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Asmerom T. Russom, P.E. 
MC-124 
Waste Permits Division 
Texas Commission on Environmental Quality 
P.O. Box 13087 
Austin, TX  78711-3087 

Re: Response to 2nd Technical Notice of Deficiency Letter – Major Permit Amendment 
Application 
Fort Worth C&D Landfill 
Fort Worth, Tarrant County, Texas 
MSW Permit No. 1983E 
Tracking No. 28325020 

Dear Mr. Russom: 

On behalf of Texas Regional Landfill Company, LP, please find enclosed one original and 
two copies of the replacement pages for the referenced permit amendment application.  
The attached replacement pages were developed to incorporate comments included in 
your letter dated July 7, 2023. 

The enclosed table contains each comment identified by the TCEQ and a response to each 
below the comment. 

During the course of your review, if you need additional information or have any questions, 
please call. 

Sincerely, 

 
Nevzat Turan, P.E. 
Principal 

Attachment: Attachment 1: NOD2 Table 
 Attachment 2: Replacement Pages (Redline/Strikeout) 
 Attachment 3: Replacement Pages (Clean) 

cc: Gary Bartels, Texas Regional Landfill Company, LP 
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NOD1 Table ‐ Permit Type IV (Permit 1983E) 

NOD	
ID	

MRI		
ID	

App.		
Part	 Citation	 2nd	NOD		

Type	 NOD	Description	

NT1 208 Part II 330.561 Ambiguous 

Part I/IIC-19, Section 11, Coastal Areas indicates that Class 1 Industrial Solid Waste will be accepted 
at the land ill.  Revise according to the land ill’s waste acceptance plan. 

Response:  Parts I/IIC-19, Section 11 has been updated to be consistent with the landfill’s waste 
acceptance plan.  Class 1 waste will not be accepted at the site. 

NT2 311 Part III 330.63(c)(1)(D)(ii) Omitted 

Appendix IIIF-E, identify the location of Attachments 2 of Part III.  “Attachments 2A through 2G can 
be found in Volume 3 of the 2015 Geosynthetic Permit Amendment application” is not sufficient.  
Revise Attachment 2 Drainage Report Table of Contents as necessary to reflect the current 
application. 

Response:  Attachments 2A through 2G have been added to Appendix IIIF-E.  These attachments 
were used as reference and are not a part of this drainage analysis. 

T3 335 Part III 330.63(c)(2)(D)(ii) Incomplete 

A. If levee construction to protect loodplains in the proposed land ill development is not appliable, 
discuss if infrastructure development is required to divert the loodway and loodplain from the 
proposed land ill development.  Discuss any possible hydraulic communication between municipal 
solid waste in the proposed development and the loodway. 

Response:  The development of the proposed perimeter berm will provide 3 feet of freeboard to 
the limit of waste as required by TCEQ.  Also, the development of the proposed detention pond on 
the western side of the berm will create additional loodplain storage diverting the loodplain and 
loodway from the proposed land ill development. 

To prevent hydraulic communication between municipal solid waste and the loodway, a sidewall 
liner system (see L9 on Drawing A.4 in Appendix IIIA-A – Liner and Final Cover System Details) will 
be installed in the interior portion of the perimeter berm. 

B. The letter from FEMA dated September 22, 2023, indicates a comment document and not an 
approval document as indicated in the NOD1 response.  Provide FEMA approval or any approvals 
and correspondence with an agency responsible for approving loodplain modi ication.	
Response:  FEMA does not issue approvals of CLOMRs.  A CLOMR submittal results in the issuance 
of a comment letter indicating that if the project is constructed as proposed, it meets the minimum 
loodplain management criteria.  A LOMR will be submitted to FEMA for approval once the 

proposed project (berm and loodplain storage area) has been constructed. 

The approval from Tarrant County and the City of Fort Worth loodplain administrator is indicated 
by their signature on the MT-2 Form 1, which has been added to Appendix IIIF-G – Excerpts from 
Approved CLOMR.  As indicated in their certi ication, the CLOMR meets or is designed to meet all 
of the community loodplain management requirements, including the requirements for when ill 
is placed in the regulatory loodway, and that all necessary federal, state, and local permits have 
been obtained. 
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NOD	
ID 

MRI		
ID 

App.		
Part Citation 

2nd	NOD		
Type 

NOD	Description 

T4 491 Part III 330.63(e)(4)(D) Incomplete 

Submit plugging reports for MW-1, MW-9, and all other abandoned monitoring wells. 

Your response indicated that MW-3 is the only abandoned well.  You must ascertain that this well 
was plugged in accordance with 16 TAC §76.702: submit the plugging report for MW-3 or provide 
its coordinates and the results of a certified assessment that the well was duly plugged before 
abandonment. 

Response:  The State of Texas Plugging Report for the former monitoring well MW-3 was located in
Texas Water Development Board records that shows MW-3 was plugged and abandoned in 2003. A
copy of the plugging report for MW-3 is provided in Appendix IIIH-A on page IIIH-A-23. Text has also
been added to Section 2.2 in Appendix IIIH to reference the plugging report. 

T5 495 Part III 330.63(e)(4)(H) Incomplete 

Discuss the distinguishing characteristics and the criteria used to differentiate the Quaternary 
alluvium from the Woodbine (in most cases, the submitted logs do not appear to show a defined 
lithologic boundary between the two). 

Response:	 	As discussed on August 2, 2023, a stratigraphic interpretation narrative has been 
added as Section 3.1.7 in  Appendix IIIG.  

Figure IIIG-C-33 (Surface Geology Map) and Figure IIIG-C-34 (Woodbine Formation Thickness 
Isopach Map) have also been added to Appendix IIIG-C which are referenced in the newly added 
Section 3.1.7 in Appendix IIIG. 

T6 495 Part III 330.63(e)(4)(H) Incomplete 

Provide an isopach map of the Woodbine formation as interpreted from the site investigation. 

Response:		As requested, Figure IIIG-C-34 (Woodbine Formation Thickness Isopach Map) has 
been added to Appendix IIIG-C. 

T7 504 Part III 330.63(e)(5)(C) Omitted 

Submit, if in table format, groundwater levels in all borings, sitewide: the information will consist 
of depths where water was first encountered as well as records of after equilibrium 
measurements. 

Submitted Tables 4-1&2 show historic groundwater elevations in piezometers and monitoring 
wells.  Provide groundwater level in all borings in table format. 

Response:  Per our discussion on August 2, 2023, the requested tabulated historical water level 
data was provided in the response to the first NOD (NOD ID T27) in June 2023.  The water level 
data provided in Table 4-1 and Table 4-2, and the water level data provided as excepts on pages 
IIIG-D-39 through IIIG-D-42 in Appendix IIIG-D, collectively  comprise the historical sitewide 
groundwater level data for the facility. 
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NOD	
ID 

MRI		
ID 

App.		
Part Citation 

2nd	NOD		
Type 

NOD	Description 

T8 507 Part III 330.63(e)(5)(F) Inaccurate 

The cross-sections in Figures IIIG-C-2 through C-9 do not match or reflect groundwater levels 
shown on Pages IIIG-D-36 through D-38. 

Explain the differences and revise the drawings to adjust for the noted differences. 

Response:  Per our discussion on August 2, 2023, The groundwater levels presented on figures 
IIIG-D-36 through IIIG-D-38 are from groundwater gauging conducted at existing groundwater 
monitoring wells in June 2020, June 2021, and June 2022.  

Note #4 on cross section drawing Figures IIIG-C-2 through IIIG-C-13 indicates that the 
groundwater levels were obtained from the facility's Subtitle D groundwater database and 
previous subsurface investigation data summary tables.  These data are provided in Table 4-1 and 
4-2 in Appendix IIIG and Pages IIIG-D-39 through IIIG-D-42 in Appendix IIIG-D.  Review of the 
groundwater levels shown on Figures IIIG-C-2 through IIIG-C-9 indicate that the data reflect the 
groundwater levels listed  Appendix IIIG Table 4-1, Appendix IIIG Table 4-2, and/or the data 
provided in table format on pages IIIG-D-39 through IIIG-42. 

T9 650 Part III 330.421(d) Omitted 

Submit surveyed locations and elevations, sealed by a Texas-registered professional land surveyor 
(RPLS), for all existing monitoring wells. 

Acknowledge that new wells will be surveyed by a RPLS before groundwater monitoring begins. 

Table 3-1 and the submitted lithologic log do not address the request for surveyed well locations.  
Submit RPLS surveyed locations for all existing monitoring wells. 

Response:  Per our discussion on August 2, 2023, the asbuilt condition of all existing monitoring 
wells was surveyed in May 2023 by WCG.  The 2023 RPLS Signed/Sealed Groundwater Monitoring 
Well Asbuilt Survey Report was provided in the First NOD response and is located in Appendix 
IIIH-A on page IIIH-A-22. 
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Appendix I/IIC 

I/IIC-19 

11 COASTAL AREAS 

The coastal areas location restriction within Title 30 TAC §330.561 requires that a 
new landfill cell or expansion of an existing cell of a landfill managing Class 1 
Industrial Solid Waste not be located on a barrier island or peninsula, or within 
1,000 feet of an active coastal shoreline erosion. 

The Fort Worth C&D Landfill does not accept Class 1 Industrial Solid Waste but is 
not located near the coast and is not located in a coastal area.  Therefore, the site is 
in compliance with the coastal areas location restriction. 
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2 METHODOLOGY

2.1 HEC-HMS Computer Model

Surface water discharges for the pre-development and post-development conditions are 
estimated using the Hydrologic Modeling System (HEC-HMS) version 4.3 computer 
program developed through the Hydraulic Engineering Center (HEC) of the United States 
Army Corps of Engineers (USACE).  The program simulates natural and controlled 
precipitation-runoff and routing processes of a watershed.  HEC-HMS is the successor to 
and replacement for the HEC-1 program (USACE, 2000).  For precipitation-runoff-routing 
simulation, HEC-HMS provides the following components:

Precipitation-specification options can describe an historical precipitation event, a 
frequency-based hypothetical precipitation event (i.e., design rainfall or storm 
event), or an event that represents the upper limit of precipitation possible at a 
given location.  For this analysis, the 25-year (4% annual chance), 24-hour duration 
hypothetical precipitation event (herein referred to as the 25-year, 24-hour event)
was used to compare pre-development and post-development conditions.  
Additionally, the analysis is repeated for the 100-year (1% annual chance), 24-hour 
duration hypothetical precipitation event (herein referred to as the 100-year, 24-
hour event) to obtain the design information needed for surface water pond sizing 
and discharge structure sizing to route the runoff without overtopping the pond 
crest for that hypothetical 100-year event.

Water loss models can estimate the volume of runoff given the precipitation and 
properties of the watershed.  For this analysis, the Soil Conservation Service (SCS) 
Curve Number Loss Model was used (USDA, 1986).

Direct runoff transform models can account for overland flow, storage, and energy 
losses as surface water runs off a watershed and into the drainage channels.  For 
this analysis, the SCS Unit Hydrograph Model was selected.

Hydraulic routing models account for storage and energy flux as surface water 
flows through drainage channels.  The Kinematic Wave Model was selected for 
these analyses.
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Hydraulic models of water-control measures such as surface water pond outfall 
structures (i.e., outlet control structures).

HEC-HMS was used to model the pre-development conditions and the post-development 
conditions.  More specifically, HEC-HMS modeling calculates surface water runoff 
volumes, peak flow rates, and flow characteristics for the perimeter channels and the 
surface water ponds.

2.2 Pre-Development Condition

Drawing 2-2 in Attachment 2A of the Facility Surface Water Drainage Report (Drainage 
Report) presents the final configuration of the currently permitted landfill and surface 
water management system design including the natural conditions for the off-site areas 
adjacent to the landfill. Existing topographic information was compiled from 
photogrammetric methods based on aerial photography performed on 06 March 2019 by 
Dallas Aerial Surveys, Inc. The topographic information for the general site vicinity was 
used to model the natural conditions adjacent to the currently permitted landfill boundary.
The pre-development drainage area of 207.14 acres includes the currently permitted 
surface water management system within the facility permit boundary area, as well as off-
site areas. The consideration of off-site areas for the pre-development condition allows for 
direct comparison between the pre-development and post-development analysis since the 
total drainage areas are equivalent.  The currently permitted surface water management 
system design utilizes drainage terraces, downchute channels, perimeter drainage channels,
and storm water (detention) ponds to control surface water runoff from the site.

The currently permitted surface water management system maintains similar drainage 
patterns to the natural (or undeveloped) conditions. The currently permitted surface water 
management system discharges surface water at two locations (outfalls). The overall site 
outfall is located at the storm water pond outlet pipe in the northern portion of the site and
discharges to Village Creek, which flows along the west boundary of the site. The 
midpoint site outfall is located where the permit boundary deviates from Village Creek
near the midpoint along the western permit boundary. Both outfall locations are used for 
evaluation of the pre-development conditions.  The entire drainage area of 207.14 acres
drains to the overall site outfall, whereas 95.7 acres drain to the midpoint site outfall for 
pre-development conditions.
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2.3 Post-Development Condition

Drawing 2-1 in Attachment 2A shows the final configuration of the lateral expansion and 
the proposed surface water management system design.  Like the currently permitted 
facility, the proposed surface water management system will utilize drainage terraces, 
downchute channels, and perimeter drainage channels to control surface water runoff from 
the site.  The drainage areas flowing to each of the drainage features are delineated on 
Drawing 2-3 in Attachment 2A.

The proposed surface water management system will maintain similar drainage patterns to 
the pre-development condition. The proposed surface water management system will 
discharge at the currently permitted outfalls described in the pre-development condition 
section above. The overall site outfall is located at the surface water pond outlet area in the 
northern portion of the site and discharges to Village Creek, which flows along the west
boundary of the site. The midpoint site outfall is located where the permit boundary 
deviates from Village Creek near the midpoint along the western permit boundary.  The 
midpoint site outfall and the overall site outfall locations used for evaluation of the post-
development conditions coincide with the 207.14-acre drainage area for pre-development 
conditions. The entire drainage area of 207.14 acres drains to the overall site outfall, 
whereas 83.5 acres drain to the midpoint site outfall for post-development conditions. The 
proposed grading of the final cover system results in a slightly smaller area draining to the 
midpoint site outfall, but is the same where runoff leaves the overall site at the north end 
(i.e., 207.14 acres). As mentioned, the post-development drainage area includes the entire 
proposed facility permit boundary area.

3 DESIGN PARAMETERS

The following data and assumptions were utilized in selecting engineering parameters to
estimate surface water runoff.

3.1 Rainfall

Rainfall Return Periods, Durations, and Depths – The Texas Department of 
Transportation (TxDOT) Hydraulic Design Manual (2019) provides guidance for 
rainfall frequency and duration depths. The site is located in the Village Creek 
watershed, and outflow from the site drains into Village Creek. The rainfall depths 
corresponding to 24-hour duration hypothetical precipitation event and 25-year and 
100-year frequency return periods for the site are 7.17 inches and 9.27 inches,
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respectively, using the latest available “Atlas 14” data (NOAA, 2018). The design 
rainfall hyetograph is defined using a SCS Type II rainfall distribution, which is
selected based on Figure 2B-1 (USDA, 1986). The design rainfall depths in the 
hydrologic model were consistent with TxDOT (2019) methods and procedures; 
however, the design rainfall hyetograph was defined with a SCS Type II 
distribution in order to be consistent with the method utilized in the previous permit 
application. This rainfall intensity method for determining rainfall distribution was 
retained in the hydrologic model for this application for a more conservative 
approach, as it resulted in higher peak intensity values than the latest TxDOT 
(2019) Hydraulic Design Manual.

3.2 Drainage Areas and Reaches

Drainage Areas – The contributing watershed areas for each basin (drainage area)
or reach (perimeter channel) in the pre-development and post-development models 
are divided into multiple subbasins (subareas). Subbasins are modeled based on the 
receiving surface water drainage feature, and are delineated for the following areas: 
top deck surfaces draining to the top deck drainage terraces and the drainage 
downchutes; sideslope surfaces draining to the sideslope drainage terraces and the 
drainage downchutes and perimeter channel; off-site run-on areas; and surface
water pond areas. The SCS Curve Number Loss Model was used to estimate the 
volume of runoff from a given subbasin.  The SCS Unit Hydrograph Model was
used to estimate the direct runoff flow rates from each subbasin. Each subbasin is 
assigned a curve number representing the type of ground cover for a given soil for 
the area.  The subbasin area, curve number, and SCS Unit Hydrograph lag time
input parameters are included in the HEC-HMS output in Appendix 2B-1.

Hydrologic Soil Groups (HSGs) – Figure 2B-2 shows the approximate footprint of 
the landfill superimposed on a soil map from the Web Soil Survey tool operated by 
the USDA Natural Resources Conservation Service (USDA, 2019) for Tarrant
County.  The predominate soil types at the site include a combination of Frio silty 
clay, Gasil fine sandy loam, and Gasil sandy clay loam formations. The on-site soil 
types have a range of HSG designations as shown in Table 2B-1. To be
conservative, the HSG within the landfill permit area is assumed to be a type D
soil, which generally provides the highest calculated runoff volumes. Off-site 
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natural areas are assumed to have an HSG of type C, corresponding to the Frio silty 
clay soil found adjacent to the expansion area.

Curve Number (CN) – Curve numbers are obtained from the TR-55 (USDA, 1986)
and are based on the predominant HSG of the drainage area. The curve number for 
the proposed final cover of the landfill was selected as 85 based on TCEQ’s 
guidelines as described in Regulatory Guidance 417 (TCEQ, 2018). Table 2B-2
summarizes the CNs chosen for all off-site areas within the analyses detailed in this
calculation package. Off-site natural conditions (HSG type C) are assumed to be 
meadow cover conditions (CN = 71). Off-site areas currently developed with 
buildings and driveways are assumed to represent farmstead conditions (CN = 82).

Manning’s Roughness Coefficients – Values of Manning’s roughness coefficients
used in the reach routing calculations were obtained from the TxDOT Hydraulic 
Design Manual (2019). Table 2B-3 summarizes the Manning’s coefficients used in 
this calculation package.  It should be noted that for design purposes, the culverts 
assume a Manning’s coefficient for a reinforced concrete pipe (RCP).  Any culvert 
material type may be used provided that the Manning’s coefficient is equal to or 
less than that for RCP.

Perimeter Channel Reaches – Reaches in the HEC-HMS program represent 
perimeter channels that route surface water from upstream subbasins to 
downstream subbasins through a junction.  Reaches also may route surface water 
from upstream reaches.  The Kinematic Wave Model is used to model the surface 
water flow in each of the reaches in the HEC-HMS program.  The Kinematic Wave 
Model accounts for storage and energy flux as surface water moves through stream 
channels.  Average geometric characteristics of the stream channel measured from 
the existing and proposed topography are input into HEC-HMS.

3.3 Surface Water Ponds

The pre-development analysis incorporated the currently permitted surface water ponds, 
the North Surface Water Pond and the South Surface Water Pond. The surface water ponds 
temporarily retain surface water runoff and reduce discharge flow rates from the upstream 
areas.  The post-development analysis incorporates only the North Surface Water Pond 
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which is comprised of a series of four connected sub-ponds. The existing North Surface 
Water Pond will be modified and portions of the drainage area to the south are diverted to 
the North Surface Water Pond to maintain post-development discharge flow rates at or 
below pre-development discharge flow rates for a 24-hour duration hypothetical 
precipitation event occurring at a 25-year frequency. Surface water ponds are accounted 
for in the HEC-HMS program as “reservoir” nodes.  The elevation-area relationship is 
input for each surface water pond to describe the volume of storage provided by the 
surface water pond, which is computed based on the proposed surface water pond 
geometry. Specifically, the surface area at various elevations throughout the ponds was 
used to compute the elevation-area relationship.  Design characteristics of the outflow 
structures include pond outflow pipe diameter and emergency spillway depth and breadth.  
Input and output files for the surface water ponds design are provided in Appendix 2B-1.
The North Surface Water Pond discharges to a drainage channel and ultimately to Village 
Creek at the overall site outfall for both pre-development and post-development 
conditions.  The South Surface Water Pond (only present under pre-development 
conditions) discharges to a drainage channel and ultimately to Village Channel at the 
midpoint outfall.

3.4 Nodal Network Diagrams

Nodal network diagrams used in HEC-HMS for the pre-development and post-
development analyses are provided and correspond to the output files included in 
Appendix 2B-1.

Pre-Development Nodal Network – Figure 2B-3 of this calculation package 
presents the nodal network drawing for the pre-development conditions.  The pre-
development nodal network diagram shows the subbasins, permitted storm water
ponds, and discharge locations.  The nodal network diagram represents the existing 
permitted surface water management system and discharge point shown on 
Drawing 2-2 in Attachment 2A

Post-Development Nodal Network – Figure 2B-4 of this calculation package 
presents the nodal network drawing for the post-development conditions.  The post-
development nodal network diagram shows the subbasins, reaches, surface water
ponds, and discharge locations.  The nodal network diagram represents the 
proposed surface water management system and discharge point shown on 
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Drawing 2-3 in Attachment 2A.

4 RESULTS

Modeling results from calculations presented in this calculation package indicate that post-
development peak discharges from the facility are less than the pre-development peak 
discharge rates at both the overall site outfall and midpoint discharge locations for the 25-
year, 24-hour precipitation event.  Thus, the lateral expansion is not anticipated to
adversely affect or significantly alter the drainage patterns in the vicinity of the site. Table 
2B-4 summarizes analysis results for the pre- and post-development peak discharges and 
total discharge runoff volumes from the site.  The calculation results described in Table 
2B-4 are provided in Appendix 2B-1.
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TABLES

Table 2B-1. Hydrologic Soil Groups for On-Site Soils (from USDA, 2019)

Table 2B-2.  Summary of Curve Numbers used in Analysis (from USDA, 1986)

Table 2B-3.  Manning’s n Values (from TxDOT, 2019)

Table 2B-4.  Summary of Peak Discharge and Total Discharge Volumes at Site 
Outfalls
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Table 2B-1. Hydrologic Soil Groups for On-Site Soils

(from USDA, 2019)
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Table 2B-2. Summary of Curve Numbers used in Analysis1

(from USDA, 1986)

Note that the curve number for the proposed final cover of the landfill was selected as 85 based on TCEQ’s 
guidelines as described in Regulatory Guidance 417 (TCEQ, 2018).  This is a conservative assumption since 
the information in this table would support the selection of a smaller CN for the expected soil types and cover 
types/conditions of the landfill final cover.
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Table 2B-3. Manning’s n Values

(from TxDOT, 2019)
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Table 2B-4. Summary of Peak Discharge and Total Discharge Volumes at Site 

Outfalls

Location Item
Pre-

Development
Post-

Development
(25-year) (25-year)

Midpoint 
Site Outfall

Peak Discharge
(cfs)

515.4 515.4

Total Runoff Volume 
(ac-ft)

36.3 33.6

Overall Site 
Outfall

Peak Discharge
(cfs)

802.6 797.1

Total Runoff Volume 
(ac-ft)

78.7 82.0
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FIGURES

Figure 2B-1.  SCS Rainfall Distributions (from USDA, 1986)

Figure 2B-2.  Soil Survey Map

Figure 2B-3. Pre-Development HEC-HMS Nodal Network

Figure 2B-4.  Post-Development HEC-HMS Nodal Network
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Figure 2B-1.  SCS Rainfall Distributions (from USDA, 1986)

Project Site
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Figure 2B-2.  Soil Survey Map
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Figure 2B-3. Pre-Development HEC-HMS Nodal Network
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Figure 2B-4.  Post-Development HEC-HMS Nodal Network
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APPENDIX 2B-1

HEC-HMS HYDROLOGIC MODEL PARAMETERS
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Table 2B-1-1.  Pre-Development Permitted North Surface Water Pond Elevation-
Area Relationship
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Table 2B-1-2.  Pre-Development South Surface Water Pond Elevation-Area 
Relationship
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Table 2B-1-3.  Pre-Development 25-year, 24-hour Precipitation Event Nodal Areas, 
Peak Flow Rates, and Runoff Volumes
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Table 2B-1-3 (continued).  Pre-Development 25-year, 24-hour Precipitation Event
Nodal Areas, Peak Flow Rates, and Runoff Volumes
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Figure 2B-1-1. Pre-Development 25-year, 24-hour Precipitation Event Permitted 
North Surface Water Pond Hydrograph and Elevation/Storage Relationships

0              1    2 3

Number of Days from Start of Simulation
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Figure 2B-1-2. Pre-Development 25-year, 24-hour Precipitation Event Permitted 
South Surface Water Pond Hydrograph and Elevation/Storage Relationships

0              1    2 3

Number of Days from Start of Simulation
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Figure 2B-1-3.  Pre-Development 25-year, 24-hour Precipitation Event Runoff Hydrograph at Midpoint Site Outfall

0  1     2   3

Number of Days from Start of Simulation
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Figure 2B-1-4.  Pre-Development 25-year, 24-hour Precipitation Event Runoff Hydrograph at Overall Site Outfall

0      1  2      3
Number of Days from Start of Simulation
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Table 2B-1-4a. Post-Development North Surface Water Pond Series 1 Elevation-
Area Relationship
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Table 2B-1-4b. Post-Development North Surface Water Pond Series 2 Elevation-
Area Relationship
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Table 2B-1-4c. Post-Development North Surface Water Pond Series 3 Elevation-Area 
Relationship
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Table 2B-1-4d.  Post-Development North Surface Water Pond Series 4 Elevation-
Area Relationship
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Table 2B-1-5.  Post-Development 25-year, 24-hour Precipitation Event Nodal Areas, 
Peak Flow Rates, and Runoff Volumes
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Table 2B-1-5 (continued).  Post-Development 25-year, 24-hour Precipitation Event
Nodal Areas, Peak Flow Rates, and Runoff Volumes
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Figure 2B-1-5a. Post-Development 24-year, 24-hour Precipitation Event North 
Surface Water Pond Series 1 Hydrograph and Elevation/Storage Relationships
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Figure 2B-1-5b. Post-Development 24-year, 24-hour Precipitation Event North 
Surface Water Pond Series 2 Hydrograph and Elevation/Storage Relationships
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Figure 2B-1-5c. Post-Development 24-year, 24-hour Precipitation Event North 
Surface Water Pond Series 3 Hydrograph and Elevation/Storage Relationships

0      1      2       3
Number of Days from Start of Simulation
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Figure 2B-1-5d. Post-Development 24-year, 24-hour Precipitation Event North 
Surface Water Pond Series 4 Hydrograph and Elevation/Storage Relationships

0      1      2      3
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Figure 2B-1-6.  Post-Development 25-year, 24-hour Precipitation Event Runoff 
Hydrograph at Midpoint Site Outfall

0         1         2  3
Number of Days from Start of Simulation
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Figure 2B-1-7.  Post-Development 25-year, 24-hour Precipitation Event Runoff 
Hydrograph at Overall Site Outfall

0     1  2     3

Number of Days from Start of Simulation
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HEC-HMS PRE-DEVELOPMENT HYDROLOGIC 
MODEL INPUT PARAMETERS

IIIF-E-158



Page 41 of 76
01/08/2020

GW6953/Attachment 2B - Hydrology_Permit 1983D CL

Pre-Development HEC-HMS Basin Input Parameters for Kinematic Wave Model
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Basin: PreDev-2019
 Last Modified Date: 9 September 2019
 Last Modified Time: 18:31:47
 Version: 4.3
 Filepath Separator: \
 Unit System: English
 Missing Flow To Zero: No
 Enable Flow Ratio: No
 Compute Local Flow At Junctions: No

 Enable Sediment Routing: No

     Enable Quality Routing: No
End:

Subbasin: B-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1662.3588258448644
 Canvas Y: -471.9875563540154
 Area: 0.00353
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: B-5
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 244.1077441077441
 Canvas Y: -791.2457912457912
 Area: 0.00353
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: B-1
 Last Modified Date: 9 September 2019

 Last Modified Time: 22:20:27
 Canvas X: 294.61279461279446
 Canvas Y: 286.1952861952859
 Area: 0.00345
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 6.15
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: B-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 176.76767676767668
 Canvas Y: -286.1952861952859
 Label X: -2.0
 Label Y: -1.0
 Area: 0.00291
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: B-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1473.0639730639732
 Canvas Y: -168.35016835016813
 Area: 0.00105
 Downstream: Downchute B

 Canopy: None
Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85
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 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute B
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: 715.4882154882152
 Canvas Y: -1313.1313131313127
From Canvas X: 834.0466727105622
From Canvas Y: -408.14049818109606
 Downstream: J_B

Route: Kinematic Wave
Channel: Kinematic Wave

 Length: 380
Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: F-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -900.6734006734005
 Canvas Y: -959.5959595959594
 Area: 0.00836
 Downstream: J_B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: F-1
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1944.4444444444443
 Canvas Y: -1262.6262626262624
 Area: 0.00173
 Downstream: J_B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_B
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: 715.4882154882152
 Canvas Y: -1313.1313131313127
 Downstream: Channel A.1

End:

Subbasin: AO-1
 Last Modified Date: 26 December 2019
 Last Modified Time: 17:19:37
 Canvas X: 996.2663676564744
 Canvas Y: -2531.711135770982
 Area: 0.01045
 Downstream: Channel A.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.71
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-2
 Last Modified Date: 26 December 2019
 Last Modified Time: 17:19:36
 Canvas X: 1731.322500553625
 Canvas Y: -2439.829119158838
 Area: 0.00483
 Downstream: Channel A.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
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 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-12
 Last Modified Date: 26 December 2019
 Last Modified Time: 17:19:43
 Canvas X: -1978.4139201616827
 Canvas Y: -1831.1107591033851
 Area: 0.00133
 Downstream: Channel A.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-11
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -1364.709605095608
 Canvas Y: -1430.8400124873501
 Label X: -51.0
 Label Y: -17.0
 Area: 0.00114
 Downstream: Channel A.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-10
 Last Modified Date: 26 December 2019
 Last Modified Time: 17:19:40
 Canvas X: -577.2131668264892
 Canvas Y: -2095.2715568632984
Label X: -52.0

 Label Y: -5.0
 Area: 0.00055
 Downstream: Channel A.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-9
 Last Modified Date: 26 December 2019
 Last Modified Time: 17:19:39
 Canvas X: 123.38720984110842
 Canvas Y: -2141.2125651693705
 Area: 0.00027
 Downstream: Channel A.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Channel A.1
 Last Modified Date: 3 October 2019
 Last Modified Time: 17:10:17
 Canvas X: -3142.4154250057254
 Canvas Y: -2587.809713810464
 From Canvas X: 715.4882154882152
 From Canvas Y: -1313.1313131313127
 Downstream: South Pond

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 1000
 Energy Slope: 0.02
 Mannings n: 0.027
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Reservoir: South Pond
 Last Modified Date: 3 October 2019
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 Last Modified Time: 17:10:17
 Canvas X: -3142.4154250057254
Canvas Y: -2587.809713810464
Label X: 3.0
Label Y: 8.0
Downstream: J_A

Route: Controlled Outflow
 Routing Curve: Elevation-Area
 Initial Elevation: 591
 Elevation-Area Table: Pond_South_Pre-Dev-2019
 Adaptive Control: On
 Main Tailwater Condition: None
 Auxiliary Tailwater Condition: None

 Conduit: Culvert
 Conduit Outlet: Main
 Culvert Shape: Circular
 Chart Number: 1
 Scale Number: 1
 Solution Control: Automatic
 Diameter: 3.5
 Number Barrels: 1
 Culvert Length: 58.5
 Entrance Loss Coefficient: 0.5
 Exit Loss Coefficient: 1
 Top Manning's n: 0.011
 Inlet Invert Elevation: 591
 Outlet Invert Elevation: 590
 End Conduit:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 50
 Spillway Crest Elevation: 598.8
 Spillway Coefficient: 3
End Spillway:

Evaporation Method: Zero Evaporation
End Evaporation:

End:

Subbasin: A-1
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -2382.154882154882
 Canvas Y: -134.68013468013487
 Area: 0.00880
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 6.25
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -3644.781144781145
 Canvas Y: -555.5555555555557
 Area: 0.00703
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-5
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -2819.86531986532
 Canvas Y: -1026.9360269360268
 Area: 0.00453
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -3156.5656565656564
 Canvas Y: -16.835016835017086
 Area: 0.00377
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85
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 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -2382.154882154882
 Canvas Y: -572.3905723905718
 Area: 0.00330
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute A
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:15:50
 Canvas X: -3914.1414141414143
 Canvas Y: -1481.4814814814818
 From Canvas X: -2993.1005899385354
 From Canvas Y: -543.0818241872967
 Label X: -26.0
 Label Y: 17.0
 Downstream: J_F

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 370
 Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: F-3
 Last Modified Date: 19 September 2019
 Last Modified Time: 14:15:54
 Canvas X: -4187.685949171736
 Canvas Y: -47.25801621843857
 Area: 0.01139
 Downstream: J_F

 Canopy: None

 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.91
Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_F
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: -3914.1414141414143
 Canvas Y: -1481.4814814814818
 Downstream: Drop South

End:

Reach: Drop South
 Last Modified Date: 19 September 2019
 Last Modified Time: 14:15:54
 Canvas X: -4629.810222140172
 Canvas Y: -1992.38891005
 From Canvas X: -3914.1414141414143
 From Canvas Y: -1481.4814814814818
 Downstream: J_A

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 100
 Energy Slope: 0.333
 Mannings n: 0.012
 Shape: Circular
 Number of Subreaches: 2
 Width: 2
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: AO-13
 Last Modified Date: 10 September 2019
 Last Modified Time: 14:35:07
 Canvas X: -2199.935105183882
 Canvas Y: -4174.1021827130535
 Label X: 9.0
 Label Y: 3.0
 Area: 0.01602
 Downstream: J_AO

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71
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 Transform: SCS
 Lag: 5.42
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 479.7979797979797
 Canvas Y: -3737.3737373737367
 Area: 0.00306
 Downstream: Downchute AO

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -109.42760942760924
 Canvas Y: -4074.074074074073
 Area: 0.00272
 Downstream: Downchute AO

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-7
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -1237.3737373737376
 Canvas Y: -3282.8282828282827
 Area: 0.00072
 Downstream: Downchute AO

 Canopy: None
 Allow Simultaneous Precip Et: No

Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-6
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -227.27272727272793
 Canvas Y: -3097.6430976430975
 Area: 0.00017
 Downstream: Downchute AO

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute AO
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: -2598.7503998533884
 Canvas Y: -4016.6546416546407
 From Canvas X: -204.96464241452122
 From Canvas Y: -3629.2192170299622
 Label X: 1.0
 Label Y: 0.0
 Downstream: J_AO

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 180
 Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: AO-5
 Last Modified Date: 4 September 2019
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 Last Modified Time: 21:33:46
 Canvas X: -1237.3737373737376
Canvas Y: -4074.074074074073
Area: 0.00250
 Downstream: J_AO

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
Lag: 3.60
Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-8
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -2247.4747474747473
 Canvas Y: -3518.5185185185182
 Area: 0.00216
 Downstream: J_AO

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_AO
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: -2598.7503998533884
 Canvas Y: -4016.6546416546407
 Downstream: Channel AO

End:

Reach: Channel AO
 Last Modified Date: 19 September 2019
 Last Modified Time: 14:15:54
 Canvas X: -4629.810222140172
 Canvas Y: -1992.38891005
 From Canvas X: -2598.7503998533884
 From Canvas Y: -4016.6546416546407
 Downstream: J_A

 Route: Kinematic Wave
 Channel: Kinematic Wave

 Length: 1100
 Energy Slope: 0.010
 Mannings n: 0.027
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: A-8
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: -4679.962010455659
 Canvas Y: -3432.873026874046
 Area: 0.00238
 Downstream: J_A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_A
 Last Modified Date: 19 September 2019
 Last Modified Time: 14:15:54
 Canvas X: -4629.810222140172
 Canvas Y: -1992.38891005
 Downstream: Channel A.2

End:

Reach: Channel A.2
 Last Modified Date: 2 October 2019
 Last Modified Time: 20:29:17
 Canvas X: -5360.92723353286
 Canvas Y: -120.86952857206597
 From Canvas X: -4629.810222140172
 From Canvas Y: -1992.38891005
 Downstream: Midpoint Site Outfall

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 600
 Energy Slope: 0.02
 Mannings n: 0.027
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None
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End:

Subbasin: OD-1
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:17:00
 Canvas X: -4720.250832037668
 Canvas Y: 840.6577778645565
 Area: 0.03789
 Downstream: Midpoint Site Outfall

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 15.26
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: Midpoint Site Outfall
 Last Modified Date: 2 October 2019
 Last Modified Time: 20:29:17
 Canvas X: -5360.92723353286
 Canvas Y: -120.86952857206597
 Downstream: Overall Site Outfall

End:

Subbasin: C-1
 Last Modified Date: 9 September 2019
 Last Modified Time: 22:20:27
 Canvas X: 1035.3535353535344
 Canvas Y: 892.2558922558919
 Area: 0.00417
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 4.84
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 2281.8909353676954
 Canvas Y: 502.0809022661042
 Area: 0.00358
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-5
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1839.5918238944487
 Canvas Y: 1792.8721867696622
 Area: 0.00273
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-7
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 2913.746808900907
 Canvas Y: 980.4860636555345
 Area: 0.00217
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:
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Subbasin: C-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1532.6903996068904
 Canvas Y: 366.6832150804162
 Area: 0.00205
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1406.3192249002477
 Canvas Y: 1422.7851751287817
 Area: 0.00189
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-6
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 2417.288622553384
 Canvas Y: 1810.9252117277538
 Area: 0.00120
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0

 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute C
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: 3914.1414141414143
 Canvas Y: 1868.6868686868688
 From Canvas X: 1905.995085080246
 From Canvas Y: 990.3198726987312
 Label X: -12.0
 Label Y: -12.0
 Downstream: J_C.1

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 240
 Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: CO-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 4498.424361875559
 Canvas Y: 222.9024133227049
 Area: 0.00895
 Downstream: Channel North 1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 4.33
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-1
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 3197.537994489234
 Canvas Y: -505.46398417894306
 Area: 0.00475
 Downstream: Channel North 1
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 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: CO-5
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 4270.023332175082
 Canvas Y: -534.0635931838988
 Area: 0.00147
 Downstream: Channel North 1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Channel North 1
 Last Modified Date: 18 November 2019
 Last Modified Time: 22:35:43
 Canvas X: 3914.1414141414143
 Canvas Y: 1868.6868686868688
 From Canvas X: 3920.080986953666
 From Canvas Y: 422.0224808591647
 Downstream: J_C.1

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 400
 Energy Slope: 0.05
 Mannings n: 0.027
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: OC-20

 Last Modified Date: 9 September 2019
 Last Modified Time: 18:43:45
 Canvas X: 4053.2349742144634
 Canvas Y: 2505.934055570371
 Area: 0.00966
 Downstream: J_C.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 82

 Transform: SCS
 Lag: 5.85
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 3156.5656565656564
 Canvas Y: 2154.8821548821547
 Area: 0.00230
 Downstream: J_C.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_C.1
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: 3914.1414141414143
 Canvas Y: 1868.6868686868688
 Downstream: Channel North 2

End:

Reach: Channel North 2
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: 2062.289562289562
 Canvas Y: 3905.723905723906
 From Canvas X: 3914.1414141414143
 From Canvas Y: 1868.6868686868688
 Downstream: J_C.2

 Route: Kinematic Wave
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 Channel: Kinematic Wave
 Length: 800
Energy Slope: 0.01
 Mannings n: 0.027
 Shape: Trapezoid
Number of Subreaches: 2

 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: CO-2
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: 2363.7124639404365
 Canvas Y: 4506.206566449147
 Area: 0.01319
 Downstream: J_C.2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 7.20
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: CO-3
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: 3442.760942760943
 Canvas Y: 4309.7643097643095
 Area: 0.01038
 Downstream: J_C.2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 82

 Transform: SCS
 Lag: 5.67
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-1
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46

 Canvas X: 289.6228803903232
 Canvas Y: 2463.842885230684
 Area: 0.00319
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 677.6034236804571
 Canvas Y: 3002.8530670470755
 Area: 0.00211
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1119.5286195286199
 Canvas Y: 3501.6835016835016
 Area: 0.00181
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
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 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-5
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 2095.9595959595963
 Canvas Y: 2676.7676767676767
 Area: 0.00058
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1338.3838383838383
 Canvas Y: 2340.06734006734
 Area: 0.00053
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute D
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: 2062.289562289562
 Canvas Y: 3905.723905723906
 From Canvas X: 1380.3723569916438
 From Canvas Y: 2814.7465042631334
 Downstream: J_C.2

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 240

 Energy Slope: 0.236
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: G-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 2314.814814814815
 Canvas Y: 3063.973063973064
 Area: 0.00195
 Downstream: J_C.2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: OC-11
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 3649.4075759431453
 Canvas Y: 3927.280120004649
 Area: 0.00027
 Downstream: J_C.2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_C.2
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: 2062.289562289562
 Canvas Y: 3905.723905723906
 Downstream: Channel North 3
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End:

Reach: Channel North 3
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: -1589.7849110216812
Canvas Y: 4030.647141124137
From Canvas X: 2062.289562289562
From Canvas Y: 3905.723905723906
Downstream: North Pond

Route: Kinematic Wave
Channel: Kinematic Wave

 Length: 1300
 Energy Slope: 0.023
 Mannings n: 0.027
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: E-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -2685.185185185185
 Canvas Y: 1060.6060606060605
 Area: 0.00411
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: E-2
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:24:07
 Canvas X: -1860.2693602693607
 Canvas Y: 824.9158249158254
 Label X: -58.0
 Label Y: -8.0
 Area: 0.00327
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: E-3
 Last Modified Date: 4 September 2019
Last Modified Time: 21:33:46

 Canvas X: -1877.104377104377
 Canvas Y: 2222.222222222222
 Area: 0.00320
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: E-1
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -1338.3838383838383
 Canvas Y: 2037.037037037037
 Area: 0.00086
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute E
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: -3409.090909090909
 Canvas Y: 1885.5218855218855
 From Canvas X: -1911.1462629730354
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 From Canvas Y: 1164.4265473514447
 Downstream: J_E

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 460
 Energy Slope: 0.16
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: H-1
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -3712.1212121212125
 Canvas Y: 1464.6464646464647
 Area: 0.00503
 Downstream: J_E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: H-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -2567.3400673400674
 Canvas Y: 2272.727272727273
 Area: 0.00339
 Downstream: J_E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_E
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: -3409.090909090909
 Canvas Y: 1885.5218855218855
 Downstream: MSE North

End:

Reach: MSE North
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: -2028.6195286195289
 Canvas Y: 3383.838383838384
 From Canvas X: -3409.090909090909
 From Canvas Y: 1885.5218855218855
 Downstream: J_H

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 500
 Energy Slope: 0.01
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 3
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: H-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -1052.1885521885524
 Canvas Y: 3148.1481481481483
 Area: 0.00909
 Downstream: J_H

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_H
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: -2028.6195286195289
 Canvas Y: 3383.838383838384
 Downstream: Drop North

End:

Reach: Drop North
 Last Modified Date: 9 July 2019
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 Last Modified Time: 14:16:39
 Canvas X: -1589.7849110216812
Canvas Y: 4030.647141124137
From Canvas X: -2028.6195286195289
 From Canvas Y: 3383.838383838384
 Downstream: North Pond

Route: Kinematic Wave
Channel: Kinematic Wave

 Length: 100
Energy Slope: 0.333
 Mannings n: 0.012
 Shape: Circular
 Number of Subreaches: 2
 Width: 3
Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: OC-21
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: -497.8103794894987
 Canvas Y: 4492.179493687236
 Area: 0.01145
 Downstream: North Pond

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 6.64
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: CO-1
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: -2012.7342377759342
 Canvas Y: 4520.233639211058
 Area: 0.00472
 Downstream: North Pond

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 5.82
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reservoir: North Pond
 Last Modified Date: 10 September 2019
 Last Modified Time: 14:52:30
 Canvas X: -1589.7849110216812
 Canvas Y: 4030.647141124137
 Downstream: Overall Site Outfall

 Route: Controlled Outflow
 Routing Curve: Elevation-Area
Initial Elevation: 588
 Elevation-Area Table: Pond_North_Pre-Dev-2019
 Adaptive Control: On
 Main Tailwater Condition: None
 Auxiliary Tailwater Condition: None

 Conduit: Culvert
 Conduit Outlet: Main
 Culvert Shape: Circular
 Chart Number: 1
 Scale Number: 1
 Solution Control: Automatic
 Diameter: 2.5
 Number Barrels: 2
 Culvert Length: 64.5
 Entrance Loss Coefficient: 0.5
 Exit Loss Coefficient: 1.0
 Top Manning's n: 0.011
 Inlet Invert Elevation: 588
 Outlet Invert Elevation: 587.4
 End Conduit:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 80
 Spillway Crest Elevation: 597
 Spillway Coefficient: 3
 End Spillway:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 420
 Spillway Crest Elevation: 598.5
 Spillway Coefficient: 3
 End Spillway:

 Evaporation Method: Zero Evaporation
     End Evaporation:
End:

Subbasin: OD-2
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: -4149.83164983165
 Canvas Y: 3686.868686868687
 Area: 0.04734
 Downstream: J_D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None
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 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 9.67
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: DO-1
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: -5227.272727272728
 Canvas Y: 4461.279461279461
 From Canvas X: -841.654778887304
 From Canvas Y: -142.65335235378052
 Area: 0.00272
 Downstream: J_D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 6.06
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_D
 Last Modified Date: 9 September 2019
 Last Modified Time: 18:31:45
 Canvas X: -4999.380073210335
 Canvas Y: 3725.3760549215094
 Downstream: Overall Site Outfall

End:

Junction: Overall Site Outfall
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: -6169.687038971845
 Canvas Y: 3035.1950238313875

End:

Basin Layer Properties:
 Element Layer:

 Name: Icons
 Layer shown: Yes

     End Layer:
End:

Basin Spatial Properties:
End:

Basin Schematic Properties:
 Last View N: 5493.85041812838
 Last View S: -5494.996284046745
 Last View W: -7557.92807960787

 Last View E: 6581.220047344323
 Maximum View N: 4520.233639211058
 Maximum View S: -4273.324274832017
 Maximum View W: -16812.32574325535
 Maximum View E: 4498.424361875559
 Extent Method: Elements
 Buffer: 0
 Draw Icons: Yes
 Draw Icon Labels: Name
 Draw Map Objects: No
 Draw Gridlines: No
 Draw Flow Direction: No
 Draw HillShade Layer: Yes
Draw Elevation Layer: Yes

 Elevation Layer Color Palette: Default
 Ignore Elevation Color Ramp Scale: No
 Use Interpolated Color Ramp for Elevation Layer: 

Yes
 Color Ramp Opacity Level for Elevation Layer: 33.0
 Fix Element Locations: No
 Fix Hydrologic Order: No

End:
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HEC-HMS POST-DEVELOPMENT HYDROLOGIC 
MODEL INPUT PARAMETERS
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Post-Development HEC-HMS Basin Input Parameters for Kinematic Wave Model
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Basin: PostDev-2019
 Last Modified Date: 13 December 2019
 Last Modified Time: 16:42:00
 Version: 4.3
 Filepath Separator: \
 Unit System: English
 Missing Flow To Zero: No
 Enable Flow Ratio: No
Compute Local Flow At Junctions: No

Enable Sediment Routing: No

     Enable Quality Routing: No
End:

Reservoir: Series 3_North Pond
 Description: Third basin of the North Pond Series
 Last Modified Date: 4 December 2019
 Last Modified Time: 14:50:44
 Canvas X: -738.8990558096202
 Canvas Y: 6539.7288686574675
 From Canvas X: -2686.2212969881784
 From Canvas Y: 5196.47027005563
 Downstream: Series 2_North Pond

 Route: Controlled Outflow
 Routing Curve: Elevation-Area
 Initial Elevation: 604
 Elevation-Area Table: Pond_North_Series3_Post19
 Adaptive Control: On
 Main Tailwater Condition: None
 Auxiliary Tailwater Condition: None

 Conduit: Culvert
 Conduit Outlet: Main
 Culvert Shape: Circular
 Chart Number: 1
 Scale Number: 1
 Solution Control: Automatic
 Diameter: 4.5
 Number Barrels: 2
 Culvert Length: 10
 Entrance Loss Coefficient: 0.5
 Exit Loss Coefficient: 1
 Top Manning's n: 0.011
 Inlet Invert Elevation: 603
 Outlet Invert Elevation: 602.5
 End Conduit:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 60
 Spillway Crest Elevation: 613
 Spillway Coefficient: 3.3
 End Spillway:

 Evaporation Method: Zero Evaporation
     End Evaporation:
End:

Junction: J_C3
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:54:18
 Canvas X: 2062.289562289562
 Canvas Y: 3905.723905723906
 Downstream: Peri C3

