. Zornberg and 

A. Zhao, Geosynthetics International, Vol. 7, Nos 4-5

6. "Lateral Drainage Design update - part 2". G. N. Richardson, J. P. Giroud and A. Zhao, Geotechnical 

Fabrics Report, March 2002

7. HELP Model "User's Guide", Table 4: Default Soil, Waste, and Geosynthetic Characteristics

8. SCS Engineers, Plan Modification Request/Plan of Operation Update, Dry Ash Disposal Facility, 

COL Energy Center, Final Grades Plan Sheet, May 2022

With Darcy's Law:

Q = k X i X A

Inflow of water in the Drainage Material

Qin = =

Outflow of water from the geocomposite at the toe of the slope

Qout = =

This results in a required kdrain of:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Cover Unit Gradient\[220304_COL Cover Unit Gradient - Sand.xls]Calc 1

kveg  X  Lh

t  X  sinβ
X FS

To determine the maximum length of slope that the final cover drainage layer (sand) can carry infiltrating water 
and remain stable. 

kdrain  X  i  X  A

kveg  X  1  X  Lh X 1kveg  X  i  X  A

kdrain  X  t  X  sinβ

=kdrain
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  03/31/22

Client:  WPL Subject:  Sand Drainage Layer - Unit Gradient Chk'd:  DLN Date:  05/04/22

Assumptions: 1. Soil hydraulic gradient i  = 1.0.

2. Top soil will be clay. Soil permeability is 4.2 x 10 -5 cm/sec for a CL clay from HELP model user's guide.

3. Drainage Layer hydraulic gradient = sinβ where β=14˚ (4:1 horizontal/vertical final cover slope).

4. Maximum horizontal final cover slope length from crest to toe drain is 368 feet as shown in

   Module 1 on the final grades plan sheet.

5. The minimum hydraulic conductivity (kdrain,ave) is 1.0 x 10 -2 cm/s for the sand.

6. Cover drainage layer thickness t = 1 foot.

Calculation: Constants

Lh = =

kveg = = cm/sec

S = = b = 14˚

FSslope = =

δreq'd = = = degrees

Determine the maximum slope length for the given minimum required drainage layer permeability

Design

Conclusions:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Cover Unit Gradient\[220304_COL Cover Unit Gradient - Sand.xls]Calc 2

(feet) (meter)

9.1 7.69E-03

See Below

0.000042

25%

1.5

(cm/s)

Drainage pipe spacing or length of slope measured horizontally

Permeability of the vegetative supporting soil

Minimum interface friction angle

Minimum factor of safety against sliding, for 

drainage layer/geomembrane interface

tan-1(FS*tan(b))

The liner's slope, S = tan b

The design has an intermediate pipe every 30 feet spaced evenly up the slope. The intermediate pipe spacing 
design with the sand material has a factor of safety of 1.95.

20.6

Lh Lh kdrain, req 

30
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/25/22

Client:  WPL Subject:  GCL Internal Shear on Final Cover Chk'd:  DLN Date:  04/26/22

Purpose:

Approach: Use maximum shear stress formula and assumed values.

References:

Calculation: The maximum shear stress acting on the GCL can be calculated as follows:

τact = WT sin β 

β = ˚
WT = γ X h

Where: γ = = pcf

h = = ft

WT = psf

τact = psf

τresist = FS X = X = psf

Assumptions: Slope angle, β = 14˚ (4:1 horizontal / vertical final cover slope)

Soil unit weight, γ = 120 pcf

Conclusion:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\GCL Cover Strength\[220425_COL GCL Internal Shear.xls]Calc 1

72.6

Determine the maximum shear stress acting on a Geosynthetic Clay Liner (GCL) and the GCL internal shear 
strength required to provide a minimum slope stability safety factor (FS) of 1.5 for the final cover.

Design of GCL Barrier for Final Cover Side Slope Applications, Gregory N. Richardson, Ph.D., P.E., Geosynthetics 
'97-541

FS =
τresist

τact
=

14

Soil Unit Weight

109

For a total weight of the final cover system of 300 psf and a slope angle of 4:1, the maximum shear stress 
will be 72.6 psf. A minimum GCL internal shear strength of 109 psf is required to provide a slope stability 
safety factor of 1.5.