End:

Subbasin: E-4
 Last Modified Date: 6 January 2020
 Last Modified Time: 15:07:18
 Canvas X: -143.73704479314074
 Canvas Y: 4284.420573576127
 From Canvas X: -143.73704479314074
 From Canvas Y: 4284.420573576127
 Area: 0.0097813
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: E-2
 Last Modified Date: 6 January 2020
 Last Modified Time: 15:07:18
 Canvas X: -380.6904669830892
 Canvas Y: 3589.357201818946
 Area: 0.0089219
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: E-3
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 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 582.9201165893664
 Canvas Y: 3857.9044136342204
 From Canvas X: 582.9201165893664
 From Canvas Y: 3857.9044136342204
 Area: 0.00330
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: E-1
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: 85.96448372417399
 Canvas Y: 3366.5102757543623
 Area: 0.00292
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute E
 Last Modified Date: 16 December 2019
 Last Modified Time: 19:36:17
 Canvas X: -2474.1427739564424
 Canvas Y: 6417.821941121796
 From Canvas X: -1142.1200473700083
 From Canvas Y: 4560.254810942866
 Downstream: Series 2_North Pond

 Route: Kinematic Wave

 Channel: Kinematic Wave
 Length: 460
 Energy Slope: 0.16
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: CO-2
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: -2240.9130882934473
 Canvas Y: 6934.043847122182
 Area: 0.00758
 Downstream: Series 2_North Pond

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 6.86
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute D
 Last Modified Date: 28 August 2019
 Last Modified Time: 19:43:04
 Canvas X: 2062.289562289562
 Canvas Y: 3905.723905723906
 From Canvas X: 1380.3723569916438
 From Canvas Y: 2814.7465042631334
 Downstream: J_C3

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 240
 Energy Slope: 0.236
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:
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Reservoir: Series 4_North Pond
 Description: Fourth basin of the North Pond Series
 Last Modified Date: 16 December 2019
 Last Modified Time: 16:31:11
 Canvas X: 1356.876944391328
 Canvas Y: 6402.03323920955
 From Canvas X: -3659.8441744480297
 From Canvas Y: 5295.243605450108
 Downstream: Series 3_North Pond

 Route: Controlled Outflow
 Routing Curve: Elevation-Area
 Initial Elevation: 615
 Elevation-Area Table: Pond_North_Series4_Post19
 Adaptive Control: On
 Main Tailwater Condition: None
 Auxiliary Tailwater Condition: None

 Conduit: Culvert
 Conduit Outlet: Main
 Culvert Shape: Circular
 Chart Number: 1
 Scale Number: 1
 Solution Control: Automatic
 Diameter: 4.5
 Number Barrels: 2
 Culvert Length: 10
 Entrance Loss Coefficient: 0.5
 Exit Loss Coefficient: 1
 Top Manning's n: 0.011
 Inlet Invert Elevation: 613
 Outlet Invert Elevation: 612.5
 End Conduit:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 60
 Spillway Crest Elevation: 624
 Spillway Coefficient: 3.3
 End Spillway:

 Evaporation Method: Zero Evaporation
     End Evaporation:
End:

Reach: Peri C3
 Last Modified Date: 16 December 2019
 Last Modified Time: 16:31:11
 Canvas X: 1356.876944391328
 Canvas Y: 6402.03323920955
 From Canvas X: 2062.289562289562
 From Canvas Y: 3905.723905723906
 Downstream: Series 4_North Pond

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 339.32
 Energy Slope: 0.005
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2

 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: D-4
 Last Modified Date: 6 January 2020
 Last Modified Time: 15:07:18
 Canvas X: 1119.5286195286199
 Canvas Y: 3501.6835016835016
 Area: 0.0081563
 Downstream: Downchute D

 Canopy: None
Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-6
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 1994.037977450369
 Canvas Y: 3023.8939475440548
 From Canvas X: 1922.295663466335
 From Canvas Y: 3044.3917515394933
 Area: 0.00189
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: OC-2
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 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 3273.4627608045475
 Canvas Y: 4082.0409898726684
 From Canvas X: 1737.8154275073903
 From Canvas Y: 5350.394701026314
 Area: 0.01191
 Downstream: J_C3

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 6.64
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-5
Last Modified Date: 13 December 2019
Last Modified Time: 14:42:32

 Canvas X: 2095.9595959595963
 Canvas Y: 2676.7676767676767
 Area: 0.00136
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_C1
 Last Modified Date: 16 December 2019
 Last Modified Time: 15:53:46
 Canvas X: 4121.424554625923
 Canvas Y: 1899.0894568639842
 Downstream: Peri C1

End:

Reach: Peri C1
 Last Modified Date: 19 November 2019

 Last Modified Time: 17:14:50
 Canvas X: 3506.0190584361662
 Canvas Y: 2818.1354023946215
 From Canvas X: 4121.424554625923
 From Canvas Y: 1899.0894568639842
 Downstream: J_C2

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 522.75
 Energy Slope: 0.005
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Reach: Peri B1
 Last Modified Date: 19 November 2019
 Last Modified Time: 17:14:19
 Canvas X: 4121.424554625923
 Canvas Y: 1899.0894568639842
 From Canvas X: 4532.143819755165
 From Canvas Y: -423.0540805975061
 Downstream: J_C1

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 631.25
 Energy Slope: 0.025
 Mannings n: 0.027
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: C-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 16:49:57
 Canvas X: 1035.3535353535344
 Canvas Y: 892.2558922558919
 Area: 0.01214
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
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 Curve Number: 85

 Transform: SCS
 Lag: 4.97
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_C2
 Last Modified Date: 16 December 2019
 Last Modified Time: 15:53:35
 Canvas X: 3506.0190584361662
 Canvas Y: 2818.1354023946215
 From Canvas X: 3506.0190584361662
 From Canvas Y: 2818.1354023946215
 Downstream: Peri C2

End:

Subbasin: C-3
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: 2281.8909353676954
 Canvas Y: 502.0809022661042
 Area: 0.00267
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-2
 Last Modified Date: 13 December 2019
 Last Modified Time: 16:49:57
 Canvas X: 1532.6903996068904
 Canvas Y: 366.6832150804162
 Area: 0.00722
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 5.45
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-1
 Last Modified Date: 16 December 2019
 Last Modified Time: 16:01:05
 Canvas X: 4497.635771417183
 Canvas Y: -1049.9496403118637
 Area: 0.00575
 Downstream: J_B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-5
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: 2258.3534371140413
 Canvas Y: 150.7523695898717
 Area: 0.00355
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: CO-5
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
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 Canvas X: 4970.13310982375
 Canvas Y: 1288.3064189821735
 From Canvas X: 5637.9264566415895
 From Canvas Y: -454.64787022283235
 Area: 0.00147
 Downstream: J_C1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
Lag: 3.60
Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-4
 Last Modified Date: 13 December 2019
 Last Modified Time: 16:49:57
 Canvas X: 1406.3192249002477
 Canvas Y: 1422.7851751287817
 Area: 0.00494
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_B
 Last Modified Date: 16 December 2019
 Last Modified Time: 15:53:46
 Canvas X: 4532.143819755165
 Canvas Y: -423.0540805975061
 From Canvas X: 3510.875473112812
 From Canvas Y: -870.6888115892416
 Downstream: Peri B1

End:

Subbasin: CO-4
 Last Modified Date: 2 January 2020

 Last Modified Time: 22:02:09
 Canvas X: 5208.551172036108
 Canvas Y: 1772.764211828372
 From Canvas X: 47.390684437988966
 From Canvas Y: 410.71926512924347
 Area: 0.00895
 Downstream: J_C1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 4.33
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-3
 Last Modified Date: 13 December 2019
 Last Modified Time: 16:46:35
 Canvas X: 4545.703207967837
 Canvas Y: 2467.685464480591
 Area: 0.00119
 Downstream: J_C1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-2
 Last Modified Date: 16 December 2019
 Last Modified Time: 15:53:37
 Canvas X: 3528.410461865249
 Canvas Y: 840.0397133144043
 Area: 0.00797
 Downstream: J_C1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None
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 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute C
 Last Modified Date: 13 December 2019
 Last Modified Time: 16:41:59
 Canvas X: 4121.424554625923
 Canvas Y: 1899.0894568639842
 From Canvas X: 1905.995085080246
 From Canvas Y: 990.3198726987312
 Label X: -12.0
 Label Y: -12.0
 Downstream: J_C1

 Route: Kinematic Wave
Channel: Kinematic Wave

 Length: 240
Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Reach: Peri C2
 Last Modified Date: 19 November 2019
 Last Modified Time: 17:17:26
 Canvas X: 2062.289562289562
 Canvas Y: 3905.723905723906
 From Canvas X: 3506.0190584361662
 From Canvas Y: 2818.1354023946215
 Downstream: J_C3

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 545.79
 Energy Slope: 0.005
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: OC-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 3284.1538569991963
 Canvas Y: 3686.4704306706362
 From Canvas X: 3254.6529231698314
 From Canvas Y: 3843.806107361591
 Area: 0.01644
 Downstream: J_C3

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 82

 Transform: SCS
 Lag: 7.61
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-2
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 733.2896603298632
 Canvas Y: 3016.5309027832345
 Area: 0.00120
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-3
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: 1338.3838383838383
 Canvas Y: 2340.06734006734
 Area: 0.00111
 Downstream: Downchute D
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 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 289.6228803903232
 Canvas Y: 2463.842885230684
 Area: 0.00059
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-5
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -632.2364776272752
 Canvas Y: 6922.715350750865
 From Canvas X: 1081.8856996533614
 From Canvas Y: 4202.517677281763
 Area: 0.00041
 Downstream: Series 3_North Pond

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0

 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-4
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: 2717.525758682771
 Canvas Y: 4670.051280578392
 From Canvas X: 1532.837387553005
 From Canvas Y: 3720.8192833889602
 Area: 0.00163
 Downstream: J_C3

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reservoir: Series 2_North Pond
 Description: Secind basin of the north pond series
 Last Modified Date: 16 December 2019
 Last Modified Time: 19:36:17
 Canvas X: -2474.1427739564424
 Canvas Y: 6417.821941121796
 From Canvas X: -2700.3317734731045
 From Canvas Y: 5379.906464359659
 Downstream: Series 1_North Pond

 Route: Controlled Outflow
 Routing Curve: Elevation-Area
 Initial Elevation: 598
 Elevation-Area Table: Pond_North_Series2_Post19
 Adaptive Control: On
 Main Tailwater Condition: None
 Auxiliary Tailwater Condition: None

 Conduit: Culvert
 Conduit Outlet: Main
 Culvert Shape: Circular
 Chart Number: 1
 Scale Number: 1
 Solution Control: Automatic
 Diameter: 4.5
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 Number Barrels: 3
 Culvert Length: 10
 Entrance Loss Coefficient: 0.5
 Exit Loss Coefficient: 1
 Top Manning's n: 0.011
 Inlet Invert Elevation: 597
 Outlet Invert Elevation: 596.5
 End Conduit:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 60
 Spillway Crest Elevation: 603
 Spillway Coefficient: 3.3
 End Spillway:

 Evaporation Method: Zero Evaporation
     End Evaporation:
End:

Subbasin: CO-1
 Last Modified Date: 4 November 2019
 Last Modified Time: 21:34:19
 Canvas X: -3106.1843766466563
Canvas Y: 4773.342403746244
Area: 0.00472
 Downstream: Series 1_North Pond

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
Lag: 5.82
Unitgraph Type: STANDARD

     Baseflow: None
End:

Reservoir: Series 1_North Pond
 Last Modified Date: 16 December 2019
 Last Modified Time: 16:19:52
 Canvas X: -4383.237509402856
 Canvas Y: 6038.025981164064
 Downstream: Peri C4

 Route: Controlled Outflow
 Routing Curve: Elevation-Area
 Initial Elevation: 588
 Elevation-Area Table: Pond_North_Series1_Post19
Adaptive Control: On
Main Tailwater Condition: None
Auxiliary Tailwater Condition: None

Conduit: Culvert

 Conduit Outlet: Main
 Culvert Shape: Circular
 Chart Number: 1
 Scale Number: 1
 Solution Control: Automatic
 Diameter: 2.5
 Number Barrels: 2
 Culvert Length: 64.5
 Entrance Loss Coefficient: 0.5
 Exit Loss Coefficient: 1.0
 Top Manning's n: 0.011
 Inlet Invert Elevation: 588
 Outlet Invert Elevation: 587.4
 End Conduit:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 80
 Spillway Crest Elevation: 597
 Spillway Coefficient: 3.3
 End Spillway:

 Evaporation Method: Zero Evaporation
     End Evaporation:
End:

Subbasin: G-6
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: -4694.308916577716
 Canvas Y: 6667.773565879497
 From Canvas X: -1066.1123501521834
 From Canvas Y: 4826.889360949745
 Area: 0.00147
 Downstream: Series 1_North Pond

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Peri C4
 Last Modified Date: 16 December 2019
 Last Modified Time: 16:19:52
 Canvas X: -8322.890474947622
 Canvas Y: 4620.729306795858
 From Canvas X: -4383.237509402856
 From Canvas Y: 6038.025981164064
 Downstream: Overall Site Outfall
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 Route: Kinematic Wave
Channel: Kinematic Wave

 Length: 300
Energy Slope: 0.005
 Mannings n: 0.015
 Shape: Trapezoid
Number of Subreaches: 2

 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Junction: J_A5
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:42:03
 Canvas X: -4520.20202020202
 Canvas Y: -2895.622895622895
 Downstream: Peri A5

End:

Junction: J_Mid
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:42:58
 Canvas X: -6004.385020291189
 Canvas Y: 382.58755484831636
 From Canvas X: -6461.306170667974
 From Canvas Y: 953.6157440047755
 Downstream: Channel A

End:

Reach: Downchute A
 Last Modified Date: 28 August 2019
 Last Modified Time: 19:22:07
 Canvas X: -4520.20202020202
 Canvas Y: -2895.622895622895
 From Canvas X: -3561.915769552974
 From Canvas Y: -1050.7338501924505
 Label X: -26.0
Label Y: 17.0

 Downstream: J_A5

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 370
 Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Reach: Channel A
 Last Modified Date: 19 November 2019

 Last Modified Time: 16:43:14
 Canvas X: -6121.783716957593
 Canvas Y: 1463.9154354050097
 From Canvas X: -6004.385020291189
 From Canvas Y: 382.58755484831636
 Downstream: Midpoint Site Outfall

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 1000
 Energy Slope: 0.02
 Mannings n: 0.027
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: F-5
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -4811.960947673597
 Canvas Y: -3594.1660778856867
 From Canvas X: -5282.682440930265
 From Canvas Y: -3156.1939570806235
 Area: 0.00242
 Downstream: J_A5

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: OA-3
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: -5488.145209808417
 Canvas Y: -3229.3883540208517
 From Canvas X: -2083.62512379237
 From Canvas Y: 1749.9932448612153
 Label X: -3.0
 Label Y: -6.0
 Area: 0.00239
 Downstream: J_A5
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 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: OD-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -4969.3722022933725
 Canvas Y: 1114.6912851458305
 Area: 0.03863
 Downstream: Midpoint Site Outfall

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 15.26
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_A3
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:39:36
 Canvas X: -1208.471880248624
 Canvas Y: -1592.2778760698557
 From Canvas X: 1040.8900916624807
 From Canvas Y: -1618.8586574227438
 Downstream: Peri A3

End:

Reach: Peri A3
 Last Modified Date: 19 November 2019
 Last Modified Time: 17:11:22
 Canvas X: -2900.809063630636
 Canvas Y: -2287.481982732451
 From Canvas X: -1208.471880248624
 From Canvas Y: -1592.2778760698557
 Downstream: J_A4

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 907.45
 Energy Slope: 0.078
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Junction: J_A2
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:38:49
 Canvas X: 1228.268204870441
 Canvas Y: -1194.1384419832398
 Downstream: Peri A2

End:

Junction: J_A1
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:43:24
 Canvas X: 2620.5934752466883
 Canvas Y: -899.4126548233039
From Canvas X: 2620.5934752466883
From Canvas Y: -899.4126548233039
Downstream: Peri A1

End:

Reach: Peri A1
Last Modified Date: 19 November 2019
Last Modified Time: 17:10:46
Canvas X: 1228.268204870441
Canvas Y: -1194.1384419832398

 From Canvas X: 2620.5934752466883
 From Canvas Y: -899.4126548233039
 Downstream: J_A2

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 1238.52
 Energy Slope: 0.005
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
Initial Variable: Combined Inflow
Index Parameter Type: Index Flow
Index Flow: 100
Channel Loss: None

End:

Subbasin: B-1
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:08
 Canvas X: 294.61279461279446
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 Canvas Y: 286.1952861952859
 Area: 0.00386
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 5.07
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: B-2
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:08
 Canvas X: 1473.0639730639732
 Canvas Y: -168.35016835016813
 Area: 0.00345
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Peri A2
 Last Modified Date: 19 November 2019
 Last Modified Time: 17:11:00
 Canvas X: -1208.471880248624
 Canvas Y: -1592.2778760698557
 From Canvas X: 1228.268204870441
 From Canvas Y: -1194.1384419832398
 Downstream: J_A3

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 379.41
 Energy Slope: 0.005
 Mannings n: 0.015
 Shape: Trapezoid

 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: B-3
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:08
 Canvas X: -455.7170339722252
 Canvas Y: -70.82049518426084
 Label X: -2.0
 Label Y: -1.0
 Area: 0.00475
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: B-4
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 1962.7636351605634
 Canvas Y: -621.3689401900992
 Area: 0.00616
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:
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Subbasin: F-2
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 1150.8225006942284
 Canvas Y: -2112.7270628718834
 Label X: 2.0
 Label Y: -4.0
 Area: 0.00119
 Downstream: J_A2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: F-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 2539.289809823257
 Canvas Y: -482.73136952822324
 Area: 0.00323
 Downstream: J_A1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_A4
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:44:15
 Canvas X: -2900.809063630636
 Canvas Y: -2287.481982732451
 From Canvas X: -3050.8519929059894
 From Canvas Y: -2407.391501669781
 Downstream: Peri A4

End:

Subbasin: F-4
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -1298.5631198702758
 Canvas Y: -2698.5940825632706
 From Canvas X: -5282.682440930265
 From Canvas Y: -2776.9845831650136
 Area: 0.00269
 Downstream: J_A3

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: F-3
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 114.49385549810722
 Canvas Y: -2587.6133866395203
 Area: 0.00156
 Downstream: J_A3

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute B
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:37:58
 Canvas X: 1228.268204870441
 Canvas Y: -1194.1384419832398
 From Canvas X: 834.0466727105622
 From Canvas Y: -408.14049818109606
 Downstream: J_A2
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 Route: Kinematic Wave
Channel: Kinematic Wave

 Length: 380
Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: OA-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 2866.3747602812073
 Canvas Y: -1450.2860913481982
 Label X: -13.0
 Label Y: -15.0
 Area: 0.00350
 Downstream: J_A1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: OA-2
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 2441.733111868589
 Canvas Y: -2061.77006506237
 Label X: -3.0
 Label Y: -6.0
 Area: 0.00416
 Downstream: J_A2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.81
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-13
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:08
 Canvas X: 2000.1057975194653
 Canvas Y: -2571.340043157512
 Area: 0.01064
 Downstream: J_A2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 5.42
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Peri A4
 Last Modified Date: 19 November 2019
 Last Modified Time: 17:10:37
 Canvas X: -4520.20202020202
 Canvas Y: -2895.622895622895
 From Canvas X: -2900.809063630636
 From Canvas Y: -2287.481982732451
 Downstream: J_A5

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 344.3
 Energy Slope: 0.009
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: A-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -2382.154882154882
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Canvas Y: -134.68013468013487
 Label X: -1.0
 Label Y: 0.0
 Area: 0.01378
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 6.47
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-7
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:08
 Canvas X: -3173.4306729211057
 Canvas Y: -1526.2753714659148
 From Canvas X: -3304.6443553704594
 From Canvas Y: -1198.653675516257
 Area: 0.00641
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-5
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -2819.86531986532
 Canvas Y: -1026.9360269360268
 Area: 0.00445
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-6
 Last Modified Date: 6 January 2020
 Last Modified Time: 15:07:18
 Canvas X: -4108.333852092885
 Canvas Y: -856.3666906972885
 From Canvas X: -3960.5740832244883
 From Canvas Y: -798.9464976052077
 Area: 0.0038906
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.66
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-4
 Last Modified Date: 6 January 2020
 Last Modified Time: 15:07:18
 Canvas X: -3785.7850767766695
 Canvas Y: -340.9506800670415
 Area: 0.0026719
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
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 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-3
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:08
 Canvas X: -2382.154882154882
 Canvas Y: -572.3905723905718
 Area: 0.00191
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-2
 Last Modified Date: 6 January 2020
 Last Modified Time: 15:07:18
 Canvas X: -3181.120147163824
 Canvas Y: 25.030724698628546
 Area: .00039063
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Peri A5
 Last Modified Date: 19 November 2019
 Last Modified Time: 17:13:19
 Canvas X: -6004.385020291189
 Canvas Y: 382.58755484831636
 From Canvas X: -4520.20202020202

 From Canvas Y: -2895.622895622895
 Downstream: J_Mid

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 626.81
 Energy Slope: 0.009
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: F-6
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -6816.037184104709
 Canvas Y: 319.4910817090595
 From Canvas X: -7137.733702517441
 From Canvas Y: 728.1399000549532
 Area: 0.00836
 Downstream: J_Mid

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: Midpoint Site Outfall
 Last Modified Date: 4 November 2019
 Last Modified Time: 21:44:15
 Canvas X: -6121.783716957593
 Canvas Y: 1463.9154354050097
 Downstream: Overall Site Outfall

End:

Subbasin: OD-2
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: -5688.768051608007
 Canvas Y: 4190.02150773637
 Area: 0.04775
 Downstream: Overall Site Outfall
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 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 9.67
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-7
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: -6518.1942682149465
Canvas Y: 3869.5297384327723
From Canvas X: -4814.418668820334
From Canvas Y: 5021.606572309131
Area: 0.00348
 Downstream: Overall Site Outfall

Canopy: None
Allow Simultaneous Precip Et: No
Plant Uptake Method: None

Surface: None

LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
Lag: 3.60
Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: DO-1
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: -4833.71764781123
 Canvas Y: 3917.4727632773665
 From Canvas X: -841.654778887304
 From Canvas Y: -142.65335235378052
 Area: 0.00272
 Downstream: Overall Site Outfall

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS

 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 6.06
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: Overall Site Outfall
 Last Modified Date: 4 December 2019
 Last Modified Time: 14:23:56
 Canvas X: -8322.890474947622
 Canvas Y: 4620.729306795858

End:

Basin Layer Properties:
 Element Layer:

 Name: Icons
 Layer shown: Yes

     End Layer:
End:

Basin Spatial Properties:
End:

Basin Schematic Properties:
 Last View N: 6371.9254009410415
 Last View S: -4117.212754667324
 Last View W: -8195.442757096444
 Last View E: 6581.0295032464455
 Maximum View N: 5124.918857076491
 Maximum View S: -3594.1660778856867
 Maximum View W: -6816.037184104709
 Maximum View E: 5590.535772203601
 Extent Method: Elements
 Buffer: 0
 Draw Icons: Yes
 Draw Icon Labels: Name
 Draw Map Objects: No
 Draw Gridlines: No
 Draw Flow Direction: No
 Draw HillShade Layer: Yes
 Draw Elevation Layer: Yes
 Elevation Layer Color Palette: Default
 Ignore Elevation Color Ramp Scale: No
 Use Interpolated Color Ramp for Elevation Layer: 

Yes
 Color Ramp Opacity Level for Elevation Layer: 33.0
 Fix Element Locations: No
 Fix Hydrologic Order: No

End:
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The Drainage Report (Attachment 2) in Section 8 describes the construction schedule for 
the installation of the North Surface Water Pond and other drainage features at the site.
The hydrologic modeling and design supporting the surface water management system is 
described in Attachment 2B: On-Site Drainage Analysis – Hydrology. The following 
sections describe the methodology, design parameters, and results for the appurtenances 
(anti-seep collars and riprap aprons) supporting the North Surface Water Pond outlet pipes.

2 METHODOLOGY

2.1 Pond Outlet Pipe Design

The pond outlet pipes are designed by utilizing the Hydrologic Modeling System (HEC-
HMS) computer program developed through the Hydraulic Engineering Center (HEC) of 
the United States Army Corps of Engineers (USACE) and the HY-8 Culvert Analysis 
Program v.7.5 (HY-8).  HY-8 was originally developed by the Federal Highway 
Administration (FHWA) and has since been updated and revised to its current version 
(Version 7.5). The pond outlet pipes are modeled and their performance assessed based on 
inflow and elevation-storage relationships of the sub-ponds in series. HEC-HMS is 
applied for the surface water drainage system to model the pond outlet pipes conveying the 
peak discharge from North Surface Water Pond.  The HEC-HMS model developed to 
compute the peak inflows for each design rainfall event is discussed within Attachment 2B 
of the Drainage Report. The HY-8 model simulates flow through the pond outlet pipe and 
over the pond spillway separately using the discharge flow rate provided by the HEC-HMS 
model. This is because the HEC-HMS model does not differentiate the amount of 
discharge flow through the culvert and the spillway separately. The HY-8 model was used 
to size the riprap aprons at the pond outlet pipes that had flow both through their outlet 
pipes and spillways during the simulated rainfall events. The North Surface Water Pond 
Series 1 and Series 2 were the only sub-ponds that had flow through both the outlet pipe 
and spillway during the rainfall event associated with the riprap apron design (described in 
detail below). The portion of the total flow that is being conveyed through the outlet pipe
was used to size the riprap aprons.

The HEC-HMS model results are considered to be more precise predictions of water levels 
within the sub-ponds and are the basis for the headwater predictions.  Results from the 
HEC-HMS and HY-8 models were evaluated in order to demonstrate that the computed 
headwater elevation will not overtop the surface water pond berms at the culvert inlet 
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during the design rainfall event. The tailwater at the ultimate pond outlet pipe of the North 
Surface Water Pond Series 1 was calculated using Manning’s equation as described in 
Attachment 2E: On-Site Design – Culverts and Perimeter Drainage Channels. The 
performance of each outlet pipe for the surface water pond series was evaluated for the 24-
hour rainfall event with a 4% annual chance of occurrence (referred to herein as the “25-
year, 24-hour rainfall event”) and the 24-hour rainfall event with a 1% annual chance of 
occurrence (referred to herein as the “100-year, 24-hour rainfall event”).

2.2 Anti-Seep Collar Design

Anti-seep collars are required for penetrations through a basin berm to control seepage.
The methodology utilized to design the anti-seep collars follows guidance provided in the 
Kentucky Division of Water Engineering Memorandum No. 5, (KDNREP, 1999) and the 
Tennessee Department of Transportation Drainage Manual (TDOT, 2007). Although these 
guidance documents are from different states, the methods provided are an industry-
standard practice and have a sound technical basis for design at this site. KDNREP (1999)
recommends placing anti-seep collars along the length of the outlet structure culvert within 
the saturated zone such that the anti-seep collars: (i) provide an increase in flow length 
along the pipe of 15%, and (ii) are spaced at distance of no more than 25 ft apart. This 
relationship may be described as (KDNREP, 1999):

 
1.15 (1)

where: Ls = length of pipe within the saturated zone (ft),

V = vertical and horizontal projection of the collar (ft), and

n = number of anti-seep collars.

The length of pipe in the saturated zone, Ls, is computed based on the following 
assumptions: (i) the groundwater table is located below the elevation of the outlet pipe; (ii) 
the phreatic surface slopes at a 4 horizontal :1 vertical (4H:1V) slope from the elevation of 
ponded surface water runoff due to the 25-year, 24-hour rainfall event; and (iii) the interior
sideslopes of the North Surface Water Pond Series 1, Series 2, Series 3, and Series 4 are all 
3H:1V.

Based on these assumptions, Ls can be computed as follows (TDOT, 2007):
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L = y × (z + 4) × 1 +
.

(2)

where: Ls = length of pipe within saturated zone (ft);

y = depth of surface water in the pond after a 25-year, 24-hour
rainfall event;

z = slope of the interior embankment sideslope; and

S = slope of the outlet pipe (ft/ft).

Figure 2C-1 further depicts the geometry behind the calculation of Ls.

2.3 Riprap Outlet Apron Design

The riprap apron at the pond series outlet pipes were designed to protect against erosion 
and scour from the surface water pond outflows.  The riprap aprons were sized from the 
outflow based on the 25-year, 24-hour rainfall event using HEC-HMS and HY-8 model 
results. The North Surface Water Pond Series 1 and Series 2 outlet pipe riprap aprons were
designed using results from the HY-8 model because a portion of the total flow in these
pond series discharges from the spillway during the simulated rainfall event. The HY-8
model has the capability of differentiating the amount of flow through both the outlet pipe 
and spillway separately. The calculated flow through the outlet pipe from HY-8 was used 
to size the riprap apron for the North Surface Water Pond Series 1 and Series 2. The North 
Surface Water Pond Series 3 and Series 4 outlet pipe riprap aprons were designed using 
outflow results from the HEC-HMS model because the water surface elevation during the 
25-year, 24-hour rainfall event does not reach the spillway elevation and all outflow is
conveyed through the outlet pipe.

The design guidance from the FHWA provides a methodology for calculating the required 
length of apron (La) and d50 of the riprap based on the culvert diameter and flow rate. The 
d50 is the stone size of the riprap for which to 50% of the riprap stones are smaller than d50

by mass. The riprap size is calculated using the following equation (FHWA, 2006):

TW

D

gD

Q
Dd

3
4

5.250 2.0 (3)
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where: d50 = riprap size (ft);

Q = design discharge (cfs);

D = pipe diameter (ft);

TW = tailwater depth (ft); and

g = gravitational constant.

The tailwater depth should be limited to between 0.4D and D. FHWA (2006) recommends 
the use of a tailwater depth equal to 0.4D if the tailwater is unknown.

The required length and depth of the riprap apron can be estimated based on the pond 
outlet pipe rise and riprap size as provided in Table 2C-1. The width of the riprap apron at 
the outlet is recommended as 3D by the FHWA (2006) detail for riprap aprons.  The apron 
width will also widen from the outlet along the required length at a rate of 1 ft width per 3 
ft length on each side.  Figure 2C-2 provides the standard geometry for the riprap apron.

3 DESIGN PARAMETERS

3.1 Pond Outlet Pipe Parameters

The design parameters for the pond outlet pipes, including geometry and calculated peak 
discharges as computed by the HEC-HMS, are described in the appendices of Attachment 
2B to the Drainage Report for the 25-year, 24-hour and 100-year, 24-hour rainfall events.

The pond outlet pipes were designed to convey both the peak 25-year, 24-hour rainfall 
discharge and 100-year, 24-hour rainfall discharge while maintaining a water surface 
elevation in the pond with 0.5 feet of freeboard for the 25-year event and that does not 
overtop the pond berms for the 100-year event. The proposed pond outlet pipe design 
parameters are provided in Table 2C-2. It is noted that the peak discharge from the North 
Surface Water Pond Series 1 and Series 2 outlet pipes were computed in the HY-8 model 
as some of the outflow from this pond series is also conveyed over the spillway. A
Manning’s roughness coefficient is selected as 0.012 for concrete pipe culverts, based on
guidance in Table 2C-3 (TxDOT, 2019).  

The inflow structure into the culverts influences the conveyance of surface water through 
the culvert.  The culvert inflow structures were modeled with a square edge entrance with a 
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headwall.  The culvert headwall is to be installed according to the TxDOT standard detail 
FW-0 for concrete wingwalls with flared wings.  TxDOT standard details for wingwalls
are available in Figure 2C-3.

3.2 Anti-Seep Collar Design Parameters

Anti-seep collars were designed for each surface water pond outlet pipe, and the design 
parameters and structure geometry is described herein. Design parameters utilized in 
Equations (1) and (2) are also provided in Table 2C-2.

3.3 Riprap Outlet Apron Design Parameters

The North Surface Water Pond Series 1 has a computed peak outflow of 360.30 cfs during
a 25-year, 24-hour rainfall event, where 149.96 cfs and 210.27 cfs flow through the pipes 
and the spillway, respectively. The North Surface Water Pond Series 2 has a computed 
peak outflow into Series 1 of 467.40 cfs during a 25-year, 24-hour rainfall event, where 
433.91 cfs and 33.29 cfs flow through the pipes and the spillway, respectively. The HY-8
model divides these peak flow rates obtained from the HEC-HMS model between the pond 
outlet pipe and overflow spillway. The North Surface Water Pond Series 3 and Series 4 
outlet pipe riprap aprons were designed using computed outflows from the HEC-HMS 
model, as all the pond discharge was routed through the outlet pipe during the 25-year, 24-
hour rainfall event. The computed outflows for these pond series and the proposed design 
parameters used in Equation (3) are listed in Table 2C-4. The riprap aprons were designed 
for the 25-year, 24-hour peak flow rates through the pond outlet pipes only, as each of the 
spillways are lined with riprap. For the purposes of riprap apron design, the North Surface 
Water Pond discharge from outlets were evenly divided between the number of proposed 
culvert barrels. Also for the purposes of riprap apron design, the tailwater depth of the pipe
is considered to be 0.4D (FHWA, 2006). The computed tailwater depths for each North 
Surface Water Pond series are 1.0 foot for Series 1 and 1.8 feet for the three remaining 
sub-ponds.

4 RESULTS

4.1 Pond Outlet Pipe

The results of the computations of the performance of the North Surface Water Pond 
Series 1 and Series 2 outlet pipes from the HY-8 model is presented in Table 2C-5 for both 
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the 25-year, 24-hour and 100-year, 24-hour rainfall events. The output graphs for the 25-
year and 100-year events for North Surface Water Pond Series 1 are shown on Figure 2C-4
and Figure 2C-5, respectively. The output graphs for the 25-year and 100-year, 24-hour
rainfall events for North Surface Water Pond Series 2 are shown on Figure 2C-6 and 
Figure 2C-7, respectively. The pond outlet pipes provide the capacity to convey the peak 
flows from the surface water pond without overtopping the perimeter berms. It is 
important to note that the headwater elevations reported in Table 2C-5 are from the HY-8
output and do not account for storage restrictions within the ponds.  The headwater 
elevations from the HY-8 output are used solely for calculating the flow through the pond 
outlet pipes for sizing of the riprap aprons as described in Section 4.3.  The HEC-HMS 
headwater values reported previously and in Attachment 2B are considered to be more 
precise predictions of water levels within the ponds.

The North Surface Water Pond Series 3 and Series 4 water surface elevation does not reach 
the spillway during the 25-year, 24-hour rainfall events; therefore, all discharge is 
conveyed through the outlet pipes for this event. The peak water surface elevations do not 
overtop the perimeter berm for the 100-year, 24-hour rainfall event, as shown in Table 2C-
2.

4.2 Anti-Seep Collars

Based on the design parameters described above, the length of the North Surface Water 
Pond outlet pipes within the saturated zone, Ls, are calculated using Equation (2) and are 
provided in Table 2C-6.

Anti-seep collars should be spaced no more than 25 ft apart (KDNREP, 1999). The 
minimum number of seep collars necessary for each of the North Surface Water Pond
outlet pipes are provided in Table 2C-6. The minimum vertical and horizontal projection 
(V) of each seep collar was back calculated by Equation (1). Based on recommendations 
by Tennessee Department of Transportation (TDOT), the anti-seep collar should extend at 
least two feet in all directions around the outlet pipe (TDOT, 2007).

To describe the spacing of the anti-seep collars, the first anti-seep collar should be 
constructed approximately 12.5 feet from the up gradient inlet of the pond outlet pipe.  The 
second anti-seep collar should be spaced 25 feet from the first collar or 37.5 feet from the 
up gradient end of the pond outlet pipe. The third anti-seep collar, if necessary, should be 
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spaced 25 feet from the second collar or 62.5 feet from the up gradient end of the pond 
outlet pipe. The anti-seep collars should extend two feet in every direction from the pipe.

4.3 Riprap Outlet Apron 

Equation (3) was applied to size the riprap aprons for the surface water pond outlet pipes
using the design discharges through the pond outlet pipes based on the HEC-HMS and 
HY-8 model outputs. The HY-8 model was used to calculate the outflow through the 
North Surface Water Pond Series 1 and Series 2, while the HEC-HMS model results were 
used for the North Surface Water Pond Series 3 and Series 4, as previously described.

The flow was assumed to be evenly split between each barrel pipe and the tailwater depth 
was computed as described in Section 3.3. Based on Equation (3) a minimum d50 size for 
the riprap of was selected. The minimum apron lengths and widths were selected based on 
Table 2C-1.   FHWA (2006) recommends a 3:1 rate of expansion.  Results for the riprap 
outlet aprons dimensions for each pond series are provided in Table 2C-7.

It is noted that since the outlet pipe of the North Surface Water Pond Series 1 is 
discharging into a stabilized trapezoidal channel lined with geomembrane, the dimensions 
of the riprap apron are restricted by the downstream channel dimensions.  Therefore, the 
entire width of the channel (8 feet) should be lined with riprap, and the necessary length of 
the riprap apron is less than the length of the stabilized channel.
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Table 2C-1. Riprap Classes and Apron Dimensions
(from FHWA, 2006)
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Table 2C-2. North Surface Water Pond Design Parameters

North 
Pond 
Series

Number 
of 

Barrels

Manning's 
Roughness 
Coefficient

Diameter 
(ft)

Length 
of Pipe 

(ft)

Inlet 
Elevation 

(ft)

Outlet 
Elevation 

(ft)

Slope 
of Pipe 
(ft/ft)

Slope of 
Interior 

Embankment 
Sideslope 
(H: 1V)

Berm 
Elevation 

(ft)

Spillway 
Elevation 

(ft)

Series 1 2 0.012 2.5 64.5 588.0 587.4 0.009 3 598.5 597.0

Series 2 3 0.012 4.5 40 597.0 596.5 0.013 3 604.0 603.0

Series 3 2 0.012 4.5 60 603.0 602.5 0.008 3 614.0 613.0

Series 4 2 0.012 4.5 70 613.0 612.5 0.007 3 625.0 624.0
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Table 2C-3. Manning’s n Values
(from TxDOT, 2019)
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Table 2C-4. Summary of Calculated Results for North Surface Water Pond

25-year, 24-hour Rainfall Event 100-year, 24-hour Rainfall Event

North Surface 
Water Pond Series

Total Flow 
Rate (cfs)

Peak Water 
Surface Elevation 

(ft)

Pond Water 
Depth (ft)

Total Flow 
Rate (cfs)

Peak Water Surface 
Elevation (ft)

Pond Water 
Depth (ft)

Series 1 360.30 597.9 9.9 578.00 598.4 10.4
Series 2 467.40 603.3 6.3 639.20 603.9 6.9
Series 3 369.40 611.3 8.3 522.40 613.5 10.5
Series 4 412.80 622.6 9.6 619.80 624.8 11.8
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Table 2C-5. North Surface Water Pond Series 1 and Series 2 Outlet Pipe HY-8 Results

25-Year, 24-Hour Rainfall Event 100-Year, 24-Hour Rainfall Event

Total
Flow 
Rate

Q25
b (cfs)

Pipe
Flow
(cfs)

Pipe
Velocity

(fps)

Spillway
Flow
(cfs)

Tailwater
Elev
(ft)

Headwater
Eleva

(ft)

Total
Flow 
Rate

Q100
b (cfs)

Pipe
Flow
(cfs)

Pipe
Velocity

(fps)

Spillway
Flow
(cfs)

Tailwater
Elev
(ft)

Headwater
Eleva

(ft)

North 
Pond 

Series 1 
Outlet

360.30 149.96 15.27 210.27 589.85 597.92 578.00 154.59 15.75 423.23 590.48 598.46

North 
Pond 

Series 2 
Outlet

467.40 433.91 12.54 33.29 597.90 603.27 639.20 468.39 12.89 170.55 598.40 603.80

a Headwater elevations predicted from HY-8 modeling are generally smaller than those predicted from the HEC-HMS model.  The HEC-HMS model 
results (Attachment 2B) are considered to be more precise predictions of water levels within the ponds.  The HY-8 model was used to size the riprap 
aprons at the pond outlet pipe using the portion of the total flow that is being conveyed through the pond outlet pipe.  The smaller headwater 
predicted by the HY-8 model predicts more of the total outflow being conveyed through the pond outlet pipes because less water is allowed to 
discharge from the pond over the emergency spillway due to the smaller headwater predictions (i.e., conservative for the purposes of riprap sizing).

b These values are the total outflow rate from the pond predicted from HEC-HMS model results.  These values are used as input to the HY-8 model.
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Table 2C-6. North Surface Water Pond Anti-Seep Collar Results

North Pond 
Series

Length of 
Pipe 

Within 
Saturated 
Zone, Ls

(ft)

Number 
of 

Collars 
Required

Vertical and 
Horizontal 

Projection of 
Each Seep 
Collar (ft)

Series 1 72.0 3 2.00
Series 2 46.4 2 2.00
Series 3 60.1 2 2.25
Series 4 69.2 3 2.00
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Table 2C-7. North Surface Water Pond Outlet Pipe Riprap Apron Results

North 
Pond 
Series

d50 (in)
Riprap 
Class

Apron 
Length 

(ft)

Downstream 
Apron 

Width (ft)

Apron 
Depth (ft)

Series 1 23 6 20 21 3.7

Series 2 14 4 32 35 2.2

Series 3 19 5 32 35 3.1

Series 4 22 6 36 38 3.4
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FIGURES

Figure 2C-1. Anti-Seep Collar Design Schematic
Figure 2C-2. Placed Riprap Apron Standard Detail (from FHWA, 2006)
Figure 2C-3. TxDOT Standard Detail FW-0 for Concrete Wingwalls
Figure 2C-4.  HY-8 Modeling Output for 25-Year Event North Surface Water Pond 
Series 1 Outlet Pipe
Figure 2C-5.  HY-8 Modeling Output for 100-Year Event North Surface Water 
Series 1 Pond Outlet Pipe
Figure 2C-6.  HY-8 Modeling Output for 25-Year Event North Surface Water Pond 
Series 2 Outlet Pipe
Figure 2C-7.  HY-8 Modeling Output for 100-Year Event North Surface Water 
Series 2 Pond Outlet Pipe
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Figure 2C-1. Anti-Seep Collar Design Schematic (not to scale)
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Figure 2C-2. Placed Riprap Apron Standard Detail (from FHWA, 2006)
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Figure 2C-3.  TxDOT Standard Detail FW-0 for Concrete Wingwalls

Source: ftp://ftp.dot.state.tx.us/pub/txdot-info/cmd/cserve/standard/bridge/fw-0stde.pdf (Date Accessed: 12/4/2019)
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Figure 2C-4. HY-8 Modeling Output for 25-Year Event North Surface Water Pond 
Series 1 Outlet Pipe

IIIF-E-216



Page 22 of 24
1/8/2020

GW6953/Attachment 2C - Pond Design

Figure 2C-5. HY-8 Modeling Output for 100-Year Event North Surface Water Pond
Series 1 Outlet Pipe
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Figure 2C-6. HY-8 Modeling Output for 25-Year Event North Surface Water Pond 
Series 2 Outlet Pipe
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Figure 2C-5. HY-8 Modeling Output for 100-Year Event North Surface Water Pond 
Series 2 Outlet Pipe

IIIF-E-219



Fort Worth C&D Landfill, Tarrant County
Permit No. MSW-1983D

Part III, Attachment 2 – Facility Surface Water Drainage Report

May 2020
Page No.2D-Cvr

ATTACHMENT 2D

ON-SITE DESIGN – DRAINAGE TERRACES AND 
DOWNCHUTE CHANNELS

IIIF-E-220



IIIF-E-221



Page 2 of 22
Reviewed 2/4/2020

Written by: O. Bramlet Date: 01/09/2020 by: S. Graves Date:

Client: TRLC Project: Fort Worth C&D Landfill Project No.: GW6953 Phase No.: 04

GW6953/Attachment 2D - Drainage Terraces and Downchutes_Permit 1983D CL

apart horizontally on the 3H:1V final cover sideslopes (see Drawing 2-1 in Attachment 
2A). Typical drainage terrace and downchute cross-sections for the final cover system are 
shown on the drawings presented in Attachment 2 (the Facility Surface Water Drainage 
Report) of the Site Development Plan (SDP). The hydraulic design of the terrace and 
downchute drainage features meets or exceeds the design criteria described herein.

Downchute channels are evaluated as articulated concrete block (ACB) lined trapezoidal 
channels in this calculation package. Other equivalent downchute channel lining materials 
meeting the design performance criteria addressed in this calculation package may be used.  
The downchute channels are designed to convey the 25-year, 24-hour rainfall event with 
0.5 feet of freeboard (and to convey the 100-year, 24-hour rainfall event without 
overtopping) down the 3H:1V final cover sideslopes and into the perimeter drainage 
channels. The peak 25-year, 24-hour rainfall event discharge and resulting calculated 
average tractive stresses are used to design the lining system of the downchute channels.

The capacity of each downchute channel and drainage terrace is calculated by solving 
Manning’s equation for the depth of flow within each channel or terrace. Manning’s 
equation (Chow, 1959) is expressed as:

2
1

3
249.1

SAR
n

Q (1)

where:

Q = discharge (cfs),

n = Manning’s roughness coefficient,

A = area of cross-section of flow (ft2),

P = wetted perimeter (ft),

R = hydraulic radius = A/P (ft), and

S = longitudinal slope (ft/ft).

The average tractive stresses in the downchute or drainage terrace for various flows are 
estimated by Equation (2) (Chow, 1959).
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RSwo (2)

where:

o = average tractive stress (lb/ft2),

w = unit weight of water (lb/ft3),

R = hydraulic radius = A/P (ft), and

S = channel slope (ft/ft).

Each top deck drainage area and sideslope drainage area was modeled as a separate sub-
basin in the HEC-HMS model as discussed in Attachment 2B. However, the hydraulic 
performance of the top deck drainage terraces and sideslope drainage terraces were not 
directly modeled in the HEC-HMS model. The travel time through these drainage features 
is minimal and would not significantly impact the results; therefore, the hydraulic 
performance was modeled using Manning’s equation as described above. Furthermore, it 
is conservative to not explicitly model the drainage terraces because this removes the lag 
effect in the peak flow rates. The peak flow rate for each top deck and sideslope drainage 
terrace was assumed to be equal to that of the corresponding drainage area.  The drainage 
downchutes were modeled explicitly in the HEC-HMS model. Each sub-basin was routed 
to a downchute within the HEC-HMS model to compute the peak discharges within each 
downchute channel.  The locations and contributing areas of the top deck drainage terraces 
and downchute channels are shown on Drawing 2-3 of Attachment 2A.  The resulting peak 
flow rates from the HEC-HMS model output were used in the Manning’s equation to 
calculate the resulting flow depths and tractive stresses in the drainage features to 
demonstrate that the design parameters of the drainage features are adequate.

The downchute channel design evaluation is for an articulated concrete block (ACB) 
channel lining to resist erosive forces.  As noted, other equivalent downchute channel 
lining materials meeting the design performance criteria addressed in this calculation 
package may be used.  For this ACB design, the method relates the tested critical shear 
stress of an ACB system on a horizontal plane to the design conditions and then accounts 
for slope by checking that the resistance is adequate to prevent failure. The maximum 
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allowable tractive stress is calculated using the following equation:

sincos 12

2
0 (3)

where: 0 = maximum allowable tractive stress at 0° (psf);

2 1 = extrapolation variables (inches).

ACB-type channel lining is suitable for use on 3H:1V slopes.  In fact, the methodology 
presented in Equation (3) was developed using laboratory flume testing data the ACB 
Channel Lock 450 system that was conducted on a 3H:1V sideslope bedded on a 
compacted soil embankment with conditions representative of those expected for this site, 
for a range of flow rates until failure of the ACB occurred (Ayers, 2001a).  This value was 
used to extend the tested results to a horizontal bed (0° slope) using the moment-balance 
Equation (3) above to allow the results to be applied to different slope angles.  Test data 
was also extrapolated to ACB systems of different sizes using an overturning moment-
balance approach accounting for stabilizing and destabilizing forces. As further described 
in the subsequent paragraph, there is minimal chance of failure due to sliding of the lining 
along the plane of the subgrade. The loss of contact is primarily due to the overturning of 
a block in which failure occurs. The best method for determining failure is in terms of 
tractive stress, derived in Equation (3) to extrapolate from laboratory settings to 
hypothetical situations.