Cover Thickness 2.5

120

300

1.5

τact 1.5 72.6
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/04/22

Client:  WPL Subject:  Liner Side Slope Drainage Layer Stability Chk'd:  DLN Date:  04/13/22

Purpose:

References:

Calculation: FS = (-b + (b2 - 4 * a * c)1/2) / (2 * a)

a = (WA - NA * cosβ) * cosβ

b = - ((WA - NA * cosβ) * sinβ * tanφ + (NA * tanδ + Ca) * sinβ * cosβ + (C + WP * tanφ) * sinβ)

c = (NA * tanδ + Ca) * (sinβ)2 * tanφ

NA = WA * cosβ

WA = γ * h2 * (L / h - 1 / sinβ - tanβ / 2)

WP = (γ * h2) / sin2β)

Ca = ca (L - h / sinβ)

Where: FS = Factor of Safety

a, b, & c = intermediate variables (calculated variable)

NA = Effective force normal to the failure plane of the active wedge (calculated variable)

WA = Total weight of active wedge (calculated variable)

WP = Total weight of passive wedge (calculated variable)

β = Soil slope angle beneath the geomembrane = degrees = radians

3 to 1

φ = Friction angle of the sand drainage layer material = degrees = radians

based on experience

δ = Interface friction angle for liner system geosynthetics (to be determined)

ca = Adhesion for liner system geosynthetics at active wedge (to be determined), Variable

γ = Unit weight of the drainage layer material = pcf

based on conservative wet density of sand

C = Cohesive force along the failure plane of the passive wedge, assumed

= for drainage layer material

Ca = Adhesive force of the active wedge for the liner system geosynthetics

h = Thickness of the drainage layer material = foot, based on base design

L = Length of slope measured along the geomembrane = feet, based on base design

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Liner Interface Stability Calculation\[220302_COL Liner Side Slope Stability.xls]Calc 1

125

0

1

49

Evaluate the Module 10 and 11 landfill liner side slope drainage layer for static veneer slope stability. The 
following calculations evaluate the static veneer slope stability of the 3:1 slope.

18.421 0.3215

based on liner slope of 

1.  Koerner, Robert M. & Te-Yang Soong, Analysis and Design of Veneer Cover Soils, Geosynthetic Research 
Institute.
2.  U.S. Department of Transportation - Federal Highway Administration Recycled Materials, Coal Bottom Ash 
User's Guide

30 0.5236

Passive
Wedge

Drainage Material
(Sand)

WP

NAtanδ

WA

Ca

Active
Wedge

h

NA

β
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/04/22

Client:  WPL Subject:  Liner Side Slope Drainage Layer Stability Chk'd:  DLN Date:  04/13/22

Calculation:

(cont.)

Conclusion:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Liner Interface Stability Calculation\[220302_COL Liner Side Slope Stability.xls]Calc 2

1.3

541

27 1237.6

21

9

541 -794 125 1.3

The landfill liner side slope drainage layer was evaluated for static veneer slope stability along its longest 
slope. Calculations were performed to determine the minimum adhesion necessary for a range of interface 
friction angles to reach a FS of 1.3 or greater.  Each interface friction angle and the coinciding adhesion 
was graphed in order to easily determine if a material interface is acceptable along the side slope.

(lb/ft) (lb/ft) (lb/ft) (lb/ft)

1.3

-797 126 1.3

18

Ca a b c

541 -801 127

-803 127 1.3

14 541 -800 127 1.3

NA

(lb/ft)

5 -802 127 1.3

7

541

12 541

(deg) (rad) (lb/ft) (lb/ft)

δ WA WP

(lb/ft2)

ca FS

10 0.1745 5,709 208 5,416 541 -799 126

11 0.192 5,709 208 5,416 1,14625

12 0.2094 5,709 208 5,416 1,05423 541 -803 127 1.3

13 0.2269 5,709 208 5,416 963 541 -805 128 1.3

14 0.2443 5,709 208 5,416 825

15 0.2618 5,709 208 5,416 73316

16 0.2793 5,709 208 5,416 642

17 0.2967 5,709 208 5,416 550

18 0.3142 5,709 208 5,416 413 -793 125 1.3

19 0.3316 5,709 208 5,416 321 541 -797 126 1.3

20 0.3491 5,709 208 5,416 229 541

21 0.3665 2 5,709 208 5,416 92 541 -793 125 1.3

22 0.384 0 5,709 208 5,416 0 541 -798 126 1.3

0

5

10

15

20

25

30

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

A
d
h
es
io
n
 (
lb
/f
t2
)

Interface Friction Angle (degrees)

Adhesion vs. Interface Friction Angle

FS<1.3

FS>1.3
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  03/02/22

Client:  WPL Subject:  GCL Internal Shear for Liner System Chk'd:  DLN Date:  04/13/22

Purpose:

Approach: Use maximum shear stress formula and assumed values.

References:

Calculation: The maximum shear stress acting on the GCL can be calculated as follows:

τact = WT sin β 

β = ˚
WT = γ X h

Where: γ = = pcf

h = = ft

WT = psf

τact = psf

τresist = FS X = X = psf

Assumptions: Slope angle, β = 18.4˚ (3:1 horizontal / vertical liner side slope

Sand unit weight, γ = 125 pcf

Conclusion:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Liner Interface Stability Calculation\[220302_COL GCL Internal Shear.xls]Calc 1

39.5

Determine the maximum shear stress acting on a Geosynthetic Clay Liner (GCL) and the GCL internal shear 
strength required to provide a minimum slope stability safety factor (FS) of 1.5 for the liner system.

Design of GCL Barrier for Final Cover Side Slope Applications, Gregory N. Richardson, Ph.D., P.E., Geosynthetics 
'97-541

FS =
τresist

τact
=

18.4

Sand Unit Weight

59

For a total weight of the leachate drainage layer of 125 psf and a slope angle of 3:1, the maximum shear 
stress will be 39.46 psf. A minimum GCL internal shear strength of 59.19 psf is required to provide a slope 
stability safety factor of 1.5.

Drainage Layer Thickness 1

125

125

1.5

τact 1.5 39.5
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  3/14/22

Client:  WPL Subject:  Geocomposite Unit Gradient Chk'd:  DLN Date:  4/19/22

Purpose:

Approach: Use the unit gradient method to determine the maximum slope length.

References: 1. Landfilldesign.com - Lateral Drainage System - Single Slope, Unit Gradient Method

2. "GRI-GC8, Determination of the Allowable Flow Rate of a Drainage Geocomposite". Geosynthetics

Research Institute, 2001.

3. "Beyond a factor-of-safety value, i.e., the proabability of failure". GRI Newsletter/Report, Vol. 15, no. 3.

4. "Designing with Geosynthetics". R.M. Koerner, Prentice Hall Publishing Co., Englewood Cliffs, NJ, 1998.

5. "Hydraulic Design of Geosynthetic and Granular Liquid Collection Layers". J. P. Giroud, J. G. Zornberg and 

A. Zhao, Geosynthetics International, Vol. 7, Nos 4-5.

6. "Lateral Drainage Design update - part 2". G. N. Richardson, J. P. Giroud and A. Zhao, Geotechnical 

Fabrics Report, March 2002.

7. Giroud, Zornberg, and Zhao, 2000, "Hydraulic Design of Liquid Collection Layers", Geosynthetics International

8. SCS Engineers, Plan Modification Request/Plan of Operation Update, Dry Ash Disposal Facility, 

COL Energy Center, Final Grades Plan Sheet, May 2022

9. HELP Model "User's Guide" in conjunction with GRI report #19, pages 34-37 (Leachate Collection System)

= θ*į*1 where θ = kcomp * t

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Geocomposite Drainage Layer\[220303_COL Cover Unit Gradient.xls]Calc 1

To determine the maximum length of slope that the final cover drainage geocomposite can carry infiltrating 
water and remain stable.  Also determine the recommended minimum friction angle for final cover side slope 
stability. Note:  This calculation does not include the flow convergence areas where a separate calculation is 
required.
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  3/14/22

Client:  WPL Subject:  Geocomposite Unit Gradient Chk'd:  DLN Date:  4/19/22

Assumptions: 1. Soil hydraulic gradient i  = 1.0.

2. Top soil will be clay. Soil permeability is 4.2 x 10 -5 cm/sec for a CL clay from HELP model user's guide.

3. Geocomposite hydraulic gradient = sinβ where β=14˚ (4:1 horizontal/vertical final cover slope).

4. Factor of safety and transmissivity reduction factors are from recommended values in 

    GRI report #19 (Leachate collection system example) and HELP model "Users Guide"

5. Maximum horizontal final cover slope length from crest to toe drain is 397 feet as shown on

    Module 10 and 11 Final Grades plan sheet. This includes 58' of 10:1 slope length at the peak.

Calculation: Constants

Lh = =

kveg = = cm/sec

S = = b = 14˚

FSslope = =

δreq'd = = = degrees

FSd = =

RFin = =

RFcr = =

RFcc = =

RFbc = =

Determine the maximum slope length for a given ultimate transmissivity

Determine the ultimate transmissivity based on a given slope length

~ Total slope length

~ 1/2 of total slope length

~ 1/3 of total slope length

Conclusions:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Geocomposite Drainage Layer\[220303_COL Cover Unit Gradient.xls]Calc 2

A minimum interface friction angle of 20.6 degrees between cover soil and geocomposite is required to achieve 
a minimum recommended final cover slope stability safety factor of 1.5.

8.55E-04

4.27E-04

2.85E-04

Өult

(m2/sec)

If no intermediate drainage outlets were constructed on the final cover, a minimum transmissivity of 

8.55 x 10 -4 m2/sec would need to be obtained.  