According to the ACB design manual (Ayers, 2001b), typical applications of ACBs are on 
slopes of 2H:1V or flatter.  This shows that the design conditions for this site (on 3H:1V 
slopes) are a typical ACB application condition.  The design manual notes that “the 
probability of failure due to slipping or sliding of the system matrix along the plane of the 
subgrade is remote.  The loss of intimate contact is most often the result of overturning of a 
block or group of blocks, in which incipient failure occurs when the overturning moments 
equal the retaining moments about the downstream contact point of an individual block.”
From the design manual and the flume tests conducted on ACB inclined on a 3H:1V with 
similar subgrade conditions to that expected for this site, it is apparent that the critical 
mode of failure for ACB systems on slopes at 2H:1V or flatter is overturning.  By using 
this methodology and confirming that the design conditions can adequately resist an 
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overturning-mode of failure, the design would be expected to adequately resist the less-
critical sliding mode of failure.

3 DESIGN PARAMETERS

The design parameters, including channel geometry, Manning’s roughness coefficient, and 
calculated peak discharges for the 25-year and 100-year rainfall events (Attachment 2B),
are summarized for each downchute channel and top deck drainage terrace in Table 2D-1
and Table 2D-2, respectively.

The sideslope drainage terraces are designed as a v-shaped tack-on berms constructed on
the 3H:1V sideslopes of the final cover system with design parameters summarized in 
Table 2D-3. Thus, the sideslopes of the terrace are 3H:1V on the final cover side and 
2.5H:1V on the berm side and each terrace has a depth of 2.50 ft.  The nominal 
longitudinal slope of each sideslope drainage terrace is approximately 2% and most
terraces are laid out to this longitudinal slope. Each of these site-specific conditions was 
analyzed to confirm that the sideslope drainage terrace design is adequate for the 
contributing drainage area and terrace slope. Drawing 2-3 shows the location of each 
sideslope drainage terrace, top deck drainage terrace, and drainage downchute structures
on the final cover system.

Each drainage structure is designed to maintain a minimum of 0.5 feet of freeboard during 
the 25-year, 24-hour rainfall event.  Additionally, each terrace and downchute channel is
designed to convey the peak flow during the 100-year, 24-hour rainfall event without 
overtopping. The calculated 25-year average tractive stress is used to design the lining 
system of each drainage feature.

The downchute channel design evaluation is for an ACB-lined channel to resist erosive 
forces. As mentioned, other equivalent downchute channel lining materials meeting the 
design performance criteria addressed in this calculation package may be used.  The 
maximum allowable tractive stress is calculating using Equation (3) above.  The critical 
shear stress for a horizontal bottom width surface for various ACB types is shown in Table 
2D-4 (Ayres, 2001a). ACB Channel Lock 800 is proposed for the downchutes. The 
maximum allowable tractive stress, or shear stress, for the ACB 800 is 12.8 psf as shown 
in Table 2D-4 (Ayres, 2001a).

As mentioned, the extrapolation variables were developed based on testing of the ACB 
Channel Lock 450 system on a 3H:1V sideslope.  The Ayres (2001a) report indicates that 
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the “performance extrapolation method… is overly conservative when used to estimate the 
performance of thicker blocks based on tests of thinner blocks.”  This suggests that the 
maximum allowable tractive stress for the ACB 800 system is potentially greater than the 
calculated value of 12.8 psf. The basis for this claim was additional testing conducted on 
the ACB Channel Lock 800 system on a 2H:1V sideslope until failure.  The proposed ACB 
system is expected to be overly conservative in terms of maximum allowable tractive stress 
based on testing data conducted on steep slopes.  Furthermore, the proposed ACB system 
will be anchored into the final cover system along the edges of the downchute drainage 
channel, thus providing additional strength of the system and resistance to erosive forces.

The peak flows applied to the design of each downchute channel are based on the flows 
from the entire contributing top deck and sideslope areas for the 25-year, 24-hour rainfall 
event as provided in Attachment 2B.  This is considered conservative as the sum of these 
flows will only influence the performance of the lining materials at the down gradient end
of each downchute channel as opposed to the entire length of the downchute channel.

The allowable tractive stress for the ACB-lined downchutes is documented in published 
research data (e.g., Ayres, 2001a) and selected for design.  The ACB-lined downchute is 
designed to accommodate the design storm event without shifting of the blocks or any loss 
of embankment soil beneath the ACB system.

Permissible tractive stresses for grass-lined channels range from 0.35 psf to 3.70 psf 
depending on the retardation class of vegetation. Retardation Class C (which includes
Bermuda and Crab grasses among others) is selected for the design of grass lined channels
(as shown in Table 2D-5) and has a maximum permissible tractive stress of 1.0 psf (as 
shown in Table 2D-6 from TxDOT, 2019).

A range of Manning’s roughness coefficients for a variety of channel linings are selected 
from TxDOT (2019) provided in Table 2D-7.  For the grass lined channels a roughness 
value of n = 0.027 was selected. As previously mentioned, the roughness for ACB lined 
channels was selected as n = 0.036 (Ayers, 2001a).

4 RESULTS

The depth of flow, velocity, and average tractive stress for the peak discharges into each 
downchute channel, top deck drainage terrace, and each sideslope drainage terrace were 
calculated using Equations (1) and (2). These calculations for the downchute channels, top 
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deck drainage terraces, and sideslope drainage terraces are summarized in Table 2D-8,
Table 2D-9, and Table 2D-10, respectively. Appendix 2D-1 provides spreadsheets used 
for calculating the results tables for the downchute channel, top deck drainage terrace, and 
sideslope drainage terrace with the greatest flow rates (i.e., the critical design cases).
Drawing 2-3 provides location and layout of each drainage structure discussed within this 
calculation package.

Each downchute channel and drainage terrace was calculated to contain the 
capacity to convey the flows from the 25-year, 24-hour and the 100-year,
24-hour rainfall events.

Each downchute channel and drainage terrace was designed to maintain at 
least 0.5 feet of freeboard for the 25-year, 24-hour rainfall event.

For each downchute channel, the average tractive stresses were calculated 
to remain below 12.8 psf during the 25-year, 24-hour rainfall event. The 
average tractive stress for each drainage terrace was calculated to remain 
below 1.0 psf during the 25-year, 24-hour rainfall event. The selected 
channel lining materials can adequately resist these tractive stresses.
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Table 2D-1. Design Parameter Summary for Downchute Channels

Downchute
Channel
Segment

Channel
Shape

Longitudinal
Channel

Slope (%)
Manning's

n

Bottom
Width

(ft)
Depth

(ft)

Side
Slopes
(H:V)

25-year
Flow Rate1

Q25 (cfs)

100-year
Flow Rate1

Q100 (cfs)
Downchute A Trapezoidal 33.3 0.036 12.0 2.0 3:1 167.70 226.20
Downchute B Trapezoidal 33.3 0.036 4.0 2.0 3:1 96.00 129.50
Downchute C Trapezoidal 33.3 0.036 10.0 2.0 3:1 156.20 210.70
Downchute D Trapezoidal 33.3 0.036 2.0 2.0 3:1 76.60 103.20

Downchute E Trapezoidal 33.3 0.036 8.0 2.0 3:1 133.40 179.90
Notes: 

1. The calculation of peak flows for the design rainfall events is presented in Attachment 2B.
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Table 2D-2. Design Parameter Summary for Top Deck Drainage Terraces

Top Deck
Channel
Segment

Channel
Shape

Longitudinal
Channel

Slope (ft/ft)
Manning's

n

Bottom
Width

(ft)
Depth

(ft)

Left Side
Slope
(H:V)

Right Side
Slope
(H:V)

25-year
Flow Rate1

Q25 (cfs)

100-year
Flow Rate1

Q100 (cfs)
A-1 V-shaped 0.0322 0.027 0.0 2.0 20:1 3:1 66.20 89.30
C-1 V-shaped 0.0100 0.027 0.0 2.0 20:1 3:1 61.90 83.60

Notes: 

1. The calculation of peak flows for the design rainfall events is presented in Attachment 2B.
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Table 2D-3. Design Parameter Summary for Sideslope Drainage Terraces

Sideslope
Channel
Segment

Channel
Shape

Longitudinal
Channel

Slope (%)
Manning's

n

Bottom
Width

(ft)
Depth

(ft)

Left Side
Slope
(H:V)

Right Side
Slope
(H:V)

25-year
Flow Rate1

Q25 (cfs)

100-year
Flow Rate1

Q100 (cfs)
A-2 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 44.0 62.3
A-3 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 10.2 13.8
A-4 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 14.3 19.3
A-5 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 23.8 32.2
A-6 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 20.8 28.0
A-7 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 34.3 46.3
B-1 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 19.6 26.5
B-2 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 18.5 24.9
B-3 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 25.4 34.3
B-4 V-shaped 2.50% 0.027 0.0 2.5 2.5:1 3:1 33.0 44.5
C-2 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 36.1 48.7
C-3 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 14.3 19.3
C-4 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 26.4 35.7
D-1 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 3.2 4.3
D-2 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 6.4 8.7
D-3 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 5.9 8.0
D-4 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 43.7 58.9
D-5 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 7.3 9.8
D-6 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 10.1 13.7
E-1 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 15.6 21.1
E-2 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 47.8 64.5
E-3 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 17.7 23.8
E-4 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 52.4 70.7

Notes: 

1. The calculation of peak flows for the design rainfall events is presented in Attachment 2B.
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Table 2D-4. Channel Lock ACB Performance Variables

(from Ayres, 2001a)

3. Maximum allowable tractive stress for Block Types 550 and 800 was calculated using Equation 3 (from Ayres, 
2001a) based on conversion for different slope angles. 
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Table 2D-5.  Retardation Class for Lining Materials

(from TxDOT, 2019)
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Table 2D-6. Permissible Shear Stresses for Various Linings

(from TxDOT, 2019)
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Table 2D-7. Manning’s Roughness Coefficients

(from TxDOT, 2019)
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Table 2D-8. Summary of Calculated Results for Downchute Channels

Downchute
Channel
Segment

25-Year Design Rainfall Event 100-Year Design Rainfall Event

Peak Flow 
Rate

Q25 (cfs)

Peak 
Depth

of Flow
(ft)

Peak 
Average
Velocity

(ft/s)

Peak 
Average
Tractive

Stress (psf)

Minimum 
Permissible 
ACB Type1

Peak Flow 
Rate

Q100 (cfs)

Peak 
Depth

of Flow
(ft)

Peak 
Average
Velocity

(ft/s)

Peak 
Average
Tractive

Stress (psf)
Downchute A 167.70 0.70 17.0 12.5 ACB 800 226.20 0.83 18.8 14.5
Downchute B 96.00 0.86 17.0 12.4 ACB 800 129.50 1.00 18.5 14.1
Downchute C 156.20 0.74 17.3 12.8 ACB 800 210.70 0.87 19.0 14.8
Downchute D 76.60 0.95 16.5 12.0 ACB 800 103.20 1.09 17.9 13.5
Downchute E 133.40 0.76 17.1 12.6 ACB 800 179.90 0.89 18.8 14.5

Notes: 

1. ACB 800 indicates ACB Channel Lock 800.

IIIF-E-236



Page 17 of 22
01/09/2020

GW6953/Attachment 2D - Drainage Terraces and Downchutes_Permit 1983D CL

Table 2D-9. Summary of Calculated Results for Top Deck Drainage Terraces

25-Year Design Rainfall Event 100-Year Design Rainfall Event

Top Deck
Channel
Segment

Peak 
Flow 
Rate

Q25 (cfs)

Peak Depth
of Flow

(ft)

Peak 
Average
Velocity

(ft/s)

Peak 
Average
Tractive

Stress (psf)

Peak Flow 
Rate

Q100 (cfs)

Peak 
Depth

of Flow
(ft)

Peak 
Average
Velocity

(ft/s)

Peak 
Average
Tractive

Stress (psf)
A-1 66.20 0.97 6.07 0.96 89.30 1.09 6.54 1.08
C-1 61.90 1.18 3.86 0.36 83.60 1.32 4.16 0.41
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Table 2D-10.  Summary of Calculated Results for Sideslope Drainage Terraces

25-Year, 24-Hour Rainfall Event 100-Year, 24-Hour Rainfall Event

Sideslope
Channel
Segment

Peak Flow 
Rate

Q25 (cfs)

Peak Depth
of Flow

(ft)

Peak Average
Velocity

(ft/s)

Peak Average
Tractive

Stress (psf)

Peak Flow 
Rate

Q100 (cfs)

Peak Depth
of Flow

(ft)

Peak Average
Velocity

(ft/s)

Peak Average
Tractive

Stress (psf)
A-2 44.00 1.58 6.39 0.93 62.30 1.80 6.98 1.05
A-3 10.20 0.91 4.43 0.53 13.80 1.02 4.78 0.60
A-4 14.30 1.04 4.82 0.61 19.30 1.16 5.20 0.68
A-5 23.80 1.26 5.49 0.74 32.20 1.40 5.91 0.82
B-1 19.60 1.17 5.22 0.68 26.50 1.31 5.63 0.76
B-2 18.50 1.14 5.15 0.67 24.90 1.28 5.55 0.75
B-3 25.40 1.28 5.57 0.75 34.30 1.44 6.01 0.84
B-4 33.00 1.42 5.95 0.83 44.50 1.59 6.41 0.93
C-2 36.10 1.47 6.09 0.86 48.70 1.64 6.56 0.96
C-3 14.30 1.04 4.82 0.61 19.30 1.16 5.20 0.68
C-4 26.40 1.30 5.63 0.76 35.70 1.46 6.07 0.86
C-5 19.00 1.15 5.18 0.68 25.60 1.29 5.58 0.76
D-1 3.20 0.59 3.30 0.34 4.30 0.66 3.57 0.39
D-2 6.40 0.77 3.95 0.45 8.70 0.86 4.26 0.50
D-3 5.90 0.74 3.87 0.44 8.00 0.83 4.17 0.49
D-4 43.70 1.58 6.38 0.92 58.90 1.76 6.88 1.03
D-5 7.30 0.80 4.07 0.47 9.80 0.90 4.39 0.53
D-6 10.10 0.91 4.42 0.53 13.70 1.02 4.78 0.60
E-1 15.60 1.07 4.93 0.63 21.10 1.20 5.32 0.70
E-2 47.80 1.63 6.53 0.96 64.50 1.82 7.04 1.07
E-3 17.70 1.12 5.09 0.66 23.80 1.26 5.49 0.74
E-4 52.40 1.69 6.62 0.97 70.70 1.90 7.14 1.08
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Appendix 2D-1

Drainage Feature Calculations
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GW6953\Attachment 2E - Culverts and Perimeter Channels

Culvert 1). It is noted that Reach C4 conveys surface water off-site from the North Surface 
Water Pond to the overall site outfall. Storm Water Channel B is an existing roadside ditch 
located along the eastern site perimeter adjacent to Dick Price Road.  Storm Water Channel 
B conveys surface water to Storm Water Channel C and only has one reach (designated as 
B1).

Storm Water Channel A and Storm Water Channel B are separated by a local high point
near the southeastern corner of the final cover system. Surface water from the eastern
areas of the final cover is conveyed directly into Storm Water Channel C through 
downchute channels, which are discussed in Attachment 2D of the Drainage Report. Also, 
Drawing 2-1 in Attachment 2A of the Drainage Report shows a plan view of the facility 
surface water management system.

2 METHODOLOGY

Perimeter Channels

Storm Water Channel A will be a geomembrane-lined trapezoidal channel conveying flows 
to the midpoint site outfall. Storm Water Channel B is an existing grass-lined v-ditch (i.e., 
trapezoidal channel with zero bottom width) which conveys flows to the Storm Water 
Channel C. Storm Water Channel C is an existing geomembrane-lined trapezoidal channel 
which conveys flows to the North Surface Water Pond. Final cover areas contributing to 
each perimeter channel reach are modeled in the computer program HEC-HMS for the
post-development site conditions, and peak discharges are subsequently computed for each 
reach. The details including the methodology and design parameters of this analysis are 
provided in the On-Site Drainage Analysis – Hydrology calculations located in Attachment 
2B of the Drainage Report. Each reach is designed to convey the peak surface water 
runoff corresponding the 24-hour rainfall event with a 4% annual chance of occurrence 
(referred to herein as the “25-year, 24-hour rainfall event”) flowing to the channel
segment, while maintaining a minimum of 0.5 feet of freeboard in the channel during this 
rainfall event. In addition, each reach was designed with the sufficient capacity to convey 
the peak discharge from the 24 hour rainfall event with a 1% annual chance of occurrence 
(refer to herein as the “100-year, 24-hour rainfall event”) without overtopping.
Calculations supporting the peak volumes of surface water runoff during these rainfall
events are provided in Attachment 2B of the Drainage Report.

Drawing 2-4 in Attachment 2A of the Drainage Report shows the perimeter drainage 
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channel plan and includes reach designations for each perimeter channel segment.
Drawings 2-5 and 2-6 provide perimeter drainage profiles for the Storm Water Channels A, 
B, and C. The typical cross-section and a channel schedule for the perimeter drainage 
channels are provided in Drawing 2-10. The channel geometry and peak discharge during 
the design rainfall events are used to calculate the peak velocity and the peak tractive stress 
during the design rainfall event on the lining of the channel.

It should be noted that channel reaches located along the eastern and northern portions of 
the currently permitted landfill have already been constructed.  The design associated with 
this lateral expansion for the facility considers the existing channel profile (i.e., design 
slopes and elevations) from the currently permitted surface water plan for the site.

The capacity of each reach (i.e., drainage channel segment) is calculated and assessed by
solving Manning’s equation.  Manning’s equation (Chow, 1959) is expressed as:

2
1

3
249.1

SAR
n

Q (1)

where:

Q = discharge (cfs),

n = Manning’s roughness coefficient,

A = area of cross-section of flow (ft2),

P = wetted perimeter (ft),

R = hydraulic radius = A/P (ft), and

S = longitudinal slope (ft/ft).

The peak average tractive stresses on the channel lining for various depths of flow are 
estimated using the following equation (Chow, 1959):

RSwo
(2)

where:

o = average tractive stress (lb/ft2),
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w = unit weight of water (lb/ft3),

R = hydraulic radius = A/P (ft), and

S = channel slope (ft/ft).

Culvert 1

Culvert 1 is designed by utilizing the HY-8 Culvert Analysis Program v.7.5 (HY-8).  HY-8
was originally developed by the Federal Highway Administration (FHWA) and has since 
been updated and revised to its current version (version 7.5). The performance of a culvert 
is modeled and evaluated based on boundary conditions, culvert configuration, and peak 
flow criteria. HY-8 is applied for the surface water drainage system to model the box
culvert (Culvert 1) conveying the peak discharge from Reach C2 (Storm Water Channel C)
beneath a roadway into Reach C3. The performance of Culvert 1 is assessed under two
tailwater conditions for the computed water surface elevation within Reach C3 which 
coincide with the peak discharge during 25-year, 24-hour rainfall event and the 100-year,
24-hour rainfall event. The HEC-HMS model developed in Attachment 2 of this Drainage
Report was utilized to compute the peak inflows and tailwater conditions in order to model
Culvert 1. Results from the HY-8 model are reviewed to demonstrate that the computed
headwater elevation does not overtop the entry driveway at the culvert inlet during the
peak discharge.

Riprap Apron Design

The riprap aprons at the outlet of Culvert 1 and at the outlet of Reach C3 into the North 
Surface Water Pond are designed to protect against erosion and scour from the peak 
surface water runoff.  Each riprap apron is sized from the outflow based on the 25-year, 
24-hour rainfall event.  The selected design guidance from the Federal Highway
Administration (FHWA) provides a methodology for calculating the required length of
apron (La) and d50 of the riprap based on the culvert diameter and flow rate. The d50 is the
stone size of the riprap for which to 50% of the riprap stones are smaller than d50 by mass.
The riprap size is calculated using the following equation (FHWA, 2006):

TW

D

gD

Q
Dd

3
4

5.250 2.0 (4)
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where: d50 = riprap size (ft),

Q = design discharge (cfs),

D = culvert diameter (ft),

TW = tailwater depth (ft), and

g = gravitational constant.

The tailwater depth should be limited to between 0.4D and D.  FHWA (2006) recommends 
the use of a tailwater depth equal to 0.4D if the tailwater conditions are unknown.

The required length and depth of the riprap apron can be estimated based on the culvert 
rise and riprap size as provided in Table 2E-1. The width of the riprap apron at the outlet 
was selected as 3D as recommended by the FHWA (2006) detail for riprap aprons.  The 
apron width will also widen from the outlet along the required length at a rate of 1 ft width 
per 3 ft length at each edge.  Figure 2E-1 provides the typical geometry for the riprap 
apron.

3 DESIGN PARAMETERS

The design parameters for each channel reach and culvert, including channel geometry and 
calculated peak discharges as computed by the HEC-HMS model described in Attachment 
2B to the Drainage Report for the 25-year and 100-year rainfall events, are summarized in 
Table 2E-2.

Perimeter Channels

The majority of the perimeter channel reaches are lined with a geomembrane. Manning’s 
roughness values are not specifically available from literature or manufacturers for 
textured High Density Polyethylene (HDPE) geomembrane.  Smooth HDPE Manning’s 
roughness values are approximately 0.01, so it was considered reasonable that a textured 
geomembrane would be slightly greater.  Therefore, a Manning’s roughness value of 0.015 
for float finish concrete lining was assumed to be representative of the textured HDPE
geomembrane channel lining (Table 2E-3 from TxDOT, 2019). This was used for channel 
sizing design, since a larger roughness value would produce a greater flow depth.

Permissible peak tractive stresses for grass-lined channels range from 0.35 psf to 3.70 psf
depending on the retardation class of vegetation.  Retardation Class C (which includes 
Bermuda and Crab grasses among others) was selected for the design of grass lined 
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channels (as shown in Table 2E-4). Grass channels under Retardation Class C have a
maximum permissible tractive stress of 1.0 psf (as shown in Table 2E-5 from TxDOT, 
2019).

Permissible peak tractive stresses for geomembrane-lined channels are not available from 
literature or manufacturers for textured or smooth HDPE geomembrane.  Therefore, a
conservative approach was considered. Table 2E-6 (from Fischenich, 2001) presents the 
permissible tractive (shear) stress and permissible velocity for a variety of lining materials.  
Geomembranes are expected to have a large permissible tractive stress (comparable to 
concrete) due to its smooth and relatively frictionless surface (with minimal roughness for 
the force of flowing water to act upon), continuous coverage of the channel bed, anchoring 
at the top of the channel cross-section, and welds between geomembrane panels.  
Furthermore, geomembranes are less susceptible to erosion or displacement (unlike with 
many erosion control products).  A conservative permissible tractive stress corresponding 
to unvegetated non-degradable rolled erosion control products (RECPs) of 3.0 psf was 
selected for geomembrane-lined channels.  This permissible tractive stress is expected to 
significantly underestimate the actual permissible tractive stress of geomembrane-lined 
channels.  The selection of this value is applicable to this design package only to 
demonstrate adequacy of the design, since, as previously discussed, this approach is likely 
quite conservative.

Culvert 1

The concrete box Culvert 1 is designed using the following parameters to convey both the 
peak 25-year, 24-hour rainfall event discharge and the peak 100-year, 24-hour rainfall
event discharge. The inlet invert and outlet invert elevations are 639.46 ft MSL and 
638.81 ft MSL, respectively, with a culvert slope of 0.51%. A Manning’s roughness 
coefficient is selected as 0.012 for concrete box culverts, based on guidance in Table 2E-8
from TxDOT (2019). The peak inflow into the culvert is computed by HEC-HMS for both 
rainfall events, as discussed in Attachment 2B.  The peak inflow from Reach C2 into 
Culvert 1 is calculated as 275.20 cfs and 375.40 cfs for the 25-year, 24-hour and 100-year,
24-hour rainfall events, respectively.

The inflow structure into the culvert influences the conveyance of surface water through 
the culvert.  The box culvert inflow structure was modeled with a beveled 45 degree 
wingwall. The culvert headwall is to be installed according to the TxDOT standard detail 
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FW-0 for concrete wingwalls with flared wings.  A TxDOT standard detail for wingwalls 
is available in Figure 2E-2.

For the purposes of the outlet riprap apron design, Culvert 1 was considered as three 4.5-ft
diameter culverts, with the peak inflow from Reach C2 evenly divided between each 
culvert barrel. Also for the purposes of riprap apron design, the tailwater depth was
considered to be the depth in the downstream channel reach (Reach C3). The peak 
tailwater depth during the 25-year, 24-hour rainfall event is 2.77 ft.

Riprap Apron Design

Riprap aprons are sized for: (i) the outflow of Culvert 1 and (ii) the outflow of Reach C3
into the North Surface Water Pond. The design parameters describing the conditions for 
riprap apron design for Culvert 1 are described above.  Meanwhile, the peak discharge of 
Reach C3 into the North Surface Water Pond Series 4 during the 25-year, 24-hour rainfall 
event is 465.10 cfs. The 8 ft (base width) by 3.5 ft (channel depth) trapezoidal channel was 
considered as two representative 3.79 ft circular culverts (corresponding to the area of the
peak depth of flow within the channel). Each representative culvert is assumed to convey 
half the peak 25-year, 24-hour rainfall event discharge, solely for the purposes of riprap 
apron design. Since the invert elevation of Reach C3 is above the peak pond elevation for 
the 25-year, 24-hour rainfall event, the tailwater depth was taken as the peak depth within 
Reach C3.

4 RESULTS

The depth of flow, velocity, and average tractive stress for the calculated discharge for 
each perimeter drainage channel reach during the design rainfall event were calculated 
using Equations (1) and (2). Calculations for each perimeter channel reach were 
performed using spreadsheets with results that are summarized in Table 2E-9. Spreadsheet 
results for the channel reach with the largest peak flow rate for each perimeter channel are 
presented in Appendix 2E-1. For both rainfall events, the performance of Culvert 1 from 
HY-8 modeling is presented in Table 2E-9 and shown on Figures 2E-3 and 2E-4.

The available freeboard in all perimeter channel reaches is calculated to be 
greater than 0.5 feet during the 25-year, 24-hour rainfall event.

Each perimeter channel reach was designed to be able to convey the 100-
year, 24-hour rainfall event without overtopping as presented in Table 2E-9.
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The average tractive stress during the 25-year, 24-hour rainfall event within 
each of the perimeter channel reaches is calculated to remain below the 
maximum one (1) psf (acceptable for grass-lined channels) or below 3.0 psf 
(acceptable as conservatively applied for geomembrane-lined channels).

Culvert 1 contains the capacity to convey the flow from Reach C2 to C3 
without overtopping the roadway at the culvert inlet wingwall.

The minimum d50 size of the riprap apron was computed by Equation (3) for
the outflow of each necessary discharge structure as summarized in Table 
2E-10.  In addition, the selected riprap class, apron depths and lengths are 
provided within the table for each riprap apron.

FHWA (2006) recommends an apron width of 3 times the outlet diameter at the up 
gradient end of the apron near the culvert outlet and a 3:1 rate of expansion at each edge 
along the length of the apron.  However, since each structure is discharging into a 
stabilized geomembrane-lined trapezoidal channel or surface water pond, the dimensions 
of the riprap aprons are restricted by the channel dimensions.  Therefore, the entire width 
of the channel (8 feet) should be lined with riprap for Culvert 1. The full apron width will 
be provided at the outlet of each perimeter channel into the North Surface Water Pond.
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Table 2E-1. Riprap Classes and Apron Dimensions

(from FHWA, 2006)
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Table 2E-2. Design Parameter Summary for Perimeter Drainage Channels and Culverts

Perimeter
Channel/
Culvert

Channel
Shape

Longitudinal
Channel

Slope (ft/ft)

Manning's
n

Bottom
Width (ft)

Depth
(ft)

Side
Slopes
(H:V)

Channel
Lining

25-year,
24-hour

Flow Rate
Q25 (cfs)

100-year,
24-hour

Flow Rate
Q100 (cfs)

Perimeter 
Reach A1

Trapezoid 0.005 0.015 3.0 3.0 3:1 Geomembrane 36.00 48.60

Perimeter 
Reach A2

Trapezoid 0.005 0.015 8.0 3.0 3:1 Geomembrane 196.10 270.00

Perimeter 
Reach A3

Trapezoid 0.076 0.015 13.0 1.5 3:1 Geomembrane 217.70 298.40

Perimeter 
Reach A4

Trapezoid 0.022 0.015 8.0 3.5 3:2 Geomembrane 216.90 298.20

Perimeter 
Reach A5

Trapezoid 0.008 0.015 8.0 3.5 3:3 Geomembrane 405.90 553.90

Perimeter 
Reach B1

Triangular 0.025 0.027 0.0 1.8 3:1
Native 

Vegetation
30.80 41.50

Perimeter 
Reach C1

Trapezoid 0.005 0.015 8.0 3.5 3:1 Geomembrane 275.60 376.60

Perimeter 
Reach C2

Trapezoid 0.005 0.015 8.0 3.5 3:1 Geomembrane 275.20 375.40

Perimeter 
Reach C3

Trapezoid 0.005 0.015 8.0 3.5 3:1 Geomembrane 465.10 639.10

Perimeter 
Reach C4

Trapezoid 0.005 0.015 8.0 3.5 3:1 Geomembrane 358.60 577.40

Culvert 1 Box 0.005 0.012 4.0 4.5 - Concrete 275.20 375.40
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Table 2E-3. Manning’s n Values for Open Channels

(from TxDOT, 2019)
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Table 2E-4. Retardation Class for Lining Materials

(from TxDOT, 2019)
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Table 2E-5. Permissible Shear Stress for Various Linings

(from TxDOT, 2019)
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Table 2E-6.  Permissible Shear Stresses for Various Linings

(from Fischenich, 2001)
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Table 2E-7. Manning’s n Values for Closed Conduits

(from TxDOT, 2019)
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Table 2E-8. Channel Capacity Calculation Results

Perimeter
Channel
Segment

25-year
Flow
Rate

Q25 (cfs)

Depth
of Flow

(ft)

Average
Velocity

(ft/s)

Average
Tractive

Stress (psf)

25-year
Freeboard

(ft)

100-year
Flow 
Rate

Q100 (cfs)

Depth
of Flow

(ft)

Average
Velocity

(ft/s)

Average
Tractive

Stress (psf)

Perimeter Reach A1 36.00 1.07 5.43 0.21 1.93 48.60 1.23 5.87 0.24

Perimeter Reach A2 196.10 1.80 8.13 0.39 1.20 270.00 2.12 8.88 0.44

Perimeter Reach A3 217.70 0.72 19.90 2.93 0.78 298.40 0.86 22.13 3.44

Perimeter Reach A4 216.90 1.28 14.28 1.32 2.22 298.20 1.51 15.65 1.51

Perimeter Reach A5 405.90 2.34 11.55 0.73 1.16 553.90 2.72 12.56 0.83

Perimeter Reach B1 30.80 1.28 6.24 0.94 0.52 41.50 1.43 6.73 1.05

Perimeter Reach C1 275.60 2.14 8.93 0.45 1.36 376.60 2.50 9.72 0.51

Perimeter Reach C2 275.20 2.14 8.92 0.45 1.36 375.40 2.49 9.71 0.51

Perimeter Reach C3 465.10 2.77 10.28 0.55 0.73 639.10 3.23 11.19 0.63

Perimeter Reach C4 358.60 2.42 9.73 0.51 1.08 577.40 3.05 11.05 0.62
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Table 2E-9. Culvert 1 Capacity Analysis Results

Design 
Case

Total
Flow 
Rate

Q (cfs)

Pipe
Flow
(cfs)

Pipe
Velocity

(fps)

Roadway
Flow
(cfs)

Tailwater
Elev
(ft)

Headwater
Elev
(ft)

25-year,
24-hour

275.20 275.20 9.42 0.0 640.95 643.42

100-year,
24-hour

375.40 375.40 10.10 0.0 641.31 644.46
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Table 2E-10.  Riprap Apron Design Summary

Riprap Apron
Structure

Riprap Size
d50 (ft)

Riprap 
Class

Apron 
Depth (ft)

Apron 
Length (ft)

Culvert 1 0.40 1 1.0 18.0
Perimeter Reach C3 1.72 6 3.4 30.4
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FIGURES

Figure 2E-1.  Typical Geometry of Riprap Aprons at Culverts (from FHWA, 2006)

Figure 2E-2. TxDOT Standard Detail FW-0 for Concrete Wingwalls

Figure 2E-3. HY-8 Modeling Output for 100-Year Event Culvert 1

Figure 2E-4. HY-8 Modeling Output for 25-Year Event Culvert 1
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Figure 2E-1.  Typical Geometry of Riprap Aprons at Culverts

(from FHWA, 2006)
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Figure 2E-2.  TxDOT Standard Detail FW-0 for Concrete Wingwalls

Source: ftp://ftp.dot.state.tx.us/pub/txdot-info/cmd/cserve/standard/bridge/fw-0stde.pdf (Date Accessed: 12/4/2019)
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Figure 2E-3. HY-8 Modeling Output for 100-Year Event Culvert 1

Figure 2E-4. HY-8 Modeling Output for 25-Year Event Culvert 1
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Appendix 2E-1

Perimeter Channel Calculations
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the contaminated runoff and prevent surface run-on resulting from the 25-year rainfall 
event.

2 ASSUMPTIONS AND PROCEDURES

The following sections discuss the assumptions and procedures for the design of the 
temporary diversion berms and temporary containment and run-on berms.

2.1 Diversion Berm

It is assumed that temporary diversion berms will be installed with flow line (longitudinal) 
slopes ranging from 0.5% to 2%.  Temporary diversion berms will be placed up-gradient
from the active working face. The temporary diversion berms are assumed to be “tack-on” 
berms with a 2.5:1 side slope (see Figure 2F-1 of this calculation package) to form a v-
shaped channel.  A channel depth of 2.5 feet was assumed (i.e., this is a fixed parameter of 
these calculations). The Rational Method described in the Texas Department of 
Transportation Hydraulic Design Manual (TxDOT, 2019) is used to calculate the peak 
surface water discharge (since the drainage area will be less than 200 acres). A given 
diversion berm is anticipated to temporarily manage drainage areas on the order of 30 acres
or more and is designed accordingly as presented herein. The channels were sized 
assuming they are flowing full, considered adequate since they are interior and temporary 
site features, and given other conservative selections of parameters as documented herein.
The following steps were utilized to calculate the drainage areas that each diversion berm 
can accommodate.  

1. Compute the discharge capacity of diversion berms with 0.5%, 1%, 1.5%, and 2% 
slopes using Manning’s Equation for open channel flow.

2. Apply the Rational Method to compute the up-gradient drainage area that would
produce the discharge capacity calculated in Step 1.

Manning’s equation was used to estimate the peak discharge capacity of the v-shaped 
channel created by a temporary diversion berm.  Manning’s equation (Chow, 1959) is 
expressed as: 

2
1

3
249.1

SAR
n

Q (1)

where:
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Q = discharge (cfs),

n = Manning’s roughness coefficient,

A = area of cross-section of flow (ft2),

P = wetted perimeter (ft),

R = hydraulic radius = A/P (ft), and

S = longitudinal slope (ft/ft).

The peak discharge from the contributing drainage area by the Rational Method can be 
computed by:

Q = C × I × A (2)

where:

Q = peak design discharge (cfs),

C = runoff coefficient (dimensionless),

I = design rainfall intensity (in/hr), and

A = drainage area (acres).

The design rainfall intensity in Equation (2) is calculated using guidance in the TxDOT 
Hydraulic Design Manual (TxDOT, 2019). In September 2018, the National Oceanic and 
Atmospheric Administration (NOAA) released updated “Atlas 14” precipitation frequency
estimates for Texas. This new rainfall data is currently considered by TxDOT (2019) to be 
the best available data for calculating design rainfall intensity. TxDOT (2019) also 
recommends 10 minutes as the minimum time of concentration for the Rational Method 
because small areas with exceedingly short times of concentration could result in design 
rainfall intensities that are unrealistically high. The rainfall intensity for the 25-year, 10-
minute duration rainfall event is 7.92 inches per hour (in/hr) for the site, as shown in Table 
2F-1 (NOAA, 2018).

Equation (2) is rearranged, and the watershed drainage area was back-calculated for each 
potential flow line slope of a temporary diversion berm.
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2.2 Containment and Run-On Berms

It is assumed that temporary containment and run-on berms (which may be a shared berm, 
provided that the berm height is the larger of the two required heights) will be constructed 
with 3H:1V side slopes and will be constructed to varying heights, depending on the 
geometry of the working face, storage area, and resulting calculated volume of 
contaminated water and surface run-on water to be stored on each respective side of the 
berm(s). These containment and run-on berms are designed to have one foot (1-ft) of 
freeboard. The required height of the containment berms is calculated for drainage areas
ranging from 0.5 to 4.0 acres (to encompass a range of potential active area sizes in and 
around the working face itself) and contaminated water storage areas ranging from 0.1 to 
1.0 acres.  The required height of the run-on berms is calculated for drainage areas ranging
from 2.0 to 30.0 acres (to account for a range of potential up-gradient excavation area sizes
adjacent to an active Sector/working face) and surface run-on water storage areas ranging 
from 0.25 to 5.0 acres. The following steps were utilized to calculate the height required
for each of the containment and run-on berm scenarios.

1. Calculate the 25-year, 24-hour rainfall volume to be captured behind the
containment and run-on berm.

2. Calculate the height of the containment and run-on berm required to hold the 
volume of water calculated in Step 1, and then add 1-ft of freeboard to calculate the
resulting total berm height (i.e., the required minimum berm height).

The total required storage volume of surface water is calculated by:

V = AD × R (3)

where: 

V = total storage volume (ft3),

AD = drainage area (ft2), and

R = 25-year, 24-hour rainfall depth (ft).

For these calculations, 100% of the precipitation over the drainage area is considered 
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surface water runoff that requires containment (i.e., no infiltration).  This is a conservative 
assumption for sizing of these berms because it is likely that some infiltration will occur.
The 25-year, 24-hour rainfall depth is provided in Table 2F-2.

The required height for each of the containment and run-on berm scenarios is computed by 
Equation (4):

H = V/AS + 1.0 ft freeboard (4)

where:

V = total storage volume (ft3),

H = total height of containment or run-on berm (ft), and

AS = storage area (ft2).

3 DESIGN PARAMETERS

The following sections discuss the justification behind the selected design parameters for 
the temporary diversion berms and temporary containment and run-on berms.

3.1 Diversion Berm

The Manning’s Roughness Coefficient (n) for the diversion berm was selected as 0.02 for 
clean, recently completed earth channels that are straight and uniform, as shown in Table 
2F-3 (TxDOT, 2019). The peak discharge flowing to the channel is calculated using the 
Rational Method. 

A runoff coefficient (C) was selected based on information provided by TxDOT (2019) for 
rural watersheds, as shown in Table 2F-4.  The runoff coefficients provided apply to 
storms of up to a 10-year frequency.  The total runoff coefficient is based on the sum of the 
four runoff components in Table 2F-4.  The 25-year runoff coefficient is calculated using 
the following equation:

C = Cr + Ci + Cv + Cs (5)

The following runoff coefficient is estimated for the steep 3H:1V side slope drainage 
areas:

C = 0.35+ 0.16+ 0.08 + 0.12 = 0.71
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For a conservative design approach, a minimum time of concentration of 10 minutes was 
used to calculate the rainfall intensity from Table 2F-1. TxDOT (2019) recommends 10 
minutes for the minimum time of concentration because small areas with exceedingly short 
times of concentration could result in design rainfall intensities that are unrealistically 
high, as discussed above.

3.2 Containment and Run-On Berm

The temporary containment and run-on berms were sized by determining the rainfall depth 
from NOAA Atlas 14 precipitation frequency estimates for Texas (TxDOT, 2019). The 
rainfall depth for the 25-year, 24-hour rainfall event is listed as 7.17 inches (0.60 feet).

4 RESULTS

The results of the temporary diversion berms calculation are summarized in Table 2F-5 for 
each assumed flow line slope.  The drainage areas calculated represent the maximum 
drainage area that each temporary diversion berm configuration can accommodate for the 
25-year, 24-hour design rainfall event. It should be noted that multiple diversion berms
may be constructed if, during operations, a larger area than those calculated in Table 2F-5
will be draining towards the active face, in order to comply with the drainage area
requirements presented herein for the given berm height and the selected flow line slope.

The results of the temporary containment and run-on berms calculations are summarized in 
Table 2F-6 and Table 2F-7, respectively. It is noted that the results presented in Table 2F-
6 and Table 2F-7 cover various combinations of drainage areas and water storage areas, to 
allow for flexibility of site operations. The facility will use this information to select the 
required berm height based on the corresponding dimensions of the drainage area and 
storage area. It is noted that a licensed professional engineer is required to size the 
containment and run-on berms if conditions are not consistent or otherwise addressed by 
the current design presented in the tables. As mentioned, for most cases, it is expected 
that a temporary berm will act as both containment and run-on berm, provided that it must 
have the larger of the two required heights in order to serve the dual-purpose of acting as a 
containment berm and a run-on berm. However, it should be noted that separate 
containment and run-on berms meeting the requirements presented herein for a given 
drainage situation may be constructed at the facility’s discretion.

Additionally, if the working face is built directly on top of the protective cover of the liner 
system (i.e., for the first lift of waste placed in a newly lined sector), the containment and 
run-on berm shall be installed within the lined area of the cell or phase.
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TABLES

Table 2F-1. NOAA Atlas 14 Point Precipitation Frequency Estimates for Rainfall 
Intensity (from NOAA, 2018)

Table 2F-2. NOAA Atlas 14 Point Precipitation Frequency Estimates for Rainfall 
Depth (from NOAA, 2018)

Table 2F-3. Manning’s Roughness Coefficients for Open Channels (from TxDOT, 
2019)

Table 2F-4.  Runoff Coefficients for Rural Watersheds (from TxDOT, 2019)

Table 2F-5.  Diversion Berm Drainage Area Sizing

Table 2F-6.  Containment Berm Heights for Various Drainage and Storage Areas

Table 2F-7.  Run-on Berm Heights for Various Drainage and Storage Areas
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Table 2F-1. NOAA Atlas 14 Point Precipitation Frequency Estimates for 
Rainfall Intensity (from NOAA, 2018)
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Table 2F-2. NOAA Atlas 14 Point Precipitation Frequency Estimates for Rainfall 
Depth (from NOAA, 2018)
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Table 2F-3. Manning’s Roughness Coefficients for Open Channels

(from TxDOT, 2019)
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Table 2F-4. Runoff Coefficients for Rural Watersheds

(from TxDOT, 2019)
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Table 2F-5.  Diversion Berm Drainage Area Sizing

Depth of 
Channel 

(ft)

Diversion 
Berm Flow 

Line Slope (%)

Maximum 
Predicted Flow 
Velocity (ft/s)

Maximum 
Predicted Flow 

Rate (cfs)

Maximum 
Drainage 
Area (ac)

2.5

0.5% 5.9 100.8 17.9
1.0% 8.3 142.5 25.3
1.5% 10.2 174.6 31.0
2.0% 11.7 201.6 35.8

Note:

1. The back-calculated maximum allowable drainage area for the channel dimensions (geometry and
slope) given above, as calculated by the Rational Method, assumes that the channel created by the
diversion berm is flowing full when conveying the peak discharge during the 25-year rainfall event
and to the maximum contributing drainage area.

IIIF-E-285



Page 14 of 17
Reviewed and
Revised by:

2/4/2020;
Written by: O. Bramlet Date: 01/03/2020 S. Graves Date: 09/15/2020

Client: TRLC Project: Fort Worth C&D Landfill Project No.: GW6953 Phase No.: 04

GW6953\Attachment 2F - Active Face Controls 1983D CL

Table 2F-6.  Containment Berm Heights for Various Drainage and Storage Areas

Containment 
Berm 

Drainage 
Area (ac)

Containment 
Berm Storage 

Volume 
(ac-ft)

Contaminated 
Water 

Storage Area 
(ac)

Minimum 
Required 

Berm Height 
(ft)

0.5 0.30
0.10 4.0
0.25 2.2
0.50 1.6

1.0 0.60
0.10 7.0
0.25 3.4
0.50 2.2

1.5 0.90
0.25 4.6
0.50 2.8
0.75 2.2

2.0 1.20
0.25 5.8
0.50 3.4
0.75 2.6

3.0 1.79
0.40 5.5
0.75 3.4
1.00 2.8

4.0 2.39
0.50 5.8
0.75 4.2
1.00 3.4

Notes:

1. The calculated required berm height includes 1-ft of freeboard for the containment berm.

2. Table is intended as a guide for the landfill operator, as during operation, the active working face 
location will change as filling progresses, and new containment berms will be constructed 
accordingly. The containment storage areas and corresponding berm heights are based on flat 
(horizontal) storage areas.  Containment berm storage volumes are provided as a guide for design of
areas that are not horizontal and flat (see Note 3). 

3. A licensed professional engineer is required to size the containment berms if conditions are not 
consistent or otherwise covered by the current design presented. 
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Table 2F-7. Run-On Berm Heights for Various Drainage and Storage Areas

Run-On 
Berm 

Drainage 
Area (ac)

Run-On 
Berm Storage 

Volume 
(ac-ft)

Run-On 
Water 

Storage 
Area (ac)

Minimum 
Required 

Berm Height 
(ft)

2.0 1.20
0.25 5.8
0.50 3.4
0.75 2.6

4.0 2.39
0.50 5.8
0.75 4.2
1.00 3.4

10.0 5.98
1.00 7.0
2.00 4.0
3.00 3.0

15.0 8.96
2.00 5.5
3.00 4.0
4.00 3.2

20.0 11.95
2.00 7.0
3.00 5.0
4.00 4.0

25.0 14.94
3.00 6.0
4.00 4.7
5.00 4.0

30.0 17.93
3.00 7.0
4.00 5.5
5.00 4.6

Notes:

1. The calculated required berm height includes 1-ft of freeboard for the containment berm.

2. Table is intended as a guide for the landfill operator, as during operation, the excavation areas 
contributing run-on towards the berm next to the active area will change as filling progresses, and 
new run-on berms will be constructed accordingly. The run-on storage areas and corresponding 
berm heights are based on flat (horizontal) storage areas.  The Run-on berm storage volumes are 
provided as a guide for design of areas that are not horizontal and flat (see Note 3).

3. A licensed professional engineer is required to size the run-on berms if conditions are not consistent 
or otherwise covered by the current design presented. 
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FIGURES

Figure 2F-1.  Typical/Schematic of Active Fill Area Section (Not to Scale (NTS))
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Figure 2F-1.  Typical/Schematic of Active Fill Area Section (Not to Scale (NTS))

Note: If the working face is built directly on top of the protective cover of the liner system (i.e., during the first waste lift in a new lined sector), the containment 
and run-on berm shall be constructed within the lined area.
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1. INTRODUCTION

The purpose of this document is to provide a plan for controlling erosion and sediment on 
intermediate cover for the Fort Worth C&D Landfill (the landfill).  Erosion control is necessary 
to maintain the integrity of the intermediate cover and to prevent off-site discharge of sediments.  
This Intermediate Cover Erosion and Sediment Control Plan (ICESCP) has been developed to 
address the requirements identified in Title 30 Texas Administrative Code (30 TAC) §330.305.

As required by 30 TAC §330.305(d), the landfill has been designed to provide effective erosional 
stability to top deck surfaces and external side slopes during all phases of landfill operation, 
closure, and post-closure care.  Top deck surfaces and external side slopes are:

those above grade slopes that directly drain to the facility surface water management 
system (i.e., areas where the surface water directly flows to a perimeter channel or 
surface water pond);

those slopes that have received intermediate or final cover; and

those surfaces that have either reached their permitted elevation, or will subsequently 
remain inactive for longer than 180 days.

Slopes that drain to areas of ongoing waste placement, pre-excavated areas, areas that have 
received only weekly cover, or areas under construction which have not received waste are not 
considered external side slopes.

The top deck surfaces and external side slopes will be covered with weekly cover, intermediate 
cover, or final cover.  The definitions of each of these cover systems and their respective erosion 
and sediment control practices are provided below.

1.1 Weekly Cover

Weekly cover is defined in 30 TAC §330.165(b) for Type IV landfills. Weekly cover consists of 
six inches of well-compacted earthen material (or approved alternative) not previously mixed 
with garbage, rubbish, or other solid waste.  The rate of cover must be no less than weekly, 
unless the Texas Commission on Environmental Quality (TCEQ) Executive Director approves 
another schedule.  The placement and erosion control practices for weekly cover areas are 
addressed in the Site Operating Plan (SOP).

1.2 Intermediate Cover

Intermediate cover is defined in 30 TAC §330.165(c).  Intermediate cover consists of at least 12 
inches of suitable earthen material and is graded and maintained to prevent erosion and ponding 
of water.  All areas that have received waste but will be inactive for longer than 180 days will be 
provided with intermediate cover.  Information regarding the erosion and sediment control 
practices for intermediate cover is provided in Section 3 of this ICESCP.  Additional information 
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regarding placement, maintenance, and repair of intermediate cover is located in Section 5 of this 
ICESCP and Section 24 of the SOP.

1.3 Final Cover

1.3.1 Reference to Closure Plan

Final cover is defined in 30 TAC §330, Subchapter K.  The final cover system for the landfill is
described in the Closure Plan located in Attachment 7 of the Site Development Plan (SDP). As 
areas of the landfill reach final grade, the final cover system and the permanent surface water 
management system will be installed, which includes vegetated top deck and side slopes, 
drainage terraces, and downchute channels.

1.3.2 Erosional Stability of the Final Cover

The long-term erosional stability of the final cover slopes is demonstrated using the Revised
Universal Soil Loss Equation (RUSLE) and is presented in Attachment 3E of the SDP. As 
shown in Attachment 3E and further described in the Closure Plan (Attachment 7), the calculated 
long-term annual soil loss is less than the long-term permissible value, indicating that the final 
cover system is designed with adequate resistance to erosion.  Refer to these aforementioned 
attachments for additional discussion to clarify the ground coverage percentage and other 
assumptions that factor in to the calculated long-term annual soil loss.  In particular, the 
“Conclusions and Recommendations” section of Attachment 3E discusses usage of soil loss 
results including how they relate to ground coverage.  Additionally, the erosional stability of the 
side slope drainage terraces, top deck drainage terraces, and downchutes is demonstrated based 
on calculated flow velocity and is presented in Attachment 2D.

1.3.3 Final Cover Maintenance

Maintenance requirements for areas with final cover during operations and after closure are 
addressed, respectively, in Section 24 of the SOP and Section 3 of the Post-Closure Plan 
Attachment 8 of the SDP).

1.4 Landfill Perimeter Areas

The permanent surface water management system design includes features in the landfill 
perimeter areas outside the footprint of the disposal area.  Runoff will be conveyed from the 
landfill to perimeter drainage channels and culverts and ultimately routed to the on-site surface
water pond or midpoint site outfall.  These features provide for non-erosive drainage of runoff 
from the landfill and surrounding site areas.  Perimeter drainage channels will be utilized during 
development and operation of the landfill and will ultimately convey surface water runoff from 
the final cover or intermediate cover slopes.  The erosional stability of the permanent drainage 
channels is demonstrated based on calculated flow velocity and is presented in Attachment 2E.
Maintenance requirements for perimeter drainage features are addressed in Section 3 in the Post-
Closure Plan located in Attachment 8 of the SDP.
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2. INTERMEDIATE COVER EROSION AND SEDIMENT CONTROL DESIGN

As required by 30 TAC §330.305(d), the landfill design must provide effective erosional stability 
to top deck surfaces and external side slopes.  An Intermediate Cover Erosion Analysis was 
performed and is included in Appendix 2G-1 of this ICESCP.

2.1 Permissible Soil Loss and Non-Erodible Velocity

A permissible soil loss of 50 tons/acre/year is used as the design criteria to which the calculated 
soil loss for intermediate cover is compared (TCEQ, 2018). For the purposes of the site-specific 
erosion and sediment control design, the permissible soil loss is the “permissible soil loss for 
comparable soil-slope lengths and soil-cover conditions” referred to by 30 TAC §330.305(d)(2).  
For comparison purposes, 50 tons/acre is equivalent to a soil thickness of 0.25 in. (six mm) for a 
soil with a typical bulk density of 110 pcf.

The permissible non-erodible velocity of five (5) ft/sec is used as the design criteria to which the 
estimated flow velocities are compared.  Storm Water Management Guidelines for Construction 
Activities (TxDOT, 2002) indicates that flow velocities should not exceed four (4) ft/sec in sandy 
soils or five (5) ft/sec in more cohesive soils.  Five (5) ft/sec is appropriate for this facility 
because it is anticipated that intermediate cover will be constructed of cohesive soils that are 
readily available at the site.

2.2 Intermediate Cover Erosion Analysis Results

The Intermediate Cover Erosion Analysis is presented in Appendix 2G-1 of this ICESCP.  The 
Revised Universal Soil Loss Equation (RUSLE) is used in the Intermediate Cover Erosion
Analysis to calculate the annual soil loss.  Results from the Intermediate Cover Erosion Analysis 
indicate that adequate erosional stability of the intermediate cover on the top deck and side 
slopes can be achieved with stabilized soil surfaces and surface water diversions.  To achieve 
effective erosional stability, the maximum parallel offset (horizontal) of the temporary diversion 
structures is 550-ft on the top deck. The maximum parallel offset for the external 3H:1V side
slopes is dependent on the ground cover attained on the interim cover.  For 60%, 70%, and 80%
ground cover on the interim cover system, the maximum parallel offset of terraces on the 
external 3H:1V side slopes is 300-ft, 500-ft, and 680-ft, respectively. These distances are based 
on a soil stabilization practice method that provides a cropping management factor (C) 
corresponding to the above options for percentage of ground cover. on the top deck and external 
side slopes.  The C values correspond to ground cover consisting of grass, grass-like plants,
mulch, or organic matter at least two inches deep covering the specified percentage of the surface 
of the intermediate cover.
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3. EROSION AND SEDIMENT CONTROL BEST MANAGEMENT PRACTICES
(BMPS)

Based on the Intermediate Cover Erosion Analysis presented in Appendix 2G-1 of this ICESCP, 
soil stabilization and surface water diversion BMPs are required for erosional stability of the 
intermediate cover on the top deck surface and external side slopes during landfill operations.  
Drawing 2G-1 depicts a plan view of the site to show an example configuration of a landfill 
development phase, showing the areas requiring erosion and sediment controls addressed in this 
plan.  Descriptions of the required soil stabilization and drainage controls are provided below.  
Optional BMPs that may be used in addition to the required BMPs at the landfill operator’s 
discretion are also described.

3.1 Soil Stabilization

The purpose of soil stabilization is to provide a ground cover that limits the rainfall impact 
energy, provides a limited amount of water storage through rainfall interception, and limits sheet 
flow runoff velocity by increasing surface roughness.  In the natural condition, soil is stabilized 
by native vegetation.  As previously described, the temporary soil stabilization practice must 
provide a maximum C value of 0.042 for intermediate cover.  These C values correspond to 
ground cover consisting of grass, grass-like plants, mulch, or organic matter at least two inches 
deep covering at least 60% of the surface of the intermediate cover.  Intermediate cover will be 
installed in accordance with the requirements of the SOP, will be stabilized with at least 60% 
ground cover within 180 days following installation, and will be maintained until final cover is
installed or waste filling operations resume. Placement of intermediate cover and stabilization 
activities will be documented in the Site Operating Record.  Details of the soil stabilization 
BMPs that will be implemented are listed below.

Vegetation – Vegetation, as a BMP, is the sowing or sodding of fast-germinating 
annual or perennial grasses, grains, or legumes to provide a vegetative stabilization for 
disturbed areas.  With leaves and stems above ground and fibrous roots below ground, 
vegetation can provide an effective and long-lasting ground cover.  Lack of water and 
lack of or improper use of soil amendments will usually result in poor vegetation 
establishment. Seed may be applied to the landfill surface by broadcasting, drilling, 
hydraulic methods such as hydroseeding or hydromulching, or other methods.  
Vegetation types, rates of application, and other specifications for establishing 
vegetation are left to the discretion of the landfill operator, but should be in accordance 
with temporary vegetation BMP standards or guidelines published by relevant State or 
local agencies, appropriate for the area.  An example of a standard vegetation 
specification is published in TxDOT (2014), the Texas Department of Transportation 
(TxDOT) Standard Specification for Construction and Maintenance of Highways, 
Streets, and Bridges, Item 162 (sodding) and Item 164 (seeding). Use of this particular 
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standard specification is not required but is provided as an example of a common and 
widely-used specification that provides vegetation-related BMPs.  Intermediate cover 
must achieve a relatively uniform ground cover of at least 60% within 180 days
following placement.  If vegetation establishment at the minimum density specified 
above cannot be achieved (due to drought, temperatures, or other unforeseen 
conditions), then additional soil stabilization BMPs (e.g., mulch) will be implemented 
until the required vegetation density is achieved.

Mulch – Mulching is the application of a layer of organic, biodegradable material 
which is spread over areas where vegetation is not yet established.  Types of mulch
include compost, shredded wood, straw, or manufactured products.  Mulch may be 
distributed over the ground surface dry or hydraulically applied as slurry.  If applied 
dry, the mulch must be tracked into the surface to prevent the mulch from being washed 
away.  If mulch is to be used as the only soil stabilization feature (i.e., without 
vegetation), a two-inch (minimum) thick layer of “primary grind” mulch is required.  
Note that “primary grind” mulch is mulch obtained from the primary run from an 
industrial tub grinder.  Primary grind mulch is very coarse mulch that mats together and 
resists washing away.  It is noted that this technique has been used successfully in 
stabilizing intermediate cover side slopes at similar landfill projects within Texas.  
Types of mulch slurries include hydromulch, bonded fiber matrix (BFM), flexible 
growth medium (FGM), as well as other commercially available products.  Slurry 
mixtures typically include a tackifier or binder which increases the strength and 
durability of the mulch.  Seed can also be added to the slurry, in which case the ground 
surface would be stabilized with a mulch/vegetation composite.  If mulch is used in lieu 
of vegetation for intermediate cover, then the mulch will be applied to cover all of the 
area requiring stabilization within 180 days of intermediate cover installation.  If mulch 
is used in conjunction with vegetation, then the mulch will be applied to areas where 
the vegetation fails to establish, or the mulch will be used as a supplemental layer to
encourage vegetative growth while providing some degree of soil stabilization until 
vegetation becomes established.

3.2 Surface Water Diversions

The purpose of a surface water diversion structure is to limit the length of slope over which 
surface water runoff can travel as sheet flow or shallow concentrated flow.  The diversion 
concentrates and laterally conveys surface water in a non-erosive manner to the perimeter ditch 
or downchute.  Surface water diversion BMPs that will be implemented are listed below.

Side Slope Drainage Terraces – The proposed final grading plan includes tack-on 
terraces on the external 3H:1V side slopes of the landfill.  These terraces will be 
constructed of intermediate cover overlying waste and will have a flow line (or 
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longitudinal) slope of approximately 2%.  The surface of the intermediate cover within
the terrace will be stabilized with vegetation or mulch.  Rolled erosion control products
may also be used for stabilization of the drainage terraces.  Details showing the 
required dimensions and spacing of the built-in terraces are provided on Drawing 2G-2.
Design calculations for these side slope drainage terraces on the intermediate cover 
surface are provided in Appendix 2G-2.

Top Deck Drainage Terraces – Top deck drainage terraces are open channels used to 
collect flow from top deck surfaces and convey it to the temporary downchute channels
along the side slopes in a non-erosive manner.  Top deck drainage terraces are designed 
as v-shaped channels with 3H:1V and 5% side slopes and a flow line slope of
approximately 0.15%. Details showing the required dimensions and layout of the 
drainage features are provided on Drawing 2G-2. Design calculations for the top deck 
drainage terraces on the intermediate cover surface are provided in Appendix 2G-2.

Temporary Downchutes – Temporary downchutes (also known as downdrains or let-
downs) are open channels used to collect flow from surface water diversion structures 
and convey it down the side slope in a non-erosive manner.  Downchutes will be 
constructed using soil berms to create an above-grade channel, or will be excavated to 
create a depressed channel (in which case a minimum of one foot of intermediate cover 
will be maintained beneath the downchute). The bottom and side slopes of the 
temporary downchute channel will be lined with turf reinforcement mat, geomembrane, 
reno mattress/articulated block, or other alternative lining material to prevent erosion.  
If an alternative lining material is used, the lining material must have a Manning’s n 
equal to or less than 0.015.  The lining material must be able to tolerate the anticipated
velocity and tractive stress at the design flow rate and corresponding calculated depth 
of flow. All equivalency evaluations performed pursuant to these criteria will be placed 
in the Site Operating Record. A rip rap apron will be installed at the downstream end 
of the downchutes to provide erosion protection.  Details showing the required 
dimensions and information on these structures are provided on Drawing 2G-2. Design
calculations for these temporary structures are provided in Appendix 2G-2.

3.3 Optional Erosion and Sediment Control BMPs

As demonstrated in the Intermediate Cover Erosion Analysis included in Appendix 2G-1, the soil 
stabilization and surface water diversion BMPs specified above in Sections 3.1 and 3.2 are the 
only BMPs required to limit soil loss in accordance with 30 TAC §330.305(d).  No other BMPs 
are required.  However, other erosion and sediment control BMPs may be implemented during 
landfill operations at the operator’s discretion in order to reduce soil losses even further than 
required or to provide temporary erosion and sediment controls during the period between 
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installation of intermediate cover and establishment of vegetation or mulch on the top deck and 
external side slopes.  Examples of optional BMPs that may be implemented are listed below.

Silt Fence – Silt fence consists of filter fabric supported by wire mesh netting or other 
backing stretched between either wooden or metal posts with the lower edge of the 
fabric securely embedded in the soil. Silt fence may be located as needed to intercept 
and filter sheet flow.  Typical locations of silt fence include along the toe or crest of 
external side slopes and should be installed at a fairly level grade.  Silt fence may not 
be used in areas of concentrated flow (e.g., channels and diversions).  The maximum 
drainage area to the silt fence should not exceed the manufacturer’s specification, but in 
no case shall the drainage area be greater than 0.5 acre per 100 ft of fence.  A typical 
silt fence detail is provided on Drawing 2G-3.

Biodegradable Logs – Biodegradable logs (or filter socks) consist of a biodegradable 
core material contained in a synthetic mesh sock or tube and are installed above, across, 
or below slopes to intercept and filter sheet flow.  The logs are anchored to the surface 
using stakes or other methods and should be installed at a fairly level grade.
Biodegradable logs may not be used in areas of concentrated flow (e.g., channels and 
diversions).  The maximum drainage area to the biodegradable logs should not exceed 
0.5 acre per 100 ft of log.  A typical biodegradable log detail is provided on Drawing 
2G-3.

Organic Berms – Organic berms (or organic filter berms) are linear berms constructed 
of mulch or a mix of mulch and compost.  Organic berms may be located as needed to
intercept and filter sheet flow.  Typical locations of organic berms include along the toe 
or crest of external side slopes.  Organic berms may not be used in areas of 
concentrated flow (e.g., channels, terraces, and diversions).  The maximum drainage 
area to the organic berms should not exceed 0.5 acre per 100 ft of berm.  A typical 
organic berm detail is provided on Drawing 2G-3.
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4. INTERMEDIATE COVER INSTALLATION AND STABILIZATION 
SCHEDULE

The schedule for installation of intermediate cover and associated erosion and sediment control 
BMPs is as follows:

Areas with weekly cover that remain inactive for periods greater than 180 days will 
receive intermediate cover.

Intermediate cover diversion structures and downchutes will be installed as soon as 
practical following placement of intermediate cover, but in no case more than 180 days 
from when intermediate cover is installed.

Intermediate cover will be stabilized with vegetation or mulch as soon as practical 
following placement of intermediate cover. A minimum of 60% land cover 
(corresponding to a maximum cropping management factor of 0.042) will be
established over the intermediate cover areas within 180 days from intermediate cover 
construction.

The intermediate cover and temporary erosion control structures will be maintained as 
detailed in Section 5 below (the Intermediate Cover Erosion and Sediment Control
Maintenance Plan).

Final cover will be constructed incrementally as the site develops.  Temporary erosion 
control features will be removed as permanent erosion control structures are 
constructed.
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5. INTERMEDIATE COVER EROSION AND SEDIMENT CONTROL
MAINTENANCE PLAN

The landfill operator will restore and repair the intermediate cover areas and their erosion and 
sediment control features in the event of washout or failure.  Excess silt buildup, weeds and other 
debris that are adversely affecting flow in diversion structures will be removed to restore their 
design configuration, followed by re-stabilizing the disturbed areas as appropriate.  Site 
inspections by landfill personnel will be performed weekly in accordance with the facility’s 
Texas Pollutant Discharge Elimination System (TPDES) Multi-Sector General Permit.  Written 
records of these inspections and maintenance activities will be maintained in the Site Operating 
Record, as further discussed in the Site Operating Plan (SOP).

The following items will be evaluated during the inspections:

presence of adequate vegetation coverage (grass and/or mulch) to meet the applicable 
minimum ground cover percentages specified herein;

adequacy of the spacing between interim diversion structures on side slopes in 
accordance with the table on Drawing 2G-2;

erosion of intermediate cover areas, perimeter ditches, diversion channels, downchutes, 
and other drainage features;

settlement of intermediate cover areas, diversion channels, downchutes, and other 
drainage features;

silt and sediment build-up in diversion channels, perimeter ditches, downchutes, and 
surface water ponds;

presence of ponded water on intermediate cover or behind diversion structures;

obstructions in drainage features;

presence of erosion or sediment discharge at off-site surface water discharge locations; 
and

functionality of temporary erosion and sediment control features.

Maintenance activities will be performed to correct damaged or deficient items noted during the 
site inspections.  These activities will be performed as soon as possible after the inspection.  
Damaged or deficient items will be corrected within seven days of detection unless access is 
restricted due to weather, ground conditions, and other site-specific conditions.

Maintenance activities will consist of the following, as needed:
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placement of additional vegetation or mulch on areas with deficient coverage;

adjustments to, or installation of, interim diversion structures that are found to be spaced 
inadequately;

placement, grading, and stabilization of additional soils in eroded areas or in areas which 
have settled;

replacement of riprap or other structural armoring;

removal of obstructions from drainage features;

removal of silt and sediment build-up from the erosion and sediment controls;

removal of ponded water on the intermediate cover or behind diversion structures;

repairs to erosion and sedimentation controls; and

installation of additional erosion and sedimentation controls, as needed.

Inspection, maintenance, and recordkeeping frequencies and techniques are discussed below.

Site inspections by landfill personnel will be performed weekly.

Documentation of the inspection will be included in the Site Operating Record.

Documentation of maintenance activities that were performed to correct damaged or 
deficient items noted during the site inspections will be included in the Site Operating 
Record.

Landfill personnel will be trained to perform inspections, install, and maintain erosion 
and sediment control features.
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channels and into the perimeter drainage channels. The proposed side slope drainage 
terraces will collect and convey surface water runoff from the side slopes to the 
downchute channels.  The perimeter drainage channels will also convey flow from these
diversion structures to the surface water pond located to the north of the landfill and 
those to the south of the landfill will convey flow to the midpoint site outfall.

A permissible soil loss of 50 tons/acre/year is adopted for the purposes of these 
calculations (TCEQ, 2018). Also, sheet flow and shallow concentrated flow velocities 
are evaluated to verify that the predicted velocity of runoff is maintained below the 
permissible erodible velocity of the intermediate cover soil, which is established as five
(5) ft/sec for cohesive soil as recommended by TxDOT (2002).

3 CALCULATION METHODOLOGY

The method to calculate the soil erosion loss over the project area was obtained from 
the guidance document Predicting Soil Erosion by Water: A Guide to Conservation 
Planning With the Revised Universal Soil Loss Equation (RUSLE) (USDA, 1997) as 
well as previously published information provided by USDA.  This document presents 
the Revised Universal Soil Loss Equation (RUSLE) and guidance for each of the 
equation’s parameters.  The RUSLE is described as follows:

A = R × K × LS × C × P

where:

A = the computed spatial average annual soil loss (tons/acre/year),

R = the average annual rainfall runoff erosivity factor,

K = the soil erodibility factor,

LS = the topographic factor,

C = the cover management factor, and

P = the erosion control practice factor.

The sheet flow and shallow concentrated flow velocities are estimated using guidance 
provided in TxDOT (2019) and USDA (2010).  TxDOT (2019) indicates that sheet flow 
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velocities (for distances up to 100 ft) may be estimated based on slope and surface 
conditions using Manning’s kinematic solution to estimate sheet flow travel time:

4.05.0
242

8.0007.0

SP

nL
Tt

where: Tt = travel time for sheet flow (hr);

n = roughness coefficient;

L = flow length (ft);

P2-24 = 2-year, 24-hour rainfall (in.); and

S = slope of hydraulic grade line (land slope, ft/ft).

The sheet flow velocity is V = L / Tt. The 2-year, 24-hour rainfall depth is provided by 
the National Oceanic Atmospheric Association’s (NOAA) Precipitation Frequency Data 
Server for Atlas 14. The 2-year, 24-hour rainfall depth is 3.91 inches (NOAA, 2018).
Roughness coefficient values for sheet flow are provided in Table 2G-1-1.

For shallow concentrated flow, the velocity can be estimated using the equation 
provided by USDA (2010), as follows:

V = Kv × S1/2

where:

V = shallow concentrated flow velocity (ft/s),

Kv = velocity factor (ft/s), and

S = slope (ft/ft).

The velocity factor (Kv) is selected from the description of the surface cover as provided 
in Table 2G-1-2. The estimates of sheet flow and shallow concentrated flow velocities
are compared to the permissible non-erodible velocity of five (5) ft/sec for cohesive soil 
as recommended by TxDOT (2002).

4 RUSLE PARAMETERS

4.1 Rainfall Runoff Erosivity Factor (R)

The rainfall runoff erosivity factor is defined as the average annual rainfall erosion 
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index specific for the project area.  Based on USDA (1997), the value of R was 
determined to be approximately 275 for Fort Worth, Texas, as shown in Figure 2G-1-1.

4.2 Soil Erodibility Factor (K)

The soil erodibility factor is a function of the physical and chemical properties of the 
soil and is specific to the source of the cover material. The soil erodibility factor can be 
thought of as the ease with which soil is detached by splash during rainfall or by surface 
flow.  The soils to be used for the intermediate cover system of the landfill are expected 
to be based on the native soils available at the project site or from local off-site sources.
For soil loss calculation purposes, assessments were made of on-site soils and those 
nearby, using the Tarrant County soil survey (USDA, 1981).  This information shows 
that the site and nearby area has soils that are a combination of a number of soil 
classifications, including the following: Frio, Gasil, Birome-Aubrey-Rayex, Arents, and 
Crosstell.  The Frio silty clay, Gasil fine sandy loam, and Gasil sandy clay loam 
formations constitute the majority of the site and will be used for intermediate cover 
materials. A soil survey map of the site vicinity was previously provided on Figure 2B-
2 that is included in Attachment 2B of the Facility Surface Water Drainage Report –
“On-Site Drainage Analysis – Hydrology.”

The Web Soil Survey tool operated by the USDA Natural Resources Conservation 
Service (NRCS) (2019) was consulted for Tarrant County for information on the 
corresponding soil erodibility factors.  The value of K for the project location soils near 
the surface varies from 0.15 to 0.28, where the estimate considers the erodibility of fine-
earth fraction for material less than two mm in size (using the Kf erosion factor 
provided in Table 2G-1-3). Thus, the use of 0.28 in the calculation is a conservative 
value of the formations that are most predominant at the site and surrounding areas (i.e., 
the most likely source of future intermediate cover).

4.3 Topographic Factor (LS)

The slope length factor and slope steepness factor are typically combined into one 
topographic factor, LS, to facilitate field application of these equation components.  
USDA (1997) presents values of the LS factor for slope lengths in feet up to 1,000 feet 
and percent slopes up to 60%, as shown in Table 2G-1-4. To manage surface water 
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runoff from the intermediate surface slopes and terraces, temporary surface water 
diversion structures will be installed on the intermediate cover system.  The surface
water diversion features will be placed to limit soil erosion.

The average slope length on the intermediate cover system was used to determine the 
LS factor.  This length provides an estimate of soil loss over the entire intermediate 
cover system. The top deck surface slope will consist of a 5% grade along a length of 
approximately 550 ft. The intermediate cover system consists of a 3H:1V (i.e., 33.3%) 
side slope with periodic “tack-on” side slope drainage terraces. Three options are 
evaluated for ground coverage scenarios: 60%, 70%, and 80% ground coverage. The 
reason for evaluating different ground coverage percentages is to provide flexibility to
the operator on the resulting required terrace spacing, based on the ground coverage that 
the facility is able to achieve. The maximum side slope length is approximately 680 ft 
which is used as a limiting factor on the erosion analysis. The following LS factors are 
selected from Table 2G-1-4 and apply to the average length along the top deck and side 
slopes of the intermediate cover system of the landfill:

Top Deck – 5% slope over a length of 550 ft, LS = 1.81

Side Slopes (60% Cover) – 33% slope over a length of 300 ft, LS = 14.96

Side Slopes (70% Cover) – 33% slope over a length of 500 ft, LS = 22.44

Side Slopes (80% Cover) – 33% slope over a length of 680 ft, LS = 28.76

4.4 Cover Management Factor (C)

The cover management factor is a function of the type of land cover, based on three 
factors: (i) the vegetative cover in direct contact with the soil surface, (ii) the canopy 
cover, and (iii) the effects at and beneath the surface.  The intermediate cover is 
categorized as Pasture, Range, and Idle Land, with C values provided in Table 2G-1-5
(USDA, 1977). The land cover is assumed to have no appreciable canopy and a ground 
cover surface that is grass, mulch, grass-like plants, decaying compacted duff, or litter 
at least two inches deep. It is noted that the terms “duff” and “litter” are terms used by 
USDA and refer to types of organic ground cover material, not waste.  For these 
conditions, the “C” values in Table 2G-1-5 vary depending on the percent ground cover. 
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For 60% ground cover of grass the C value is 0.042.  For 70% ground cover of 
grass/mulch, by interpolating on the table, the C value is 0.0275. For 80% ground cover 
of mulch, the C value is 0.013. These three ground cover scenarios will be evaluated
herein.

4.5 Erosion Control Practice Factor (P)

The erosion control practice factor considers topographical practices that will reduce 
erosion by altering runoff drainage patterns. This factor generally applies to 
agricultural cropping practices and is not anticipated for the landfill.  Therefore, the P 
factor is assumed to be equal to one.

5 FLOW VELOCITY PARAMETERS

5.1 Watercourse Slope

The watercourse slopes for estimating the maximum flow velocities are as follows:

Top Deck – 5% slope;

Side Slopes – 3H:1V (33.3%) slope

5.2 Surface Condition

For sheet flow velocity calculation purposes, the surface condition of the intermediate 
cover is assumed to be: (i) minimum percent ground cover 60%; (ii) no appreciable 
canopy; and (iii) ground cover at surface is grass, grass-like plants, decaying compacted 
duff, or litter at least two inches deep.  Only the 60% ground cover scenario is 
evaluated, since a 70% (or greater) ground cover will result in lower velocities.  For 
estimating sheet flow velocities for flow distances less than 100 ft using TxDOT (2019),
a roughness coefficient of n = 0.05 for fallow surfaces and n = 0.15 for short grass 
prairies as shown in Table 2G-1-1.

The surface conditions most applicable to the intermediate cover conditions are “nearly 
bare ground” and “short grass pasture and lawns.”  To estimate the shallow 
concentrated flow velocity for 60% ground coverage, a weighted average flow velocity 
is calculated from the “nearly bare ground” and “short grass pasture and lawns” flow 
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velocities based on the ground coverage of each cover condition.  Note that this surface 
condition is applicable for grass and grass-like plants.  For ground cover consisting of 
decaying compacted duff or litter (e.g., mulch), the most applicable representative 
surface condition for velocity calculation purposes is “forest with heavy ground litter 
and hay meadows.”  While the mulch-covered slopes of the landfill are not situated in a 
forest, the mulched surface will have a surface condition (or “roughness”) that is best 
compared to “heavy ground litter” found in a forest (i.e., decaying duff and litter, twigs, 
etc.). However, the “short grass pasture and lawns” cover will result in larger 
velocities, and therefore, the mulch cover will not be considered in estimating shallow 
concentrated flow velocities.

For estimating shallow concentrated flow velocities for flow distances more than 100 ft 
using USDA (2010), a velocity factor (Kv) of 9.965 is selected from Table 2G-1-2 for a 
“nearly bare and untilled” surface and Kv = 6.962 for “short-grass pasture.” The 
velocity factor is applied with the slope to estimate the velocity of the interim cover 
condition for shallow concentrated flow (after 100-ft of sheet flow).

6 RESULTS

6.1 RUSLE

Applying the RUSLE with the parameters defined above, the computed soil loss in
tons/acre/year is calculated as follows:

A = R × K × LS × C × P

Top Deck Slopes, 60% ground cover:

A = 275 × 0.28 × 1.81 × 0.042 × 1 = 5.85 tons/acre/year

Side Slopes, 60% ground cover, 300-ft slope length between terraces:

A = 275 × 0.28 × 14.96 × 0.042 × 1 = 48.37 tons/acre/year

Top Deck Slopes, 70% ground cover:

A = 275 × 0.28 × 1.81 × 0.0275 × 1 = 3.83 tons/acre/year

Side Slopes, 70% ground cover, 500-ft slope length between terraces:
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A = 275 × 0.28 × 22.44 × 0.0275 × 1 = 47.52 tons/acre/year

Top Deck Slopes, 80% ground cover:

A = 275 × 0.28 × 1.81 × 0.013 × 1 = 1.81 tons/acre/year

Side Slopes, 80% ground cover, 680-ft slope length between terraces:

A = 275 × 0.28 × 28.76 × 0.013 × 1 = 28.79 tons/acre/year

As shown above, the calculated annual soil loss from the intermediate cover on the top 
deck and side slope surfaces are less than the 50 tons/acre/year permissible rate of soil 
loss for interim conditions. These results show that if 60% ground cover is present, the 
side slope terraces should be placed no greater than 300-ft apart.  If 70% ground cover 
is present, the side slope terraces may be placed up to 500-ft apart. If 80% ground 
cover is present during interim conditions, the side slope terraces may be placed up to 
680-ft apart.  It is expected that 60%, 70%, and 80% ground cover can be achieved with
grassing, a combination of grassing and mulching, and mulching, respectively.  Table
2G-1-6 summarizes allowable side slope terrace spacing under each ground cover
option.

6.2 Erodible Velocity

As mentioned previously, sheet flow velocity estimates are performed only for the more 
conservative condition of having only 60% ground cover.  The estimated velocities are 
as follows:

Top Deck Slopes (5%): For sheet flow (length up to 100 ft)

V = L / Tt = 100 / [0.007×(0.05×100)0.8/(3.910.5×0.050.4)] = 0.7 ft/s (for bare 
ground) and 

V = L / Tt = 100 / [0.007×(0.15×100)0.8/(3.910.5×0.050.4)] = 0.3 ft/s (for 
grass).

The weighted average value for the sheet flow velocity for 60% ground cover is 
calculated as:

Top Deck Sheet Flow Velocity = 0.7 × 0.40 + 0.3 × 0.60 = 0.4 ft/s

IIIF-E-315



Page 9 of 21
Reviewed

Written by: O. Bramlet Date: 01/09/2019 by: S. Graves Date: 2/4/2020

Client: TRLC Project: Fort Worth C&D Landfill Project No.: GW6953 Phase No.: 04

GW6953\Appendix 2G-1 - Intermediate Cover Erosion Analysis

For distances greater than 100-ft on the top deck, where flow becomes shallow 
concentrated flow, the velocity estimates using the previously mentioned equation are
calculated as:

Top Deck Slopes (5%): For shallow concentrated flow (lengths over 100 ft)

V = Kv×S1/2 = 9.965×0.051/2 = 2.2 ft/s (for bare ground) and

V = Kv×S1/2 = 6.962×0.051/2 = 1.6 ft/s (for grass).

The weighted average value for the shallow concentrated flow velocity for 60% ground 
cover is calculated as:

Top Deck Shallow Concentrated Flow Velocity = 2.2 × 0.40 + 1.6 × 0.60 = 1.8 ft/s

Side Slopes (33%): For sheet flow (length up to 100 ft)

V = L / Tt = 100 / [0.007×(0.05×100)0.8/(3.910.5×0.330.4)] = 1.4 ft/s (for bare 
ground) and

V = L / Tt = 100 / [0.007×(0.15×100)0.8/(3.910.5×0.330.4)] = 0.6 ft/s (for 
grass).

The weighted average value for the sheet flow velocity for 60% ground cover is 
calculated as:

Side Slopes Sheet Flow Velocity = 1.4 × 0.40 + 0.6 × 0.60 = 0.9 ft/s

For distances greater than 100-ft on the top deck, where flow becomes shallow 
concentrated flow, the velocity estimates using the previously mentioned equation are
calculated as:

Side Slopes (33%): For shallow concentrated flow (lengths over 100 ft)

V = Kv×S1/2 = 9.965×0.331/2 = 5.8 ft/s (for bare ground) and

V = Kv×S1/2 = 6.962×0.051/2 = 4.0 ft/s (for grass).

The weighted average value for the shallow concentrated flow velocity for 60% ground 
cover is calculated as:

Side Slopes Shallow Concentrated Flow Velocity = 5.8 × 0.40 + 4.0 × 0.60 = 4.7 ft/s
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As shown above, the estimated flow velocities are less than the permissible non-erosive 
velocity of 5.0 ft/s.

7 CONCLUSIONS

The ground surface cover condition and maximum terrace spacing requirements are 
computed above and summarized in Table 2G-1-6. Based on the calculations presented 
herein, the following conclusions are drawn:

For the conditions analyzed herein, the calculated soil loss from the intermediate 
cover is less than the permissible soil loss of 50 tons/acre/year, which is 
acceptable.

For the conditions analyzed herein, the estimated velocities for the top deck and 
side slope surfaces were calculated to be less than the permissible non-erosive 
velocity of five (5) ft/sec, which is acceptable.

To provide effective erosional stability on the external facing 5% top deck slope 
surfaces, a horizontal spacing of 550-ft between temporary diversion structures 
is acceptable for a 60% or greater ground cover of grass/mulch or the like.

To provide effective erosional stability on the external facing 33% side slopes 
when there is a 60% ground cover of grass/mulch or the like, the maximum 
horizontal spacing between terraces should be 300-ft.

To provide effective erosional stability on the external facing 33% side slopes 
when there is a 70% or greater ground cover of grass/mulch or the like, the 
maximum horizontal spacing between terraces should be 500-ft.

To provide effective erosional stability on the external facing 33% side slopes 
when there is a 80% or greater ground cover of grass/mulch or the like, the 
maximum horizontal spacing between terraces should be 680-ft corresponding 
to the maximum side slope length.
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TABLES

Table 2G-1-1. Sheet Flow Roughness Coefficients for Calculating Sheet Flow 

Travel Time (from TxDOT, 2019)

Table 2G-1-2. Equations and Assumptions Relating Shallow Concentrated Flow 

Velocity to Surface Slope (from USDA, 2010)

Table 2G-1-3. Soil Erodibility Factor K for Frio and Gasil Soils (from USDA, 

2019)

Table 2G-1-4. Values for Topographic Factor, LS, for High Ratio of Rill to 

Interrill Erosion (from USDA, 1997)

Table 2G-1-5. C Factor Cover Values for Permanent Pasture, Rangeland, Idle 

Land, and Grazed Woodland (from USDA, 1977)

Table 2G-1-6.  Summary of Maximum Allowable Drainage Terrace Spacing
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Table 2G-1-1.  Sheet Flow Roughness Coefficients for Calculating Sheet Flow 

Travel Time (from TxDOT, 2019)
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Table 2G-1-2. Equations and Assumptions Relating Shallow Concentrated Flow 

Velocity to Surface Slope (from USDA, 2010)
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Table 2G-1-3. Soil Erodibility Factor K for Frio and Gasil Soils

(from USDA, 2019)

Map Unit 
Symbol

Map Unit Name 
Soil Erodibility Factor, 

Kf

27
Frio silty clay, 

frequently 
flooded

0.24

30
Gasil fine sandy 

loam, 3 to 8 
percent slopes

0.28

31

Gasil sandy clay 
loam, graded, 1 

to 5 percent 
slopes

0.15
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Table 2G-1-4.  Values for Topographic Factor, LS, for High Ratio of Rill to Interrill Erosion1

(from USDA, 1997)
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Table 2G-1-5. C Factor Cover Values for Permanent Pasture, Rangeland, Idle Land, and 
Grazed Woodland1

(from USDA, 1977)
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Table 2G-1-6. Summary of Maximum Allowable Drainage Terrace Spacing

Interim Cover 
Stabilization

Method

Required 
Minimum Ground 

Cover

Maximum Allowable Terrace Spacing Calculated 
Velocity

<
Permissible 
Velocity?

5% Top Deck 33% Side Slopes

Grass 60% 550-ft 300-ft Yes

Grass & Mulch 70% 550-ft 500-ft Yes

Mulch 80% 550-ft 680-ft Yes
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FIGURES

Figure 2G-1-1.  Average Annual Rainfall Runoff Erosivity Factor, R, Isoerodent Map 
(from USDA, 1997)
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Figure 2G-1-1. Average Annual Rainfall Runoff Erosivity Factor, R, Isoerodent Map

(from USDA, 1997)
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A = drainage area (acres).

In September 2018, the National Oceanic and Atmospheric Administration (NOAA) 
released updated precipitation frequency estimates for Texas.  This rainfall data is 
currently considered by TxDOT (2019) to be the best available data for calculating design 
rainfall intensity.  TxDOT (2019) also recommends 10 minutes as the minimum time of
concentration for the Rational Method because small areas with exceedingly short times of 
concentration could result in design rainfall intensities that are unrealistically high.  The 
rainfall intensity for the 25-year, 10-minute duration rainfall event is 7.92 inches per hour 
(in/hr) for the site (NOAA, 2018). 

2.2 Hydraulic Design of Diversion Structures

Manning’s equation is applied to the calculate peak discharge rates through each 
intermediate cover diversion structure.  Manning’s equation (Chow, 1959) is expressed as:

2
1

3
249.1

SAR
n

Q (4)

where:

Q = discharge (cfs),

n = Manning’s roughness coefficient,

A = area of cross-section of flow (ft2),

R = hydraulic radius = A/P (ft),

P = wetted perimeter (ft), and

S = longitudinal slope (ft/ft).

The tractive stresses in the channel for various depths of flow are estimated using the 
following equation (Chow, 1959):

RSwo
(5)

where:

o = average tractive stress (lb/ft2),
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w = unit weight of water (lb/ft3),

R = hydraulic radius = A/P (ft), and

S = channel slope (ft/ft).

Each diversion structure is designed to convey the peak runoff discharge from the 25-year
rainfall event as calculated by the Rational Method. The depth of flow, maximum 
velocity, and tractive stress for the design rainfall event through each channel reach is 
calculated using Manning’s equation and the tractive stress equation.

3 DESIGN PARAMETERS

The following sections describe the selected parameters applied in the calculations of the 
peak runoff discharge by the Rational Method and the capacity of the drainage structures 
by Manning’s equation.

3.1 Drainage Areas

The diversion structures on the intermediate cover are designed for the runoff from
contributing drainage areas during landfill operating conditions. It is envisioned that the 
temporary side slope drainage terraces, top deck drainage terraces, and temporary 
downchutes on the intermediate cover system will be installed to approximate the post-
development (i.e., final) drainage patterns of the final cover system. Accordingly, the 
drainage areas contributing to each of these structures during interim conditions are 
selected based on the largest area that contributes to the type of structure according to the 
grading plan layout of the final cover grades. The largest top deck area (8.82 acres) that 
contributes to a single drainage terrace is selected to design the typical top deck drainage 
terraces on the intermediate cover. The sum of the largest top deck (8.82 acres) and side 
slope (4.09 acres) areas which combine to a single downchute is selected as the design 
drainage area (12.91 acres) for the typical downchute channel on the intermediate cover.

Meanwhile, side slope drainage terraces will have a maximum spacing of 300-ft, 500-ft, or
680-ft apart depending on the ground cover applied (and resulting ground cover
percentage) to the 3H:1V intermediate cover side slopes. The longest side slope drainage 
terrace (approximately 1,940-ft in length) is selected for the design of the typical side slope 
drainage terraces for each spacing. The drainage area selected for the design of side slope
drainage terraces is calculated based on the longest length and the maximum spacing for 
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each ground cover scenario for the intermediate cover side slopes.

3.2 Runoff Coefficients

A runoff coefficient (C) was selected based on information provided by TxDOT (2019) for 
rural watersheds, as shown in Table 2G-2-1. The total runoff coefficient is based on the
sum of the four runoff components in Table 2G-2-1. The 25-year runoff coefficient is 
calculated using the following equation:

C = (Cr + Ci + Cv + Cs) (6)

The following runoff coefficient is estimated for the steep 3H:1V side slope drainage 
areas:

C = (0.35 + 0.16 + 0.08 + 0.12) = 0.710

The following runoff coefficient is estimated for the flatter (5%) top deck drainage areas:

C = (0.14+ 0.16 + 0.08 + 0.12) = 0.500

The following runoff coefficient is estimated for the drainage areas contributing to the 
downchute channels using a weighted average of the top deck and side slope runoff 
coefficients per the drainage areas listed above:

C = (8.82 ac × 0.500 + 4.09 ac × 0.710) / (8.82 ac + 4.09 ac) = 0.567

3.3 Manning’s Roughness Coefficient

Manning’s roughness coefficient (n) is a measure of the surface roughness of a pipe, 
conduit, channel or other hydraulic structure. As the Manning’s roughness coefficient
increases, the resistance to flow within a channel increases. As shown in Table 2G-2-2
(TxDOT, 2019), Manning’s roughness coefficients were selected based on a grass-lined 
side slope drainage terrace and top deck drainage terrace and geomembrane lined interim 
downchute channel. A Manning’s roughness coefficient of n = 0.027 was selected for 
grass-lined channels.  A Manning’s roughness coefficient of n = 0.015 was selected for 
geomembrane lined downchute channels based on a representative value for lined channels 
with similar roughness as a float finished concrete lining.  Roughness values are not 
available for textured HDPE geomembrane; smooth HDPE has a roughness of 
approximately 0.01, so it is reasonable that textured geomembrane would be slightly 
greater.
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3.4 Hydraulic Design

Each intermediate cover diversion structure is designed to convey the 25-year rainfall 
event.  Additionally for structures that have a flow velocity of greater than five ft/s during 
the 25-year rainfall event, a channel lining (e.g., geomembrane, riprap, articulated concrete
blocks) is required until the final cover system is constructed.

4 CALCULATIONS

The peak runoff discharge to each temporary drainage structure was calculated by the 
Rational Method. The results from these calculations are presented in Table 2G-2-3.

Based on the calculated runoff discharge, each temporary diversion structure was sized by
applying Manning’s equation. These calculations were performed using the spreadsheets 
presented at the end of this calculation package. The design parameters and results of the
hydraulic design of each component of the intermediate cover surface water management 
system are summarized in Table 2G-2-4.

5 CONCLUSIONS

Results from calculations presented in this calculation package indicate that the proposed 
surface water diversion structures for Fort Worth C&D Landfill intermediate cover will 
collect and control the runoff resulting from a 25-year rainfall event. These calculations 
indicate that the temporary downchute channels and drainage terraces should be lined with 
an erosion resistant channel lining material until the final cover system is constructed.
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Table 2G-2-1. Runoff Coefficients for Rural Watersheds

(from TxDOT, 2019)
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Table 2G-2-2. Manning’s Roughness Coefficients

(from TxDOT, 2019)
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Table 2G-2-3. Intermediate Cover Peak Discharge Calculations for the 25-year Rainfall 

Event

Diversion Structure Spacing (ft) [2] A (acres) C I (in/hr) Q (cfs)

Side Slope Drainage 
Terraces [1] 300 13.36 0.710 7.92 75.13

Side Slope Drainage 
Terraces [1] 500 22.27 0.710 7.92 125.22

Side Slope Drainage 
Terraces [1] 680 30.28 0.710 7.92 170.30

Top Deck Drainage 
Terraces - 8.82 0.500 7.92 34.93

Downchutes - 12.91 0.567 7.92 57.97

Notes:

1. The maximum side slope drainage area is estimated based on the terrace spacing shown above, and a
maximum terrace length of 1,940 ft.

2. Spacing of terraces on the side slopes is varied based on the assumed ground cover scenarios, as described
in Appendix 2G-1.
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Table 2G-2-4. Summary of Intermediate Cover Hydraulic Design Results

Diversion 
Structure

Spacing 
(ft)

Bottom 
Width 

(ft)

Left 
Side 
Slope 
(H:V)

Right 
Side 
Slope 
(H:V)

Channel 
Depth 

(ft)

Manning’s 
n

Flowline 
Slope 
(ft/ft)

Design 
Depth 

of Flow 
(ft)

Design 
Velocity 

(ft/s)

Tractive 
Stress 
(psf)

Channel 
Lining 

Required?

Side Slope 
Drainage 
Terrace

300 0.00 2.5:1 3:1 2.50 0.027 0.020 1.93 7.31 1.13 Yes

Side Slope 
Drainage 
Terrace

500 0.00 2.5:1 3:1 2.50 0.027 0.020 2.34 8.31 1.37 Yes

Side Slope 
Drainage 
Terrace

680 0.00 2.5:1 3:1 3.00 0.027 0.020 2.61 9.04 1.56 Yes

Top Deck 
Drainage 
Terrace

- 0.00 3:1 20:1 2.00 0.027 0.0015 1.36 1.64 0.06 No

Downchute
Channel

- 5.00 3:1 3:1 1.00 0.015 0.333 0.33 24.91 5.96 Yes
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MANNING’S EQUATION CALCULATIONS
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 Site:   Fort Worth C&D Landfill      

 Site Location:  Tarrant County       
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Qualified Groundwater Scientist Statement 

I, Aaron K. Evans, am a Texas-licensed professional geoscientist and a qualified 
groundwater scientist as defined in Title 30 TAC §330.3(120).  I have prepared the 
Geology Report which constitutes Appendix IIIG of this permit application.  In my 
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the Fort Worth C&D Landfill.  The only warranty made by me in connection with this 
report is that I have used that degree of care and skill ordinarily exercised under 
similar conditions by reputable members of my profession, practicing in the same or 
similar locality.  No other warranty, expressed or implied, is intended. 
 

 Firm/Address: Weaver Consultants Group, LLC 
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Fort Worth, Texas 76109 

Signature:  _________________________________________   
    Aaron K. Evans, P.G., Texas License No. 11143 
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3.1.5 Main Street Limestone 

Underlying the Grayson Shale, the Main Street Limestone consists of hard, dry 
limestone interbedded with dry, calcareous, clayey shale that ranges in thickness 
from about 28 to 31 feet across the site.  It is noted that the BEG (1987) regional 
geologic formation taxonomy categorized the Grayson Shale and Main Street 
Limestone as a single undivided formation.  Laboratory permeability testing 
indicates a vertical hydraulic conductivity ranging from 2.06x10-8 to 9.83x10-8 
cm/sec. 

3.1.6 Pawpaw Formation 

The Pawpaw Formation underlies the Main Street Limestone and consists 
predominately of hard, dry, calcareous shale.  None of the existing boreholes have 
penetrated the vertical extent of the Pawpaw beneath the site.  The uppermost 
contact of Pawpaw to overlying Main Street Limestone sediments is below elevation 
525 ft-msl as observed in onsite borings.  No site-specific hydrogeological data 
exists for this deep-bedded dry shale formation.   

3.1.7 Stratigraphic Interpretation 

The existing subsurface characterization delineates Alluvium and Woodbine 
outcrop based on general sedimentary composition and taking into consideration 
regional geology as depicted by the Bureau of Economic Geology in the Geologic 
Atlas of Texas, Dallas Sheet (BEG, 1987).    

Figures IIIG-A-1 (Regional Geologic Map) and IIIG-C-33 (Surface Geology Map) show 
the site location and regional formational outcrop areas. As indicated, Quaternary 
Alluvium (Qal) is isolated to the westernmost facility permit boundary proximal to 
Village Creek, the Woodbine Formation (Kwb) is isolated in the eastern permit 
boundary, and the Grayson Formation (Kgm) is interpreted to outcrop in a limited 
area within the central portion of the permit boundary.  These outcrop areas appear 
to be generally consistent with site-specific subsurface investigation findings.  

Alluvium sediments are typically observed to include a basal layer of coarse-grained 
sands and/or gravel as described in lithologic logs for monitor wells MW-2, MW-5, 
MW-6, MW-7, and MW-8.  Alternatively, Woodbine sediments are generally 
comprised of sand and clay without the presence of basal gravels or with lithologic 
descriptions for gravelly soils that suggest a makeup of ironstone or calcareous 
nodules. The lithologic logs for the borings advanced in 1989 by Freeze and Nichols 
and 1991 by Baker-Shifflet include formational associations with some logged site-
specific strata.  These include notable Woodbine Formation sediment designations 
logged in borings B-16/16A and B-22/22A.  In the central portion of the site, the 
residual weathering of Grayson Formation shale sediments is indicated by the more 
prevalent occurrence of clay and shaly clay above indurated unweathered 
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Grayson shale sediments.  Figure IIIG-C-34 in Appendix IIG-C (Woodbine Formation 
Thickness Isopach Map) illustrates the general estimated thickness of Woodbine 
sediments as interpreted from previously advanced borings and based on pre-
development surface grades.  As indicated, Woodbine sediment thickness increases 
toward the east commensurate with the regional dip of the formation. 