(feet)

397

199

Creep Reduction Factor

Chemical Clogging Reduction Factor

Biological Clogging Reduction Factor

2.0

1.1

1.2

1.1

1.4

141.7 465

Minimum interface friction angle tan-1(FS*tan(b)) 20.6

Overall factor of safety for drainage

Intrusion Reduction Factor

Өult Lh Lh 

Lh Lh 

See Below

0.000042

25%

1.5

(m2/sec)

1.00E-03

(meter) (feet)

132

(meter)

121.0

60.5

40.3

Drainage pipe spacing or length of slope measured horizontally

Permeability of the vegetative supporting soil

The liner's slope, S = tan b

Minimum factor of safety against sliding, for soil/geocomposite or

geocomposite/geomembrane interfaces
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/06/22

Client:  WPL Subject:  Unit Gradient - Converging Flow Area Chk'd:  DLN Date:  05/02/22

Purpose:

Approach:

References: 1. Landfilldesign.com - Lateral Drainage System - Single Slope, Unit Gradient Method

2. "GRI-GC8, Determination of the Allowable Flow Rate of a Drainage Geocomposite". Geosynthetics

Research Institute, 2001.

3. "Beyond a factor-of-safety value, i.e., the proabability of failure". GRI Newsletter/Report, Vol. 15, no. 3.

4. "Designing with Geosynthetics". R.M. Koerner, Prentice Hall Publishing Co., Englewood Cliffs, NJ, 1998.

5. "Hydraulic Design of Geosynthetic and Granular Liquid Collection Layers". J. P. Giroud, J. G. Zornberg and 

A. Zhao, Geosynthetics International, Vol. 7, Nos 4-5.

6. "Lateral Drainage Design update - part 2". G. N. Richardson, J. P. Giroud and A. Zhao, Geotechnical 

Fabrics Report, March 2002.

7. Giroud, Zornberg, and Zhao, 2000, "Hydraulic Design of Liquid Collection Layers", Geosynthetics International

8. SCS Engineers, Plan Modification Request/Plan of Operation Update, Dry Ash Disposal Facility, 

COL Energy Center, Final Grades Plan Sheet, April 2022

9. HELP Model "User's Guide" in conjunction with GRI report #19, pages 34-37 (Leachate Collection System)

= θ*į*1 where θ = kcomp * t

(minimum allowable outflow to 

keep head within geocomposite)

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Cover Unit Gradient - Converging Flow\[220406_COL Cover Unit Gradient_Geocomposite.xlsx]Calc 1

To determine the geocomposite drainage requirements in the final cover where flow converges in the north and 
south corners of Modules 10 and 11so the final cover drainage geocomposite can carry infiltrating water and 
remain stable. Also to determine the recommended minimum interface friction angle for final cover stability.

Use the unit gradient method and flow path geometry to determine the geocomposite transmissivity required at 
locations within the converging flow area.
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/06/22

Client:  WPL Subject:  Unit Gradient - Converging Flow Area Chk'd:  DLN Date:  05/02/22

Assumptions: 1. Soil hydraulic gradient i  = 1.0.

2. Top soil will be clay. Soil permeability is 4.2 x 10 -5 cm/sec for a CL clay from HELP model user's guide.

3. Geocomposite hydraulic gradient = sinβ where β=14˚ (4:1 horizontal/vertical final cover slope).

4. Factor of safety and transmissivity reduction factors are from recommended values in 

    GRI report #19 (Leachate collection system example) and HELP model "Users Guide"

5. Flow paths A-E and F-J are as shown on attached drawing.  Assume circular arc with radius measured

    from the corner of the toe drain.

6. Intermediate drainage piping will be used at 3 locations along the slope in each area to divert flow from 

    the drainage layer to the diversion berms and downslope flume.

Calculation: Constants

Lh = =

kveg = = cm/sec

S = = b = 14˚

FSslope = =

δreq'd = = = degrees

FSd = =

RFin = =

RFcr = =

RFcc = =

RFbc = =

w = Geocomposite width at drainage outlet

A = Final cover plan area upslope of geocomposite drainage outlet

Determine the maximum slope length for a given ultimate transmissivity

Min. Өreq = A  X  kveg  /  ( w  X  sinβ )
For the outlet at the corner, use minimum 5 foot width and 2 foot width of geocomposite to connect 

the toe drain to drain the converging flow area:

For converging flow in a circular arc, from radius R-top to radius R-bottom:

L = R-top - R-bottom

w-bot = w-top * (R-bot/R-top)

A = L* ( 1+ (R-bot/R-top))/2 (assuming unit width at top and trapezoid vs arc to simplify)

Өult-bot = (Өult calculated for L) * R-top/R-bot * ( 1+ (R-bot/R-top))/2

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Cover Unit Gradient - Converging Flow\[220406_COL Cover Unit Gradient_Geocomposite.xlsx]Calc 2

420 1.00E-031.81E-041.52

See Below

0.000042

25%

1.5

(meter)

Drainage pipe spacing or length of slope measured horizontally

Permeability of the vegetative supporting soil

The liner's slope, S = tan b

Minimum factor of safety against sliding, for soil/geocomposite or

geocomposite/geomembrane interfaces

A

(sq. feet)

20.6

Overall factor of safety for drainage

Intrusion Reduction Factor

2.0

1.1

Minimum interface friction angle tan-1(FS*tan(b))

The toe drainage areas, Area 1 and Area 4, include only converging flow below the lowest intermediate 
drainage piping, as flow above this area is diverted. There are intermediate drainage pipes in Areas 1 and 4 
which divert flow from the outlet corner to the downslope flume. 

w

Creep Reduction Factor

Chemical Clogging Reduction Factor

Biological Clogging Reduction Factor

5

Area

1

4 70 2 0.61 7.53E-05

Min. Өult Proposed Өult

(m2/sec)

1.00E-03

w

(feet)

1.2

1.1

1.4

(m2/sec)
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/06/22

Client:  WPL Subject:  Unit Gradient - Converging Flow Area Chk'd:  DLN Date:  05/02/22

Calculation:

(Cont.)

Conclusions:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Cover Unit Gradient - Converging Flow\[220406_COL Cover Unit Gradient_Geocomposite.xlsx]Calc 3

C3 419 286 133 40 3.48E-04 1.00E-03

328A3

B3 357 294

1.00E-034.39E-05622306

63 19 1.49E-04 1.00E-03

9.10E-05 1.00E-03

E3 285 270 15 4 2.91E-05 1.00E-03

D3 319 278 41 12

270 122 148 45

5.34E-04 1.00E-03

D2 278 126 152 46 5.21E-04 1.00E-03

C2 286 129 157 47

32 7.47E-04

138 26

1.00E-03

For the southern area proposed design with intermediate slope outlets and a toe-of-slope drainage outlet, 
placement of geocomposite with the required transmissivities to the minimum lengths/areas shown in the table 
above and on the attached drawing will provide adequate drainage for the converging flow.

E1 122 20 102 31 7.77E-04

Area 2

A2 306 138 168 51 5.79E-04 1.00E-03

5.11E-04 1.00E-03

Area 3

E2

132 162 49

A1

Flow

B1

Path

Proposed Өult

(m2/sec)

1.00E-03

Area 1

1.00E-03

132 24 108 32 7.34E-04

(feet) (meters) (m2/sec)

C1 129 23 106

112 34 7.57E-04 1.00E-03

A minimum interface friction angle of 20.6 degrees for the geocomposite, geomembrane, and GCL interfaces is 
required to achieve a minimum recommended final cover slope stability safety factor of 1.5.

For the southern convergence area, flow paths A-E, calculate Өult for selected R-bot values to determine 
appropriate geocomposite products as flow converges down the slope:

R-top R-bot Lh Lh Өult

(feet) (feet)

7.91E-04 1.00E-03D1 126 21 105 32

5.58E-04 1.00E-03B2 294
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Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/06/22

Client:  WPL Subject:  Unit Gradient - Converging Flow Area Chk'd:  DLN Date:  05/02/22

Calculation:

(Cont.)

Conclusions:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\Cover Unit Gradient - Converging Flow\[220406_COL Cover Unit Gradient_Geocomposite.xlsx]Calc 4

For the northern area proposed design with intermediate slope outlets and a toe-of-slope drainage outlet, 
placement of geocomposite with the required transmissivities to the minimum lengths/areas shown in the table 
above and on the attached drawing will provide adequate drainage for the converging flow.

A minimum interface friction angle of 20.6 degrees for the geocomposite, geomembrane, and GCL interfaces is 
required to achieve a minimum recommended final cover slope stability safety factor of 1.5.

1.00E-03

J6 365 227 138 42 3.87E-04 1.00E-03

I6 368 231 137 41 3.75E-04

1.00E-03

H6 395 237 158 48 4.52E-04 1.00E-03

G6 289 245 44 13 1.00E-04

Area 6

F6 268 254 14 4 2.90E-05 1.00E-03

1.00E-03

J5 227 83 144 43 5.67E-04 1.00E-03

I5 231 84 147 44 5.83E-04

1.00E-03

H5 237 86 151 46 6.10E-04 1.00E-03

G5 245 87 158 48 6.47E-04

Area 5

F5 254 91 163 49 6.56E-04 1.00E-03

1.00E-03

J4 83 9 74 22 7.94E-04 1.00E-03

I4 84 9 75 22 8.03E-04

1.00E-03

H4 86 9 77 23 8.57E-04 1.00E-03

G4 87 10 77 23 7.88E-04

Area 4

F4 91 11 80 24 7.86E-04 1.00E-03

Path (feet) (feet) (feet) (meters) (m2/sec)

For the northern convergence area, flow paths F-J, calculate Өult for selected R-bot values to determine 
appropriate geocomposite products as flow converges down the slope:

Flow R-top R-bot Lh Lh Өult Proposed Өult

(m2/sec)
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Sheet No. 1 of 1

Calc. No.