Delineating precise surficial formational contacts among the Alluvium, Woodbine, 
and Grayson sediments can be difficult given some of the similarities in sedimentary 
composition.  For this reason, the hydrogeologic characterization is conservatively 
interpreted to include both an Alluvium and Woodbine groundwater monitoring 
system network.  The facility’s groundwater monitoring systems are further 
discussed in Attachment IIIH.    
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data.  These data are summarized in Figure IIIH-A-2 (Groundwater Monitoring Well 
Details) in Appendix IIH-A.  Typical groundwater monitoring well specifications are 
depicted in Figure IIIH-A-3 in Appendix IIIH-A.  Review of monitoring well 
installation records indicate that the facility’s existing monitoring wells were 
constructed in accordance with the requirements of Title 30 TAC §330.421.   

All parts of the groundwater monitoring system will be operated and maintained so 
that they perform to design specifications throughout the life of the monitoring 
program.  Any monitoring well that is damaged to the extent that it is no longer 
suitable for sampling will be reported to the TCEQ who may make a determination 
about whether to repair or replace the well.  Well plugging and abandonment will be 
performed by a Texas-licensed monitoring well driller in accordance with TCEQ and 
any other applicable regulatory requirements.  One monitoring well was plugged 
and abandoned prior to 2023 (MW-3) and the State of Texas Plugging Report is 
provided in Appendix IIIH-A.  No monitoring well will be plugged and abandoned 
without prior written authorization from TCEQ.  Any replacement monitoring well 
installation will be performed in accordance with Title 30 TAC §330.421 by a Texas-
licensed monitoring well driller.  Monitoring well construction will provide for the 
maintenance of the integrity of the borehole, collection of representative 
groundwater samples from the uppermost aquifer, and prevention of migration of 
groundwater and surface water within the borehole in accordance with Title 30 TAC 
§330.421(a). 

New or replacement monitoring well installations will be surveyed for horizontal 
and vertical control by a Texas-licensed Registered Professional Land Surveyor 
prior to initiation of groundwater sampling in accordance with Title 30 TAC 
§330.421(d).  

2.3 Groundwater Monitoring Program 

Facility detection monitoring wells will be sampled annually for the detection 
monitoring parameters listed in 40 Code of Federal Regulations (CFR), Part 258, 
Appendix I, which are also listed in Table 5-1 in Section 5.1.  Details regarding 
groundwater sampling, analyses, and statistical comparison procedures are 
discussed in the following sections of Appendix IIIH. 

In accordance with Title 30 TAC §403(e)(3), the facility will promptly notify the 
executive director, and any local pollution agency with jurisdiction that has 
requested to be notified, in writing of changes in facility construction or operation 
or changes in adjacent property that affect or are likely to affect the direction and 
rate of groundwater flow and the potential for detecting groundwater 
contamination and that may require the installation of additional monitoring wells 
or sampling points.  Such additional wells or sampling points require a modification 
of the site development plan which will be requested in accordance with Title 30 
TAC §305.70(j). 
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No Data No Data

STATE OF TEXAS PLUGGING REPORT for Tracking #11086

MW3Owner Well #:

32-23-7Grid #:

  32°  37'  51"  NLatitude:

097°  14'  19"  WLongitude:

No DataElevation:

Ft. Worth C & D LandfillOwner:

4144 Dick Price Rd.
Ft. Worth, TX  76060

Address:

4144 Dick Price Rd.
Ft. Worth, TX  76060

Well Location:

TarrantWell County:

Well Type: Monitor

Borehole:

3/11/2003Date Plugged:

Pour in 3/8 bentonite chips when standing water in well is less than 100 feet depth, 
cement top 2 feet

Plug Method:

Brian KernPlugger:

Plugging Information

No DataDate Drilled:No DataCompany:

No DataDriller: No DataLicense Number:

Drilling Information

Company Information: Total Support Services

P.O. Box 81621
Austin, TX  78708

License Number: 54611Driller Name: Brian Kern

Comments: No Data

Plug(s) Placed in Well:Casing Left in Well:

Certification Data: The driller certified that the driller plugged this well (or the well was plugged under the 
driller's direct supervision) and that each and all of the statements herein are true and 
correct.  The driller understood that failure to complete the required items will result in 
the reports(s) being returned for completion and resubmittal.

Diameter (in.) Top Depth (ft.) Bottom Depth (ft.)

4 23

7/18/2023 7:31:23 PM Plugging Report Tracking Number 11086
Submitted on: 3/28/2003

Page 1 of 1
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11 COASTAL AREAS 

The coastal areas location restriction within Title 30 TAC §330.561 requires that a 
new landfill cell or expansion of an existing cell of a landfill managing Class 1 
Industrial Solid Waste not be located on a barrier island or peninsula, or within 
1,000 feet of an active coastal shoreline erosion. 

The Fort Worth C&D Landfill does not accept Class 1 Industrial Solid Waste and is 
not located in a coastal area.  Therefore, the site is in compliance with the coastal 
areas location restriction. 
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2 METHODOLOGY

2.1 HEC-HMS Computer Model

Surface water discharges for the pre-development and post-development conditions are 
estimated using the Hydrologic Modeling System (HEC-HMS) version 4.3 computer 
program developed through the Hydraulic Engineering Center (HEC) of the United States 
Army Corps of Engineers (USACE).  The program simulates natural and controlled 
precipitation-runoff and routing processes of a watershed.  HEC-HMS is the successor to 
and replacement for the HEC-1 program (USACE, 2000).  For precipitation-runoff-routing 
simulation, HEC-HMS provides the following components:

Precipitation-specification options can describe an historical precipitation event, a 
frequency-based hypothetical precipitation event (i.e., design rainfall or storm 
event), or an event that represents the upper limit of precipitation possible at a 
given location.  For this analysis, the 25-year (4% annual chance), 24-hour duration 
hypothetical precipitation event (herein referred to as the 25-year, 24-hour event)
was used to compare pre-development and post-development conditions.  
Additionally, the analysis is repeated for the 100-year (1% annual chance), 24-hour 
duration hypothetical precipitation event (herein referred to as the 100-year, 24-
hour event) to obtain the design information needed for surface water pond sizing 
and discharge structure sizing to route the runoff without overtopping the pond 
crest for that hypothetical 100-year event.

Water loss models can estimate the volume of runoff given the precipitation and 
properties of the watershed.  For this analysis, the Soil Conservation Service (SCS) 
Curve Number Loss Model was used (USDA, 1986).

Direct runoff transform models can account for overland flow, storage, and energy 
losses as surface water runs off a watershed and into the drainage channels.  For 
this analysis, the SCS Unit Hydrograph Model was selected.

Hydraulic routing models account for storage and energy flux as surface water 
flows through drainage channels.  The Kinematic Wave Model was selected for 
these analyses.
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Hydraulic models of water-control measures such as surface water pond outfall 
structures (i.e., outlet control structures).

HEC-HMS was used to model the pre-development conditions and the post-development 
conditions.  More specifically, HEC-HMS modeling calculates surface water runoff 
volumes, peak flow rates, and flow characteristics for the perimeter channels and the 
surface water ponds.

2.2 Pre-Development Condition

Drawing 2-2 in Attachment 2A of the Facility Surface Water Drainage Report (Drainage 
Report) presents the final configuration of the currently permitted landfill and surface 
water management system design including the natural conditions for the off-site areas 
adjacent to the landfill. Existing topographic information was compiled from 
photogrammetric methods based on aerial photography performed on 06 March 2019 by 
Dallas Aerial Surveys, Inc. The topographic information for the general site vicinity was 
used to model the natural conditions adjacent to the currently permitted landfill boundary.
The pre-development drainage area of 207.14 acres includes the currently permitted 
surface water management system within the facility permit boundary area, as well as off-
site areas. The consideration of off-site areas for the pre-development condition allows for 
direct comparison between the pre-development and post-development analysis since the 
total drainage areas are equivalent.  The currently permitted surface water management 
system design utilizes drainage terraces, downchute channels, perimeter drainage channels,
and storm water (detention) ponds to control surface water runoff from the site.

The currently permitted surface water management system maintains similar drainage 
patterns to the natural (or undeveloped) conditions. The currently permitted surface water 
management system discharges surface water at two locations (outfalls). The overall site 
outfall is located at the storm water pond outlet pipe in the northern portion of the site and
discharges to Village Creek, which flows along the west boundary of the site. The 
midpoint site outfall is located where the permit boundary deviates from Village Creek
near the midpoint along the western permit boundary. Both outfall locations are used for 
evaluation of the pre-development conditions.  The entire drainage area of 207.14 acres
drains to the overall site outfall, whereas 95.7 acres drain to the midpoint site outfall for 
pre-development conditions.
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2.3 Post-Development Condition

Drawing 2-1 in Attachment 2A shows the final configuration of the lateral expansion and 
the proposed surface water management system design.  Like the currently permitted 
facility, the proposed surface water management system will utilize drainage terraces, 
downchute channels, and perimeter drainage channels to control surface water runoff from 
the site.  The drainage areas flowing to each of the drainage features are delineated on 
Drawing 2-3 in Attachment 2A.

The proposed surface water management system will maintain similar drainage patterns to 
the pre-development condition. The proposed surface water management system will 
discharge at the currently permitted outfalls described in the pre-development condition 
section above. The overall site outfall is located at the surface water pond outlet area in the 
northern portion of the site and discharges to Village Creek, which flows along the west
boundary of the site. The midpoint site outfall is located where the permit boundary 
deviates from Village Creek near the midpoint along the western permit boundary.  The 
midpoint site outfall and the overall site outfall locations used for evaluation of the post-
development conditions coincide with the 207.14-acre drainage area for pre-development 
conditions. The entire drainage area of 207.14 acres drains to the overall site outfall, 
whereas 83.5 acres drain to the midpoint site outfall for post-development conditions. The 
proposed grading of the final cover system results in a slightly smaller area draining to the 
midpoint site outfall, but is the same where runoff leaves the overall site at the north end 
(i.e., 207.14 acres). As mentioned, the post-development drainage area includes the entire 
proposed facility permit boundary area.

3 DESIGN PARAMETERS

The following data and assumptions were utilized in selecting engineering parameters to
estimate surface water runoff.

3.1 Rainfall

Rainfall Return Periods, Durations, and Depths – The Texas Department of 
Transportation (TxDOT) Hydraulic Design Manual (2019) provides guidance for 
rainfall frequency and duration depths. The site is located in the Village Creek 
watershed, and outflow from the site drains into Village Creek. The rainfall depths 
corresponding to 24-hour duration hypothetical precipitation event and 25-year and 
100-year frequency return periods for the site are 7.17 inches and 9.27 inches,
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respectively, using the latest available “Atlas 14” data (NOAA, 2018). The design 
rainfall hyetograph is defined using a SCS Type II rainfall distribution, which is
selected based on Figure 2B-1 (USDA, 1986). The design rainfall depths in the 
hydrologic model were consistent with TxDOT (2019) methods and procedures; 
however, the design rainfall hyetograph was defined with a SCS Type II 
distribution in order to be consistent with the method utilized in the previous permit 
application. This rainfall intensity method for determining rainfall distribution was 
retained in the hydrologic model for this application for a more conservative 
approach, as it resulted in higher peak intensity values than the latest TxDOT 
(2019) Hydraulic Design Manual.

3.2 Drainage Areas and Reaches

Drainage Areas – The contributing watershed areas for each basin (drainage area)
or reach (perimeter channel) in the pre-development and post-development models 
are divided into multiple subbasins (subareas). Subbasins are modeled based on the 
receiving surface water drainage feature, and are delineated for the following areas: 
top deck surfaces draining to the top deck drainage terraces and the drainage 
downchutes; sideslope surfaces draining to the sideslope drainage terraces and the 
drainage downchutes and perimeter channel; off-site run-on areas; and surface
water pond areas. The SCS Curve Number Loss Model was used to estimate the 
volume of runoff from a given subbasin.  The SCS Unit Hydrograph Model was
used to estimate the direct runoff flow rates from each subbasin. Each subbasin is 
assigned a curve number representing the type of ground cover for a given soil for 
the area.  The subbasin area, curve number, and SCS Unit Hydrograph lag time
input parameters are included in the HEC-HMS output in Appendix 2B-1.

Hydrologic Soil Groups (HSGs) – Figure 2B-2 shows the approximate footprint of 
the landfill superimposed on a soil map from the Web Soil Survey tool operated by 
the USDA Natural Resources Conservation Service (USDA, 2019) for Tarrant
County.  The predominate soil types at the site include a combination of Frio silty 
clay, Gasil fine sandy loam, and Gasil sandy clay loam formations. The on-site soil 
types have a range of HSG designations as shown in Table 2B-1. To be
conservative, the HSG within the landfill permit area is assumed to be a type D
soil, which generally provides the highest calculated runoff volumes. Off-site 
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natural areas are assumed to have an HSG of type C, corresponding to the Frio silty 
clay soil found adjacent to the expansion area.

Curve Number (CN) – Curve numbers are obtained from the TR-55 (USDA, 1986)
and are based on the predominant HSG of the drainage area. The curve number for 
the proposed final cover of the landfill was selected as 85 based on TCEQ’s 
guidelines as described in Regulatory Guidance 417 (TCEQ, 2018). Table 2B-2
summarizes the CNs chosen for all off-site areas within the analyses detailed in this
calculation package. Off-site natural conditions (HSG type C) are assumed to be 
meadow cover conditions (CN = 71). Off-site areas currently developed with 
buildings and driveways are assumed to represent farmstead conditions (CN = 82).

Manning’s Roughness Coefficients – Values of Manning’s roughness coefficients
used in the reach routing calculations were obtained from the TxDOT Hydraulic 
Design Manual (2019). Table 2B-3 summarizes the Manning’s coefficients used in 
this calculation package.  It should be noted that for design purposes, the culverts 
assume a Manning’s coefficient for a reinforced concrete pipe (RCP).  Any culvert 
material type may be used provided that the Manning’s coefficient is equal to or 
less than that for RCP.

Perimeter Channel Reaches – Reaches in the HEC-HMS program represent 
perimeter channels that route surface water from upstream subbasins to 
downstream subbasins through a junction.  Reaches also may route surface water 
from upstream reaches.  The Kinematic Wave Model is used to model the surface 
water flow in each of the reaches in the HEC-HMS program.  The Kinematic Wave 
Model accounts for storage and energy flux as surface water moves through stream 
channels.  Average geometric characteristics of the stream channel measured from 
the existing and proposed topography are input into HEC-HMS.

3.3 Surface Water Ponds

The pre-development analysis incorporated the currently permitted surface water ponds, 
the North Surface Water Pond and the South Surface Water Pond. The surface water ponds 
temporarily retain surface water runoff and reduce discharge flow rates from the upstream 
areas.  The post-development analysis incorporates only the North Surface Water Pond 
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which is comprised of a series of four connected sub-ponds. The existing North Surface 
Water Pond will be modified and portions of the drainage area to the south are diverted to 
the North Surface Water Pond to maintain post-development discharge flow rates at or 
below pre-development discharge flow rates for a 24-hour duration hypothetical 
precipitation event occurring at a 25-year frequency. Surface water ponds are accounted 
for in the HEC-HMS program as “reservoir” nodes.  The elevation-area relationship is 
input for each surface water pond to describe the volume of storage provided by the 
surface water pond, which is computed based on the proposed surface water pond 
geometry. Specifically, the surface area at various elevations throughout the ponds was 
used to compute the elevation-area relationship.  Design characteristics of the outflow 
structures include pond outflow pipe diameter and emergency spillway depth and breadth.  
Input and output files for the surface water ponds design are provided in Appendix 2B-1.
The North Surface Water Pond discharges to a drainage channel and ultimately to Village 
Creek at the overall site outfall for both pre-development and post-development 
conditions.  The South Surface Water Pond (only present under pre-development 
conditions) discharges to a drainage channel and ultimately to Village Channel at the 
midpoint outfall.

3.4 Nodal Network Diagrams

Nodal network diagrams used in HEC-HMS for the pre-development and post-
development analyses are provided and correspond to the output files included in 
Appendix 2B-1.

Pre-Development Nodal Network – Figure 2B-3 of this calculation package 
presents the nodal network drawing for the pre-development conditions.  The pre-
development nodal network diagram shows the subbasins, permitted storm water
ponds, and discharge locations.  The nodal network diagram represents the existing 
permitted surface water management system and discharge point shown on 
Drawing 2-2 in Attachment 2A

Post-Development Nodal Network – Figure 2B-4 of this calculation package 
presents the nodal network drawing for the post-development conditions.  The post-
development nodal network diagram shows the subbasins, reaches, surface water
ponds, and discharge locations.  The nodal network diagram represents the 
proposed surface water management system and discharge point shown on 
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Drawing 2-3 in Attachment 2A.

4 RESULTS

Modeling results from calculations presented in this calculation package indicate that post-
development peak discharges from the facility are less than the pre-development peak 
discharge rates at both the overall site outfall and midpoint discharge locations for the 25-
year, 24-hour precipitation event.  Thus, the lateral expansion is not anticipated to
adversely affect or significantly alter the drainage patterns in the vicinity of the site. Table 
2B-4 summarizes analysis results for the pre- and post-development peak discharges and 
total discharge runoff volumes from the site.  The calculation results described in Table 
2B-4 are provided in Appendix 2B-1.
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TABLES

Table 2B-1. Hydrologic Soil Groups for On-Site Soils (from USDA, 2019)

Table 2B-2.  Summary of Curve Numbers used in Analysis (from USDA, 1986)

Table 2B-3.  Manning’s n Values (from TxDOT, 2019)

Table 2B-4.  Summary of Peak Discharge and Total Discharge Volumes at Site 
Outfalls
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Table 2B-1. Hydrologic Soil Groups for On-Site Soils

(from USDA, 2019)
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Table 2B-2. Summary of Curve Numbers used in Analysis1

(from USDA, 1986)

Note that the curve number for the proposed final cover of the landfill was selected as 85 based on TCEQ’s 
guidelines as described in Regulatory Guidance 417 (TCEQ, 2018).  This is a conservative assumption since 
the information in this table would support the selection of a smaller CN for the expected soil types and cover 
types/conditions of the landfill final cover.
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Table 2B-3. Manning’s n Values

(from TxDOT, 2019)
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Table 2B-4. Summary of Peak Discharge and Total Discharge Volumes at Site 

Outfalls

Location Item
Pre-

Development
Post-

Development
(25-year) (25-year)

Midpoint 
Site Outfall

Peak Discharge
(cfs)

515.4 515.4

Total Runoff Volume 
(ac-ft)

36.3 33.6

Overall Site 
Outfall

Peak Discharge
(cfs)

802.6 797.1

Total Runoff Volume 
(ac-ft)

78.7 82.0
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FIGURES

Figure 2B-1.  SCS Rainfall Distributions (from USDA, 1986)

Figure 2B-2.  Soil Survey Map

Figure 2B-3. Pre-Development HEC-HMS Nodal Network

Figure 2B-4.  Post-Development HEC-HMS Nodal Network
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Figure 2B-1.  SCS Rainfall Distributions (from USDA, 1986)

Project Site
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Figure 2B-2.  Soil Survey Map

IIIF-E-134



Page 17 of 76
01/08/2020

GW6953/Attachment 2B - Hydrology_Permit 1983D CL

Figure 2B-3. Pre-Development HEC-HMS Nodal Network
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Figure 2B-4.  Post-Development HEC-HMS Nodal Network
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APPENDIX 2B-1

HEC-HMS HYDROLOGIC MODEL PARAMETERS
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Table 2B-1-1.  Pre-Development Permitted North Surface Water Pond Elevation-
Area Relationship
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Table 2B-1-2.  Pre-Development South Surface Water Pond Elevation-Area 
Relationship
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Table 2B-1-3.  Pre-Development 25-year, 24-hour Precipitation Event Nodal Areas, 
Peak Flow Rates, and Runoff Volumes
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Table 2B-1-3 (continued).  Pre-Development 25-year, 24-hour Precipitation Event
Nodal Areas, Peak Flow Rates, and Runoff Volumes
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Figure 2B-1-1. Pre-Development 25-year, 24-hour Precipitation Event Permitted 
North Surface Water Pond Hydrograph and Elevation/Storage Relationships
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Figure 2B-1-2. Pre-Development 25-year, 24-hour Precipitation Event Permitted 
South Surface Water Pond Hydrograph and Elevation/Storage Relationships
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Figure 2B-1-3.  Pre-Development 25-year, 24-hour Precipitation Event Runoff Hydrograph at Midpoint Site Outfall
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Figure 2B-1-4.  Pre-Development 25-year, 24-hour Precipitation Event Runoff Hydrograph at Overall Site Outfall

0      1  2      3
Number of Days from Start of Simulation
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Table 2B-1-4a. Post-Development North Surface Water Pond Series 1 Elevation-
Area Relationship
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Table 2B-1-4b. Post-Development North Surface Water Pond Series 2 Elevation-
Area Relationship
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Table 2B-1-4c. Post-Development North Surface Water Pond Series 3 Elevation-Area 
Relationship

IIIF-E-148



Page 31 of 76
01/08/2020

GW6953/Attachment 2B - Hydrology_Permit 1983D CL

Table 2B-1-4d.  Post-Development North Surface Water Pond Series 4 Elevation-
Area Relationship
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Table 2B-1-5.  Post-Development 25-year, 24-hour Precipitation Event Nodal Areas, 
Peak Flow Rates, and Runoff Volumes
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Table 2B-1-5 (continued).  Post-Development 25-year, 24-hour Precipitation Event
Nodal Areas, Peak Flow Rates, and Runoff Volumes
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Figure 2B-1-5a. Post-Development 24-year, 24-hour Precipitation Event North 
Surface Water Pond Series 1 Hydrograph and Elevation/Storage Relationships
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Figure 2B-1-5b. Post-Development 24-year, 24-hour Precipitation Event North 
Surface Water Pond Series 2 Hydrograph and Elevation/Storage Relationships
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Figure 2B-1-5c. Post-Development 24-year, 24-hour Precipitation Event North 
Surface Water Pond Series 3 Hydrograph and Elevation/Storage Relationships
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Figure 2B-1-5d. Post-Development 24-year, 24-hour Precipitation Event North 
Surface Water Pond Series 4 Hydrograph and Elevation/Storage Relationships
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Figure 2B-1-6.  Post-Development 25-year, 24-hour Precipitation Event Runoff 
Hydrograph at Midpoint Site Outfall
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Figure 2B-1-7.  Post-Development 25-year, 24-hour Precipitation Event Runoff 
Hydrograph at Overall Site Outfall
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HEC-HMS PRE-DEVELOPMENT HYDROLOGIC 
MODEL INPUT PARAMETERS
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Pre-Development HEC-HMS Basin Input Parameters for Kinematic Wave Model
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Basin: PreDev-2019
 Last Modified Date: 9 September 2019
 Last Modified Time: 18:31:47
 Version: 4.3
 Filepath Separator: \
 Unit System: English
 Missing Flow To Zero: No
 Enable Flow Ratio: No
 Compute Local Flow At Junctions: No

 Enable Sediment Routing: No

     Enable Quality Routing: No
End:

Subbasin: B-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1662.3588258448644
 Canvas Y: -471.9875563540154
 Area: 0.00353
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: B-5
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 244.1077441077441
 Canvas Y: -791.2457912457912
 Area: 0.00353
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: B-1
 Last Modified Date: 9 September 2019

 Last Modified Time: 22:20:27
 Canvas X: 294.61279461279446
 Canvas Y: 286.1952861952859
 Area: 0.00345
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 6.15
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: B-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 176.76767676767668
 Canvas Y: -286.1952861952859
 Label X: -2.0
 Label Y: -1.0
 Area: 0.00291
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: B-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1473.0639730639732
 Canvas Y: -168.35016835016813
 Area: 0.00105
 Downstream: Downchute B

 Canopy: None
Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85
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 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute B
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: 715.4882154882152
 Canvas Y: -1313.1313131313127
From Canvas X: 834.0466727105622
From Canvas Y: -408.14049818109606
 Downstream: J_B

Route: Kinematic Wave
Channel: Kinematic Wave

 Length: 380
Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: F-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -900.6734006734005
 Canvas Y: -959.5959595959594
 Area: 0.00836
 Downstream: J_B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: F-1
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1944.4444444444443
 Canvas Y: -1262.6262626262624
 Area: 0.00173
 Downstream: J_B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_B
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: 715.4882154882152
 Canvas Y: -1313.1313131313127
 Downstream: Channel A.1

End:

Subbasin: AO-1
 Last Modified Date: 26 December 2019
 Last Modified Time: 17:19:37
 Canvas X: 996.2663676564744
 Canvas Y: -2531.711135770982
 Area: 0.01045
 Downstream: Channel A.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.71
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-2
 Last Modified Date: 26 December 2019
 Last Modified Time: 17:19:36
 Canvas X: 1731.322500553625
 Canvas Y: -2439.829119158838
 Area: 0.00483
 Downstream: Channel A.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
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 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-12
 Last Modified Date: 26 December 2019
 Last Modified Time: 17:19:43
 Canvas X: -1978.4139201616827
 Canvas Y: -1831.1107591033851
 Area: 0.00133
 Downstream: Channel A.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-11
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -1364.709605095608
 Canvas Y: -1430.8400124873501
 Label X: -51.0
 Label Y: -17.0
 Area: 0.00114
 Downstream: Channel A.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-10
 Last Modified Date: 26 December 2019
 Last Modified Time: 17:19:40
 Canvas X: -577.2131668264892
 Canvas Y: -2095.2715568632984
Label X: -52.0

 Label Y: -5.0
 Area: 0.00055
 Downstream: Channel A.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-9
 Last Modified Date: 26 December 2019
 Last Modified Time: 17:19:39
 Canvas X: 123.38720984110842
 Canvas Y: -2141.2125651693705
 Area: 0.00027
 Downstream: Channel A.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Channel A.1
 Last Modified Date: 3 October 2019
 Last Modified Time: 17:10:17
 Canvas X: -3142.4154250057254
 Canvas Y: -2587.809713810464
 From Canvas X: 715.4882154882152
 From Canvas Y: -1313.1313131313127
 Downstream: South Pond

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 1000
 Energy Slope: 0.02
 Mannings n: 0.027
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Reservoir: South Pond
 Last Modified Date: 3 October 2019
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 Last Modified Time: 17:10:17
 Canvas X: -3142.4154250057254
Canvas Y: -2587.809713810464
Label X: 3.0
Label Y: 8.0
Downstream: J_A

Route: Controlled Outflow
 Routing Curve: Elevation-Area
 Initial Elevation: 591
 Elevation-Area Table: Pond_South_Pre-Dev-2019
 Adaptive Control: On
 Main Tailwater Condition: None
 Auxiliary Tailwater Condition: None

 Conduit: Culvert
 Conduit Outlet: Main
 Culvert Shape: Circular
 Chart Number: 1
 Scale Number: 1
 Solution Control: Automatic
 Diameter: 3.5
 Number Barrels: 1
 Culvert Length: 58.5
 Entrance Loss Coefficient: 0.5
 Exit Loss Coefficient: 1
 Top Manning's n: 0.011
 Inlet Invert Elevation: 591
 Outlet Invert Elevation: 590
 End Conduit:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 50
 Spillway Crest Elevation: 598.8
 Spillway Coefficient: 3
End Spillway:

Evaporation Method: Zero Evaporation
End Evaporation:

End:

Subbasin: A-1
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -2382.154882154882
 Canvas Y: -134.68013468013487
 Area: 0.00880
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 6.25
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -3644.781144781145
 Canvas Y: -555.5555555555557
 Area: 0.00703
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-5
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -2819.86531986532
 Canvas Y: -1026.9360269360268
 Area: 0.00453
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -3156.5656565656564
 Canvas Y: -16.835016835017086
 Area: 0.00377
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85
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 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -2382.154882154882
 Canvas Y: -572.3905723905718
 Area: 0.00330
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute A
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:15:50
 Canvas X: -3914.1414141414143
 Canvas Y: -1481.4814814814818
 From Canvas X: -2993.1005899385354
 From Canvas Y: -543.0818241872967
 Label X: -26.0
 Label Y: 17.0
 Downstream: J_F

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 370
 Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: F-3
 Last Modified Date: 19 September 2019
 Last Modified Time: 14:15:54
 Canvas X: -4187.685949171736
 Canvas Y: -47.25801621843857
 Area: 0.01139
 Downstream: J_F

 Canopy: None

 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.91
Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_F
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: -3914.1414141414143
 Canvas Y: -1481.4814814814818
 Downstream: Drop South

End:

Reach: Drop South
 Last Modified Date: 19 September 2019
 Last Modified Time: 14:15:54
 Canvas X: -4629.810222140172
 Canvas Y: -1992.38891005
 From Canvas X: -3914.1414141414143
 From Canvas Y: -1481.4814814814818
 Downstream: J_A

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 100
 Energy Slope: 0.333
 Mannings n: 0.012
 Shape: Circular
 Number of Subreaches: 2
 Width: 2
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: AO-13
 Last Modified Date: 10 September 2019
 Last Modified Time: 14:35:07
 Canvas X: -2199.935105183882
 Canvas Y: -4174.1021827130535
 Label X: 9.0
 Label Y: 3.0
 Area: 0.01602
 Downstream: J_AO

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71
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 Transform: SCS
 Lag: 5.42
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 479.7979797979797
 Canvas Y: -3737.3737373737367
 Area: 0.00306
 Downstream: Downchute AO

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -109.42760942760924
 Canvas Y: -4074.074074074073
 Area: 0.00272
 Downstream: Downchute AO

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-7
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -1237.3737373737376
 Canvas Y: -3282.8282828282827
 Area: 0.00072
 Downstream: Downchute AO

 Canopy: None
 Allow Simultaneous Precip Et: No

Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-6
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -227.27272727272793
 Canvas Y: -3097.6430976430975
 Area: 0.00017
 Downstream: Downchute AO

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute AO
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: -2598.7503998533884
 Canvas Y: -4016.6546416546407
 From Canvas X: -204.96464241452122
 From Canvas Y: -3629.2192170299622
 Label X: 1.0
 Label Y: 0.0
 Downstream: J_AO

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 180
 Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: AO-5
 Last Modified Date: 4 September 2019

IIIF-E-165



Page 48 of 76
01/08/2020

GW6953/Attachment 2B - Hydrology_Permit 1983D CL

 Last Modified Time: 21:33:46
 Canvas X: -1237.3737373737376
Canvas Y: -4074.074074074073
Area: 0.00250
 Downstream: J_AO

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
Lag: 3.60
Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-8
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -2247.4747474747473
 Canvas Y: -3518.5185185185182
 Area: 0.00216
 Downstream: J_AO

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_AO
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: -2598.7503998533884
 Canvas Y: -4016.6546416546407
 Downstream: Channel AO

End:

Reach: Channel AO
 Last Modified Date: 19 September 2019
 Last Modified Time: 14:15:54
 Canvas X: -4629.810222140172
 Canvas Y: -1992.38891005
 From Canvas X: -2598.7503998533884
 From Canvas Y: -4016.6546416546407
 Downstream: J_A

 Route: Kinematic Wave
 Channel: Kinematic Wave

 Length: 1100
 Energy Slope: 0.010
 Mannings n: 0.027
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: A-8
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: -4679.962010455659
 Canvas Y: -3432.873026874046
 Area: 0.00238
 Downstream: J_A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_A
 Last Modified Date: 19 September 2019
 Last Modified Time: 14:15:54
 Canvas X: -4629.810222140172
 Canvas Y: -1992.38891005
 Downstream: Channel A.2

End:

Reach: Channel A.2
 Last Modified Date: 2 October 2019
 Last Modified Time: 20:29:17
 Canvas X: -5360.92723353286
 Canvas Y: -120.86952857206597
 From Canvas X: -4629.810222140172
 From Canvas Y: -1992.38891005
 Downstream: Midpoint Site Outfall

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 600
 Energy Slope: 0.02
 Mannings n: 0.027
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None
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End:

Subbasin: OD-1
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:17:00
 Canvas X: -4720.250832037668
 Canvas Y: 840.6577778645565
 Area: 0.03789
 Downstream: Midpoint Site Outfall

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 15.26
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: Midpoint Site Outfall
 Last Modified Date: 2 October 2019
 Last Modified Time: 20:29:17
 Canvas X: -5360.92723353286
 Canvas Y: -120.86952857206597
 Downstream: Overall Site Outfall

End:

Subbasin: C-1
 Last Modified Date: 9 September 2019
 Last Modified Time: 22:20:27
 Canvas X: 1035.3535353535344
 Canvas Y: 892.2558922558919
 Area: 0.00417
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 4.84
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 2281.8909353676954
 Canvas Y: 502.0809022661042
 Area: 0.00358
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-5
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1839.5918238944487
 Canvas Y: 1792.8721867696622
 Area: 0.00273
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-7
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 2913.746808900907
 Canvas Y: 980.4860636555345
 Area: 0.00217
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:
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Subbasin: C-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1532.6903996068904
 Canvas Y: 366.6832150804162
 Area: 0.00205
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1406.3192249002477
 Canvas Y: 1422.7851751287817
 Area: 0.00189
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-6
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 2417.288622553384
 Canvas Y: 1810.9252117277538
 Area: 0.00120
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0

 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute C
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: 3914.1414141414143
 Canvas Y: 1868.6868686868688
 From Canvas X: 1905.995085080246
 From Canvas Y: 990.3198726987312
 Label X: -12.0
 Label Y: -12.0
 Downstream: J_C.1

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 240
 Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: CO-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 4498.424361875559
 Canvas Y: 222.9024133227049
 Area: 0.00895
 Downstream: Channel North 1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 4.33
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-1
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 3197.537994489234
 Canvas Y: -505.46398417894306
 Area: 0.00475
 Downstream: Channel North 1
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 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: CO-5
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 4270.023332175082
 Canvas Y: -534.0635931838988
 Area: 0.00147
 Downstream: Channel North 1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Channel North 1
 Last Modified Date: 18 November 2019
 Last Modified Time: 22:35:43
 Canvas X: 3914.1414141414143
 Canvas Y: 1868.6868686868688
 From Canvas X: 3920.080986953666
 From Canvas Y: 422.0224808591647
 Downstream: J_C.1

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 400
 Energy Slope: 0.05
 Mannings n: 0.027
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: OC-20

 Last Modified Date: 9 September 2019
 Last Modified Time: 18:43:45
 Canvas X: 4053.2349742144634
 Canvas Y: 2505.934055570371
 Area: 0.00966
 Downstream: J_C.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 82

 Transform: SCS
 Lag: 5.85
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 3156.5656565656564
 Canvas Y: 2154.8821548821547
 Area: 0.00230
 Downstream: J_C.1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_C.1
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: 3914.1414141414143
 Canvas Y: 1868.6868686868688
 Downstream: Channel North 2

End:

Reach: Channel North 2
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: 2062.289562289562
 Canvas Y: 3905.723905723906
 From Canvas X: 3914.1414141414143
 From Canvas Y: 1868.6868686868688
 Downstream: J_C.2

 Route: Kinematic Wave
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 Channel: Kinematic Wave
 Length: 800
Energy Slope: 0.01
 Mannings n: 0.027
 Shape: Trapezoid
Number of Subreaches: 2

 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: CO-2
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: 2363.7124639404365
 Canvas Y: 4506.206566449147
 Area: 0.01319
 Downstream: J_C.2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 7.20
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: CO-3
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: 3442.760942760943
 Canvas Y: 4309.7643097643095
 Area: 0.01038
 Downstream: J_C.2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 82

 Transform: SCS
 Lag: 5.67
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-1
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46

 Canvas X: 289.6228803903232
 Canvas Y: 2463.842885230684
 Area: 0.00319
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 677.6034236804571
 Canvas Y: 3002.8530670470755
 Area: 0.00211
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1119.5286195286199
 Canvas Y: 3501.6835016835016
 Area: 0.00181
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
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 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-5
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 2095.9595959595963
 Canvas Y: 2676.7676767676767
 Area: 0.00058
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 1338.3838383838383
 Canvas Y: 2340.06734006734
 Area: 0.00053
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute D
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: 2062.289562289562
 Canvas Y: 3905.723905723906
 From Canvas X: 1380.3723569916438
 From Canvas Y: 2814.7465042631334
 Downstream: J_C.2

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 240

 Energy Slope: 0.236
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: G-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 2314.814814814815
 Canvas Y: 3063.973063973064
 Area: 0.00195
 Downstream: J_C.2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: OC-11
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: 3649.4075759431453
 Canvas Y: 3927.280120004649
 Area: 0.00027
 Downstream: J_C.2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_C.2
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: 2062.289562289562
 Canvas Y: 3905.723905723906
 Downstream: Channel North 3
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End:

Reach: Channel North 3
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: -1589.7849110216812
Canvas Y: 4030.647141124137
From Canvas X: 2062.289562289562
From Canvas Y: 3905.723905723906
Downstream: North Pond

Route: Kinematic Wave
Channel: Kinematic Wave

 Length: 1300
 Energy Slope: 0.023
 Mannings n: 0.027
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: E-4
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -2685.185185185185
 Canvas Y: 1060.6060606060605
 Area: 0.00411
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: E-2
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:24:07
 Canvas X: -1860.2693602693607
 Canvas Y: 824.9158249158254
 Label X: -58.0
 Label Y: -8.0
 Area: 0.00327
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: E-3
 Last Modified Date: 4 September 2019
Last Modified Time: 21:33:46

 Canvas X: -1877.104377104377
 Canvas Y: 2222.222222222222
 Area: 0.00320
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: E-1
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -1338.3838383838383
 Canvas Y: 2037.037037037037
 Area: 0.00086
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute E
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: -3409.090909090909
 Canvas Y: 1885.5218855218855
 From Canvas X: -1911.1462629730354
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 From Canvas Y: 1164.4265473514447
 Downstream: J_E

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 460
 Energy Slope: 0.16
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: H-1
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -3712.1212121212125
 Canvas Y: 1464.6464646464647
 Area: 0.00503
 Downstream: J_E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: H-2
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -2567.3400673400674
 Canvas Y: 2272.727272727273
 Area: 0.00339
 Downstream: J_E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_E
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: -3409.090909090909
 Canvas Y: 1885.5218855218855
 Downstream: MSE North

End:

Reach: MSE North
 Last Modified Date: 9 July 2019
 Last Modified Time: 14:16:39
 Canvas X: -2028.6195286195289
 Canvas Y: 3383.838383838384
 From Canvas X: -3409.090909090909
 From Canvas Y: 1885.5218855218855
 Downstream: J_H

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 500
 Energy Slope: 0.01
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 3
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: H-3
 Last Modified Date: 4 September 2019
 Last Modified Time: 21:33:46
 Canvas X: -1052.1885521885524
 Canvas Y: 3148.1481481481483
 Area: 0.00909
 Downstream: J_H

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_H
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: -2028.6195286195289
 Canvas Y: 3383.838383838384
 Downstream: Drop North

End:

Reach: Drop North
 Last Modified Date: 9 July 2019
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 Last Modified Time: 14:16:39
 Canvas X: -1589.7849110216812
Canvas Y: 4030.647141124137
From Canvas X: -2028.6195286195289
 From Canvas Y: 3383.838383838384
 Downstream: North Pond

Route: Kinematic Wave
Channel: Kinematic Wave

 Length: 100
Energy Slope: 0.333
 Mannings n: 0.012
 Shape: Circular
 Number of Subreaches: 2
 Width: 3
Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: OC-21
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: -497.8103794894987
 Canvas Y: 4492.179493687236
 Area: 0.01145
 Downstream: North Pond

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 6.64
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: CO-1
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: -2012.7342377759342
 Canvas Y: 4520.233639211058
 Area: 0.00472
 Downstream: North Pond

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 5.82
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reservoir: North Pond
 Last Modified Date: 10 September 2019
 Last Modified Time: 14:52:30
 Canvas X: -1589.7849110216812
 Canvas Y: 4030.647141124137
 Downstream: Overall Site Outfall

 Route: Controlled Outflow
 Routing Curve: Elevation-Area
Initial Elevation: 588
 Elevation-Area Table: Pond_North_Pre-Dev-2019
 Adaptive Control: On
 Main Tailwater Condition: None
 Auxiliary Tailwater Condition: None

 Conduit: Culvert
 Conduit Outlet: Main
 Culvert Shape: Circular
 Chart Number: 1
 Scale Number: 1
 Solution Control: Automatic
 Diameter: 2.5
 Number Barrels: 2
 Culvert Length: 64.5
 Entrance Loss Coefficient: 0.5
 Exit Loss Coefficient: 1.0
 Top Manning's n: 0.011
 Inlet Invert Elevation: 588
 Outlet Invert Elevation: 587.4
 End Conduit:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 80
 Spillway Crest Elevation: 597
 Spillway Coefficient: 3
 End Spillway:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 420
 Spillway Crest Elevation: 598.5
 Spillway Coefficient: 3
 End Spillway:

 Evaporation Method: Zero Evaporation
     End Evaporation:
End:

Subbasin: OD-2
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: -4149.83164983165
 Canvas Y: 3686.868686868687
 Area: 0.04734
 Downstream: J_D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None
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 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 9.67
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: DO-1
 Last Modified Date: 23 December 2019
 Last Modified Time: 15:16:45
 Canvas X: -5227.272727272728
 Canvas Y: 4461.279461279461
 From Canvas X: -841.654778887304
 From Canvas Y: -142.65335235378052
 Area: 0.00272
 Downstream: J_D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 6.06
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_D
 Last Modified Date: 9 September 2019
 Last Modified Time: 18:31:45
 Canvas X: -4999.380073210335
 Canvas Y: 3725.3760549215094
 Downstream: Overall Site Outfall

End:

Junction: Overall Site Outfall
 Last Modified Date: 9 July 2019
 Last Modified Time: 13:59:42
 Canvas X: -6169.687038971845
 Canvas Y: 3035.1950238313875

End:

Basin Layer Properties:
 Element Layer:

 Name: Icons
 Layer shown: Yes

     End Layer:
End:

Basin Spatial Properties:
End:

Basin Schematic Properties:
 Last View N: 5493.85041812838
 Last View S: -5494.996284046745
 Last View W: -7557.92807960787

 Last View E: 6581.220047344323
 Maximum View N: 4520.233639211058
 Maximum View S: -4273.324274832017
 Maximum View W: -16812.32574325535
 Maximum View E: 4498.424361875559
 Extent Method: Elements
 Buffer: 0
 Draw Icons: Yes
 Draw Icon Labels: Name
 Draw Map Objects: No
 Draw Gridlines: No
 Draw Flow Direction: No
 Draw HillShade Layer: Yes
Draw Elevation Layer: Yes

 Elevation Layer Color Palette: Default
 Ignore Elevation Color Ramp Scale: No
 Use Interpolated Color Ramp for Elevation Layer: 

Yes
 Color Ramp Opacity Level for Elevation Layer: 33.0
 Fix Element Locations: No
 Fix Hydrologic Order: No

End:
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HEC-HMS POST-DEVELOPMENT HYDROLOGIC 
MODEL INPUT PARAMETERS
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Post-Development HEC-HMS Basin Input Parameters for Kinematic Wave Model
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Basin: PostDev-2019
 Last Modified Date: 13 December 2019
 Last Modified Time: 16:42:00
 Version: 4.3
 Filepath Separator: \
 Unit System: English
 Missing Flow To Zero: No
 Enable Flow Ratio: No
Compute Local Flow At Junctions: No

Enable Sediment Routing: No

     Enable Quality Routing: No
End:

Reservoir: Series 3_North Pond
 Description: Third basin of the North Pond Series
 Last Modified Date: 4 December 2019
 Last Modified Time: 14:50:44
 Canvas X: -738.8990558096202
 Canvas Y: 6539.7288686574675
 From Canvas X: -2686.2212969881784
 From Canvas Y: 5196.47027005563
 Downstream: Series 2_North Pond

 Route: Controlled Outflow
 Routing Curve: Elevation-Area
 Initial Elevation: 604
 Elevation-Area Table: Pond_North_Series3_Post19
 Adaptive Control: On
 Main Tailwater Condition: None
 Auxiliary Tailwater Condition: None

 Conduit: Culvert
 Conduit Outlet: Main
 Culvert Shape: Circular
 Chart Number: 1
 Scale Number: 1
 Solution Control: Automatic
 Diameter: 4.5
 Number Barrels: 2
 Culvert Length: 10
 Entrance Loss Coefficient: 0.5
 Exit Loss Coefficient: 1
 Top Manning's n: 0.011
 Inlet Invert Elevation: 603
 Outlet Invert Elevation: 602.5
 End Conduit:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 60
 Spillway Crest Elevation: 613
 Spillway Coefficient: 3.3
 End Spillway:

 Evaporation Method: Zero Evaporation
     End Evaporation:
End:

Junction: J_C3
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:54:18
 Canvas X: 2062.289562289562
 Canvas Y: 3905.723905723906
 Downstream: Peri C3

End:

Subbasin: E-4
 Last Modified Date: 6 January 2020
 Last Modified Time: 15:07:18
 Canvas X: -143.73704479314074
 Canvas Y: 4284.420573576127
 From Canvas X: -143.73704479314074
 From Canvas Y: 4284.420573576127
 Area: 0.0097813
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: E-2
 Last Modified Date: 6 January 2020
 Last Modified Time: 15:07:18
 Canvas X: -380.6904669830892
 Canvas Y: 3589.357201818946
 Area: 0.0089219
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: E-3
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 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 582.9201165893664
 Canvas Y: 3857.9044136342204
 From Canvas X: 582.9201165893664
 From Canvas Y: 3857.9044136342204
 Area: 0.00330
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: E-1
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: 85.96448372417399
 Canvas Y: 3366.5102757543623
 Area: 0.00292
 Downstream: Downchute E

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute E
 Last Modified Date: 16 December 2019
 Last Modified Time: 19:36:17
 Canvas X: -2474.1427739564424
 Canvas Y: 6417.821941121796
 From Canvas X: -1142.1200473700083
 From Canvas Y: 4560.254810942866
 Downstream: Series 2_North Pond

 Route: Kinematic Wave

 Channel: Kinematic Wave
 Length: 460
 Energy Slope: 0.16
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: CO-2
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: -2240.9130882934473
 Canvas Y: 6934.043847122182
 Area: 0.00758
 Downstream: Series 2_North Pond

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 6.86
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute D
 Last Modified Date: 28 August 2019
 Last Modified Time: 19:43:04
 Canvas X: 2062.289562289562
 Canvas Y: 3905.723905723906
 From Canvas X: 1380.3723569916438
 From Canvas Y: 2814.7465042631334
 Downstream: J_C3

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 240
 Energy Slope: 0.236
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:
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Reservoir: Series 4_North Pond
 Description: Fourth basin of the North Pond Series
 Last Modified Date: 16 December 2019
 Last Modified Time: 16:31:11
 Canvas X: 1356.876944391328
 Canvas Y: 6402.03323920955
 From Canvas X: -3659.8441744480297
 From Canvas Y: 5295.243605450108
 Downstream: Series 3_North Pond

 Route: Controlled Outflow
 Routing Curve: Elevation-Area
 Initial Elevation: 615
 Elevation-Area Table: Pond_North_Series4_Post19
 Adaptive Control: On
 Main Tailwater Condition: None
 Auxiliary Tailwater Condition: None

 Conduit: Culvert
 Conduit Outlet: Main
 Culvert Shape: Circular
 Chart Number: 1
 Scale Number: 1
 Solution Control: Automatic
 Diameter: 4.5
 Number Barrels: 2
 Culvert Length: 10
 Entrance Loss Coefficient: 0.5
 Exit Loss Coefficient: 1
 Top Manning's n: 0.011
 Inlet Invert Elevation: 613
 Outlet Invert Elevation: 612.5
 End Conduit:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 60
 Spillway Crest Elevation: 624
 Spillway Coefficient: 3.3
 End Spillway:

 Evaporation Method: Zero Evaporation
     End Evaporation:
End:

Reach: Peri C3
 Last Modified Date: 16 December 2019
 Last Modified Time: 16:31:11
 Canvas X: 1356.876944391328
 Canvas Y: 6402.03323920955
 From Canvas X: 2062.289562289562
 From Canvas Y: 3905.723905723906
 Downstream: Series 4_North Pond

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 339.32
 Energy Slope: 0.005
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2

 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: D-4
 Last Modified Date: 6 January 2020
 Last Modified Time: 15:07:18
 Canvas X: 1119.5286195286199
 Canvas Y: 3501.6835016835016
 Area: 0.0081563
 Downstream: Downchute D

 Canopy: None
Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-6
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 1994.037977450369
 Canvas Y: 3023.8939475440548
 From Canvas X: 1922.295663466335
 From Canvas Y: 3044.3917515394933
 Area: 0.00189
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: OC-2
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 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 3273.4627608045475
 Canvas Y: 4082.0409898726684
 From Canvas X: 1737.8154275073903
 From Canvas Y: 5350.394701026314
 Area: 0.01191
 Downstream: J_C3