Rev. No.

Job No.  25220183.00 Job:  Columbia Dry Ash Disposal Facility By:  MJT Date:  04/25/22

Client:  WPL Subject:  GCL Internal Shear on Final Cover Chk'd:  DLN Date:  04/26/22

Purpose:

Approach: Use maximum shear stress formula and assumed values.

References:

Calculation: The maximum shear stress acting on the GCL can be calculated as follows:

τact = WT sin β 

β = ˚
WT = γ X h

Where: γ = = pcf

h = = ft

WT = psf

τact = psf

τresist = FS X = X = psf

Assumptions: Slope angle, β = 14˚ (4:1 horizontal / vertical final cover slope)

Soil unit weight, γ = 120 pcf

Conclusion:

I:\25220183.00\Data and Calculations\_Issued for Permitting POO Geotech Calculations\GCL Cover Strength\[220425_COL GCL Internal Shear.xls]Calc 1

72.6

Determine the maximum shear stress acting on a Geosynthetic Clay Liner (GCL) and the GCL internal shear 
strength required to provide a minimum slope stability safety factor (FS) of 1.5 for the final cover.

Design of GCL Barrier for Final Cover Side Slope Applications, Gregory N. Richardson, Ph.D., P.E., Geosynthetics 
'97-541

FS =
τresist

τact
=

14

Soil Unit Weight

109

For a total weight of the final cover system of 300 psf and a slope angle of 4:1, the maximum shear stress 
will be 72.6 psf. A minimum GCL internal shear strength of 109 psf is required to provide a slope stability 
safety factor of 1.5.

Cover Thickness 2.5

120

300

1.5

τact 1.5 72.6
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ID Task Name Duration Start Finish

1 Closure of Columbia Ash Disposal Facility 241 days Fri 1/1/27 Sun 8/29/27

2  Ash Filling Ceases 1 day Fri 1/1/27 Fri 1/1/27

3  Other Regulatory Permits ‐ None 0 days Fri 1/1/27 Fri 1/1/27

4  Notification of Intent to Close 0 days Sun 1/31/27 Sun 1/31/27

5  Construction Activities 180 days Mon 2/1/27 Fri 7/30/27

6  Notification of Closure Completion 0 days Fri 7/30/27 Fri 7/30/27

7  Documentation of Closure 30 days Sat 7/31/27 Sun 8/29/27

8  State Submittal of Documentation Report 0 days Sun 8/29/27 Sun 8/29/27

1/1
1/31

7/30

8/29

Dec Jan Feb Mar Apr May Jun Jul Aug Sep
2027

Task

Split

Milestone

Summary

Project Summary

Inactive Task

Inactive Milestone

Inactive Summary

Manual Task

Duration-only

Manual Summary Rollup

Manual Summary

Start-only

Finish-only

External Tasks

External Milestone

Deadline

Progress

Manual Progress

Closure Plan - Columbia Ash Disposal Facility

Page 1 of 1

Date: Tue 1/31/23
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February 1, 2023

Phillip E. Gearing

PE CERTIFICATION
I, Phillip Gearing, hereby certify that I am a licensed professional 
engineer in the State of Wisconsin in accordance with the 

been prepared in accordance with the Rules of Professional 

knowledge, all information contained in this document is correct 
and the document was prepared in compliance with all applicable 

 

Specifically,

 This Post-Closure Care Plan was prepared by me or under 
my direct supervision and meets the requirements of 
40 CFR 257.104(d) and NR 514.07(10)(d) 

 

(signature) (date) 

(printed or typed name)

License number _____E-45115_____________ 

My license renewal date is ___July 31, 2024_________. 

Pages or sheets covered by this seal:

ALL
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 INTRODUCTION AND PROJECT SUMMARY 
On behalf of Wisconsin Power and Light Company (WPL), SCS Engineers (SCS) has prepared this 
Post-Closure Care Plan for the Columbia (COL) Dry Ash Disposal Facility Phase 1, Modules 1 through 
6 and Phase 2, Modules 10 and 11 as required by 40 Code of Federal Regulations (CFR) 257.104 
and Wisconsin Administrative Code NR 514.07(10)(d), as stated below.  