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 6.64
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-5
Last Modified Date: 13 December 2019
Last Modified Time: 14:42:32

 Canvas X: 2095.9595959595963
 Canvas Y: 2676.7676767676767
 Area: 0.00136
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_C1
 Last Modified Date: 16 December 2019
 Last Modified Time: 15:53:46
 Canvas X: 4121.424554625923
 Canvas Y: 1899.0894568639842
 Downstream: Peri C1

End:

Reach: Peri C1
 Last Modified Date: 19 November 2019

 Last Modified Time: 17:14:50
 Canvas X: 3506.0190584361662
 Canvas Y: 2818.1354023946215
 From Canvas X: 4121.424554625923
 From Canvas Y: 1899.0894568639842
 Downstream: J_C2

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 522.75
 Energy Slope: 0.005
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Reach: Peri B1
 Last Modified Date: 19 November 2019
 Last Modified Time: 17:14:19
 Canvas X: 4121.424554625923
 Canvas Y: 1899.0894568639842
 From Canvas X: 4532.143819755165
 From Canvas Y: -423.0540805975061
 Downstream: J_C1

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 631.25
 Energy Slope: 0.025
 Mannings n: 0.027
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: C-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 16:49:57
 Canvas X: 1035.3535353535344
 Canvas Y: 892.2558922558919
 Area: 0.01214
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
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 Curve Number: 85

 Transform: SCS
 Lag: 4.97
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_C2
 Last Modified Date: 16 December 2019
 Last Modified Time: 15:53:35
 Canvas X: 3506.0190584361662
 Canvas Y: 2818.1354023946215
 From Canvas X: 3506.0190584361662
 From Canvas Y: 2818.1354023946215
 Downstream: Peri C2

End:

Subbasin: C-3
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: 2281.8909353676954
 Canvas Y: 502.0809022661042
 Area: 0.00267
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-2
 Last Modified Date: 13 December 2019
 Last Modified Time: 16:49:57
 Canvas X: 1532.6903996068904
 Canvas Y: 366.6832150804162
 Area: 0.00722
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 5.45
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-1
 Last Modified Date: 16 December 2019
 Last Modified Time: 16:01:05
 Canvas X: 4497.635771417183
 Canvas Y: -1049.9496403118637
 Area: 0.00575
 Downstream: J_B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-5
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: 2258.3534371140413
 Canvas Y: 150.7523695898717
 Area: 0.00355
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: CO-5
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
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 Canvas X: 4970.13310982375
 Canvas Y: 1288.3064189821735
 From Canvas X: 5637.9264566415895
 From Canvas Y: -454.64787022283235
 Area: 0.00147
 Downstream: J_C1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
Lag: 3.60
Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: C-4
 Last Modified Date: 13 December 2019
 Last Modified Time: 16:49:57
 Canvas X: 1406.3192249002477
 Canvas Y: 1422.7851751287817
 Area: 0.00494
 Downstream: Downchute C

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_B
 Last Modified Date: 16 December 2019
 Last Modified Time: 15:53:46
 Canvas X: 4532.143819755165
 Canvas Y: -423.0540805975061
 From Canvas X: 3510.875473112812
 From Canvas Y: -870.6888115892416
 Downstream: Peri B1

End:

Subbasin: CO-4
 Last Modified Date: 2 January 2020

 Last Modified Time: 22:02:09
 Canvas X: 5208.551172036108
 Canvas Y: 1772.764211828372
 From Canvas X: 47.390684437988966
 From Canvas Y: 410.71926512924347
 Area: 0.00895
 Downstream: J_C1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 4.33
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-3
 Last Modified Date: 13 December 2019
 Last Modified Time: 16:46:35
 Canvas X: 4545.703207967837
 Canvas Y: 2467.685464480591
 Area: 0.00119
 Downstream: J_C1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-2
 Last Modified Date: 16 December 2019
 Last Modified Time: 15:53:37
 Canvas X: 3528.410461865249
 Canvas Y: 840.0397133144043
 Area: 0.00797
 Downstream: J_C1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None
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 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute C
 Last Modified Date: 13 December 2019
 Last Modified Time: 16:41:59
 Canvas X: 4121.424554625923
 Canvas Y: 1899.0894568639842
 From Canvas X: 1905.995085080246
 From Canvas Y: 990.3198726987312
 Label X: -12.0
 Label Y: -12.0
 Downstream: J_C1

 Route: Kinematic Wave
Channel: Kinematic Wave

 Length: 240
Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Reach: Peri C2
 Last Modified Date: 19 November 2019
 Last Modified Time: 17:17:26
 Canvas X: 2062.289562289562
 Canvas Y: 3905.723905723906
 From Canvas X: 3506.0190584361662
 From Canvas Y: 2818.1354023946215
 Downstream: J_C3

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 545.79
 Energy Slope: 0.005
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: OC-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 3284.1538569991963
 Canvas Y: 3686.4704306706362
 From Canvas X: 3254.6529231698314
 From Canvas Y: 3843.806107361591
 Area: 0.01644
 Downstream: J_C3

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 82

 Transform: SCS
 Lag: 7.61
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-2
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 733.2896603298632
 Canvas Y: 3016.5309027832345
 Area: 0.00120
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-3
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: 1338.3838383838383
 Canvas Y: 2340.06734006734
 Area: 0.00111
 Downstream: Downchute D
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 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: D-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 289.6228803903232
 Canvas Y: 2463.842885230684
 Area: 0.00059
 Downstream: Downchute D

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-5
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -632.2364776272752
 Canvas Y: 6922.715350750865
 From Canvas X: 1081.8856996533614
 From Canvas Y: 4202.517677281763
 Area: 0.00041
 Downstream: Series 3_North Pond

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0

 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: G-4
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: 2717.525758682771
 Canvas Y: 4670.051280578392
 From Canvas X: 1532.837387553005
 From Canvas Y: 3720.8192833889602
 Area: 0.00163
 Downstream: J_C3

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reservoir: Series 2_North Pond
 Description: Secind basin of the north pond series
 Last Modified Date: 16 December 2019
 Last Modified Time: 19:36:17
 Canvas X: -2474.1427739564424
 Canvas Y: 6417.821941121796
 From Canvas X: -2700.3317734731045
 From Canvas Y: 5379.906464359659
 Downstream: Series 1_North Pond

 Route: Controlled Outflow
 Routing Curve: Elevation-Area
 Initial Elevation: 598
 Elevation-Area Table: Pond_North_Series2_Post19
 Adaptive Control: On
 Main Tailwater Condition: None
 Auxiliary Tailwater Condition: None

 Conduit: Culvert
 Conduit Outlet: Main
 Culvert Shape: Circular
 Chart Number: 1
 Scale Number: 1
 Solution Control: Automatic
 Diameter: 4.5
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 Number Barrels: 3
 Culvert Length: 10
 Entrance Loss Coefficient: 0.5
 Exit Loss Coefficient: 1
 Top Manning's n: 0.011
 Inlet Invert Elevation: 597
 Outlet Invert Elevation: 596.5
 End Conduit:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 60
 Spillway Crest Elevation: 603
 Spillway Coefficient: 3.3
 End Spillway:

 Evaporation Method: Zero Evaporation
     End Evaporation:
End:

Subbasin: CO-1
 Last Modified Date: 4 November 2019
 Last Modified Time: 21:34:19
 Canvas X: -3106.1843766466563
Canvas Y: 4773.342403746244
Area: 0.00472
 Downstream: Series 1_North Pond

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
Lag: 5.82
Unitgraph Type: STANDARD

     Baseflow: None
End:

Reservoir: Series 1_North Pond
 Last Modified Date: 16 December 2019
 Last Modified Time: 16:19:52
 Canvas X: -4383.237509402856
 Canvas Y: 6038.025981164064
 Downstream: Peri C4

 Route: Controlled Outflow
 Routing Curve: Elevation-Area
 Initial Elevation: 588
 Elevation-Area Table: Pond_North_Series1_Post19
Adaptive Control: On
Main Tailwater Condition: None
Auxiliary Tailwater Condition: None

Conduit: Culvert

 Conduit Outlet: Main
 Culvert Shape: Circular
 Chart Number: 1
 Scale Number: 1
 Solution Control: Automatic
 Diameter: 2.5
 Number Barrels: 2
 Culvert Length: 64.5
 Entrance Loss Coefficient: 0.5
 Exit Loss Coefficient: 1.0
 Top Manning's n: 0.011
 Inlet Invert Elevation: 588
 Outlet Invert Elevation: 587.4
 End Conduit:

 Spillway: Broad-Crested Spillway
 Spillway Outlet: Main
 Spillway Crest Length: 80
 Spillway Crest Elevation: 597
 Spillway Coefficient: 3.3
 End Spillway:

 Evaporation Method: Zero Evaporation
     End Evaporation:
End:

Subbasin: G-6
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: -4694.308916577716
 Canvas Y: 6667.773565879497
 From Canvas X: -1066.1123501521834
 From Canvas Y: 4826.889360949745
 Area: 0.00147
 Downstream: Series 1_North Pond

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Peri C4
 Last Modified Date: 16 December 2019
 Last Modified Time: 16:19:52
 Canvas X: -8322.890474947622
 Canvas Y: 4620.729306795858
 From Canvas X: -4383.237509402856
 From Canvas Y: 6038.025981164064
 Downstream: Overall Site Outfall
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 Route: Kinematic Wave
Channel: Kinematic Wave

 Length: 300
Energy Slope: 0.005
 Mannings n: 0.015
 Shape: Trapezoid
Number of Subreaches: 2

 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Junction: J_A5
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:42:03
 Canvas X: -4520.20202020202
 Canvas Y: -2895.622895622895
 Downstream: Peri A5

End:

Junction: J_Mid
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:42:58
 Canvas X: -6004.385020291189
 Canvas Y: 382.58755484831636
 From Canvas X: -6461.306170667974
 From Canvas Y: 953.6157440047755
 Downstream: Channel A

End:

Reach: Downchute A
 Last Modified Date: 28 August 2019
 Last Modified Time: 19:22:07
 Canvas X: -4520.20202020202
 Canvas Y: -2895.622895622895
 From Canvas X: -3561.915769552974
 From Canvas Y: -1050.7338501924505
 Label X: -26.0
Label Y: 17.0

 Downstream: J_A5

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 370
 Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Reach: Channel A
 Last Modified Date: 19 November 2019

 Last Modified Time: 16:43:14
 Canvas X: -6121.783716957593
 Canvas Y: 1463.9154354050097
 From Canvas X: -6004.385020291189
 From Canvas Y: 382.58755484831636
 Downstream: Midpoint Site Outfall

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 1000
 Energy Slope: 0.02
 Mannings n: 0.027
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: F-5
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -4811.960947673597
 Canvas Y: -3594.1660778856867
 From Canvas X: -5282.682440930265
 From Canvas Y: -3156.1939570806235
 Area: 0.00242
 Downstream: J_A5

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: OA-3
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: -5488.145209808417
 Canvas Y: -3229.3883540208517
 From Canvas X: -2083.62512379237
 From Canvas Y: 1749.9932448612153
 Label X: -3.0
 Label Y: -6.0
 Area: 0.00239
 Downstream: J_A5
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 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: OD-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -4969.3722022933725
 Canvas Y: 1114.6912851458305
 Area: 0.03863
 Downstream: Midpoint Site Outfall

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 15.26
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_A3
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:39:36
 Canvas X: -1208.471880248624
 Canvas Y: -1592.2778760698557
 From Canvas X: 1040.8900916624807
 From Canvas Y: -1618.8586574227438
 Downstream: Peri A3

End:

Reach: Peri A3
 Last Modified Date: 19 November 2019
 Last Modified Time: 17:11:22
 Canvas X: -2900.809063630636
 Canvas Y: -2287.481982732451
 From Canvas X: -1208.471880248624
 From Canvas Y: -1592.2778760698557
 Downstream: J_A4

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 907.45
 Energy Slope: 0.078
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Junction: J_A2
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:38:49
 Canvas X: 1228.268204870441
 Canvas Y: -1194.1384419832398
 Downstream: Peri A2

End:

Junction: J_A1
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:43:24
 Canvas X: 2620.5934752466883
 Canvas Y: -899.4126548233039
From Canvas X: 2620.5934752466883
From Canvas Y: -899.4126548233039
Downstream: Peri A1

End:

Reach: Peri A1
Last Modified Date: 19 November 2019
Last Modified Time: 17:10:46
Canvas X: 1228.268204870441
Canvas Y: -1194.1384419832398

 From Canvas X: 2620.5934752466883
 From Canvas Y: -899.4126548233039
 Downstream: J_A2

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 1238.52
 Energy Slope: 0.005
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
Initial Variable: Combined Inflow
Index Parameter Type: Index Flow
Index Flow: 100
Channel Loss: None

End:

Subbasin: B-1
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:08
 Canvas X: 294.61279461279446
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 Canvas Y: 286.1952861952859
 Area: 0.00386
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 5.07
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: B-2
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:08
 Canvas X: 1473.0639730639732
 Canvas Y: -168.35016835016813
 Area: 0.00345
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Peri A2
 Last Modified Date: 19 November 2019
 Last Modified Time: 17:11:00
 Canvas X: -1208.471880248624
 Canvas Y: -1592.2778760698557
 From Canvas X: 1228.268204870441
 From Canvas Y: -1194.1384419832398
 Downstream: J_A3

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 379.41
 Energy Slope: 0.005
 Mannings n: 0.015
 Shape: Trapezoid

 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: B-3
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:08
 Canvas X: -455.7170339722252
 Canvas Y: -70.82049518426084
 Label X: -2.0
 Label Y: -1.0
 Area: 0.00475
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: B-4
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 1962.7636351605634
 Canvas Y: -621.3689401900992
 Area: 0.00616
 Downstream: Downchute B

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:
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Subbasin: F-2
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 1150.8225006942284
 Canvas Y: -2112.7270628718834
 Label X: 2.0
 Label Y: -4.0
 Area: 0.00119
 Downstream: J_A2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: F-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 2539.289809823257
 Canvas Y: -482.73136952822324
 Area: 0.00323
 Downstream: J_A1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: J_A4
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:44:15
 Canvas X: -2900.809063630636
 Canvas Y: -2287.481982732451
 From Canvas X: -3050.8519929059894
 From Canvas Y: -2407.391501669781
 Downstream: Peri A4

End:

Subbasin: F-4
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -1298.5631198702758
 Canvas Y: -2698.5940825632706
 From Canvas X: -5282.682440930265
 From Canvas Y: -2776.9845831650136
 Area: 0.00269
 Downstream: J_A3

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: F-3
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 114.49385549810722
 Canvas Y: -2587.6133866395203
 Area: 0.00156
 Downstream: J_A3

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Downchute B
 Last Modified Date: 19 November 2019
 Last Modified Time: 16:37:58
 Canvas X: 1228.268204870441
 Canvas Y: -1194.1384419832398
 From Canvas X: 834.0466727105622
 From Canvas Y: -408.14049818109606
 Downstream: J_A2
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 Route: Kinematic Wave
Channel: Kinematic Wave

 Length: 380
Energy Slope: 0.333
 Mannings n: 0.036
 Shape: Triangular
 Number of Subreaches: 2
 Side Slope: 6.5
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: OA-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 2866.3747602812073
 Canvas Y: -1450.2860913481982
 Label X: -13.0
 Label Y: -15.0
 Area: 0.00350
 Downstream: J_A1

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: OA-2
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: 2441.733111868589
 Canvas Y: -2061.77006506237
 Label X: -3.0
 Label Y: -6.0
 Area: 0.00416
 Downstream: J_A2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.81
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: AO-13
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:08
 Canvas X: 2000.1057975194653
 Canvas Y: -2571.340043157512
 Area: 0.01064
 Downstream: J_A2

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 71

 Transform: SCS
 Lag: 5.42
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Peri A4
 Last Modified Date: 19 November 2019
 Last Modified Time: 17:10:37
 Canvas X: -4520.20202020202
 Canvas Y: -2895.622895622895
 From Canvas X: -2900.809063630636
 From Canvas Y: -2287.481982732451
 Downstream: J_A5

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 344.3
 Energy Slope: 0.009
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: A-1
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -2382.154882154882
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Canvas Y: -134.68013468013487
 Label X: -1.0
 Label Y: 0.0
 Area: 0.01378
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 6.47
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-7
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:08
 Canvas X: -3173.4306729211057
 Canvas Y: -1526.2753714659148
 From Canvas X: -3304.6443553704594
 From Canvas Y: -1198.653675516257
 Area: 0.00641
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-5
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -2819.86531986532
 Canvas Y: -1026.9360269360268
 Area: 0.00445
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-6
 Last Modified Date: 6 January 2020
 Last Modified Time: 15:07:18
 Canvas X: -4108.333852092885
 Canvas Y: -856.3666906972885
 From Canvas X: -3960.5740832244883
 From Canvas Y: -798.9464976052077
 Area: 0.0038906
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.66
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-4
 Last Modified Date: 6 January 2020
 Last Modified Time: 15:07:18
 Canvas X: -3785.7850767766695
 Canvas Y: -340.9506800670415
 Area: 0.0026719
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
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 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-3
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:08
 Canvas X: -2382.154882154882
 Canvas Y: -572.3905723905718
 Area: 0.00191
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Subbasin: A-2
 Last Modified Date: 6 January 2020
 Last Modified Time: 15:07:18
 Canvas X: -3181.120147163824
 Canvas Y: 25.030724698628546
 Area: .00039063
 Downstream: Downchute A

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Reach: Peri A5
 Last Modified Date: 19 November 2019
 Last Modified Time: 17:13:19
 Canvas X: -6004.385020291189
 Canvas Y: 382.58755484831636
 From Canvas X: -4520.20202020202

 From Canvas Y: -2895.622895622895
 Downstream: J_Mid

 Route: Kinematic Wave
 Channel: Kinematic Wave
 Length: 626.81
 Energy Slope: 0.009
 Mannings n: 0.015
 Shape: Trapezoid
 Number of Subreaches: 2
 Width: 8
 Side Slope: 3
 Initial Variable: Combined Inflow
 Index Parameter Type: Index Flow
 Index Flow: 100
 Channel Loss: None

End:

Subbasin: F-6
 Last Modified Date: 13 December 2019
 Last Modified Time: 14:42:32
 Canvas X: -6816.037184104709
 Canvas Y: 319.4910817090595
 From Canvas X: -7137.733702517441
 From Canvas Y: 728.1399000549532
 Area: 0.00836
 Downstream: J_Mid

 Canopy: None
 Allow Simultaneous Precip Et: No
 Plant Uptake Method: None

 Surface: None

 LossRate: SCS
 Percent Impervious Area: 0.0
 Curve Number: 85

 Transform: SCS
 Lag: 3.60
 Unitgraph Type: STANDARD

     Baseflow: None
End:

Junction: Midpoint Site Outfall
 Last Modified Date: 4 November 2019
 Last Modified Time: 21:44:15
 Canvas X: -6121.783716957593
 Canvas Y: 1463.9154354050097
 Downstream: Overall Site Outfall

End:

Subbasin: OD-2
 Last Modified Date: 2 January 2020
 Last Modified Time: 22:02:09
 Canvas X: -5688.768051608007
 Canvas Y: 4190.02150773637
 Area: 0.04775
 Downstream: Overall Site Outfall
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Basin Layer Properties:
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 Layer shown: Yes

     End Layer:
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End:
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The Drainage Report (Attachment 2) in Section 8 describes the construction schedule for 
the installation of the North Surface Water Pond and other drainage features at the site.
The hydrologic modeling and design supporting the surface water management system is 
described in Attachment 2B: On-Site Drainage Analysis – Hydrology. The following 
sections describe the methodology, design parameters, and results for the appurtenances 
(anti-seep collars and riprap aprons) supporting the North Surface Water Pond outlet pipes.

2 METHODOLOGY

2.1 Pond Outlet Pipe Design

The pond outlet pipes are designed by utilizing the Hydrologic Modeling System (HEC-
HMS) computer program developed through the Hydraulic Engineering Center (HEC) of 
the United States Army Corps of Engineers (USACE) and the HY-8 Culvert Analysis 
Program v.7.5 (HY-8).  HY-8 was originally developed by the Federal Highway 
Administration (FHWA) and has since been updated and revised to its current version 
(Version 7.5). The pond outlet pipes are modeled and their performance assessed based on 
inflow and elevation-storage relationships of the sub-ponds in series. HEC-HMS is 
applied for the surface water drainage system to model the pond outlet pipes conveying the 
peak discharge from North Surface Water Pond.  The HEC-HMS model developed to 
compute the peak inflows for each design rainfall event is discussed within Attachment 2B 
of the Drainage Report. The HY-8 model simulates flow through the pond outlet pipe and 
over the pond spillway separately using the discharge flow rate provided by the HEC-HMS 
model. This is because the HEC-HMS model does not differentiate the amount of 
discharge flow through the culvert and the spillway separately. The HY-8 model was used 
to size the riprap aprons at the pond outlet pipes that had flow both through their outlet 
pipes and spillways during the simulated rainfall events. The North Surface Water Pond 
Series 1 and Series 2 were the only sub-ponds that had flow through both the outlet pipe 
and spillway during the rainfall event associated with the riprap apron design (described in 
detail below). The portion of the total flow that is being conveyed through the outlet pipe
was used to size the riprap aprons.

The HEC-HMS model results are considered to be more precise predictions of water levels 
within the sub-ponds and are the basis for the headwater predictions.  Results from the 
HEC-HMS and HY-8 models were evaluated in order to demonstrate that the computed 
headwater elevation will not overtop the surface water pond berms at the culvert inlet 
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during the design rainfall event. The tailwater at the ultimate pond outlet pipe of the North 
Surface Water Pond Series 1 was calculated using Manning’s equation as described in 
Attachment 2E: On-Site Design – Culverts and Perimeter Drainage Channels. The 
performance of each outlet pipe for the surface water pond series was evaluated for the 24-
hour rainfall event with a 4% annual chance of occurrence (referred to herein as the “25-
year, 24-hour rainfall event”) and the 24-hour rainfall event with a 1% annual chance of 
occurrence (referred to herein as the “100-year, 24-hour rainfall event”).

2.2 Anti-Seep Collar Design

Anti-seep collars are required for penetrations through a basin berm to control seepage.
The methodology utilized to design the anti-seep collars follows guidance provided in the 
Kentucky Division of Water Engineering Memorandum No. 5, (KDNREP, 1999) and the 
Tennessee Department of Transportation Drainage Manual (TDOT, 2007). Although these 
guidance documents are from different states, the methods provided are an industry-
standard practice and have a sound technical basis for design at this site. KDNREP (1999)
recommends placing anti-seep collars along the length of the outlet structure culvert within 
the saturated zone such that the anti-seep collars: (i) provide an increase in flow length 
along the pipe of 15%, and (ii) are spaced at distance of no more than 25 ft apart. This 
relationship may be described as (KDNREP, 1999):

 
1.15 (1)

where: Ls = length of pipe within the saturated zone (ft),

V = vertical and horizontal projection of the collar (ft), and

n = number of anti-seep collars.

The length of pipe in the saturated zone, Ls, is computed based on the following 
assumptions: (i) the groundwater table is located below the elevation of the outlet pipe; (ii) 
the phreatic surface slopes at a 4 horizontal :1 vertical (4H:1V) slope from the elevation of 
ponded surface water runoff due to the 25-year, 24-hour rainfall event; and (iii) the interior
sideslopes of the North Surface Water Pond Series 1, Series 2, Series 3, and Series 4 are all 
3H:1V.

Based on these assumptions, Ls can be computed as follows (TDOT, 2007):
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L = y × (z + 4) × 1 +
.

(2)

where: Ls = length of pipe within saturated zone (ft);

y = depth of surface water in the pond after a 25-year, 24-hour
rainfall event;

z = slope of the interior embankment sideslope; and

S = slope of the outlet pipe (ft/ft).

Figure 2C-1 further depicts the geometry behind the calculation of Ls.

2.3 Riprap Outlet Apron Design

The riprap apron at the pond series outlet pipes were designed to protect against erosion 
and scour from the surface water pond outflows.  The riprap aprons were sized from the 
outflow based on the 25-year, 24-hour rainfall event using HEC-HMS and HY-8 model 
results. The North Surface Water Pond Series 1 and Series 2 outlet pipe riprap aprons were
designed using results from the HY-8 model because a portion of the total flow in these
pond series discharges from the spillway during the simulated rainfall event. The HY-8
model has the capability of differentiating the amount of flow through both the outlet pipe 
and spillway separately. The calculated flow through the outlet pipe from HY-8 was used 
to size the riprap apron for the North Surface Water Pond Series 1 and Series 2. The North 
Surface Water Pond Series 3 and Series 4 outlet pipe riprap aprons were designed using 
outflow results from the HEC-HMS model because the water surface elevation during the 
25-year, 24-hour rainfall event does not reach the spillway elevation and all outflow is
conveyed through the outlet pipe.

The design guidance from the FHWA provides a methodology for calculating the required 
length of apron (La) and d50 of the riprap based on the culvert diameter and flow rate. The 
d50 is the stone size of the riprap for which to 50% of the riprap stones are smaller than d50

by mass. The riprap size is calculated using the following equation (FHWA, 2006):

TW

D

gD

Q
Dd

3
4

5.250 2.0 (3)

IIIF-E-199



Page 5 of 24
Reviewed

Written by: O. Bramlet Date: 01/08/2020 & Revised by: S. Graves Date: 01/19/2020

Client: TRLC Project: Fort Worth Landfill Expansion Project No.: GW6953 Phase No.: 04

GW6953/Attachment 2C - Pond Design

where: d50 = riprap size (ft);

Q = design discharge (cfs);

D = pipe diameter (ft);

TW = tailwater depth (ft); and

g = gravitational constant.

The tailwater depth should be limited to between 0.4D and D. FHWA (2006) recommends 
the use of a tailwater depth equal to 0.4D if the tailwater is unknown.

The required length and depth of the riprap apron can be estimated based on the pond 
outlet pipe rise and riprap size as provided in Table 2C-1. The width of the riprap apron at 
the outlet is recommended as 3D by the FHWA (2006) detail for riprap aprons.  The apron 
width will also widen from the outlet along the required length at a rate of 1 ft width per 3 
ft length on each side.  Figure 2C-2 provides the standard geometry for the riprap apron.

3 DESIGN PARAMETERS

3.1 Pond Outlet Pipe Parameters

The design parameters for the pond outlet pipes, including geometry and calculated peak 
discharges as computed by the HEC-HMS, are described in the appendices of Attachment 
2B to the Drainage Report for the 25-year, 24-hour and 100-year, 24-hour rainfall events.

The pond outlet pipes were designed to convey both the peak 25-year, 24-hour rainfall 
discharge and 100-year, 24-hour rainfall discharge while maintaining a water surface 
elevation in the pond with 0.5 feet of freeboard for the 25-year event and that does not 
overtop the pond berms for the 100-year event. The proposed pond outlet pipe design 
parameters are provided in Table 2C-2. It is noted that the peak discharge from the North 
Surface Water Pond Series 1 and Series 2 outlet pipes were computed in the HY-8 model 
as some of the outflow from this pond series is also conveyed over the spillway. A
Manning’s roughness coefficient is selected as 0.012 for concrete pipe culverts, based on
guidance in Table 2C-3 (TxDOT, 2019).  

The inflow structure into the culverts influences the conveyance of surface water through 
the culvert.  The culvert inflow structures were modeled with a square edge entrance with a 
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headwall.  The culvert headwall is to be installed according to the TxDOT standard detail 
FW-0 for concrete wingwalls with flared wings.  TxDOT standard details for wingwalls
are available in Figure 2C-3.

3.2 Anti-Seep Collar Design Parameters

Anti-seep collars were designed for each surface water pond outlet pipe, and the design 
parameters and structure geometry is described herein. Design parameters utilized in 
Equations (1) and (2) are also provided in Table 2C-2.

3.3 Riprap Outlet Apron Design Parameters

The North Surface Water Pond Series 1 has a computed peak outflow of 360.30 cfs during
a 25-year, 24-hour rainfall event, where 149.96 cfs and 210.27 cfs flow through the pipes 
and the spillway, respectively. The North Surface Water Pond Series 2 has a computed 
peak outflow into Series 1 of 467.40 cfs during a 25-year, 24-hour rainfall event, where 
433.91 cfs and 33.29 cfs flow through the pipes and the spillway, respectively. The HY-8
model divides these peak flow rates obtained from the HEC-HMS model between the pond 
outlet pipe and overflow spillway. The North Surface Water Pond Series 3 and Series 4 
outlet pipe riprap aprons were designed using computed outflows from the HEC-HMS 
model, as all the pond discharge was routed through the outlet pipe during the 25-year, 24-
hour rainfall event. The computed outflows for these pond series and the proposed design 
parameters used in Equation (3) are listed in Table 2C-4. The riprap aprons were designed 
for the 25-year, 24-hour peak flow rates through the pond outlet pipes only, as each of the 
spillways are lined with riprap. For the purposes of riprap apron design, the North Surface 
Water Pond discharge from outlets were evenly divided between the number of proposed 
culvert barrels. Also for the purposes of riprap apron design, the tailwater depth of the pipe
is considered to be 0.4D (FHWA, 2006). The computed tailwater depths for each North 
Surface Water Pond series are 1.0 foot for Series 1 and 1.8 feet for the three remaining 
sub-ponds.

4 RESULTS

4.1 Pond Outlet Pipe

The results of the computations of the performance of the North Surface Water Pond 
Series 1 and Series 2 outlet pipes from the HY-8 model is presented in Table 2C-5 for both 
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the 25-year, 24-hour and 100-year, 24-hour rainfall events. The output graphs for the 25-
year and 100-year events for North Surface Water Pond Series 1 are shown on Figure 2C-4
and Figure 2C-5, respectively. The output graphs for the 25-year and 100-year, 24-hour
rainfall events for North Surface Water Pond Series 2 are shown on Figure 2C-6 and 
Figure 2C-7, respectively. The pond outlet pipes provide the capacity to convey the peak 
flows from the surface water pond without overtopping the perimeter berms. It is 
important to note that the headwater elevations reported in Table 2C-5 are from the HY-8
output and do not account for storage restrictions within the ponds.  The headwater 
elevations from the HY-8 output are used solely for calculating the flow through the pond 
outlet pipes for sizing of the riprap aprons as described in Section 4.3.  The HEC-HMS 
headwater values reported previously and in Attachment 2B are considered to be more 
precise predictions of water levels within the ponds.

The North Surface Water Pond Series 3 and Series 4 water surface elevation does not reach 
the spillway during the 25-year, 24-hour rainfall events; therefore, all discharge is 
conveyed through the outlet pipes for this event. The peak water surface elevations do not 
overtop the perimeter berm for the 100-year, 24-hour rainfall event, as shown in Table 2C-
2.

4.2 Anti-Seep Collars

Based on the design parameters described above, the length of the North Surface Water 
Pond outlet pipes within the saturated zone, Ls, are calculated using Equation (2) and are 
provided in Table 2C-6.

Anti-seep collars should be spaced no more than 25 ft apart (KDNREP, 1999). The 
minimum number of seep collars necessary for each of the North Surface Water Pond
outlet pipes are provided in Table 2C-6. The minimum vertical and horizontal projection 
(V) of each seep collar was back calculated by Equation (1). Based on recommendations 
by Tennessee Department of Transportation (TDOT), the anti-seep collar should extend at 
least two feet in all directions around the outlet pipe (TDOT, 2007).

To describe the spacing of the anti-seep collars, the first anti-seep collar should be 
constructed approximately 12.5 feet from the up gradient inlet of the pond outlet pipe.  The 
second anti-seep collar should be spaced 25 feet from the first collar or 37.5 feet from the 
up gradient end of the pond outlet pipe. The third anti-seep collar, if necessary, should be 
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spaced 25 feet from the second collar or 62.5 feet from the up gradient end of the pond 
outlet pipe. The anti-seep collars should extend two feet in every direction from the pipe.

4.3 Riprap Outlet Apron 

Equation (3) was applied to size the riprap aprons for the surface water pond outlet pipes
using the design discharges through the pond outlet pipes based on the HEC-HMS and 
HY-8 model outputs. The HY-8 model was used to calculate the outflow through the 
North Surface Water Pond Series 1 and Series 2, while the HEC-HMS model results were 
used for the North Surface Water Pond Series 3 and Series 4, as previously described.

The flow was assumed to be evenly split between each barrel pipe and the tailwater depth 
was computed as described in Section 3.3. Based on Equation (3) a minimum d50 size for 
the riprap of was selected. The minimum apron lengths and widths were selected based on 
Table 2C-1.   FHWA (2006) recommends a 3:1 rate of expansion.  Results for the riprap 
outlet aprons dimensions for each pond series are provided in Table 2C-7.

It is noted that since the outlet pipe of the North Surface Water Pond Series 1 is 
discharging into a stabilized trapezoidal channel lined with geomembrane, the dimensions 
of the riprap apron are restricted by the downstream channel dimensions.  Therefore, the 
entire width of the channel (8 feet) should be lined with riprap, and the necessary length of 
the riprap apron is less than the length of the stabilized channel.
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Table 2C-1. Riprap Classes and Apron Dimensions
(from FHWA, 2006)
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Table 2C-2. North Surface Water Pond Design Parameters

North 
Pond 
Series

Number 
of 

Barrels

Manning's 
Roughness 
Coefficient

Diameter 
(ft)

Length 
of Pipe 

(ft)

Inlet 
Elevation 

(ft)

Outlet 
Elevation 

(ft)

Slope 
of Pipe 
(ft/ft)

Slope of 
Interior 

Embankment 
Sideslope 
(H: 1V)

Berm 
Elevation 

(ft)

Spillway 
Elevation 

(ft)

Series 1 2 0.012 2.5 64.5 588.0 587.4 0.009 3 598.5 597.0

Series 2 3 0.012 4.5 40 597.0 596.5 0.013 3 604.0 603.0

Series 3 2 0.012 4.5 60 603.0 602.5 0.008 3 614.0 613.0

Series 4 2 0.012 4.5 70 613.0 612.5 0.007 3 625.0 624.0
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Table 2C-3. Manning’s n Values
(from TxDOT, 2019)
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Table 2C-4. Summary of Calculated Results for North Surface Water Pond

25-year, 24-hour Rainfall Event 100-year, 24-hour Rainfall Event

North Surface 
Water Pond Series

Total Flow 
Rate (cfs)

Peak Water 
Surface Elevation 

(ft)

Pond Water 
Depth (ft)

Total Flow 
Rate (cfs)

Peak Water Surface 
Elevation (ft)

Pond Water 
Depth (ft)

Series 1 360.30 597.9 9.9 578.00 598.4 10.4
Series 2 467.40 603.3 6.3 639.20 603.9 6.9
Series 3 369.40 611.3 8.3 522.40 613.5 10.5
Series 4 412.80 622.6 9.6 619.80 624.8 11.8
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Table 2C-5. North Surface Water Pond Series 1 and Series 2 Outlet Pipe HY-8 Results

25-Year, 24-Hour Rainfall Event 100-Year, 24-Hour Rainfall Event

Total
Flow 
Rate

Q25
b (cfs)

Pipe
Flow
(cfs)

Pipe
Velocity

(fps)

Spillway
Flow
(cfs)

Tailwater
Elev
(ft)

Headwater
Eleva

(ft)

Total
Flow 
Rate

Q100
b (cfs)

Pipe
Flow
(cfs)

Pipe
Velocity

(fps)

Spillway
Flow
(cfs)

Tailwater
Elev
(ft)

Headwater
Eleva

(ft)

North 
Pond 

Series 1 
Outlet

360.30 149.96 15.27 210.27 589.85 597.92 578.00 154.59 15.75 423.23 590.48 598.46

North 
Pond 

Series 2 
Outlet

467.40 433.91 12.54 33.29 597.90 603.27 639.20 468.39 12.89 170.55 598.40 603.80

a Headwater elevations predicted from HY-8 modeling are generally smaller than those predicted from the HEC-HMS model.  The HEC-HMS model 
results (Attachment 2B) are considered to be more precise predictions of water levels within the ponds.  The HY-8 model was used to size the riprap 
aprons at the pond outlet pipe using the portion of the total flow that is being conveyed through the pond outlet pipe.  The smaller headwater 
predicted by the HY-8 model predicts more of the total outflow being conveyed through the pond outlet pipes because less water is allowed to 
discharge from the pond over the emergency spillway due to the smaller headwater predictions (i.e., conservative for the purposes of riprap sizing).

b These values are the total outflow rate from the pond predicted from HEC-HMS model results.  These values are used as input to the HY-8 model.

IIIF-E-209



Page 15 of 24
1/8/2020

GW6953/Attachment 2C - Pond Design

Table 2C-6. North Surface Water Pond Anti-Seep Collar Results

North Pond 
Series

Length of 
Pipe 

Within 
Saturated 
Zone, Ls

(ft)

Number 
of 

Collars 
Required

Vertical and 
Horizontal 

Projection of 
Each Seep 
Collar (ft)

Series 1 72.0 3 2.00
Series 2 46.4 2 2.00
Series 3 60.1 2 2.25
Series 4 69.2 3 2.00
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Table 2C-7. North Surface Water Pond Outlet Pipe Riprap Apron Results

North 
Pond 
Series

d50 (in)
Riprap 
Class

Apron 
Length 

(ft)

Downstream 
Apron 

Width (ft)

Apron 
Depth (ft)

Series 1 23 6 20 21 3.7

Series 2 14 4 32 35 2.2

Series 3 19 5 32 35 3.1

Series 4 22 6 36 38 3.4
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FIGURES

Figure 2C-1. Anti-Seep Collar Design Schematic
Figure 2C-2. Placed Riprap Apron Standard Detail (from FHWA, 2006)
Figure 2C-3. TxDOT Standard Detail FW-0 for Concrete Wingwalls
Figure 2C-4.  HY-8 Modeling Output for 25-Year Event North Surface Water Pond 
Series 1 Outlet Pipe
Figure 2C-5.  HY-8 Modeling Output for 100-Year Event North Surface Water 
Series 1 Pond Outlet Pipe
Figure 2C-6.  HY-8 Modeling Output for 25-Year Event North Surface Water Pond 
Series 2 Outlet Pipe
Figure 2C-7.  HY-8 Modeling Output for 100-Year Event North Surface Water 
Series 2 Pond Outlet Pipe
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Figure 2C-1. Anti-Seep Collar Design Schematic (not to scale)
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Figure 2C-2. Placed Riprap Apron Standard Detail (from FHWA, 2006)
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Figure 2C-3.  TxDOT Standard Detail FW-0 for Concrete Wingwalls

Source: ftp://ftp.dot.state.tx.us/pub/txdot-info/cmd/cserve/standard/bridge/fw-0stde.pdf (Date Accessed: 12/4/2019)
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Figure 2C-4. HY-8 Modeling Output for 25-Year Event North Surface Water Pond 
Series 1 Outlet Pipe
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Figure 2C-5. HY-8 Modeling Output for 100-Year Event North Surface Water Pond
Series 1 Outlet Pipe
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Figure 2C-6. HY-8 Modeling Output for 25-Year Event North Surface Water Pond 
Series 2 Outlet Pipe

IIIF-E-218



Page 24 of 24
1/8/2020

GW6953/Attachment 2C - Pond Design

Figure 2C-5. HY-8 Modeling Output for 100-Year Event North Surface Water Pond 
Series 2 Outlet Pipe
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apart horizontally on the 3H:1V final cover sideslopes (see Drawing 2-1 in Attachment 
2A). Typical drainage terrace and downchute cross-sections for the final cover system are 
shown on the drawings presented in Attachment 2 (the Facility Surface Water Drainage 
Report) of the Site Development Plan (SDP). The hydraulic design of the terrace and 
downchute drainage features meets or exceeds the design criteria described herein.

Downchute channels are evaluated as articulated concrete block (ACB) lined trapezoidal 
channels in this calculation package. Other equivalent downchute channel lining materials 
meeting the design performance criteria addressed in this calculation package may be used.  
The downchute channels are designed to convey the 25-year, 24-hour rainfall event with 
0.5 feet of freeboard (and to convey the 100-year, 24-hour rainfall event without 
overtopping) down the 3H:1V final cover sideslopes and into the perimeter drainage 
channels. The peak 25-year, 24-hour rainfall event discharge and resulting calculated 
average tractive stresses are used to design the lining system of the downchute channels.

The capacity of each downchute channel and drainage terrace is calculated by solving 
Manning’s equation for the depth of flow within each channel or terrace. Manning’s 
equation (Chow, 1959) is expressed as:

2
1

3
249.1

SAR
n

Q (1)

where:

Q = discharge (cfs),

n = Manning’s roughness coefficient,

A = area of cross-section of flow (ft2),

P = wetted perimeter (ft),

R = hydraulic radius = A/P (ft), and

S = longitudinal slope (ft/ft).

The average tractive stresses in the downchute or drainage terrace for various flows are 
estimated by Equation (2) (Chow, 1959).
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RSwo (2)

where:

o = average tractive stress (lb/ft2),

w = unit weight of water (lb/ft3),

R = hydraulic radius = A/P (ft), and

S = channel slope (ft/ft).

Each top deck drainage area and sideslope drainage area was modeled as a separate sub-
basin in the HEC-HMS model as discussed in Attachment 2B. However, the hydraulic 
performance of the top deck drainage terraces and sideslope drainage terraces were not 
directly modeled in the HEC-HMS model. The travel time through these drainage features 
is minimal and would not significantly impact the results; therefore, the hydraulic 
performance was modeled using Manning’s equation as described above. Furthermore, it 
is conservative to not explicitly model the drainage terraces because this removes the lag 
effect in the peak flow rates. The peak flow rate for each top deck and sideslope drainage 
terrace was assumed to be equal to that of the corresponding drainage area.  The drainage 
downchutes were modeled explicitly in the HEC-HMS model. Each sub-basin was routed 
to a downchute within the HEC-HMS model to compute the peak discharges within each 
downchute channel.  The locations and contributing areas of the top deck drainage terraces 
and downchute channels are shown on Drawing 2-3 of Attachment 2A.  The resulting peak 
flow rates from the HEC-HMS model output were used in the Manning’s equation to 
calculate the resulting flow depths and tractive stresses in the drainage features to 
demonstrate that the design parameters of the drainage features are adequate.

The downchute channel design evaluation is for an articulated concrete block (ACB) 
channel lining to resist erosive forces.  As noted, other equivalent downchute channel 
lining materials meeting the design performance criteria addressed in this calculation 
package may be used.  For this ACB design, the method relates the tested critical shear 
stress of an ACB system on a horizontal plane to the design conditions and then accounts 
for slope by checking that the resistance is adequate to prevent failure. The maximum 
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allowable tractive stress is calculated using the following equation:

sincos 12

2
0 (3)

where: 0 = maximum allowable tractive stress at 0° (psf);

2 1 = extrapolation variables (inches).

ACB-type channel lining is suitable for use on 3H:1V slopes.  In fact, the methodology 
presented in Equation (3) was developed using laboratory flume testing data the ACB 
Channel Lock 450 system that was conducted on a 3H:1V sideslope bedded on a 
compacted soil embankment with conditions representative of those expected for this site, 
for a range of flow rates until failure of the ACB occurred (Ayers, 2001a).  This value was 
used to extend the tested results to a horizontal bed (0° slope) using the moment-balance 
Equation (3) above to allow the results to be applied to different slope angles.  Test data 
was also extrapolated to ACB systems of different sizes using an overturning moment-
balance approach accounting for stabilizing and destabilizing forces. As further described 
in the subsequent paragraph, there is minimal chance of failure due to sliding of the lining 
along the plane of the subgrade. The loss of contact is primarily due to the overturning of 
a block in which failure occurs. The best method for determining failure is in terms of 
tractive stress, derived in Equation (3) to extrapolate from laboratory settings to 
hypothetical situations.

According to the ACB design manual (Ayers, 2001b), typical applications of ACBs are on 
slopes of 2H:1V or flatter.  This shows that the design conditions for this site (on 3H:1V 
slopes) are a typical ACB application condition.  The design manual notes that “the 
probability of failure due to slipping or sliding of the system matrix along the plane of the 
subgrade is remote.  The loss of intimate contact is most often the result of overturning of a 
block or group of blocks, in which incipient failure occurs when the overturning moments 
equal the retaining moments about the downstream contact point of an individual block.”
From the design manual and the flume tests conducted on ACB inclined on a 3H:1V with 
similar subgrade conditions to that expected for this site, it is apparent that the critical 
mode of failure for ACB systems on slopes at 2H:1V or flatter is overturning.  By using 
this methodology and confirming that the design conditions can adequately resist an 
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overturning-mode of failure, the design would be expected to adequately resist the less-
critical sliding mode of failure.

3 DESIGN PARAMETERS

The design parameters, including channel geometry, Manning’s roughness coefficient, and 
calculated peak discharges for the 25-year and 100-year rainfall events (Attachment 2B),
are summarized for each downchute channel and top deck drainage terrace in Table 2D-1
and Table 2D-2, respectively.

The sideslope drainage terraces are designed as a v-shaped tack-on berms constructed on
the 3H:1V sideslopes of the final cover system with design parameters summarized in 
Table 2D-3. Thus, the sideslopes of the terrace are 3H:1V on the final cover side and 
2.5H:1V on the berm side and each terrace has a depth of 2.50 ft.  The nominal 
longitudinal slope of each sideslope drainage terrace is approximately 2% and most
terraces are laid out to this longitudinal slope. Each of these site-specific conditions was 
analyzed to confirm that the sideslope drainage terrace design is adequate for the 
contributing drainage area and terrace slope. Drawing 2-3 shows the location of each 
sideslope drainage terrace, top deck drainage terrace, and drainage downchute structures
on the final cover system.

Each drainage structure is designed to maintain a minimum of 0.5 feet of freeboard during 
the 25-year, 24-hour rainfall event.  Additionally, each terrace and downchute channel is
designed to convey the peak flow during the 100-year, 24-hour rainfall event without 
overtopping. The calculated 25-year average tractive stress is used to design the lining 
system of each drainage feature.

The downchute channel design evaluation is for an ACB-lined channel to resist erosive 
forces. As mentioned, other equivalent downchute channel lining materials meeting the 
design performance criteria addressed in this calculation package may be used.  The 
maximum allowable tractive stress is calculating using Equation (3) above.  The critical 
shear stress for a horizontal bottom width surface for various ACB types is shown in Table 
2D-4 (Ayres, 2001a). ACB Channel Lock 800 is proposed for the downchutes. The 
maximum allowable tractive stress, or shear stress, for the ACB 800 is 12.8 psf as shown 
in Table 2D-4 (Ayres, 2001a).

As mentioned, the extrapolation variables were developed based on testing of the ACB 
Channel Lock 450 system on a 3H:1V sideslope.  The Ayres (2001a) report indicates that 
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the “performance extrapolation method… is overly conservative when used to estimate the 
performance of thicker blocks based on tests of thinner blocks.”  This suggests that the 
maximum allowable tractive stress for the ACB 800 system is potentially greater than the 
calculated value of 12.8 psf. The basis for this claim was additional testing conducted on 
the ACB Channel Lock 800 system on a 2H:1V sideslope until failure.  The proposed ACB 
system is expected to be overly conservative in terms of maximum allowable tractive stress 
based on testing data conducted on steep slopes.  Furthermore, the proposed ACB system 
will be anchored into the final cover system along the edges of the downchute drainage 
channel, thus providing additional strength of the system and resistance to erosive forces.

The peak flows applied to the design of each downchute channel are based on the flows 
from the entire contributing top deck and sideslope areas for the 25-year, 24-hour rainfall 
event as provided in Attachment 2B.  This is considered conservative as the sum of these 
flows will only influence the performance of the lining materials at the down gradient end
of each downchute channel as opposed to the entire length of the downchute channel.

The allowable tractive stress for the ACB-lined downchutes is documented in published 
research data (e.g., Ayres, 2001a) and selected for design.  The ACB-lined downchute is 
designed to accommodate the design storm event without shifting of the blocks or any loss 
of embankment soil beneath the ACB system.

Permissible tractive stresses for grass-lined channels range from 0.35 psf to 3.70 psf 
depending on the retardation class of vegetation. Retardation Class C (which includes
Bermuda and Crab grasses among others) is selected for the design of grass lined channels
(as shown in Table 2D-5) and has a maximum permissible tractive stress of 1.0 psf (as 
shown in Table 2D-6 from TxDOT, 2019).

A range of Manning’s roughness coefficients for a variety of channel linings are selected 
from TxDOT (2019) provided in Table 2D-7.  For the grass lined channels a roughness 
value of n = 0.027 was selected. As previously mentioned, the roughness for ACB lined 
channels was selected as n = 0.036 (Ayers, 2001a).