40 CFR 257.104(d). “Written post-closure plan – (1) Content of the plan. The owner or operator of a 
CCR unit must prepare a written post-closure plan that includes, as a minimum, the information 
specified in paragraphs (d)(1)(i) through (iii) of this section.” 

NR 517.07 (10)(d). “A written long−term care plan that addresses all of the following: 1. A 
description of the monitoring and maintenance activities and the frequency at which those activities 
will be performed. The activities shall include, at a minimum, all of the following:” 

The COL facility includes an active coal combustion residual (CCR) landfill, which currently consists of 
the following modules, located in Phase 1 and Phase 2 of the facility.  

• Phase 1, Module 1 – This module has received final cover over outer sideslope areas 
that will no longer receive additional CCR; intermediate cover has been placed over 
remaining areas. The final cover placed complies with the CCR Rule. 

• Phase 1, Module 2 – This module has received intermediate cover over a majority of the 
in-place CCR. 

• Phase 1, Module 3 – This module has received intermediate cover over a majority of the 
in-place CCR. 

• Phase 1, Module 4 – This module is currently being filled.  

• Phase 1, Module 5 – This module is currently being filled. 

• Phase 1, Module 6 – This module is currently being filled. 

• Phase 2, Module 10 – Construction of the Module 10 liner began in 2022. The new 
module will be used for disposal following approval of the liner Construction 
Documentation Report, which will be submitted for Wisconsin Department of Natural 
Resources (WDNR) review early in 2023. Filling is anticipated to begin in 2023. 

• Phase 2, Module 11 – Construction of the Module 11 liner began in 2022. The new 
module will be used for disposal following approval of the liner Construction 
Documentation Report, which will be submitted for WDNR review early in 2023. Filling is 
anticipated to begin in 2023. 

Phase 1, Modules 1-3 were previously described as separate existing CCR landfills although they are 
contiguous and are managed as a single landfill by the facility and by the WDNR. WPL has clarified in 
the operating record for the Columbia facility that Modules 1-3 are one existing CCR landfill as 
defined in 40 CFR 257.53 of the federal CCR Rule. Phase 1, Modules 4-6 are considered to be a new 
CCR landfill that initiated construction after October 19, 2015, and is therefore managed as a 
separate CCR unit under the CCR Rule even though they are contiguous to the existing CCR landfill 

http://www.scsengineers.com/
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(Modules 1-3). In addition, the new CCR landfill will include Phase 2, Modules 10 and 11, once the 
liner construction documentation is approved by the WDNR in 2023. Construction of additional 
modules is not currently planned prior to retirement of the Columbia Energy Center, which is 
currently scheduled to occur no later than June 1, 2026. 

The site location is shown on Figure 1. Figure 2 shows proposed final cover grades and monitoring 
locations. 

Phase 1, Module 1 has been partially closed with a final cover as described in the Closure Plan for 
the existing CCR landfill. The remaining open areas of this module will be closed when CCR materials 
reach final waste grades, as described in the Plan of Operations approved by the WDNR. The future 
final cover system is planned to differ from the existing final cover system, as explained in the 
Closure Plan. Following the closure of the CCR units at COL, WPL will conduct post-closure care in 
accordance with 40 CFR 257.104(b) for the required 30 years and with NR 514.07(10)(d) for the 
required 40 years per NR 506.084(2).  

 MONITORING AND MAINTENANCE ACTIVITIES 
40 CFR 257.104(d)(1)(i). “A description of the monitoring and maintenance activities required in 
paragraph (b) of this section for the CCR unit, and the frequency at which these activities will be 
performed.” 

NR 514.07(10)(d)(1). “A description of the monitoring and maintenance activities and the frequency 
at which those activities will be performed.” 

Monitoring and Maintenance Activities Frequency 
Mowing Semi-Annually 

Inspections by Owner/Operator Quarterly 
Repair to Final Cover for Erosion Concerns As needed, determined by inspection 

Sedimentation Basin Cleaning As needed, determined by inspection 
Leachate Collection Line Cleaning Annually 

Environmental Monitoring (groundwater, leachate) Semi-Annually 

The owner/operator will perform quarterly inspections of the landfill surface, leachate control 
system, and groundwater monitoring systems. If issues are noticed during the inspection, action will 
be taken to remedy the situation. Eroded areas will be repaired and reseeded. Repairs or 
replacement will be performed on the groundwater monitoring system as needed. 

 FINAL COVER MAINTENANCE 
Mowing will be performed semi-annually during the growing season unless additional mowing is 
required in response to the vegetation growth rate. During quarterly inspections, if eroded areas are 
noted, WPL will repair and reseed the area.  

http://www.scsengineers.com/
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 LEACHATE COLLECTION AND REMOVAL SYSTEM 
MAINTENANCE 

The leachate collection and removal system for the existing CCR landfill and existing / future units 
will be maintained to meet state requirements including leachate collection line cleaning, leachate 
collection video inspection, and any needed repairs to the existing system. 

Phase 1, Module 4 was constructed and opened in 2018. Module 4 is a new CCR landfill as defined 
in 40 CFR 257.53. Phase 1, Modules 5 and 6 were constructed in 2021. Phase 2, Modules 10 and 
11 began construction in 2022. These modules are defined as lateral expansions of the new CCR 
landfill. Phase 1, Modules 4, 5, and 6 and Phase 2, Modules 10 and 11 are in compliance with the 
requirements of 40 CFR 257.70, as demonstrated in the Liner and Leachate Collection System 
Design Compliance Demonstrations. Phase 1, Modules 4, 5, and 6 and Phase 2, Modules 10 and 11 
are in compliance with the requirements of NR 504.12, as demonstrated in the Plan of Operation 
Modification Request WDNR CCR Code Update Report.  

 GROUNDWATER MONITORING AND SYSTEM MAINTENANCE 
All CCR Wells, as defined by NR 500.03(26y) and approved by the Department, will be maintained 
and sampled semi-annually for the parameters listed in Appendix III to Part 257 and listed in 
Appendix I, Table 1A to NR 507, and in accordance with 40 CFR 257.90-98 and NR 507.15 (3).  

Non-CCR monitoring wells at the site will be maintained and sampled as approved by the 
Department in writing. 

 POST-CLOSURE PERIOD CONTACTS 
40 CFR 257.104(d)(1)(ii). “The name, address, telephone number, and email address of the person 
or office to contact about the facility during the post-closure period.” 

NR 514.07(10)(d)(2). “The name, address, telephone number, and email address of the person or 
office to contact about the facility during long−term care.” 

Currently, the contact information for COL during the post-closure/long-term care period is as follows: 

Columbia Energy Center 
Attn:  Plant Manager 
W8375 Murray Road 
Pardeeville, WI  53954 
(608) 742-0711 
CCRProgram@alliantenergy.com 

 POST-CLOSURE PERIOD SITE USE 
40 CFR 257.104(d)(1)(iii). “A description of the planned uses of the property during the post-closure 
period. Post-closure use of the property shall not disturb the integrity of the final cover, liner(s), or 
any other component of the containment system or the function of the monitoring systems unless 
necessary to comply with the requirements of the subpart…” 

NR 514.07(10)(d)(3). “A description of the planned uses of the property during long−term care. 
Post−closure uses may not disturb the integrity of the final cover, liner, or any other component of 

http://www.scsengineers.com/
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the landfill, or the function of the monitoring systems unless approved in writing by the 
department….” 

The final use of the COL Dry Ash Disposal Facility will be privately owned green space. With this use, 
there will be no disturbance of the final cover or any other landfill-related components. 

 CERTIFICATIONS 
40 CFR 257.104(d)(4). “The owner or operator of the CCR unit must obtain a written certification 
from a qualified professional engineer that the initial and any amendment of the written post-closure 
plan meets the requirements of this section.” 

NR 500.05. “Unless otherwise specified, all submittals for review and approval of any initial site 
report, feasibility report, plan of operation site investigation report, remedial action options report, 
construction documentation report, or closure plan, or any modifications to those plans, shall 
include all of the following: 

(4)  CERTIFICATION. (a) The reports and plan sheets shall be under the seal of a licensed 
professional engineer.” 

Phillip Gearing, PE, a licensed profession engineer in the State of Wisconsin, has overseen the 
preparation of this Post-Closure Care Plan. A certification statement is provided on page iii of this 
plan. 

 RECORDKEEPING AND REPORTING 
40 CFR 257.104(b)(2)(iii). “The owner or operator has completed the written post-closure plan when 
the plan including the certification required by paragraph (d)(4) of this section, has been placed in 
the facility’s operating record as required by Section 257.105(i)(4).” 

NR 506.17(2)(e). “The written operating record shall contain the plan of operation, plan 
modifications, construction documentation, department approvals, annual reports, inspection 
records, monitoring and corrective action records, notifications to the department, and records of 
public comments received during any public comment period.” 

The Post-Closure Care Plan 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.  

WPL will amend the Post-Closure Care Plan if there is a change in operation of the CCR unit that 
affects the written Post-Closure Care Plan or, if after post-closure activities have started, unexpected 
events cause a revision of the plan. 

WPL will provide notification of completion of the post-closure care no later than 60 days following 
the completion of the post-closure care period. The notification will include certification by a qualified 
professional engineer verifying that post-closure care has been completed in accordance with the 
plan. The notification will be placed in the facility’s operating record and on the website. 

http://www.scsengineers.com/
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1 Site Location Map 
2 Post-Closure Care Plan 
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