4 RESULTS

The depth of flow, velocity, and average tractive stress for the peak discharges into each 
downchute channel, top deck drainage terrace, and each sideslope drainage terrace were 
calculated using Equations (1) and (2). These calculations for the downchute channels, top 
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deck drainage terraces, and sideslope drainage terraces are summarized in Table 2D-8,
Table 2D-9, and Table 2D-10, respectively. Appendix 2D-1 provides spreadsheets used 
for calculating the results tables for the downchute channel, top deck drainage terrace, and 
sideslope drainage terrace with the greatest flow rates (i.e., the critical design cases).
Drawing 2-3 provides location and layout of each drainage structure discussed within this 
calculation package.

Each downchute channel and drainage terrace was calculated to contain the 
capacity to convey the flows from the 25-year, 24-hour and the 100-year,
24-hour rainfall events.

Each downchute channel and drainage terrace was designed to maintain at 
least 0.5 feet of freeboard for the 25-year, 24-hour rainfall event.

For each downchute channel, the average tractive stresses were calculated 
to remain below 12.8 psf during the 25-year, 24-hour rainfall event. The 
average tractive stress for each drainage terrace was calculated to remain 
below 1.0 psf during the 25-year, 24-hour rainfall event. The selected 
channel lining materials can adequately resist these tractive stresses.
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Table 2D-1. Design Parameter Summary for Downchute Channels

Downchute
Channel
Segment

Channel
Shape

Longitudinal
Channel

Slope (%)
Manning's

n

Bottom
Width

(ft)
Depth

(ft)

Side
Slopes
(H:V)

25-year
Flow Rate1

Q25 (cfs)

100-year
Flow Rate1

Q100 (cfs)
Downchute A Trapezoidal 33.3 0.036 12.0 2.0 3:1 167.70 226.20
Downchute B Trapezoidal 33.3 0.036 4.0 2.0 3:1 96.00 129.50
Downchute C Trapezoidal 33.3 0.036 10.0 2.0 3:1 156.20 210.70
Downchute D Trapezoidal 33.3 0.036 2.0 2.0 3:1 76.60 103.20

Downchute E Trapezoidal 33.3 0.036 8.0 2.0 3:1 133.40 179.90
Notes: 

1. The calculation of peak flows for the design rainfall events is presented in Attachment 2B.
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Table 2D-2. Design Parameter Summary for Top Deck Drainage Terraces

Top Deck
Channel
Segment

Channel
Shape

Longitudinal
Channel

Slope (ft/ft)
Manning's

n

Bottom
Width

(ft)
Depth

(ft)

Left Side
Slope
(H:V)

Right Side
Slope
(H:V)

25-year
Flow Rate1

Q25 (cfs)

100-year
Flow Rate1

Q100 (cfs)
A-1 V-shaped 0.0322 0.027 0.0 2.0 20:1 3:1 66.20 89.30
C-1 V-shaped 0.0100 0.027 0.0 2.0 20:1 3:1 61.90 83.60

Notes: 

1. The calculation of peak flows for the design rainfall events is presented in Attachment 2B.
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Table 2D-3. Design Parameter Summary for Sideslope Drainage Terraces

Sideslope
Channel
Segment

Channel
Shape

Longitudinal
Channel

Slope (%)
Manning's

n

Bottom
Width

(ft)
Depth

(ft)

Left Side
Slope
(H:V)

Right Side
Slope
(H:V)

25-year
Flow Rate1

Q25 (cfs)

100-year
Flow Rate1

Q100 (cfs)
A-2 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 44.0 62.3
A-3 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 10.2 13.8
A-4 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 14.3 19.3
A-5 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 23.8 32.2
A-6 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 20.8 28.0
A-7 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 34.3 46.3
B-1 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 19.6 26.5
B-2 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 18.5 24.9
B-3 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 25.4 34.3
B-4 V-shaped 2.50% 0.027 0.0 2.5 2.5:1 3:1 33.0 44.5
C-2 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 36.1 48.7
C-3 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 14.3 19.3
C-4 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 26.4 35.7
D-1 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 3.2 4.3
D-2 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 6.4 8.7
D-3 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 5.9 8.0
D-4 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 43.7 58.9
D-5 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 7.3 9.8
D-6 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 10.1 13.7
E-1 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 15.6 21.1
E-2 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 47.8 64.5
E-3 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 17.7 23.8
E-4 V-shaped 2.00% 0.027 0.0 2.5 2.5:1 3:1 52.4 70.7

Notes: 

1. The calculation of peak flows for the design rainfall events is presented in Attachment 2B.
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Table 2D-4. Channel Lock ACB Performance Variables

(from Ayres, 2001a)

3. Maximum allowable tractive stress for Block Types 550 and 800 was calculated using Equation 3 (from Ayres, 
2001a) based on conversion for different slope angles. 
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Table 2D-5.  Retardation Class for Lining Materials

(from TxDOT, 2019)
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Table 2D-6. Permissible Shear Stresses for Various Linings

(from TxDOT, 2019)
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Table 2D-7. Manning’s Roughness Coefficients

(from TxDOT, 2019)
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Table 2D-8. Summary of Calculated Results for Downchute Channels

Downchute
Channel
Segment

25-Year Design Rainfall Event 100-Year Design Rainfall Event

Peak Flow 
Rate

Q25 (cfs)

Peak 
Depth

of Flow
(ft)

Peak 
Average
Velocity

(ft/s)

Peak 
Average
Tractive

Stress (psf)

Minimum 
Permissible 
ACB Type1

Peak Flow 
Rate

Q100 (cfs)

Peak 
Depth

of Flow
(ft)

Peak 
Average
Velocity

(ft/s)

Peak 
Average
Tractive

Stress (psf)
Downchute A 167.70 0.70 17.0 12.5 ACB 800 226.20 0.83 18.8 14.5
Downchute B 96.00 0.86 17.0 12.4 ACB 800 129.50 1.00 18.5 14.1
Downchute C 156.20 0.74 17.3 12.8 ACB 800 210.70 0.87 19.0 14.8
Downchute D 76.60 0.95 16.5 12.0 ACB 800 103.20 1.09 17.9 13.5
Downchute E 133.40 0.76 17.1 12.6 ACB 800 179.90 0.89 18.8 14.5

Notes: 

1. ACB 800 indicates ACB Channel Lock 800.
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Table 2D-9. Summary of Calculated Results for Top Deck Drainage Terraces

25-Year Design Rainfall Event 100-Year Design Rainfall Event

Top Deck
Channel
Segment

Peak 
Flow 
Rate

Q25 (cfs)

Peak Depth
of Flow

(ft)

Peak 
Average
Velocity

(ft/s)

Peak 
Average
Tractive

Stress (psf)

Peak Flow 
Rate

Q100 (cfs)

Peak 
Depth

of Flow
(ft)

Peak 
Average
Velocity

(ft/s)

Peak 
Average
Tractive

Stress (psf)
A-1 66.20 0.97 6.07 0.96 89.30 1.09 6.54 1.08
C-1 61.90 1.18 3.86 0.36 83.60 1.32 4.16 0.41
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Table 2D-10.  Summary of Calculated Results for Sideslope Drainage Terraces

25-Year, 24-Hour Rainfall Event 100-Year, 24-Hour Rainfall Event

Sideslope
Channel
Segment

Peak Flow 
Rate

Q25 (cfs)

Peak Depth
of Flow

(ft)

Peak Average
Velocity

(ft/s)

Peak Average
Tractive

Stress (psf)

Peak Flow 
Rate

Q100 (cfs)

Peak Depth
of Flow

(ft)

Peak Average
Velocity

(ft/s)

Peak Average
Tractive

Stress (psf)
A-2 44.00 1.58 6.39 0.93 62.30 1.80 6.98 1.05
A-3 10.20 0.91 4.43 0.53 13.80 1.02 4.78 0.60
A-4 14.30 1.04 4.82 0.61 19.30 1.16 5.20 0.68
A-5 23.80 1.26 5.49 0.74 32.20 1.40 5.91 0.82
B-1 19.60 1.17 5.22 0.68 26.50 1.31 5.63 0.76
B-2 18.50 1.14 5.15 0.67 24.90 1.28 5.55 0.75
B-3 25.40 1.28 5.57 0.75 34.30 1.44 6.01 0.84
B-4 33.00 1.42 5.95 0.83 44.50 1.59 6.41 0.93
C-2 36.10 1.47 6.09 0.86 48.70 1.64 6.56 0.96
C-3 14.30 1.04 4.82 0.61 19.30 1.16 5.20 0.68
C-4 26.40 1.30 5.63 0.76 35.70 1.46 6.07 0.86
C-5 19.00 1.15 5.18 0.68 25.60 1.29 5.58 0.76
D-1 3.20 0.59 3.30 0.34 4.30 0.66 3.57 0.39
D-2 6.40 0.77 3.95 0.45 8.70 0.86 4.26 0.50
D-3 5.90 0.74 3.87 0.44 8.00 0.83 4.17 0.49
D-4 43.70 1.58 6.38 0.92 58.90 1.76 6.88 1.03
D-5 7.30 0.80 4.07 0.47 9.80 0.90 4.39 0.53
D-6 10.10 0.91 4.42 0.53 13.70 1.02 4.78 0.60
E-1 15.60 1.07 4.93 0.63 21.10 1.20 5.32 0.70
E-2 47.80 1.63 6.53 0.96 64.50 1.82 7.04 1.07
E-3 17.70 1.12 5.09 0.66 23.80 1.26 5.49 0.74
E-4 52.40 1.69 6.62 0.97 70.70 1.90 7.14 1.08
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Appendix 2D-1

Drainage Feature Calculations

IIIF-E-239



Page 20 of 22
01/09/2020

GW6953/Attachment 2D - Drainage Terraces and Downchutes_Permit 1983D CL

IIIF-E-240



Page 21 of 22
01/09/2020

GW6953/Attachment 2D - Drainage Terraces and Downchutes_Permit 1983D CL

IIIF-E-241



Page 22 of 22
01/09/2020

GW6953/Attachment 2D - Drainage Terraces and Downchutes_Permit 1983D CL

IIIF-E-242



Fort Worth C&D Landfill, Tarrant County
Permit No. MSW-1983D

Part III, Attachment 2 – Facility Surface Water Drainage Report

May 2020
Page No.2E-Cvr

ATTACHMENT 2E

ON-SITE DESIGN – CULVERTS AND PERIMETER 
DRAINAGE CHANNELS

IIIF-E-243



IIIF-E-244



Page 2 of 28
Reviewed

Written by: O. Bramlet Date: 01/09/2020 by: S. Graves Date: 2/4/2020

Client: TRLC Project: Fort Worth C&D Expansion Project No.: GW6953 Phase No.: 04

GW6953\Attachment 2E - Culverts and Perimeter Channels

Culvert 1). It is noted that Reach C4 conveys surface water off-site from the North Surface 
Water Pond to the overall site outfall. Storm Water Channel B is an existing roadside ditch 
located along the eastern site perimeter adjacent to Dick Price Road.  Storm Water Channel 
B conveys surface water to Storm Water Channel C and only has one reach (designated as 
B1).

Storm Water Channel A and Storm Water Channel B are separated by a local high point
near the southeastern corner of the final cover system. Surface water from the eastern
areas of the final cover is conveyed directly into Storm Water Channel C through 
downchute channels, which are discussed in Attachment 2D of the Drainage Report. Also, 
Drawing 2-1 in Attachment 2A of the Drainage Report shows a plan view of the facility 
surface water management system.

2 METHODOLOGY

Perimeter Channels

Storm Water Channel A will be a geomembrane-lined trapezoidal channel conveying flows 
to the midpoint site outfall. Storm Water Channel B is an existing grass-lined v-ditch (i.e., 
trapezoidal channel with zero bottom width) which conveys flows to the Storm Water 
Channel C. Storm Water Channel C is an existing geomembrane-lined trapezoidal channel 
which conveys flows to the North Surface Water Pond. Final cover areas contributing to 
each perimeter channel reach are modeled in the computer program HEC-HMS for the
post-development site conditions, and peak discharges are subsequently computed for each 
reach. The details including the methodology and design parameters of this analysis are 
provided in the On-Site Drainage Analysis – Hydrology calculations located in Attachment 
2B of the Drainage Report. Each reach is designed to convey the peak surface water 
runoff corresponding the 24-hour rainfall event with a 4% annual chance of occurrence 
(referred to herein as the “25-year, 24-hour rainfall event”) flowing to the channel
segment, while maintaining a minimum of 0.5 feet of freeboard in the channel during this 
rainfall event. In addition, each reach was designed with the sufficient capacity to convey 
the peak discharge from the 24 hour rainfall event with a 1% annual chance of occurrence 
(refer to herein as the “100-year, 24-hour rainfall event”) without overtopping.
Calculations supporting the peak volumes of surface water runoff during these rainfall
events are provided in Attachment 2B of the Drainage Report.

Drawing 2-4 in Attachment 2A of the Drainage Report shows the perimeter drainage 
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channel plan and includes reach designations for each perimeter channel segment.
Drawings 2-5 and 2-6 provide perimeter drainage profiles for the Storm Water Channels A, 
B, and C. The typical cross-section and a channel schedule for the perimeter drainage 
channels are provided in Drawing 2-10. The channel geometry and peak discharge during 
the design rainfall events are used to calculate the peak velocity and the peak tractive stress 
during the design rainfall event on the lining of the channel.

It should be noted that channel reaches located along the eastern and northern portions of 
the currently permitted landfill have already been constructed.  The design associated with 
this lateral expansion for the facility considers the existing channel profile (i.e., design 
slopes and elevations) from the currently permitted surface water plan for the site.

The capacity of each reach (i.e., drainage channel segment) is calculated and assessed by
solving Manning’s equation.  Manning’s equation (Chow, 1959) is expressed as:

2
1

3
249.1

SAR
n

Q (1)

where:

Q = discharge (cfs),

n = Manning’s roughness coefficient,

A = area of cross-section of flow (ft2),

P = wetted perimeter (ft),

R = hydraulic radius = A/P (ft), and

S = longitudinal slope (ft/ft).

The peak average tractive stresses on the channel lining for various depths of flow are 
estimated using the following equation (Chow, 1959):

RSwo
(2)

where:

o = average tractive stress (lb/ft2),
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w = unit weight of water (lb/ft3),

R = hydraulic radius = A/P (ft), and

S = channel slope (ft/ft).

Culvert 1

Culvert 1 is designed by utilizing the HY-8 Culvert Analysis Program v.7.5 (HY-8).  HY-8
was originally developed by the Federal Highway Administration (FHWA) and has since 
been updated and revised to its current version (version 7.5). The performance of a culvert 
is modeled and evaluated based on boundary conditions, culvert configuration, and peak 
flow criteria. HY-8 is applied for the surface water drainage system to model the box
culvert (Culvert 1) conveying the peak discharge from Reach C2 (Storm Water Channel C)
beneath a roadway into Reach C3. The performance of Culvert 1 is assessed under two
tailwater conditions for the computed water surface elevation within Reach C3 which 
coincide with the peak discharge during 25-year, 24-hour rainfall event and the 100-year,
24-hour rainfall event. The HEC-HMS model developed in Attachment 2 of this Drainage
Report was utilized to compute the peak inflows and tailwater conditions in order to model
Culvert 1. Results from the HY-8 model are reviewed to demonstrate that the computed
headwater elevation does not overtop the entry driveway at the culvert inlet during the
peak discharge.

Riprap Apron Design

The riprap aprons at the outlet of Culvert 1 and at the outlet of Reach C3 into the North 
Surface Water Pond are designed to protect against erosion and scour from the peak 
surface water runoff.  Each riprap apron is sized from the outflow based on the 25-year, 
24-hour rainfall event.  The selected design guidance from the Federal Highway
Administration (FHWA) provides a methodology for calculating the required length of
apron (La) and d50 of the riprap based on the culvert diameter and flow rate. The d50 is the
stone size of the riprap for which to 50% of the riprap stones are smaller than d50 by mass.
The riprap size is calculated using the following equation (FHWA, 2006):

TW

D

gD

Q
Dd

3
4

5.250 2.0 (4)
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where: d50 = riprap size (ft),

Q = design discharge (cfs),

D = culvert diameter (ft),

TW = tailwater depth (ft), and

g = gravitational constant.

The tailwater depth should be limited to between 0.4D and D.  FHWA (2006) recommends 
the use of a tailwater depth equal to 0.4D if the tailwater conditions are unknown.

The required length and depth of the riprap apron can be estimated based on the culvert 
rise and riprap size as provided in Table 2E-1. The width of the riprap apron at the outlet 
was selected as 3D as recommended by the FHWA (2006) detail for riprap aprons.  The 
apron width will also widen from the outlet along the required length at a rate of 1 ft width 
per 3 ft length at each edge.  Figure 2E-1 provides the typical geometry for the riprap 
apron.

3 DESIGN PARAMETERS

The design parameters for each channel reach and culvert, including channel geometry and 
calculated peak discharges as computed by the HEC-HMS model described in Attachment 
2B to the Drainage Report for the 25-year and 100-year rainfall events, are summarized in 
Table 2E-2.

Perimeter Channels

The majority of the perimeter channel reaches are lined with a geomembrane. Manning’s 
roughness values are not specifically available from literature or manufacturers for 
textured High Density Polyethylene (HDPE) geomembrane.  Smooth HDPE Manning’s 
roughness values are approximately 0.01, so it was considered reasonable that a textured 
geomembrane would be slightly greater.  Therefore, a Manning’s roughness value of 0.015 
for float finish concrete lining was assumed to be representative of the textured HDPE
geomembrane channel lining (Table 2E-3 from TxDOT, 2019). This was used for channel 
sizing design, since a larger roughness value would produce a greater flow depth.

Permissible peak tractive stresses for grass-lined channels range from 0.35 psf to 3.70 psf
depending on the retardation class of vegetation.  Retardation Class C (which includes 
Bermuda and Crab grasses among others) was selected for the design of grass lined 

IIIF-E-248



Page 6 of 28
Reviewed

Written by: O. Bramlet Date: 01/09/2020 by: S. Graves Date: 2/4/2020

Client: TRLC Project: Fort Worth C&D Expansion Project No.: GW6953 Phase No.: 04

GW6953\Attachment 2E - Culverts and Perimeter Channels

channels (as shown in Table 2E-4). Grass channels under Retardation Class C have a
maximum permissible tractive stress of 1.0 psf (as shown in Table 2E-5 from TxDOT, 
2019).

Permissible peak tractive stresses for geomembrane-lined channels are not available from 
literature or manufacturers for textured or smooth HDPE geomembrane.  Therefore, a
conservative approach was considered. Table 2E-6 (from Fischenich, 2001) presents the 
permissible tractive (shear) stress and permissible velocity for a variety of lining materials.  
Geomembranes are expected to have a large permissible tractive stress (comparable to 
concrete) due to its smooth and relatively frictionless surface (with minimal roughness for 
the force of flowing water to act upon), continuous coverage of the channel bed, anchoring 
at the top of the channel cross-section, and welds between geomembrane panels.  
Furthermore, geomembranes are less susceptible to erosion or displacement (unlike with 
many erosion control products).  A conservative permissible tractive stress corresponding 
to unvegetated non-degradable rolled erosion control products (RECPs) of 3.0 psf was 
selected for geomembrane-lined channels.  This permissible tractive stress is expected to 
significantly underestimate the actual permissible tractive stress of geomembrane-lined 
channels.  The selection of this value is applicable to this design package only to 
demonstrate adequacy of the design, since, as previously discussed, this approach is likely 
quite conservative.

Culvert 1

The concrete box Culvert 1 is designed using the following parameters to convey both the 
peak 25-year, 24-hour rainfall event discharge and the peak 100-year, 24-hour rainfall
event discharge. The inlet invert and outlet invert elevations are 639.46 ft MSL and 
638.81 ft MSL, respectively, with a culvert slope of 0.51%. A Manning’s roughness 
coefficient is selected as 0.012 for concrete box culverts, based on guidance in Table 2E-8
from TxDOT (2019). The peak inflow into the culvert is computed by HEC-HMS for both 
rainfall events, as discussed in Attachment 2B.  The peak inflow from Reach C2 into 
Culvert 1 is calculated as 275.20 cfs and 375.40 cfs for the 25-year, 24-hour and 100-year,
24-hour rainfall events, respectively.

The inflow structure into the culvert influences the conveyance of surface water through 
the culvert.  The box culvert inflow structure was modeled with a beveled 45 degree 
wingwall. The culvert headwall is to be installed according to the TxDOT standard detail 
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FW-0 for concrete wingwalls with flared wings.  A TxDOT standard detail for wingwalls 
is available in Figure 2E-2.

For the purposes of the outlet riprap apron design, Culvert 1 was considered as three 4.5-ft
diameter culverts, with the peak inflow from Reach C2 evenly divided between each 
culvert barrel. Also for the purposes of riprap apron design, the tailwater depth was
considered to be the depth in the downstream channel reach (Reach C3). The peak 
tailwater depth during the 25-year, 24-hour rainfall event is 2.77 ft.

Riprap Apron Design

Riprap aprons are sized for: (i) the outflow of Culvert 1 and (ii) the outflow of Reach C3
into the North Surface Water Pond. The design parameters describing the conditions for 
riprap apron design for Culvert 1 are described above.  Meanwhile, the peak discharge of 
Reach C3 into the North Surface Water Pond Series 4 during the 25-year, 24-hour rainfall 
event is 465.10 cfs. The 8 ft (base width) by 3.5 ft (channel depth) trapezoidal channel was 
considered as two representative 3.79 ft circular culverts (corresponding to the area of the
peak depth of flow within the channel). Each representative culvert is assumed to convey 
half the peak 25-year, 24-hour rainfall event discharge, solely for the purposes of riprap 
apron design. Since the invert elevation of Reach C3 is above the peak pond elevation for 
the 25-year, 24-hour rainfall event, the tailwater depth was taken as the peak depth within 
Reach C3.

4 RESULTS

The depth of flow, velocity, and average tractive stress for the calculated discharge for 
each perimeter drainage channel reach during the design rainfall event were calculated 
using Equations (1) and (2). Calculations for each perimeter channel reach were 
performed using spreadsheets with results that are summarized in Table 2E-9. Spreadsheet 
results for the channel reach with the largest peak flow rate for each perimeter channel are 
presented in Appendix 2E-1. For both rainfall events, the performance of Culvert 1 from 
HY-8 modeling is presented in Table 2E-9 and shown on Figures 2E-3 and 2E-4.

The available freeboard in all perimeter channel reaches is calculated to be 
greater than 0.5 feet during the 25-year, 24-hour rainfall event.

Each perimeter channel reach was designed to be able to convey the 100-
year, 24-hour rainfall event without overtopping as presented in Table 2E-9.
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The average tractive stress during the 25-year, 24-hour rainfall event within 
each of the perimeter channel reaches is calculated to remain below the 
maximum one (1) psf (acceptable for grass-lined channels) or below 3.0 psf 
(acceptable as conservatively applied for geomembrane-lined channels).

Culvert 1 contains the capacity to convey the flow from Reach C2 to C3 
without overtopping the roadway at the culvert inlet wingwall.

The minimum d50 size of the riprap apron was computed by Equation (3) for
the outflow of each necessary discharge structure as summarized in Table 
2E-10.  In addition, the selected riprap class, apron depths and lengths are 
provided within the table for each riprap apron.

FHWA (2006) recommends an apron width of 3 times the outlet diameter at the up 
gradient end of the apron near the culvert outlet and a 3:1 rate of expansion at each edge 
along the length of the apron.  However, since each structure is discharging into a 
stabilized geomembrane-lined trapezoidal channel or surface water pond, the dimensions 
of the riprap aprons are restricted by the channel dimensions.  Therefore, the entire width 
of the channel (8 feet) should be lined with riprap for Culvert 1. The full apron width will 
be provided at the outlet of each perimeter channel into the North Surface Water Pond.
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Table 2E-1. Riprap Classes and Apron Dimensions

(from FHWA, 2006)
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Table 2E-2. Design Parameter Summary for Perimeter Drainage Channels and Culverts

Perimeter
Channel/
Culvert

Channel
Shape

Longitudinal
Channel

Slope (ft/ft)

Manning's
n

Bottom
Width (ft)

Depth
(ft)

Side
Slopes
(H:V)

Channel
Lining

25-year,
24-hour

Flow Rate
Q25 (cfs)

100-year,
24-hour

Flow Rate
Q100 (cfs)

Perimeter 
Reach A1

Trapezoid 0.005 0.015 3.0 3.0 3:1 Geomembrane 36.00 48.60

Perimeter 
Reach A2

Trapezoid 0.005 0.015 8.0 3.0 3:1 Geomembrane 196.10 270.00

Perimeter 
Reach A3

Trapezoid 0.076 0.015 13.0 1.5 3:1 Geomembrane 217.70 298.40

Perimeter 
Reach A4

Trapezoid 0.022 0.015 8.0 3.5 3:2 Geomembrane 216.90 298.20

Perimeter 
Reach A5

Trapezoid 0.008 0.015 8.0 3.5 3:3 Geomembrane 405.90 553.90

Perimeter 
Reach B1

Triangular 0.025 0.027 0.0 1.8 3:1
Native 

Vegetation
30.80 41.50

Perimeter 
Reach C1

Trapezoid 0.005 0.015 8.0 3.5 3:1 Geomembrane 275.60 376.60

Perimeter 
Reach C2

Trapezoid 0.005 0.015 8.0 3.5 3:1 Geomembrane 275.20 375.40

Perimeter 
Reach C3

Trapezoid 0.005 0.015 8.0 3.5 3:1 Geomembrane 465.10 639.10

Perimeter 
Reach C4

Trapezoid 0.005 0.015 8.0 3.5 3:1 Geomembrane 358.60 577.40

Culvert 1 Box 0.005 0.012 4.0 4.5 - Concrete 275.20 375.40
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Table 2E-3. Manning’s n Values for Open Channels

(from TxDOT, 2019)
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Table 2E-4. Retardation Class for Lining Materials

(from TxDOT, 2019)
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Table 2E-5. Permissible Shear Stress for Various Linings

(from TxDOT, 2019)
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Table 2E-6.  Permissible Shear Stresses for Various Linings

(from Fischenich, 2001)
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Table 2E-7. Manning’s n Values for Closed Conduits

(from TxDOT, 2019)
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Table 2E-8. Channel Capacity Calculation Results

Perimeter
Channel
Segment

25-year
Flow
Rate

Q25 (cfs)

Depth
of Flow

(ft)

Average
Velocity

(ft/s)

Average
Tractive

Stress (psf)

25-year
Freeboard

(ft)

100-year
Flow 
Rate

Q100 (cfs)

Depth
of Flow

(ft)

Average
Velocity

(ft/s)

Average
Tractive

Stress (psf)

Perimeter Reach A1 36.00 1.07 5.43 0.21 1.93 48.60 1.23 5.87 0.24

Perimeter Reach A2 196.10 1.80 8.13 0.39 1.20 270.00 2.12 8.88 0.44

Perimeter Reach A3 217.70 0.72 19.90 2.93 0.78 298.40 0.86 22.13 3.44

Perimeter Reach A4 216.90 1.28 14.28 1.32 2.22 298.20 1.51 15.65 1.51

Perimeter Reach A5 405.90 2.34 11.55 0.73 1.16 553.90 2.72 12.56 0.83

Perimeter Reach B1 30.80 1.28 6.24 0.94 0.52 41.50 1.43 6.73 1.05

Perimeter Reach C1 275.60 2.14 8.93 0.45 1.36 376.60 2.50 9.72 0.51

Perimeter Reach C2 275.20 2.14 8.92 0.45 1.36 375.40 2.49 9.71 0.51

Perimeter Reach C3 465.10 2.77 10.28 0.55 0.73 639.10 3.23 11.19 0.63

Perimeter Reach C4 358.60 2.42 9.73 0.51 1.08 577.40 3.05 11.05 0.62
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Table 2E-9. Culvert 1 Capacity Analysis Results

Design 
Case

Total
Flow 
Rate

Q (cfs)

Pipe
Flow
(cfs)

Pipe
Velocity

(fps)

Roadway
Flow
(cfs)

Tailwater
Elev
(ft)

Headwater
Elev
(ft)

25-year,
24-hour

275.20 275.20 9.42 0.0 640.95 643.42

100-year,
24-hour

375.40 375.40 10.10 0.0 641.31 644.46
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Table 2E-10.  Riprap Apron Design Summary

Riprap Apron
Structure

Riprap Size
d50 (ft)

Riprap 
Class

Apron 
Depth (ft)

Apron 
Length (ft)

Culvert 1 0.40 1 1.0 18.0
Perimeter Reach C3 1.72 6 3.4 30.4
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FIGURES

Figure 2E-1.  Typical Geometry of Riprap Aprons at Culverts (from FHWA, 2006)

Figure 2E-2. TxDOT Standard Detail FW-0 for Concrete Wingwalls

Figure 2E-3. HY-8 Modeling Output for 100-Year Event Culvert 1

Figure 2E-4. HY-8 Modeling Output for 25-Year Event Culvert 1
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Figure 2E-1.  Typical Geometry of Riprap Aprons at Culverts

(from FHWA, 2006)
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Figure 2E-2.  TxDOT Standard Detail FW-0 for Concrete Wingwalls

Source: ftp://ftp.dot.state.tx.us/pub/txdot-info/cmd/cserve/standard/bridge/fw-0stde.pdf (Date Accessed: 12/4/2019)
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Figure 2E-3. HY-8 Modeling Output for 100-Year Event Culvert 1

Figure 2E-4. HY-8 Modeling Output for 25-Year Event Culvert 1
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Appendix 2E-1

Perimeter Channel Calculations
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the contaminated runoff and prevent surface run-on resulting from the 25-year rainfall 
event.

2 ASSUMPTIONS AND PROCEDURES

The following sections discuss the assumptions and procedures for the design of the 
temporary diversion berms and temporary containment and run-on berms.

2.1 Diversion Berm

It is assumed that temporary diversion berms will be installed with flow line (longitudinal) 
slopes ranging from 0.5% to 2%.  Temporary diversion berms will be placed up-gradient
from the active working face. The temporary diversion berms are assumed to be “tack-on” 
berms with a 2.5:1 side slope (see Figure 2F-1 of this calculation package) to form a v-
shaped channel.  A channel depth of 2.5 feet was assumed (i.e., this is a fixed parameter of 
these calculations). The Rational Method described in the Texas Department of 
Transportation Hydraulic Design Manual (TxDOT, 2019) is used to calculate the peak 
surface water discharge (since the drainage area will be less than 200 acres). A given 
diversion berm is anticipated to temporarily manage drainage areas on the order of 30 acres
or more and is designed accordingly as presented herein. The channels were sized 
assuming they are flowing full, considered adequate since they are interior and temporary 
site features, and given other conservative selections of parameters as documented herein.
The following steps were utilized to calculate the drainage areas that each diversion berm 
can accommodate.  

1. Compute the discharge capacity of diversion berms with 0.5%, 1%, 1.5%, and 2% 
slopes using Manning’s Equation for open channel flow.

2. Apply the Rational Method to compute the up-gradient drainage area that would
produce the discharge capacity calculated in Step 1.

Manning’s equation was used to estimate the peak discharge capacity of the v-shaped 
channel created by a temporary diversion berm.  Manning’s equation (Chow, 1959) is 
expressed as: 

2
1

3
249.1

SAR
n

Q (1)

where:
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Q = discharge (cfs),

n = Manning’s roughness coefficient,

A = area of cross-section of flow (ft2),

P = wetted perimeter (ft),

R = hydraulic radius = A/P (ft), and

S = longitudinal slope (ft/ft).

The peak discharge from the contributing drainage area by the Rational Method can be 
computed by:

Q = C × I × A (2)

where:

Q = peak design discharge (cfs),

C = runoff coefficient (dimensionless),

I = design rainfall intensity (in/hr), and

A = drainage area (acres).

The design rainfall intensity in Equation (2) is calculated using guidance in the TxDOT 
Hydraulic Design Manual (TxDOT, 2019). In September 2018, the National Oceanic and 
Atmospheric Administration (NOAA) released updated “Atlas 14” precipitation frequency
estimates for Texas. This new rainfall data is currently considered by TxDOT (2019) to be 
the best available data for calculating design rainfall intensity. TxDOT (2019) also 
recommends 10 minutes as the minimum time of concentration for the Rational Method 
because small areas with exceedingly short times of concentration could result in design 
rainfall intensities that are unrealistically high. The rainfall intensity for the 25-year, 10-
minute duration rainfall event is 7.92 inches per hour (in/hr) for the site, as shown in Table 
2F-1 (NOAA, 2018).

Equation (2) is rearranged, and the watershed drainage area was back-calculated for each 
potential flow line slope of a temporary diversion berm.
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2.2 Containment and Run-On Berms

It is assumed that temporary containment and run-on berms (which may be a shared berm, 
provided that the berm height is the larger of the two required heights) will be constructed 
with 3H:1V side slopes and will be constructed to varying heights, depending on the 
geometry of the working face, storage area, and resulting calculated volume of 
contaminated water and surface run-on water to be stored on each respective side of the 
berm(s). These containment and run-on berms are designed to have one foot (1-ft) of 
freeboard. The required height of the containment berms is calculated for drainage areas
ranging from 0.5 to 4.0 acres (to encompass a range of potential active area sizes in and 
around the working face itself) and contaminated water storage areas ranging from 0.1 to 
1.0 acres.  The required height of the run-on berms is calculated for drainage areas ranging
from 2.0 to 30.0 acres (to account for a range of potential up-gradient excavation area sizes
adjacent to an active Sector/working face) and surface run-on water storage areas ranging 
from 0.25 to 5.0 acres. The following steps were utilized to calculate the height required
for each of the containment and run-on berm scenarios.

1. Calculate the 25-year, 24-hour rainfall volume to be captured behind the
containment and run-on berm.

2. Calculate the height of the containment and run-on berm required to hold the 
volume of water calculated in Step 1, and then add 1-ft of freeboard to calculate the
resulting total berm height (i.e., the required minimum berm height).

The total required storage volume of surface water is calculated by:

V = AD × R (3)

where: 

V = total storage volume (ft3),

AD = drainage area (ft2), and

R = 25-year, 24-hour rainfall depth (ft).

For these calculations, 100% of the precipitation over the drainage area is considered 
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surface water runoff that requires containment (i.e., no infiltration).  This is a conservative 
assumption for sizing of these berms because it is likely that some infiltration will occur.
The 25-year, 24-hour rainfall depth is provided in Table 2F-2.

The required height for each of the containment and run-on berm scenarios is computed by 
Equation (4):

H = V/AS + 1.0 ft freeboard (4)

where:

V = total storage volume (ft3),

H = total height of containment or run-on berm (ft), and

AS = storage area (ft2).

3 DESIGN PARAMETERS

The following sections discuss the justification behind the selected design parameters for 
the temporary diversion berms and temporary containment and run-on berms.

3.1 Diversion Berm

The Manning’s Roughness Coefficient (n) for the diversion berm was selected as 0.02 for 
clean, recently completed earth channels that are straight and uniform, as shown in Table 
2F-3 (TxDOT, 2019). The peak discharge flowing to the channel is calculated using the 
Rational Method. 

A runoff coefficient (C) was selected based on information provided by TxDOT (2019) for 
rural watersheds, as shown in Table 2F-4.  The runoff coefficients provided apply to 
storms of up to a 10-year frequency.  The total runoff coefficient is based on the sum of the 
four runoff components in Table 2F-4.  The 25-year runoff coefficient is calculated using 
the following equation:

C = Cr + Ci + Cv + Cs (5)

The following runoff coefficient is estimated for the steep 3H:1V side slope drainage 
areas:

C = 0.35+ 0.16+ 0.08 + 0.12 = 0.71
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For a conservative design approach, a minimum time of concentration of 10 minutes was 
used to calculate the rainfall intensity from Table 2F-1. TxDOT (2019) recommends 10 
minutes for the minimum time of concentration because small areas with exceedingly short 
times of concentration could result in design rainfall intensities that are unrealistically 
high, as discussed above.

3.2 Containment and Run-On Berm

The temporary containment and run-on berms were sized by determining the rainfall depth 
from NOAA Atlas 14 precipitation frequency estimates for Texas (TxDOT, 2019). The 
rainfall depth for the 25-year, 24-hour rainfall event is listed as 7.17 inches (0.60 feet).

4 RESULTS

The results of the temporary diversion berms calculation are summarized in Table 2F-5 for 
each assumed flow line slope.  The drainage areas calculated represent the maximum 
drainage area that each temporary diversion berm configuration can accommodate for the 
25-year, 24-hour design rainfall event. It should be noted that multiple diversion berms
may be constructed if, during operations, a larger area than those calculated in Table 2F-5
will be draining towards the active face, in order to comply with the drainage area
requirements presented herein for the given berm height and the selected flow line slope.

The results of the temporary containment and run-on berms calculations are summarized in 
Table 2F-6 and Table 2F-7, respectively. It is noted that the results presented in Table 2F-
6 and Table 2F-7 cover various combinations of drainage areas and water storage areas, to 
allow for flexibility of site operations. The facility will use this information to select the 
required berm height based on the corresponding dimensions of the drainage area and 
storage area. It is noted that a licensed professional engineer is required to size the 
containment and run-on berms if conditions are not consistent or otherwise addressed by 
the current design presented in the tables. As mentioned, for most cases, it is expected 
that a temporary berm will act as both containment and run-on berm, provided that it must 
have the larger of the two required heights in order to serve the dual-purpose of acting as a 
containment berm and a run-on berm. However, it should be noted that separate 
containment and run-on berms meeting the requirements presented herein for a given 
drainage situation may be constructed at the facility’s discretion.

Additionally, if the working face is built directly on top of the protective cover of the liner 
system (i.e., for the first lift of waste placed in a newly lined sector), the containment and 
run-on berm shall be installed within the lined area of the cell or phase.
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Table 2F-1. NOAA Atlas 14 Point Precipitation Frequency Estimates for 
Rainfall Intensity (from NOAA, 2018)
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Table 2F-2. NOAA Atlas 14 Point Precipitation Frequency Estimates for Rainfall 
Depth (from NOAA, 2018)
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Table 2F-3. Manning’s Roughness Coefficients for Open Channels

(from TxDOT, 2019)
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Table 2F-4. Runoff Coefficients for Rural Watersheds

(from TxDOT, 2019)
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Table 2F-5.  Diversion Berm Drainage Area Sizing

Depth of 
Channel 

(ft)

Diversion 
Berm Flow 

Line Slope (%)

Maximum 
Predicted Flow 
Velocity (ft/s)

Maximum 
Predicted Flow 

Rate (cfs)

Maximum 
Drainage 
Area (ac)

2.5

0.5% 5.9 100.8 17.9
1.0% 8.3 142.5 25.3
1.5% 10.2 174.6 31.0
2.0% 11.7 201.6 35.8

Note:

1. The back-calculated maximum allowable drainage area for the channel dimensions (geometry and
slope) given above, as calculated by the Rational Method, assumes that the channel created by the
diversion berm is flowing full when conveying the peak discharge during the 25-year rainfall event
and to the maximum contributing drainage area.
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Table 2F-6.  Containment Berm Heights for Various Drainage and Storage Areas

Containment 
Berm 

Drainage 
Area (ac)

Containment 
Berm Storage 

Volume 
(ac-ft)

Contaminated 
Water 

Storage Area 
(ac)

Minimum 
Required 

Berm Height 
(ft)

0.5 0.30
0.10 4.0
0.25 2.2
0.50 1.6

1.0 0.60
0.10 7.0
0.25 3.4
0.50 2.2

1.5 0.90
0.25 4.6
0.50 2.8
0.75 2.2

2.0 1.20
0.25 5.8
0.50 3.4
0.75 2.6

3.0 1.79
0.40 5.5
0.75 3.4
1.00 2.8

4.0 2.39
0.50 5.8
0.75 4.2
1.00 3.4

Notes:

1. The calculated required berm height includes 1-ft of freeboard for the containment berm.

2. Table is intended as a guide for the landfill operator, as during operation, the active working face 
location will change as filling progresses, and new containment berms will be constructed 
accordingly. The containment storage areas and corresponding berm heights are based on flat 
(horizontal) storage areas.  Containment berm storage volumes are provided as a guide for design of
areas that are not horizontal and flat (see Note 3). 

3. A licensed professional engineer is required to size the containment berms if conditions are not 
consistent or otherwise covered by the current design presented. 
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Table 2F-7. Run-On Berm Heights for Various Drainage and Storage Areas

Run-On 
Berm 

Drainage 
Area (ac)

Run-On 
Berm Storage 

Volume 
(ac-ft)

Run-On 
Water 

Storage 
Area (ac)

Minimum 
Required 

Berm Height 
(ft)

2.0 1.20
0.25 5.8
0.50 3.4
0.75 2.6

4.0 2.39
0.50 5.8
0.75 4.2
1.00 3.4

10.0 5.98
1.00 7.0
2.00 4.0
3.00 3.0

15.0 8.96
2.00 5.5
3.00 4.0
4.00 3.2

20.0 11.95
2.00 7.0
3.00 5.0
4.00 4.0

25.0 14.94
3.00 6.0
4.00 4.7
5.00 4.0

30.0 17.93
3.00 7.0
4.00 5.5
5.00 4.6

Notes:

1. The calculated required berm height includes 1-ft of freeboard for the containment berm.

2. Table is intended as a guide for the landfill operator, as during operation, the excavation areas 
contributing run-on towards the berm next to the active area will change as filling progresses, and 
new run-on berms will be constructed accordingly. The run-on storage areas and corresponding 
berm heights are based on flat (horizontal) storage areas.  The Run-on berm storage volumes are 
provided as a guide for design of areas that are not horizontal and flat (see Note 3).

3. A licensed professional engineer is required to size the run-on berms if conditions are not consistent 
or otherwise covered by the current design presented. 
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FIGURES

Figure 2F-1.  Typical/Schematic of Active Fill Area Section (Not to Scale (NTS))
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Figure 2F-1.  Typical/Schematic of Active Fill Area Section (Not to Scale (NTS))

Note: If the working face is built directly on top of the protective cover of the liner system (i.e., during the first waste lift in a new lined sector), the containment 
and run-on berm shall be constructed within the lined area.
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1. INTRODUCTION

The purpose of this document is to provide a plan for controlling erosion and sediment on 
intermediate cover for the Fort Worth C&D Landfill (the landfill).  Erosion control is necessary 
to maintain the integrity of the intermediate cover and to prevent off-site discharge of sediments.  
This Intermediate Cover Erosion and Sediment Control Plan (ICESCP) has been developed to 
address the requirements identified in Title 30 Texas Administrative Code (30 TAC) §330.305.

As required by 30 TAC §330.305(d), the landfill has been designed to provide effective erosional 
stability to top deck surfaces and external side slopes during all phases of landfill operation, 
closure, and post-closure care.  Top deck surfaces and external side slopes are:

those above grade slopes that directly drain to the facility surface water management 
system (i.e., areas where the surface water directly flows to a perimeter channel or 
surface water pond);

those slopes that have received intermediate or final cover; and

those surfaces that have either reached their permitted elevation, or will subsequently 
remain inactive for longer than 180 days.

Slopes that drain to areas of ongoing waste placement, pre-excavated areas, areas that have 
received only weekly cover, or areas under construction which have not received waste are not 
considered external side slopes.

The top deck surfaces and external side slopes will be covered with weekly cover, intermediate 
cover, or final cover.  The definitions of each of these cover systems and their respective erosion 
and sediment control practices are provided below.

1.1 Weekly Cover

Weekly cover is defined in 30 TAC §330.165(b) for Type IV landfills. Weekly cover consists of 
six inches of well-compacted earthen material (or approved alternative) not previously mixed 
with garbage, rubbish, or other solid waste.  The rate of cover must be no less than weekly, 
unless the Texas Commission on Environmental Quality (TCEQ) Executive Director approves 
another schedule.  The placement and erosion control practices for weekly cover areas are 
addressed in the Site Operating Plan (SOP).

1.2 Intermediate Cover

Intermediate cover is defined in 30 TAC §330.165(c).  Intermediate cover consists of at least 12 
inches of suitable earthen material and is graded and maintained to prevent erosion and ponding 
of water.  All areas that have received waste but will be inactive for longer than 180 days will be 
provided with intermediate cover.  Information regarding the erosion and sediment control 
practices for intermediate cover is provided in Section 3 of this ICESCP.  Additional information 
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regarding placement, maintenance, and repair of intermediate cover is located in Section 5 of this 
ICESCP and Section 24 of the SOP.

1.3 Final Cover

1.3.1 Reference to Closure Plan

Final cover is defined in 30 TAC §330, Subchapter K.  The final cover system for the landfill is
described in the Closure Plan located in Attachment 7 of the Site Development Plan (SDP). As 
areas of the landfill reach final grade, the final cover system and the permanent surface water 
management system will be installed, which includes vegetated top deck and side slopes, 
drainage terraces, and downchute channels.

1.3.2 Erosional Stability of the Final Cover

The long-term erosional stability of the final cover slopes is demonstrated using the Revised
Universal Soil Loss Equation (RUSLE) and is presented in Attachment 3E of the SDP. As 
shown in Attachment 3E and further described in the Closure Plan (Attachment 7), the calculated 
long-term annual soil loss is less than the long-term permissible value, indicating that the final 
cover system is designed with adequate resistance to erosion.  Refer to these aforementioned 
attachments for additional discussion to clarify the ground coverage percentage and other 
assumptions that factor in to the calculated long-term annual soil loss.  In particular, the 
“Conclusions and Recommendations” section of Attachment 3E discusses usage of soil loss 
results including how they relate to ground coverage.  Additionally, the erosional stability of the 
side slope drainage terraces, top deck drainage terraces, and downchutes is demonstrated based 
on calculated flow velocity and is presented in Attachment 2D.

1.3.3 Final Cover Maintenance

Maintenance requirements for areas with final cover during operations and after closure are 
addressed, respectively, in Section 24 of the SOP and Section 3 of the Post-Closure Plan 
Attachment 8 of the SDP).

1.4 Landfill Perimeter Areas

The permanent surface water management system design includes features in the landfill 
perimeter areas outside the footprint of the disposal area.  Runoff will be conveyed from the 
landfill to perimeter drainage channels and culverts and ultimately routed to the on-site surface
water pond or midpoint site outfall.  These features provide for non-erosive drainage of runoff 
from the landfill and surrounding site areas.  Perimeter drainage channels will be utilized during 
development and operation of the landfill and will ultimately convey surface water runoff from 
the final cover or intermediate cover slopes.  The erosional stability of the permanent drainage 
channels is demonstrated based on calculated flow velocity and is presented in Attachment 2E.
Maintenance requirements for perimeter drainage features are addressed in Section 3 in the Post-
Closure Plan located in Attachment 8 of the SDP.

IIIF-E-294



Fort Worth C&D Landfill, Tarrant County
Permit No. MSW-1983D

Part III, Attachment 2G – ICESCP

GW6953/ICESCP Geosyntec Consultants
May 2020

Page No. 2G-3

2. INTERMEDIATE COVER EROSION AND SEDIMENT CONTROL DESIGN

As required by 30 TAC §330.305(d), the landfill design must provide effective erosional stability 
to top deck surfaces and external side slopes.  An Intermediate Cover Erosion Analysis was 
performed and is included in Appendix 2G-1 of this ICESCP.

2.1 Permissible Soil Loss and Non-Erodible Velocity

A permissible soil loss of 50 tons/acre/year is used as the design criteria to which the calculated 
soil loss for intermediate cover is compared (TCEQ, 2018). For the purposes of the site-specific 
erosion and sediment control design, the permissible soil loss is the “permissible soil loss for 
comparable soil-slope lengths and soil-cover conditions” referred to by 30 TAC §330.305(d)(2).  
For comparison purposes, 50 tons/acre is equivalent to a soil thickness of 0.25 in. (six mm) for a 
soil with a typical bulk density of 110 pcf.

The permissible non-erodible velocity of five (5) ft/sec is used as the design criteria to which the 
estimated flow velocities are compared.  Storm Water Management Guidelines for Construction 
Activities (TxDOT, 2002) indicates that flow velocities should not exceed four (4) ft/sec in sandy 
soils or five (5) ft/sec in more cohesive soils.  Five (5) ft/sec is appropriate for this facility 
because it is anticipated that intermediate cover will be constructed of cohesive soils that are 
readily available at the site.

2.2 Intermediate Cover Erosion Analysis Results

The Intermediate Cover Erosion Analysis is presented in Appendix 2G-1 of this ICESCP.  The 
Revised Universal Soil Loss Equation (RUSLE) is used in the Intermediate Cover Erosion
Analysis to calculate the annual soil loss.  Results from the Intermediate Cover Erosion Analysis 
indicate that adequate erosional stability of the intermediate cover on the top deck and side 
slopes can be achieved with stabilized soil surfaces and surface water diversions.  To achieve 
effective erosional stability, the maximum parallel offset (horizontal) of the temporary diversion 
structures is 550-ft on the top deck. The maximum parallel offset for the external 3H:1V side
slopes is dependent on the ground cover attained on the interim cover.  For 60%, 70%, and 80%
ground cover on the interim cover system, the maximum parallel offset of terraces on the 
external 3H:1V side slopes is 300-ft, 500-ft, and 680-ft, respectively. These distances are based 
on a soil stabilization practice method that provides a cropping management factor (C) 
corresponding to the above options for percentage of ground cover. on the top deck and external 
side slopes.  The C values correspond to ground cover consisting of grass, grass-like plants,
mulch, or organic matter at least two inches deep covering the specified percentage of the surface 
of the intermediate cover.
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3. EROSION AND SEDIMENT CONTROL BEST MANAGEMENT PRACTICES
(BMPS)

Based on the Intermediate Cover Erosion Analysis presented in Appendix 2G-1 of this ICESCP, 
soil stabilization and surface water diversion BMPs are required for erosional stability of the 
intermediate cover on the top deck surface and external side slopes during landfill operations.  
Drawing 2G-1 depicts a plan view of the site to show an example configuration of a landfill 
development phase, showing the areas requiring erosion and sediment controls addressed in this 
plan.  Descriptions of the required soil stabilization and drainage controls are provided below.  
Optional BMPs that may be used in addition to the required BMPs at the landfill operator’s 
discretion are also described.

3.1 Soil Stabilization

The purpose of soil stabilization is to provide a ground cover that limits the rainfall impact 
energy, provides a limited amount of water storage through rainfall interception, and limits sheet 
flow runoff velocity by increasing surface roughness.  In the natural condition, soil is stabilized 
by native vegetation.  As previously described, the temporary soil stabilization practice must 
provide a maximum C value of 0.042 for intermediate cover.  These C values correspond to 
ground cover consisting of grass, grass-like plants, mulch, or organic matter at least two inches 
deep covering at least 60% of the surface of the intermediate cover.  Intermediate cover will be 
installed in accordance with the requirements of the SOP, will be stabilized with at least 60% 
ground cover within 180 days following installation, and will be maintained until final cover is
installed or waste filling operations resume. Placement of intermediate cover and stabilization 
activities will be documented in the Site Operating Record.  Details of the soil stabilization 
BMPs that will be implemented are listed below.

Vegetation – Vegetation, as a BMP, is the sowing or sodding of fast-germinating 
annual or perennial grasses, grains, or legumes to provide a vegetative stabilization for 
disturbed areas.  With leaves and stems above ground and fibrous roots below ground, 
vegetation can provide an effective and long-lasting ground cover.  Lack of water and 
lack of or improper use of soil amendments will usually result in poor vegetation 
establishment. Seed may be applied to the landfill surface by broadcasting, drilling, 
hydraulic methods such as hydroseeding or hydromulching, or other methods.  
Vegetation types, rates of application, and other specifications for establishing 
vegetation are left to the discretion of the landfill operator, but should be in accordance 
with temporary vegetation BMP standards or guidelines published by relevant State or 
local agencies, appropriate for the area.  An example of a standard vegetation 
specification is published in TxDOT (2014), the Texas Department of Transportation 
(TxDOT) Standard Specification for Construction and Maintenance of Highways, 
Streets, and Bridges, Item 162 (sodding) and Item 164 (seeding). Use of this particular 
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standard specification is not required but is provided as an example of a common and 
widely-used specification that provides vegetation-related BMPs.  Intermediate cover 
must achieve a relatively uniform ground cover of at least 60% within 180 days
following placement.  If vegetation establishment at the minimum density specified 
above cannot be achieved (due to drought, temperatures, or other unforeseen 
conditions), then additional soil stabilization BMPs (e.g., mulch) will be implemented 
until the required vegetation density is achieved.

Mulch – Mulching is the application of a layer of organic, biodegradable material 
which is spread over areas where vegetation is not yet established.  Types of mulch
include compost, shredded wood, straw, or manufactured products.  Mulch may be 
distributed over the ground surface dry or hydraulically applied as slurry.  If applied 
dry, the mulch must be tracked into the surface to prevent the mulch from being washed 
away.  If mulch is to be used as the only soil stabilization feature (i.e., without 
vegetation), a two-inch (minimum) thick layer of “primary grind” mulch is required.  
Note that “primary grind” mulch is mulch obtained from the primary run from an 
industrial tub grinder.  Primary grind mulch is very coarse mulch that mats together and 
resists washing away.  It is noted that this technique has been used successfully in 
stabilizing intermediate cover side slopes at similar landfill projects within Texas.  
Types of mulch slurries include hydromulch, bonded fiber matrix (BFM), flexible 
growth medium (FGM), as well as other commercially available products.  Slurry 
mixtures typically include a tackifier or binder which increases the strength and 
durability of the mulch.  Seed can also be added to the slurry, in which case the ground 
surface would be stabilized with a mulch/vegetation composite.  If mulch is used in lieu 
of vegetation for intermediate cover, then the mulch will be applied to cover all of the 
area requiring stabilization within 180 days of intermediate cover installation.  If mulch 
is used in conjunction with vegetation, then the mulch will be applied to areas where 
the vegetation fails to establish, or the mulch will be used as a supplemental layer to
encourage vegetative growth while providing some degree of soil stabilization until 
vegetation becomes established.

3.2 Surface Water Diversions

The purpose of a surface water diversion structure is to limit the length of slope over which 
surface water runoff can travel as sheet flow or shallow concentrated flow.  The diversion 
concentrates and laterally conveys surface water in a non-erosive manner to the perimeter ditch 
or downchute.  Surface water diversion BMPs that will be implemented are listed below.

Side Slope Drainage Terraces – The proposed final grading plan includes tack-on 
terraces on the external 3H:1V side slopes of the landfill.  These terraces will be 
constructed of intermediate cover overlying waste and will have a flow line (or 
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longitudinal) slope of approximately 2%.  The surface of the intermediate cover within
the terrace will be stabilized with vegetation or mulch.  Rolled erosion control products
may also be used for stabilization of the drainage terraces.  Details showing the 
required dimensions and spacing of the built-in terraces are provided on Drawing 2G-2.
Design calculations for these side slope drainage terraces on the intermediate cover 
surface are provided in Appendix 2G-2.

Top Deck Drainage Terraces – Top deck drainage terraces are open channels used to 
collect flow from top deck surfaces and convey it to the temporary downchute channels
along the side slopes in a non-erosive manner.  Top deck drainage terraces are designed 
as v-shaped channels with 3H:1V and 5% side slopes and a flow line slope of
approximately 0.15%. Details showing the required dimensions and layout of the 
drainage features are provided on Drawing 2G-2. Design calculations for the top deck 
drainage terraces on the intermediate cover surface are provided in Appendix 2G-2.

Temporary Downchutes – Temporary downchutes (also known as downdrains or let-
downs) are open channels used to collect flow from surface water diversion structures 
and convey it down the side slope in a non-erosive manner.  Downchutes will be 
constructed using soil berms to create an above-grade channel, or will be excavated to 
create a depressed channel (in which case a minimum of one foot of intermediate cover 
will be maintained beneath the downchute). The bottom and side slopes of the 
temporary downchute channel will be lined with turf reinforcement mat, geomembrane, 
reno mattress/articulated block, or other alternative lining material to prevent erosion.  
If an alternative lining material is used, the lining material must have a Manning’s n 
equal to or less than 0.015.  The lining material must be able to tolerate the anticipated
velocity and tractive stress at the design flow rate and corresponding calculated depth 
of flow. All equivalency evaluations performed pursuant to these criteria will be placed 
in the Site Operating Record. A rip rap apron will be installed at the downstream end 
of the downchutes to provide erosion protection.  Details showing the required 
dimensions and information on these structures are provided on Drawing 2G-2. Design
calculations for these temporary structures are provided in Appendix 2G-2.

3.3 Optional Erosion and Sediment Control BMPs

As demonstrated in the Intermediate Cover Erosion Analysis included in Appendix 2G-1, the soil 
stabilization and surface water diversion BMPs specified above in Sections 3.1 and 3.2 are the 
only BMPs required to limit soil loss in accordance with 30 TAC §330.305(d).  No other BMPs 
are required.  However, other erosion and sediment control BMPs may be implemented during 
landfill operations at the operator’s discretion in order to reduce soil losses even further than 
required or to provide temporary erosion and sediment controls during the period between 
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installation of intermediate cover and establishment of vegetation or mulch on the top deck and 
external side slopes.  Examples of optional BMPs that may be implemented are listed below.

Silt Fence – Silt fence consists of filter fabric supported by wire mesh netting or other 
backing stretched between either wooden or metal posts with the lower edge of the 
fabric securely embedded in the soil. Silt fence may be located as needed to intercept 
and filter sheet flow.  Typical locations of silt fence include along the toe or crest of 
external side slopes and should be installed at a fairly level grade.  Silt fence may not 
be used in areas of concentrated flow (e.g., channels and diversions).  The maximum 
drainage area to the silt fence should not exceed the manufacturer’s specification, but in 
no case shall the drainage area be greater than 0.5 acre per 100 ft of fence.  A typical 
silt fence detail is provided on Drawing 2G-3.

Biodegradable Logs – Biodegradable logs (or filter socks) consist of a biodegradable 
core material contained in a synthetic mesh sock or tube and are installed above, across, 
or below slopes to intercept and filter sheet flow.  The logs are anchored to the surface 
using stakes or other methods and should be installed at a fairly level grade.
Biodegradable logs may not be used in areas of concentrated flow (e.g., channels and 
diversions).  The maximum drainage area to the biodegradable logs should not exceed 
0.5 acre per 100 ft of log.  A typical biodegradable log detail is provided on Drawing 
2G-3.

Organic Berms – Organic berms (or organic filter berms) are linear berms constructed 
of mulch or a mix of mulch and compost.  Organic berms may be located as needed to
intercept and filter sheet flow.  Typical locations of organic berms include along the toe 
or crest of external side slopes.  Organic berms may not be used in areas of 
concentrated flow (e.g., channels, terraces, and diversions).  The maximum drainage 
area to the organic berms should not exceed 0.5 acre per 100 ft of berm.  A typical 
organic berm detail is provided on Drawing 2G-3.
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4. INTERMEDIATE COVER INSTALLATION AND STABILIZATION 
SCHEDULE

The schedule for installation of intermediate cover and associated erosion and sediment control 
BMPs is as follows:

Areas with weekly cover that remain inactive for periods greater than 180 days will 
receive intermediate cover.

Intermediate cover diversion structures and downchutes will be installed as soon as 
practical following placement of intermediate cover, but in no case more than 180 days 
from when intermediate cover is installed.

Intermediate cover will be stabilized with vegetation or mulch as soon as practical 
following placement of intermediate cover. A minimum of 60% land cover 
(corresponding to a maximum cropping management factor of 0.042) will be
established over the intermediate cover areas within 180 days from intermediate cover 
construction.

The intermediate cover and temporary erosion control structures will be maintained as 
detailed in Section 5 below (the Intermediate Cover Erosion and Sediment Control
Maintenance Plan).

Final cover will be constructed incrementally as the site develops.  Temporary erosion 
control features will be removed as permanent erosion control structures are 
constructed.
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5. INTERMEDIATE COVER EROSION AND SEDIMENT CONTROL
MAINTENANCE PLAN

The landfill operator will restore and repair the intermediate cover areas and their erosion and 
sediment control features in the event of washout or failure.  Excess silt buildup, weeds and other 
debris that are adversely affecting flow in diversion structures will be removed to restore their 
design configuration, followed by re-stabilizing the disturbed areas as appropriate.  Site 
inspections by landfill personnel will be performed weekly in accordance with the facility’s 
Texas Pollutant Discharge Elimination System (TPDES) Multi-Sector General Permit.  Written 
records of these inspections and maintenance activities will be maintained in the Site Operating 
Record, as further discussed in the Site Operating Plan (SOP).

The following items will be evaluated during the inspections:

presence of adequate vegetation coverage (grass and/or mulch) to meet the applicable 
minimum ground cover percentages specified herein;

adequacy of the spacing between interim diversion structures on side slopes in 
accordance with the table on Drawing 2G-2;

erosion of intermediate cover areas, perimeter ditches, diversion channels, downchutes, 
and other drainage features;

settlement of intermediate cover areas, diversion channels, downchutes, and other 
drainage features;

silt and sediment build-up in diversion channels, perimeter ditches, downchutes, and 
surface water ponds;

presence of ponded water on intermediate cover or behind diversion structures;

obstructions in drainage features;

presence of erosion or sediment discharge at off-site surface water discharge locations; 
and

functionality of temporary erosion and sediment control features.

Maintenance activities will be performed to correct damaged or deficient items noted during the 
site inspections.  These activities will be performed as soon as possible after the inspection.  
Damaged or deficient items will be corrected within seven days of detection unless access is 
restricted due to weather, ground conditions, and other site-specific conditions.

Maintenance activities will consist of the following, as needed:
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placement of additional vegetation or mulch on areas with deficient coverage;

adjustments to, or installation of, interim diversion structures that are found to be spaced 
inadequately;

placement, grading, and stabilization of additional soils in eroded areas or in areas which 
have settled;

replacement of riprap or other structural armoring;

removal of obstructions from drainage features;

removal of silt and sediment build-up from the erosion and sediment controls;

removal of ponded water on the intermediate cover or behind diversion structures;

repairs to erosion and sedimentation controls; and

installation of additional erosion and sedimentation controls, as needed.

Inspection, maintenance, and recordkeeping frequencies and techniques are discussed below.

Site inspections by landfill personnel will be performed weekly.

Documentation of the inspection will be included in the Site Operating Record.

Documentation of maintenance activities that were performed to correct damaged or 
deficient items noted during the site inspections will be included in the Site Operating 
Record.

Landfill personnel will be trained to perform inspections, install, and maintain erosion 
and sediment control features.
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channels and into the perimeter drainage channels. The proposed side slope drainage 
terraces will collect and convey surface water runoff from the side slopes to the 
downchute channels.  The perimeter drainage channels will also convey flow from these
diversion structures to the surface water pond located to the north of the landfill and 
those to the south of the landfill will convey flow to the midpoint site outfall.

A permissible soil loss of 50 tons/acre/year is adopted for the purposes of these 
calculations (TCEQ, 2018). Also, sheet flow and shallow concentrated flow velocities 
are evaluated to verify that the predicted velocity of runoff is maintained below the 
permissible erodible velocity of the intermediate cover soil, which is established as five
(5) ft/sec for cohesive soil as recommended by TxDOT (2002).

3 CALCULATION METHODOLOGY

The method to calculate the soil erosion loss over the project area was obtained from 
the guidance document Predicting Soil Erosion by Water: A Guide to Conservation 
Planning With the Revised Universal Soil Loss Equation (RUSLE) (USDA, 1997) as 
well as previously published information provided by USDA.  This document presents 
the Revised Universal Soil Loss Equation (RUSLE) and guidance for each of the 
equation’s parameters.  The RUSLE is described as follows:

A = R × K × LS × C × P

where:

A = the computed spatial average annual soil loss (tons/acre/year),

R = the average annual rainfall runoff erosivity factor,

K = the soil erodibility factor,

LS = the topographic factor,

C = the cover management factor, and

P = the erosion control practice factor.

The sheet flow and shallow concentrated flow velocities are estimated using guidance 
provided in TxDOT (2019) and USDA (2010).  TxDOT (2019) indicates that sheet flow 
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velocities (for distances up to 100 ft) may be estimated based on slope and surface 
conditions using Manning’s kinematic solution to estimate sheet flow travel time:

4.05.0
242

8.0007.0

SP

nL
Tt

where: Tt = travel time for sheet flow (hr);

n = roughness coefficient;

L = flow length (ft);

P2-24 = 2-year, 24-hour rainfall (in.); and

S = slope of hydraulic grade line (land slope, ft/ft).

The sheet flow velocity is V = L / Tt. The 2-year, 24-hour rainfall depth is provided by 
the National Oceanic Atmospheric Association’s (NOAA) Precipitation Frequency Data 
Server for Atlas 14. The 2-year, 24-hour rainfall depth is 3.91 inches (NOAA, 2018).
Roughness coefficient values for sheet flow are provided in Table 2G-1-1.

For shallow concentrated flow, the velocity can be estimated using the equation 
provided by USDA (2010), as follows:

V = Kv × S1/2

where:

V = shallow concentrated flow velocity (ft/s),

Kv = velocity factor (ft/s), and

S = slope (ft/ft).

The velocity factor (Kv) is selected from the description of the surface cover as provided 
in Table 2G-1-2. The estimates of sheet flow and shallow concentrated flow velocities
are compared to the permissible non-erodible velocity of five (5) ft/sec for cohesive soil 
as recommended by TxDOT (2002).

4 RUSLE PARAMETERS

4.1 Rainfall Runoff Erosivity Factor (R)

The rainfall runoff erosivity factor is defined as the average annual rainfall erosion 
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index specific for the project area.  Based on USDA (1997), the value of R was 
determined to be approximately 275 for Fort Worth, Texas, as shown in Figure 2G-1-1.

4.2 Soil Erodibility Factor (K)

The soil erodibility factor is a function of the physical and chemical properties of the 
soil and is specific to the source of the cover material. The soil erodibility factor can be 
thought of as the ease with which soil is detached by splash during rainfall or by surface 
flow.  The soils to be used for the intermediate cover system of the landfill are expected 
to be based on the native soils available at the project site or from local off-site sources.
For soil loss calculation purposes, assessments were made of on-site soils and those 
nearby, using the Tarrant County soil survey (USDA, 1981).  This information shows 
that the site and nearby area has soils that are a combination of a number of soil 
classifications, including the following: Frio, Gasil, Birome-Aubrey-Rayex, Arents, and 
Crosstell.  The Frio silty clay, Gasil fine sandy loam, and Gasil sandy clay loam 
formations constitute the majority of the site and will be used for intermediate cover 
materials. A soil survey map of the site vicinity was previously provided on Figure 2B-
2 that is included in Attachment 2B of the Facility Surface Water Drainage Report –
“On-Site Drainage Analysis – Hydrology.”

The Web Soil Survey tool operated by the USDA Natural Resources Conservation 
Service (NRCS) (2019) was consulted for Tarrant County for information on the 
corresponding soil erodibility factors.  The value of K for the project location soils near 
the surface varies from 0.15 to 0.28, where the estimate considers the erodibility of fine-
earth fraction for material less than two mm in size (using the Kf erosion factor 
provided in Table 2G-1-3). Thus, the use of 0.28 in the calculation is a conservative 
value of the formations that are most predominant at the site and surrounding areas (i.e., 
the most likely source of future intermediate cover).

4.3 Topographic Factor (LS)

The slope length factor and slope steepness factor are typically combined into one 
topographic factor, LS, to facilitate field application of these equation components.  
USDA (1997) presents values of the LS factor for slope lengths in feet up to 1,000 feet 
and percent slopes up to 60%, as shown in Table 2G-1-4. To manage surface water 
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runoff from the intermediate surface slopes and terraces, temporary surface water 
diversion structures will be installed on the intermediate cover system.  The surface
water diversion features will be placed to limit soil erosion.

The average slope length on the intermediate cover system was used to determine the 
LS factor.  This length provides an estimate of soil loss over the entire intermediate 
cover system. The top deck surface slope will consist of a 5% grade along a length of 
approximately 550 ft. The intermediate cover system consists of a 3H:1V (i.e., 33.3%) 
side slope with periodic “tack-on” side slope drainage terraces. Three options are 
evaluated for ground coverage scenarios: 60%, 70%, and 80% ground coverage. The 
reason for evaluating different ground coverage percentages is to provide flexibility to
the operator on the resulting required terrace spacing, based on the ground coverage that 
the facility is able to achieve. The maximum side slope length is approximately 680 ft 
which is used as a limiting factor on the erosion analysis. The following LS factors are 
selected from Table 2G-1-4 and apply to the average length along the top deck and side 
slopes of the intermediate cover system of the landfill:

Top Deck – 5% slope over a length of 550 ft, LS = 1.81

Side Slopes (60% Cover) – 33% slope over a length of 300 ft, LS = 14.96

Side Slopes (70% Cover) – 33% slope over a length of 500 ft, LS = 22.44

Side Slopes (80% Cover) – 33% slope over a length of 680 ft, LS = 28.76

4.4 Cover Management Factor (C)

The cover management factor is a function of the type of land cover, based on three 
factors: (i) the vegetative cover in direct contact with the soil surface, (ii) the canopy 
cover, and (iii) the effects at and beneath the surface.  The intermediate cover is 
categorized as Pasture, Range, and Idle Land, with C values provided in Table 2G-1-5
(USDA, 1977). The land cover is assumed to have no appreciable canopy and a ground 
cover surface that is grass, mulch, grass-like plants, decaying compacted duff, or litter 
at least two inches deep. It is noted that the terms “duff” and “litter” are terms used by 
USDA and refer to types of organic ground cover material, not waste.  For these 
conditions, the “C” values in Table 2G-1-5 vary depending on the percent ground cover. 
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For 60% ground cover of grass the C value is 0.042.  For 70% ground cover of 
grass/mulch, by interpolating on the table, the C value is 0.0275. For 80% ground cover 
of mulch, the C value is 0.013. These three ground cover scenarios will be evaluated
herein.

4.5 Erosion Control Practice Factor (P)

The erosion control practice factor considers topographical practices that will reduce 
erosion by altering runoff drainage patterns. This factor generally applies to 
agricultural cropping practices and is not anticipated for the landfill.  Therefore, the P 
factor is assumed to be equal to one.

5 FLOW VELOCITY PARAMETERS

5.1 Watercourse Slope

The watercourse slopes for estimating the maximum flow velocities are as follows:

Top Deck – 5% slope;

Side Slopes – 3H:1V (33.3%) slope

5.2 Surface Condition

For sheet flow velocity calculation purposes, the surface condition of the intermediate 
cover is assumed to be: (i) minimum percent ground cover 60%; (ii) no appreciable 
canopy; and (iii) ground cover at surface is grass, grass-like plants, decaying compacted 
duff, or litter at least two inches deep.  Only the 60% ground cover scenario is 
evaluated, since a 70% (or greater) ground cover will result in lower velocities.  For 
estimating sheet flow velocities for flow distances less than 100 ft using TxDOT (2019),
a roughness coefficient of n = 0.05 for fallow surfaces and n = 0.15 for short grass 
prairies as shown in Table 2G-1-1.

The surface conditions most applicable to the intermediate cover conditions are “nearly 
bare ground” and “short grass pasture and lawns.”  To estimate the shallow 
concentrated flow velocity for 60% ground coverage, a weighted average flow velocity 
is calculated from the “nearly bare ground” and “short grass pasture and lawns” flow 
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velocities based on the ground coverage of each cover condition.  Note that this surface 
condition is applicable for grass and grass-like plants.  For ground cover consisting of 
decaying compacted duff or litter (e.g., mulch), the most applicable representative 
surface condition for velocity calculation purposes is “forest with heavy ground litter 
and hay meadows.”  While the mulch-covered slopes of the landfill are not situated in a 
forest, the mulched surface will have a surface condition (or “roughness”) that is best 
compared to “heavy ground litter” found in a forest (i.e., decaying duff and litter, twigs, 
etc.). However, the “short grass pasture and lawns” cover will result in larger 
velocities, and therefore, the mulch cover will not be considered in estimating shallow 
concentrated flow velocities.

For estimating shallow concentrated flow velocities for flow distances more than 100 ft 
using USDA (2010), a velocity factor (Kv) of 9.965 is selected from Table 2G-1-2 for a 
“nearly bare and untilled” surface and Kv = 6.962 for “short-grass pasture.” The 
velocity factor is applied with the slope to estimate the velocity of the interim cover 
condition for shallow concentrated flow (after 100-ft of sheet flow).

6 RESULTS

6.1 RUSLE

Applying the RUSLE with the parameters defined above, the computed soil loss in
tons/acre/year is calculated as follows:

A = R × K × LS × C × P

Top Deck Slopes, 60% ground cover:

A = 275 × 0.28 × 1.81 × 0.042 × 1 = 5.85 tons/acre/year

Side Slopes, 60% ground cover, 300-ft slope length between terraces:

A = 275 × 0.28 × 14.96 × 0.042 × 1 = 48.37 tons/acre/year

Top Deck Slopes, 70% ground cover:

A = 275 × 0.28 × 1.81 × 0.0275 × 1 = 3.83 tons/acre/year

Side Slopes, 70% ground cover, 500-ft slope length between terraces:
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A = 275 × 0.28 × 22.44 × 0.0275 × 1 = 47.52 tons/acre/year

Top Deck Slopes, 80% ground cover:

A = 275 × 0.28 × 1.81 × 0.013 × 1 = 1.81 tons/acre/year

Side Slopes, 80% ground cover, 680-ft slope length between terraces:

A = 275 × 0.28 × 28.76 × 0.013 × 1 = 28.79 tons/acre/year

As shown above, the calculated annual soil loss from the intermediate cover on the top 
deck and side slope surfaces are less than the 50 tons/acre/year permissible rate of soil 
loss for interim conditions. These results show that if 60% ground cover is present, the 
side slope terraces should be placed no greater than 300-ft apart.  If 70% ground cover 
is present, the side slope terraces may be placed up to 500-ft apart. If 80% ground 
cover is present during interim conditions, the side slope terraces may be placed up to 
680-ft apart.  It is expected that 60%, 70%, and 80% ground cover can be achieved with
grassing, a combination of grassing and mulching, and mulching, respectively.  Table
2G-1-6 summarizes allowable side slope terrace spacing under each ground cover
option.

6.2 Erodible Velocity

As mentioned previously, sheet flow velocity estimates are performed only for the more 
conservative condition of having only 60% ground cover.  The estimated velocities are 
as follows:

Top Deck Slopes (5%): For sheet flow (length up to 100 ft)

V = L / Tt = 100 / [0.007×(0.05×100)0.8/(3.910.5×0.050.4)] = 0.7 ft/s (for bare 
ground) and 

V = L / Tt = 100 / [0.007×(0.15×100)0.8/(3.910.5×0.050.4)] = 0.3 ft/s (for 
grass).

The weighted average value for the sheet flow velocity for 60% ground cover is 
calculated as:

Top Deck Sheet Flow Velocity = 0.7 × 0.40 + 0.3 × 0.60 = 0.4 ft/s
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For distances greater than 100-ft on the top deck, where flow becomes shallow 
concentrated flow, the velocity estimates using the previously mentioned equation are
calculated as:

Top Deck Slopes (5%): For shallow concentrated flow (lengths over 100 ft)

V = Kv×S1/2 = 9.965×0.051/2 = 2.2 ft/s (for bare ground) and

V = Kv×S1/2 = 6.962×0.051/2 = 1.6 ft/s (for grass).

The weighted average value for the shallow concentrated flow velocity for 60% ground 
cover is calculated as:

Top Deck Shallow Concentrated Flow Velocity = 2.2 × 0.40 + 1.6 × 0.60 = 1.8 ft/s

Side Slopes (33%): For sheet flow (length up to 100 ft)

V = L / Tt = 100 / [0.007×(0.05×100)0.8/(3.910.5×0.330.4)] = 1.4 ft/s (for bare 
ground) and

V = L / Tt = 100 / [0.007×(0.15×100)0.8/(3.910.5×0.330.4)] = 0.6 ft/s (for 
grass).

The weighted average value for the sheet flow velocity for 60% ground cover is 
calculated as:

Side Slopes Sheet Flow Velocity = 1.4 × 0.40 + 0.6 × 0.60 = 0.9 ft/s

For distances greater than 100-ft on the top deck, where flow becomes shallow 
concentrated flow, the velocity estimates using the previously mentioned equation are
calculated as:

Side Slopes (33%): For shallow concentrated flow (lengths over 100 ft)

V = Kv×S1/2 = 9.965×0.331/2 = 5.8 ft/s (for bare ground) and

V = Kv×S1/2 = 6.962×0.051/2 = 4.0 ft/s (for grass).

The weighted average value for the shallow concentrated flow velocity for 60% ground 
cover is calculated as:

Side Slopes Shallow Concentrated Flow Velocity = 5.8 × 0.40 + 4.0 × 0.60 = 4.7 ft/s
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As shown above, the estimated flow velocities are less than the permissible non-erosive 
velocity of 5.0 ft/s.

7 CONCLUSIONS

The ground surface cover condition and maximum terrace spacing requirements are 
computed above and summarized in Table 2G-1-6. Based on the calculations presented 
herein, the following conclusions are drawn:

For the conditions analyzed herein, the calculated soil loss from the intermediate 
cover is less than the permissible soil loss of 50 tons/acre/year, which is 
acceptable.

For the conditions analyzed herein, the estimated velocities for the top deck and 
side slope surfaces were calculated to be less than the permissible non-erosive 
velocity of five (5) ft/sec, which is acceptable.

To provide effective erosional stability on the external facing 5% top deck slope 
surfaces, a horizontal spacing of 550-ft between temporary diversion structures 
is acceptable for a 60% or greater ground cover of grass/mulch or the like.

To provide effective erosional stability on the external facing 33% side slopes 
when there is a 60% ground cover of grass/mulch or the like, the maximum 
horizontal spacing between terraces should be 300-ft.

To provide effective erosional stability on the external facing 33% side slopes 
when there is a 70% or greater ground cover of grass/mulch or the like, the 
maximum horizontal spacing between terraces should be 500-ft.

To provide effective erosional stability on the external facing 33% side slopes 
when there is a 80% or greater ground cover of grass/mulch or the like, the 
maximum horizontal spacing between terraces should be 680-ft corresponding 
to the maximum side slope length.
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TABLES
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Travel Time (from TxDOT, 2019)
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Velocity to Surface Slope (from USDA, 2010)

Table 2G-1-3. Soil Erodibility Factor K for Frio and Gasil Soils (from USDA, 

2019)

Table 2G-1-4. Values for Topographic Factor, LS, for High Ratio of Rill to 

Interrill Erosion (from USDA, 1997)

Table 2G-1-5. C Factor Cover Values for Permanent Pasture, Rangeland, Idle 

Land, and Grazed Woodland (from USDA, 1977)

Table 2G-1-6.  Summary of Maximum Allowable Drainage Terrace Spacing
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Table 2G-1-1.  Sheet Flow Roughness Coefficients for Calculating Sheet Flow 

Travel Time (from TxDOT, 2019)
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Table 2G-1-2. Equations and Assumptions Relating Shallow Concentrated Flow 

Velocity to Surface Slope (from USDA, 2010)
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Table 2G-1-3. Soil Erodibility Factor K for Frio and Gasil Soils

(from USDA, 2019)

Map Unit 
Symbol

Map Unit Name 
Soil Erodibility Factor, 

Kf

27
Frio silty clay, 

frequently 
flooded

0.24

30
Gasil fine sandy 

loam, 3 to 8 
percent slopes

0.28

31

Gasil sandy clay 
loam, graded, 1 

to 5 percent 
slopes

0.15
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Table 2G-1-4.  Values for Topographic Factor, LS, for High Ratio of Rill to Interrill Erosion1

(from USDA, 1997)
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Table 2G-1-5. C Factor Cover Values for Permanent Pasture, Rangeland, Idle Land, and 
Grazed Woodland1

(from USDA, 1977)
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Table 2G-1-6. Summary of Maximum Allowable Drainage Terrace Spacing

Interim Cover 
Stabilization

Method

Required 
Minimum Ground 

Cover

Maximum Allowable Terrace Spacing Calculated 
Velocity

<
Permissible 
Velocity?

5% Top Deck 33% Side Slopes

Grass 60% 550-ft 300-ft Yes

Grass & Mulch 70% 550-ft 500-ft Yes

Mulch 80% 550-ft 680-ft Yes
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FIGURES

Figure 2G-1-1.  Average Annual Rainfall Runoff Erosivity Factor, R, Isoerodent Map 
(from USDA, 1997)
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Figure 2G-1-1. Average Annual Rainfall Runoff Erosivity Factor, R, Isoerodent Map

(from USDA, 1997)
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A = drainage area (acres).

In September 2018, the National Oceanic and Atmospheric Administration (NOAA) 
released updated precipitation frequency estimates for Texas.  This rainfall data is 
currently considered by TxDOT (2019) to be the best available data for calculating design 
rainfall intensity.  TxDOT (2019) also recommends 10 minutes as the minimum time of
concentration for the Rational Method because small areas with exceedingly short times of 
concentration could result in design rainfall intensities that are unrealistically high.  The 
rainfall intensity for the 25-year, 10-minute duration rainfall event is 7.92 inches per hour 
(in/hr) for the site (NOAA, 2018). 

2.2 Hydraulic Design of Diversion Structures

Manning’s equation is applied to the calculate peak discharge rates through each 
intermediate cover diversion structure.  Manning’s equation (Chow, 1959) is expressed as:

2
1

3
249.1

SAR
n

Q (4)

where:

Q = discharge (cfs),

n = Manning’s roughness coefficient,

A = area of cross-section of flow (ft2),

R = hydraulic radius = A/P (ft),

P = wetted perimeter (ft), and

S = longitudinal slope (ft/ft).

The tractive stresses in the channel for various depths of flow are estimated using the 
following equation (Chow, 1959):

RSwo
(5)

where:

o = average tractive stress (lb/ft2),
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w = unit weight of water (lb/ft3),

R = hydraulic radius = A/P (ft), and

S = channel slope (ft/ft).

Each diversion structure is designed to convey the peak runoff discharge from the 25-year
rainfall event as calculated by the Rational Method. The depth of flow, maximum 
velocity, and tractive stress for the design rainfall event through each channel reach is 
calculated using Manning’s equation and the tractive stress equation.

3 DESIGN PARAMETERS

The following sections describe the selected parameters applied in the calculations of the 
peak runoff discharge by the Rational Method and the capacity of the drainage structures 
by Manning’s equation.

3.1 Drainage Areas

The diversion structures on the intermediate cover are designed for the runoff from
contributing drainage areas during landfill operating conditions. It is envisioned that the 
temporary side slope drainage terraces, top deck drainage terraces, and temporary 
downchutes on the intermediate cover system will be installed to approximate the post-
development (i.e., final) drainage patterns of the final cover system. Accordingly, the 
drainage areas contributing to each of these structures during interim conditions are 
selected based on the largest area that contributes to the type of structure according to the 
grading plan layout of the final cover grades. The largest top deck area (8.82 acres) that 
contributes to a single drainage terrace is selected to design the typical top deck drainage 
terraces on the intermediate cover. The sum of the largest top deck (8.82 acres) and side 
slope (4.09 acres) areas which combine to a single downchute is selected as the design 
drainage area (12.91 acres) for the typical downchute channel on the intermediate cover.

Meanwhile, side slope drainage terraces will have a maximum spacing of 300-ft, 500-ft, or
680-ft apart depending on the ground cover applied (and resulting ground cover
percentage) to the 3H:1V intermediate cover side slopes. The longest side slope drainage 
terrace (approximately 1,940-ft in length) is selected for the design of the typical side slope 
drainage terraces for each spacing. The drainage area selected for the design of side slope
drainage terraces is calculated based on the longest length and the maximum spacing for 
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each ground cover scenario for the intermediate cover side slopes.

3.2 Runoff Coefficients

A runoff coefficient (C) was selected based on information provided by TxDOT (2019) for 
rural watersheds, as shown in Table 2G-2-1. The total runoff coefficient is based on the
sum of the four runoff components in Table 2G-2-1. The 25-year runoff coefficient is 
calculated using the following equation:

C = (Cr + Ci + Cv + Cs) (6)

The following runoff coefficient is estimated for the steep 3H:1V side slope drainage 
areas:

C = (0.35 + 0.16 + 0.08 + 0.12) = 0.710

The following runoff coefficient is estimated for the flatter (5%) top deck drainage areas:

C = (0.14+ 0.16 + 0.08 + 0.12) = 0.500

The following runoff coefficient is estimated for the drainage areas contributing to the 
downchute channels using a weighted average of the top deck and side slope runoff 
coefficients per the drainage areas listed above:

C = (8.82 ac × 0.500 + 4.09 ac × 0.710) / (8.82 ac + 4.09 ac) = 0.567

3.3 Manning’s Roughness Coefficient

Manning’s roughness coefficient (n) is a measure of the surface roughness of a pipe, 
conduit, channel or other hydraulic structure. As the Manning’s roughness coefficient
increases, the resistance to flow within a channel increases. As shown in Table 2G-2-2
(TxDOT, 2019), Manning’s roughness coefficients were selected based on a grass-lined 
side slope drainage terrace and top deck drainage terrace and geomembrane lined interim 
downchute channel. A Manning’s roughness coefficient of n = 0.027 was selected for 
grass-lined channels.  A Manning’s roughness coefficient of n = 0.015 was selected for 
geomembrane lined downchute channels based on a representative value for lined channels 
with similar roughness as a float finished concrete lining.  Roughness values are not 
available for textured HDPE geomembrane; smooth HDPE has a roughness of 
approximately 0.01, so it is reasonable that textured geomembrane would be slightly 
greater.
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3.4 Hydraulic Design

Each intermediate cover diversion structure is designed to convey the 25-year rainfall 
event.  Additionally for structures that have a flow velocity of greater than five ft/s during 
the 25-year rainfall event, a channel lining (e.g., geomembrane, riprap, articulated concrete
blocks) is required until the final cover system is constructed.

4 CALCULATIONS

The peak runoff discharge to each temporary drainage structure was calculated by the 
Rational Method. The results from these calculations are presented in Table 2G-2-3.

Based on the calculated runoff discharge, each temporary diversion structure was sized by
applying Manning’s equation. These calculations were performed using the spreadsheets 
presented at the end of this calculation package. The design parameters and results of the
hydraulic design of each component of the intermediate cover surface water management 
system are summarized in Table 2G-2-4.

5 CONCLUSIONS

Results from calculations presented in this calculation package indicate that the proposed 
surface water diversion structures for Fort Worth C&D Landfill intermediate cover will 
collect and control the runoff resulting from a 25-year rainfall event. These calculations 
indicate that the temporary downchute channels and drainage terraces should be lined with 
an erosion resistant channel lining material until the final cover system is constructed.
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Table 2G-2-1. Runoff Coefficients for Rural Watersheds

(from TxDOT, 2019)
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Table 2G-2-2. Manning’s Roughness Coefficients

(from TxDOT, 2019)
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Table 2G-2-3. Intermediate Cover Peak Discharge Calculations for the 25-year Rainfall 

Event

Diversion Structure Spacing (ft) [2] A (acres) C I (in/hr) Q (cfs)

Side Slope Drainage 
Terraces [1] 300 13.36 0.710 7.92 75.13

Side Slope Drainage 
Terraces [1] 500 22.27 0.710 7.92 125.22

Side Slope Drainage 
Terraces [1] 680 30.28 0.710 7.92 170.30

Top Deck Drainage 
Terraces - 8.82 0.500 7.92 34.93

Downchutes - 12.91 0.567 7.92 57.97

Notes:

1. The maximum side slope drainage area is estimated based on the terrace spacing shown above, and a
maximum terrace length of 1,940 ft.

2. Spacing of terraces on the side slopes is varied based on the assumed ground cover scenarios, as described
in Appendix 2G-1.
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Table 2G-2-4. Summary of Intermediate Cover Hydraulic Design Results

Diversion 
Structure

Spacing 
(ft)

Bottom 
Width 

(ft)

Left 
Side 
Slope 
(H:V)

Right 
Side 
Slope 
(H:V)

Channel 
Depth 

(ft)

Manning’s 
n

Flowline 
Slope 
(ft/ft)

Design 
Depth 

of Flow 
(ft)

Design 
Velocity 

(ft/s)

Tractive 
Stress 
(psf)

Channel 
Lining 

Required?

Side Slope 
Drainage 
Terrace

300 0.00 2.5:1 3:1 2.50 0.027 0.020 1.93 7.31 1.13 Yes

Side Slope 
Drainage 
Terrace

500 0.00 2.5:1 3:1 2.50 0.027 0.020 2.34 8.31 1.37 Yes

Side Slope 
Drainage 
Terrace

680 0.00 2.5:1 3:1 3.00 0.027 0.020 2.61 9.04 1.56 Yes

Top Deck 
Drainage 
Terrace

- 0.00 3:1 20:1 2.00 0.027 0.0015 1.36 1.64 0.06 No

Downchute
Channel

- 5.00 3:1 3:1 1.00 0.015 0.333 0.33 24.91 5.96 Yes
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MANNING’S EQUATION CALCULATIONS
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GEOLOGY REPORT CERTIFICATION 

Site Information 

 Site:   Fort Worth C&D Landfill      

 Site Location:  Tarrant County       

 MSW Permit No.: 1983E         

Qualified Groundwater Scientist Statement 

I, Aaron K. Evans, am a Texas-licensed professional geoscientist and a qualified 
groundwater scientist as defined in Title 30 TAC §330.3(120).  I have prepared the 
Geology Report which constitutes Appendix IIIG of this permit application.  In my 
professional opinion, the Geology Report is in compliance with the requirements 
specified in Title 30 TAC §330.63(e). This report has been completed specifically for 
the Fort Worth C&D Landfill.  The only warranty made by me in connection with this 
report is that I have used that degree of care and skill ordinarily exercised under 
similar conditions by reputable members of my profession, practicing in the same or 
similar locality.  No other warranty, expressed or implied, is intended. 
 

 Firm/Address: Weaver Consultants Group, LLC 
6420 Southwest Blvd., Suite 206 
Fort Worth, Texas 76109 

Signature:  _________________________________________   
    Aaron K. Evans, P.G., Texas License No. 11143 

 Date:    08/10/2023     	

08/10/2023 
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3.1.5 Main Street Limestone 

Underlying the Grayson Shale, the Main Street Limestone consists of hard, dry 
limestone interbedded with dry, calcareous, clayey shale that ranges in thickness 
from about 28 to 31 feet across the site.  It is noted that the BEG (1987) regional 
geologic formation taxonomy categorized the Grayson Shale and Main Street 
Limestone as a single undivided formation.  Laboratory permeability testing indicates 
a vertical hydraulic conductivity ranging from 2.06x10-8 to 9.83x10-8 cm/sec. 

3.1.6 Pawpaw Formation 

The Pawpaw Formation underlies the Main Street Limestone and consists 
predominately of hard, dry, calcareous shale.  None of the existing boreholes have 
penetrated the vertical extent of the Pawpaw beneath the site.  The uppermost 
contact of Pawpaw to overlying Main Street Limestone sediments is below elevation 
525 ft-msl as observed in onsite borings.  No site-specific hydrogeological data exists 
for this deep-bedded dry shale formation.   

3.1.7 Stratigraphic Interpretation 

The existing subsurface characterization delineates Alluvium and Woodbine outcrop 
based on general sedimentary composition and taking into consideration regional 
geology as depicted by the Bureau of Economic Geology in the Geologic Atlas of Texas, 
Dallas Sheet (BEG, 1987).    

Figures IIIG-A-1 (Regional Geologic Map) and IIIG-C-33 (Surface Geology Map) show 
the site location and regional formational outcrop areas. As indicated, Quaternary 
Alluvium (Qal) is isolated to the westernmost facility permit boundary proximal to 
Village Creek, the Woodbine Formation (Kwb) is isolated in the eastern permit 
boundary, and the Grayson Formation (Kgm) is interpreted to outcrop in a limited 
area within the central portion of the permit boundary.  These outcrop areas appear 
to be generally consistent with site-specific subsurface investigation findings.  

Alluvium sediments are typically observed to include a basal layer of coarse-grained 
sands and/or gravel as described in lithologic logs for monitor wells MW-2, MW-5, 
MW-6, MW-7, and MW-8.  Alternatively, Woodbine sediments are generally 
comprised of sand and clay without the presence of basal gravels or with lithologic 
descriptions for gravelly soils that suggest a makeup of ironstone or calcareous 
nodules. The lithologic logs for the borings advanced in 1989 by Freeze and Nichols 
and 1991 by Baker-Shifflet include formational associations with some logged site-
specific strata.  These include notable Woodbine Formation sediment designations 
logged in borings B-16/16A and B-22/22A.  In the central portion of the site, the 
residual weathering of Grayson Formation shale sediments is indicated by the more 
prevalent occurrence of clay and shaly clay above indurated unweathered 
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Grayson shale sediments.  Figure IIIG-C-34 in Appendix IIG-C (Woodbine Formation 
Thickness Isopach Map) illustrates the general estimated thickness of Woodbine 
sediments as interpreted from previously advanced borings and based on pre-
development surface grades.  As indicated, Woodbine sediment thickness increases 
toward the east commensurate with the regional dip of the formation. 

Delineating precise surficial formational contacts among the Alluvium, Woodbine, 
and Grayson sediments can be difficult given some of the similarities in sedimentary 
composition.  For this reason, the hydrogeologic characterization is conservatively 
interpreted to include both an Alluvium and Woodbine groundwater monitoring 
system network.  The facility’s groundwater monitoring systems are further 
discussed in Attachment IIIH.    
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data.  These data are summarized in Figure IIIH-A-2 (Groundwater Monitoring Well 
Details) in Appendix IIH-A.  Typical groundwater monitoring well specifications are 
depicted in Figure IIIH-A-3 in Appendix IIIH-A.  Review of monitoring well installation 
records indicate that the facility’s existing monitoring wells were constructed in 
accordance with the requirements of Title 30 TAC §330.421.   

All parts of the groundwater monitoring system will be operated and maintained so 
that they perform to design specifications throughout the life of the monitoring 
program.  Any monitoring well that is damaged to the extent that it is no longer 
suitable for sampling will be reported to the TCEQ who may make a determination 
about whether to repair or replace the well.  Well plugging and abandonment will be 
performed by a Texas-licensed monitoring well driller in accordance with TCEQ and 
any other applicable regulatory requirements.  One monitoring well was plugged and 
abandoned prior to 2023 (MW-3) and the State of Texas Plugging Report is provided 
in Appendix IIIH-A.  No monitoring well will be plugged and abandoned without prior 
written authorization from TCEQ.  Any replacement monitoring well installation will 
be performed in accordance with Title 30 TAC §330.421 by a Texas-licensed 
monitoring well driller.  Monitoring well construction will provide for the 
maintenance of the integrity of the borehole, collection of representative 
groundwater samples from the uppermost aquifer, and prevention of migration of 
groundwater and surface water within the borehole in accordance with Title 30 TAC 
§330.421(a). 

New or replacement monitoring well installations will be surveyed for horizontal and 
vertical control by a Texas-licensed Registered Professional Land Surveyor prior to 
initiation of groundwater sampling in accordance with Title 30 TAC §330.421(d).  

2.3 Groundwater Monitoring Program 

Facility detection monitoring wells will be sampled annually for the detection 
monitoring parameters listed in 40 Code of Federal Regulations (CFR), Part 258, 
Appendix I, which are also listed in Table 5-1 in Section 5.1.  Details regarding 
groundwater sampling, analyses, and statistical comparison procedures are 
discussed in the following sections of Appendix IIIH. 

In accordance with Title 30 TAC §403(e)(3), the facility will promptly notify the 
executive director, and any local pollution agency with jurisdiction that has requested 
to be notified, in writing of changes in facility construction or operation or changes in 
adjacent property that affect or are likely to affect the direction and rate of 
groundwater flow and the potential for detecting groundwater contamination and 
that may require the installation of additional monitoring wells or sampling points.  
Such additional wells or sampling points require a modification of the site 
development plan which will be requested in accordance with Title 30 TAC 
§305.70(j). 
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No Data No Data

STATE OF TEXAS PLUGGING REPORT for Tracking #11086

MW3Owner Well #:

32-23-7Grid #:

  32°  37'  51"  NLatitude:

097°  14'  19"  WLongitude:

No DataElevation:

Ft. Worth C & D LandfillOwner:

4144 Dick Price Rd.
Ft. Worth, TX  76060

Address:

4144 Dick Price Rd.
Ft. Worth, TX  76060

Well Location:

TarrantWell County:

Well Type: Monitor

Borehole:

3/11/2003Date Plugged:

Pour in 3/8 bentonite chips when standing water in well is less than 100 feet depth, 
cement top 2 feet

Plug Method:

Brian KernPlugger:

Plugging Information

No DataDate Drilled:No DataCompany:

No DataDriller: No DataLicense Number:

Drilling Information

Company Information: Total Support Services

P.O. Box 81621
Austin, TX  78708

License Number: 54611Driller Name: Brian Kern

Comments: No Data

Plug(s) Placed in Well:Casing Left in Well:

Certification Data: The driller certified that the driller plugged this well (or the well was plugged under the 
driller's direct supervision) and that each and all of the statements herein are true and 
correct.  The driller understood that failure to complete the required items will result in 
the reports(s) being returned for completion and resubmittal.

Diameter (in.) Top Depth (ft.) Bottom Depth (ft.)

4 23

7/18/2023 7:31:23 PM Plugging Report Tracking Number 11086
Submitted on: 3/28/2003
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